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“GU” STRATEGY DOCUMENTATION 

 
      ALL CURRENT STRATEGY DOCUMENTATION IS STORED ON THE VAX COMPUTER CLUSTER.       
DOCUMENTATION CAN BE OBTAINED BY LOGGING INTO A VAX COMPUTER (I.E.  SYS2) AND ISSUING ONE 
OR MORE OF THE FOLLOWING VAX/DCL COMMANDS. GENERALLY, THREE TYPES OF DOCUMENTATION ARE 
AVAILABLE: 
 
      1.  UPDATE PACKAGES - CHANGE BARS AT THE LEFT  MARGIN  ARE  USED  TO  INDICATE WHERE  
CHANGES IN TEXT HAVE OCCURRED SINCE THE PREVIOUS LEVEL.  SOME OF THESE CHANGES MAY SIMPLY 
BE ENHANCEMENTS OR CORRECTIONS TO THE TEXT OF THE PREVIOUS LEVEL  AND  MAY  BE UNRELATED 
TO THE STRATEGY LEVEL CHANGE.  THIS FILE CAN BE USE D AS A QUICK REFERENCE TO SHOW THE 
CHANGES WHICH HAVE BEEN MADE  FOR  THIS RELEASE.  A T THIS TIME THE VIP SECTION IS NOT 
INCLUDED IN THE UPDATE PACKAGE. THE FILE NAME FORMA T IS GU**UP.MEM, WHERE **  IS  THE  
DESIRED  NEW  STRATEGY LEVEL. 
 
      2.  PRELIMINARY VERSION - THE FILE FORMAT IS  GU**EX.MEM,  WHERE  **  IS  THE 
DESIRED  STRATEGY LEVEL.  IF THIS FILE EXISTS, THEN  APPROVED DOCUMENTATION IS NOT 
AVAILBALE AT THIS TIME.  WHEN THE FINAL  VERSION  I S  APPROVED,  IT  WILL REPLACE THE 
PRELIMINARY VERSION ON THE SYSTEM AS A COMPLETE BOOK. 
 
      3.  COMPLETE BOOKS - THE FILE NAME  FORMAT  I S  GU**.MEM,  WHERE  **  IS  THE 
DESIRED  STRATEGY  LEVEL.   CHANGES  IN  TEXT  WHIC H  HAVE OCCURRED SINCE THE PREVIOUS 
LEVEL BOOK WILL BE INDICATED WITH CHANGE BARS.  AT THIS TIME THE VIP SECTION  WILL NOT 
CONTAIN CHANGE BARS.  THE INDEX CONTAINS AN ENTRY, "CHANGED PAGES," WHICH LISTS ALL PAGES 
CONTAINING CHANGES. 
 
      THE FOLLOWING VAX/DCL COMMANDS MAY BE HELPFUL  IN WORKING WITH  STRATEGY  BOOK 
DOCUMENTATION:TO DETERMINE IF A SPECIFIC STRATEGY B OOK IS AVAILABLE, TYPE: 
                                  DIR STRATEGY:GU** .MEM 
                                 DIR STRATEGY:GU**U P.MEM 
 
      TO OBTAIN A LINE PRINTER COPY OF A GIVEN DOCU MENT, TYPE: 
 
        PRINT/NOFEED STRATEGY:GU**.MEM     where **  = the desired strategy level 
 
      TO OBTAIN A XEROX COPY OF A GIVEN DOCUMENT, T YPE: 
 
              XEROX STRATEGY:GU**.MEM/DEST=EEE/NAME =name/COPIES=no/PMODE=P 
 
                where: ** = the desired strategy le vel 
                       name = your user name 
                       no = desired number of copie s (i.e. 1) 
 
      TO DETERMINE TARGETING OF EMR'S FOR FUTURE RE LEASES, TYPE: 
 
                                         DISEMR 
 
      TO DETERMINE THE STATUS OF STRATEGY BOOK DOCU MENTATION, TYPE: 
 
                                  @STRATEGY:BOOKSTA TUS 
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                                  STRATEGY EVOLUTIO N 
      SOURCE     EVOLUTION 
      FILE       FILE 
      EMR NO.                          DESCRIPTION/ REMARKS 
|     GUFA       GUFB                  (12/7/87) 
|     9-423                            Add a propor tional control term 
|                                      to DEBYMA. 
      GUF1       GUFA                 (3/11/87) 
      8-300                            Add minimum Daspot Clip when vehicle is 
                                       moving to pr event declutch stalls. 
      8-301                            ISC - Apply FN880(CTNTMR) only when 
                                       CTNFLG = 1. 
      GUF0       GUF1                 (2/6/87) 
      8-234C                           Revise Mass Air Flow Sensor FMEM logic. 
      8V-285B                          VIP - Revise  implementation, documentation, 
                                       and logic re lating to BP sensor FMEM. 
      8V-285C                          VIP - Clarif y documentation. Including all 
                                       cases of BP sensor faults for clearing  
                                       BAPCNT and s etting MINTIM2 to clock value. 
      8V-287                           VIP - Revise  FMEM logic setting KAM  
                                       indicating M AFS failure during forced stall. 
      9-089                            S/W - Correc t error in Thermactor Bypass  
                                       Logic. 
      9-091                            S/W - Correc t error in  
                                       INJECTOR_UPD ATE_REQUEST routine. 
      9-097                            S/W - Run AR CHI filter during Mass Air  
                                       Meter FMEM. 
      9-100                            VIP - Elimin ate stalling after running VIP. 
      GUE0       GUF0                 (12/22/86) 
      7-442                            Revise EOS.0 14 module for documentation only 
                                       to create EO S.V01 module. 
      7-442A                           Cancel EMR 7 -442. 
      8-064G                           Documents th e module and CPU pin number for 
                                       the FPM for model years 1988 and 1989. 
      8-092I                           S/W - In the  MFLOW module, clear FFMTMR  
                                       after it is used for UROLAV_TC. 
      8V-285                           VIP - Add BP  FMEM. 
      8V-285A                          VIP - Add BP SSW, add FMEM documentation. 
      9-054                            Move filter on Air Charge (manifold filling) 
                                       to foregroun d. 
      9-054A                           Revise manif old filtering logic to be  
                                       compatible w ith FMEM. 
      9-069                            Add function  FN884 for ISC Crank. 
      9-072                            S/W - Modify  VSBAR calculation. 
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      GUD0       GUE0                 (11/26/86) 
      7-566A                           Clarify, rev ise, thrift original strategy logic. 
      8-033                            Add Heated W indshield Strategy. 
      8-033A                           Implement 8- 034A,B,C in GX. 
      8-034A                           Add DNDSUP =  0 to Heated Windshield logic. 
      8-034B                           Define range , resolution, etc for ACRT and HWPPM. 
      8-034C                           Redefine HWP PM. 
      8-135                            Add MU type Speed Limiting. 
      8-135B                           Revise strat egy logic and documentation relative 

to Speed Limiting. 
      8-135C                           Clarify that  FN179A applies to WOT spark, as well 

as Part Throttle Spark. 
      8-159                            Improve Crui se control command switch Debounce 

filter. 
      8-167                            Revise Decel  Fuel Shutoff Logic. 
      8V-173A                          VIP - Correc t VIP error causing false continuous 

error codes 41 and 91. 
      8-201                            S/W - Set a flag for faster determination of 

PHEHP. 
      8-229                            S/W - Use a common routine to do clip for DP and 

'DP. 
      8-236                            S/W - Restru cture foreground Spark code to use 

common subroutines. 
      8-237A                           S/W - Proces s HIG_PIP_MISC code in PIP input 

routine, instead of as a trigger. 
      8-271                            Compute new air charge correction for leakage and 

add in foreground. 
      8-271A                           Revise logic  so that the AIR37 clip includes all 

sources of air. 
      8-280                            S/W - Correc t FN1355 table lookup error affecting 

GUA0 through GUD0. 
      9-012                            Implement Ad aptive Fuel KAM initialization as a 

subroutine. 
      9-012A                           Add KWUCTR r egister to Adaptive Table validation. 
      9-021                            Delete DAC r egister to display EFTR and support 

code. 
      9-023                            ISC thrift -  Delete IPSBFG register and TP 

decision branch. 
      9-024                            S/W - Elimin ate 2 unnecessary jumps in 

FRGRND_FUEL_CALC module. 
      9-031                            Reinit RATCH  to RATCHIV during TP failure. 
      9-035                            Revise conve ntion for table labels in FCA. 
      9-041                            Complete 8-1 38. (Delete CRKFLG logic from CRKTMR 

and allow free-run). 
      9-044                            S/W - Proces s LOAD_OUTPUT directly in 

OUTPUT_CMD_EDGE instead of using call. 
      9-045                            Revise PIP_D ATA routines for byte and chrono 

efficiency. 
      9-046                            Modify Decel  Fuel Shutoff Logic to add Cal Switch 

to use it at Part Throttle for enrichment via 
FN374(N). 

      0-003                            Implement EX P-147 and EXP-147A into main stratvine 
(Spark angle pulsewidth transfer function change 
for CT20). 
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      0-003A                           Revise trans fer function for SAPW, change 
                                       clips on SAP W. 
      GUC1       GUD0                 (11/12/86) 
      7-573C                           Revise FCA f or FN824 to say "N_BYTE" instead 
                                       of "BYTERPM" , revise strategy book. 
      7-579A                           S/W - Revise  foreground control of fuel 
                                       pulses to su pport Bank-to-Bank EFI. 
      7-688                            Revise strat egy book to specify requirements 
                                       for FN1327. 
      8-032A                           H/W - Remove  2nd output for ACL put in  
                                       by 8-032. 
      8V-064E                          VIP - Correc t interference between normal 
                                       and VIP fuel  pump control. 
      8V-064F                          VIP - Use VI P_FP_OVERRIDE instead of 
                                       corrupting T SLPIP. 
      8V-188A                          VIP - Correc t error in VIP fault filter 
                                       relating to Threshold Level Flag. 
      8-234                            Add FMEM str ategy for Mass Air meter. 
      8-234A                           Revise logic , include base values. 
      8-234B                           Add Cranking  check to FMEM logic of 8-234A. 
      8-240                            S/W - Revise  range of parameters EDNHYS and 
                                       SPUCLP. 
      8-261                            Delete NOPS from start of O.I. #1 module. 
      8-263                            Document how  the PIP noise filter works. 
      8-264                            S/W - Thrift  code in Fuel service routine. 
      GUC0       GUC1                 (11/5/86) 
      8-266                            S/W - Correc t problem in ISC related to 
                                       adding 7V-70 9 in GUB0. 
      8-267                            S/W - Correc t problem related to FN1035 
                                       (ARCHOR) loo kup. 
      GUB0       GUC0      (Merged with GUAC)   (10 /23/86) 
      8-061A                           Add new row to Adaptive Fuel table 
                                       exclusively for Idle. 
      8-107                            Use relative  LOAD (PERLOAD) instead of 
                                       absolute LOA D. 
      8-107A                           Use LOAD for  EGR (Delete APECHG, APEBAR, 
                                       APELOAD) etc . Add ability to disable 
                                       PERLOAD usag e. 
      8-107B                           FN035 to be function of N, Not N_BYTE. 
      8-136                            Add Lugging Mode. Thrift Open Loop Fuel. 
      8-136A                           Use DNDSUP i nstead of NDSFLG in "C" 
                                       calculation logic. 
      8-189                            Use special temperature Normalizing 
                                       function for  FN1861. 
      8-223                            Revise docum entation in CRANK/UNDERSPEED/RUN 
                                       logic (N < N STALL). 
      9-007                            Revise and t hrift Foreground/Background. 

1-4 



STRATEGY EVOLUTION - GUFB 
PEDD-PTOPE, FoMoCo, PROPRIETARY & CONFIDENTIAL 

      9-033                            Revise Vecto r lower limit for parameter XFREPT. 
      GUA0       GUB0                 (10/17/86) 
      7V-025                           VIP - Implem ent the MIL logic using a single 

timer. 
      7-209                            VIP - New Co ntinuous EGO test for MIL. 
      7-209B                           VIP - Do EGO  Test after a certain number of TP 

transitions rather than time at Part Throttle. 
      7-209C                           VIP - Ensure  against false codes 41 and 91 
                                       if EGO Test is bypassed. 
      7-225E                           VIP - Add TF MFLG and MFMFLG before  
                                       performing C ontinuous VSS Test. 
      7-479                            VIP - Modify  entry to EGR tests for 
                                       compatibilit y with 3-state PFEHP. 
      7-482                            VIP - VIP Te st power steering pressure switch. 
      7-552                            VIP - Ensure  proper VIP entry even if FMEM 
                                       is in effect  on ITP. 
      7-560                            VIP - Short index external RAM locations. 
      7V-593D                          VIP - Modify  VIP code for a 13 byte thrift. 
      7V-593F                          VIP - Cancel  7V-593 through 7V-593E. 
      7V-643                           VIP - Add in itialization of LAMBSE to VRLAM2 
                                       at beginning  of KOER goose Test. 
      7V-650                           VIP - Put OC CDT4 and OCCDT7 in individual 
                                       strategy OCC DT calibration files. 
      7-681                            VIP - Improv e accuracy and resolution of 
                                       dither Purge  Duty Cycle and frequency. 
      7V-706                           VIP - Correc t VIP so that if EGO Test fails, 

                   THERMACTOR and Fuel Tests are by passed. 
      7V-709                           VIP - Revise  ISC Strategy to make VIP ISC 
                                       calibration independent from the normal 
                                       engine ISC c alibration. 
      7V-709A                          VIP - FN820A  is MU only; GU uses FN820B. 
      7V-709B                          VIP - Use pa rameter name V820A in GU to 
                                       replace FN82 0B (for file commonality). 
      7V-709C                          VIP - Substi tute 1.0 for FN824 when VIP running 

flag = 1. 
      8V-056                           VIP - Remove  all previous EMR history from VIP 

source files. 
      8V-064A                          VIP - Incorp orate new continuous fuel pump 
                                       circuit test . 
      8V-064C                          VIP - Revise  VIP documentation of names, etc. 
      8-092D                           Correct erro rs relating to Manifold Filling 

Filter. 
      8-092E                           VIP - Do tim e based VIP filter constant 
                                       routines for  VIP filter constants. 
      8-092F                           Correct regi ster clobbered by rolling average 

routine relating to EGR. 
      8V-101                           VIP - Add MA F sensor test to VIP. 
      8V-111                           VIP - Gives blanket authority to fix 
                                       documentatio n in VIP files without any  
                                       further EMRs . 
      8-115                            VIP - Delete  Cal. parameter VSPCLP and 
                                       delete setti ng ADVLIM = 0 from Self-Test. 
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      8V-121                           VIP - Expand  allowable error codes from 
                                       32 to 'N'. 
      8V-125                           VIP - Expand  the meaning of goose flag to 
                                       allow output  of one digit codes up to 90. 
      8V-127                           VIP - Quit d isplaying service code 16 for 
                                       engine-runni ng EGO test failure. 
      8V-139                           VIP - Revise  type checks to allow ease of 
                                       changing bet ween MTXSW and TRTYPE. 
      8V-162                           VIP - Thrift  PSPS Input Test in running VIP. 
      8V-162A                          VIP - Correc t Software to bypass VIP KOER 
                                       Brake Input Test if BIHP not 1. 
      8V-173                           VIP - Contro l EMR for GU VIP; Basic idea is 
                                       to use MU VI P 53A as a base for GU VIP. 
      8V-174                           VIP - Do not  enter, or remain in, KOEO VIP 
                                       if underspee d or run mode. 
      8V-174A                          VIP - Do not  do cruise control static test 
                                       if in unders peed mode. 
      8V-188                           VIP - Recode  Continuous VIP fault filter to 
                                       allow up to 8 bytes of error codes. 
      8V-190                           VIP - Assign  2 bytes of RAM to FMEM monitor. 
      8V-206                           VIP - Change  flag VPFESEL to PHEHP_FLG. 
      8V-215                           VIP - Change  position of Continuous code 
                                       67 to a uniq ue slot. 
      8-216                            Move ROM_TO from 9FFE to calid  
                                       location ^20 0A. 
      8-216A                           Add dummy pa rameter to tweak ROM_TO if needed. 
      8-216C                           Documentatio n for ROM_TO code. 
      8V-232                           VIP - Don't force Closed Throttle mode when 
                                       doing engine  running Self-Test. 
      9V-004                           VIP - Revise  SCVNT and SCVAC VIP parameters 
                                       (OCCDT1 & OC CDT2) to OCCDTA & OCCDTB. 
      GUAB       GUAC                 (10/14/86) 
      8-248                            S/W - Revise  the KAMRFn determination in 
                                       Adaptive Fue l. 
      GUAA       GUAB                 (10/7/86) 
      8-061A                           Add new row to Adaptive Fuel table 
                                       exclusively for Idle. 
      8-092D                           Correct erro rs relating to Manifold Filling 

Filter. 
      8-092F                           Correct regi ster clobbered by rolling 
                                       average rout ine relating to EGR. 
      8-107                            Use relative  LOAD (PERLOAD) instead of 
                                       absolute LOA D. 
      8-107A                           Use LOAD for  EGR (Delete APECHG, APEBAR, 
                                       APELOAD) etc . Add ability to disable PERLOAD 

usage. 
      8-107B                           FN035 to be function of N, Not N_BYTE. 
      8-136                            Add Lugging Mode. Thrift Open Loop Fuel. 
      8-136A                           Use DNDSUP i nstead of NDSFLG in "C" 
                                       calculation logic. 
      8-189                            Use special temperature Normalizing 
                                       function for  FN1861. 
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      8-223                            Revise docum entation in CRANK/UNDERSPEED/RUN 
                                       logic (N < N STALL). 
      GUA0       GUAA                  (9/25/86)              
      9-007                            Revise and t hrift Foreground/Background 
      8-092D                           S/W - Correc t errors relating to 
                                       Manifold Fil ling filter in GUA0. 
      GXZ0       GUA0                 (9/15/86) 
      7-379                            S/W filter o f digital inputs. 
      7-379A                           Implement 7- 379 in MU, GX, 9X, etc. 
      7-386B                           S/W - Revise  parameter MIKE100 and verify 
                                       that paths d o not exceed this time. 
      7-386D                           S/W - Do 7-3 86B for MU & GU, except set 
                                       MIKE100 to 6 6 clock ticks. 
      7-573B                           ISC - Add Ne utral/Drive Idle Speed gains and spark 

feedback. 
      7-651C                           Cancel 7-651 . 7-651A, 7-651B for GX. Do thrift 

part of 7-651A. 
      8-046                            S/W - Utiliz e common byte count allocation 
                                       technique. 
      8-047                            Start ECT av eraging for TCSTRT calculation 
                                       at TKON2. 
      8-047A                           Revise logic  to re-compute TCSTRT after 
                                       a stall. 
      8-047C                           Cancel 8-047 B. Clarify that TCSTRT isn't 
                                       part of Infe rred BP. 
      8-047D                           Ensure that PIP counter control logic is 
                                       coded as pre viously specified. 
      8-053                            Allow 'on th e boundary' range checks to be 
                                       good sensor values for FMEM as well as VIP. 
      8-089                            Make BIAS, P eak-to-Peask amplitude and TAU 
                                       tables of sp eed/load. 
      8-089B                           Change the X  input of 1343,1351,1352,1353, 
                                       1354,1355 fr om FN070/3 to FN039. 
      8-089C                           Create dedic ated register for BIAS, correct 
                                       documentatio n. 
      8-092                            Rework rolli ng average subroutine to give 
                                       truer time c onstants. 
      8-092A                           Make manifol d filling filter constant truly 
                                       time (BG loo p variant). 
      8-092B                           Amend 8-092A . Respecify manifold filling 
                                       time constan ts. 
      8-092C                           Reverse filt er increment/decrement logic. 
      8-092G                           Documentatio n changes for 8-092, to agree with the 

code. 
      8-138                            Thrifts in I SC and CRKTMR. 
      8-180                            Delete AXOD.  
      8-182A                           Delete FN's 088 and 089, which are no longer 

needed. 
      8-182B                           Delete FN's 1330 and 1341. 
      8-211                            S/W - Delete  code from cal-console call that 
                                       reads altern ate calibrations. 
      8-211A                           S/W - Thrift  console routine. 
      9-003                            Replace 7 ha rdware switches with TRLOAD and 
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                                       TSTRAT. 
      9-003A                           Revise for c ompatibility with multiplexed 
                                       NDS/ACC. 
      9-003B                           Correct ISC documentation relating to 9-003. 
      GXY1       GXZ0                 (8/4/86) 
      6-391                            Clip DELOPT to 922 counts after it is 
                                       filtered. 
      6-391A                           Implement EM R 6-391. 
      6-410A                           Implement EM R-410 - Initialize TBART to same 
                                       value as RAT CH initialization. 
      7-429B                           Revise Spark  equation to be like MU. 
      7-457                            Delete entir e EGO aging strategy. 
      7-521                            Revise cruis e control; delete Fav speed, 
                                       delete varia ble freq duty cycle. 
      7-521A                           VSC - Byte t hrift - Delete VSCPUL. 
      7-634                            Major ISC re visions (7-634,B,C cancelled 
                                       by 8-137). 
      7-634B                           Clarify star t up hicam DSDRPM direction to 
                                       agree with o ther recent EMR's. 
      7-634C                           Cleanup docu mentation, delete TGFLG, thrift 
                                       N/D desired RPM and DESMAF logic. 
      7-656                            Use fixed IN JDLY for Idle instead of table value. 
      7-659                            S/W - Byte t hrift to speed up foreground 
                                       execution ti me. 
      7-667                            Do not do de cel fuel shut off if any FMEM 
                                       flag is set.  
      7-669                            Correct non- recognition of "Drive" on a 
                                       neutral to f ourth transition. 
      7-669A                           Delete EMR 7 -669; N/D logic is not required. 
      7-670                            Use 3-state hardware present switch (0=null, 
                                       1=VSS only, 2=VSS+Cruise). 
      7-670B                           Revise origi nal EMR. (originally issued as  
                                       7-670A). 
      7-670C                           Revise 7-670 A. 
      8-035                            Install sign ed spark table as FN(ECT,MAP). 
      8-048                            Add vehicle speed to logic inputs for decel fuel 

shutoff. 
      8-048A                           Respecify pa rameters. Specify correct 
                                       existing DFS O logic. 
      8-105A                           S/W - Implem ent 8-105 - byte thrift. 
      8-137                            Delete 7-634 ,A,B,C,D. Revise/simplify ISC. 
      8-137A                           Cleanup EMR for ISC changes; define A3CTMR. 
      8-154                            Make paramet ers IXFRPR and XFREPT signed. 
      8-161                            Thrift PPCTR  logic in Decel Fuel Shutoff. 
      8-182                            Make range o f CIDRSW 0 to 1. 
      GXY0       GXY1                 (7/2/86) 
      7-666                            Init SPKMUL to 0.99. If any FMEM failure, 
                                       set SPKMUL t o 0.99. 
      8-134                            Delete TKTMR  from timer list. 
      8-140                            Correct reso lution problem with foreground 
                                       fuel (FUEL_C  and FORFUL1,2) 
      8-140A                           Clarify that  8-140 was partially required 
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                                       by strategy resolution misspec. 
      8-141                            Cancel EMR's  not required for GX: 6-291, 
                                       7-092, 7-259 , 7-388, 7-417, 7-441, 7-441A, 
                                       8-080, 8-080 A, 8-080B, 8-103. 
      GXX1       GXY0                 (6/13/86) 
      7-199                            Inititalize FAM filter to (N*ENGCYL*ARCHG). 
      7-653                            Include hyst eresis on DELRAT to exit FAM; 
                                       Add clip on (AMPEM-EM) on entry to FAM. 
      7-694                            Implement 'D NAC' addition. 
      8-032                            Implement Ri de Control Strategy. 
      8-050                            Add Upstream  Air flag in Thermactor Air 
                                       Strategy for  use with ECAD. 
      8-050A                           ECAD revisio ns. 
      8-050B                           ECAD revisio ns. 
      8-050C                           ECAD - Respe cify and correct calibration 
                                       constant val ues. 
      8-077                            Byte thrift - Eliminate alternate  
                                       calibrations . 
      8-090                            Move the ATO D routine ahead of the Throttle 
                                       Mode select routine. 
      GXX0       GXX1                 (5/19/86) 
      8-074                            S/W - FUEL -  Correct usage of ML3W  
                                       instruction.  
      8-079                            S/W - FUEL -  Output Routine - Injector  
                                       firing durin g CRANK fix. 
      GXW0       GXX0                 (5/8/86) 
      7-455                            FUEL - Foreg round Fuel Calculation. 
      7-455A                           FUEL - Foreg round Fuel Calculation cleanup. 
      7-671                            S/W - Delete  the KEYOFF flag and the code 
                                       that referen ces it. 
      8-023                            Air Meter Co rrection Table. 
      8-029                            Delete INJDL Y2, Rename INJDLY1 to INJDLY. 
      8-030                            Raw Air Char ge Calculation time reduction. 
      GXV0       GXW0                 (4/25/86) 
      6-607A                           S/W - Correc t CTNTMR logic; clip to 
                                       (NIOLD + NIH YS). 
      7-384                            S/W - Add ne w engr. console call. 
      7-432                            S/W - Automa tic generation of MROM 
                                       identifier. 
      7-453                            Purge output  frequency should be 10 Hz. 
      7-453A                           Delete EVRPM  and EVRPMH. 
      7-575                            Revise High Speed Fan Logic. 
      7-575A                           EMR - 575, u se LOAD instead of MAPPA. 
      7-588                            Make DASPOT a function of DSTPR 
                                       - (RATCH + D ELHYS). 
      7-614                            Disable Tran sient Fuel if in DFSO (and fuel 
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                                       is shut off) . 
      7-614A                           Delete SW_TF I from Transient Fuel. 
      7-633                            S/W - Neutra l Idle Injector Delay. 
      7-636                            If in ISC Fa ilure Mode Strategy, set 
                                       DSDRPM to FM MDSD. 
      7-677                            Documentatio n - ISC/FAM - BGCNT docu. 
      7-681                            S/W - Purge Duty Cycle in Foreground. 
      8-026                            Expand MFA t able. 
      8-027                            Delete Synch ronous Sampling of the 
                                       EPT sensor. 
      GXU1       GXV0                 (2/24/86) 
      7-494      Dillon                S/W - Includ e overflow check in Fuel 
                                       Pulsewidth e quation. 
      7-525      Zaghati               Add Closed T hrottle check to DFSO; Add 
                                       2 breakpoint s to FN131. 
      7-574      Baltusis              Add C/L Fuel  delay after DFSO. 
      7-590      Baltusis              S/W - Execut e AEFUEL right after 
                                       TAR calculat ion in Convert Routine. 
      8-018      Ward                  Incorporate the Manifold Filling Model. 
      8-018A     Ward                  Name & range  changes - Manifold Filling. 
      GXU0       GXU1                 (2/4/86) 
      7-580      Hughes                S/W - Insure  ACITMR cleared for all cases 
                                       of ACIFLG cl ear. 
      7-586      Hughes                S/W - Correc t O/L Lambse. 
      7-587      Meshkinnafas           S/W - Corre ct repeaters error. 
      7-589      Meshkinnafas           S/W - Fix f or EFTR calc. 
      GXT0       GXU0                 (1/23/86) 
      6-589C     Hughes                Correct Soft ware Rel. to ATMR3. 
      7-411      Allen                 Dual MKAY. 
      7-411A     Allen                 SIGKAY/MKAY fix. 
      7-421      Zaghati               Eliminate Up stream air on WOT after a 
                                       certain time  from start. 
      7-486      Ward                  Rearrange MC AL Region assignments. 
      7-486A     Ward                  Put paramete rs from MISC module in 
                                       Region 1. 
      7-486B     Meshkinnafas           Change Regi on assignments for GX. 
      7-449A     Hughes                S/W - Set ba se value of MHPFD to 0.24. 
      7-541      Meshkinnafas           S/W - Save FN311 & FN212A in RAM. 
      7-560      Meshkinnafas           S/W - Short  Index External RAM 
                                       automaticall y. 
      7-577      Ward                  S/W - Correc t temp. register usage in DFSO. 
      0-002      Allen                 CID-VRS adde d to CID-HALL. 
      GXS0       GXT0 
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                 (1/8/86) 
      6-469      Pearson               S/W - Reprio ritize Repeaters. 
      6-469A     Pearson               Cancel EMR 6 -469. 
      6-705      Zaghati               Allow air on  heavy crowds only until engine 

stabilizes. 
      6-705A     Ward                  Implement 6- 705 in GX. 
      7-094E     Ward                  S/W - Invert  THS3/2. 
      7-172B     Chupa                 S/W - Elimin ate redundant operation, SAFTOT is 

done in Foreground. 
      7-197B     Ward                  Revise Adapt ive Fuel Default logic. 
      7-373      Baltusis              Add a percen tage deadband around equilibrium fuel 

to turn off transient fuel. 
      7-387      Baltusis              Delete FN824 (N); Add FN824A(DSDRPM-N). 
      7-402      Baltusis              Reorder code  to check unique NDSFLG condition 

first. 
      7-402A     Baltusis              Revise logic  so that reordering code 
                                       isn't needed , dont implement 7-402. 
      7-403      Baltusis              Use 100% ISC  Duty Cycle in Crank 
                                       Mode even if  FMEM flag is set. 
      7-413      Ward                  I/M test cha nges. 
      7-413B     Ward                  Change +FN18 0(CTNTMR) to -FN180(CTNTMR). 
      7-413C     Ward                  Delete HPTPM R timer. 
      7-414      Zaghati               Include HSPF LG in Dump Air logic; include 
                                       W.O.T. in O/ C Fuel Logic. 
      7-414A     Ward                  Clarify 7-41 4 for GX. 
      7-426      Ward                  Change all r eferences of OCPSSW to THRMHP. 
      7-427      Baltusis              Add a third position to PFEHP; 
                                       If PFEHP = 2 , disable EGR strategy. 
      7-427A     Baltusis              Set EM = 0 &  EGRACT = 0 when 
                                       no EGR contr ol is required. 
      7-428      Zaghati               Initialize T PBAR to RATIV. 
      7-435      Baltusis              Delete DASMA X dashpot clip, 
                                       replace with  a function of RPM. 
      7-435A     Baltusis              Add Vector c lip to FN882, maximum clip of 2.0. 
      7-437      Baltusis              Correct Tran sient Fuel "M" logic. 
      7-444      Ward                  Allow torque  truncation spark if N > TTNOV 
                                       * VSBAR with out executing AXOD code. 
      7-466      Huck                  Revise code to clip all negative DELPR results to 

0. 
      7-466A     Huck                  Ignore code revisions in 7-466, implement 
                                       revisions in  7-466A. 
      7-474      Liller                S/W - Modify  the MAF repeaters module. 
      7-475      Mingo                 S/W - Preven t inhibition of high speed 
                                       outputs due to large carousel count. 
      7-524      McIntee               S/W - Clip i njector beta to < 1.75. 
      7-530      Liller                S/W - Separa te Injdly register for each  
                                       bank. 
      8-016      Ward                  Allow clutch  input to be selectable for 
                                       DFSO logic &  for ISC logic. 
      8-017      Ward                  Change base values of MAFK1 to 1.00 & 
                                       MAFK2 to 0.0 0. 
      8-020      Liller                S/W - DOL co de revisions. 
 

1-11 



STRATEGY EVOLUTION - GUFB 
PEDD-PTOPE, FoMoCo, PROPRIETARY & CONFIDENTIAL 

      GXR0       GXS0                 (10/31/85) 
      7-371      McIntee               S/W - Move t he external Ram ares designated 
                                       as Keep Aliv e Memory to ^700 - ^7FF. 
      7-422      Mazzara               S/W - FCA ch anges for SWDV testing. 
      7-449      Mazzara               S/W - Set ba se value of MHPFD to .24. 
      0-001      Allen                 Provide supp ort for High Data Rate  
                                       Electronic S park System for CT-20 
                                       design conte st. 
      0-001A     Allen                 Revise Spark  Angle Pulse Width  equation and 
                                       correct limi ts for SAPW. 
      GXQ0       GXR0                 (10/4/85) 
      6-517C     Harris                VIP - Correc t Type_check error. 
      6-517D     Rachedi               VIP - Revise  Cylinder Balance Test. 
      6-517E     Harris                VIP - Revise  calibration constant values. 
      6-519A     Sass                  VIP - Add MT XSW criteria to Self-Test. 
      6-549      Yagley                S/W - Set PT PFLG = 1, if PIP interrupt  
                                       occurs. 
      6-677      Rachedi               VIP - ISC Du ty Cycle. 
      7-025      Neubacher             VIP - FMEM &  MIL v36. 
      7-025A     Mingo                 VIP - Implem ent MIL using a single timer. 
      7-025B     Hughes                VIP - Apply 7-025 to 9X & GX Versions. 
      7-028      Neubacher             VIP - Includ e a bulb check with MIL. 
      7-028A     Mingo                 VIP - Cancel  bulb test when disableEOLT 
                                       has been set . 
      7-029B     Ward                  Set EGRACT t o 0 when EGR is disabled. 
      7-087      Sass                  VIP - New fi lter for ISC. 
      7-105      Sass                  VIP - Use KI HP & GOOSW. 
      7-230      Mingo                 VIP - Rewrit e error codes & STO output 
                                       for byte eff iciency. 
      7-236      Pearson               S/W - Transf er between VAX/DEC-20. 
      7-243      Yagley                Use VSBAR to  enter RPM Control. 
      7-245      Yagley                Use VSBAR to  enter MFA Mode. 
      7-257      Sass                  VIP - Protec t against STI noise. 
      7-257A     Schumaker             VIP - Includ e 9X in EMR 7-257. 
      7-257B     Sass                  VIP  Documen tation clarification of  
                                       7-257 & 7-25 7A. 
      7-261A     Harris                Clip KWUCTR to 255 in Warm_up  
                                       logic. 
      7-286      Neubacher             VIP - Add MI L documentation. 
      7-286A     Neubacher             VIP - Revise  MIL documentation. 
      7-305      Rachedi               VIP - Fix er ror code 33 at ALT. 
      7-305A     Mingo                 VIP - Do not  implement 7-305A for GX. 
      7-352A     Baltusis              Include GX i n 7-352, Correct PE calculation. 
      7-378      Liller                S/W - TTBAR filter does not work if PFEHP = 1. 
      GXP0       GXQ0 
      6-499A     Yagley                Clarify TIPF LG & CTFLG logic. 
      6-585      Zagheti               Bypass Knock  Control Strategy. 
      6-585A     McIntee               Revise Knock  detention logic. 
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      6-585B     Baltusis              Add KIHP swi tch to bypass knock. 
      7-195      Yagley                Rename DISFL G to CIDHP. 
      7-198C     Dillon                Revise APT d etermination code. 
      7-238      Mazzara               S/W - Remove  VERID. 
      7-255      Mortimer              S/W - Protec t SPKAD register 
                                       from noise. 
      7-261      Baltusis              Two Speed Ad aptive Fuel Learning. 
      7-347      McIntee               S/W - Avoid ML3W instruction. 
      8-007      Hardy                 S/W - Change  CCDFLG to CCDSW in CCD logic. 
      GXO0       GXP0 
      6-531      McIntee               S/W - Add ov erflow check in EGR 
                                       Control algo rithm. 
      6-724      Chupa                 S/W - FKINJD  effectiveness improvement. 
      7-094      Yagley                Implement AX OD strategy. 
      7-094A     Yagley                Revise LAMMU L logic for AXOD. 
      7-094C     Yagley                Revise AXOD.  
      7-094D     Ward                  Add RATIV & NPSSW. 
      7-191A     Baltusis              Revise defin itions in AXOD. 
      7-192      Yagley                Revise AXOD & Idle Speed. 
      7-194      Yagley                Define brake  input logic. 
      7-206      Yagley                Add Torque T runcation Spark Retard. 
      7-215      Yagley                Revise Tip-i n logic. 
      7-241      Baltusis              AXOD 3-4 ups hift delay time. 
      7-246      Chupa                 S/W - Proper  update of SPKAD index 
                                       register. 
      7-268      Baltusis              Revise scali ng of TTNOV. 
      7-319      Dewey                 S/W - Fix to  BAPXFR. 
      8-010      Meshkinnafas           S/W - Corre ct scaling error in 
                                        EGRDC calcu lation. 
      8-010A     Meshkinnafas           S/W - Overf low check in EGRDC calc. 
      8-011      Chupa                  S/W - RPM V ector clip to 7600 RPM. 
      GXN0       GXO0 
      6-431      Hardy                 Delete IDMAX  from Getfile. 
      7-117      Baltusis              Add FN306. 
      7-137A     Yagley                Support 3.8L  FWD programs with EDF. 
      7-147      Yagley                Smooth trasi tion to MFA. 
      7-172      Baltusis              DAC total sp ark advance. 
      7-172A     Yagley                Revise range  of SAFTOT. 
      7-174      Baltusis              Revise IPSIB R update logic. 
      7-197      Baltusis              Revise use i dle adaptive cells. 
      7-197A     Taylor                Add Else con dition to logic. 
      7-198      Baltusis              Remove LAMBS E reset from ISC. 
      7-198A     Baltusis              Set ISLAST b efore DSDRPM. 
      7-226      Dewey                 Revise Mode select logic. 
      GXM0       GXN0 
      7-090      Yagley                Add integrat ed VSC. 
      7-090A     Yagley                Revise VSC ( include Hardware present sw). 
      7-09A      Yagley                Do VSC only if VSCHP = 1. 
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      7-137      Yagley                Add 2-speed EDF. 
      7-140      Yagley                Revise VSC. 
      7-140B     Yagley                Use Rising e dge of VS Sensor input. 
      7-140C     Maurer                Calculate sp eed after 2nd MPH transition. 
      7-251                            S/W - Delete  PIP_OK logic. 
      GXL0       GXM0 
      6-642      Baltusis              Add Logic Sw itch to force NDSFLG. 
      6-670      Yagley                Revise DASHP OT preposition. 
      6-674      Yagley                Ensure Time delay in shutting off A/C. 
      6-675      Yagley                AETAR added.  
      6-678      Baltusis              Add conditio ns to clear latch. 
      6-689      Chupa                 Correct unde rflow for tip-in. 
      6-689A     Chupa                 Do 6-689. 
      7-089      Yagley                Do NOT open EGR unless DESEM>MINDES+DESHY. 
      7-089A     Yagley                Set CONPR = EPTBAR, if disabled or too low. 
      7-229      Meshkinafas           Save PE valu e. 
      GXK0       GXL0 
      6-336      Pearson               Move calibra tion parameters. 
      6-425      Chupa                 Correct Soft ware error Re: Filter constant 
                                       for NDBAR. 
      6-428      Pearson/Geer           Make (CHECK SUM) Uncommon. 
      6-574      McIntee               Revise injec tor output algorithm. 
      6-574A     McIntee               Change logca tion of label Injector 400. 
      6-608      Hughes                Correct mino r issue in throttle mode. 
      6-679      Yagley                Revise Regio n assignments to fit in memory. 
      6-709      Yagley                Reduce ambig uity of document and S/W. 
      6-700      Rein                  Check all ti mect subroutine calls. 
      7-076      Yagley                Convert GX S tratvine to multi-cal. 
      7-168      Chupa                 Move BP to e xternal RAM. 
      7-179      Yagley                Assign Param eters to Regions. 
      7-202      Liller                Revise Non-s ignature mode to avoid two 
                                       injectors fi ring on same PIP. 
      GXJ0       GXK0 
      6-231      Heikkila              WCOTMR chang ed to ACWTMR. 
      6-240      Heikkila              Define WCOTM R where (TP-RATCH) is 
                                       negative. 
      6-393      Yagley                Revise DOL A LGORITHM. 
      6-393A     McIntee/Yagley        Improve and simplify DOL algorithm. 
      6-434      Chupa                 Revise/Clari fy LAMBSE reset Logic. 
      6-486      Zaghati               Ramp decel f uel "SHUTOFF". 
      6-486A     Yagley                Define "DMIN " 
      6-486B     Zaghati               Allow decel S/O at commencement of decel. 
      6-547      McIntee               Fix Transien t error in DOL calculation. 
      6-619      Yagley                Change Range  - FN1124 TO 0-31.75. 
      6-620      Zaghati               Filter INJDL Y before use in foreground. 
      6-645      McIntee               Eliminate ex traneous type checks.  
      6-690      Chupa                 Correction t o clip logic - LAMSE2. 
      6-694      Chupa                 Clip FN374 t o min, not maximum. 
      7-010C     Armitage              Information EMR relating to FAM Logic. 
      7-103      Yagley                Incorporate FMEM strategy. 
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      7-104      Yagley                Delete FN348 A--Use FN348. 
      7-107      McIntee               Remove Async hronous AE. 
      7-116      Yagley                Commonize lo w speed output EVR. 
      7-129      Yagley                Revise Close d Loop Fuel/Adaptive learning. 
      7-136      Yagley                Replace IDLT MR/CTNTMR with EXTMR. 
      7-143      Chupa                 Free up unus ed RAM. 
      7-145      Yagley                Decrease EGR  if in MFA MODE. 
      7-150      Velting               Store PHFDLT  instead of DT12S/2 into HFDLTA. 
      7-156      Yagley                Provide Rich  Open Loop LAMBSE. 
      GXI0       GXJ0 
      6-140      Chupa                 Modify Self- Test to avoid undesirable 
                                       PW modifiers . 
      6-140A     Mortimer              Revision to 6-140. 
      6-140B     Chupa                 Revision to 6-140. 
      6-432      Baltusis              Revise desir ed RPM and desired 
                                       airflow calc ulations. 
      6-432A     Baltusis              Revise origi nal ISC EMR. 
      6-432B     Baltusis              Correct ISFL AG logic. 
      6-432C     Baltusis              Change NDADL T to NDDELT. 
      6-495      Zaghati               Increase Rep etition of FN367. 
      6-496      Zaghati               Increase Ran ge of FN367. 
      6-545      Ratkowski             Eliminate us e of ML3W. 
      6-583      Zaghati               Add Unique S park adder in Neutral. 
      6-584      Zaghati               Unique Injec tion timing - Neutral. 
      6-588      Yagley                Open Loop Ti p-in Retard permitted. 
      6-589      Baltusis              Revise DESMA F calculation. 
      6-589A     Baltusis              Rename FN018 B to FN018 (ATMR3). 
      6-590      Baltusis              100% duty cy cle to ISC actuator. 
      6-590A     Baltusis              Modify Reini t during Running. 
      6-590C     Yagley                First-RPM/ST ALLN Compare to set 
                                       REFLG. 
      6-598      Zaghati               New timer to  delay Rich Open Loop. 
      6-602      Yagley                Increase ran ge of CTATMR. 
      6-610      Yagley                EGR disabled , set EM=0 if in RPM 
                                       ISC control or FMEM extant. 
      6-635      Yagley                Revise Antic ipatory FAM. 
      6-664      Chupa                 Correct Cani ster Purge problem. 
      7-083      Yagley                Add Open Loo p ability during Crowds. 
      7-114      Yagley                3 PIP interv als that limit RPM. 
      7-114A     Yagley                Shorten MINP IP to MNPIP. 
      7-120      Chupa                 Change FN652 A to Cal-Par. 
      7-131      Chupa                 Change FN036  to Cal-Par. 
      GXH0       GXI0 
      6-144A     Ward                  Correct EPTZ ER input to EPTBAR. 
      6-615      Yagley                Delete ACCFL G = 1 in Closed Throttle. 
      6-646      Chupa                 Define BG_Ti mer as Byte. 
      7-029A     Yagley                Define FKEAC T. 
      7-054      Armitage              I/O definiti on to support 3.0L. 
      7-054A     Yagley                Clarify A/C- NDS input handling. 
      7-078      Yagley                Add inlet ai r control. 
      7-102      Dewey                 Add Thermact or Option. 
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      8-002      Allen                 Add option t o use distributorless 
                                       Ignition, in stead of Sig. PIP. 
      8-002A     Allen                 Delete all r ef. to SIGDC, if DISFLG = 1, then 

SIGPIP = 1. 
      GXG0       GXH0 
      $5E-190    Sass                  VIP - Word/b yte efficiency. 
      $5E-190A   Sass                  VIP - Thrift  word/byte. 
      $5E-203    Sass                  VIP - Insure  ISC Precondition. 
      6-125      Davison               VIP - Add si ngle EGO self-test. 
      6-125A     Davison               VIP - Revise  6-125. 
      6-133A     Davison               VIP - Show n ew Stereo-EGO terms. 
      6-148C     Rachedi               VIP - Upgrad e PFE/EVR Self-Test. 
      6-152      Davison               VIP - Add Cr ossed-EGO check. 
      6-157      Davison               VIP - Add ma nufacturing test. 
      6-157A     Rachedi               VIP - Checks um to include 32K ROM. 
      6-157B     Rachedi               VIP - Common ize Veh and EED test. 
      6-157C     Rachedi               VIP - Instru ction for STO "off" 
      6-224      Mingo                 VIP - Revise  Knock Window Routine. 
      6-229      Sweppy                VIP - Use FM EM. 
      6-245      Rachedi               VIP - Delete  Transmission test, Add 6-246. 
      6-246      Krzyske               VIP - Revise  Knock Test. 
      6-263      Mingo                 VIP - Revisi on to implement 6-162. 
      6-270      Krzyske               VIP - Add Ke ypower circuit test. 
      6-275      Krzyske               VIP - Actuat e EDF/HEDF outputs. 
      6-297      Sass                  VIP - Re-ent er KODO Self-test. 
      6-301      Sass                  VIP - Revise  KAMREF reference. 
      6-327      Sass                  VIP - Obviat e interference between STO/KTS. 
      6-331      Tedesco               VIP - Avoid Transient Fuel when in Self-Test. 
      6-347      Rachedi               VIP - New Fu el test for 2-EGO sys. 
      6-347A     Krzyske               VIP - Save T est time. 
      6-348      Rachedi               VIP - Add Ai r test for 2-EGO sys. 
      6-387      Krzyske               VIP - Docume ntation revision only. 
      6-388      Rachedi               VIP - Improv ed PIP and IDM Test. 
      6-388A     Rachedi               VIP - Revise  PIP test. 
      6-388B     Harris                VIP - Revise  PIP->IDM test logic. 
      6-388C     Rachedi               VIP - Revise  PIP-IDM test. 
      6-388D     Rachedi               VIP - Correc t continuous PIP/IDM. 
      6-400      Sass                  VIP - Accomo date various air flows. 
      6-400B     Baltusis              VIP - Bypass  98% Duty Cycle clip. 
      6-400C     Mingo                 VIP - Byte t hrift, revise FLRNFG. 
      6-438      Girdis                VIP - Revise  macros, ROM 1 and 2. 
      6-452      Krzyske               VIP - Delete  ECT rationality. 
      6-460      Krzyske               VIP - Verify  continuous codes-KAM. 
      6-460A     Neubacher             VIP - delete  3U strat. from 6-640. 
      6-463      Schumaker             VIP - 11 Byt e thrift. 
      6-475      Rachedi               VIP - Revise  SW documentation only. 
      6-476      Rachedi               VIP - Revise  SW documentation only. 
      6-483      Krzyske               VIP - Resolv e Multi-cal conflicts. 
      6-500      Mingo                 VIP - EOL RA M test revision. 
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      6-501      Mingo                 VIP - Revise  output circuit check. 
      6-501A     Mingo                 VIP - Revise  6-501. 
      6-501B     Mingo                 VIP - Revise  Output circuit check. 
      6-517      Rachedi               VIP - New cy linder balance test. 
      6-517A     Rachedi               VIP - Revise s 6-517. 
      6-517B     Rachedi               VIP - Avoid engine stall. 
      6-518      Mingo                 VIP - Preven t false indications. 
      6-536      Mingo                 VIP - Revise  EVR Output circuit ck. 
      6-573      Rachedi               VIP - Calib.  Capability for PSPS. 
      6-573A     Rachedi               VIP - Superc edes 6-573. 
      6-586      Sass                  VIP - Extend  KAM extension. 
      6-586A     Rachedi               VIP - Revise  6-586. 
      6-595      Rachedi               VIP - Common ize Goose. 
      6-599A     Krzyske               VIP - Preven t false error code 74. 
      6-599B     Krzyske               VIP - mainta in flag naming con. 
      6-599C     Baltusis              VIP - BIHP s pecification. 
 
      6-612      Mingo                 VIP - Revise  Goose. 
      6-621      Pearson               VIP - Adjust  MAPCNT. 
      6-627      Mingo                 VIP - Create  Mask of output state. 
      6-632      Krzyske               VIP - Code 3 3 revision. 
      6-646      Chupa                 VIP - Define  BG_Timer as Byte. 
 
      7-019A     Rachedi               VIP - Add PF E EGR test; delete AM1 and 
                                       AM2; revise MAP sensor name. 
      7-073      Yagley                Rename EGRSW ->PFEHP. 
      GXF0       GXG0 
      6-419      Allen                 Revise Signa ture PIP. 
      6-419A     Allen                 Revise Switc hing in Spark 
                                       logic betwee n Single and 
                                       Double Edge.  
      6-419C     Salamon               Use Tick val ues for SPKSWH/SPKSWL. 
      6-548      Allen                 Revise Signa ture PIP. 
      7-052      Allen                 Implement 6- 419, 6-419A, 6-419C 
                                       at same time  as 6-548. 
      7-070      Liller                Revision to Injector pulse S/W. 
      7-071      Liller                Revise crank ing fuel pulse S/W. 
      SCM-008    Gaynier               Eliminate us e of nested "get files" 
                                       in software routines. 
      GXE0       GXF0 
      6-577      Liller                Revise PIP i nput processing mod. 
      6-597      McIntee               Revise Trans ient fuel. 
      6-601      Liller                Fix Injector  Sync. Routine. 
      7-033      Allen                 Add computer  controlled dwell 
                                       for Distribu torless Ignition 
                                       System. 
      7-033A     Allen                 Revise 7-033 . 
      7-033B     Allen                 Make CCDFLG calibratible. 
      7-033C     Velting/Allen         Final revisi on/Documentation. 
      GXD0       GXE0 
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      6-414      Yagley                Revise TIP-i n Retard. 
      6-414A     Yagley                Load hystere sis in CTFLAG. 
      6-455      Zaghati               Bypass MFA a t altitude. 
      6-456      Zaghati               Time delay b efore upstream air 
                                       in Decel. De lete unused timers. 
      6-456A     Yagley                Define HMCTM . 
      6-470A     Baltusis              Revise IVPWR  to IIVPWR. 
      6-481      Yagley                Insert SIL C hapter. 
      6-499      Yagley                Revise Retar d logic, clarify 
                                       flags: TIPFL G and CTFLAG. 
      6-506      Yagley                Turn off fue l as RPM limiter. 
      6-508      Yagley                Delete ACDFL G, use ACCFLG. 
      6-541      Yagley                Revise Retar d logic. 
      6-587      Liller                Add 3 levels  to foreground. 
      7-055      Liller                Fix overflow  in aircharge calc. 
      7-056      Liller                Correct Tran sient Fuel S/W. 
      SCM-006    Gaynier               V29, KAM_Qua lify. 
      GXC0       GXD0 
      6-164      Yagley                A/C status l ogic revision. 
      6-164A     Yagley                Further A/C status revision. 
      6-241      Armitage              ISC revision s. 
      6-278      Armitage              Add RPM Adde r vs Act. 
      6-312      Zaghati/Armitage      Revise ISC M ode Select. 
      6-338      Bosley                ISCFLG redef ined, SW. 
      6-377      Zaghati               VBAT Cal-Con sole Displayable. 
      6-389      Girdis                ISCDTY from Byte to Word. 
      6-441      Brelian               Remove All T SAD Strategy. 
      7-039      Liller                Remove Map u sage from Sonic EGR. 
      7-040      Armitage              Add 6-164, 6 -241, 6-441. 
      7-042      Liller                Correct Fuel  sequencing. 
      GXB0       GXC0 
      6-145      Hoen                  Add Stereo E GO Adaptive Fuel 
                                       Control re: open/closed loop. 
      6-145A     Yagley                Include Tabl e, Row 7 Adaptive Fuel. 
      6-145B     Yagley                Revise Adapt ive Documentation 
                                       to match Cod e. 
      6-189      Baltusis              Revise Adapt ive Fuel Learning 
                                       Relating to ACT. 
      6-189B     Baltusis              Revise AFACT 1/AFACT2 in Adaptive. 
      6-277      Zaghati               Lambda Reset s/Jumpback only in 
                                       Closed Loop.  
      6-311      Yagley                New DAC Regi ster FAMREG. 
      6-324C     Yagley                If ISCKAM pa ss ISKSUM test, set 
                                       ISKSUM = Sum  of ISCKAM. 
      6-325      Yagley                Qualify EPTZ ER as KAM Parameter. 
      6-346      Hughes                Correct Ster eo-Adaptive Code. 
      6-365      Jones                 3-Byte Test to go in ROM. 
      6-367      Chupa                 Correct Ster eo Adaptive load of BIASCT. 
      6-375      Ward                  Add enable i nterrupt to balance 
                                       disable inte rrupt in CRANK. 
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      6-394      McIntee               Move ECTCNT to External RAM. 
      6-405      Hardy                 Delete heade r module from FCA. 
      6-433      Yagley                Canceled aft er execution of 
                                       LAMBSE=LAMBS E-LMPJMP. 
      6-433A     Yagley                Cancel 6-433  - NO problem. 
      7-029      Yagley                Revised PFE Strategy. 
      7-032      Armitage              Use BIASCT i nstead of ASYBCT. 
      7-034      Armitage              Delete NDCT/ NDLAM. Add FN371. 
      7-034A     Armitage              Modify Minim um Range for LAMMUL 
                                       and FN371. 
      7-036      Liller                Remove Bad i nstruction clearing 
                                       Simultaneous  Flag too low RPM. 
      GXA0       GXB0 
      6-033A     Yagley                Change EVR f requency. 
      6-204      Yagley                Add PFE EGR Control. 
      6-204A     Yagley                Use FN239 wi th Pressure/EGR Input, 
                                       depending on  EGRSW. 
      6-218      Yagley                Delete refer ences to Non-existent 
                                       flags. 
      6-324      Yagley                Add checksum  to KAM qualification 
                                       test during powerup. 
      6-324B     Yagley                Do not check  KAM_ERROR flag 
                                       during power up KAM qualification. 
      6-380      Yagley                Do not reini tialize ISCKAM during 
                                       KAM qualific ation. 
      SCM-001    Gaynier               Common Filte r constant. 
      7-026      Gaynier               Change FKECT 1 to FKECT. 
      MXG0       MXG3      GXA0 
      5E-082     McLean                Supplement D ual-edge Spark Routine. 
      5E-082A    McLean                Delete Regis ters DIFF0 and DIFF1. 
      5E-187A    McLean                Delete Signa t, MHPFD to .99. 
      5-306      Allen/McIntee         Correct valu e of ticks. 
      6-118      McLean                Improve Dyna mic spark accuracy. 
      6-133      Gaynier               Remove refer ence to Left/Right with 
                                       regard to St ereo EGO. 
      6-158      Baltusis              Withhold kno ck windows for 
                                       WINCLD PIP P eriods. 
      6-158A     Velting               Simplify and  improve 6-158. 
      6-166      Yagley                Replace sing le injector slope with 
                                       Dual slope a nd Fox Function. 
      6-184      Mazzara/McIntee       Remove PSTRU C counter. 
      6-195      Pearson               Ensure at le ast 10 usec wait. 
      NONE       Rutz                  Commonize sc heduler with CH. 
      6-217      Ratkowski             Confirm Call s to IN22 < .992 only, occur. 
      6-224      Mingo                 Fix Single K nock Module EOS. 
      6-224A     Mingo                 Correct Impl ementation of 6-224. 
      6-249      McIntee               Clear Simult aneous flag if PIP period 
                                       indicates > 1953 RPM. 
      6-272      Velting               Revise Knock  strategy to correct 
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                                       Knock window . 
      6-295      Zaghati               Make Individ ual cylinder Knock spark 
                                       cal console.  
      6-341      Chupa                 Correct Scal ing in return of feedback 
                                       bias from FN 312A. Correct KAMREF. 
      6-343      McIntee               Correct soft ware problemm in Transient 
                                       Fuel. 
      6-344      Hughes                Correct Soft ware problem for A/C Cutout. 
      6-363      Liller                Correct scal ing error dual slope. 
      7-005      Gaynier/Armitage      Revise Fuel Control. 
      7-005A     ""                    Clarify APEL OAD normalizing to 
                                       be FN071A. 
      7-005B     ""                    Clarify/corr ect 7-005/7-005A. 
      7-005C     ""                    Modify crank ing fuel logic to 
                                       reference BP  instead of MAP. 
      7-005D     ""                    Clarify inte nt of 7-005A re: FN071 
                                       and FN071A. 
      7-005E     ""                    Modify range /resolution specification 
                                       for FN071 an d FN071A. 
      7-006      Gaynier/Armitage      Revise spark  control. 
      7-007      Gaynier               Define Knock  Strategy (MAPPA v LOAD) 
      7-009      Gaynier               Revise Therm actor Strategy. 
      7-010      Gaynier               Revise Idle Speed Strategy. 
      7-010A     Armitage              Define Calib ration parameters LOWLOD/ACLOD. 
      7-010B     Armitage              Define new F N820B,delete FN820A. 
      7-012      Gaynier               Control Supe rcharger Bypass. 
      7-014      Gaynier               Revise Timer  control. 
      7-013      Gaynier/Armitage      Add/revise S ystem Equations 
                                       for Air and EGR Mass Flow rates. 
      7-013A     ""                    Replace Airc harge, new range for EM. 
      7-013B     ""                    Define AELOA D 
      7-013C     ""                    Modify Range /Resolution for EM/FN037. 
      7-017      Armitage              Revise Sonic  EGR Control. 
      7-020      Armitage              Apply 6-166 to GX. 
      7-022      Armitage              Delete overd rive Strategy, delete 

                   THERMACTOR Pump Clutch. 
      7-024      Armitage              TAR conversi on in software. 
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                                        SYMBOLOGY 
 
   INPUTS 
 
      The inputs to most logical operations will be  conditional statements  of  the 
      form: 
 
                     X > Y 
 
      where, X is a variable (RAM), and Y is a cali bration constant,  fox  function 
      or  table  look-up,  or a mathematical expres sion.  In some cases, Y may also 
      represent a variable. 
 
      Typically, six types of conditional statement s will appear  in  the  strategy 
      logic diagrams.  They are; X>Y, X<Y, X>OR=Y, X<OR=Y, X=Y, and XNOT=Y. 
 
 
                SYMBOL          MEANING 
                ------    ------------------------ 
                  =       EQUAL TO 
                 NOT=     NOT EQUAL TO 
                  >       GREATER THAN 
                 >OR=     GREATER THAN OR EQUAL TO 
                  <       LESS THAN 
                 <OR=     LESS THAN OR EQUAL TO 
 
 
 
      It should be noted that when the expression X >Y or X<Y  is  encountered,  the 
      conditional  statement can be calibrated such  that it will never be true, and 
      the appropriate strategy action will never ta ke place.  For example,  if  the 
      variable  X  has  a  range  of  0 to 255, and  the calibration constant in the 
      logical statement, X>Y, is selected to be 255 , the statement will  always  be 
      false.  This provides a means for calibrating  out certain strategy functions. 
 
 
      When any conditional statement is  true,  the   INPUT  STATE  to  the  logical 
      operation  is  said  to  be 'TRUE', and is as signed a value of '1'.  When the 
      statement is false, the INPUT STATE is 'FALSE ', and is assigned  a  value  of 
      '0'. 
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   LOGICAL OPERATIONS 
 
      Two logical operations are used, the 'AND' ga te and the 'OR' gate.  An  'AND' 
      gate is represented by the following symbol: 
 
                A ----| 
                      | AND--------| C 
                B ----| 
 
      where A and B are INPUT STATES and C is defin ed as the OUTPUT  STATE  of  the 
      logical  'AND' operation.  The value of the O UTPUT STATE is a function of the 
      INPUT STATES as shown in the following truth table: 
 
                            AND GATE 
           ======================================== ==== 
           INPUT STATE     INPUT STATE     OUTPUT S TATE 
                A               B                C 
           ======================================== ==== 
                0               0                0 
           ---------------------------------------- ---- 
                0               1                0 
           ---------------------------------------- ---- 
                1               0                0 
           ---------------------------------------- ---- 
                1               1                1 
           ======================================== ==== 
 
 
      Likewise, the 'OR' gate is represented by: 
 
 
                A ----| 
                      | OR--------| C 
                B ----| 
 
 
      And the OUTPUT STATE for various INPUT STATES  is  given  by  the  'OR'  truth 
      table: 
 
                             OR GATE 
           ======================================== ==== 
           INPUT STATE     INPUT STATE     OUTPUT S TATE 
                A               B                C 
           ======================================== ==== 
                0               0                0 
           ---------------------------------------- ---- 
                0               1                1 
           ---------------------------------------- ---- 
                1               0                1 
           ---------------------------------------- ---- 
                1               1                1 
           ======================================== ==== 
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   OUTPUTS 
 
      The output of all logical operations results in one of two possible paths: 
 
           1) The output is an input to another log ical operation. 
 
                A ----| 
                      | AND--- C ---| 
                B ----|             | OR--------| E  
                D ------------------| 
 
           In this case, OUTPUT STATE C is an input  to an 'OR' gate.  It should  be 
           treated  like any other conditional stat ement when determining the value 
           of the final OUTPUT STATE E. 
 
           2) ACTION is taken based upon the OUTPUT  STATE. 
 
                A ----| 
                      | AND--- C ---| ENERGIZE OUTP UT 
                B ----|             | 
                                    | --- ELSE --- 
                                    | 
                                    | DE-ENERGIZE O UTPUT 
 
           The ACTION described in the action box i s taken when OUTPUT STATE  C  is 
           'true'.   If  an  ALTERNATE  ACTION  is  required when OUTPUT STATE C is 
           'false', the alternate action is describ ed below an  ELSE  statement  in 
           the  action  box.  If no alternate actio n is required, no ELSE statement 
           will appear. 
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      Multiple "ELSE/ACTION" blocks can appear in a  logic diagram in which three or 
      more alternate actions are possible.  Conside r the following example: 
 
                A ----| 
                      | AND--- C ---| ACTION #1 
                B ----|             | 
                                    | 
                                    | --- ELSE --- 
                                    | 
                D ----|             | 
                      | AND--- F ---| ACTION #2 
                E ----|             | 
                                    | 
                                    | --- ELSE --- 
                                    | 
                                    | 
                                    | ACTION #3 
 
      The procedure is: 
 
      1.  Test for ACTION #1.  If "C" is true, perf orm ACTION #1. 
      2.  Otherwise, test for ACTION #2.  If "F" is  true, perform ACTION #2. 
      3.  Otherwise, perform ACTION #3. 
 
      Notes about multiple "ELSE/ACTION" logic: 
 
      1.  When logic has multiple "ELSE/ACTION" blo cks, only one action block can be 
performed during a program pass.  Priority is alway s top down. In the          example, 
if "C" and "F" are simultaneously true, "C" takes p recedence and          ACTION #1 is 
performed. 
 
      2.  If the final "ELSE/ACTION" block does not  have logic as input pointing to it  
(as  in  the  example),  the  final action block is  performed when no preceeding action 
block is true.  Action is always performed during  each program pass with this type of 
logic. 
 
      3.  If the final "ELSE/ACTION" block has logi c as input pointing to  it,  the final  
action  block is performed only when no preceeding action block is true and when its 
input logic is true.  Action is  not  always  perfo rmed during each program pass with 
this type of logic. 
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   HYSTERESIS 
      Hysteresis in a strategy is a situation in wh ich the logic used  to  make  an 
output  true  is  different from the logic used to make the output false.  An      
example use would be to prevent on/off cycling of a n output because of jitter      in an 
input parameter. 
      Hysteresis is represented in strategy  logic  diagrams  using  the  following 
 
"flip-flop" notation: 
 
                A ----| S   Q --------| C 
                      | 
                B ----| C 
 
      The actual conditional statements and directi on  of  hysteresis  will  depend upon  
the  specific  application in each strategy module.   The action of this hysteresis 
notation is given by the following truth table: 
 
              HYSTERESIS FLIP-FLOP 
           ========================== 
           S(SET)  C(CLEAR)  Q-OUTPUT 
            A        B          C 
           ========================== 
            0        0      no change 
           -------------------------- 
            0        1          0 
           -------------------------- 
            1        0          1 
           -------------------------- 
            1        1          1 
           ========================== 
 
      The action of the flip-flop can be described as follows.  When the "A"  (set)input  
is true, regardless of the "B" (clear) input level,  the flip-flop sets and the "C" output 
is true.  When the "B" input is true and the "A" in put  is false,  the  flip-flop  clears 
and the "C" output is false.  When "A" and "B"      are both false, the "C" output 
remains unchanged. 
 
      ADVICE: 
      1.  Since the intent of a flip-flop is to pro vide hysteresis, the state of a flip-
flop  must  be  remembered from pass to pass.  The output is usually          defined as 
a flag. 
      2.  All flip-flops must be serviced every  pa ss  through  the  program,  even 
though  some  flip-flops  are  shown  in  portions  of logic that may not          
execute each pass.  The normal  practice  is  to  l ump  and  service  the          flip-
flops  together at the beginning of a routine.  Thi s guarantees that          all flip-
flop outputs will reflect the correct  state  based   on  current          input 
conditions.  Then, when logic refers to a flip-flop , the logic only          needs to 
look at the flag which represents the state of the flip-flop. 
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      3.  Clear (0) is  the  default  initial  valu e  of  the  output  flag  for  a 
          flip-flop.   The  strategy  specification   must  explicitly  state if the 
          initial value should be set (1). 
 
      4.  The set input always takes precedence ove r the clear  input.   When  both 
          are  true,  the  flip-flop  output  shoul d  set.   In some instances, the 
          software practice has been to perform the  clear logic first, followed  by 
          the  set  logic.   The  procedure  may  i nitially clear the flag and then 
          reverse the decision later.  This practic e could cause  problems  if  the 
          flip-flop  output  flag is tested during an EOS interrupt because the EOS 
          can catch the flag in the wrong state. 
 
               The flip-flop procedure should alway s be: 
 
          IF set condition met 
               THEN set flip-flop output flag 
          ELSE 
               IF clear condition met 
                    THEN clear flip-flop output fla g 
               ENDIF 
          ENDIF 
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                        ELECTRONIC ENGINE CONTROL S YSTEM OVERVIEW 
 
      The Electronic Engine Control system is inten ded to provide  a  more  optimum 
      engine  control  strategy  than  is  possible   through  a strictly mechanical 
      system.  This is accomplished by  using  a  m icroprocessor  which  interprets 
      input  data from a number of engine parameter  sensors, and based on a control 
      strategy in the microprocessor's  program  ch ips,  generates  output  control 
      signals to a number of actuators. 
 
 
      The control  strategy  is  divided  into  two   segments,  an  engine  control 
      strategy,  and  self  test diagnostics.  The diagnostics will be discussed in 
      another section.   The  engine  control  stra tegy  is  segmented  into  three 
      principal modes: 
 
 
           -CRANK 
           -UNDERSPEED 
           -RUN 
 
 
      The  strategy  description  and  the  entranc e  and   exit   conditions   for 
      CRANK/UNDERSPEED/RUN  are shown on the follow ing pages.  RUN is of particular 
      interest because it contains the control  log ic  for  most  engine  operating 
      regions.   The  RUN  strategy  is  further  b roken  down  into three modes to 
      facilitate optimum control.  Based primarily on throttle position, they are: 
           -CLOSED THROTTLE 
           -PART THROTTLE 
           -WIDE OPEN THROTTLE 
 
      The specific entrance and exit conditions for  these modes  are  described  in the 
throttle mode selection section. 
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                                    EEC IV OUTPUTS 
                                   HARDWARE MODULES  
 
   AIR MANAGEMENT 1 (AM1) (SFI-MA2) 
 
      This Software output controls (via software) a Thermactor  Air  Bypass  (TAB) 
      valve;  via  a vacuum solenoid.  When AM1 is OFF, the air is bypassed (dumped 
      to the atmosphere).  When AM1 is ON air is ro uted to an up/down-stream valve. 
 
   AIR MANAGEMENT 2 (AM2) (SFI-MA2) 
 
      This Software output controls a vacuum soleno id which controls the  secondary 
      air system to a catalyst via an up/down-strea m divertor valve (TAD); but this 
      output only controls if AM1 output is ON. 
 
   CANISTER PURGE (CANP) 
 
      This software controls a solenoid which  purg es  fuel  vapor  from  a  carbon 
      canister.  The carbon canister collects fuel vapor when the engine is off. 
 
   DATA OUTPUT LINK (DOL) 
 
      This software generates a digital  signal  to   one  of  the  Economy  Display 
      Subsystems:   Tripminder, Fuel Economy Meter Clock, etcetera).  This displays 
      such information as current Miles per Gallon to the driver. 
 
   ELECTRO-DRIVE FAN (EDF) (SFI-MA3) 
 
      The Software Output provides a signal for the  AC/Electro-drive Fan Controller 
      to control the Electro drive engine cooling f an. 
 
   ELECTRONIC VACUUM REGULATOR (EVR) 
 
      This software output controls a solenoid whic h varies the vacuum to  the  EGR 
      valve via a varying frequency and/or duty cyc le pulse train to the regulator. 
      The Actuator contains a clamping diode which eliminates the need for a  diode 
      in the control module. 
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   FUEL PUMP (FP) 
 
      The software for the Fuel Pump controls  a  r elay  which  provides  power  to 
      operate the electric fuel pump. 
 
   HIGH SPEED ELECTRO-DRIVE FAN (HEDF) (SFI-MA3) 
 
      This software output provides a signal for th e AC/Electro-Drive fan which, in 
      turn,  increases the speed of a two-speed ele ctro-drive fan when required via 
      a normally open relay or an integrated relay controller module. 
 
   IAC (SFI-MA3) 
 
      The Inlet Air Control opens a valve (upstream  of the intake  manifold)  which 
      increases  the  engine  airflow.   The  Engin e  strategy  uses  this valve to 
      increase the horsepower at high RPM. 
 
   INJECTORS 
 
      The Sequential Fuel Injection system uses one  output driver per injector  (as 
      compared  to  the  EFI systems which have two  or more injectors controlled by 
      each driver).  The SFI system provides more p recise timing  and  duration  of 
 
      the  fuel injection.  As most EFI systems, SF I uses High Resistance (16 Ohms) 
      high pressure (39 psi) injectors. 
 

 IDLE SPEED CONTROL - BYPASS AIR - CONSTANT CURRENT  (ISC-BPA) 
 
      The EEC controls a linear  actuator  which  v aries  air  intake  (from  0  to 
      maximum) through a bypass valve in the thrott le body.  The software outputs a 
      duty-cycled pulse train which is coverted  in to  a  constant  current.   This 
      output is cycled at a frequency of 160 Hz. 
 
   LOCK-UP SOLENOID (LUS) (SFI-MA3) 
 
      This software output controls the lock-up of the AXOD transmission  convertor 
      via a solenoid. 
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   SUPERCHARGER BOOST SOLENOID (SBS) (SFI-MA1) 
 
      This software output provides a signal to the   supercharger  boost  solenoid. 
      The  signal can be used in a linear manner (v arying frequency and duty cycle) 
      to control the position of the supercharger b oost bypass  valve.   While  the 
      system is in HLOS, the Boost Solenoid is in t he OFF (de-activated) condition. 
 
   SPEED CONTROL VACUUM (SCVAC) (SFI-MA3) 
 
      This software controls a normally-closed sole noid which applies a  vacuum  to 
      the  Speed  Control  Servo.   If  the SCVNT v alve is closed, the state of the 
      SCVAC controls the position of the Speed Cont rol Servo. 
 
   SPEED CONTROL VENT (SCVNT) 
 
      This software controls a normally open soleno id which traps (closes) or vents 
      (opens) a vacuum to the speed ControlServo. 
 
   SHIFT INDICATOR LIGHT (SIL) (SFI-MA1) 
 
      This output is used to drive a lamp on the in strument  panel  to  signal  the 
      driver  to  shift  gears  (manual  transmissi on  only)  at  an  optimum point 
      determined by the strategy. 
 
   SPARK OUTPUT (SPOUT) 
 
      The Spark software generates an ignition cont rol signal  capable  of  driving 
      the  Thick  Film  Ignition  Module  (TFI).   The driver is a tri-state device 
      (High, low, open) which interfaces with the T FI-IV module  (This  Module  can 
      accomodate a 250 Hz/sec acceleration).  The s pout signal is referenced to the 
      PIP signal.  Its timing is controlled by the SAF calculation.  If the EEC  is 
      in LOS mode, the TFI module causes the spark timing to be equal to 10 deg BTC 
      (same as PIP). 
 
   WIDE OPEN THROTTLE AIR CONDITION CUTOFF (WAC) 
 
      This output is used to temporarily disable or  turn off  the  air-conditioning 
      by activating a normally closed relay. 
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      The remainder of this document describes the normal engine  control  strategy 
      (RUN)  for  the  various outputs, including f uel, spark, EGR, thermactor air, 
      and idle speed control (ISC). 
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      OVERVIEW 
 
 
      The EEC IV  strategy  operation  is  divided  into  three  distinct  strategy 
      segments.  They are: 
 
 
          1)  CRANK 
          2)  UNDERSPEED 
          3)  RUN 
 
 
      The CRANK mode is entered after a power-up in itialization or after an  engine 
      stall.   CRANK  employs  a special strategy t o aid engine starting.  When the 
      CRANK logic first  becomes  false,  the  UNDE RSPEED  mode  is  entered.   The 
      UNDERSPEED  mode  employs  a  special spark a nd fuel strategy in place of the 
      normal engine control strategy (RUN).  After start, the RUN mode  is  entered 
      and  the  normal engine control strategy is e xecuted.  If the engine stumbles 
      during RUN mode, the UNDERSPEED mode can agai n be  entered  to  help  recover 
      from the stumble and prevent a stall. 
 
 
      The specific strategies are: 
 
 
                                     CRANK STRATEGY  
 
 
      Fuel                     Fire all injector po rts simultaneously 
                               every CRKPIP PIPS. S ee the Fuel strategy. 
 
      Spark Advance            10 degrees BTDC (on PIP signal) 
      Thermactor Air           bypass 
      EGR                      disabled 
      Purge                    disabled 
      ISC                      FN884(TCSTRT) 
 
      Data Output Link         execute strategy 
      A/C Clutch               disabled 
      S.I.L.                   disabled 
      Thermactor Pump Clutch   disabled 
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                                   UNDERSPEED STRAT EGY 
 
 
      Fuel                     Fire all injector po rts in the 
                               same manner as in th e RUN mode. 
                               The multiplier FN387  is included 
                               in the pulsewidth eq uation. 
                               See the Fuel strateg y. 
 
 
      Spark Advance            10 degrees BTDC (on PIP signal) 
 
      Other outputs are the same as the RUN mode. 
 
 
 
                                      RUN STRATEGY 
 
 
      The normal engine control strategy is describ ed  in  the  remainder  of  this 
      book. 
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      DEFINITIONS 
      INPUTS 
      Registers: 
 
-  ECTCNT = Number of times ECT sensor input was re ad. 
 
-  N = Engine RPM. 
-  PIPCNT = Number of PIPs which have occurred. 
-  STALLN = Stall RPM:  If the first RPM calculated   is  greater  than  this 
            value, assume there was a reinit, RPM. 
-  TSLPIP = Time since last PIP. 
 
      Bit Flags: 
-  CRKFLG = Engine Mode Flag.  (1 = Crank Mode; 0 N OT= Crank Mode) 
 
      Calibration Constants: 
-  CRKPIP = Number of PIPs between injector outputs  during Crank. 
-  FN387 = Fuelpw Multiplier versus ECT - Input = E CT, Output = Multiplier. 
-  FN884(TCSTRT) = ISC Duty Cycle in Crank, deg. 
-  NCNT = Minimum number of PIP necessary to exit C RANK Mode. 
-  NRUN = Minimum Engine Speed to exit CRANK Mode. 
-  NSTALL = Engine Stall speed to re-enter CRANK Mo de. 
-  UNRPM = Underspeed Engine Speed, RPM. 
-  UNRPMH = Hysteresis term for UNDERSPEED Mode. 
 
 
      OUTPUTS 
      Registers: 
-  N = See inputs above. 
 
      Bit Flags: 
-  CRKFLG = See inputs above. 
-  FIRST_PIP = Indicates that first PIP has been re ceived. 
-  UNDSP = Run/Underspeed Flag.  (1 = Underspeed (o r CRANK), 0 = Run) 
 
 
 
 
 

4-4 



CRANK/UNDERSPEED/RUN MODE SELECTION - GUF0 
PEDD-PTOPE, FoMoCo, PROPRIETARY & CONFIDENTIAL 

      The Crank Flag is set by the PIP Counter and ECT Counter Control logic  which 
      is described in SYSTEMS EQUATIONS CHAPTER. 
 
 
      PROCESS 
 
      CRKFLG = 1 -------------------| 
       (CRANK mode)                 | 
                                    |AND ---------- ---| CRANK mode 
      N <OR= NRUN --------|         |                 | CRKFLG = 1 
                          |         |                 | UNDSP = 1 
      ECTCNT < 8 ---------|OR ------|                 | 
                          |                           | --- ELSE --- 
      PIPCNT < NCNT ------|                           |  
                                                      | A stall has occured 
                                                      |  
      CRKFLG = 0 -------------------|                 | CRKFLG = 1 
       (RUN or UNDERSPEED mode)     |                 | UNDSP = 1 
                                    |AND ---------- ---| ECTCNT = 0 
      N < NSTALL -------------------|                 | 
                                                      | 
                                                      | --- ELSE --- 
                                                      | 
      CRKFLG = 1 ---------|                           | 
                          |OR ------|S Q ---------- ---| UNDERSPEED mode 
      N < UNRPM ----------|         |                 | CRKFLG = 0 
                                    |                 | UNDSP = 1 
      N > UNRPM + UNRPMH -----------|C                | 
                                                      | 
                                                      | 
                                                      | --- ELSE --- 
                                                      | 
                                                      | RUN mode 
                                                      | CRKFLG = 0 
                                                      | UNDSP = 0 
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                             ENGINE RUNNING REINIT STRATEGY 
 
 
      The reinit strategy attempts to differentiate  an engine running reinit from a 
      normal  start engine runup.  After a reinit, a "first RPM" is calculated from 
      the first two PIP rising-edges.  If the calcu lated RPM is greater  than  idle 
      RPM, then a reinit is assumed. 
 
 
 
      TSLPIP >or= 800 msec ---------------------| S et N = 0 
                                                | S et FIRST_PIP = 0 
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                           THROTTLE MODE SELECTION STRATEGY 
 
      OVERVIEW 
 
           The throttle mode scheduler is used to d etermine what  engine  operating 
      region is currently extant.  The variable APT  (At Part Throttle flag) is used 
      to indicate throttle mode and is assigned the  following values: 
 
                Throttle Mode            APT 
                ------------------       --- 
                CLOSED THROTTLE          -1 
                PART THROTTLE             0 
                WIDE OPEN THROTTLE        1 
 
      The value of APT is determined by the logic  shown  on  the  following  page. 
      Briefly,  throttle  angle breakpoints, in ter ms of counts, are used to define 
      the CLOSED/PART_THROTTLE and PART/WIDE_OPEN_T HROTTLE transitions.  Hysteresis 
      is incorporated in both breakpoints to preven t jitter between modes. 
 
      The variable RATCH is the output of a ratchet   algorithm  which  continuously 
      seeks the minimum throttle angle correspondin g to a CLOSED THROTTLE position. 
      This alleviates the necessity to set  the  th rottle  position  sensor  at  an 
      absolute  position and compensates for system  changes and differences between 
      vehicles.  The ratchet algorithm uses  filter ed  throttle  position  for  the 
      determination of RATCH. 
 
      A more detailed explanation of the throttle p osition  ratchets  and  throttle 
      position filter is contained in the SYSTEM EQ UATIONS section. 
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      DEFINITIONS 
      INPUTS 
      Registers: 
 
-  APT = Status of Part Throttle.  (Set = -1 = Clos ed Throttle) (Set =  1  = 
          Wide Open Throttle) (Set = 0 = Part Throt tle) 
 
-  RATCH = Closed throttle. 
 
-  TP = Position of Throttle. 
 
      Bit Flag: 
 
-  CRKFLG = Flag indicating engine mode; 1 = Crank.  
 
      Calibration Constants: 
 
-  DELTA = CT/PT Breakpoint value above RATCH. 
 
-  HYST2 = Hysteresis term to enter WOT mode. 
 
-  THBP2 = PT/WOT Breakpoint value above RATCH. 
 
 
      OUTPUTS 
 
      Registers: 
 
-  APT = See inputs above. 
 
      Bit Flags: 
 
-  CTPTFG = Closed throttle to PT/WOT transition fl ag. 
 
-  PTSCR = Part throttle mode since exiting CRANK F lag. 
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                            THROTTLE MODE SELECTION  LOGIC 
 
 
 
           The logic described below considers the current position of the throttle 
      and  compares  its  value  to  the RATCH, Clo sed Throttle, plus the change in 
      throttle position from the last setting.  If both  flip-flops  in  the  logic 
      clear, then Part Throttle is set. 
 
 
      PROCESS 
 
      TP <OR= RATCH + DELTA ---------------|S  Q -|  Closed Throttle mode 
                                           |      |  APT = -1 
      TP <OR=  RATCH + DELTA + HYST2 ------|C     |   
                                                  |  --- ELSE --- 
                                                  |   
                                                  |   
      TP > (RATCH+THBP2+HYST2) -|S  Q ------------|  Wide Open Throttle  
                                |                 |  mode 
      TP <OR= (RATCH + THBP2) --|C                |  APT = 1 
                                                  |   
                                                  |  --- ELSE --- 
                                                  |  
                                                  |  Part Throttle Mode 
 
                                                  |  APT = 0 
 
 
      NOTE: PTSCR is initialized to 0. 
 
 
      previous APT = -1 ------------|              
                                    |              
      current APT NOT= -1 ----------|AND ---------|  Set CTPTFG = 1 
                                    |             |  Closed Throttle to 
      CRKFLG = 1 -------------------|             |  Part Throttle transition 
                                                  |  
                                                  |  --- ELSE --- 
      previous APT = -1 ------------|             |   
                                    |             |   
      current APT NOT= -1 ----------|AND ---------|  Set CTPTFG = 1 
                                    |             |  Closed Throttle to 
      CRKFLG = 0 -------------------|             |  Part Throttle transition 
                                                  |  Set PTSCR = 1 
                                                  |  
                                                  |  --- ELSE --- 
                                                  |  
                                                  |  Set CTPTFG = 0 
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                          EEC-IV FUEL CONTROL STRAT EGY OVERVIEW 
 
      DEFINITIONS 
 
      INPUTS 
 
      Registers: 
 
-  AMPEM = Air mass flow plus EGR mass flow. 
 
-  CLFLG = Register that is used solely to indicate  fuel mode. 
                  (1 = Closed Loop, 0 = Open Loop) 
 
-  EFTR = Transient Fuel Compensation fuel flow, lb /sec. 
 
-  EM = EGR mass flow. 
 
-  FM = Fuel mass flow. 
 
-  LAMBSE1 and LAMBSE2 = Desired equivalence ratios . 
 
      Calibration Constants: 
 
-  ENGCYL = Number of cylinders per engine revoluti on  
                   (NUMCYL/2); or number of PIPs pe r engine 
                   revolution.  
 
-  FN1327 = Fuel pulsewidth register map; used to 
                   determine which fuel register is  used. 
                   Output = Fuel Register-left offs et. 
                   X-input = Injector Output Number  
                   Y-input = Null. 
 
-  LAMMAX = Maximum LAMBSE Clip when in Closed Loop . 
 
-  LAMMIN = Minimum LAMBSE clip when in Closed Loop . 
 
-  NUMCYL = Number of cylinders in the engine.  
 
-  NUMEGO = Calibration switch indicating number of   
                   Ego Sensors. 1=mono; 2=stereo. 
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      OUTPUTS 
 
      Registers: 
 
-  AEFUEL = Acceleration enrichment desired fuel 
                   flow rate (lb/min). 
 
-  AM = Air mass flow. 
 
-  BASEFF1 = EGO-1 base fuel flow in Lb/Min. 
 
-  BASEFF2 = EGO-2 base fuel flow in Lb/Min. 
 
-  BASEFFT = Total base fuel flow in Lb/Min. 
 
-  CLFLG = Register that is used solely to indicate  fuel mode. 
                  (1 = Closed Loop, 0 = Open Loop) 
 
-  DSLMBS1 = Rescaled LAMBSE1 used for DAC'ing ster eo EGO. 
 
-  DSLMBS2 = Rescaled LAMBSE2 used for DAC'ing mono  EGO. 
 
-  EFTRFF = Equilibrium fuel transfer rate for tran sient  
                   fuel compensation (lb/min). 
 
-  FM = Fuel mass flow. 
 
-  LAMBDA = Air/fuel equivalence ratio. 
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                       SEQUENTIAL ELECTRONIC FUEL I NJECTION (SEFI) 
 
 
      The A/F ratio control actuators consist  of  injectors  whose  fuel  metering 
      function is affected by energizing and de-ene rgizing the injector solenoids. 
 
      Each injector has a metering needle or  pintl e  which  opens  or  closes  the 
      injector nozzle to release fuel. 
 
      A high pressure fuel pump delivers fuel to th e injectors at approximately  42 
      PSI. 
 
      Based upon the  calculated  air  mass  value,   the  software  calculates  the 
      injector pulsewidths required to give the des ired A/F ratio. 
 
      The desired A/F ratio for all operating condi tions is determined by  the  A/F 
      strategy and calibration. 
 
      The strategy is designed to handle any reason able injector configuration  and 
      firing patterns. 
      Example configurations are: 
 
                1.  1 or 2 output CFI 
 
                2.  1 or 2 output bank EFI 
 
                3.  4, 6 or 8 output Sequential EFI  
 
      The strategy can  run  on  4,  6  or  8-cylin der  engines.   The  calibration 
      parameters ENGCYL and NUMCYL control the engi ne type.  The user must set both 
      parameters for the strategy to work correctly . 
 
      On SEFI applications, each cylinder has an in jector  located  in  the  intake 
      port near the intake valve.  The injectors ar e individually fired in an order 
      that matches the firing order of the engine.   The  injector  output  numbers 
      correspond   to   engine   cylinder  numbers.    This  allows  for  consistent 
      nomenclature for the module pinouts and the  wiring  harness.   Under  normal 
      engine  running,  each injection is timed to occur at an optimum point in the 
      intake event.  Injector timing is determined by strategy and calibration. 
 
      Timed sequential fuel injection requires a si gnature  PIP  distributor.   The 
      signature  PIP  allows  the computer to ident ify cylinder #1.  The PIP signal 
      for cylinder #1 has a unique duty cycle, that  is smaller than the normal  50% 
      duty  cycle.   The  computer  recognizes the signature PIP to synchronize the 
      fuel injections. 
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                         STEREO EGO FUEL SYSTEM CON FIGURATION 
 
 
 
 
                The following Side 1 and Side 2 des ignations are used. 
 
       |                                                      | 
       |                                                      | 
       |                                                      | 
       |       EGO SENSOR ----- E     E ----- EGO S ENSOR      | 
       |       EGO-1                             EG O-2        | 
       |       HEGO-1                            HE GO-2       | 
       |                                                      | 
       |                                                      | 
       |                                                      | 
       |                        -------                       | 
       |                       | I   I |                      | 
       | SIDE 1 INJECTORS -->  | I   I |  <-- SIDE 2 INJECTORS| 
       |                       | I   I |                      | 
       |                    #1 | I   I |                      | 
       |                        -------                       | 
       |                                                      | 
       |                                                      | 
       |                                                      | 
       |                                                      | 
       |                                                      | 
       \___________________________________________ ___________/ 
 
                                FRONT OF VEHICLE 
                                   (TOP VIEW) 
 
                                     NUMEGO 
 
      A calibration switch exists which is used to tell the computer how  many  EGO 
      sensors  are  present.   If  NUMEGO  = 1, the  system is treated as a mono EGO 
      sensor system and all fuel pulsewidths are ca lculated  from  the  single  EGO 
      sensor  (treated  as  EGO-1).  If NUMEGO = 2:   Fuel pulsewidths for the EGO-2 
      injectors are calculated from EGO-2 sensor in formation; Fuel pulsewidths  for 
      the  EGO-1  injectors  are  calculated from E GO-1 sensor information.  FN1327 
      links the injector outputs to the appropriate  EGO sensor. 
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                              EFI FUEL CALIBRATION UNITS 
 
 
 
 
                                   ***** NOTE *****  
 
 
 
 
      Lambdas are used for all A/F calibration para meters. 
 
 
      Lambda is defined as: 
 
 
 
                         AM/(14.64*FM) = (AMPEM - E M)/(14.64*FM) 
 
 
 
 
 
                                      LAMBDA CLIPS 
 
 
 
      LAMBSE1 and LAMBSE2 (the desired equivalence ratios)  are  clipped  as  shown 
      below: 
 
 
 
 
      CLOSED LOOP FUEL CONTROL -------------| CLIP LAMBSE1 AND 
                                            | LAMBS E2 BETWEEN 
                                            | LAMMI N AND LAMMAX 
                                            | 
                                            | --- E LSE --- 
                                            | 
                                            | CLIP LAMBSE1 AND 
                                            | LAMBS E2 BETWEEN 
                                            | 0.000 0305 AND 
                                            | 1.999 9695 
 
 
                                  *****************  
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                                SPECIAL DAC REGISTE RS 
 
 
      Special registers have been added to assist  in  calibration  development  by 
      increasing the resolution of key parameters f or display purposes. 
 
 
      DSLMBS1 and DSLMBS2 are calculated as shown: 
 
                                 DSLMBS1 = LAMBSE1 - 1.0 
 
                                 DSLMBS2 = LAMBSE2 - 1.0 
 
      Because DSLMBS1 and DSLMBS2 are signed word q uantities, a value of zero  will 
      be output as 5 volts. 
 
      CLFLG is the Closed Loop flag (if set to 1, f uel mode is closed loop). 
 
      All fuel flow registers have Lb/Min units for  easy display  and  comparisons. 
      They  are:   BASEFF1  (EGO-1 base fuel flow),  BASEFF2 (EGO-2 base fuel flow), 
      BASEFFT (total base fuel flow), AEFUEL (accel eration enrichment desired  fuel 
      flow  rate)  and  EFTRFF  (equilibrium  fuel transfer rate for transient fuel 
      compensation); all units are lb/min. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6-7 



FUEL CONTROL STRATEGY - OVERVIEW - GUE0 
PEDD-PTOPE, FoMoCo, PROPRIETARY & CONFIDENTIAL 

                                 EFI BASE FUEL STRA TEGY 
 
 

FUEL CONTROL STRATEGY is divided into 2 mutually ex clusive modes: 
 
 
           OPEN LOOP 
           CLOSED LOOP 
 
 
   OPEN LOOP MODE 
 
      During open  loop  operation,  the  computer  calculates  the  injector  fuel 
      pulsewidths  required  to provide a pre-deter mined A/F ratio or lambda value. 
      The desired lambda values (LAMBSE1, LAMBSE2) can vary with  engine  operating 
      conditions  and  are calibration-dependent.  During open loop, LAMBSE1 equals 
      LAMBSE2. 
 
   CLOSED LOOP MODE 
 
      During closed loop operation, the computer ra mps the  desired  lambda  values 
      (LAMBSE1,  LAMBSE2)  in  a limit cycle manner  about stoichiometry.  Using the 
      EGO (Exhaust Gas Oxygen) sensor, the computer  increases or  decreases  lambda 
      at  a  calculated  rate  of  change.   The  r ate  at  which lambda changes is 
      calibration dependent.  For Stereo EGO operat ion, LAMBSE1  and  LAMBSE2  vary 
      independently using EGO-1 and EGO-2 sensors.  For Mono EGO operation, LAMBSE1 
      equals LAMBSE2. 
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      DEFINITIONS 
      INPUTS 
      Registers: 
 
-  ATMR1 = Time since start (time since exiting cra nk 
                  mode), sec. 
 
-  ATMR2 = Time since ECT became greater than 
                  TEMPFB, sec. 
 
-  CTNTMR = Closed throttle neutral timer. 
 
-  EGOSSS = EGO switches since start. 
 
-  HLTMR = High Load Timer, sec. 
 
-  LOAD = Universal Load parameter, unitless. 
               = Aircharge normalized to Sea Level.  
 
-  NACTMR = Time not at Closed throttle, sec. 
 
-  PERLOAD = Percent of Peak LOAD at any altitude, unitless. 
 
-  PPCTR = PIP counter for Fuel Ramp, unitless. 
 
-  TCSTRT = Temperature of ECT at Cold Startup, deg  F. 
 
      Bit Flags: 
-  CHKAIR = Thermactor Status flag. 
 
-  HSPFLG = High Speed Mode Flag; 1 = High speed al ternate 
                   Fuel/Spark. 
 
-  MFAFLG = Managed Fuel/Air State flag. 
 
-  NDSFLG = Flag = 0 if transmission in neutral; = 1 if in gear. 
 
-  WMEGOL = WRMEGO was 1 at least once. 
 
-  WRMEGO = EGO sensor should be warm flag. 
 
      Calibration Constants: 
-  CTHIGH = Hot Start Minimum Engine coolant Temper ature, 
                   Deg F. 
-  CTLOW = Cold Start Maximum ECT, deg F. 
-  EGOCL1 = Number of EGO switches since start requ ired 
                   to set WRMEGO = 1. 
-  FN320A(ECT) = Upper PERLOAD Limit for Closed Loo p fuel control, 
unitless. 
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-  HLCTM = Time delay before high load forced open loop, sec. 
-  HLODH = Hysteresis term for FN320A(ECT), unitles s. 
-  LOLOD = Minimum LOAD to enter Closed Loop, unitl ess. 
-  LOLODH = Closed Loop Enable LOAD hysteresis. 
-  MFASW = Calibratible switch, which if set, indic ates 
                  Managed Fuel Air logic is being u sed. 
-  NIOLD = Maximum time to allow closed loop fuel i f in 
                   neutral at idle, secs. 
-  OPCLT1 = ATMR1 Closed Loop enable time delay for  
                   TCSTRT <or= CTLOW. 
-  OPCLT2 = ATMR1 Closed Loop enable time delay for  
                   CTLOW < TCSTRT < CTHIGH. 
-  OPCLT3 = ATMR1 Closed Loop Enable Time delay for  
                   TCSTRT >or= CTHIGH. 
-  OPCLT4 = ATMR2 Closed Loop enable time delay for  
                   TCSTRT <or= CTLOW. 
-  OPCLT5 = ATMR2 Closed Loop Enable Time Delay for  
                   CTLOW < TCSTRT < CTHIGH. 
-  PIPNUM = Number of steps to Ramp Fuel, unitless.  
-  THBP5 = Throttle breakpoint above RATCH for Open  Loop Fuel, counts. 
 
 
      OUTPUTS 
      Registers: 
-  CLFLG = Register that is used solely to indicate  fuel mode. 
                   1 = Closed loop; 0 = Open loop 
-  EGOSSS = See Inputs above. 
 
      Bit Flags: 
-  NFLG = Neutral idle flag. 
-  OLFLG = Flag indicating Open loop if set (1); in dicating 
                   Closed loop if cleared (0). 
-  WMEGOL = WRMEGO was 1 at least once. 
-  WRMEGO = EGO sensor should be warm flag. 
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      PROCESS 
 
 
      APT = 0 -----------------| 
                               |OR -------| 
      CTNTMR <OR= NIOLD -------|          | 
                                          | 
      WRMEGO = 1 -------------------------| 
       (SEE BELOW)                        | 
                                          | 
      CHKAIR = 1 -------------------------|AND ---- -| CLOSED LOOP 
       (USE INDEX)                        |         | CLEAR OLFLG = 0 
                                          |         | SET CLFLG = 1 
                                          |         | 
      PPCTR = PIPNUM ---------------------|         | --- ELSE --- 
                                          |         | 
                                          |         | OPEN LOOP 
      MFAFLG = 0 ---------------|         |         | SET OLFLG = 1 
       (USE INDEX)              |         |         | CLEAR CLFLG = 0 
                                |OR ------| 
      MFASW = 0 ----------------|         | 
       (USE INDEX)                        | 
                                          | 
      HSPFLG = 0 -------------------------| 
       (NOT in High Speed Open Loop)      | 
                                          | 
      LOAD > LOLOD ----------|S Q---------| 
                             |            | 
      LOAD < LOLOD - LOLODH -|C           | 
                                          | 
      HLTMR <OR= HLCTM -------------|     | 
                                    |OR --| 
      PERLOAD < FN320A(ECT) ---|S Q-|     | 
                               |          | 
      PERLOAD > FN320A(ECT) ---|          | 
                + HLODH                   | 
                                          | 
      TP <OR= (RATCH + THBP5) -|S Q ------| 
                               |          | 
      TP > (RATCH+THBP5+HYST2)-|          | 
                                          | 
      LDFLG = 0 --------------------------| 
       (NOT IN LUGGING MODE) 
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                                      WRMEGO LOGIC 
 
 
      TCSTRT >OR= CTHIGH ------------| 
                                     |AND ---| 
      ATMR1 >OR= OPCLT3 -------------|       | 
                                             | 
      CTLOW < TCSTRT < CTHIGH -------|       | 
                                     |AND ---|OR -- | 
      ATMR1 >OR= OPCLT2 -----|       |       |     | 
                             |AND ---|       |     | 
      ATMR2 >OR= OPCLT5 -----|               |     | 
                                             |     | 
      TCSTRT <OR= CTLOW -------------|       |     |AND --| Set WRMEGO = 1 
                                     |AND ---|     |      | Set WMEGOL = 1 
      ATMR1 >OR= OPCLT1 -----|       |             | 
                             |AND ---|             | 
      ATMR2 >OR= OPCLT4 -----|                     | 
                                                   | 
      EGOSSS >OR= EGOCL1 -------------------------- | 
                                                           
 
 
                                      EGOSSS LOGIC 
 
 
      EGO_SWITCH -------------------| INCREMENT EGO SSS (CLIP AT 255) 
                                    | 
                                    | --- ELSE --- 
                                    | 
                                    | FREEZE EGOSSS  
 
 
 
                                       NFLG LOGIC 
 
 
      APT = -1 (CLOSED THROTTLE) ----| 
                                     |AND ---| SET NFLG = 1 
                                     |       | 
      NDSFLG = 0 (NEUTRAL) ----------|       | --- ELSE --- 
                                             | 
                                             | SET NFLG = 0 
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      DEFINITIONS 
      INPUTS 
      Registers: 
-  APT = At Part Throttle. -1 = Closed throttle; 0 = Part 
                throttle; 1 = Wide Open throttle. 
-  ATMR1 = Time since start (time since exiting cra nk mode), sec. 
-  LAMBSE2 = Desired open loop (or closed loop) equ ivalence ratio 
                    for EGO-2 injectors. LAMBSE2 ap pears in the 
                    fuel pulsewidth equation for EG O-2. 
-  LAMMUL = Multiplier which is used to prevent col d-engine  
                   stalls following transmission en gagement. 
-  MFAMUL = MFA table ramp-in Multiplier, unitless.  
-  MULTMR = Time since incrementing LAMMUL, sec. 
-  PERLOAD = Percent of peak LOAD at any altitude. 
-  TCSTRT = Temperature of ECT at Cold Start, deg F . 
 
      Bit Flags: 
-  DNDSUP = Drive Neutral select. 
-  HSPFLG = High speed mode flag; 1 = High Speed al ternate fuel/spark. 
-  IDLFLG = Flag indicating transmission in Drive a nd at Idle. 
-  LDFLG = "Lugging" mode open loop flag. 
-  MFAFLG = Managed Fuel/Air State flag. 
-  NDSFLG = Flag = 0 if transmission in Neutral; = 1 if in 
            gear. 
-  NEUFLG = N/D transition occurred. 
-  NFLG = Neutral Idle Flag. 
-  OLFLG = Flag indicating Open loop if set = 1; Cl osed 
                  loop if set = 0. 
-  WMEGOL = Flag set if WRMEGO set. 
-  WRMEGO = If set, EGO sensor should be warm and f lag set to 
                   1 if EGO sensor is switching; an d reset to 0 if it 
                   has cooled down. Its state is co ntrolled by the 
                   WRMEGO logic. 
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      Calibration Constants: 
-  CTHIN = Maximum TCSTRT value to use NUMPR. 
-  CTLOW = Cold Start Maximum ECT, deg F. 
-  FN022B = Temperature normalizing function; used for table 
                   lookup. 
                   Input = FRCBFT *ACT + (1-FRCBFT)  * ECT  
                   --OR-- 
                   Input = FRCSFT * ACT + (1-FRCSFT ) * ECT 
-  FN035(N) = Maximum LOAD at sea level (29.4 dry b arometer, 
                     100 deg. f) Input = N (RPM). 
-  FN072A = PERLOAD normalizing function; used for table lookup. 
                   Input = PERLOAD and Output = Nor malized perload. 
-  FN082 = Load normalizing function; generates tab le entry 
                  point. Input = LOAD and Output = Normalized Load. 
-  FN083 = RPM normalizing function; generates tabl e entry 
                  point. Input = N and Output = Nor malized N. 
-  FN300 = Multiplier as a function of ACT, modifie s FN1305. 
-  FN301 = Closed Throttle Open Loop Fuel Multiplie r as a 
                  function of RPM.  
-  FN301N = Neutral Open Loop Fuel Multiplier as a 
                   function of engine speed N. 
-  FN303 = WOT Fuel Multiplier as a function of eng ine speed N. 
-  FN308 = Sea level fuel multiplier, RPM. 
-  FN309 = Altitude lugging fuel multiplier, RPM. 
-  FN311 = MFA altitude multiplier, unitless. 
-  FN371 = Initial LAMMUL as a function of ECT. Thi s is a Fuel 
                  Multiplier to provide fuel compen sation during Drive 
                  Engagement. 
-  FN393F = Time between Lammul decrements - forwar d gear. 
-  FN396A = High Speed Fuel enrichment, mph. 
-  FN1306 = Startup Open Loop Fuel table = a 10 x 8  table of 
                   lambda values as a function of [ FRCSFT*ACT + (1 
                   - FRCSFT)*ECT] and ATMR1. TABSFT  is the Synonym 
                   for this Table. 
-  FN022B = Temperature normalizing function (X-inp ut). 
                   FN018 = Time (ATMR1) normalizing  function (Y-input). 
 
-  FN1307 = Base Open Loop Fuel table = a 10 x 8 ta ble of lambda 
                   values as a function of [FRCBFT* ACT + (1 - FRCBFT)*ECT] 
                   and PERLOAD. TABBFT is the Synon ym for this Table. 
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-  FN022B = Temperature normalizing function (X-inp ut). 
                   FN072A = PERLOAD normalizing fun ction (Y-input). 
-  FN1328 = Manage Fuel Air Fuel Table, 10 x 8 tabl e of multipliers  
                   as a function of engine speed N and LOAD. 
-  X-input = Normalizing function for N - FN070  
                   Y-input = Normalizing function f or PERLOAD - FN072A 
-  FRCBFT = Act fraction for FN1305 lookup. 
-  FRCSFT = ACT fraction for FN1306 lookup. 
-  LDEL = Minimum ECT to enable Lugging Open Loop, deg.F. 
-  LDEM = Maximum ECT to enable Lugging Open Loop, deg.F. 
-  LDLTM = Minimum time in Lugging Mode (High MAP l ow RPM) 
          before entering Lugging Open Loop, second s. 
-  LDTM = Minimum time delay after start up to enab le Lugging 
          Open Loop, seconds. 
-  LDMH = Minimum PERLOAD to enable Lugging Open Lo op (near W.O.T.). 
-  LDMHH = Hysteresis for LDMH. 
-  MFARMP = MFAMUL Ramp increment, unitless. 
-  MFASW = Calibratible switch which, if set, indic ates 
                  Managed Fuel Air logic is being u sed. 
-  NUMPR = Open Loop Fuel multiplier. 
-  OLMCL = Open Loop Fuel Calibration multiplier. 
-  OLMTD1 = NUMPR Open Loop fuel multiplier time de lay, 
                   sec. 
-  PRLDSW = Switch which determines the formula for  computing PERLOAD. 
                   1 -> PERLOAD = LOAD 
                   0 -> PERLOAD = LOAD/PEAK_LOAD 
-  TRLOAD = Transmission Load switch. 
                   0 = Manual Transmission, no clut ch or gerar switches, 
                       forced neutral state (NDSFLG  = 0). 
                   1 = Manual Transmission, no clut ch or gear switch. 
                   2 = Manual Transmission, one clu tch or gear switch. 
                   3 = Manual Transmission, both cl utch and gear switches. 
                   4 = Auto Transmission, non-elect ronic, neutral drive switch. 
                   5 = Auto Transmission, non-elect ronic, neutral pressure switch, 
                       (AXOD). 
                   6 = Auto Transmission, electroni c, PRNDL sensor - park, reverse, 
                       neutral, overdrive, manual 1 , manual 2. 
 
      OUTPUTS 
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      Registers: 
 
-  LAMBSE1 = Desired open loop (or closed loop) equ ivalence ratio 
                    for EGO-1 injectors. LAMBSE1 ap pears in the 
                    fuel pulsewidth equation for EG O-1. 
 
-  LAMMUL = Multiplier which is used to prevent col d-engine  
                   stalls following transmission en gagement. 
 
-  MFAMUL = MFA table ramp-in Multiplier, unitless.  
 
-  MULTMR = Time since incrementing LAMMUL, sec. 
 
      Bit Flags: 
 
-  LDFLG = "Lugging" mode open loop flag. 
 
-  NEUFLG = N/D transition occurred. 
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                                  OPEN LOOP FUEL LO GIC 
 
 
      PARAGRAPH During Open Loop  fuel  Control,  t he  desired  equivalence  ratios 
      (LAMBSE1  and  LAMBSE2)  are basically calcul ated from two tables as modified 
      for various engine conditions. 
 
 
      PROCESS 
 
      Open Loop fuel control ------| Set LAMBSE1 = LAMBSE2 
                                   |  = C * [(FN300 *FN1307) 
                                   |    - FN1306] *  LAMMUL * OLMCL 
 
      HSPFLG = 1 ------------------| LAMBSE1 = LAMB SE1 * FN396A 
                                   | LAMBSE2 = LAMB SE2 * FN396A 
 
 
                                      LAMMUL LOGIC 
 
 
      LAMMUL can either jump lean (ramp rich) or ju mp rich (ramp  lean),  depending 
      upon whether neutral to drive transitions cau se rich or lean errors. 
 
 
                                     RAMP BACK LOGI C 
 
 
 
      MULTMR >OR= FN393F -------|                  | (LAMMUL was RESET RICH) 
       (In Forward)             |AND -------------- | LAMMUL = LAMMUL 
                                |                  |    + 0.0039 
      LAMMUL < 1.0  ------------|                  | MULTMR = 0 
                                                   | 
                                                   | Clip LAMMUL to 
                                                   | 1.0 as a maximum 
                                                   | 
                                                   | --- ELSE --- 
                                                   | 
      MULTMR >OR= FN393F -------|                  | (LAMMUL was RESET LEAN) 
       (In Forward)             |AND -------------- | 
                                |                  | LAMMUL = LAMMUL 
      LAMMUL > 1.0  ------------|                  |    - 0.0039 
                                                   | MULTMR = 0 
                                                   | 
                                                   | Clip LAMMUL to 
                                                   | 1.0 as a minimum 
                                                   | 
 

6-17 



FUEL CONTROL STRATEGY - OPEN LOOP FUEL - GUE0 
PEDD-PTOPE, FoMoCo, PROPRIETARY & CONFIDENTIAL 

                                   LAMMUL RESET LOG IC 
 
 
      TRLOAD <OR= 3 ------------|                  
       (Manual Transmission)    |                 |  No LAMMUL RESET 
                                |OR --------------|  No change to LAMMUL 
      CLOSED LOOP --------------|                 |  No change to NEUFLG 
       (OLFLG = 0)                                |  
                                                  |  --- ELSE --- 
      DNDSUP = 1 ---------------|                 |  
       (Transmission in gear)   |                 |  LAMMUL RESET 
                                |AND -------------|  LAMMUL = FN371 
      NEUFLG = 1 ---------------|                 |  NEUFLG = 0 
       (Transition from neutral)|                 |  
                                                  |  --- ELSE --- 
                                                  |  
      DNDSUP = 0 ---------------------------------|  NEUFLG = 1    
       (Transmission in neutral) 
 
      NOTE:  LAMMUL and FN371 have a range of 0 thr ough 1.99. 
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                                     'C' DEFINITION  
 
 
      LDFLG = 1 --------------------------| LUGGING  MODE 
                                          | 'C' = F N308 * FN212A 
                                          |  + FN30 9 * FN129A 
                                          | 
      DNDSUP = 1 (DRIVE) ----------|      | --- ELS E --- 
                                   |      | 
      APT = -1 (CLOSED THROTTLE) --|AND --| 'C' = F N301 
                                   |      | 
      WRMEGO = 0 ------------------|      | 
                                          | 
                                          | --- ELS E --- 
                                          | 
      NFLG = 1 --------------------|      | 
                                   |      | 
      CTLOW < TCSTRT < CTHIN ------|AND --| 'C' = F N301N * NUMPR 
                                   |      | 
      ATMR1 < OLMTD1 --------------|      | 
                                          | 
                                          | --- ELS E --- 
                                          | 
      MFAFLG = 1 ------------------|      | 
                                   |AND --| 'C' = 1  + (FN1328 * 
      MFASW = 1 -------------------|      |  FN311 * MFAMUL) 
                                          | 
                                          | --- ELS E --- 
                                          | 
      NFLG = 1 ---------------------------| 'C' = F N301N 
                                          | 
                                          | --- ELS E --- 
                                          | 
      APT = 1 (WIDE OPEN THROTTLE) -------| 'C' = F N303 
                                          | 
                                          | --- ELS E --- 
                                          | 
                                          | 'C' = 1  
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                                "LUGGING" OPEN LOOP  FLAG 
 
 
      The strategy provides the capacity of Open Lo op Fuel Control during "lugging" 
      conditions  (Part  throttle,  high  Load,  lo w RPM).  The "lugging" Open Loop 
      multiplier is adjusted for altitude much like  Spark  and  EGR  (by  means  of 
      FN212A and FN129A). 
 
      CALIBRATION NOTES:  LDMH and LDMHH should  co rrespond  to  high  loads  (near 
 
      WOT).  LDLTM must be less than or equal to LU GTIM (since LUGTMR is clipped to 
      LUGTIM). 
 
      The logic below sets LDFLG -- the flag which indicates whether  lugging  Open 
      Loop is in process or not. 
 
 
      APT = 0 (PART THROTTLE) --------------| 
                                            | 
      LDEL < ECT < LDEH --------------------| 
                                            | 
      LUGTMR >OR= LDLTM --------------------|AND -- -| LDFLG = 1 
                                            |       | 
      PERLOAD >OR= LDMH + LDMHH -|S Q-------|       | --- ELSE --- 
                                 |          |       | 
      PERLOAD < LDMH ------------|C         |       | LDFLG = 0 
                                            | 
      WMEGOL = 1 ---------------------------| 
 
 
                                      MFAMUL LOGIC 
 
 
      The MFAMUL ramps in the MFA tables (FN1328, F N1124 and FN1223).  The fuel  is 
      systematically ramped lean with corresponding  changes to Spark and EGR. 
 
      MFAFLG = 0 --------------------| MFAMUL = 0 
                                     | 
                                     | --- ELSE ---  
                                     | 
                                     | MFAMUL = MFA MUL 
                                     |  + MFARMP 
                                     | Clip MFAMUL to 1.0 
                                     |  as a maximu m 
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                                CLOSED LOOP FUEL ST RATEGY 
 
 
                                   STEREO EGO SYSTE MS 
 
 
      The following description applies to each sid e of an engine if  operating  in 
      stereo EGO mode. 
 
          1.  Independent closed loop ramp rates an d jumpback (LAMBSE1 and LAMBSE2) 
          amounts are calculated. 
 
          2.  Calibration values for peak-to-peak a mplitude,  bias,  and  transport 
          delay are common to both sides. 
 
          3.  ANPIP, ENPIP, and LAMBSE calculations  are unique to each side. 
 
          4.  The injector pulsewidths, FUELPW1 and  FUELPW2,  are  calculated  from 
          LAMBSE1 and LAMBSE2, respectively. 
 
      NOTE:  If system uses only one EGO sensor, th e strategy uses  
             LAMBSE1 and FUELPW1 for the desired LA MBSE and fuel  
             Pulsewidth.  (Set NUMEGO = 1) 
 
 
      INTENT 
 
      The goals of the closed loop strategy are: 
 
      1.  To add capability of introducing large am ounts of Air/Fuel biasing (up to 
          45% expressed as ratio of bias to peak-to -peak amplitude). 
 
      2.  To maximize the feedback limit cycle freq uency for all bias values. 
 
      3.  To adapt to EGO sensor slow down as the s ensor  ages  (see  Adaptive  EGO 
          Strategy). 
 
      4.  To maintain a simple calibration procedur e to describe  the  closed  loop 
          limit cycle. 
 
 
      APPROACH 
 
      The fuel flow is driven in a limit cycle mann er about  stoichiometry.   Using 
      the  EGO (Exhaust Gas Oxygen) sensor, the com puter increases or decreases the 
      injector pulsewidths in a controlled manner.  If  the  EGO  reads  rich,  the 
      pulsewidths will be decreased (made leaner) a t a calculated rate.  If the EGO 
      reads lean, the pulsewidths will be increased  (made richer) at  a  calculated 
      rate. 
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      When an EGO switch occurs, an instantaneous c hange (or "jumpback") is made in 
      the  air/fuel ratio back towards stoichiometr y.  The jump is made relative to 
      the A/F ratio (lambda) value at the EGO switc h. 
 
      The limit cycle can be biased to operate on t he average richer (or leaner) of 
      stoichiometry. 
 
      An example of the closed loop limit cycle  is   shown  after  the  definitions 
      section. 
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                                CLOSED LOOP FUEL ST RATEGY 
 
      DEFINITIONS 
      INPUTS 
      Registers: 
 
-  ANPIP = Actual number of PIP signals since the l ast EGO  switch;  clipped 
          to a maximum of 255; reset to zero when n ot in closed loop; reset to zero 
          after the EGO switches and the jumpback d istance is calculated. 
-  BIAS = Closed Loop biasing term = FN1353(N,LOAD) , defined below. 
-  EGO = Exhaust Gas Oxygen Sensor.  (GX has mono a nd stereo  EGO  capacity, 
          EGO-1  and  EGO-2  represent  the  EGO  s ensors  in  stereo mode; generic 
          represent = EGO-n). 
-  ENPIP = Expected number of PIP signals between E GO switches; reset  to  1 
          when not in closed loop. 
-  FUELPW1 = EGO-1 injector pulsewidths, clock tick s. 
-  FUELPW2 = EGO-2 injector pulsewidths, clock tick s. 
-  LAMBDA = Air/Fuel equivalency ratio. 
-  LAMBSE1 = Desired open loop (or closed loop) equ ivalence ratio for  EGO-1 
          injectors.  LAMBSE1 appears in the fuel p ulsewidth equation for EGO-1. 
-  LAMBSE2 = Desired open loop (or closed loop) equ ivalence ratio for  EGO-2 
          injectors.  LAMBSE2 appears in the fuel p ulsewidth equation for EGO-2. 
-  PIPRAT = Ratio of the actual number of PIP signa ls  since  the  last  EGO 
          switch  to  the  expected  number  of  PI P  signals between EGO switches; 
          clipped to a maximum of 1.0. 
-  TSLAMU = Time since last LAMBDA update. 
 
      Bit Flags: 
-  LEGOFG1 = Lack of EGO-1 switching.   (LEGOFG2  r eflects  state  of  EGO-2 
          switching). 
-  OLFLG = Flag indicating Open Loop if set (1); in dicating Closed  Loop  if 
          cleared (0). 
 
      Calibration Constants: 
-  ENGCYL = Number of PIPs per engine revolution; o r Number of cylinders/2. 
-  FN339 = Closed  Loop  ramp  rate  Multiplier  ve rsus  absolute  value  of 
BIAS/PTPAMP.  Input = |BIAS/PTPAMP| and Output = Ra mp rate multiplier. 
-  FN342 = Closed Loop Jumpback distance  Multiplie r  versus  |BIAS/PTPAMP|. 
 (Toward   BIAS)  Input  =  |BIAS/PTPAMP|  and  Out put  Jumpback  distance 
Multiplier. 
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-  FN344 = Closed Loop Jumpback Distance  Multiplie r  versus  |BIAS/PTPAMP|. 
 (Opposite  BIAS)  Input  =  |BIAS/PTPAMP|  and Out put = Jumpback distance 
multiplier. 
 
-  FN346 = Expected number of PIPs multiplier.  Inp ut  =  |BIAS/PTPAMP|  and 
Output = Multiplier. 
 
-  FN1351(N,LOAD) = System transport lag time; time  delay from when  a  fuel 
change  is  made  until  the  EGO sensor indicates this change, units are 
REVs.  X-input = FN039 - Normalized engine speed, R PM; Y-input = FN071  - 
Normalized engine load, LOAD; Output = Transport de lay, REVs. 
 
-  FN1352(N,LOAD) = Closed Loop Peak-to-Peak amplit ude, units  are  lambdas. 
X-input  =  FN039  -  Normalized  engine  speed,  R PM;  Y-input = FN071 - 
Normalized engine load ,LOAD; Output = Peak-to-Peak  amplitude, PTPAMP. 
 
-  FN1353(N,LOAD) = Amount of Bias from stoichiomet ry,  X-input  =  FN039  - 
Normalized  engine  speed,  RPM; Y-input = FN071 - Normalized engine load 
,LOAD; Output = Bias from stoichiometry.  (Store in  register). 
 
-  LAMSW = Lambda reset switch. 
 
-  LMBJMP = Desired Rich correction. 
 
-  NUMEGO = Number of EGO sensors present; mono or stereo only. 
 
-  PTPAMP = Limit cycle peak-to-peak amplitude, FN1 352(N,LOAD). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6-24 



FUEL CONTROL STRATEGY - CLOSED LOOP FUEL - GUA0 
PEDD-PTOPE, FoMoCo, PROPRIETARY & CONFIDENTIAL 

      OUTPUTS 
 
      Registers: 
 
-  ANPIP = Actual number of PIP signals since the l ast EGO  switch;  clipped 
          to a maximum of 255; reset to zero when n ot in closed loop; reset to zero 
          after the EGO switches and the jumpback d istance is calculated. 
 
-  BIAS = Value factored into the Jumpback and Ramp ing equations,  its  sign 
          indicates  direction  of  of these functi ons (as described in Closed Fuel 
          Section). 
 
-  ENPIP = Expected number of PIP signals between E GO switches; reset  to  1 
          when not in closed loop. 
 
-  LAMBSE1 = Desired open loop (or closed loop) equ ivalence ratio for  EGO-1 
          injectors.  LAMBSE1 appears in the fuel p ulsewidth equation for EGO-1. 
 
-  LAMBSE2 = Desired open loop (or closed loop) equ ivalence ratio for  EGO-2 
          injectors.  LAMBSE2 appears in the fuel p ulsewidth equation for EGO-2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6-25 



FUEL CONTROL STRATEGY - CLOSED LOOP FUEL - GUA0 
PEDD-PTOPE, FoMoCo, PROPRIETARY & CONFIDENTIAL 

                               LIMIT CYCLE DESCRIPT ION 
                                 (lean bias example ) 
 
      - - - - - - - - - * 
      |               * *                                           * 
      |             *   *                                         * 
      |           *     *              LEAN                     * 
      |         *       *                                     * 
      |       *         *                                   * 
      |     *           *                                 * 
      |   *       |       *                             * 
      | *-  -  - --- -  -  -* -  -  -  -  -  -  -  -  *  -  - AVERAGE 
      |                       *                       *       A/F RATIO 
      |                         *                     * 
      | --------------------------*---------------- ---*----- STOICHIOMETRY 
      |           |                 *                 * 
      |           |                   *               * 
      |         BIAS                    *             * 
      |         TERM                      *           * 
      |                                     *         * 
      |                         RICH          *       * 
      |--PEAK TO PEAK                           *     * 
      |  AMPLITUDE                                *    * 
      |                                             * * 
      - - - - - - - - - - - - - - - - - - - - - - -  - * 
 
                                  EGO SENSOR STATUS  
 
      RICH **************                             ******************** 
                        *                             * 
                        *                             * 
                        *                             * 
      LEAN              *************************** **** 
 
                              INJECTOR PULSEWIDTH S TATUS 
 
      ON **      ****     *****    ******   *******   *******    *****      
          *      *  *     *   *    *    *   *     *   *     *    *   *      
          *      *  *     *   *    *    *   *     *   *     *    *   *      
          *      *  *     *   *    *    *   *     *   *     *    *   *      
      OFF ********  *******   ******    *****     * ***     ******   ****** 
                        |                             | 
      <--DECREASING --->|<---------INCREASING ----- -->|<---DECREASING ---> 
         PULSEWIDTH     |          PULSEWIDTH         |    PULSEWIDTH 
 
      The bias term is used to make the limit cycle  operate at an average A/F ratio 
      rich  or  lean  of  stoichiometry.   For  zer o bias, the average A/F ratio is 
      stoichiometry. 
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      Based on calibration information supplied by the user,  the  fuel  pulsewidth 
      ramp rates and jumpback distances are calcula ted automatically to produce the 
      proper limit cycle. 
 
      The calibration items are:  FN1351(N,LOAD), F N1352(N,LOAD), FN1353(N,LOAD). 
 
 
 
                                    ***** Note **** * 
 
      The direction of the bias is controlled by th e sign of the  bias  value.   If 
      the bias term is negative, a rich bias is ind icated.  If the sign of the bias 
      term is positive, a lean bias is indicated. 
 
                                   ****************  
 
 
      FN1352(N,LOAD) is also a calibration constant .  System  transport  lag  time; 
      time  delay  from  when  a fuel change is mad e until the EGO sensor indicates 
      this change; varies with engine speed, units are REVs. 
 
 
                               ******************** *** 
                                 ***** WARNING **** * 
                                   *************** 
 
      It is imperative that an accurate value  for  the  system  transport  lag  be 
      entered.   An  incorrect  value  will  result   in  greatly  reduced  catalyst 
      efficiencies due to excessively fast or slow ramp rates,  incorrect  jumpback 
      amounts, etc. 
 
                                   *************** 
                                 ***** WARNING **** * 
                               ******************** *** 
 
 
      Two methods of achieving the desired bias are  employed. 
 
      1.  Variable jumpback distance on one side of  the limit cycle with  symmetric 
          pulsewidth ramp rates. 
 
      2.  No jumpback on one side of the limit  cyc le  with  asymmetric  pulsewidth 
          ramp rates. 
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      The logic used to achieve biasing depends on the absolute value of 
      BIAS/PTPAMP (|BIAS/PTPAMP|): where; 
          BIAS = Amount of bias from stoichiometry,  FN1353(N,LOAD) 
 
          PTPAMP = Limit cycle peak-to-peak amplitu de, FN1352(N,LOAD) 
 
 
      Any calculated value of |B/P| exceeding 0.45 is clipped to 0.45. 
      This is done to avoid extremely long limit cy cle periods. 
 
 
      FOR NO BIAS  |BIAS/PTPAMP| = 0 
 
      The limit cycle has full jumpback on both sid es of stoichiometry 
      and uses symmetric pulsewidth ramp rates. 
 
      FOR SMALL BIAS  0 < |BIAS/PTPAMP| <OR= 0.1715 73  (0.171573 = 3 - SQRT(8)) 
 
      The limit cycle has a partial jumpback on one  side of stoichiometry 
      to achieve biasing and uses symmetric pulsewi dth ramp rates. 
 
      FOR LARGE BIAS  0.171573 < |BIAS/PTPAMP| <OR=  0.45 
 
      The limit cycle has no jumpback on one side o f stoichiometry and uses 
      asymmetric pulsewidth ramp rates to achieve b iasing. 
 
      Examples of biasing are shown on the next pag e. 
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                           CLOSED LOOP LIMIT CYCLE EXAMPLES 
                                 (not drawn to scal e) 
 
                            NO BIAS   | BIAS/PTPAMP  | = 0 
           *       *       *       *       * 
          **      **      **      **      ** 
         * *     * *     * *     * *     * *     SY MMETRIC RAMP RATES 
        *  *    *  *    *  *    *  *    *  *     FU LL JUMPBACK IN 
      -----*---*---*---*---*---*---*---*---*---  BO TH DIRECTIONS 
            *  *    *  *    *  *    *  *    * 
             * *     * *     * *     * *     * 
              **      **      **      **      * 
               *       *       *       *       * 
 
                       SMALL BIAS   | BIAS/PTPAMP |  < 0.171573 
           *          *          *          * 
          **         **         **         **  
         * *        * *        * *        * *         SYMMETRIC RAMP RATES 
        *  *       *  *       *  *       *  *         PARTIAL JUMPBACK 
      -----*------*---*------*---*------*---*----     IN ONE DIRECTION 
           *     *    *     *    *     *    * 
            *   *      *   *      *   *      *   * 
             * *        * *        * *        * * 
              **         **         **         ** 
               *          *          *          * 
 
                      MODERATE BIAS   | BIAS/PTPAMP  | = 0.171573 
           *           *           *           * 
          **          **          **          **               
         * *         * *         * *         * *    SYMMETRIC RAMP RATES 
        *  *        *  *        *  *        *  *    NO JUMPBACK 
      -----*-------*---*-------*---*-------*---*--  IN ONE DIRECTION 
           *      *    *      *    *      *    * 
           *     *     *     *     *     *     * 
            *   *       *   *       *   *       * 
             * *         * *         * *         * 
              *           *           *               
 
                       LARGE BIAS   | BIAS/PTPAMP |  > 0.171573 
           *                    * 
         * *                  * * 
       *   *                *   *                *   SYMMETRIC RAMP RATES 
           *              *     *              *     NO JUMPBACK 
      -----*------------*-------*------------*-----   IN ONE DIRECTION 
           *          *         *          * 
           *        *           *        * 
            *     *              *     * 
             *  *                 *  * 
              *                    * 
 
      Note:  Limit cycle frequency decreases with i ncreasing bias. 
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      After an EGO switch, a finite amount of time (equal  to  the  transport  lag) 
      should  pass  before  the  EGO  can switch.  Noise in the EGO system could be 
      interpreted by the computer as EGO switches.  These  phantom  switches  could 
      occur at a faster rate than dictated by the s ystem transport lag time.  Since 
      the jumpback is made from the lambda when the  EGO switches, phantom  switches 
      could make the jumpback go beyond the average  Air/Fuel ratio.  A high rate of 
      phantom switches would create a high rate of jumps.  A special feature of the 
      closed loop strategy prevents this problem. 
 
      A full jumpback is done only if the proper tr ansport lag  time  has  elapsed. 
      If  not, the jumpback distance is reduced to match the reduction in transport 
      lag time.  The actual  strategy  uses  PIP  s ignal  counts  to  control  this 
      feature. 
 
      The jumpback distance is multiplied by the ra tio PIPRAT. 
 
      PIPRAT = Ratio of the actual number of PIP si gnals since the last EGO  switch 
      to  the  expected  number  of  PIP signals be tween EGO switches; clipped to a 
      maximum of 1.0.  PIPRAT is a temporary regist er. 
 
 
 
                                  PIPRAT = ANPIP/EN PIP 
 
 
      ANPIP = Actual number of PIP signals since th e last EGO switch; clipped to  a 
      maximum  of  255;  reset to zero when not in closed loop; reset to zero after 
      the EGO switches and the jumpback distance is  calculated. 
 
      ENPIP = Expected number of PIP signals betwee n EGO switches; reset to 1  when 
      not in closed loop. 
 
 
      The transport delay (FN1351) is entered as RE VS.  The strategy uses units  of 
      both seconds and PIPS.  The transport delay i n PIPS is: 
 
                             TDPIP = FN1351(N,LOAD)  * ENGCYL 
 
      Transport delay in seconds is: 
 
                              TDSEC = FN1351(N,LOAD ) * 60/N 
 
 
      TDPIP and TDSEC are temporary registers. 
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                JUMPBACK and ENPIPn CALCULATIONS BA SED BIAS and EGO STATE 
 
 
 
                                      EGO-n SWITCH 
 
 
      BIAS >OR= 0 -----------|       | LAMBSEn = LA MBSEn + [PTPAMP 
                             |AND ---|  + | BIAS |]  * FN344 
      EGO-N SWITCH from Lean |       |  * PIPRATn 
       to Rich --------------|       | 
                                     | ENPIPn = TDP IP  
                                     | 
                                     | ANPIPn = 0 
                                     | 
                                     | --- ELSE ---  
      BIAS >OR= 0 -----------|       | 
                             |       | 
      EGO-n SWITCH from Rich |AND ---| LAMBSEn = LA MBSEn - PTPAMP * 
       to Lean --------------|       |  FN342 * PIP RATn 
                                     | 
                                     | ENPIPn = TDP IP * FN346(|BIAS/PTPAMP|) 
                                     |  
                                     | ANPIPn = 0 
                                     | 
                                     | --- ELSE ---  
      BIAS < 0 --------------|       | 
                             |AND ---| LAMBSEn = LA MBSEn +  
      EGO-n SWITCH from Lean |       |  PTPAMP * FN 342 * PIPRATn 
       to Rich --------------|       | 
                                     | ENPIPn = TDP IP * FN346(|BIAS/PTPAMP|) 
                                     | 
                                     | ANPIPn = 0 
                                     | 
                                     | --- ELSE ---  
      BIAS < 0 ---------------|      | 
                              |AND --| LAMBSEn = LA MBSEn -[PTPAMP + 
      EGO-n SWITCH from Rich  |      |  | BIAS |]* FN344 * PIPRATn 
       to Lean ---------------|      | ANPIPn = 0 
                                     | ENPIPn = TDP IP  
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                   RAMP-RATE CALCULATIONS BASED ON BIAS AND EGO STATE 
 
                              EGO-n SENSOR HAS NOT SWITCHED 
 
 
 
      BIAS >OR= 0 ---------|      | LAMBSEn = LAMBS En -  
                           |AND --| 
                           |      | (PTPAMP - |BIAS |)*(1-FN339)*TSLAMUn 
      EGO-n Lean ----------|      |  -------------- ----------- 
                                  |          TDSEC 
                                  | 
                                  | --- ELSE --- 
                                  | 
      BIAS < 0 ------------|      | LAMBSEn = LAMBS En - 
                           |AND --| 
                           |      | (PTPAMP - |BIAS |)*FN339*TSLAMUn 
      EGO-n Lean ----------|      |  -------------- -------- 
                                  |          TDSEC 
                                  | 
                                  | --- ELSE --- 
                                  | 
      BIAS >OR= 0 ---------|      | LAMBSEn = LAMBS En + 
                           |AND --| 
                           |      | (PTPAMP - |BIAS |)*FN339*TSLAMUn 
      EGO-n Rich ----------|      |  -------------- -------- 
                                  |          TDSEC 
                                  | 
                                  | --- ELSE --- 
                                  | 
      BIAS < 0 ------------|      | LAMBSEn = LAMBS En + 
                           |AND --| 
                           |      | (PTPAMP - |BIAS |)*(1-FN339)*TSLAMUn 
      EGO-n Rich ----------|      |  -------------- ----------- 
                                  |          TDSEC 
 
 
 
 
 
      An EGO switch is defined as either: 
 
      1.  The EGO sensor reads rich during the curr ent background loop and it reads 
          lean during the previous background loop.  
 
      2.  The EGO sensor reads lean during the curr ent background loop and it reads 
          rich during the previous background loop.  
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                          CLOSED LOOP LAMBSE1 AND L AMBSE2 LOGIC 
 
 
      CLOSED LOOP --------------|      | MONO EGO O R STEREO 
                                |AND --| EGO WITH L ACK OF 
      LEGOFG1 = 1 ---------|    |      | EGO-2 SWIT CHING. 
       (see TIMER section) |    |      | USE EGO-1 SENSOR 
                           |OR -|      | ONLY FOR C LOSED LOOP 
      NUMEGO = 1 ----------|           | CONTROL OF  LAMBSE1 AND 
       (MONO EGO)                      | SET LAMBSE 2 = LAMBSE1 
                                       | 
                                       | --- ELSE - -- 
                                       | 
                                       | STEREO EGO  WITH LACK 
                                       | OF EGO-1 S WITCHING. 
      CLOSED LOOP ---------------|     | USE EGO-2 SENSOR 
                                 |AND -| ONLY FOR C LOSED LOOP 
      LEGOFG1 = 1 ---------------|     | CONTROL OF  LAMBSE2 AND 
       (see TIMER section)             | SET LAMBSE 1 = LAMBSE2 
                                       | 
                                       | --- ELSE - -- 
                                       | 
      CLOSED LOOP ---------------------| NORMAL STE REO EGO. 
                                       | USE EGO-1 SENSOR 
                                       | FOR CLOSED  LOOP 
                                       | CONTROL OF  LAMBSE1 
                                       |         AN D 
                                       | USE EGO-2 SENSOR 
                                       | FOR CLOSED  LOOP 
                                       | CONTROL OF  LAMBSE2 
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                                   LAMBDA RESET LOG IC 
 
 
 
      LAMBSE is reset to 1.0 under the conditions l isted below, provided it  is  in 
      Closed  Loop  fuel  control.   LAMBSE  is not  reset in Open Loop Fuel Control 
      because the value of LAMBSE is calculated usi ng the  Open  Loop  Fuel  logic. 
      LAMBSE is reset in Closed Loop as described b elow. 
 
          1) When entering or exiting the Filtered Idle Air Mass Regions (FAM); 
 
          2) When Changing load states within FAM; and/or 
 
          3) Any time a transition is made from  Op en  Loop  to  Closed  Loop  Fuel 
          control. 
 
      LAMBSE is always clipped to 1.0 as a maximum.   The intent is  to  allow  rich 
      errors and to prevent lean errors, given that  running rich does not cause any 
      drivability concerns. 
 
 
                       LAMBSE RESET - ENTERING/EXIT ING FAM REGION 
 
 
      REFFLG = 1 ----------------|       | Set JMPF LG = 1 
                                 |AND ---| Clip LAM BSE1 and LAMBSE2 
      JMPFLG = 0 ----------------|       |  to 1.0 as Maximum. 
       (Entry into FAM Region)           | 
                                         | --- ELSE  --- 
                                         | 
      REFFLG = 0 ----------------|       | Set JMPF LG = 0 
                                 |AND ---| Set LAMB SE1 = LAMBSE1 
      JMPFLG = 1 ----------------|       |  - LMBJM P 
       (Exit from FAM Region)            | Set LAMB SE2 = LAMBSE2 
                                         |  - LMBJM P 
 
 
 
                        LAMBSE RESET - LOAD STATE C HANGE AT IDLE 
 
 
      APT = -1 -------------------|AND -----| Clip LAMBSE1 and LAMBSE2 
       (Closed throttle)          |         |  to 1 .0 as maximum. 
                                  | 
      ISFLAG NOT= ISLAST ---------| 
       (Load state change) 
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                   LAMBSE RESET - OPEN LOOP TO CLOS ED LOOP TRANSITION 
 
 
      Previous OLFLG = 1 ---------|AND -----| Clip LAMBSE1 and LAMBSE2 
       (Last state = Open Loop)   |         |  to 1 .0 as Maximum. 
                                  | 
      Current OLFLG = 0 ----------| 
       (Current state = Closed    | 
        Loop)                     | 
                                  | 
      LAMSW = 1 ------------------| 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6-35 



FUEL STRATEGY - ADAPTIVE FUEL - GUE0 
PEDD-PTOPE, FoMoCo, PROPRIETARY & CONFIDENTIAL 

                                  ADAPTIVE FUEL CON TROL 
 
 
      BACKGROUND 
 
 
      Fuel injected systems may exhibit vehicle to vehicle steady state  A/F  ratio 
      errors due to normal variability in fuel syst em components. 
 
      The  adaptive  fuel  strategy  attacks  this  problem   by   memorizing   the 
      characteristics  of  the  individual  fuel sy stem being used.  This memorized 
      information is used to  predict  what  the  s ystem  will  do  based  on  past 
      experience. 
 
      The ability to predict fuel system  behavior  improves  both  open  loop  and 
      closed  loop  fuel  control.  As an example, the memorized information can be 
      used on cold starts to achieve better open lo op fuel contol  before  the  EGO 
      sensor reaches operating temperature. 
 
      The chief benefit of the adaptive fuel strate gy will be to reduce the effects 
      of product variability in the field. 
 
      The memorized or adaptive information is stor ed in table  form  in  the  Keep 
      Alive  Memory (KAM).  KAM is continuously pow ered by the vehicle battery even 
      when the vehicle is shut off.  As a result, t he table is not lost on  vehicle 
      shutdown. 
 
 
 
      ADAPTIVE EGO STRATEGY deleted (GXZ0) 
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                           DEFINITIONS - ADAPTIVE F UEL CONTROL 
 
      INPUTS 
      Registers: 
-  ACT = Air charge temperature, deg F. 
-  ADPTMR = Adaptive learning enable timer (see  
                   TIMER section). 
-  AEFUEL = Acceleration enrichment fuel flow (lb/m in). 
-  BIAS = Closed loop biasing term = FN1353(N,LOAD) . 
-  CHKSUM = KAM memory word which contains the sum of the 
                   LTMTB1 or LTMTB2 contents. 
-  COLTBU = A register which contains the column nu mber of 
                   the Adaptive Learning Cell to be  updated. 
-  EFTR = Transient fuel compensation fuel flow (lb /sec). 
-  EGO = Exhaust Gas Oxygen Sensor. (GX has mono an d stereo EGO 
                 capacity, EGO-1 and EGO-2 represen t the EGO sensors in 
                 stereo mode; generic represent = E GO-n). 
-  EGOCT1 = Number of EGO-1 switches since last Ada ptive 
                   Fuel Update. 
-  EGOCT2 = Number of EGO-2 switches since last Ada ptive 
                   Fuel Update. 
 
-  ISCFLG = ISC MODE Flag (1 = RPM CONTROL Mode). 
 
-  ISFLAG = Flag that indicates the degree of loadi ng on the 
                   engine at Idle.  See the ISC Cha pter. 
               0 = Drive 
               1 = Drive + A/C (WAC Relay De-Energi zed) 
               2 = Neutral 
               3 = Neutral + A/C (WAC Relay De-Ener gized) 
 
-  KAM = Keep Alive Memory. 
 
-  KAMRF1/KAMRF2 = Adaptive Fuel strategy correctio n factor. 
                  It is composed of the value LTMTB 1rc + .5. 
 
-  KWUCTR = KAM warm_up counter. Stores number of w arm_ups in KAM. 
                    Reset to zero if KAM is corrupt ed. (battery disconnect, 
                    etc.) 
 
-  LAMBSE1 = Desired open loop (or closed loop) equ ivalence ratio 
                    for EGO-1 injectors. LAMBSE1 ap pears in the 
                    fuel pulsewidth equation for EG O-1. 
 
-  LAMBSE2 = Desired open loop (or closed loop) equ ivalence ratio 
                    for EGO-2 injectors. LAMBSE2 ap pears in the 
                    fuel pulsewidth equation for EG O-2. 
 

6-37 



FUEL STRATEGY - ADAPTIVE FUEL - GUE0 
PEDD-PTOPE, FoMoCo, PROPRIETARY & CONFIDENTIAL 

-  LEGOFG1 = Lack of EGO-1 switching. 
 
-  LEGOFG2 = Lack of EGO-2 switching. 
 
-  LPCT1L = Number of background loops that the LAM BSE1  
                   was outside a deadband in the ri ch direction, with 
                   EGO-1 sensor reading lean. 
 
-  LPCT2L = Number of background loops that the LAM BSE2 
                   was outside a deadband in the ri ch direction, with 
                   EGO-2 sensor reading lean. 
 
-  LPCT1R = Number of background loops that the LAM BSE1 was 
                   outside a deadband in the lean d irection, with EGO-1 
                   sensor reading rich. 
 
-  LPCT2R = Number of background loops that the LAM BSE2 was 
                   outside a deadband in the lean d irection, with EGO-2 
                   sensor reading rich. 
 
-  LSTCOL = Last normalized column value. 
 
-  LSTROW = Last normalized row value. 
 
-  LTMTB1rc = EGO-1 Adaptive Fuel cell which corres ponds to 
                     r = Integer part of FN021 (LOA D) and 
                     c = Integer part of FN070 (N).  
 
-  LTMTB2rc = EGO-2 Adaptive Fuel cell which corres ponds to 
                     r = Integer part of FN021 (LOA D) and 
                     c = Integer part of FN070 (N).  
 
-  N = Engine revolutions, RPM. 
-  NRMCES = Current normalized column number. 
-  NRMRLD = Current normalized row number. 
-  RANNUM = Random number adder. 
-  ROWTBU = Register which contains the row number of the 
                  Adaptive Fuel cell to be updated.  
-  TCSTRT = Temperature of ECT at cold start, deg. F 
 
      Bit Flags: 
-  AFMFLG = ACT Failure Mode (FMEM) flag. 
-  CFMFLG = ECT FMEM flag. 
-  EFMFLG =  EGR FMEM flag. 
-  HCAMFG = Flag indicating state of Hi Cam. 
-  MFMFLG = MAP/MAF FMEM flag. 
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-  REFFLG = Indication of Idle Air Flow (1 = Idle A ir Flow). 
-  TFMFLG = TP FMEM flag. 
-  WARM_UP = Indicates engine warmup occured. 
 
      Calibration Constants: 
-  ADAPTM = Adaptive learning enable time delay  
                   (seconds). 
-  ADEFTR = Maximum transient fuel compensation fue l  
                   flow to allow adaptive learning (lb/sec). 
-  ADEGCT = EGO switch requirement to increment cou nters. 
-  AELIM = Maximum acceleration enrichment fuel flo w to  
                  allow adaptive learning (lb/min).   
-  AFACT1 = Minimum ACT to Update Adaptive Fuel Tab le 
                   deg F. 
-  AFACT2 = Maximum ACT to update Adaptive Fuel Tab le, 
                   deg F. 
-  DELCOL = Calibration constant (normalized engine   
                   speed N) which provides the abil ity to lock  
                   out table updates under transien t conditions;  
                   establishes an operating range ( engine speed)  
                   within which the appropriate loo p counter may  
                   be incremented. 
-  DELROW = Same function as DELCOL but for normali zed  
                   load LOAD. 
-  DELAMB = Deadband (around LAMBSE1 = 1.0) within which  
                   loop counter values are not alte red.  
-  FAEGCT = Fast Adaptive EGO count. Number of EGO switches required to 
                   permit adaptive learning when KW UCTR < KWUCNT.  Should be 
                   set to 0 to permit fast adaptive  learning for the first 
                   few warm_up cycles.    
-  FN021 = LOAD normalizing function for LTMTB1(LTM TB2)  
and FN1325. Input = Load and Output = Normalized 
Load. 
-  FN070 = N normalizing function. 
-  FN1325rc = LTMTB1 and LTMTB2 learning/use contro l table. 
X-input = FN070 - Normalized RPM. 
Y-input = FN021 - Normalized Load. 
-  HCAMSW = Calibratible switch which allows select ion of when 
                   and which adaptive fuel cells ar e to be used. 
-  KWUCNT = Maximum mumber of warm_up cycles to use  fast adaptive EGO 
                   count.  It should be set to appr ox. 3 to 5 warm_ups. 
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-  MAXADP = Maximum adaptive correction. 
-  MINADP = Minimum adaptive correction. 
-  NUMEGO = Switch indicating number of EGO sensors  present; 
                  Select mono or stereo. 
-  RANMUL = Multiplier for Random number generation . 
-  VECT3 = Minimum coolant temperature (engine on),  deg. F 
-  VECT5 = Starting coolant temperature for warm_up  counter, deg. F 
 
      OUTPUTS 
      Registers: 
-  CHKSUM = KAM memory word which contains the sum of the 
                   LTMTB1 or LTMTB2 contents. 
-  COLTBU = A register which contains the column nu mber of 
                   the Adaptive Learning Cell to be  updated. 
-  EGOCT1 = Number of EGO-1 switches since last Ada ptive 
                   Fuel Update. 
-  EGOCT2 = Number of EGO-2 switches since last Ada ptive 
                   Fuel Update. 
-  KAMRF1/KAMRF2 = Adaptive Fuel strategy correctio n factor. 
                  It is composed of the value LTMTB 1rc + .5. 
-  KWUCTR = KAM warm_up counter. Stores number of w arm_ups in KAM. 
                   Reset to zero if KAM is corrupte d. (battery disconnect, 
                   etc.) 
 
-  LPCT1L = Number of background loops that the LAM BSE1  
                   was outside a deadband in the ri ch direction, with 
                   EGO-1 sensor reading lean. 
-  LPCT2L = Number of background loops that the LAM BSE2 
                   was outside a deadband in the ri ch direction, with 
                   EGO-2 sensor reading lean. 
-  LPCT1R = Number of background loops that the LAM BSE1 was 
                   outside a deadband in the lean d irection, with EGO-1 
                   sensor reading rich. 
-  LPCT2R = Number of background loops that the LAM BSE2 was 
                   outside a deadband in the lean d irection, with EGO-2 
                   sensor reading rich. 
-  LSTCOL = Last normalized column value. 
-  LSTROW = Last normalized row value. 
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-  LTMTB1rc = EGO-1 Adaptive Fuel cell which corres ponds to 
                     r = Integer part of FN021 (LOA D) and 
                     c = Integer part of FN070 (N).  
 
-  LTMTB2rc = EGO-2 Adaptive Fuel cell which corres ponds to 
                     r = Integer part of FN021 (LOA D) and 
                     c = Integer part of FN070 (N).  
 
-  NRMCES = Current normalized column number. 
 
-  NRMRLD = Current normalized row number. 
 
-  RANNUM = Random number adder. 
 
-  ROWTBU = Register which contains the row number of the 
                   Adaptive Fuel cell to be updated . 
 
      Bit Flags: 
 
-  WARM_UP = Indicates engine warmup occured. 
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                                   ADAPTIVE FUEL TA BLE 
 
 
      The adaptive fuel tables, LTMTB1 and  LTMTB2,   are  2-dimensional  arrays  of 
      learned  fuel  system  corrections.  Ideally,  if LAMBSE1 = 1.0, LAMBSE2 = 1.0 
      and data from a mature adaptive fuel table  i s  used,  a  stoichiometric  A/F 
      ratio  would  result at whatever speed-load p oint adaptive learning had taken 
      place. 
 
      Present table size is 8(rows) x 10(columns) o r 80  cells  for  each  Adaptive 
      Fuel Table, plus depending on the strategy fa mily, either 4 or 6 special idle 
      adaptive cells.  There will always be 86 tota l cells per table 
 
      The total learned fuel system correction for the EGO-1 side of the engine  is 
      called  KAMRF1  where  KAMRF1  =  0.5  +  LTM TB1rc.   The  corresponding fuel 
      correction for the EGO-2  side  is  called  K AMRF2,  where  KAMRF2  =  0.5  + 
      LTMTB2rc. 
 
      During adaptive learning, only the LTMTB1  an d  LTMTB2  cells  are  modified. 
      Therefore,  the  ranges  of  each of the KAMR F1 and KAMRF2 multipliers (0.5 + 
      0.0) to (0.5 + 1.0) or 0.5 to 1.5. 
 
      The range of the LTMTB1 and LTMTB2 cells can be further restricted by use  of 
      the calibration parameter clips, MINADP and M AXADP. 
 
      The precise location where KAMRF1 and KAMRF2 are used is shown  in  the  fuel 
      pulsewidth equation. 
 
      If KAM fails the KAM validation test (describ ed later), all LTMTB1 and LTMTB2 
      cells  are  initialized  to  0.5 or 80 (HEX) resulting in a value of KAMRF1 = 
      KAMRF2 = 0.5 + 0.5 = 1.0. 
 
      When allowed, updates to LTMTB1 and LTMTB2 ar e statistically  distributed  in 
      the  vicinity  of  the  speed-load operating point, except in the case of the 
      idle  cells.   Only  the  current  idle  cell   is  updated,  no   statistical 
      distribution is done. 
 
      Data extracted from the table undergoes a 4-p oint linear interpolation.  This 
      is  explained further under the FN1325 descri ption.  Note that the idle cells 
      do not undergo four point interpolation.  Onl y the current idle cell is used. 
 
      LTMTB1, LTMTB2 and FN1325 share the same norm alizing functions.  FN021 is the 
      LOAD normalizing function.  FN070 is the engi ne speed N normalizing function. 
 
      As an example of an adaptive fuel table, LTMT B1, is shown on the  next  page. 
      EGO-2 Adaptive Fuel Table, LTMTB2, uses simil ar nomenclature. 
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                             ADAPTIVE FUEL TABLE (L TMTB1) 
 
 
 
                                    LTMTB1rc CELLS 
 
                           (LTMTB2 has similar desi gnation) 
 
 
 
           Special idle  ------>|80 81 82 83 84 85 
           adaptive cells       | 
                           7    |70 71 72 73 74 75 76 77 78 79  
                                | 
                           6    |60 61 62 63 64 65 66 67 68 69 
                                | 
                           5    |50 51 52 53 54 55 56 57 58 59 
                                | 
               FN021       4    |40 41 42 43 44 45 46 47 48 49 
             NORMALIZED         
               ENGINE      3    |30 31 32 33 34 35 36 37 38 39 
               LOAD             |   
              (LOAD)       2    |20 21 22 23 24 25 26 27 28 29 
                                |    
                           1    |10 11 12 13 14 15 16 17 18 19 
                                |    
                           0    |00 01 02 03 04 05 06 07 08 09 
                                ------------------- ----------- 
 
                                  0  1  2  3  4  5  6  7  8  9 
 
                                        FN070 NORMA LIZED 
                                          ENGINE SP EED 
                                              (N) 
 
 
      The special Adaptive Idle cells are not defin ed by FN021 or FN070;  they  are 
      defined by the value of the ISFLAG.  (See ISF LAG definition) 
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                                   FN1325 DESCRIPTI ON 
 
 
      FN1325 is a 9(rows) x 10(columns) table conta ining 1  cell  corresponding  to each  
cell in the adaptive fuel table LTMTB1 or LTMTB2.  (The 9th row is used to reference the 
idle cells and is not accessible from FN021 which o nly  goes 
from 0 to 7). 
 
      The normalizing functions for FN1325, LTMTB1 and LTMTB2 are shared.  FN021 is 
      the  LOAD  normalizing  function.   FN070  is   the engine speed N normalizing 
      function. 
 
      FN1325 is designed to do the following: 
 
      1.  Identify LTMTB1 and LTMTB2 cells where le arning is allowed to occur. 
 
          Learning is allowed in any LTMTB1 and LTM TB2  cells  whose  corresponding 
 
          FN1325rc  cell  contains  a  value  >OR=  0.  Negative FN1325 cell values 
          disallow learning in the corresponding LT MTB1 and LTMTB2 cell(s). 
 
      2.  Define a high confidence speed-load regio n that can  be  referenced  from 
      any other speed-load point. 
 
          This occurs whenever a negative value is entered into a FN1325 cell.  The 
          negative  number  serves  as an offset to  LTMTB100 and LTMTB200.  If 1 of 
          the 4 cells used by the 4-point linear  i nterpolation  LTMTB1  or  LTMTB2 
          table   lookup  routine  contained  -42,  the  cell  value  used  by  the 
          interpolation routine for the cell that c ontained the -42  would  be  the 
          value  found  in the LTMTB1 or LTMTB2 cel l located at the intersection of 
          row 4 and column 2.  In the extreme, if - 42 was entered into  every  cell 
          of  FN1325rc  except for the cell corresp onding to LTMTB142 and LTMTB242, 
          learning would be allowed only in cell  L TMTB142  and  LTMTB242  and  the 
          learned  correction  in  LTMTB142  and  L TMTB242  would be applied to all 
          speed-load points for fuel calculations  referencing  EGO-1  (every  cell 
          referenced  by the 4-point linear interpo lation routine during the LTMTB1 
          table lookup would point to cell LTMTB142 ).  This calibration for  FN1325 
          is shown on the next page. 
 
      3.  Specify the values of the  Loop  Counters   (LPCT1L,  LPCT1R,  LPCT2L  and 
      LPCT2R) required to update an individual LTMT B1 or LTMTB2 cell(s). 
 
          This is done by entering a value into FN1 325 that is >OR= 0.   The  value 
          entered  represents 1/2 the required upda te value.  A value of 20 entered 
          would require (LPCT1R, LPCT1L, LPCT2L and  LPCT2R) to be greater  than  40 
          for an update to occur. 
 
          NOTE:  FN1325 controls the update rate an d update area  for  both  LTMTB1 
          and LTMTB2. 
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                 LTMTB1 AND LTMTB2 LEARNING/USE CON TROL TABLE FN1325 
 
 
 
 
 
                                     FN1325 CELLS 
 
 
 
          Special idle 
          adaptive cells ---->|-42 -42 -42 -42 -42 -42 
                              | 
                         7    |-42 -42 -42 -42 -42 -42 -42 -42 -42 -42 
                              | 
                         6    |-42 -42 -42 -42 -42 -42 -42 -42 -42 -42 
                              | 
                         5    |-42 -42 -42 -42 -42 -42 -42 -42 -42 -42 
                              | 
             FN021       4    |-42 -42  20 -42 -42 -42 -42 -42 -42 -42 
           NORMALIZED         | 
             ENGINE      3    |-42 -42 -42 -42 -42 -42 -42 -42 -42 -42 
             LOAD             | 
            (LOAD)       2    |-42 -42 -42 -42 -42 -42 -42 -42 -42 -42 
                              | 
                         1    |-42 -42 -42 -42 -42 -42 -42 -42 -42 -42  
                              | 
                         0    |-42 -42 -42 -42 -42 -42 -42 -42 -42 -42  
                               -------------------- ------------------- 
 
                                 0   1   2   3   4   5   6   7   8   9 
 
                                         FN070 NORM ALIZED 
                                           ENGINE S PEED 
                                               (N) 
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                       LOOP COUNTER LOGIC FOR PACIN G ADAPTIVE LEARNING 
 
          AFMFLG = 1 ---------------------------| 
                                                | 
          CFMFLG = 1 ---------------------------| 
                                                | 
          MFMFLG = 1 ---------------------------| 
                                                | 
          TFMFLG = 1 ---------------------------|OR  --| Disable Adaptive Learning 
                                                |     |  
                                                |     | SET LPCT1R = 0 
          OPEN LOOP FUEL CONTROL ---------------|     | SET LPCT1L = 0 
                                                |     | SET LPCT2R = 0 
          ADPTMR < ADAPTM ----------------------|     | SET LPCT2L = 0  
                                                |     | EGOCT1 = 0  
          REFFLG = 1 -------------|             |     | EGOCT2 = 0 
                                  |AND ---------|     | 
          ISCFLG NOT= 1 ----------|                   | EXIT Adaptive Fuel 
                                                      |      Routine 
                                                      | 
                                                      | --- ELSE --- 
          REFFLG = 1 -------------|                   | 
                                  |AND ------------ ---| Special Idle Cells 
          ISCFLG = 1 -------------|                   | 
                                                      | SET NRMCES = ISFLAG 
                                                      | SET COLTBU = ISFLAG 
                                                      | SET NRMRLD = 8 
                                                      | SET ROWTBU = 8 
                                                      | 
                                                      | --- ELSE --- 
                                                      | 
          REFFLG = 0 ------------------------------ ---| Look up Normal Cell 
                                                      | coordinates 
                                                      | 
                                                      | RANNUM = RANNUM * RANMUL 
                                                      | NRMCES = NORM_N70 
                                                      | NRMRLD = NORM_MAPOPE21 
                                                      | ROWTBU = NRMRLD + 0.5 + 
                                                      | lower byte of RANNUM 
                                                      | COLTBU = NRMCES + 0.5 + 
                                                      | upper byte of RANNUM 
                                                      | 
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          FN1325rc < 0 ---------------------| 
                                            | 
          |NRMRLD - LSTROW| > DELROW -------|OR --- ---| Change Adpative Region 
                                            |         | 
          |NRMCES - LSTCOL| > DELCOL -------|         | SET LSTROW = NRMRLD 
                                                      |  (Current Normalized 
                                                      |   Row number) 
                                                      | SET LSTCOL = NRMCES 
                                                      |  (Current Normalized 
                                                      |   Column number) 
                                                      | SET LPCT1R = 0 
                                                      | SET LPCT1L = 0 
                                                      | SET LPCT2R = 0 
                                                      | SET LPCT2L = 0 
                                                      | EGOCNT1 = 0; EGOCNT2 = 0 
                                                      | EXIT Adaptive Fuel 
                                                      | Routine 
                                                      | 
                                                      | --- ELSE --- 
                                                      | 
          SWTFLn = 1 ------------------------------ ---| Increment EGOCTn if EGOn 
                                                      | switched 
 
 
 
          AEFUEL > AELIM -------------------|         | Disable Adaptive Learning 
                                            |         | 
          |EFTR| >OR= ADEFTR ---------------|OR --- ---| SET LPCT1R = 0 
                                            |         | SET LPCT1L = 0 
          REFFLG = 0 -----------|           |         | SET LPCT2R = 0 
                                |AND -------|         | SET LPCT2L = 0 
          ROWTBU = 8 -----------|           |         | EGOCT1 = 0; EGOCT2 = 0 
                                            |         | 
          ACT <OR= AFACT1 ------------------|         | EXIT Adaptive Fuel 
                                            |         |      Routine 
          ACT >OR= AFACT2 ------------------|  
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                              EGO-1 LOOP COUNTER UP DATE 
 
                                 (LPCT1L and LPCT1R ) 
 
 
          EGOCT1 >OR= "A" -----------------| 
 
                                           | 
          EGO-1 is RICH -------------------|AND --|  Increment LPCT1R       
                                           |      |  
          LAMBSE1 >OR= (1+ BIAS + DELAMB) -|      |  --- ELSE --- 
                                                  |   
          EGO-1 is LEAN -------------------|      |  
                                           |AND --|  Increment LPCT1L 
          LAMBSE1 <OR= (1+BIAS - DELAMB) --| 
                                           | 
          EGOCT1 >OR= "A" -----------------| 
 
 
 
                              EGO-2 LOOP COUNTER UP DATE 
 
                                 (LPCT2L and LPCT2R ) 
 
 
          EGOCT2 >OR= "A" ----------------| 
                                          | 
          EGO-2 is RICH ------------------| 
                                          |AND --| Increment LPCT2R 
          LAMBSE2 >OR= (1+BIAS + DELAMB) -|      | 
                                                 | --- ELSE --- 
          EGO-2 is LEAN ------------------|      | 
                                          |AND --| Increment LPCT2L 
          LAMBSE2 <OR= (1+BIAS - DELAMB) -| 
                                          | 
          EGOCT2 >OR= "A" ----------------| 
 
 
          Where:  (See next page) 
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                                    WARM_UP COUNTER  LOGIC 
 
 
      WARM_UP = 0 -----------| 
                             | 
      TCSTRT < VECT5 --------| 
                             |AND ---| Set WARM_UP = 1 
      ECT > VECT3 -----------|       | Set KWUCTR =  KWUCTR + 1 
                             |       | Clip KWUCTR to 255 
      RUN MODE --------------|        
 
 
      Note:  The above logic is actually done in Co ntinuous Self Test. 
 
 
      KWUCTR < KWUCNT ---------------| "A" = FAEGCT  
      (First few warm_up cycles)     | (Use fast le arning rate) 
                                     | 
                                     | --- ELSE ---  
                                     |  
      KWUCTR >OR= KWUCNT ------------| "A" = ADEGCT  
                                     | (Use normal learning rate) 
 
 
 
      INPUTS/OUTPUTS 
 
 
      KWUCTR = KAM warm_up counter.  Stores number of warm_ups in  KAM.   Reset  to 
      zero if KAM is corrupted.  (battery disconnec t, etc.) 
 
 
 
      CALIBRATION CONSTANTS 
 
 
      FAEGCT = Fast Adaptive EGO count.  Number of EGO switches required to  permit 
      adaptive  learning  when  KWUCTR < KWUCNT.  S hould be set to 0 to permit fast 
      adaptive learning for the first few warm_up c ycles. 
 
      KWUCNT = Maximum mumber of warm_up cycles to use fast adaptive EGO count.  It 
      should be set to approx.  3 to 5 warm_ups. 
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                  ADAPTIVE LEARNING CONDITIONS FOR LTMTB1 (EGO-1) TABLE 
 
 
      LTMTB1 cells are updated when the following c onditions are satisfied: 
 
 
      FN1325rc >OR= 0 ----------|      
                                |      
      LPCT1R > 2*FN1325rc ------|AND -| LTMTB1rc = LTMTB1rc - 0.0039 
                                |     |  (1 bit) 
      LTMTB1rc > MINADP --------|     |  
                                      | DECREMENT C HKSUM 
                                      | SET LPCT1R = 0 
                                      | SET EGOCT1  = 0 
                                      | 
                                      | --- ELSE -- - 
                                      | 
      LPCT1L > 2*FN1325rc ------|     | LTMTB1rc = LTMTB1rc + 0.0039 
                                |     |  (1 bit) 
      LTMTB1rc < MAXADP --------|AND -| INCREMENT C HKSUM 
                                |     | SET LPCT1L = 0 
      FN1325rc >OR= 0 ----------|     | SET EGOCT1 = 0 
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                  ADAPTIVE LEARNING CONDITIONS FOR LTMTB2 (EGO-2) TABLE 
 
 
                                    
      FN1325rc >OR= 0 ----------|   
                                |   
      LPCT2R > 2*FN1325rc ------|     | LTMTB2rc = LTMTB2rc - 0.0039 
                                |AND -| DECREMENT C HKSUM 
      LTMTB2rc > MINADP --------|     | SET LPCT2R = 0 
                                      | SET EGOCT2  = 0 
                                      | 
                                      | --- ELSE -- - 
                                      | 
      LPCT2L > FN1325rc --------|     | LTMTB2rc = LTMTB2rc + 0.0039 
                                |AND -| INCREMENT C HKSUM 
      LTMTB2rc < MAXADP --------|     | SET LPCT2L = 0 
                                |     | SET EGOCT2 = 0 
 
      FN1325rc >OR= 0 ----------| 
 
 
      LPCT2L and LPCT2R logic is shown in the Loop Counter  update  Section.   NOTE 
      that During Adaptive Learning r = ROWTBU and c = COLTBU. 
 
 
 
 
 
 
      The Adaptive Fuel Strategy statistically dist ributes the  learned  values  to 
      the four adjacent cells to a given speed load  point by adding a random number 
      to the normalized inputs.  However, if the en gine is operating in one of  the 
      Idle  regions  (Row  8,  Columns  0  -  5),  the  software  does  not use the 
      statistical distribution. 
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                              USE OF KAM ADAPTIVE F UEL DATA 
 
      The adaptive fuel table stored in KAM is used  as a reference  for  both  open and 
closed loop fuel control. 
      The adaptive fuel table is referenced as show n below. 
 
      CRKFLG = 1 ------------------| 
       (CRANK Mode)                | 
                                   |OR --| KAMRF1 =  1.0 
      LEGOFG1 = 1 ---------|       |     | KAMRF2 =  1.0 
                           |AND ---|     | Use no i nterpolation 
      LEGOFG2 = 1 ---------|             |  
                                         | --- ELSE  --- 
      REFFLG = 1 ----------|             |  
       (In FAM)            |             |  
                           |AND ---------| KAMRF1 =  0.5 + LTMTB1rc 
      HCAMFG = 0 -----|    |             | KAMRF2 =  0.5 + LTMTB2rc 
       (no RPM adder) |OR -|             | r = 8, c  = ISFLAG 
                      |                  | Use no i nterpolation 
      HCAMSW = 0 -----|                  |  
       (ignore HCAMFG)                   | --- ELSE  --- 
                                         | 
                                         | KAMRF1 =  0.5 + LTMTB1rc  
                                         | KAMRF2 =  0.5 + LTMTB2rc 
                                         | Use 4 po int interpolation 
 
 
 
           HCAMSW is a calibration switch allowing the developer to select how  the 
adaptive fuel idle cells are to be used.  If HCAMSW  is set to 0, the adaptive fuel idle 
cells are used as soon as the filtered air mass reg ion  is  entered (REFFLG  =  1).  If 
HCAMSW is set to 1, the adaptive fuel idle cells ar e used only when in the filtered air 
mass region and no RPM adder above base idle is pre sent (HCAMFG = 0).  This includes 
FN825A, FN825B, FN26 and BZZRPM. 
 
For purposes of interpolation, the LTMTBn 80 to LTM TBn 85 cells are  not included.  These 
cells should correspond to the special idle cells. 
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                               LACK OF EGO SWITCHIN G KAMRF 
 
 
 
      LEGOFG2 = 1 ---------| 
                           |OR ----------| KAMRF2 =  KAMRF1 
      NUMEGO = 1 ----------|             | 
                                         | --- ELSE  --- 
                                         | 
      LEGOFG1 = 1 -----------------------| KAMRF1 =  KAMRF2 
 
 
 
 
      Note: For purposes of Interpolation, the Idle  Adaptive 
            cells are treated as containing 0.5.  T hese cells  
            should correspond to Idle Mode. 
 
 
 
      The use of KAMRF1 and KAMRF2 is shown in the pulsewidth  
      equation in the FUEL section. 
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                        ACCELERATION ENRICHMENT FUE L DESCRIPTION 
 
 
      In the RUN and UNDERSPEED modes, whenever the   rate  of  change  of  throttle 
      angle  exceeds  a  minimum  value,  accelerat ion enrichment fuel is delivered 
      until the manifold filling effect is complete d (LOAD stops increasing).   The 
      fuel is delivered at a rate determined by AEF UEL. 
 
      AE fuel is delivered synchronous with the bas e fuel pulse.  AEFUEL  is  added 
      into  the  FUELPW  calculation  (See  the  FU ELPW  logic  and equations).  No 
      separate AE pulses are delivered. 
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      DEFINITIONS 
 
 
 
-  CRANK = Engine startup strategy. 
 
-  RUN = Normal engine control strategy, (used once  engine 
                has maintained a certain speed and does not stall). 
 
-  UNDERSPEED = Strategy to assist the transition f rom CRANK 
                 to RUN; it also is called whenever  the engine stalls 
                 or stumbles. 
 
 
      INPUTS 
 
      Registers: 
 
-  AEFUEL = Rate of AE fuel delivery in LB/MIN. 
-  AELOAD = Filtered LOAD (defined in System Equati ons). 
-  LOAD = Normalized ARCHG divided by SARCHG. 
-  N = Engine speed (revs/min). 
-  NEW_AE = Handshaking flag between background and  EOS. 
-  OLDTP = Previous TP sensor value, counts. 
-  TAR = Throttle Angle Rate of change, deg/sec. 
-  TP = Throttle position sensor. 
 
      Bit Flags: 
-  AEOFLG = Indicates whether the LOAD rate of chan ge 
                    reflects the manifold filling e ffect. After the 
                    LOAD begins to increase, the AE OFLG is set to 
                    one to signal manifold filling effect.  
-  CRKFLG = Flag indicating engine mode; 1 = Crank.  
 
      Calibration Constants: 
-  AEACLD = Change in LOAD indicating that the Inta ke 
                   Manifold is filling, "Hg. 
-  AEM = A calibratible multiplier for AE fuel. 
-  AETAR = Calibratible minimum TAR, deg/sec. 
-  FN019B = Throttle angle rate normalizing functio n; 
used to clip and scale for table look-up. 
Input = throttle angle rate and Output = 
Normalized throttle angle rate. 
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-  FN020B = Temperature normalizing function; used to clip 
and scale for table look-up. Input = ECT and 
Output = Normalized Temperature. 
 
-  FN331B = A multiplier as a function of the prese nt 
throttle angle minus the lowest measured 
throttle angle (TP - RATCH). 
 
-  FN378 = A multiplier as a function of BP. Input = BP 
and Output = Multiplier. 
 
-  FN1303 = Acceleration enrichment desired fuel fl ow table. 
Output = AE desired fuel flow. TAE is its synonom. 
X-input = Normalized throttle angle rate - FN019B 
Y-input = Normalized ECT - FN020B 
 
-  FRCTAE = TAE ACT to ECT proportioning factor. 
 
-  TAE (FN1303) = An 8x7 table of fuel flow as a fu nction  
                 of throttle angle rate of change ( TAR) and 
                 temperature. The temperature input  can be ECT or 
                 ACT as defined by the combination [FRCTAE*ACT 
                 +(1-FRCTAE)*ECT]. 
                 The normalizing function for TAR i s FN019B. The 
                 normalizing function for the ECT/A CT temperature 
                 combination is FN020B. 
 
-  TPDLTA = Minimum TP change that indicates thrott le plate 
                   travel. 
 
 
 
      OUTPUTS 
 
      Registers: 
 
-  AEFUEL = Rate of AE fuel delivery in LB/MIN. 
 
-  NEW_AE = Handshaking flag between background and  EOS. 
 
-  OLDTP = Previous TP sensor value, counts. 
 
-  TAR = Throttle Angle Rate of change, deg/sec. 
 
      Bit Flags: 
 
-  AEOFLG = Indicates whether the LOAD rate of chan ge 
                    reflects the manifold filling e ffect. After the 
                    LOAD begins to increase, the AE OFLG is set to 
                    one to signal manifold filling effect.  
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                                      AEFUEL LOGIC 
 
 
 
      CRKFLG = 1 (CRANK) -------------| 
                                      |OR ---| AEFU EL = 0 
      TAR <OR= AETAR -----------------|      | 
                                      |      | 
      LOAD - AELOAD <OR= AEACLD -|    |      | 
       (Manifold is full)        |    |      | 
                                 |AND-|      | 
      AEOFLG = 1 ----------------|           | 
       (Manifold was/is filling)             | 
                                             | --- ELSE --- 
                                             | 
               AEM*TAE*FN331B*FN378          |         AEM*TAE*FN331B*FN378 
      AEFUEL < ------------------------|OR --| AEFU EL = -------------------- 
                     60                |     |                   60 
                                       |     | 
      NEW_AE = 1 ----------------------|     | CLEA R NEW_AE = 0 
 
 
 
      TAE (8x7 table of fuel flow function) is used  in  the  above  logic  diagram. 
      The X and Y inputs to this table are TAR and Temperature.  For throttle angle 
      rates of change below  that  of  the  first  column  of  the  TAE  Table  (17 
      degrees/second),  TAE  is  set  to zero.  For  TAR values between AETAR and 17 
      deg/sec, AEFUEL should be constant (to avoid effects of TAR jitter. 
 
      NEW_AE = a handshaking flag between backgroun d and EOS.  It  is  set  in  the 
      FUEL_SERVICE  routine  (rising  or  falling  edge  of PIP) and indicates that 
      current value of AEFUEL has been used.  It is  cleared by the background  when 
      the  AEFUEL  calculation  is done.  When set,  the background allows AEFUEL to 
      decrease if needed.  This guarantees that AE will always be output for  short 
      tip-in's. 
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      The AE fuel is turned off by setting TAR equa l to zero, if  the  driver  tips 
      out  (TP  decreases).   TP  is  saved  as  OL DTP  to  permit  recognition  of 
      instantaneous accels or decels.  TPDLTA must be set  large  enough  to  avoid 
      treating A/D jitter as a decel condition. 
 
 
      OLDTP - TP > TPDLTA (DECEL) -------| Set TAR = 0 
 
 
                                      AEOFLG LOGIC 
 
      The AEOFLG indicates whether the LOAD rate of  change indicates the occurrence 
      of  the  manifold  filling effect.  The rate of change of LOAD represents the 
      engine response to the driver demand command.   There is a short delay between 
      the  TP change and the LOAD change.  During t his delay, the AEOFLG remains at 
      zero.  After the LOAD begins to increase, the  AEOFLG is set to one to  signal 
      the occurrence of the manifold filling effect .  After the manifold has filled 
      (LOAD stops increasing), the software turns o ff the AE fuel regardless of the 
      status of the TAR circuit. 
 
 
      TAR > AETAR ---------------| 
                                 |AND --|S  Q--| SE T AEOFLG = 1 
      LOAD - AELOAD > AEACLD ----|      |      | (M anifold filling) 
                                        |      | OL DTP = TP 
                                        |      |  
      TAR = 0 --------------------------|C     | -- - ELSE --- 
                                               | 
                                               | SE T AEOFLG = 0 
                                               | (M anifold not filling) 
                                               | OL DTP = TP 
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                          TRANSIENT FUEL COMPENSATI ON STRATEGY 
 
 
 
      BACKGROUND 
 
 
      Transient Fuel is variously referred to as ma nifold wall  wetting,  puddling, 
      filling, fuel film condensation/evaporation. 
 
      A liquid fuel film resides on the walls of th e  intake  manifold.   The  film 
      mass  varies  primarily  with  manifold  abso lute  pressure and manifold wall 
      temperature.  During steady state conditions,  the film mass is constant.  The 
      rates  of  condensation  and  evaporation  on   the  manifold walls are equal. 
      During transients, the film mass changes crea ting air/fuel ratio errors. 
 
          . During accelerations, the film  mass  i ncreases.   Fuel  will  condense 
          faster  on  the  manifold  walls  until  equilibrium  is  reached.  In an 
          uncompensated  system  at  stoichiometry,   fuel  is  diverted  from   the 
          cylinders, resulting in a momentary lean condition. 
 
          . During decelerations, the film mass  de creases.   Fuel  will  evaporate 
          faster  from  the  manifold  walls  until   equilibrium is reached.  In an 
          uncompensated system at stoichiometry, fu el is added  to  the  cylinders, 
          resulting in a momentary rich condition. 
 
      The problem is magnified in closed loop fuel systems because the fuel control 
      will incorrectly chase the transient air/fuel  excursions. 
 
 
 
      INTENT 
 
      The Transient Fuel Compensation Strategy (TFC ) augments the closed/open  loop 
      fuel control to keep cylinder events at the d esired air/fuel ratio during all 
      engine transients.  The goals are: 
 
          . To eliminate lean air/fuel excursions d uring accelerations. 
 
 
          . To eliminate rich air/fuel excursions d uring decelerations. 
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      APPROACH 
 
 
      . The computer adjusts fuel flow to match the  transient fuel flow to or  from 
      the manifold fuel film. 
 
 
      COMPENSATED   CLOSED/OPEN LOOP   FILM MASS RA TE OF CHANGE 
       FUEL FLOW  =    FUEL FLOW     +   OR FUEL FL OW 
       (ACTUAL)      (BASE STRATEGY)    (TFC STRATE GY) 
 
 
      . The film mass rate of change is proportiona l to the  amount  of  fuel  that 
      must be added to or subtracted from the manif old film. 
 
 
                                          /                     \ 
        FILM MASS           1            |  STEADY       ACTUAL  | 
        RATE OF      = --------------- * |  STATE    -           | 
        CHANGE          TIME CONSTANT    | FILM MAS S   FILM MASS | 
                                          \                     / 
 
 
      . The time constant and steady state film mas s are calculated from APELOD and 
      temperature variables and must be calibrated for different applications. 
 
 
      . The actual film mass is a time integration of the film mass rate of change. 
 
 
                                 /                           \  
       ACTUAL      ACTUAL       | FILM MASS        TIME SINCE | 
       FILM     =  FILM    +    | RATE OF     *      LAST     | 
       MASS        MASS         | CHANGE            UPDATE    | 
                                 \                           /  
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                         TRANSIENT FUEL COMPENSATIO N STRATEGY 
 
 
      DEFINITIONS 
 
-  CRANK = Engine Starting Strategy. 
 
-  RUN = Normal engine control strategy. 
 
-  UNDERSPEED = Engine Strategy which makes the tra nsition 
                from CRANK to RUN mode; it also ope rates when the 
                engine stalls or stumbles. 
 
 
      INPUTS 
 
      Registers: 
 
-  AISF = Actual Intake Surface Fuel. 
 
-  ATMR1 = Time since exiting Crank Mode, secs. 
 
-  DELTIM = Time since last AISF update. 
 
-  EFTR = Equilibrium Fuel Transfer Rate during the   
                 previous program pass. 
 
-  ISCFLG = ISC Mode Flag (1 = RPM Control Mode). 
 
      Bit Flags: 
 
-  CRKFLG = Flag indicating engine mode. Set to 1, 
                   if engine Cranking. Set to 0 for  other 
                   modes. 
 
-  DFSFLG = Indicates Decel Fuel Shutoff. 
 
-  EFFLG1 = Equilibrium Fuel Flag. This flag contro ls 
                   the initialization of AISF. 
 
-  UNDSP = Flag set to 1 if engine in UNDERSPEED or  CRANK 
                mode, set to zero otherwise. 
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      Calibration Constants: 
-  AISFM = Multiplier on AISF when in DFSO. Determi nes Fuel Puddle 
                  size upon re-entering normal fuel . 
-  ALPHA = A multiplier proportioning the dependenc y  
                  of ACT TO ECT. 
-  EFTC = Equilibrium fuel time constant. 
               = TEFTC(FN1322) = An 10 X 8 table of  equilibrium 
                 fuel transfer time constants as a function of: 
                 ALPHA * ACT + (1 - ALPHA)*ECT and APELOD. 
-  EISF = TEISF(FN1321) = An 10 X 8 table of fuel m ass  
                 values as a function of: 
                 ALPHA*ACT + (1 - ALPHA)*ECT and AP ELOD. 
-  FN071 = Load Normalizing function; used for tabl e 
lookup. Input = LOAD and Output = Normalized 
load. 
-  FN374 = Open Loop Fuel multiplier, RPM. 
-  FN1321 = Equilibrium Intake Surface Fuel Table. TEISF 
is the synonym for this Table. 
X-input = Normalized ALPHA * ACT + (1-ALPHA) 
* ECT = FN022A 
Y-input = Normalized Load = FN071. 
 
-  FN1322 = Equilibrium Fuel Transfer Constant. TEF TC is 
the synonym for this Table. 
X-input = Normalized ALPHA * ACT + (1-ALPHA) 
* ECT = FN022A 
Y-input = Normalized Load = FN071. 
 
-  KFT = Multiplier (can be used to disable transie nt 
                fuel compensation by setting equal to zero). 
-  MEFTRA = Multiplier for accelerations.  
-  MEFTRD = Multiplier for decelerations.  
-  MTEFTC = Equilibrium Fuel transfer constant 
                   multiplier. 
-  MTEISF = Equilibrium intake surface fuel multipl ier. 
-  TEISF =  Load Normalizing function; used for tab le 
                  lookup. Input = LOAD and Output =  Normalized 
                  load. 
                   X-input = Normalized ALPHA * ACT  + (1-ALPHA) 
                             * ECT = FN022A 
                   Y-input = Normalized Load = FN07 1. 
-  TFCDED = Percentage deadband around Equilibrium Intake Surface 
                   Fuel to turn off transient fuel.  
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-  TFCISW = Transient fuel compensation initializat ion 
                   switch. 
 
-  TFCTM = Time delay after start before enabling 
                  Transient Fuel compensation. 
 
-  TFSMN = Maximum RPM deadband above Idle RPM to d isable 
                  Transient Fuel during Dashpot Mod e, RPM. 
 
 
 
      OUTPUTS 
 
      Registers: 
 
-  AISF = Actual Intake Surface Fuel. 
 
-  AEFTRFF = The upper word of the sum of (AEFUEL/2 ) and (EFTRFF/2). 
 
-  EFTR = Equilibrium Fuel Transfer Rate during the   
                 previous program pass. 
 
-  EFTRFF = Transient fuel flow in LB/MIN. 
 
-  EFTRFFL = The lower word of the sum of (AEFUEL/2 ) and (EFTRFF/2). 
 
      Bit Flags: 
 
-  EFFLG1 = Equilibrium Fuel Flag. This flag contro ls 
                   the initialization of AISF. 
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                   TRANSIENT FUEL COMPENSATION STRA TEGY CONTROL LOGIC 
 
      CRANK mode ---------------| 
      (CRKFLG = 1)              | 
                                | 
      UNDERSPEED mode ----------|OR -----| DO NOT R UN TRANSIENT 
      (UNDSP = 1)               |        | FUEL COM PENSATION 
                                |        | EFFLG1 =  0 (CLEAR) 
      ATMR1 < TFCTM ------------|        | EFTR = 0  
                                |        | 
                                         | --- ELSE  --- 
                                         | 
      EFFLG1 = 0 ---------------|        | 
                                |        | 
      RUN mode -----------------|AND ----| DO NOT R UN TRANSIENT 
      (CRKFLG = 0, UNDSP = 0)   |        | FUEL COM PENSATION 
                                |        | INITIALI ZE 
      TFCISW = 1 ---------------|        | AISF = M TEISF  
       (assume wet manifold              |       * FN1321(TEISF) 
        at startup)                      | EFFLG1 =  1 (SET) 
                                         | 
                                         | 
                                         | --- ELSE  --- 
                                         | 
                                         | 
      EFFLG1 = 0 ---------------|        | 
                                |        | 
      RUN mode -----------------|AND ----| DO NOT R UN TRANSIENT 
                                |        | INITIALI ZE 
      TFCISW = 0 ---------------|        | AISF = 0  
       (assume dry manifold              | EFFLG1 =  1 (SET) 
        at startup)                      | 
                                         | 
                                         | --- ELSE  --- 
      RUN Mode -----------------|        | 
                                |        | 
      DFSFLG = 1 ---------------|AND ----| DO NOT R UN TRANSIENT 
       (in DFSO)                |        | FUEL COM PENSATION 
                                |        | INITIALI ZE AISF = 
      EFFLG1 = 1 ---------------|        | MTEISF*F N1321(TEISF) * AISFM 
                                         | EFFLG1 =  1 (SET) 
                                         | EFTR = 0  
                                         | 
                                         | 
      EFFLG1 = 1 ---------------|        | 
                                |AND ----| RUN TRAN SIENT 
      RUN mode -----------------|        | FUEL COM PENSATION 
      (CRKFLG = 0, UNDSP = 0)            | DO ACTUA L INTAKE SURFACE 
                                         | FUEL CAL CULATIONS 
                                         | DO EQUIL IBRIUM FUEL 
                                         | TRANSFER  CALCULATIONS 
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                         EQUILIBRIUM FUEL TRANSFER CALCULATIONS 
 
      These calculations are performed during each program pass  (background  loop) 
      while  transient  fuel compensation is enable d.  The general form of the rate 
      calculation is: 
 
                  EFTR = KFT * [(EISF * MTEISF - AI SF)/(EFTC * MTEFTC)] 
 
      EISF and EFTC are defined as follows:  (NOTE:   EISF and EFTC may not be saved 
      as  dedicated  registers.   They  appear  her e  as  an  aid  in  showing  the 
      calculations.) 
 
      AISF -- Actual Intake Surface Fuel Calculatio n. 
 
      This calculation is performed during  each  p rogram  pass  (background  loop) 
      while  TFC  is  enabled.   AISF is a time int egration of the fuel flow to and 
      from the manifold puddle. 
 
                              AISF = AISF + (EFTR *  DELTIM) 
 
      EFTR - TRANSIENT FUEL FLOW CALCULATION/MULTIP LIER 
 
 
      REFFLG = 1 ------------------------| 
       (in FAM region)                   | 
                                         | 
      ISCFLG > 0 ------------------------| 
       (RPM control or lockout)          | 
                                         | 
 
      ISCFLG = -1 -----------|           | 
                             |AND -------| 
      N - DSDRPM < TFSMN ----|           | 
       (low RPM decel)                   | 
                                         | 
      MTEISF * FN1321 = AISF ------------|OR ----| EFTRFF = 0 
       (values are equal or 0)           |       | (stop adding transient 
                                         |       |  fuel to pulsewidth,     
      |(MTEISF * FN1321 - AISF)/         |       |  continue AISF update) 
       (MTEISF * FN1321)| <OR= TFCDED ---|       | 
       (percentage difference is small)          | --- ELSE --- 
                                                 | 
      MTEISF * FN1321 < AISF --------------------| EFTRFF=EFTR*60*MEFTRD 
       (decrease puddle)                         | (use decel multiplier) 
                                                 | 
                                                 | --- ELSE --- 
                                                 | 
                                                 | EFTRFF=EFTR*60*MEFTRA 
                                                 | (use accel multiplier) 
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      Determine total fuel requirements due to mani fold filling (AEFUEL) and 
      wall wetting (EFTRFF) and provide that value to the fuel pulsewidth 
      equation. The value is divided by two assumin g equal distribution between 
      banks. 
 
 
                        AEFTRFF,EFTRFFL = (AEFUEL/2 ) + (EFTRFF/2) 
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                              DECEL FUEL SHUT OFF S TRATEGY 
 
 
      The Fuel Shutoff strategy is divided into two  sub-strategies: 
 
          1) Decel Fuel Lean Out. 
 
          2) Manual Transmission Shift Fuel Lean Ou t. 
 
 
      The Decel Fuel Lean Out strategy reduces the fuel flow during  specific  load 
      and  RPM  condition  only  during  Closed  Th rottle  Mode.   The  FUELPWs are 
      multiplied by FN374 during a decel until the RPM is within the  band  created 
      by  [DSFRPM  - DSFRPH] of the idle RPM range.   Typically, FN374 is calibrated 
      to provide a lean limit air/fuel ratio during  the decel RPM range. 
 
      The Manual Transmission Shift Fuel Lean out s trategy reduces (or  eliminates) 
      fuel  flow  at  the  beginning of the shift, until the RPM is within the band 
      created by [SHFRPM - SHFHYS] of the idle spee d (or until the transmission has 
      been  in  Neutral  for  DSTM2 seconds.  Typic ally, FN374 can be calibrated to 
      zero during the range of shift RPMs. 
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      DEFINITIONS 
 
 
      INPUTS 
 
      Registers: 
 
-  APT = If = -1, Closed Throttle. 
-  ATMR1 = Time since start, sec. 
-  CTTMR = Time since entering Closed throttle mode , secs.  CTTMR is used to 
          delay Decel Fuel Shutoff (DFSO). 
-  DLTMR = Decel fuel low load timer, sec. 
-  DSDRPM = Desired engine speed. 
-  ECT = Engine Coolant Temperature, deg F. 
-  LOAD = Normalized ARCHG divided by SARCHG. 
-  N = Engine speed, RPM. 
-  NACTMR = Not at Closed Throttle timer, sec. 
-  NDDTIM = Time since Transmission shift, sec.  In  the DFSO Strategy,  this 
          timer  is  used  to  delay  Decel Fuel Sh utoff if a vehicle with a manual 
          transmission shifts into Neutral during t he decel. 
-  PPCTR = PIP counter for Fuel Ramp, unitless. 
-  RATCH = Warm curb Idle Throttle Position, counts . 
-  TP = Throttle position, counts. 
-  VSBAR = Vehicle speed, MPH. 
 
      Bit Flags: 
-  AFMFLG = Flag indicating that ACT sensor is in/o ut of range. 
-  CFMFLG = Flag indicating that ECT sensor is in/o ut of range. 
-  DMFLG = Decel fuel low load timer enabled flag, 1 = Count up timer. 
-  EFMFLG = Flag indicating that EVP EGR sensor has  failed. 
-  MFAFLG = Managed Fuel/Air state flag. 
-  MFMFLG = Flag indicating that MAF sensor has fai led. 
-  NDSFLG = Neutral/Drive Flag, 1 = Drive. 
-  TFMFLG = Flag indicating that TP sensor has fail ed. 
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      Calibration Constants: 
 
-  AGB = Decel fuel shutoff time delay, sec. 
-  CTDFSO = Minimum time delay after  entering  Clo sed  Throttle  to  enable 
          DFSO, sec. 
-  CTEDSO = Decel Fuel Shutoff time delay during ex tended decels.  This time 
          delay  allows  DFSO during extended decel s (ie., down mountains), even if 
          times at Part Throttle are very short (li ght Tip-ins), sec. 
-  DFLDH = Decel Fuel low load hysteresis. 
-  DFLDL = Decel Fuel low load shut off. 
-  DFLOD = Maximum load to enable decel Fuel Shut-o ff. 
-  DFLODH = Hysteresis for DFLOD. 
-  DFSECT = Minimum ECT to allow Decel Fuel Shutoff . 
-  DFSVS = Minimum VSBAR for Decel fuel shut off, m ph. 
-  DFSVSH = Hysteresis for DFSVS. 
-  DLDFSO = Decel Fuel low load shut off time, sec.  
-  DMIN = Minimum FN379 clip during Fuel Ramp Back,  unitless. 
-  DSFRPH = Hysteresis for DSFRPM, unitless. 
-  DSFRPM = Minimum RPM for Decel fuel shutoff, RPM . 
-  DSFTM = Minimum Time at Part Throttle  (or  WOT)   to  permit  Decel  Fuel 
          Shutoff  AFTER CTDFSO seconds, sec.  This  time requirement prevents decel 
          fuel shutoff when parking the vehicle. 
-  DSTM1 = Maximum time that Decel Fuel Shutoff is enabled  if  decelerating 
          in Neutral, sec. 
-  DSTM2  =  Maximum  time  that  DFSO  logic  is  enabled   during   manual 
          transmission shifts, secs. 
-  FN374 = Open Loop Fuel multiplier, RPM. 
-  PIPNUM = Number of PIPS to remain in Open Loop F uel after DFSO.  Prevents 
          LAMBSE from ramping rich due to normal tr ansport delay time.  Set to 1 to 
          calibrate out. 
-  PTDFSW = Part Throttle Decel Fuel shut off switc h; 1 = Do  Part  Throttle 
          DFSO, 0 = Do Closed Throttle DFSO. 
-  SHFHYS = Hysteresis term, rev/min.  If the RPM  drops  this  amount,  the 
          normal Fuel Strategy operates. 
-  SHFRPM = Minimum RPM at which DFSO  logic  is  e nabled,  Rev/min.   (This 
          corresponds to the RPMs during the shift. ) 
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          TRLOAD = Transmission Load switch. 
                   0 = Manual Transmission, no clut ch or gerar switches, 
                       forced neutral state (NDSFLG  = 0). 
                   1 = Manual Transmission, no clut ch or gear switch. 
                   2 = Manual Transmission, one clu tch or gear switch. 
                   3 = Manual Transmission, both cl utch and gear switches. 
                   4 = Auto Transmission, non-elect ronic, neutral drive switch. 
                   5 = Auto Transmission, non-elect ronic, neutral pressure switch, 
                       (AXOD). 
                   6 = Auto Transmission, electroni c, PRNDL sensor - park, reverse, 
                       neutral, overdrive, manual 1 , manual 2. 
 
 
 
      OUTPUTS 
 
      Registers: 
 
-  DLTMR = Decel fuel low load timer, sec. 
 
-  PPCTR = PIP counter for Fuel Ramp, unitless. 
 
      Bit Flags: 
 
-  DFSFLG = Indicates DECEL Fuel shutoff. 
 
-  DMFLG = Decel fuel low load timer enabled flag, 1 = Count up timer. 
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                                DECEL FUEL SHUT OFF  LOGIC 
 
 
      "A" ---------| 
                   |OR ---------------------------- --| 
      "B" ---------|                                 | 
                   |                                 |AND -| 'D'=FN374 
      "C" ---------|                                 |     | PPCTR = 1 
                                                     |     | 
                                                     |     | 
      N - DSDRPM > DSFRPM -------------|S Q-------- --|     | 
                                       |             |     | 
      N - DSDRPM < DSFRPM - DSFRPH ----|C            |     | 
       (DECEL RPM)                                   |     | --- ELSE --- 
                                                     |     | 
                                                     |     | 
      ATMR1 > AGB --------------------|              |     | 
       (START UP DELAYS)              |OR --------- --|     | 
                                      |              |     | 
      ECT >OR= DFSECT ----------------|              |     | 
                                                     |     | 
      MFAFLG = 0 ---------------------------------- --|     | 
       (NOT MANAGED FUEL AIR)                        |     | 
                                                     |     | Driver wants 
      RUNNING = 0 --------------------------------- --|     | to accelerate 
       (NOT IN VIP)                                  |     | 'D' = 1.0 
                                                     |     | Increment PPCTR 
      AFMFLG = 0 ---------------------------------- --|     | once per PIP 
                                                     |     | period 
      CFMFLG = 0 ---------------------------------- --|     | Clip  PIPNUM 
                                                     |      
      TFMFLG = 0 ---------------------------------- --| 
                                                     | 
      EFMFLG = 0 ---------------------------------- --| 
                                                     | 
      MFMFLG = 0 ---------------------------------- --| 
 
 
 
           When fuel is shut off  (FN374)  a  flag  is  set  -  DFSFLG  to  disable 
      Transient fuel.  See Transient Fuel Compensat ion Logic for details. 
 
      FN374 = 0 -----------------| DFSFLG = 1 
                                 | 
                                 | --- ELSE --- 
                                 | 
                                 | DFSFLG = 0 
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                                        "A" LOGIC 
 
 
       (Normal Decel) 
      LOAD < DFLOD ----------------------|S Q ----- --| 
                                         |           | 
      LOAD > DFLOD + DFLODH -------------|C          | 
                                                     | 
      NDSFLG = 1 ---------|                          | 
       (Trans. in gear)   |OR -----------|S Q ----- --| 
                          |              |           | 
      TRLOAD < 2 ---------|              |           | 
       (ignore N/D input)                |           | 
                                         |           | 
      TRLOAD >OR= 4 ------|              |           | 
                          |OR -|         |           | 
      NDDTIM >OR= DSTM1 --|    |         |           | 
                               |AND------|C          |AND ----| "A" 
      NDSFLG = 0 --------------|                     | 
                                                     | 
      CTTMR > CTDFSO --------------------|           | 
                                         |AND --|    | 
      APT = -1 --------------------------|      |    | 
                                         |      |    | 
      CTTMR > CTEDSO ---------------|    |      |    | 
       (LONG DECEL)                 |OR -|      |    | 
                                    |           |    | 
      NACTMR > DSFTM ----------|S Q-|           |    | 
       (CRUISE)                |                |OR  -| 
                               |                |    | 
      0 < NACTMR <OR= DSFTM ---|C               |    | 
       (SHORT TIP IN)                           |    | 
                                                |    | 
      PTDFSW = 1 -------------------------------|    | 
                                                     | 
      VSBAR >OR= DFSVS --------|S Q --------------- --| 
                               | 
      VSBAR < DFSVS - DFSVSH --|C 
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                                        "B" LOGIC 
 
         (MANUAL TRANSMISSION SHIFT) 
 
      APT = -1 -------------------------------| 
       (Closed Throttle)                      | 
                                              | 
 
      TRLOAD <OR= 3 --------------------------| 
       (Manual trans.)                        | 
                                              | 
      NDSFLG = 0 -----------------------------| 
                                              | 
      NDDTIM < DSTM2 -------------------------|AND -| "B" 
                                              | 
      N - DSDRPM > SHFRPM ---------------|S Q-| 
                                         | 
      N - DSDRPM <OR= SHFRPM-SHFHYS -----|C 
       (Short RPM) 
 
                                        "C" LOGIC 
 
      DMFLG = 1 --------------------| 
       (Decel and Closed Throttle)  |AND ----| "C" 
                                    | 
      DLTMR < DLDFSO ---------------| 
       (Start of Decel) 
 
 
 
      CALIBRATION HINTS: 
 
The use of Decel Fuel Shutoff can aggravate Clunk.   Therefore,  DFSO  should occur  only  
at low airflow (low MAP) in order to minimize the r ate of change of Torque.  CTDFSO can 
be used to delay DFSO. 
 
FN374 should be calibrated to avoid lean misfires.  Therefore, it  should  be 
either  zero  (Decel Fuel Shutoff) or greater than the lean limit (Decel Fuel 
Lean Out). 
 
CTEDSO should be greater than CTDFSO to prevent DFS O after Tip-in, Tip-out. 
 
For MANUAL TRANSMISSIONS:  SHFRPM should be greater  than DSFRPM. 
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                               BASE FUEL FLOW CALCU LATIONS 
 
 
      OVERVIEW 
 
 
           Using the assumption of equal air flow ( AM) between bank 1 and bank 2, a 
      calculation  can  be  made  of  the  amount o f fuel required by the engine to 
      operate at stoichiometry. 
 
 
      DEFINITIONS 
 
      INPUTS 
 
      Registers: 
 
-  AM = Air mass flow for the engine (lb/min). 
 
-  ARCHG = Air charge inducted per intake stroke.  Value is updated once per 
          background loop at the time that AM is co mputed, (lb). 
 
-  KAMRFn = Fuel correction factor obtained from th e  adaptive  fuel  tables 
          that use the EGO sensor(s) for input.  KA MRFn = [0.5 + LTMTBn (r,c)] 
          where: 
                  c = column 
                  n = bank number 
                  r = row 
 
-  LAMBSEn = The stoichiometric equivalence value.  (n=bank number). 
 
-  N = Engine speed in revolutions per minute. 
 
      Calibration Constants: 
 
-  ENGCYL = The number of cylinders in an engine re volution. 
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      OUTPUTS 
 
      Registers: 
 
-  ARCHG_BG = Air charge inducted per intake stroke .  Value is updated  once 
          per background loop at the time that base  fuel flow is computed. 
 
-  BASEFFn = The fuel flow for bank (n).  (lb/min).  
 
 
 
      The base fuel flow for each bank is: 
 
                 0.5 * AM * KAMRF1 
      BASEFF1 =  ----------------- 
                 14.64 * LAMBSE1 
 
                 0.5 * AM * KAMRF2 
      BASEFF2 =  ----------------- 
                 14.64 * LAMBSE2 
 
 
      where: 
 
      AM = ARCHG * N * ENGCYL 
 
      and: 
 
      ARCHG_BG = ARCHG after the calculation of BAS EFF1 and BASEFF2. 
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                                     BACKGROUND FUE L 
 
      OVERVIEW 
 
           The fuel pulsewidth for each bank of the   engine  is  calculated  during 
      each  pass  through the background loop.  Thi s calculation consists of a base 
      fuel calculation, BASEFFn, that is a determin ation of the amount of fuel  the 
      bank would need to remain at or near stoichio metry during steady state engine 
      operation.  Additionally, there is a need to modify  this  value  with  other 
      values that reflect the fuel needs of the eng ine under non-steady conditions. 
      Under all operating conditions except CRANK m ode the fuel equation is: 
 
                    FUELPWn = D * (BASEFFn + AEFTRF F) * PWCF + FN367 
 
      As one of the controlling elements, the speed  limiter  logic  turns  off  the 
      fuel  when the engine speed becomes excessive ly high.  This logic operates as 
      an overspeed protection, like a software gove rnor.  This action  reduces  the 
      power  output of the engine and causes the sp eed to drop to a more reasonable 
      level. 
 
 
      DEFINITIONS 
      INPUTS 
      Registers: 
-  AEFTRFF = The upper word of the sum of (AEFUEL/2 ) and (EFTRFF/2). 
-  AEFUEL = Rate of acceleration enrichment fuel de livery (lb/min). 
-  APT = At Part Throttle - indicates throttle mode ; -1 = closed throttle, 
           0 = part throttle, and 1 = wide open thr ottle. 
-  BASEFFn = Base Fuel Flow associated with "n" EGO .  (n = 1,2) (lb/min). 
-  BP = Barometric Pressure (inches of Mercury). 
-  CRKTMR = Timer indicating time in Crank mode. 
-  D = Deceleration Fuel Shutoff multiplier. 
-  ECT = Engine Coolant Temperature. 
-  EFTRFF = Equilibrium fuel transfer rate for tran sient  fuel  compensation 
          (lb/min). 
-  EFTRFFL = The lower word of the sum of (AEFUEL/2 ) and (EFTRFF/2). 
-  N = Engine speed in revolution per minute. 
-  VBAT = Battery voltage inferred from IIVPWR, vol ts. 
 
 

6-76 



FUEL CONTROL STRATEGY - FUEL PULSEWIDTH, BACKGROUND FUEL - GUF1 
PEDD-PTOPE, FoMoCo, PROPRIETARY & CONFIDENTIAL 

      Bit Flags: 
-  BFULSW = Force  Background  Fuel  Switch  (1  =  Do  not  calculate  fuel 
pulseswidth in foreground at any time). 
-  CRKFLG = Engine mode flag.  (1 = Crank Mode, 0 =  Not in Crank Mode). 
-  FAM_FLG = Indicates that the engine is in the op erating  region  where  a filter  is 
being applied to the air mass value to reduce fluct uations and that filtered value is to 
be used in the fuel pulsewidth as a replacement for  AM. 
-  FOFFLG =  Alternate  injector  fire  enable  fla g;  1  =  fire  alternate 
          injectors. 
-  HSPFLG = High speed mode flag; 1 = High speed al ternate fuel/spark. 
-  IMFMFLG = Instantaneous mass air flow sensor FME M flag. 
-  MFMFLG = Air Meter failure flag. 
-  NLMT_FLG = Engine Speed Limiter Flag - (1 = limi t engine speed by turning 
off the fuel; 0 = normal engine speed). 
-  UNDSP = Run/Underspeed Engine Mode Flag.  (1 = U nderspeed/Crank, 0 =  Run Mode). 
 
      Calibration Constants: 
-  AHISL = High fuel flow injector slope (lb/sec). 
-  ALOSL = Low fuel flow injector slope (lb/sec). 
-  ENGCYL = Number of cylinders per engine revoluti on. 
-  FN306(CRKTMR) = Cranking fuel pulsewidth as a fu nction of time in crank. 
-  FN348(ECT) = Crank fuel pulsewidth as a function  of ECT. 
-  FN367(VBAT) = Injector offset as a function of V BAT. 
-  FN387(ECT) = Fuel pulsewidth muliplier as a func tion of ECT. 
-  FN389(VBAT) = Dual slope injector breakpoint.  I nput =  VBAT,  volts  and Output = 
lb/rev. 
-  INJOUT = Number of injectors fired by each outpu t port. 
-  MTCF = Milliseconds to clock ticks conversion fa ctor. 
-  NLMT = Overspeed RPM. 
-  NLMTH = Hysteresis for overspeed RPM. 
-  NUMOUT = Number of injector output ports. 
-  PIPOUT = Number of PIP's between injector output s on each injector port. 
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      OUTPUTS 
 
      Registers: 
 
-  BGFULn = Background Fuel Pulsewidth for bank "n"  (n = 1,2). 
 
-  FFULCn = The value that is added in the foregrou nd fuel pulsewidth. 
 
-  FFULMn = The value that is multiplied by the rat io of air charges in  the 
          foreground fuel pulsewidth equation for b ank "n". 
 
-  FUELFLOWn = Desired fuel flow for the "n" bank ( n = 1,2). 
 
-  LBMF_INJn = The pounds mass of fuel per injectio n that is calculated  for 
          summing to be sent out on the Data Output  Link (DOL). 
 
-  PWCF = Computed value to convert amount of fuel for the engine to  amount 
          of fuel to be delivered by each injector.  
 
-  PWOFF = Injector pulsewidth offset (clock ticks) . 
 
-  PWOFS = Injector pulsewidth offset (milliseconds ). 
 
      Bit Flag: 
 
-  FFULFLG = Foreground  Fuel  Flag  -  (1  =  comp ute  fuel  pulsewidth  in 
          foreground  using  latest  integrated  ai r  charge,  0  =  use background 
          calculated fuel pulsewidth. 
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   Calculate the value of the pulsewidth conversion  factor (PWCF): 
 
 
                  1         2 * PIPOUT 
      PWCF =  ---------- * --------------- 
              N * ENGCYL   NUMOUT * INJOUT 
 
 
 
   Determine the value of the underspeed and decele ration fuel multipliers: 
 
 
      UNSPD = 1 -----| fuel_a = FN387(ECT) * D 
                     | 
                     | --- ELSE --- 
                     | 
                     | fuel_a = D 
 
 
 
   Determine the intersection point, in fuelflow, o f the two slopes of the injector 
      flow vs time transfer functions. 
 
 
                              fuel_f = FN389(VBAT) * N / 2 
 
 
 
 
 
      NOTE: Lower case designators indicate tempora ry registers that are 
            not accessible. (i.e. fuel_a) 
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   Calculate the crank fuel and dechoke pulsewidth,   and  the  underspeed/run  fuel 
      flow amounts: 
 
 
      CRKFLG = 1 ----| 
                     |AND ------------| BGFUL1 = BG FUL2 = 0 
      APT = 1 -------|                | 
      (Wide Open                      | 
       Throttle)                      | 
                                      | 
                                      | --- ELSE -- - 
                                      | 
      CRKFLG = 1 ---------------------| BGFUL1 = FN 348 * (BP/29.875) *  
                                      |                   FN306(CRKTMR) 
                                      | 
                                      | BGFUL2 = BG FUL1 
                                      | 
                                      | --- ELSE -- - 
                                      | 
      NLMT_FLG = 1 -------------------| BGFUL1 = 0 
                                      | BGFUL2 = 0  
                                      | 
                                      | --- ELSE -- - 
                                      | 
                                      | FUELFLOW1 =  fuel_a * (BASEFF1 + AEFTRFF) 
                                      | 
                                      | FUELFLOW2 =  fuel_a * (BASEFF2 + AEFTRFF) 
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   Determine on which slope the  injector  is  oper ating  and  calculate  the  fuel 
      pulsewidth  (BGFULn)  and  foreground  fuel  intermediate  values (FFULMn and 
      FFULCn). 
 
 
      FUELFLOW1 <OR=  
                fuel_f -| BGFUL1 = FUELFLOW1 / ALOS L * PWCF 
                        | 
                        | FFULM1 = fuel_a * BASEFF1  / ALOSL * PWCF 
                        | 
                        | FFULC1 = fuel_a * AEFTRFF  / ALOSL * PWCF 
                        | 
                        | --- ELSE --- 
                        | 
                        |          { fuel_f   FUELF LOW1   fuel_f } 
                        | BGFUL1 = { ------ + ----- ---- - ------ } * PWCF 
                        |          { ALOSL     AHIS L      AHISL  } 
                        | 
                        | FFULM1 = (fuel_a * BASEFF 1 / AHISL) * PWCF 
                        | 
                        |          {fuel_f   fuel_f   (fuel_a * AEFTRFF)} 
                        | FFULC1 = {------ - ------  + ---------------- } * PWCF 
                        |          {ALOSL    AHISL         AHISL       } 
 
 
      FUELFLOW2 <OR=  
                fuel_f -| BGFUL2 = FUELFLOW2 / ALOS L * PWCF 
                        | 
                        | FFULM2 = fuel_a * BASEFF2  / ALOSL * PWCF 
                        | 
                        | FFULC2 = fuel_a * AEFTRFF  / ALOSL * PWCF 
                        | 
                        | --- ELSE --- 
                        | 
                        |          { fuel_f   FUELF LOW2   fuel_f } 
                        | BGFUL2 = { ------ + ----- ---- - ------ } * PWCF 
                        |          { ALOSL     AHIS L       AHISL } 
                        | 
 
                        | FFULM2 = (fuel_a * BASEFF 2 / AHISL) * PWCF 
                        | 
                        |          {fuel_f   fuel_f   (fuel_a * AEFTRFF)} 
                        | FFULC2 = {------ - ------  + ---------------- } * PWCF 
                        |          {ALOSL    AHISL         AHISL       } 
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   Compute the pounds mass per injector for use by the Data Output Link (DOL): 
 
 
      CRKFLG = 1 ---------| LBMF_INJ1 = ALOSL * BGF UL1 
                          | LBMF_INJ2 = ALOSL * BGF UL2 
                          | 
                          | --- ELSE --- 
                          | 
                          | LBMF_INJ1 = FUELFLOW1 *  2 / (ENGCYL * N) 
                          | LBMF_INJ2 = FUELFLOW2 *  2 / (ENGCYL * N) 
 
 
   Determine the state of the flag which allows upd ates to  fuel  pulsewidth  using 
      the latest computed air charge in foreground:  
 
 
      BFULSW = 1 ------------------------| 
                                         | 
      IMFMFLG = 1 -----------------------| 
                                         | 
      MFMFLG = 1 ------------------------| 
                                         | 
      CRKFLG = 1 ------------------------| 
                                         | 
      FAM_FLG = 1 -----------------------| 
                                         |OR ------ | FFULFLG = 0 
      NLMT_FLG --------------------------|         | 
                                         |         | --- ELSE --- 
      FOFFLG = 1 ------------------------|         | 
                                         |         | FFULFLG = 1 
      HSPFLG = 1 ------------------------| 
 
 
      Calculate the injector pulsewidth offset: 
 
                       PWOFF = PWOFS * MTCF = [FN36 7(VBAT)] * MTCF 
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                                     FOREGROUND FUE L 
 
      OVERVIEW 
 
           This module is designed to calculate an updated  fuel  pulsewidth  using 
      the latest air charge value upon the completi on of the air charge computation 
      during the PIP interrupt.  Included within th is module is a a check for a 10% 
      change  in computed pulsewidth, a determinati on of whether to update the fuel 
      pulsewidth, and a new request for a new compu tation of the injector timing. 
 
      DEFINITIONS 
      INPUTS 
      Registers: 
 
-  ARCHFG = The integrated value of air  charge  as   computed  at  each  PIP 
          interrupt (lb). 
-  ARCHG_BG = The  value  of  air  charge  that  wa s  used  to  compute  the 
          intermediate values for the foreground fu el calculation and additionally, 
          the air charge value that is divided into  the latest air charge to  scale 
          the new fuel pulsewidth (lb). 
-  BGFULn = The fuel pulsewidth that is calculated in  background  for  each 
          bank.  (n = 1,2). 
-  DT12S = The period of time between two adjacent rising edges of PIP. 
-  FFULCn = The  computed  value  that  is  added  in  the  foreground  fuel 
          pulsewidth calculation. 
-  FFULMn = The computed value that is multiplied b y  the  scaled  value  of 
          ARCHI  divided  by ARCHG_BG in the foregr ound fuel pulsewidth calculation 
          for each bank. 
-  PWOFF = The offset in the transfer function for injector  fuel  delivered 
          versus time in clockticks. 
 
      Bit Flag: 
-  FFULFLG = Foreground Fuel Flag (1 = compute fuel  pulsewidth in foreground 
          using  the latest integrated air charge, 0 = use background computed fuel 
          pulsewidth). 
 
      Calibration Constants: 
-  PIPOUT = The number of PIP  periods  between  th e  start  of  consecutive 
          injections. 
      Constant: 
-  STCF = Seconds to clock ticks conversion factor.  
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      OUTPUTS 
 
      Register: 
 
-  FUELPWn = The injector pulsewidth in clock ticks  (n = 1,2). 
 
      Bit Flag: 
 
-  CHANGE_FUELPW = A flag that indicates that  the  desired  pulsewidth  for 
          in-progress  fuel  injections  needs  to  be  modified because the latest 
          calculated value for that injection has c hanged by more than 10 percent. 
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   Following the completion of the ARCHFG calculati on in foreground,  determine  if 
      the  foreground  fuel  flag  (FFULFLG)  is se t, and if so, calculate the fuel 
      pulsewidth at that time, otherwise use the ba ckground computed pulsewidth. 
 
 
      PROCESS 
 
 
      FFULFLG = 1 --------| fuelpw1 = [(FFULM1 * AR CHFG) / ARCHG_BG] + FFULC1 
                          | fuelpw2 = [(FFULM2 * AR CHFG) / ARCHG_BG] + FFULC2 
                          | 
                          | --- ELSE --- 
                          | 
                          | fuelpw1 = BGFUL1 
                          | fuelpw2 = BGFUL2 
 
      then convert into clockticks: 
 
      FUELPW1 (ticks) = fuelpw1 * STCF 
      FUELPW2 (ticks) = fuelpw2 * STCF 
 
 
      Determine if the fuel requested is  greater  than  the  amount  that  can  be 
      delivered  when  the  injectors  are  on  ful l time, and if so, clip the fuel 
      pulsewidth to a full-on pulsewidth. 
 
 
      DT12S < 65536 ticks ------| 
                                |AND ---| fgbeta = PIPOUT - 0.03125 
      (FUELPWn / DT12S)         |       | FUELPWn =  fgbeta * DT12S 
       >OR= PIPOUT -------------|       |  
 
 
      Determine if the latest pulsewidth calculated  for each bank is  a  change  of 
      more  than  10%  from  the previous pulsewidt h for that bank.  If so, set the 
      flag CHANGE_FUELPW, which will cause any inje ction in progress for that  bank 
      to be altered to reflect the latest calculate d pulsewidth. 
 
        /                             \ 
       | |(new FUELPWn - old FUELPWn)| | 
       | ----------------------------- | > 0.010 -- --| CHANGE_FUELPW = 1 
       |         old FUELPWn           | 
        \                             / 
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                           DUAL SLOPE BREAKPOINT DE TERMINATION 
 
 
                                  FN389 CALIBRATION  
 
 
      1.  Plot fuel flow per pulsewidth as a functi on of 
          Pulsewidth at various battery voltage. 
          (see Fuel Mass versus Fuel Pulsewidth fig ure on 
           next page) 
 
      2.  Make a table of fuel flow breakpoints, at  which 
          the injector slope changes. 
 
          NOTE:  The breakpoint is the FUELFLOW -- not 
                 the pulsewidth. 
 
      3.  Convert the breakpoints into FN389-y para meters. 
 
 
      FN389 y-value = BREAKPOINT * NUMOUT*INJOUT * ENGCYL 
                                   ------------- 
                                     PIPOUT 
 
 
      The BREAKPOINT is equal to the fuel flow at w hich the injector slope  changes 
      for the corresponding battery voltage, lb/pul sewidth. 
 
 
      For example, the injectors used on a 5.0L  en gine  have  two  slopes.   These 
      slopes intercept at 3.0 mg/pw at VBAT = 13.5V .  Thus, 
 
      FN389 = 3.0     lb      8*1 
              ----- * ----- * ------ * 4 = 2.64*10E -5 lb/rev. 
              1000    454g      8 
 
 
      NOTE: FN367 breakpoints may require recalibra tion. 
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                       FUEL MASS VERSUS FUEL PULSEW IDTH DIAGRAM 
 
 
                | 
                | 
               6| 
                |                                 A HISL-->  * 
                |                                        .         . 
                |                                     .          . 
                |                                  .           . 
             4.5|                               .             . 
      Fuel      |                              .            . 
      Mass      |                            .            . 
                |                           .           . 
      Mg/Pulse  |                         .           . 
               3|          FN389(VBAT1) .          . 
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                |              .          * <--FN38 9(VBAT2) 
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                                      SPEED LIMITER  
 
 
      The speed limiter logic protects vehicle func tion in three stages,  depending 
      upon the engine speed and vehicle speed (infe rred from AM).  These stages are 
      shown below. 
 
          1) Stage One:  Reduces the engine's power  output in a gradual  manner  by 
          enriching  the fuel and retarding the spa rk (See Open Loop Fuel and Spark 
          Strategies). 
 
          2) Stage Two:  Further reduces the engine  output by disabling the outputs 
          to  one-half  of  the injector ports.  Th is action will occur only if the 
          fuel and spark strategy in Stage One is i neffective. 
 
          3) Stage Three:  Turns off  the  fuel  if   the  engine  RPM  exceeds  its 
          "red-line" limit. 
 
 
      NOTE:  NLM_SH should approximate the engine's  "red line" limit. 
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      DEFINITIONS 
 
      INPUTS 
 
      Registers: 
 
-  N = Engine RPM 
 
-  VSBAR = Filtered Vehicle Speed. 
 
      Bit Flag: 
 
-  FOFFLG = Alternate INJ fire enable flag. 
 
      Calibration Constants: 
 
-  HVS_CL = Disable Stage 1 Speed Limiter. 
 
-  HVS_SH = Enable Stage 1 Speed Limiter. 
 
-  VVS_CL = Disable Stage 2 Speed Limiter. 
 
-  VVS_SH = Enable Stage 2 Speed Limiter. 
 
-  NLM_SH = Overspeed RPM, sets stage 3 fuel limite r. 
 
-  NLM_CL = RPM to clear Stage 3 Fuel Limiter, RPM.  
 
-  VSTYPE = Vehicle speed sensor/Cruise control H/W  present switch  0  =  No 
          integrated cruise control and no Vehicle Speed Sensor.  1 = Vehicle speed 
          sensor present (VSS) 2 = Integrated  crui se  control  and  Vehicle  Speed 
          Sensor (VSS+VSC) 
 
 
 
      OUTPUTS 
 
      Bit Flags: 
 
-  FOFFLG = Alternate INJ fire enable flag. 
 
-  HSPFLG = High Speed Mode Flag, = 1  means  High  Speed  Alt.   Fuel/Spark 
          Speed Limit. 
 
-  NLMT_FLG = Overspeed limiter flag, stage 3. 
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                                EXAMPLE OF SPEED LI MITER 
 
                                       NORMAL FUEL 
 
 
 
             ----                                 - --- 
            |    |                               |    | 
      INJ-1 |    |                               |    | 
                  -------------------------------      --------------- 
 
                  ----                                  ---- 
                 |    |                                |    | 
                 |    |                                |    | 
      INJ-5 -----      ---------------------------- ----      --------- 
 
                       ----                                   ---- 
                      |    |                                 |    | 
                      |    |                                 |    | 
      INJ-4 ----------      ----------------------- ----------      ---- 
 
                            ---- 
                           |    | 
                           |    | 
      INJ-2 ---------------      ------------------ -------------------- 
 
       .                       . 
       .                       . 
       .                       . 
 
                                             ----      
                                            |    |     
                                            |    |     
      INJ-8 --------------------------------      - --------------------- 
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                                   SPEED LIMITED FU EL 
 
 
 
             ----                                 - --- 
            |    |                               |    | 
      INJ-1 |    |                               |    | 
                  -------------------------------      --------------- 
 
      INJ-5 --------------------------------------- ------------------- 
 
                       ----                                   ---- 
                      |    |                                 |    | 
                      |    |                                 |    | 
      INJ-4 ----------      ----------------------- ----------      ---- 
 
      INJ-2 --------------------------------------- -------------------- 
 
       .                       . 
       .                       . 
       .                       . 
 
                                        ----  
                                       |    | 
                                       |    | 
      INJ-7 ---------------------------      ------ -------------------- 
 
      INJ-8 --------------------------------------- -------------------- 
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                             ALTERNATE FUEL/SPARK L OGIC AND 
                             ALTERNATE INJECTOR FIR ING LOGIC 
                             (Vehicle Overspeed Pro tection) 
 
 
      N > NLM_SH --------------------|S   Q ------- --| STAGE 3 
                                     |               | Set NLMT_FLG 
      N < NLM_CL --------------------|C 
 
 
      VSTYPE = 0 ---------------------------------- --| HSPFLG = 0 
       (No VSS sensor)                               | FOFFLG = 0 
                                                     | 
                                                     | --- ELSE --- 
                                                     |  
      VSBAR > VVS_SH -----------|S  Q ------------- --| STAGE 2 
       (Very High Speed)        |                    | Fire Alternate 
                                |                    | Injectors using 
      VSBAR < VVS_CL -----------|C                   | Normal Fuel strategy 
                                                     | FOFFLG = 1 
                                                     |  
                                                     | --- ELSE --- 
                                                     | 
      VSBAR > HVS_SH -----|                          |  
       (High Speed)       |OR --|S  Q ------------- --| STAGE 1 
                          |     |                    | Do Fuel Enrichment 
      FOFFLG = 1 ---------|     |                    | and Spark Retard 
                                |                    | HSPFLG = 1 
      VSBAR < HVS_CL -----------|C                   | FOFFLG = 0 
                                                     | 
                                                     | --- ELSE --- 
                                                     | 
                                                     | HSPFLG = 0 
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                                BACKGROUND CALCULAT ION 
                                   INJECTOR TIMING 
 
      Injector timing is the delay before each inje ctor output is fired.  The delay 
      is  taken from TDC of the reference PIP signa l for each injector output.  The 
      units for injector timing are absolute engine  crank degrees.   The  range  is 
      0 degrees TDC to 720 degrees ATDC with 4 degr ee resolution. 
 
      Either edge (on or off) of the injector pulse  can be timed.  The  calibration 
      switch INJREF defines the reference edge for injector timing. 
 
          INJREF = 0, Use start of fuel pulse. 
          INJREF = 1, Use end of fuel pulse. 
 
      Regardless of which edge is used, the injecto r delay is used only to start  a 
      fuel pulse.  Once started, pulsewidth accurac y has top priority. 
      When the system is  not  in  sync  (SYNFLG  =   0),  the  injector  timing  is 
      coincident  with  the relevant PIP signal.  T he injector outputs are fired in 
      sequence after receiving the  rising  edge  o f  the  reference  PIP  signals. 
      Actual  timing  will  be  the result of the r andom link between signature PIP 
      (cylinder #1) and #1 injector output. 
 
      When the system is in sync (SYNFLG = 1), inje ctor timing is  calculated  from 
      the following equation: 
 
      FUEL_IN_SYNC = 0 --------------| Signature PI P is recognized 
                                     |  but fuel ti ming has not 
                                     |  yet SYNC'ed . INJDLY is set 
                                     |  by the EOS 
                                     | 
      DNDSUP = 0 -----------|        | --- ELSE ---  
                            |        | 
      CINTSW = 1 -----------|AND ----| Neutral Timi ng 
                            |        | INJDLY =  
      "A" ------------------|        |  UROLAV (CIN TV,TCINJD) 
                                     | 
                                     | --- ELSE ---  
      IDLFLG = 1 -----------|        | 
                            |AND ----| Idle Timing (in drive) 
      CIDRSW = 1 -----------|        | INJDLY =  
                                     |  UROLAV (MID TV,TCINJD) 
                                     | 
                                     | --- ELSE ---  
                                     | 
      MFAFLG = 1 --------------------| MFA Mode Inj ector Timing 
                                     | INJDLY = 
                                     |  UROLAV (MIN TV,TCINJD) 
                                     | 
                                     | --- ELSE ---  
                                     | 
                                     | temp = IDKMU L * FN1315 + IDKADD 
                                     | INJDLY = URO LAV (temp,TCINJD) 
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                  STARTUP_DELAY LOGIC FOR FIXED IDL E INJECTOR TIMING 
 
 
      TCSTRT >OR= CTHIGH -------------| 
                                      |AND --| 
      ATMR1 >OR= NITMR3 --------------|      | 
                                             | 
      CTLOW < TCSTRT < CTHIGH --------|      | 
                                      |AND --|OR -- | "A" 
      ATMR1 >OR= NITMR2 ------|       |      | 
                              |AND ---|      | 
      ATMR2 >OR= NITMR5 ------|              | 
                                             | 
      TCSTRT <OR= CTLOW --------------|      | 
                                      |AND --| 
      ATMR1 >OR= NITMR1 ------|       | 
                              |AND ---| 
      ATMR2 >OR= NITMR4 ------| 
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                               FOREGROUND INJECTOR TIMING 
 
      OVERVIEW 
 
 
           Each time a new fuel pulse start time is  calculated and the  delay  from 
      the  current PIP edge is between 0.5 and 1.5 PIP periods, a request for a new 
      delay calculation is requested. 
 
      DEFINITIONS 
 
      INPUTS 
 
      Registers: 
 
-  INJDLY = Delay in degrees from the reference PIP  to the  referenced  edge 
          in the fuel pulse. 
 
-  TOTAL_DELAYn = Delay in percent of PIP period fr om the reference  PIP  to 
          the starting edge of the fuel pulse. 
 
      Calibration Constants: 
 
-  DEGPIP = Engine degrees per PIP period. 
 
-  INJREF = Indicates which edge of the fuel pulse is the reference edge for 
          fuel timing, INJDLY.  (0 = start edge). 
 
-  NUMCYL = Number of cylinders in the engine. 
 
 
      OUTPUTS 
 
      Register: 
 
-  TOTAL_DELAYn = Same as above. 
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      NOTES: 
 
      1.  The change in injector timing between  co nsecutive  injector  firings  is 
      limited  to  a  maximum  of  45 degrees.   Th is has the effect of walking the 
      injector timing for large timing changes. 
 
      2.  The final value of injector delay is limi ted to the  range  0 degrees  to 
      720 degrees.   Intermediate  calculations  an d  results  are maintained in an 
      unlimited fashion. 
 
      3.  The user must set DEGPIP to match his eng ine.  DEGPIP is  the  number  of 
      engine  crank  degrees  per  PIP  interval.   (90  for  8-cylinder,  120  for 
      6-cylinder, 180 for 4-cylinder) 
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      DEFINITIONS 
 
 
-  RUN = Engine strategy designed to operate normal  engine running. 
 
      INPUTS 
      Registers: 
-  ACT = Air Charge Temperature, deg F. 
-  ATMR1 = Time since exiting crank mode, sec. 
-  ATMR2 = Time since engine coolant temperature be came greater 
                 than TEMPFB, sec. 
-  CID = Camshaft Cylinder Number 1 identification 
                sensor. 
-  ECT = Engine Coolant Temperature, deg F. 
-  HFDLTA = Latest elapsed time from PIP_UP_EDGE to  PIP_DOWN_EDGE, 
                   clock ticks. 
-  INJDLY = Injector delay in degrees. 
-  LOAD = Normalized ARCHG divided by SARCHG. 
-  N = Engine speed, RPM. 
-  PIP = Profile Ignition Pickup (RPM sensor) 
-  SYNCTR = Counter which counts PIP signals until its value 
                  is equal to NUMCYL (Number of cyl inders). SYNCTR is 
                  initialized to 0. 
-  TCSTRT = Temperature of engine coolant (ECT) at initial startup, deg F. 
 
      Bit Flags: 
-  FUEL_IN_SYNC = Fuel synchronized with PIP. 
-  IDLFLG = Flag indicating transmission in Drive a nd at Idle. 
-  MFAFLG = Managed Fuel Air State flag. 
-  NDSFLG = Neutral/Drive flag  1 = Drive. 
-  NEW_IDELAY = Flag controlled by EOS. If set (1) this flag 
              triggers injector delay calculation i n the background 
              loop; if clear (0), no injector delay  calculation is done. 
-  SIGPIP = Flag which is set if Signature PIP has occurred; 
                   Flag which is cleared if Signatu re PIP has not. 
                   This flag is initialized to 0. 
-  UNDSP = Run/Underspeed flag. (1 = Underspeed (or  CRANK), 
                  0 = RUN). 
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-  WMEGOL = Flag set if WRMEGO set. 
 
      Calibration Constants: 
-  CIDRSW = Calibration switch to enable Special Fu el Timing at 
                   Idle, unitless. If set to 1, Ena ble; 0, Disable. 
-  CINTSW = Cal Switch to enable special fuel timin g in 
                   Neutral, unitless. 
-  CINTV = Injector Timing Value in Neutral, deg. 
-  CTHIGH = Coolant temperature at Hot start, deg F . 
-  CTLOW = Coolant temperature at Cold start, deg F . 
-  DEGPIP = Engine degrees per PIP period, deg. 
                  (90 deg = 8 cyl;120 deg = 6; 180 = 4 cyl) 
-  ENGCYL = Number of PIPs per engine revolution. 2 ,3 & 4 for 
                   4,5, & 6 respectively. 
-  FKINJD = Filter constant for INJDLY, (NOTE: This  filter 
                   may require treating INJDLY as a  word during 
                   the actual filtering), unitless.  
-  070 = Normalizing function for engine speed N as  
                  X-input to FN1315. 
-  FN082 = Load normalizing function; generates tab le entry 
                  point. Input = LOAD and Output = Normalized Load. 
-  FN083 = RPM Normalizing function; generates tabl e entry 
                  point. Input = N and Output = Nor malized N. 
-  FN085 = Normalizing function for LOAD as Y-input  to FN1315. 
-  FN131 = Wide Open Throttle base spark advance ve rsus 
               engine speed to provide base WOT Spa rk advance. 
               Input = Engine speed, RPM and Output  = spark advance. 
-  FN1315 = An 10x8 table which gives injector dela y as  
a function of engine speed and load. 
X-input = FN070 - Normalized Engine Speed (N). 
Y-input = FN085 - Normalized Load. 
-  HP_CID = A flag indicating cylinder # Identifica tion Hardware 
                    is present. 
-  HP_CIDSEL = A flag indicating type of hardware p resent, 
                       0 = Hall Effect; 1 = VRS. 
-  IDKADD = Injector delay timing adder. 
-  IDKMUL = Injector delay timing multiplier.  
-  INJREF = Reference edge for injector timing: 
                   0 = indicates the start of the f uel pulse. 
                   1 = indicates the end of the fue l pulse. 
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-  MHPFD = Signature PIP difference check value. 
 
-  MIDTV = Injector timing value for Idle in Drive,  deg.  
                  Range of 0 to 720. 
 
-  MINTV = Injector Timing value for Lean Cruise Mo de, Deg. 
                  (Enabled by MFAFLG) Range of 0 to  720. 
 
-  NITMR1 = ATMR1 timed delay to enter Closed Loop fuel after Cold 
                   start, sec. Range of 0-255 sec.,  accuracy 1 sec. 
 
-  NITMR2 = ATMR1 timed delay to enter Closed Loop fuel after Medium 
                   start, sec. Range of 0-255 sec.,  accuracy 1 sec. 
 
-  NITMR3 = ATMR1 timed delay to enter Closed Loop fuel after Hot 
                   start, sec. Range of 0 to 255 se c., accuracy 1 sec. 
 
-  NITMR4 = ATMR2 timed delay to enter Closed Loop fuel after Cold 
                   start, sec. Range of 0 to 255 se c., accuracy 1 sec. 
 
-  NITMR5 = ATMR2 timed delay to enter Closed Loop fuel after Medium 
                   start, sec. Range of 0 to 255 se c., accuracy 1 sec. 
 
-  NUMCYL = Number of cylinders. 
 
-  PIPOUT = Number of PIPs between injector outputs  on each 
                   injector port. 
 
      OUTPUTS 
      Registers: 
-  HFDLTA = Latest elapsed time from PIP_UP_EDGE to  PIP_DOWN_EDGE, 
                   clock ticks. 
-  INJDLY = Injector delay in degrees. 
-  SYNCTR = Counter which counts PIP signals until its value 
                  is equal to NUMCYL (Number of cyl inders). SYNCTR is 
                  initialized to 0. 
 
      Bit Flags: 
-  FUEL_IN_SYNC = Fuel synchronized with PIP. 
-  SYNC_UP_FUEL = Fuel synchronization  request. 
-  SIGPIP = Flag which is set if Signature PIP has occurred; 
                   Flag which is cleared if Signatu re PIP has not. 
                   This flag is initialized to 0. 
-  SYNFLG = Flag indicating whether AE fuel is sync hronous 
                 (set = 1) or asynchronous (set = 0 ). Initialized to 0. 
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                               INJECTOR TIMING EXAM PLES 
 
                                 INJDLY = 400 DEGRE ES 
 
 
                                     ENGINE CYCLE 
 
 
         TDC            BDC            TDC             BDC 
 
 
          |              |              |               |                | 
          |              |              |               |                | 
          |<----POWER--->|<---EXHAUST-->|<---INTAKE ---->|<-COMPRESSION-->| 
          |     STROKE   |    STROKE    |    STROKE      |  STROKE        | 
          |              |              |               |                | 
         360            540            720             180             360 
 
          | 1ST PIP 
 
      PIP SIGNAL 
 
          | #1 PIP 
          | 
         ****  *****    *****  *****   *****   **** *   *****   *****    ** 
         *  *  *   *    *   *  *   *   *   *   *   *   *   *   *   *    * 
         *  *  *   *    *   *  *   *   *   *   *   *   *   *   *   *    * 
         *  *  *   *    *   *  *   *   *   *   *   *   *   *   *   *    * 
        **  ****   ******   ****   *****   *****   *****   *****   ****** 
          |    |        |      |       |       |       | 
          0   80       170    260     350     440     530 
         TDC                                 | 
          |                                  | 
          |<--------- INJDLY = 400 --------->| 
          |                                  | 
          |ON       INJECTOR  1         ****** 
          |                             *    * 
          |                             *    * 
          |OFF             INJREF = 1   *    * 
      ***********************************    ****** ************************ 
          |                                  | 
          |         INJECTOR  1              | 
          |         INJREF = 0               ******  
          |                                  *    *  
          |                                  *    *  
          |                                  *    *  
      ****************************************    * ************************ 
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                               INJECTOR SYNCHRONIZA TION 
 
 
      There are two possible mechanisms for recogni tion of cylinder number one  for 
      purposes  of  fuel  synchronization:   Signat ure  PIP  or  Camshaft I.D.  The 
      Signature PIP is a narrow pulsewidth from  th e  Hall  Effect  Sensor  on  the 
      Distributor.   The CID is a signal timed to t he number-one cylinder cam.  CID 
      is designed for use with distributorless Igni tion Systems. 
 
                                A. CID EDGE PROCESS ING 
                                     (HP_CID = 1) 
 
      HP_CID is the flag set by the calibrator  to  indicate  which  kind  of  fuel 
      synchronization system is being used.  If HP_ CID is set to 1, CID hardware is 
      present and SIGPIP will ALWAYS be set to zero .  If HP_CID is set to  0,  then 
      Signature PIP logic is utilized. 
 
      When HP_CID is set to 1 then the HP_CIDSEL is  the flag set by the  calibrator 
      to  indicate  which  kind  of CID hardware is  present, Hall Effect sensing or 
      Variable Reluctance sensing (Hall = 0 and VRS  = 1). 
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                              B. SIGNATURE PIP DETE CTION 
 
 
      This portion of the strategy is only activate d if the HP_CID is set equal  to 
      0.   The  system is allowed to synchronize du ring RUN MODE only.  (The SYNFLG 
      is cleared during CRANK or UNDERSPEED.) 
 
      Note:  MHPFD is a calibration constant which is dependent only on the  number 
      of cylinders and the Signature PIP Duty Cycle .  The user must calibrate MHPFD 
      to the appropriate value, as shown in the tab le below. 
 
 
                  CYLINDERS     SIGNATURE DUTY CYCL E     MHPFD 
 
                      8           =OR< 35 percent         .20 
                      6           =OR< 30 percent         .24 
                      4           =OR< 30 percent         .29 
 
                  NOTE:  If Signature PIP Distribut or is NOT present, 
                         then MHPFD = .99. 
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                           INJECTOR OUTPUT CONTROL PHILOSOPHY 
 
 
 
      1.  The injector pulse start should be based on pulsewidth and timing  values 
          calculated from the most recent input dat a (PIP, LOAD, lambda, etc.). 
 
      2.  The injector timing value is used  only  to  start  the  injector  pulse, 
          regardless of which edge is used as the r eference. 
 
      3.  Pulsewidth accuracy has top priority afte r an injector pulse is started. 
 
      4.  If possible, the pulsewidth should be upd ated while in progress  to  take 
          advantage of the most recent input data.  That is, the injector pulse can 
          end early or extend later as conditions c hange. 
 
      5.  Each time a fuel PW is outputted or corre cted, the Data Output Link  Fuel 
          Summation, FUEL_SUM is updated.  FUEL_SUM  = FUEL_SUM + LBMF_INJn (N=1, if 
          FUELPW1 is outputted; n=2 if FUELPW2 is o utputted.) 
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                                 INJECTOR OUTPUT CO NTROL 
 
                                       DEFINITIONS 
      REGISTERS/FLAGS: 
-  CRANK = Strategy for Start up mode of engine. 
 
-  CRKFLG = Flag indicating status of engine  mode.    (Set  to  1,  when  in 
          Crank) 
 
-  FGFFLG = Toggle flag for alternate Injector Firi ng, = 1 No firing on this 
          injector. 
 
-  FOFFLG = Alternate Injector Firing enable flag. 
 
-  FUELPW1/FUELPW2 = EGO-1 (or EGO-2) injector puls e- width, clock ticks. 
 
-  PWOFF = Injector pulsewidth offset (clock ticks) . 
 
-  RUN = Normal engine operation strategy. 
 
-  SYNFLG = Flag indicating synchronous fuel, if se t =  1;  asynchronous  if 
          set = 0.  It is initialized to 0. 
 
-  UNDERSPEED = Strategy used to make the transitio n between CRANK and  RUN. 
          It is also used when the engine stalls or  stumbles. 
 
      CALIBRATION CONSTANTS: 
 
-  CRKPIP = Number of PIP periods per Injector(s) f iring(s).   (NOTE:   Must 
          be INTEGER value.) 
 
-  EDSEL = Switch for selective Crank Fuel Timing a t Falling- Edge of PIP. 
 
-  ENGCYL = Number of PIPs per engine revolution, o r Number of cylinders/2. 
 
-  FN1327 = Fuel pulsewidth register  map,  used  t o  determine  which  fuel 
register  is  used.   Output  =  Fuel  Register-lef t  offset.   X-input = 
Injector output number.  Y-input = Null. 
 
-  FN1329 = Injector firing order used for correcti ng  Inj_Fank  to  correct 
the  firing  order.   Output  =  fuel  injector  to   be fired.  X-input = 
INJ_BANK Y-input = Null 
 
-  NUMEGO = Number of EGO sensors present; mono or stereo. 
 
-  NUMOUT = Number of injector output ports. 
 
-  OUTINJ = Calibration switch to select between se quential and simultaneous 
          injections (OUTINJ = 1 for sequential, OU TINJ = 2 for simultaneous). 
 
-  PIPOUT = Number of PIPs between injector outputs  on each injector port. 
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                                 INJECTOR OUTPUT CO NTROL 
 
 
      CRKFLG = 1 ----| 
      (CRANK)        | 
                     |AND --| WOT CRANK DE-CHOKE FU NCTION 
      FUELPW1 = 0 ---|      | .No injector output. 
                            | 
                            | --- ELSE --- 
                            | 
      CRKFLG = 1 ---|       | NORMAL CRANK - Fallin g Edge Timing 
      (CRANK)       |AND ---| .Fire NUMOUT injector  outputs every CRKPIP 
      EDSEL = 0 ----|       |  number of PIP's, upo n receiving the falling 
                            |  edge of the proper P IP signal. 
                            | .Outputs included are  INJ-1 thru INJ-NUMOUT. 
                            | .FN1327 governs the u se of FUELPW1 or FUELPW2 
                            |  as the injector puls ewidth. 
                            | .The injector offset PWOFF is included in 
                            |  the actual injector pulse output. 
                            | .Add FUELPWn to FUEL_ SUM; increment 
                            |    PULSCT 
                            | 
                            | --- ELSE --- 
                            | 
      CRKFLG = 1 -----------| NORMAL CRANK - Rising  Edge Timing 
                            | .Fire NUMOUT injector  outputs every CRKPIP 
                            |  number of PIP's, upo n receiving the rising 
                            |  edge of the proper P IP signal. 
                            | .Outputs included are  INJ-1 thru INJ-NUMOUT. 
                            | .FN1327 governs the u se of FUELPW1 or FUELPW2 
                            |  as the injector puls ewidth. 
                            | .The injector offset PWOFF is included in 
                            |  the actual injector pulse output. 
                            | .Add FUELPWn to FUEL_ SUM; increment 
                            |    PULSCT 
                            | 
                            | --- ELSE --- 
                            | 
                            |     ...continued next  page... 
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                            | 
                            |    ...continued from previous page... 
                            | 
                            | RUN OR UNDERSPEED, NO T IN SYNC 
                            | .Fire the appropriate  injector outputs upon 
                            |  receiving the rising  edge of the proper PIP 
                            |  signal. Injector tim ing is random. 
                            | .If OUTINJ = 1, the o utputs are fired 
      SYNFLG = 0 -----------|  sequentially. If OUT INJ = 2, NUMOUT outputs 
      (NOT IN SYNC)         |  are fired simultaneo usly. 
                            | .Outputs included are  INJ-1 thru INJ-NUMOUT. 
                            | .PIPOUT and NUMOUT de fine the firing pattern. 
                            | .FN1329 governs the f iring order. 
                            | .FN1327 governs the u se of FUELPW1 or FUELPW2 
                            |  as the injector puls ewidth. 
                            | .The injector offset PWOFF is included in 
                            |  the actual injector pulse output. 
                            | .Add FUELPWn to FUEL_ SUM; increment 
                            |    PULSCT 
                            | 
                            | --- ELSE --- 
                            | 
                            | RUN IN SYNC, SINGLE F IRE 
                            | .Fire the appropriate  injector outputs at the 
                            |  desired injector tim ing. Injector timing is 
                            |  defined by strategy and calibration. 
                            | .If OUTINJ = 1, the o utputs are fired 
                            |  sequentially. If OUT INJ = 2, NUMOUT outputs 
                            |  are fired simultaneo usly. 
                            | .Outputs included are  INJ-1 thru INJ-NUMOUT. 
      PIPOUT=ENGCYL --------| .PIPOUT and NUMOUT de fine the firing pattern. 
      (SINGLE FIRE)         | .FN1329 governs the f iring order. 
 
                            | .FN1327 governs the u se of FUELPW1 or FUELPW2 
                            |  as the injector puls ewidth. 
                            | .The injector offset PWOFF is included in 
                            |  the actual injector pulse output. 
                            | .Upon the "not in syn c" to "sync" transition, 
                            |  injector timing is i nitialized to match 
                            |  the pre-sync random timing. Injector timing 
                            |  then walks to desire d timing. 
                            | .Add FUELPWn to FUEL_ SUM; increment 
                            |    PULSCT 
                            | 
                            | --- ELSE --- 
                            | 
                            |    ...continued next page... 
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                            | 
                            |    ...continued from previous page... 
                            | 
                            | RUN, IN SYNC, DOUBLE FIRE 
                            | .Fire the appropriate  injector outputs upon 
                            |  receiving the rising  edge of the proper PIP 
                            |  signal. Injector tim ing is random. 
                            | .If OUTINJ = 1, the o utputs are fired 
                            |  sequentially. If OUT INJ = 2, NUMOUT outputs 
                            |  are fired simultaneo usly. 
                            | .Outputs included are  INJ-1 thru INJ-NUMOUT. 
                            | .PIPOUT and NUMOUT de fine the firing pattern. 
                            | .FN1329 governs the f iring order. 
                            | .FN1327 governs the u se of FUELPW1 or FUELPW2 
                            |  as the injector puls ewidth. 
                            | .The injector offset PWOFF is included in 
                            |  the actual injector pulse output. 
                            | .Upon the "not in syn c" to "sync" transition, 
                            |  the injector firing pattern is adjusted to 
                            |  line up INJ-1 with s ignature PIP. 
                            | .Add FUELPWn to FUEL_ SUM (for the DOL_COUNT 
                            |  Calculation 
                            |  
                            | .Increment PULSCT 
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      During the Fuel Pulsewidth output routine, th e Speed Limiter flag is  checked 
      to  see  if  alternate injectors should be tu rned off.  This strategy reduces 
      the power output of the engine without a sudd en drop in RPM. 
 
 
      FOFFLG = 0 ------------------|  Output pulse to appropriate 
        (Normal Engine Operation)  |    injector. 
                                   |  FGFFLG = 0 
                                   | 
                                   | --- ELSE --- 
                                   | 
      FGFFLG = 0 ------------------|  Output pulse to appropriate 
                                   |    injector. 
                                   |  Set Flag to d isable next 
                                   |    fuel pulse output. 
                                   |  FGFFLG = 1 
                                   | 
                                   | --- ELSE --- 
                                   | 
                                   |  Do NOT output  pulse. 
                                   |  Clear flag to  enable 
                                   |    next fuel p ulse. 
                                   |  FGFFLG = 0  
 
 
      NOTE: the appropriate output is determined by  FN1329. 
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                                  INJECTOR OUTPUT L OAD 
 
 
      On stereo EGO applications, each injector out put must be linked to the proper 
      EGO  sensor.   FN1327 is a 1x9 table that is used to match injector output to 
      EGO sensor.  Each slot in the table correspon ds  to  an  individual  injector 
      output.   The  table value is an address offs et to select between FUELPW1 and 
      FUELPW2. 
 
          IF FN1327 = 0, use FUELPW1. 
 
          IF FN1327 = 2, use FUELPW2. 
 
      For this register addressing scheme, FUELPW1 and FUELPW2 must be  consecutive 
      word registers and FUELPW1 must be first. 
 
      The FN1327 table reserves space to control up  to 8 injector outputs (the zero 
      slot  is never referenced).  The actual numbe r is determined by NUMOUT, which 
      is the number of injector ports.  The user mu st fill the table  locations  to 
      match NUMOUT. 
 
      The FN1327 table must be calibrated for all a pplications, regardless  of  the 
      EGO type (stereo or mono).  NOTE that if NUME GO = 1 (mono-EGO), all values in 
      FN1327 must be zero (corresponding to FUELPW1 ), or no fuel will  be  sent  to 
      Bank 2. 
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                           5.0L INJECTOR OUTPUT LOA D EXAMPLES 
 
                                                  2  CHANNEL CFI 
                            SEFI                BAN K TO BANK EFI 
                           STEREO EGO           STE REO EGO 
                           NUMOUT=8,NUMEGO=2    NUM OUT=2,NUMEGO=2 
      TABLE    INJECTOR    ------------------  ---- -------------- 
       SLOT     OUTPUT     FN1327 PULSEWIDTH   FN13 27 PULSEWIDTH 
      ------   --------    ------ -----------  ---- -- ----------- 
        0      NOT USED       0   FILLER          0     not used 
        1      INJ-1          2   FUELPW2         2     FUELPW2 
        2      INJ-2          2   FUELPW2         0     FUELPW1 
        3      INJ-3          2   FUELPW2         X     not used 
        4      INJ-4          2   FUELPW2         X     not used 
        5      INJ-5          0   FUELPW1         X     not used 
        6      INJ-6          0   FUELPW1         X     not used 
        7      INJ-7          0   FUELPW1         X     not used 
        8      INJ-8          0   FUELPW1         X     not used 
 
 
 
                                                 2 CHANNEL CFI 
                           SEFI                 BAN K TO BANK EFI 
                           MONO-EGO             MON O-EGO 
                           NUMOUT=8,NUMEGO=1    NUM OUT=2,NUMEGO=1 
                          ------------------  ----- ------------- 
                          FN1327 PULSEWIDTH   FN132 7 PULSEWIDTH 
                          ------ -----------  ----- - ----------- 
                             0   FILLER          0    not used 
                             0   FUELPW1         0    FUELPW1 
                             0   FUELPW1         0    FUELPW1 
                             0   FUELPW1         X    not used 
                             0   FUELPW1         X    not used 
                             0   FUELPW1         X    not used 
                             0   FUELPW1         X    not used 
                             0   FUELPW1         X    not used 
                             0   FUELPW1         X    not used 
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                                  INJECTOR FIRING O RDER 
 
 
      On SEFI applications, each injector output is  linked to it's matching  engine 
      cylinder.   The injector output number is the  cylinder number.  The injectors 
      must be fired in the proper order to achieve sequential operation. 
 
      FN1329 is a 1x8 table which is used to contro l  the  injector  firing  order. 
      The table contains the firing order of the en gine. 
 
 
 
 
                           5.0L INJECTOR FIRING ORD ER EXAMPLES 
 
 
                                      2 CHANNEL CFI  
                       SEFI           BANK TO BANK EFI 
      FN1329        NUMOUT = 8          NUMOUT =2 
      TABLE       ---------------     ------------- -- 
       SLOT       FN1329  OUTPUT      FN1329  OUTPU T 
      ------      ------ --------     ------ ------ -- 
        0           1    INJ-1          1    INJ-1 
        1           5    INJ-5          2    INJ-2 
        2           4    INJ-4          X    not us ed 
        3           2    INJ-2          X    not us ed 
        4           6    INJ-6          X    not us ed 
        5           3    INJ-3          X    not us ed 
        6           7    INJ-7          X    not us ed 
        7           8    INJ-8          X    not us ed 
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                                 FUEL PUMP CONTROL LOGIC 
 
 
      EFI vehicles are equipped with  an  electric  fuel  pump  controlled  by  the 
      computer  via  a  relay.   The  fuel pump rel ay is energized according to the 
      logic below; 
 
 
 
 
 
      TSLPIP < 1 SECOND -----------------| ENABLE P UMP 
                                         | 
                                         | --- ELSE  --- 
                                         | 
                                         | DISABLE PUMP 
 
 
 
 
 
      PIP interrupt ---------------------| TSLPIP =  0 
                                         | 
                                         | --- ELSE  --- 
                                         | 
                                         | Count up  TSLPIP 
 
 
 
                                       DEFINITIONS 
 
          TSLPIP = Timer which track time since las t PIP, msec. 
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     IGNITION TIMING STRATEGY 
 
 
      The base engine spark advance strategy provid ed by the  computer  depends  on 
      the  engine  operating mode.  The base spark advance for each engine mode can 
      then be  adjusted  for  unusual  engine  cond itions  by  one  or  more  spark 
      modulators. 
 
      The spark strategy is divided into four modes : 
 
 
 
          1. CRANK/UNDERSPEED mode 
          2. CLOSED THROTTLE mode 
          3. PART THROTTLE mode 
          4. WIDE OPEN THROTTLE mode 
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      DEFINITIONS 
 
 
      INPUTS 
      Registers: 
 
-  ACT = Air Charge Temperature, deg F. 
-  APT = Throttle Mode Flag. 
                (Set = -1 = Closed Throttle) 
                (Set =  1 = Wide Open Throttle) 
                (Set = 0 = Part Throttle) 
-  ATMR1 = Time since start (time since exiting CRA NK 
                  mode), sec. 
-  DIFCTR = Counter for TL0FLG state changes. 
-  DIFF0 = Steady State Spark TL0 error. 
-  DIFF1 = Transient Spark TL0 error. 
-  DSDRPM = Idle speed control desired RPM. 
-  DT12S = Last PIP period. 
-  DT23S = Previous PIP period before DT12S. 
-  DTPCYC = PIP period ENGCYL * 2 + 1 cylinders pre vious. 
-  DTSIG = PIP period of last signature PIP. 
-  ECT = Engine Coolant Temperature, deg F. 
-  HFDLTA = Last period from PIP up-edge to down-ed ge. 
-  HFPCYC = Period from PIP up to down-edge ENGCYL * 2 cylinders  
                   previous. 
-  KAYCTR = A counter to indicate how often to upda te MKAY. 
-  LOAD = Universal normalized load parameter. 
-  LUGTMR = Load transition timer defined in the TI MER 
                   section. 
-  MFAMUL = MFA table ramp-in multiplier, unitless.  
-  MKAY = Half period multiplier to correct for ave rage error caused by 
                 hall effect sensor in distributor and armature. 
-  N = Engine RPM, RPM. 
-  PHFDLT = Previous time elapsed between up-edge t o 
                   down-edge of PIP. 
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-  PIPACL = Percentage of PIP that PIP will decreas e 
                   under Maximum Acceleration, Beta . Initial 
                   value = 14%. 
 
-  PSGDLT = Previous uncorrected signature PIP half  period. 
 
-  SAF = Final spark advance in degrees. 
 
-  SAPW = Spark Angle Pulse Width, msec. 
 
-  SIGDC = Signature PIP Duty Cycle. 
 
-  SIGDLT = Uncorrected signature PIP half period. 
 
-  SIGKAL = Signature PIP half period multiplier  
                   - initial value = 1.66666 for 30 % duty cycle signature PIP 
                                   = 1.42857 for 35 % duty cycle signature PIP. 
 
-  SPKAD(n) = Spark adder for the nth cylinder. It is added to 
                     SAF and may be positive or neg ative degrees. 
 
-  SPKMUL = Spark Feedback multiplier used to enhan ce idle 
                   speed control. It is used in clo sed throttle mode  
                   only and is calculated within th e Idle Speed 
                   Control Strategy. 
 
-  TCSTRT = Temperature of ECT at startup, deg. F. 
 
-  TEMDWL = Time required for coil to charge to 100 % percent 
                   of desired voltage. 
 
-  TIPRET = Tip in retard, degrees. 
 
-  TL0FLG = Transient Spark calculation flag. 
 
-  TSLPIP = Timer indicating time since last PIP Lo w-to 
                   High transition, sec. 
 
-  VBAT = Time-dependent rolling average filter of 
                 instantaneous battery voltage. 
 
-  VSBAR = Filtered vehicle speed. 
 
      Bit Flags: 
-  CRKFLG = Flag indicating Engine in Crank mode if  set 
                   to one. 
-  DOUBLE_EDGE FLAG = Foreground (EOS) flag used to  indicate 
                  current spark output calculation method. 
-  HSPFLG = High Speed Mode flag; 1 = High Speed al ternate fuel/spark. 
-  MFAFLG = Managed Fuel Air State Flag. 
-  NDSFLG = Neutral/Drive flag, 1 = Drive. 
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-  NFLG = Neutral Idle flag. 
 
-  SIGPIP = A flag that indicates that signature PI P half period has been identified. 
 
-  SYNFLG = Flag when set indicates Signature PIP h as been identified; else Signature PIP 
not yet seen. It is initialized to 0. 
 
-  UNDSP = Flag indicating engine in Underspeed Mod e or 
                  Crank. 
 
      Calibration Constants: 
 
-  CCDSW = Calibration Switch to select Computer Co ntrolled Dwell. (1 = Computer 
Controlled Dwell; 0 = TFI Controlled Dwell) 
 
-  CTHIGH = Coolant Temperature at Hot start, deg F . 
 
-  DELTA = Closed throttle/Part throttle breakpoint  value above RATCH. 
 
-  DFMIN0 = Minimum number of TS0FLG 1 to 0 state c hanges. 
 
-  DFMIN1 = Minimum number of TS0FLG 0 to 1 state c hanges. 
 
-  DWLTBP = Temperature switch point that controls function use, Deg F. 
 
-  DWLTSW = Switch point for change of maximum perm itted DWELL,sec. 
 
-  DWLWF = Weighting factor determining effect of E CT and ACT on Base Dwell, unitless.  
 
-  ENGCYL = The number of cylinders in one engine r evolution. 
 
-  FKMKAY = Filter constant of update rate to MKAY.  
 
-  FKSKAY = Filter constant of update rate to SIGKA L. 
 
-  FN033 = ECT normalizing function. 
 
-  FN071 = Load normalizing function; used for tabl e lookup. Input = LOAD and Output = 
Normalized Load. 
 
-  FN082 = Load normalizing Function; generates tab le entry 
point. Input = LOAD and Output = Normalized Load. 
 
-  FN083 = RPM Normalizing function ;generates tabl e entry 
point. Input = N and Output = Normalized N. 
 
-  FN111 = Closed Throttle Base spark advance as a function 
of engine speed N. Input = Engine speed, RPM and 
Output = spark advance, deg BTDC. 
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-  FN112 = Closed Throttle Spark advance adder as a  
function of Engine Coolant Temperature ECT (to 
generate cold temperature spark advance). 
Input = ECT, deg F and Output = spark adder. 
 
-  FN115 = Spark adder as a function of Barometric Pressure BP. Input = BP and  Output = 
spark adder. 
 
-  FN125 = LOM Load function, used to activate LOM spark strategy, RPM. 
 
-  FN126 = Spark advance adder as a function of ACT  (Air Charge Temperature). 
 
-  FN129A = LOMALT table multiplier as a function o f Barometric Pressure, BP. 
 
-  FN131 = Wide Open Throttle Base spark advance as  a function of engine speed N, DEG 
BTDC. 
 
-  FN133 = Wide Open throttle Spark advance adder a s a function of BP (Barometric 
Pressure), Deg. 
 
-  FN134 = Wide Open throttle Spark advance adder a s a function of ECT, Deg. 
 
-  FN135 = Wide Open Throttle Spark Adder as a func tion of ACT, Deg. 
 
-  FN160A = Minimum DWELL time versus VBAT (below 7 7 deg F, sec. 
 
 
-  FN160B = Minimum DWELL time versus VBAT (above 7 7 deg F, sec. 
 
-  FN179A = High Speed Spark retard, mph. 
 
-  FN180(CTNTMR) = Idle Spark subtractor, deg. 
 
-  FN212A = LOMSEA table multiplier as a function o f Barometric Pressure, BP. 
 
-  FN311 = MFA altitude multiplier, unitless. 
 
-  FN396A = High Speed Fuel enrichment, mph. 
 
-  FN400 = Time since startup kicker time delay, se c. It's input is TCSTRT and has a 
maximum repetition of 6.  
 
-  FN839 = Spark multiplier vs. DASPOT. Input = Das hpot air flow adder (DASPOT) 
Output = Multiplier (SPKMUL) 
 
-  FN841D = Spark Multiplier vs. RPM Error to provi de spark feedback for Idle Speed 
Control, in Drive Input = Speed Error (DSDRPM (word ) - N) Output = Multiplier (SPKMUL) 
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-  FN841N = Spark Multiplier vs. RPM Error to provi de spark 
feedback for Idle Speed Control, in Neutral 
Input = Speed Error (DSDRPM (word) - N) 
Output = Multiplier (SPKMUL) 
 
-  FN901 (SPKSEA) = Base sea level table. 
X-input = FN070 - Normalized Engine speed, RPM 
Y-input = FN071 - Normlized load 
 
-  FN904A (LOMSEA) = Sea level LOM table. 
X-input = FN070 - Normalized engine speed, RPM 
Y-input = FN071 - Normalized load 
 
-  FN905A (LOMALT) = Altitude LOM table. 
X-input = FN070 - Normalized engine speed, RPM 
Y-input = FN071 - Normalized load 
 
-  FN1119 = Torque Truncation Table. 
 
-  FN1121 = Spark advance adder for EGR as a functi on of RPM and LOAD; 
X-input = Normalized engine speed on RPM - FN070, 
Y-input = Normalized LOAD - FN071, 
Output = Spark advance adder for EGR, deg per 1 per cent EGR. 
 
-  FN1124 = 4 x 3 table of spark adders as a functi on of  
engine speed N and LOAD. The (X-input) normalizing  
function for N is FN083 and the (Y-input) 
normalizing function for LOAD is FN082. 
 
-  FN1133(ECT,LOAD) = Part throttle spark modifier table. 
X-input = Normalized ECT (FN033) 
Y-input = Normalized LOAD (FN071). 
 
-  FN1223 = Managed fuel Air EGR Table. 
X-input = FN083 - Normalized Engine Speed, RPM 
Y-input = FN082 - Normalized load. 
Output = Multiplier. 
 
-  FN1328 = Managed fuel air fuel table. 
X-input = Normalized engine speed, RPM - FN070 
Y-input = Normalized Perload - FN072A 
 
-  FRCBFT = ACT Fraction for FN1305 lookup. 
-  FRCSFT = ACT fraction for FN1306 lookup. 
-  HCSD = Minimum RPM for High CAM Spark Retard. 
-  HCSDH = Hysteresis for HCSD. 
-  HP_HIDRES = Hardware present - High Data Rate El ectronic Spark. 
-  KCS1 = Closed throttle spark adder.  
-  KLLIM = Lowest value for MKAY multiplier - initi al value = 0.9. 
-  KULMT = Highest value for MKAY multiplier - init ial value = 1.1. 
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-  KPS1 = Part throttle spark advance adder.  
-  KWS1 = Wide Open Throttle spark advance adder, D eg. 
-  LUGTIM = Engine load transition time, sec. 
-  MHPFD = Calibration constant dependent on number  of  
                 cylinders and Signature PIP Duty C ycle. 
-  MINDLA = Minimum DWELL clip above 20 msec PIP 
                   period, Beta. 
-  MINDLB = Minimum DWELL clip below 20 msec PIP 
                   period, Beta. 
-  NSADD = Neutral spark adder, deg. 
-  NTIP = Maximum RPM to enable Tip-in retard (rest ricted 
                 to less than or equal to 2000 to a ssure TIPRET 
                 ramp back function.) 
-  NUMCYL = Number of cylinders in the engine. 
-  PACLIM = Maximum limit of PIP acceleration in 
                   percent of PIP period, Beta.  
-  PACOFF = Offset for linear equation describing P IP 
                   Period and percent of PIP period  for 
                   acceleration, (Units = (Beta - c yl)/Rev). 
-  PACPER = PIP period when equation for PIPACL cha nges, 
                   (Units = (Rev - seconds)/cyl).  
-  PACSLO = Slope for linear equation describing PI P 
                   period and percent of PIP period  for 
                   acceleration, (Units = Beta/seco nd). 
-  SIGKLL = Lowest value for signature PIP multipli er  
                    - initial value = 1.42857 for 3 0% duty cycle signature PIP 
                                    = 1.25000 for 3 5% duty cycle signature PIP. 
-  SIGKLU = Highest value for signature PIP multipl ier  
                    - initial value = 1.99996 for 3 0% duty cycle signature PIP 
                                    = 1.66666 for 3 5% duty cycle signature PIP. 
-  SPKLIM = Maximum allowable advance in spark timi ng 
                   between spout outputs, Beta. 
-  SPKSWH = Value (in clock ticks) equivalent to a minimum 
                   RPM threshold, at which the stra tegy will time the 
                   next SPOUT during the previous R ising-Edge of PIP 
                   without any adjustments during t he Falling-Edge. 
-  SPKSWL = Value (in clock ticks) equivalent to ma ximum RPM 
                   at which the strategy will corre ct the timing of 
                   the next SPOUT during the Fallin g-Edge of PIP. The 
                   difference between SPKSWH and SP KSWL provides 
                   hysteresis. (NOTE: SPKSWL is lon ger than SPKSWH). 
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-  SPLCLP = Lower limit spark clip for rotor regist ry. 
-  SPTADV = Percentage of PIP that spark may be adv anced, 
                   (Percent of PIP). 
-  SPUCLP = Upper limit spark clip for rotor regist ry. 
-  SSFCTR = Steady state factor for MKAY and signat ure KAY 
                   calculations. 
-  TICKS_DOUBLE = Value (in clock ticks) when there  is 
                   insufficient time to put out spa rk from Rising-Edge 
                   Calculation to put out spark fro m Falling-Edge. 
                   (Current value = 0.0012 seconds) . 
-  TICKS_SINGLE = Value (in clock ticks) indicating  there is 
                   insufficient time to put out spa rk from Falling-Edge 
                   of PIP (Current value = 0.0010 s econds). 
-  TRSRPM = Minimum RPM to enable transient spark r outine. 
-  TRSRPH = Hysteresis for TRSRPM. 
-  TTNOV = RPM - Vehicle Speed (N/V) ratio correspo nding 
                    to first gear. 
-  Y = Normal Part throttle spark multiplier.  
 
      OUTPUTS 
      Registers: 
-  DIFCTR = Counter for TL0FLG state changes. 
-  DTPCYC = PIP period ENGCYL * 2 + 1 cylinders pre vious. 
-  DTSIG = PIP period of last signature PIP. 
-  DWLBSE = Base amount of DWELL as a function of V BAT and 
                  TEMDWL, sec. 
                  Initial value = 0.005. 
-  HFDLTA = Last period from PIP up-edge to down-ed ge. 
-  HFPCYC = Period from PIP up to down-edge ENGCYL * 2 cylinders  
                   previous. 
-  KAYCTR = A counter to indicate how often to upda te MKAY. 
-  MKAY = Half period multiplier to correct for ave rage error caused by Hall 
                 effect sensor in distributor and a rmature. 
-  PIPACL = Percentage of PIP that PIP will decreas e 
                   under Maximum Acceleration, Beta . Initial 
                   value = 14%. 
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-  PSGDLT = Previous uncorrected signature PIP half  period. 
 
-  SAF = Final spark advance in degrees. 
 
-  SAFTOT = Total spark advance, including knock an d tip-in 
                   retard, deg BTDC. 
 
-  SIGDLT = Uncorrected signature PIP half period. 
 
-  SIGKAL = Signature PIP half period multiplier  
                    - initial value = 1.66666 for 3 0% duty cycle signature PIP 
                                    = 1.42857 for 3 5% duty cycle signature PIP. 
 
-  TL0FLG = Transient Spark calculation flag. 
 
 
 
 
      SAFTOT, a DAC-able parameter has been added t o  the  Spark  Chapter.   SAFTOT 
      allows  dac'ing  of  total spark advance.  It  is updated each background loop 
      and will NOT display every SPKAD/TIPRET term if the background loop  time  is 
      longer  than  a  PIP  period.   (NOTE:   SPKA D(n) refers to the current SPKAD 
      referenced by the PIP_Counter [being added to  Spark]) The equation for SAFTOT 
      is as follows: 
 
                            SAFTOT = SAF + SPKAD(n)  + TIPRET 
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      1. CRANK/UNDERSPEED MODE SPARK: 
 
 
      In the crank or underspeed mode, spark advanc e  is  fixed  at  10  deg  BTDC. 
      Spark is fired when the rising edge of the PI P signal is received. 
 
 
 
      2.  CLOSED THROTTLE MODE SPARK: 
 
      Normal Closed Throttle Spark is a function of  RPM and ECT,  modified  by  the 
      Spark Feedback Multiplier, SPKMUL.  During Hi gh Cam (as determined by RPM and 
      Startup Timer ATMR1), the spark advance is re duced by FN115 to light off  the 
      catalysts  (by  heating up the exhaust gas).  Spark is adjusted by a function 
      of BP, which can only occur when the Engine R PM rises above a set value.   If 
      the  Engine  RPM  dips  below the value set b y HCSD - HCSDH (these values are 
      calibratible), then BP correction is no longe r required.   FN400  provides  a 
      maximum time for altitude compensation to spa rk. 
 
 
      APT = -1 (CLOSED THROTTLE) ----| 
                                     | 
      N > HCSD ------------|S Q------|       | "Hi Cam" Spark 
                           |         |AND ---| SAF = (FN111 + FN112 
      N < HCSD - HCSDH ----|C        |       |        - FN115 + KCS1-'C') 
                                     |       |         * SPKMUL 
                                     |       | 
      ATMR1 < FN400 -----------------|       | --- ELSE --- 
                                             | 
      NFLG = 1 ------------------------------| Norm al Closed Throttle 
       (Closed Throttle, Neutral)            |  Spa rk 
                                             | SAF = (FN111(N) + FN112(ECT) 
                                             |       + NSADD - FN180(CTNTMR) 
                                             |       + KCS1-'C') * SPKMUL 
                                             | 
                                             | --- ELSE --- 
 
                                             | 
      APT = -1 ------------------------------| SAF = (FN111 + FN112 + KCS1 
                                             |        - 'C' * SPKMUL) 
 
 
      SPKMUL is a calibratible constant which is se t in the Idle Speed Logic to one 
      of  two  possible  functions  (FN839 and FN84 1N/D), giving it a range of 0 to 
      0.996.  The input to FN839 is the Dashpot Air  flow  Adder  (DASPOT)  and  the 
      input  to  FN841  is  the  speed  error  (DSD RPM minus N).  SPKMUL provides a 
correction factor to the spark advance.  FN841N  an d  FN841D  are  separately 
      calibratible  for  neutral or drive.  (See Id le Speed Duty Cycle calculations at 
the end of ISC chapter). 
 
      'C' Logic is defined in Part Throttle Spark S ection. 
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      3.  PART THROTTLE MODE SPARK: 
 
 
      Normal Part throttle is (FN904A * FN212A + FN 905A * FN129A). 
 
      During normal part throttle operation, the lo gic "interpolates"  between  sea 
      level table (FN904A) and altitude table (FN90 5A) to calculate base spark. 
 
      Tip-in Spark (LOM) is (1 - LUGTMR/LUGTIM) * F N901 
 
      On accelerating from a standstill, the strate gy uses a more aggressive  spark 
      table  (FN901) for improved performance.  Ove r a period of time (LUGTIM), the 
      spark shifts from LOM spark to normal part th rottle spark.  The LUGTMR  logic 
      is described in the Timer Chapter. 
 
 
                           BASE SPARK - LOM SPARK R ELATIONSHIP 
 
 
               ------------------------------------ -------- 
               |                                          | 
               |                                          | 
        LOAD   |                    Use FN904A            | 
               |                          or              | 
      FN125 -> |-----                   FN905A            | 
      BOUNDARY |      \                                   | 
               |       \                                  | 
               | LOM    \                                 | 
               | Use     \                                | 
               | FN901    \                               | 
               |           \                              | 
               ------------------------------------ -------- 
 
                                    N 
 
 
      Actual percent EGR, EGRACT, modifies spark vi a FN1121 (RPM,LOAD) and high air 
      charge temperature via FN126(ACT). 
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                    TEMPERATURE COMPENSATION - [FN1 133(ECT,LOAD)] 
 
 
      The temperature compensation serves these fun ctions: 
 
          1.  Provide spark  advance  for  improved   fuel  economy  (at  very  cold 
          temperatures); 
 
          2.  Provide cold start spark  retard  to  light  off  the  catalysts  for 
          improved emissions. 
 
          3.  Adjust spark during engine overtemp. 
 
          4.  Adjust temperature compensated spark for LOAD. 
 
 
                      MANAGED FUEL AIR - 'B' LOGIC (FN1124 * FN311) 
 
 
      During MFA mode, the strategy may use Open Lo op Fuel FN1328 (usually lean  of 
      stoichiometry) and modified EGR (FN1223).  Th e base spark is further advanced 
      by FN1124.  The amount of spark advance incre ment is reduced at  altitude  by 
      FN311.   To  avoid  spark jumps during the tr ansition from normal mode to MFA 
      Mode, the strategy ramps the MFA spark using  MFAMUL  (defined  in  the  Fuel 
      Strategy). 
 
 
                      TORQUE TRUNCATION SPARK - 'C'  LOGIC (FN1119) 
 
 
      If the AXOD (or AOD) transmission is in 1st g ear or reverse,  the  torque  of 
      the  engine  may  exceed  the  capacity  of t he transmission.  Therefore, the 
      torque truncation strategy  is  designed  to  reduce  the  engine  torque  by 
      retarding  the  spark.   FN1119  should  be c alibrated to achieve this torque 
      reduction for all speed-load points. 
 
      Because the strategy is unable to  directly  distinguish  between  first  and 
      second gear, first gear is inferred from N/V,  TTNOV.  TTNOV should correspond 
      to the RPM-Speed ratio for first gear. 
 
 
                                  OVERSPEED PROTECT ION 
 
 
      If the vehicle speed is too high, the spark a dvance  is  reduced  by  FN179A. 
      Under these circumstances, the Fuel Strategy forces Open Loop Fuel enrichment 
      (FN396A). 
 
      Note:  FN396A should be calibrated to 0.996 i f FN179A is equal to 0. 
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                                        SAF LOGIC 
 
 
                    SAF = Y * ['S' + B - C + FN1133 (ECT,LOAD)] + KPS1 
 
 
      HSPFLG = 1 -----------------------| SAF = SAF  - FN179A(VSBAR) 
 
 
 
                                        'B' LOGIC 
 
 
      MFAFLG = 1 ------------------------| Managed Fuel Air Mode 
                                         | 'B' = FN 1124 * FN311 
                                         |      * M FAMUL 
                                         | 
                                         | --- ELSE  --- 
                                         | 
                                         | 'B' = 0 
 
 
                                        'C' LOGIC 
                              (Used in all Throttle  modes) 
 
 
      N > TTNOV * VSBAR --------------------------- | Torque Truncation Spark 
                                                   | 'C' = FN1119 
                                                   | 
                                                   | --- ELSE --- 
                                                   | 
                                                   | 'C' = 0 
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      NOTE: 1) FN212A should be equal to 1.0 at Sea  Level and 0 
               at high altitudes; 
 
            2) FN129A should be equal to 1.0 at hig h altitudes 
               and 0 at Sea Level; 
 
            3) LUGTIM should be non-zero; 
 
            4) LOM spark may be calibrated out by s etting 
               FN125 = 0. 
 
 
 
      4. WIDE OPEN THROTTLE MODE SPARK: 
 
 
      At Wide Open throttle, SAF is determined from  the following equation.  It  is 
      the  combined  result  of  FOUR  VARIABLE Spa rk Advance Adders based upon the 
      functions of engine speed (N), BP, ECT, ACT, and ONE CONSTANT  spark  advance 
      adder (KWS1). 
 
 
                    SAF = FN131 + FN133 + FN134 + K WS1 + FN135 - 'C' 
 
 
      HSPFLG = 1 -----------------------| SAF = SAF  - FN179A(VSBAR) 
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                                          NOTE 
 
              1.  The displayed SAF does not  inclu de  the  output  of  the 
              individual  cylinder  knock  strategy .   The knock registers, 
              SPKAD(n) and TIPRET may be displayed separately and are added 
              to SAF by the EOS when the waiting ti me is calculated.  Refer 
              to the knock strategy documentation w ithin this  chapter  for 
              additional information. 
 
 
              2.  The final value of  spark  advanc e,  [SAF  +  SPKAD(n)  + 
              TIPRET], is limited to the range: 
 
                    SPLCLP <OR= [SAF + SPKAD(n) + T IPRET] <OR= SPUCLP 
 
              SPLCLP is the lower spark clip.  SPUC LP is  the  upper  spark 
              clip.   SPLCLP  and  SPUCLP are calib rated to match the rotor 
              registry of the distributor.  Interme diate spark calculations 
              and results are maintained in an unli mited fashion. 
 
 
              3.  The software allows the lower spa rk clip, SPLCLP,  to  be 
              calibrated  to  values  down  to  -10  deg (10 deg ATC).  This 
              feature has been initially provided f or the sole use  of  the 
              Ignition  Department  in  performing  rotor  registry  tests. 
              Unless prior approval has been  recei ved  from  the  Ignition 
              Department,  Engine Systems engineers  are hereby requested to 
              refrain from calibrating SPLCLP to a value which is less than 
              the  minimum value of the "Spark Rang e" which is shown on the 
              Rotor Registry page  of  this  Chapte r.   Otherwise,  such  a 
              calibration may result in mis/crossfi re. 
 
 
              4.  Due to physical time constraints for arming the coil  and 
              firing  the  next  spark,  the larges t spark advance increase 
              allowed  between  consecutive  spark  events  is  limited  to 
              SPKLIM*360/ENGCYL  degrees.   There i s no limit on the amount 
              of  spark  advance  decrease  allowed   on  consecutive  spark 
              events.   NOTE:   SPKLIM  is  set  to   .06  and should not be 
              increased  without  the  prior  appro val  of   the   Ignition 
              Department. 
 
 
      Final SAF <OR= Previous SAF + SPKLIM * 360/EN GCYL 
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                                   SPOUT CALCULATIO NS 
 
 
      Two Spout calculation routines are used in th e strategy: 
 
          1.  RISING-EDGE SPARK 
 
          2.  FALLING-EDGE SPARK 
 
 
      RISING-EDGE SPARK 
 
      This method calculates the Spout output time based upon the times of the last 
      two  Pip rising edges and assumes that the ne xt Pip rising edge will occur at 
      the same delta-time. 
 
 
 
                                                   SPOUT 
                                                     : 
                :                   :                : 
                :.......DT12S.......:                : 
                :                   :                : 
                                                     : 
                .---------.         .---------.      :  .---- 
                |         |         |         |      :  | 
      PIP       |         |         |         |      :  | 
      SIGNAL    |         |         |         |      :  | 
                |         |         |         |      :  | 
            ----.         .---------.         .---- -----. 
 
                :                   :                : 
                :                   :..WAITING TIME ..: 
                :                   :                : 
               RE1                 RE2 
           (10 deg B)          (10 deg B) 
 
 
 
 
 
      SPOUT = RE2 + WAITING TIME 
 
            = RE2 + {[(360/ENGCYL) + 10 - SAF] / (3 60/ENGCYL)} * DT12S 
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      2.  FALLING-EDGE SPARK 
 
      This method calculates the  spout  output  ti me  based  upon  the  delta-time 
      between  the rising edge and falling edge of the current Pip and assumes that 
      the next Pip rising edge will occur at the sa me delta-time after the  falling 
      edge. 
 
      However, a problem exists with the Hall Effec t sensor  which  results  in  an 
      inaccurate  recognition  of  the  falling  ed ge.   The  accuracy  varies as a 
      function of the sensor's temperature and volt age.   To  compensate  for  this 
      inaccuracy,  an  adaptive correction factor, MKAY, is continuously calculated 
      and applied to the observed falling edge time  to create a  corrected  falling 
      edge  time,  FEC, as shown in the sketch belo w.  The MKAY/SIGKAL calculations 
      are shown on the next page. 
 
 
                                                   SPOUT 
                :                 :                  : 
                :......HFDLTA.....:                  : 
                :                 :                  : 
                                                     : 
                .-----------------...                :  .---- 
                |                 | :                :  | 
      PIP       |                 | :                :  | 
      SIGNAL    |                 | :                :  | 
                |                 | :                :  | 
            ----.                 .---------------- -----. 
 
                :                 : :                : 
                :                 : :.....WAITING.. ..: 
                :                 : :      TIME      : 
               RE                FE FEC 
            (10 deg B) 
 
 
 
      where, 
      RE = Rising Edge Time 
      FE = Falling Edge Time 
      FEC = Corrected Falling Edge Time 
 
 
 
      SPOUT = FEC + WAITING TIME 
 
            = FE + {{[(180/ENGCYL) + 10 - SAF] / (1 80/ENGCYL)} * MKAY 
 
              - (1-MKAY)} * HFDLTA 
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                                MKAY/SIGKAL CALCULA TIONS 
 
      1.a. At every PIP down-edge transition, clear  SIGPIP. (existing) 
        b. PIP down-edge transition ----------| 
                                              |AND --| Set SIGPIP 
           Signature half period identified --| 
        c. SIGPIP is set ------------------| 
                                           |       | PSGDLT = SIGDLT 
           SYNFLG is set ------------------|AND --- | SIGDLT = HFDLTA 
                                           |       | HFDLTA = (HFDLTA*SIGKAL)/MKAY 
           PIP down-edge transition -------| 
      2. PIP up-edge transition -----------| 
                                           |       | 
         SIGPIP is set --------------------|AND --- | Do Signature Kay  
                                           |       |     Calculation 
         SYNFLG is set --------------------| 
      3. Signature Kay Calculation 
         |DT12S - DTSIG| < SSFCTR * DT12S -----|       | DTSIG = DT12S 
                                               |       | sigkal' = DT12S/(SIGDLT*2) 
         |DT12S - DT23S| < SSFCTR * DT12S -----|AND  ---| SIGKAL = FKSKAY*sigkal' + 
                                               |       |        (1 - FKSKAY)*SIGKAL 
         |SIGDLT - PSGDLT| < SSFCTR * SIGDLT --|       | SIGKLL < SIGKAL < SIGKLU 
                                                       |  
                                                       |--- ELSE --- 
                                                       | 
                                                       | DTSIG = DT12S 
      4. PIP up_edge transition ---------------|       | Increment KAYCTR 
                                               |AND  ---| Do MKAY Calculation 
         KAYCTR <OR= ENGCYL * 2 ---------------|       | 
                                                       |- - - ELSE - - - - -  
                                                       | 
         PIP up_edge transition ------------------- ----| Set KAYCTR = 1 
                                                       | Set DTPCYC = DT12S 
                                                       | Set HFPCYC = HFDLTA 
      5. MKAY Calculation  
         SIGPIP = 0 ------------------------------|  
                                                  |  
         KAYCTR > ENGCYL * 2 ---------------------|        | mkay' = 
                                                  |        |  0.5*(DT12S+DTPCYC)/ 
         |DT12S - DTPCYC| <or= SSFCTR * DT12S ----| AND ---|    (HFDLTA + HFPCYC) 
                                                  |        | MKAY =  
         |HFDLTA - HFPCYC| <or= SSFCTR * HFDLTA --|        |  FKMKAY * mkay' + 
                                                  |        |    (1 - FKMKAY) * MKAY 
         mkay' < 1.2 -----------------------------|        | 
                                                          | KLLIM < MKAY < KULMT 
 
      (NOTE: KAYCTR must be incremented prior to MK AY calculation!) 
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                          RISING-EDGE vs FALLING-ED GE DECISION 
 
 
 
      The decision of which method to use is based upon the real time which is  
      available to do the Spout calculation and sch eduling after the falling edge  
      of PIP is recognized. If sufficient time is a vailable, the falling-edge  
      calculation will be used. Otherwise, the risi ng-edge calculation will be 
      used. 
 
      The available time to send Spout after receiv ing the falling edge of PIP is 
      equal to the distance in degrees between the two events divided by the 
 
      velocity in degrees/second, or; 
 
                       DISTANCE   (180/ENGCYL) + 10  - SAF 
      AVAILABLE TIME = -------- = ----------------- ------ 
                       VELOCITY      ENGINE RPM * 6  
 
 
      SPKSWH and SPKSWL are provided to  allow  the   switch  to  Rising-Edge  spark 
      calculation above some RPM when the error in detection of the Falling-Edge of 
      PIP  or  other  factors  will  cause  excessi ve  spark  scatter   using   the 
      Falling-Edge  spark  calculation.   Because  SPKWSH  and  SPKSWL  are used in 
      foreground, the value entered in VECTOR for e ach must be in clock-ticks.   To 
      convert  the  desired  values  of RPM into cl ock-ticks, perform the following 
      conversions: 
 
 
      SPKSWH = 60/(ENGCYL * "Clock_Frequency" * upp er switch RPM) 
 
      SPKSWL = 60/(ENGCYL * "Clock_Frequency" * low er switch RPM) 
 
 
      Where Clock_Frequency is 3.0E-6 for 12 MHz an d 2.4E-06 for 15 MHz.  The lower 
      switch  RPM  should be a minimum of 25 RPM an d and a maximum of 250 RPM below 
      upper switch RPM, if used.  Both SPKSWL and S PKSWH are normally  set  to  the 
      equivalent  of  6375  RPM,  which  will  disa ble this portion of the decision 
 
      routine. 
 
      NOTE:  SPKSWH and SPKSWL should not be change d without consultation with  the 
      ESD Strategy Section. 
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      The following logic is used for the Falling v ersus Rising-Edge decision. 
 
 
      All values in ticks. 
 
 
      Dual_Edge -----------------------------|           | Use Single Edge 
         (In Falling-Edge Mode)              |AND - ------| (Rising-Edge) 
                                             |           | 
      DT12S < SPKSWH ------------------|     |           | 
                                       |OR --|           | --- ELSE --- 
      AVAILABLE TIME < Ticks_Single ---|                 | 
                                                         | Use Dual_Edge 
      Single_Edge ----------------------------|          | (Falling-Edge) 
        (In Rising-Edge Mode)                 |          | 
      AVAILABLE TIME > Ticks_Double ----------|AND ------| 
                                              | 
      DT12S > SPKSWL -------------------------| 
 
 
      Based upon this logic, if the desired spark a dvance, SAF, is assumed to be 30 
      degrees, then the maximum RPM at which the Fa lling-edge spark calculation can 
      be used is 11667, 6667, and 4167  for  the  4 ,  6,  and  8-cylinder  engines, 
      respectively.  The Rising-edge calculation is  used at higher engine speeds. 
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                     HIGH DATA RATE ELECTRONIC SPAR K (HIDRES) SYSTEM 
                                     (HP_HIDRES = 1 ) 
 
 
      The High Data Rate Electronic Spark System co nsists of three components: 
 
          a) EEC-IV processor 
          b) HESC module 
          c) a 36-tooth wheel and sensor 
 
      The 36 tooth wheel is located on the cranksha ft with  a  variable  reluctance 
      sensor  (VRS) to produce a signal.  The wheel  is missing one tooth at 90 BTDC 
      for one cylinder to allow signal reference. 
 
      The HESC module is an EED supplied module whi ch has the capability to receive 
      the  output of the VRS sensor, as well as a s ignal from the EEC-IV processor. 
      The HESC module provides coil  switching  for   distributorless  ignition  and 
      outputs signals to the coil for charging and firing.  In addition, the module 
      provides a signal to the EEC-IV processor, sp ecifically, a synthetic 50% duty 
      cycle  with  the  low-to-high  transition  oc curing  at 10 degrees BTDC and a 
      high-to-low transition occuring at 100 degree s BTDC for each  cylinder.   The 
      module  also  provides  LOS  function  whenev er the EEC-IV processor fails to 
      provide a Spark Angle Pulse Width (SAPW) with in the accepted window for  each 
      cylinder. 
 
      The EEC-IV processor uses the synthetic  50%  duty  cycle  as  reference  for 
      scheduling fuel and spark pulse widths.  The EEC-IV processor calculates:  1) 
      The  time  that  the  Spark  Output  (SPOUT)  line  to  the  HESC  should  be 
      transitioned from low-to-high, (with a target ed position of 20 degrees ATDC); 
      2) The SAPW; and 3) The time of the SPOUT hig h-to-low transition. 
 
 
      The following strategy modules are disabled  in  the  EEC-IV  processor  when 
      HIDRES is in use. 
 
          a) Dwell Calculation 
          b) MKAY Calculation 
          c) Transient Spark Determination and Calc ulation 
          d) Rising Edge/Falling Edge decision logi c 
          e) Double Edge Spark Calculation 
          f) PIP echoed SPOUT during CRANK and UNDE RSPEED 
          g) 6% spark advance limit 
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      The "desired_spark" calculated in the EEC-IV processor is  composed  of  SAF, 
      Tip-in  retard,  and Knock Spark Adder.  "Des ired_spark" is checked to ensure 
      that it is within the HESC module limits, (-1 0 to +57.5), and then  converted 
      into SAPW by the following: 
 
          a) Calculate and schedule SPOUT low-to-hi gh transition at: 
 
               up_transition_time = LAST_HI_PIP + ( 30 * ENGCYL / 360) * DT12S 
 
               where: 
               LAST_HI_PIP is the time of the lates t PIP up-edge 
               ENGCYL is the number of cylinders fi ring per engine revolution 
               DT12S is the time between the last t wo PIP up-edges 
               30 is the number of degrees after PI P up-edge to start pulsewidth 
               360 is the number of degrees per rev olution 
 
          b) Calculate and schedule SPOUT high-to-l ow transition at: 
 
               down_transition_time = up_transition _time + SAPW 
 
               where: 
               SAPW = 1540 - ((256 * "desired_spark ") / 10) 
               and 
               68 usec <OR= SAPW <OR= 1796 usec 
 
      SPOUT is initialized low on EEC-IV processor power-up  and  will  remain  low 
      through CRANK and UNDERSPEED engine modes cau sing spark to be delivered at 10 
      degrees BTDC.  Upon transition into  RUN  mod e,  the  EEC-IV  processor  will 
      schedule  a  low-to-high  transition of the S POUT line to occur at 20 degrees 
      ATDC of each cylinder followed by a high-to-l ow transition SAPW  microseconds 
      later.  If the SPOUT line remains in either a  high or low state for more than 
      one PIP period or if the pulsewidth of the si gnal is outside the clip limits, 
      the  HESC  module will assume an EEC-IV proce ssor failure and revert to spark 
      placement at 10 degrees BTDC. 
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                            EEC-CONTROLLED DWELL (C CDSW = 1) 
 
      In the past, the EEC only provided spark timi ng to the  Thick  Film  Ignition 
      (TFI)  module, which, in turn, controlled the  Dwell.  This algorithm provides 
      a software replacement to the TFI Dwell with opportunities for improved spark 
      control  and shorter coil-on time.  The follo wing strategy can be used with a 
      distributorless ignition system. 
 
 
      Perform the following calculations in backgro und: 
 
 
      The following determines the minimum time req uired for the coil to charge  to 
      100%  of desired voltage.  The charging time is a function of battery voltage 
      and coil temperature.  The values for  FN160A ,  FN160B  and  the  temperature 
      switch  point between them has been determine d by the Ignition Department and 
      should NOT be changed without their approval.  
 
                        TEMDWL = DWLWF * ACT + (1 -  DWLWF) * ECT 
 
 
      TEMDWL <OR= DWLTBP -------------| DWLBSE = FN 160A (VBAT) 
                                      | 
                                      | --- ELSE -- - 
                                      | 
                                      | DWLBSE = FN 160B (VBAT) 
 
      NOTE: If CCDSW = 0, the TFI module determines  the 
            dwell. The output will then transition from High 
            to Low at SPOUT time and HFDLTA. 
 
      The following logic and calculations are perf ormed in foreground: 
 
      DWLTOT (Dwell turn-on time) is the time when the coil should  start  charging 
      to allow sufficient charging time (DWLBSE) as  well as time for maximum engine 
      acceleration movement of PIP (PIPACL) and max imum change of  requested  spark 
      advance allowed (6% of PIP) (SPTADV). 
 
                DWLTOT = SPOUT - DWLBSE + [1 - (SPT ADV + PIPACL)] * DT12S 
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      PIPACL is set by the following conditions and  calculations: 
 
      PIPACL (a function of Engine Speed) is  the  maximum  possible  rate  of  PIP 
      acceleration.   The  latest  engine speed is available as DT12S (PIP Period), 
      PIPACL is described as two equations  to  pro duce  an  approximation  to  the 
      expontential  function describing the initial  engine speed and the percentage 
      of a PIP period that PIP may change. 
 
 
      DT12S >OR= PACPER/ENGCYL -----------| PIPACL = PACSLO * DT12S 
                                          |  - (PAC OFF / ENGCYL) 
                                          | Clip PI PACL to PACLIM 
                                          | 
                                          | --- ELS E --- 
                                          | 
                                          | PIPACL = 2(BETAs/seconds) 
                                          |   * DT1 2S 
 
 
                                      DWLTOT LOGIC 
 
 
      DWLTOT is clipped to 50% of PIP period (MINDL A) at low RPMs and to 20% of PIP 
      period  (MINDLB) at ALL other times, to preve nt excess coil charge time.  The 
      spout output is  sent  low  at  DWLTOT  only  in  Run  mode.   In  Crank  and 
      Underspeed, Spout is sent low on PIP-down edg e. 
 
 
      (DWLTOT - SPOUT)/DT12S <OR=   
          MINDLA ------------------|        | DWLTO T = SPOUT + MINDLA 
                                   |AND ----|  * DT 12S 
      DT12S > DWLTSW --------------|        | 
                                            | --- E LSE --- 
                                            | 
      (DWLTOT - SPOUT)/DT12S <OR= MINDLB ---| DWLTO T = SPOUT + MINDLB 
                                            |   * D T12S 
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      TSLPIP > 800 msec ------------| 
                                    |OR ---| Set SP OUT_OUTPUT 
      CRKFLG = 1 -------------------|      |  to Hi gh 
                                           | 
      CRKFLG = 1 --------------|           | --- EL SE --- 
                               |AND-|      | 
      PIP High-to-Low          |    |      | Set SP OUT_OUTPUT 
       transition -------------|    |      |  to Lo w on 
                                    |OR ---|  PIP H igh-to-Low 
      CRKFLG = 0 --------------|    |      |  trans ition 
                               |    |      | 
      UNDSP = 1 ---------------|AND-|      | 
                               |           | 
      PIP High-to-Low          |           | 
       transition -------------|           | 
                                           | --- EL SE --- 
      CRKFLG = 0 -------------------|      | 
                                    |AND --| Set SP OUT_OUTPUT 
      UNDSP = 0 --------------------|      |  to Lo w at 
                                           |  time DWLTOT 
 
 
      Note the diagrams below. 
 
 
 
            -----    -----    -----    -----          / 
        PIP |   |    |   |    |   |    |   |          | FIRST PIP 
      ______|   |____|   |____|   |____|   |______- -> | INTERRUPT IS 
                                                      | UP EDGE 
                                                      | 
      ----------|    |---|    |---|    |---|          | 
        SPOUT   |    |   |    |   |    |   |          | 
                |____|   |____|   |____|   |______- -> | 
 
 
      ______    ____    ____    ____    ____          / 
           |   |   |   |   |   |   |   |   |          | 
       PIP |   |   |   |   |   |   |   |   |          | 
           |___|   |___|   |___|   |___|   |______- -> | FIRST PIP 
                                                      | INTERRUPT 
                                                      | IS DOWN EDGE 
      ______    ____    ____    ____    ____          | 
           |   |   |   |   |   |   |   |   |          | 
      SPOUT|   |   |   |   |   |   |   |   |          | 
           |___|   |___|   |___|   |___|   |______- -> | 
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                           TRANSIENT SPARK COMPENSA TION LOGIC 
 
 
          :<---------DT23S----------->:<----------- DT12S---------->: 
 
          :<- PHFDLT ->:              :<- HFDLTA -> : 
 
          .------------.              .------------ .               .--- 
          |            |              |            |               | 
          |            |              |            |<-----TL0----->| 
          |            |              |            |               | 
      ----.            .--------------.            .---------------. 
 
                                                   :<--TSPKUP-->: 
                                                   :            : 
                                                 TP PLW        SPOUT 
 
 
      After a PIP up-edge occurs, the following log ic is executed: 
 
 
 
      DIFF0 <OR= DIFF1 ---| 
                          |AND ---| 
      TL0FLG = 1 ---------|       | 
                                  |OR -----| DIFCTR  = DIFCTR + 1 
      DIFF0 > DIFF1 ------|       |        |  
                          |AND ---|        | --- EL SE --- 
      TL0FLG = 0 ---------|                | 
                                           | DIFCTR  = 0 
 
 
 
      DIFF0 <OR= DIFF1 ---| 
                          |AND ---| TL0FLG = 0 
      DIFCTR >OR= DFMIN0 -| 
 
 
 
      DIFF0 > DIFF1 ------| 
                          |AND ---| TL0FLG = 1 
      DIFCTR >OR= DFMIN1 -| 
 
 
 
      DIFF0 = |DT12S - 2 * HFDLTA * MKAY| 
 
      DIFF1 = |DT12S - HFDLTA - (HFDLTA * (DT23S - PHFDLT))/PHFDLT| 
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      After a PIP down-edge occurs, TL0FLG  is  che cked  and  the  appropriate  TL0 
      calculation is included for SPOUT. 
 
 
      TL0FLG = 1 ---------------------| 
                                      | 
      N > TRSRPM -----------|S   Q ---|AND ---| TL0  = HFDLTA * (DT12S 
                            |                 | - P HFDLT * MKAY)/ 
      N < TRSRPM - TRSRPH --|C                | PHF DLT 
                                              | 
                                              | ---  ELSE --- 
                                              | 
                                              | TL0  = HFDLTA * MKAY 
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                                SIGNATURE PIP DISTR IBUTOR 
 
 
 
      The Signature Pip Distributor has a unique du ty cycle on the shutter used  to 
      fire  cylinder  #1.   The purpose of this uni que shutter is to allow the fuel 
      injectors to be fired at some optimum time re lative to intake valve position. 
      This  is  accomplished  by  first  identifyin g  the  cylinder #1 Pip and then 
      synchronizing the fuel injectors to it as des cribed in the fuel section. 
 
 
      The engineer must indicate which type of dist ributor is used as follows: 
 
      If a Signature Pip Distributor is used, then set  MHPFD  to  the  appropriate 
      value as defined in the injector synchronizat ion routine. 
 
      If a Conventional Pip Distributor is used, th en set MHPFD = .99. 
 
 
      When  MHPFD  <  .99,  then  another  consider ation  in  the  FALLING-EDGE  vs 
      RISING-EDGE  decision  is  the  state  of  SY NFLG.   As described in the fuel 
      section, when SYNFLG = 0, then the Signature Pip has not yet been identified. 
      Only the RISING-EDGE calculation is allowed d uring this time. 
 
 
      When SYNFLG =  1,  then  the  Signature  Pip  has  been  identified  and  its 
      delta-time,  HFDLTA,  can be normalized.  Sig nature PIP may not be exactly 30 
      or 35%; thus, any error from these values wil l introduce error in the  output 
      spark.   To  prevent  this  error,  the  Sign ature  PIP will be normalized by 
      replacing the HFDLTA with the HFDLTA from the  previous PIP period (PHFDLT). 
 
                       HFDLTA (for Sig Pip) = HFDLT A / (2 * SIGDC) 
 
      The normalized falling edge, FE, is generated  as follows: 
 
                         FE (for Sig Pip) = RISING EDGE + HFDLTA 
 
 
      When SYNFLG = 1 and the RPM is low enough, th en the FALLING-EDGE  calculation 
      is  performed  in  the standard manner except  that the times generated by the 
      Signature Pip are first normalized. 
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                             EEC DISTRIBUTOR ROTOR REGISTRY 
 
      Although the computer signals the ignition mo dule and the ignition coil  when 
      to  fire the spark, the computer does not kno w which cylinder it is trying to 
      ignite.  In order to get the spark from the  ignition  coil  to  the  correct 
      cylinder,  it  is necessary for the distribut or rotor to be lined up with the 
      correct terminals on the cap so that only a s mall air  gap  need  be  jumped. 
      This  condition  is achieved by adjusting mec hanically the orientation of the 
      distributor rotor and cap with respect to the  crank position sensor which may 
      be a part of distributor or remote from it. 
 
      A slight error in registry may cause mis/cros sfire at one end  of  the  spark 
      range. 
 
      The range of rotation in which the spark will  go to the correct  cylinder  is 
      given in the chart below 
 
      ENGINE    TOTAL     PIP SENSOR     SPARK          LOS 
      SIZE      REGISTRY  LOCATION       RANGE          SPARK 
      4-CYL     60        10 BTDC        0-60           10 
      6-CYL     50        10 BTDC        0-50           10 
      8-CYL     42        10 BTDC        5-47           10 
 
      All values are in Engine Degrees. LOS spark i s BTDC. 
      It is also necessary that the distributor adj ustments be specified with these 
      values.   For  this  reason,  the Ignition De partment must be notified of any 
      changes in these clip values or pip sensor lo cation (initial timing), so that 
      production  distributors will be correct.  It  is important that the 543 chart 
      affecting rotor alignment be updated by the e ngine design activity involved. 
 
      ADJUSTMENT PROCEDURE: 
 
      The Universal Distributor will be assembled w ith the correct rotor  registry, 
      and  the  Hall  Effect Sensor (PIP Sensor) lo cated at the correct position in 
      relation to the rotor registry constants.  It   is  necessary  to  locate  the 
      distributor correctly, in relation to the cra nkshaft position of the engine. 
 
      When a Universal Distributor is installed in the engine, it is held in  place 
      by  two screws.  To set the initial timing of  10 deg BTDC unplug the EEC from 
      memory or disconnect the SPOUT wire and adjus t distributor  angular  location 
      by rotating the body till 10 deg BTDC is obse rved with a timing light. 
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                          INDIVIDUAL CYLINDER KNOCK  STRATEGY 
                              KNOCK HARDWARE DESCRI PTION 
 
      The knock sensor is a piezo-electric accelero meter that resonates  at  engine 
      knock frequencies of approximately 5.45, 5.7,  6.0 or 8.05 kHz.  The bandwidth 
      of the resonant frequency is quite narrow (<+ /- 150 Hz)  to  avoid  resonance 
      due  to  noise  from  other  sources.   The  resonation  causes the sensor to 
      transmit a positive voltage,  KNOCK,  to  the   EEC  hardware  circuit.   This 
      hardware  circuit  compares  the KNOCK voltag e to a threshold voltage, NOISE. 
      When KNOCK > NOISE, the hardware circuit send s a KNOCK INPUT  signal  to  the 
      EEC software.  This event is represented on t he next page as KI = 1.  The EEC 
      software stores this information  until  the  next  rising  edge  of  PIP  is 
      received.   At  that  time,  the  information   is  used by the KNOCK LOGIC as 
      described in the remainder of this document. 
 
      NOISE, the threshold voltage, is a positive v oltage in an RC circuit which is 
      proportional to the Knock Input level at the time that a charging pulse, KTS, 
      is output.  This threshold voltage  is  estab lished  to  avoid  treating  rod 
      knock, piston slap, valve train noise and oth er noise as spark knock. 
 
      During normal engine operation, the software opens and closes a  window  once 
      per  PIP  period.   While the window is open,  KTS charges up the capacitor in 
      the RC  circuit.   While  the  window  is  cl osed,  the  NOISE  level  decays 
      (decreases)  at  a  steady  rate  determined  by  the time constant of the RC 
      circuit. 
 
             NOISE ~ (D.C. Bias + KNOCK(A))*(1-exp( -KTS/RC)) + LAST NOISE 
 
            where,  NOISE is the noise threshold le vel 
 
                    KNOCK(A) is the Knock input lev el at the time KTS is being output. 
 
                    KTS is the pulsewidth (secs) of  the charging pulse. 
                    KTS Start time is calculated as  follows: 
                     NEWTIME = LAST_HIPIP + (WINDOW _BETA*MKAY*2*HFDLTA) 
 
                    RC is the RC time constant. 
 
                    LAST NOISE is the noise level a t the time KTS is output. 
 
      WARNING:  To avoid raising the NOISE threshol d level too high, the KTS  pulse 
      should  charge  the  RC  circuit  only  durin g that portion of the PIP period 
      wherein no Knock is indicated, normally late in the  current  PIP  period  or 
      early  in  the  following  PIP period.  The c alibration of the pulsewidth and 
      timing of the window is described in the Knoc k Threshold Sense Logic  section 
      of this strategy. 
 
      Since the noise level is a function of RPM,  the  NOISE  threshold  tends  to 
      increase  with  increasing RPM.  At high RPM and heavy detonation conditions, 
      knock usually continues well into the followi ng PIP period.  To avoid opening 
      the window during the knock period, the softw are withholds KTS for WINCLD PIP 
      periods to avoid raising the noise threshold too high. 
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                           INDIVIDUAL CYLINDER KNOC K STRATEGY 
 
 
                                       DEFINITIONS 
 
 
      INPUTS 
 
      Registers: 
 
-  APT = Throttle Mode Flag. 
                (Set = -1 = closed throttle) 
                (Set =  1 = wide open throttle) 
                (Set =  0 = part throttle) 
 
-  ECT = Engine coolant temperature, deg F. 
 
-  KI = Knock indicated, knock level is higher than  noise level; 
               called KNK_HIGH in code. 
 
-  KNK_HIGH = Knock level input flag. 
 
-  KWCTR = Cancel window counter incorporated each PIP period. 
 
-  LOAD = Universal normalized load parameter. 
 
-  N = Engine speed, RPM. 
 
-  N_BYTE = Low resolution RPM. 
 
-  RETINC = Calculated as a function of RPM and is subtracted 
                   from each SPKAD corresponding to  a knocking  
 
                   cylinder. (positive degree) 
 
-  SAF = Final spark advance in degrees. 
 
-  SPKADn = Spark adder terms for the nth cylinder.   It is added 
                   to SAF, may be positive or negat ive degrees. 
 
-  TBART = Average Filtered Throttle Position = URO LAV (TP,TCTPT) 
 
-  TCF = Value of the difference between Throttle p osition 
                (TP) and TBART. 
-  TIPRET = Tip-in retard. 
-  TP = Instantaneous throttle position, counts. 
-  TSLADV = Free-running millisecond timer which co unts the 
                   time since the spark was last ad vanced by the 
                   KNOCK Strategy. 
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      Bit Flags: 
-  CTFLG = Flag set to 1 to indicate closed throttl e Tip-in. 
-  KNOCK_DETECTED = Flag set to 1 if Knock occured in current 
                           PIP half period. 
-  KNOCK_ENABLED = Knock Strategy enabled. 
-  KNOCK_OCCURED = Flag set to 1 (in the knock rout ine), if 
                         knock occured in the curre nt or last PIP  
                         period. 
-  TIPFLG = Flag set to 1 to indicate a Tip-in. 
 
      Calibration Constants: 
-  ADVLIM = Maximum degrees of advance control. 
-  ECTIP = Minimum ECT to enable Tip-in Retard, deg  F. 
-  ECTNOK = Disable Knock control below this value of ECT. 
-  ENGCYL = Number of cylinders per engine revoluti on 
 (NUMCYL/2); or number of PIPs per engine revolutio n. 
-  FN143A = Retard increment versus RPM, deg. 
-  FN144A = Variable knock Threshold window open ti me, msec. Input is Engine speed in 
RPM; output is fraction of PIP Period. 
-  FN145A = Variable Knock threshold window positio n. Input = Engine Speed in RPM, output 
= fraction of PIP period.  
-  FN146B = Spark advance Rate versus RPM, sec/deg.  
-  KACRAT = Change in TP equivalent to a 
Tip-in Retard, counts. 
-  KIHP = Knock Hardware Present Switch. 
1 = Knock sensor present. 
 
-  KNKCYL = Change in TP equivalent to a Tip-in Ret ard, 
counts.  
 
-  LODNOK = Minimum load for knock control.  
 
-  NTIP = Maximum RPM to enable Tip-in retard (rest ricted 
to less than or equal to 2000 to assure TIPRET 
ramp back function.) 
 
-  RETLIM = Maximum degrees of retard control. 
 
-  RPMCNL = Threshold RPM below which the window is  
                   always open.  
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-  RPMMIN = Disable Knock control below this RPM. 
 
-  TCTPT = Time constant for TBART (TP filter). 
 
-  TIPHYS = TIPLOD Hysteresis term to prevent multi ple Tip-in 
                  retards, unitless.  
 
-  TIPINC = Advance per PIP following a Tip-in reta rd. 
                   (Must be a positive number; unit s are degrees) 
 
-  TIPLOD = Minimum Load to clear CTFLG for Tip-in Retard. 
 
-  TIPMAX = Initial amount of retard following a Ti p-in. 
                   (Must be a negative number; unit s are degrees) 
 
-  WINCLD = Number of PIPs threshold window is to b e closed. 
 
-  WINLEN = Minimum amount of time threshold window  is open, 
                   msec.  
 
-  WOPEN = Position of window opening, Beta.  
 
-  Y = Normal Part throttle spark multiplier.  
 
      OUTPUTS 
      Registers: 
-  KWCTR = Cancel window counter incorporated each PIP period. 
-  RETINC = Calculated as a function of RPM and is subtracted 
                   from each SPKAD corresponding to  a knocking  
                   cylinder. (positive degree) 
-  SPKADn = Spark adder terms for the nth cylinder.   It is added 
                   to SAF, may be positive or negat ive degrees. 
-  TIPRET = Tip-in retard. 
-  TSLADV = Free-running millisecond timer which co unts the 
                   time since the spark was last ad vanced by the 
                   KNOCK Strategy. 
 
      Bit Flags: 
-  CTFLG = Flag set to 1 to indicate closed throttl e Tip-in. 
-  KNOCK_DETECTED = Flag set to 1 if Knock occured in current 
                           PIP half period. 
-  KNOCK_OCCURED = Flag set to 1 (in the knock rout ine), if 
                         knock occured in the curre nt or last PIP  
                         period. 
 
-  TIPFLG = Flag set to 1 to indicate a Tip-in. 
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                               KNOCK  SIGNAL DETECT ION 
 
              :                                       : 
              :............. PIP PERIOD ........... ...: 
              :                                       : 
              ---------------------                   ---------- 
              |                   |                   | 
      PIP     |                   |                   | 
              |                   |                   | 
         ------                   ----------------- ---- 
              :                                        : 
              :<-- (WOPEN + FN145(N)) * PIP PERIOD --> : 
              :                                        : 
               ------                                  ------ 
               |    |                                  |    | 
      KTS  --->|    |<--- WINLEN+FN144(N)*PIP PERIO D   |    | 
               |    |                                  |    | 
      ----------    ------------------------------- -----    ---- 
               :    :                                  :    : 
               :    :                                  :    : 
               :    :                                  :    : 
               :    :                **                :    : 
               :    :               *  *               :    : 
               :    :              *    *              :    : 
               :    :             *      *             :    : 
               :    :-------     *        *            :    :--- 
      NOISE    :   /:       ----*--        *           :   /: 
      -        :  / :          *   -------  *          :  / : 
       ----    : /  :         * :         ---*---      : /  : 
         -------/   :        *  :             *  -- -----/   : 
               :    :       *   :            : *       :    : 
               :    :      *    :            :  *      :    : 
               :    :     *     :            :   *     :    : 
      KNOCK    :    :    *      :            :    *     :    : 
      SENSOR   :    :   *       :            :     *   :    : 
           *************        :            :      ************ 
                                :            : 
                                :            : 
                                :            : 
                                :            : 
                                -------------- 
                                |            | 
      KI                        |            | 
                                |            | 
          -----------------------            ------ ------------- 
          (IF KNOCK > NOISE, KI=1; OTHERWISE, KI=0)  
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                                     STRATEGY DESCR IPTION 
 
      The Individual Cylinder Knock Strategy consis ts of four major sub-strategies: 
 
          1. KNOCK STRATEGY ENABLE LOGIC 
          2. KNOCK THRESHOLD SENSE LOGIC 
          3. SPARK RETARD LOGIC 
 
 
      1. KNOCK STRATEGY ENABLE LOGIC 
 
      The following logic is checked every backgrou nd loop: 
 
 
      KIHP = 1 ------------| 
                           | 
      LOAD > LODNOK -------| 
                           | 
      ECT > ECTNOK --------|AND ----| ENABLE KNOCK STRATEGY 
                           |        | 
      N_BYTE > RPMMIN -----|        | --- ELSE --- 
                                    | 
                                    | DISABLE KNOCK  STRATEGY 
                                    | SET SPKAD (AL L) = 0 
                                    | SET TSLADV = 0 
 
 
      LODNOK, ECTNOK, and RPMMIN define  the  minim um  engine  operating  conditions  to 
      enable  the  Knock  Control Strategy.  These are calibration parameters accessible 
      through VECTOR and through the calibration co nsole. 
 
      SPKAD(ALL) are spark adder terms; SPKAD1, SPK AD2, SPKAD3, ....  SPKADn; where n  = 
      KNKCYL.   If  KNKCYL  is  calibrated  to be e qual to the number of cylinders, then 
      there is a unique SPKAD term for each cylinde r -- INDIVIDUAL CYLINDER  KNOCK.   If 
      KNKCYL  is calibrated to 1, the Knock Strateg y functions as a Multi-Cylinder Knock 
      Strategy; i.e., there is only one SPKAD term.   It is applied to all cylinders.  If 
      one  cylinder  knocks,  then all cylinders ge t retarded an equal amount.  Negative 
      values for SPKAD mean that spark is being ret arded. 
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      2.  KNOCK THRESHOLD SENSE (KTS) LOGIC 
 
      The software periodically opens a window whic h allows a Noise  threshold  charging 
      pulse  called KTS to raise the Knock Threshol d level of the Hardware circuit.  The 
      window always opens once per PIP period unles s the RPM exceeds RPMCNL.  The engine 
      developer defines the window during which the  charging pulse is on by means of two 
      fox functions and two calibration constants.  The pulsewidth of  KTS  defines  the 
      period  of  time  that  the capacitor in the RC circuit will be charged.  Wide KTS 
      pulses cause the threshold to increase.  The timing of the KTS pulse must coincide 
      with  the  optimum  non-knocking  portion  of   the PIP period over all engine RPM. 
      Since Knock tends to to extend longer through  the PIP period with increasing  RPM, 
      the  KTS  pulse  should  be  timed  late in t he current PIP period or early in the 
 
      following PIP period (95-110% PIP period). 
 
      Noise threshold elevation will result when th e  capacitor  charging  rate  greatly 
      exceeds  the  discharge  rate or when the KTS  pulse is output during conditions of 
      Knock.  When knock occurs at high RPM, the ch arging pulse window  is  kept  closed 
      for  WINCLD  PIP  periods to prevent elevatin g the NOISE threshold to the level of 
      KNOCK, thereby preventing the EEC hardware ci rcuit from sensing  additional  spark 
      knock. 
 
      The calculations shown below are checked ever y rising edge of PIP: 
 
      The pulsewidth of KTS is equal to: 
 
                           WINLEN + FN144 (N) * ("L AST PIP PERIOD") 
 
      Where, WINLEN is minimum KTS pulsewidth, cloc k ticks. 
 
          FN144(N) is fraction of pip period, BETA Units. 
 
          "LAST PIP PERIOD" is equal to 60/(ENGCYL* N). 
 
          ENGCYL is number of PIPs per revolution. 
 
      The timing of KTS is equal to: 
 
                            (WOPEN + FN145(N))*("LA ST PIP PERIOD") 
 
      Where, WOPEN is the minimum delay after the r ising edge  of  PIP  before  the  KTS 
      pulse will be output. 
 
      FN145(N) is a fraction of PIP period, BETA Un its. 
 
      Note:  The KTS pulse is output even if the kn ock strategy is disabled  to  refresh 
      the  threshold  level  in  the event that the  Knock strategy becomes enabled.  The 
      absence of the KTS pulse for more than a few PIP  periods  would  result  in  full 
      retard upon entering Knock strategy. 
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      The following logic is checked every PIP UP e dge before calculating spout. 
 
 
      KIHP = 0 ---------------------------| NO KNOC K SENSOR 
                                          | Do not output KTS 
                                          | 
                                          | --- ELS E --- 
                                          | 
      N <OR= RPMCNL ---------------|      | 
                                   |      | 
      KWCTR > WINCLD --------------|OR ---| SET KWC TR = 0 
                                   |      | OPEN WI NDOW AT  
      KNOCK_DETECTED = 0 ---|AND --|      |   CALCU LATED TIME 
                            |             |  
                            |             | --- ELS E --- 
       (no KNOCK in current |             |  
        PIP half period)    |             | INCREME NT KWCTR 
                            |             | DO NOT OPEN WINDOW 
      NOT SIGNATURE PIP ----| 
 
 
      RPMCNL is the threshold RPM below which the W INDOW is always open.  The WINDOW  is 
      not  opened  during  a  signature  PIP  perio d  (if  Signature  PIP distributor is 
      present), or if KNOCK has been detected durin g the current PIP first half period. 
 
      KNOCK_DETECTED = 1 ----| 
                             |AND ----| KNOCK_OCCUR RED = 1 
      KNK_HIGH = 1 ----------|        | 
                                      | --- ELSE -- - 
      KNOCK_DETECTED = 1 ----|        | 
                             |AND ----| KNOCK_OCCUR RED = 1 
      KNK_HIGH = 0 ----------|        | KNOCK_DETEC TED = 0 
       (KI currently                  | 
        indicates NO KNOCK)           | --- ELSE -- - 
 
                                      | 
                                      | KNOCK_OCCUR RED = 0 
 
      The following line of logic is executed "almo st in real time". 
 
      KIHP = 0 ----------------| Prevent knock inte rrupts 
                               | from occuring 
                               | 
                               | --- ELSE --- 
                               |  
                               | Allow knock interr upts 
                               | to occur 
 
 
      NOTE:  KNOCK_DETECTED & VIP_KNOCK are both se t in the Knock Interrupt Routine. 
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              |<--"LAST PIP PERIOD"-->| 
              _____________           _____________            ____ 
              |           |           |           |            | 
              |           |           |           |            | 
              |           |           |           |            | 
      PIP  ___|           |___________|           | ___________| 
 
              |<-----------A------->| 
 
 
             _____                   _____ 
             |   |                   |   | 
             |<B>|         |         | | |         |           | 
             |   |                   |   | 
       KTS  _|   |___________________|   |_________ _________________ 
 
 
 
                     ___________  
                     |         |  
               |     |     |   |       |           |           | 
                     |         | 
       KI   ---------|         |------------------- ----------------- 
 
 
                     ___________________ 
                     |                 | 
                     |                 | 
               |     |     |           |           | 
       KNOCK ________|                 |___________ ____________|____ 
       DETECTED 
 
                                       ____________ _____________ 
                                       |                       | 
               |           |           |           |           | 
                                       |                       | 
       KNOCK __________________________|                       |_____ 
       OCCURRED 
 
 
                    Where A = (WOPEN + FN145)*("LAS T PIP PERIOD") 
                     B = WINLEN + FN144*("LAST PIP PERIOD") = KTS 
 
      Note: Range of A is typically 90 - 110 % of P IP period. 
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      3. SPARK RETARD LOGIC 
 
      Whenever the Knock strategy is  enabled,  the   software  calculates  RETINC  as  a 
      funcion  of  RPM.   RETINC  is  subtracted  f rom  each SPKAD that corresponds to a 
      "knocking" cylinder.  The software keeps trac k of the cylinders by means of a "PIP 
      counter".   The  "PIP  counter" is incremente d once per PIP period and is set to 1 
      every time it exceeds  KNKCYL.   To  prevent  excessive  retard  (perhaps  due  to 
      erroneous knock sense) each SPKAD is clipped to RETLIM. 
 
                                     RETINC = FN143 A (N) 
 
      During a particular PIP period ("PIP counter"  = n), the software makes adjustments 
      to SPKAD(n-1) based on whether Knock was sens ed during the previous PIP period and 
      uses SPKAD(n), calculated during the previous  engine  cycle  (KNKCYL  PIP  periods 
      ago) to determine the final value of spark ad vance for the next spark output. 
 
 
      KNOCK STRATEGY ENABLED -| 
                              | 
      KNOCK_OCCURRED = 1 -----| 
       (knock sensed          | 
        during last PIP       |AND --| SET SPKAD(n- 1) = SPKAD(n-1) 
        Period)               |      |    - RETINC 
                              |      | (Clip min. S PKAD(n-1) to RETLIM) 
      TIPRET = 0 -------------|       
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   THROTTLE POSITION FILTER (TBART) 
 
 
      The TBART calculation is a time-dependent rol ling average filter of  instantaneous 
      throttle  position  (TP).   It  is  updated  each  background pass while in RUN or 
      UNDERSPEED mode.  The TBART time constant TCT P, is a calibratable parameter. 
 
                                  TBART = UROLAV (T P,TCTPT) 
 
 
      A separate part of the retard logic responds to Tip-in  detonation,  and  even  to 
      potential Tip-in detonation, by retarding the  spark TIPRET degrees. 
 
      Tip-in detonation is a result of the relative ly slow response of both LOAD and  N, 
      which  are  average values during a PIP perio d, to the sudden increase in manifold 
      pressure and decrease in engine speed, respec tively,  which  occur  within  a  PIP 
      period  during  a Tip-in.  The result is that  the delivered spark is over-advanced 
      for the instantaneous conditions until the LO AD calculation has updated to reflect 
      the  higher  manifold  pressure  and the engi ne speed has recovered.  The recovery 
      from a Tip-in is normally complete within a f ew PIP periods. 
 
      The KNOCK STRATEGY is designed to anticipate detonation following  a  Tip-in  from 
      idle  (the  worst case Tip-in condition) and respond by retarding the spark before 
      detonation occurs.  Tip-in from part- throttl e results in retarded spark  only  if 
      knock  is  sensed.  In both cases, Tip-in ret ard is applied to whichever cylinders 
      follow the Tip-in,  not  to  individual  cyli nders  as  is  usually  done  in  the 
      individual  cylinder  knock  strategy.   Thus ,  there is no need to wait an entire 
      engine cycle before responding to Tip-in deto nation. 
 
      The Tip-in condition is recognized by compari ng TP to a filtered TP, called TBART. 
      (NOTE that TBART is initialized to the same i nitialization value as RATCH) If TCF, 
      the difference between TP and TBART, exceeds KACRAT,  and  if  either  the  Tip-in 
      occurred   from   idle  or  if  the  knock  i s  sensed  following  a  Tip-in  from 
      part-throttle, then the spark for the next PI P is retarded by TIPMAX degrees.   On 
      the  ensuing PIPS, the amount of retard is de cremented by TIPINC degrees until all 
      Tip-in retard is removed.  The Tip-in logic c an be disabled by  setting  KACRAT  = 
      1023. 
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      The following Tip-in logic is checked every b ackground loop: 
 
 
      ECT > ECTIP ----------| 
                            | 
      TCF >OR= KACRAT ------|AND -----| SET TIPFLG = 1 
                            |         | 
      N < NTIP -------------|         | --- ELSE -- - 
                                      | 
                                      | TIPFLG = 0 
 
 
 
      APT = -1 --------|AND ----|S Q--| SET CTFLG =  1 
                       |        |     | 
      LOAD < TIPLOD ---|        |     | --- ELSE -- - 
                                |     | 
      LOAD > TIPLOD + TIPHYS ---|C    | SET CTFLG =  0 
 
      NOTE: The Sum of TIPLOD + TIPHYS is clipped t o 1.99 
 
      The following Tip-in logic is checked before SPOUT issues (rising 
      or falling edge of PIP): 
 
 
      TIPRET = 0 --------------------| 
                                     | 
      TIPFLG = 1 --------------------|AND --| SET T IPRET = TIPMAX 
                                     |      | TBART  = TP 
      KNKCYL NOT=1 ---------|AND-|   |      | 
                            |    |   |      | 
                            |    |   |      | 
      KNOCK_ENABLE = 1 -----|    |   |      | 
                            |    |   |      | 
      KNOCK_OCCURRED = 1 ---|    |OR-|      | --- E LSE --- 
        (knock sensed)           |          | 
                                 |          | 
      CTFLG = 1 -----------------|          | SET T IPRET = TIPRET + TIPINC 
                                            | (CLIP  MAX TIPRET TO 0) 
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      4. SPARK ADVANCE LOGIC 
 
      The following logic is checked every rising e dge of PIP: 
 
 
      KNOCK STRATEGY ENABLED -| 
                              |AND --| SET SPKAD(AL L) = SPKAD(ALL) +  
      TSLADV >OR= FN146B/4 ---|      |   0.25 deg.  (CLIP MAX  
                                     |   SPKAD(ALL)  TO ADVLIM) 
                                     | SET TSLADV =  TSLADV - FN146B/4 
 
 
 
      If the Knock Strategy is enabled, all of the spark adders, SPKAD1  through  SPKADn 
      are  incremented  0.25  degrees  every  FN146 B/4 seconds.  Each of the SPKADn's is 
      clipped to ADVLIM.  If ADVLIM = 0, the KNOCK STRATEGY will not advance  the  spark 
      beyond SAF. 
 
      NOTE:  If the Knock Strategy is enabled and n o cylinders are knocking,  the  spark 
      to  each  cylinder  will  advance  to  SAF  +  ADVLIM.  If a particular cylinder is 
      knocking, the Retard Strategy will tend to do minate the advancing  mechanism.   To 
      insure that the spark to knocking cylinders i s retarded more than the strategy can 
      advance it, FN146B should be greater than or equal  to  1/FN143A.   FN146B  is  in 
      degrees  of  advance  per  second  while  FN1 43  is  in degrees of retard per PIP, 
      therefore, FN143 must be converted to degrees  per second at  a  given  RPM  for  a 
      valid comparison to be made.  When FN146B is large, then the spark advance rate is 
      small.  For example, FN146B = 0.5 is equivale nt to  a  spark  advance  rate  of  2 
      degrees/sec.  FN146B = 0.25 is equivalent to spark advance rate of 4 degrees/sec. 
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                                     SUMMARY AND EX AMPLE 
 
 
      The final value of spark advance is calculate d by the  EOS  immediately  prior  to 
      calculating the waiting time: 
 
      CALCULATED SPARK OUT (n+1) = SAF + SPKAD(n+1)  + TIPRET 
 
      The table shown below is included as an illus tration of  the  Individual  Cylinder 
      Knock Control adjustment to the Spark Advance . 
 
 
                     Example of Individual Cylinder  Knock Control (4 cyl) 
 
                         __________________________ _______________ 
                         |         |         |         |         | 
         PIP Counter     |    1    |    2    |    3     |    4    | 
                         |_________|_________|_____ ____|_________| 
                         | TIPRET+ | TIPRET+ | TIPR ET+ | TIPRET+ | 
         Adjustment      | SPKAD1  | SPKAD2  | SPKA D3  | SPKAD4  | 
         to Spark        |  = +2   |  = +4   |  = - 6   |  = +6   | 
                         |_________|_________|_____ ____|_________| 
                         |         |         |         |         | 
         Base Spark      |   24    |   24    |   24     |   24    | 
         (SAF)           |_________|_________|_____ ____|_________| 
                         |         |         |         |         | 
         Calculated      |   26    |   28    |   18     |   30    | 
         Spark Out       |_________|_________|_____ ____|_________| 
                         |         |         |         |         | 
         Actual          |   26    |   28    |   18     |   28.8  | 
         Spark Out       |_________|_________|_____ ____|_________| 
 
 
      Due to the physical time constraints for armi ng  the  coil  and  firing  the  next 
      spark, the maximum spark advance increase bet ween consecutive spark events must be 
      no more than SPKLIM*360/ENGCYL degrees. 
 
      In this example, SPKLIM = .06 and  ENGCYL  =  2.   Therefore,  the  largest  spark 
      advance  increase allowed between cylinders i s 10.8 deg.  There is no limit on the 
      amount of spark advance decrease allowed betw een cylinders. 
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      DEFINITIONS 
      INPUTS 
      Registers: 
 
-  AM = Air mass flow (lb/min). 
 
-  AMPEM = Air mass flow plus EGR mass flow. 
 
-  APT = Throttle Mode Flag. 
                (Set = -1 = Closed Throttle) 
                (Set =  1 = Wide Open Throttle) 
                (Set = 0 = Part Throttle) 
 
-  ATMR1 = Time since start (time since exiting 
                  Crank mode), sec. 
 
-  ATMR2 = Time since ECT became greater than TEMPB F 
                  sec. 
 
-  BP = Barometric pressure. 
 
-  DELOPT = Filtered desired EGR valve position. 
 
-  EGRERR = DELOPT - EVP 
 
-  EM = EGR mass flow. 
 
-  EOFF = The EGR valve reading when the valve is 
                 fully closed in A/D counts. 
 
-  EVP = EGR valve position reading in A/D counts. 
 
-  ISCFLG = Mode Indicator Flag 
                   -1 = Dashpot, 0 = Pre-pos. 
                    1 = RPM Control, 2 = MAP RPM Co ntrol 
 
-  MFAMUL = MFA table ramp-in multiplier, unitless.  
 
-  PEXH = Absolute exhaust pressure (in Hg). 
               = FN074A(AM)*29.875/BP + BP 
 
-  TCSTRT = Temperature of ECT at cold start, deg F . 
 
      Bit Flags: 
-  AFMFLG = Flag indicating that ACT sensor has fai led. 
-  BFMFLG = Flag indicating that BP sensor has fail ed: 1 -> failure. 
-  CFMFLG = Flag indicating that ECT sensor is in/o ut of range. 
-  CRKFLG = Flag indicating engine status, set to 1  if 
                   in Crank mode. 
-  EFMFLG = Flag indicating that EVP EGR sensor has  failed (This 
                   flag performs for both Sonic and  PFE EGR). 
 

8-2 



EGR STRATEGY - GUF0 
PEDD-PTOPE, FoMoCo, PROPRIETARY & CONFIDENTIAL 

-  EGREN = Flag which indicates EGR enabled if set to 1. 
 
-  EGRFLG = Flag that indicates whether DCOFF has b een  added to EGRDC. 
 
-  MFAFLG = Managed Fuel/Air Ratio Flag. This is se t to one if MFA is being used. 
 
-  MFMFLG = Flag indicating that MAF sensor has fai led. 
 
-  TFMFLG = Flag indicating that TP sensor has fail ed. 
 
      Calibration Constants: 
 
-  CTHIGH = Hot Start Minimm Engine Coolant Tempera ture, Deg F. 
 
-  CTLOW = Cold Start maximum ECT, deg F. 
 
-  DCOFF = Duty cycle required to start to open the  valve equivalent to LGA0O in the 
Vent/Vac system. 
 
-  EGRDED = Deadband value for EVP - DELOPT, counts . 
 
-  EGRMPT = Calibration time delay to ramp EGR in, sec.  (EGRATE Ramp time for TCSTRT 
<or= CTLOW) 
 
-  EGRTD1 = EGR time delay (TCSTRT <or= CTLOW) for low mileage.  
 
-  EGRTD2 = EGR time delay (CTLOW < TCSTRT < CTHIGH ) for low mileage.  
 
-  EGRTD3 = EGR time delay (TCSTRT >or= CTHIGH) for  low mileage.  
 
-  EGRTD4 = EGR time delay (TCSTRT <or= CTLOW) for high mileage or NO IMS hardware.  
 
-  EGRTD5 = EGR time delay if CTLOW < TCSTRT < CTHI GH for high mileage or no IMS 
hardware.  
 
-  FN070 = Engine speed N normalizing function for FN908A and FN908B, generates table 
entry point. Input = N and Output = table entry poi nt. 
 
-  FN074 = EGR Valve upstream pressure. Input: AM *  KAMRF1 and Output = H2O. 
 
-  FN082 = LOAD normalized function for FN1223. Inp ut = LOAD and Output = Row Number 
(table entry point). 
 
-  FN083 = RPM normalizing function; generates tabl e entry point. Input = N and Output = 
Normalized N. 
 
-  FN211 = Part throttle EGR multiplier as a functi on of Engine Coolant Temperature ECT. 
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-  FN212A = EGRSEA multiplier as a function of Baro metric 
Pressure BP. 
 
-  FN217A = EGRALT multiplier as a function of Baro metric 
Pressure BP. 
 
-  FN219A = EGR mass flow as a function of EGR valv e 
position (EVP-EOFF). 
 
-  FN220 = Multiplier as a function of Air Charge T emperature ACT. 
 
-  FN221 = EGR valve position as a function of desi red mass flow. 
 
-  FN239 = Change in EVR duty cycle as a function o f the position error, EGRERR (IF PFEHP 
= 0); or as a function of Pressure Error PRESER 
 (If PFEHP = 1). 
 
-  FN246 = EGR Mass flow as a function of DELPR, lb /min. 
 
-  FN247 = Desired Pressure Drop as a function of D esired 
EGR Mass flow, inches H2O. 
 
-  FN311 = MFA altitude multiplier, unitless. 
 
-  FN908A (EGRSEA) = Sea level EGR table. 
X-input = FN070 - Normalized engine speed, RPM 
Y-input = FN071 - Normalized load. 
Output = Percent EGR 
 
-  FN908B (EGRALT) = Altitude EGR table. 
X-input = FN070 - Normalized engine speed, RPM 
Y-input = FN071 - Normalized load. 
 
-  FN1223 = (Managed fuel air EGR table) 4 x 3 tabl e of 
multipliers. 
X-input = FN083 - Normalized engine speed, RPM 
Y-input = FN082 - Normalized Load 
 
-  KPEI = Part throttle EGR adder. 
 
-  PFEHP = Switch to select EGR strategy. 1 = PFE; 0 = Sonic; 2 = No EGR. 
 
-  TCDLOP = Time constant for DELOPT, sec. 
 
-  TCDP = Time constant fpr DESDP, sec. 
 
-  TCEACT = Time constant for EGRACT, sec. 
 
-  TSEGRE = Accumulated time EGR is enabled. 
 
-  X = EGR table multplier.  
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      OUTPUTS 
 
      Registers: 
 
-  DELOPT = Filtered desired EGR valve position. 
 
-  DESEM = Desired EM, lb/min. (EGRATE * AMPEM /100 ) 
 
-  EGRACT = Actual EGR percent = 100*EM/AMPEM. 
 
-  EGRATE = Desired EGR rate in percent. 
 
-  EGRDC = Duty cycle of the EVR output, fraction. 
 
-  EM = EGR mass flow. 
 
      Bit Flags: 
 
-  EGREN = Flag which indicates EGR enabled if set 
                  to 1. 
 
-  EGRFLG = Flag that indicates whether DCOFF has b een  
                   added to EGRDC. 
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    EGR STRATEGY 
                                       OVERVIEW 
 
 
      The GX strategy provides the capability to se lect one  of  two  EGR  systems: 
      Sonic EGR or PFE EGR. 
 
      The EGR strategy is divided into: 
 
          1) Enable/Disable Logic      -     Common  
          2) EGRATE Calculation -     Common 
          3) EM Calculation     -     Unique 
          4) EGR Error Calculation     -     Unique  
          5) EGRDC Update       -     Unique 
          6) EVR Output Routine -     Common 
 
 
      The calibrator selects the desired EGR system  by setting  PFEHP  equal  to  1 
      (for  PFE EGR - Pressure Feedback EGR); or, t o zero (for Sonic EGR); or to 2, 
      to disable both EGR strategies.  The Switch l ogic is described below. 
 
 
                                    EGR SELECT LOGI C 
 
 
      PFEHP = 0 -------------------------| Do SONIC  EGR Control 
                                         | 
                                         | --- ELSE  --- 
                                         | 
      PFEHP = 1 -------------------------| Do PRESS URE FEEDBACK EGR 
                                         | Control 
                                         | 
      PFEHP = 2 -------------------------| --- ELSE  --- 
                                         | 
                                         | EGR disa bled, NO EGR Control 
                                         | required  
                                         | 
                                         | Set EM =  0 
                                         | Set EGRA CT = 0 
                                         | 
 
                                         | Return 
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                                EGR ENABLE LOGIC - COMMON 
 
      The following logic describes the operating c onditions during  which  EGR  is 
      enabled  (When  PFEHP  = 2, no EGR is require d and the EGR strategy is always 
      disabled). 
 
      TCSTRT >OR= CTHIGH ---------| 
                                  |AND --| 
      ATMR1 >OR= EGRTD3 ----------|      | 
                                         | 
                                         |           
      CTLOW < TCSTRT < CTHIGH ----|      | 
                                  |AND --|OR -|AND -| ENABLE EGR 
      ATMR1 >OR= EGRTD2 ----|     |      |    |     | EGREN = 1 
                            |AND -|      |    |     |   
      ATMR2 >OR= EGRTD5 ----|            |    |     | --- ELSE --- 
                                         |    |     |  
                                         |    |     | EGREN = 0 
      TCSTRT <OR= CTLOW ----------|      |    |     | DISABLE EGR 
                                  |      |    |     | EGRATE = 0 
                                  |AND --|    |     | DESEM = 0 
      ATMR1 >OR= EGRTD1 ----|     |           |     | EGRACT = 0 
                            |AND -|           | 
      ATMR2 >OR= EGRTD4 ----|                 | 
                                              | 
      APT = 0 (PART THROTTLE) ----------------| 
                                              | 
      EVP >OR= EOFF - EGRDED ----|            | 
                                 |OR ---------| 
      PFEHP = 0 -----------------|            | 
                                              | 
      CRKFLG = 0 -----------------------------| 
                                              | 
      AFMFLG = 0 ------------|                | 
                             |                | 
      CFMFLG = 0 ------------|                | 
                             |                | 
      EFMFLG = 0 ------------|AND ------------| 
                             | 
      MFMFLG = 0 ------------| 
                             | 
      TFMFLG = 0 ------------| 
                             | 
      BFMFLG = 0 ------------| 
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      DESIRED EGR FLOW RATE EQUATIONS - COMMON 
 
 
      If EGR is enabled, the base amount of EGR to be added is determined from  two 
      10  x  8  tables  the  format of which is ide ntical to that used for the PART 
      THROTTLE spark timing determinations. 
 
      The table values are a function of engine spe ed N and LOAD. 
 
      The base amount can be adjusted by several EG R modulators to reflect  special 
      engine operating conditions. 
 
      The amount of EGR to be added is determined a s shown below. 
 
 
 
      MFAFLG = 1 -------| EGRATE = ['E' * (1 - {FN1 223 
                        |   * MFAMUL * FN311})] + K PEI 
                        | 
                        | --- ELSE --- 
                        | 
                        | EGRATE = 'E' + KPEI 
 
 
      'E' is defined below. 
 
 
            'E' = X*'R'*[FN211 * FN220 * (FN908A * FN212A + FN908B * FN217A)] 
 
 
      'R' is defined below. 
 
 
                          'R' = TSEGRE/EGRMPT (CLIP PED AT 1.0) 
 
 
                                      TSEGRE LOGIC 
 
 
      TCSTRT > CTLOW -------------| SET TSEGRE = EG RMPT ('R' = 1) 
                                  | 
                                  | --- ELSE --- 
                                  | 
      EGR ENABLED ----------------| INCREMENT TSEGR E 
                                  |  (CLIP AT EGRMP T) 
                                  | 
                                  | --- ELSE --- 
                                  | 
                                  | FREEZE TSEGRE 
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                          SONIC EGR VALVE STRATEGY (PFEHP = 0) 
 
      The Sonic Exhaust Gas Recirculation (EGR) sys tem  offers  a  high  degree  of 
      flexibility.   The  chief  benefit  is  impro ved drive and fuel economy.  The 
      abilities are: 
 
          1.  EGR flow can be precisely  varied  de pending  upon  engine  operating 
          conditions. 
 
          2.  Spark advance can be precisely adjust ed to compensate for the  actual 
          EGR flow. 
 
      The Sonic EGR system consists of: 
 
          1.  Sonic EGR valve 
 
          2.  EGR valve position (EVP) sensor 
 
          3.  Electronic Vacuum Regulator (EVR) 
 
      The EGR valve controls the flow of exhaust ga ses to the intake manifold.  The 
      pintle   valve  and  seat  assembly  are  des igned  such  that  EGR  flow  is 
      proportional to pintle position.  Further, th e output of the  EVP  sensor  is 
      directly  proportional  to  the  pintle  posi tion.  This design allows direct 
      calculation of EGR flow. 
 
      The EGR valve is operated by manifold vacuum.   The EVR: 
 
          1.  Applies vacuum to the EGR valve (incr eases EGR flow). 
 
          2.  Holds in existing EGR valve vacuum (m aintains EGR flow). 
 
          3.  Vents EGR valve vacuum to atmosphere (decreases EGR flow). 
 
      The strategy enables EGR during various engin e operating modes.  These  modes 
      are  calibration  items.   Typical  calibrati ons  will  enable EGR when these 
      conditions are met: 
 
          1.  Time since start is greater than a ca libration value. 
 
          2.  Engine is in part throttle mode. 
 
          3.  Current EGR  valve  position  is  not   less  than  the  fully  closed 
          position. 
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      ACTUAL EGR MASS FLOW EQUATIONS - SONIC (PFEHP  = 0) 
 
 
      For interactive spark and EGR control: 
 
          1.  The EGR mass flow is calculated based  upon actual valve position. 
 
          2.  The percent EGR is then calculated  a nd  used  to  modify  the  spark 
          advance. 
 
 
 
                           EM CALCULATION - SONIC ( PFEHP = 0) 
 
 
      ISCFLG = 1 OR 2 ----------| 
        (Idle RPM Control)      |AND -|OR --| (EGR is OFF) 
                                |     |     | EM = 0 
      DELOPT = 0 ---------------|     |     | 
                                      |     | --- E LSE --- 
                                      |     |   
      AFMFLG = 1 ---------------|     |     | EM = FN219A *  
                                |     |     |  BP/2 9.875 
      CFMFLG = 1 ---------------|     | 
                                |     | 
      EFMFLG = 1 ---------------|OR --| 
                                | 
      MFMFLG = 1 ---------------| 
                                | 
      TFMFLG = 1 ---------------| 
 
 
      Percent EGR = EGRACT = (EM/AMPEM)*100 
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                        DESIRED EGR MASS FLOW - SON IC (PFEHP = 0) 
 
 
      The desired EGR mass flow = 0.01 * EGRATE * A MPEM * 29.875/BP 
 
 
      To enhance the control of the  EGR  valve,  t he  valve  is  controlled  to  a 
      filtered desired position as follows: 
 
 
      EGREN = 1 ------------| DELOPT =  
       (EGR Enabled)        |  UROLAV (FN221+EOFF,T CDLOP) 
                            | 
                            | --- ELSE --- 
                            | 
                            | DELOPT = 0 
 
      Notes: 
 
      1.  When the desired EGR rate EGRATE equals z ero, DELOPT is then set to zero. 
      This action will close the EGR valve when zer o EGR is requested. 
 
      2.  When the desired EGR rate EGRATE is nonze ro  and  DELOPT  is  zero,  then 
      DELOPT is set to EOFF before the DELOPT filte r is run.  This makes the DELOPT 
      filter start at the closed EGR valve position  when EGR is desired. 
 
      3.  DELOPT is clipped to 922 counts (90% of V REF). 
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                       SONIC EGR VALVE OUTPUT CONTR OL (PFEHP = 0) 
 
 
      The EGR valve is controlled  in  a  closed  l oop  manner  using  proportional 
      control,  and  the  EGR  valve  position, EVP , as the feedback variable.  The 
      valve is moved to the desired EGR position DE LOPT through output commands  to 
      the Electronic Vacuum Regulator, EVR. 
 
 
      EGR FLOW                  EVR OUTPUT 
      ---------------           -------------------  
 
      HOLD                      MAINTAIN DUTY CYCLE  
 
      INCREASE                  INCREASE DUTY CYCLE  
 
      DECREASE                  DECREASE DUTY CYCLE  
 
      NONE                      DUTY CYCLE = 0 
      (FULLY CLOSED) 
 
 
 
      The change in the EVR duty cycle is a functio n of the sign and  magnitude  of 
      the error in control pressure according to th e following logic. 
 
 
 
      DELOPT = 0 ------------------------|  EGRDC =  0  
                                         |  CLEAR E GRFLG 
                                         | 
                                         | --- ELSE  --- 
      EVP <OR= EOFF + EGRDED -|          | 
                              |AND ------|  EGRDC =  DCOFF + 
      EGRFLG CLEAR -----------|          |        F N239(EGRERR) 
                                         |  SET EGR FLG 
                                         | 
                                         | --- ELSE  --- 
                                         | 
      EVP > EOFF + EGRDED ---------|     | 
                                   |OR --|  EGRDC =  EGRDC +     
      EVP <OR= EOFF + EGRDED-|     |     |        F N239(EGRERR)  
                             |AND -| 
      EGRFLG SET ----------- | 
 
      EGRDC is clipped to 0.90 
 
      An EVR calibration method, EVR.MEM, is availa ble in the Strategy  group  user 
      area.  Copies can be made by exercising the X erox option as explained on page 
      2 of this Strategy Book. 
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               PRESSURE FEEDBACK ELECTRONIC (PFE) E GR STRATEGY (PFEHP = 1) 
 
 
      The PFE EGR system was developed as a subsoni c alternative to the  Sonic  EGR 
      system.   The  PFE  EGR provides a projected reliability improvement over the 
      Sonic system while still providing the  flexi bility  and  spark  compensation 
      characteristics of Sonic EGR. 
 
      Like the Sonic EGR subsystem,  PFE  EGR  prec isely  regulates  the  EGR  flow 
      according  to  calibrated  Tables  and  fox  functions.  However, the PFE EGR 
      strategy uses pressure (EPT)  as  the  feedba ck  signal  rather  than  pintle 
      position (EVP). 
 
 
      The PFE_EGR system consists of: 
 
          1) Tapered pintle ported EGR valve. 
 
          2) Downstream pressure sensor (EPT). 
 
          3) Control orifice. 
 
          4) Electronic Vacuum Regulator (EVR). 
 
      Since PFE EGR is a subsonic flow system, the EGR flow is proportional to  the 
      pressure  drop  across  a  sharp-edged  orifi ce  (PE - DP).  PE, the upstream 
      pressure, is calculated by the software.  DP,   the  downstream  pressure,  is 
      measured  by  means  of  a  piezo-resistive  transducer (EPT).  The EGR valve 
      itself operates as the downstream pressure  r egulator.   When  the  valve  is 
      closed, the downstream and upstream pressures  are equal.  As the valve opens, 
      the downstream pressure decreases due to the influence of the intake manifold 
      vacuum. 
 
                                         Fig. 1 
 
                Control               EGR 
                Orifice              Valve 
                   |                   | 
                   V                   V 
                ----------------------------------- ---------- 
                   |                 \    / 
                   |                  \  /      Int ake  
          PE, "H20       DP, "H20      \/      Mani fold 
                   |                   /\       Vac uum 
                   |  Control chamber /  \ 
                   |                 /    \     
               ------------------------------------ ---------- 
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      The EEC operates the EGR valve by outputting a variable  duty  cycle  to  the 
      EVR.   The  EVR  applies  a  vacuum signal, w hich is proportional to the duty 
      cycle, to the EGR valve.  The frequency of th e duty cycle ranges from  90-180 
      Hz.  The operation of the EVR is described ne ar the end of this Chapter. 
 
      The strategy enables EGR during various engin e operating modes.  These  modes 
      are  calibration  items.   Typical  calibrati ons  will  enable  EGR  when the 
      following conditions are met: 
 
          1) Time since start is greater than a cal ibration value. 
 
          2) Engine is in part throttle mode. 
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               PRESSURE FEEDBACK ELECTRONIC (PFE) E GR STRATEGY (PFEHP = 1) 
      DEFINITIONS 
      INPUTS 
      Registers: 
-  AM = Air mass flow, (lb/min). 
-  AMPEM = Air mass plus EGR mass flow. 
-  BP = Barometric pressure, "Hg. 
-   
          BPCOR = BP corrected = FN004(BP).  FN074  should  be  calibrated  at  sea 
          level  since  the altitude correction is made by the (29.875/BPCOR) term. 
          Note that the altitude correction used to  be (29.875/BP)  however  actual 
          data  obtained  from  the  altitude chamb er disagreed with the calculated 
          correction.   Therefore  FN004(BP)  was  added  to  allow  an   empirical 
          correction.   If no correction is desired , calibrate FN004 on a diagonal, 
          that is (0,0), (31.875,31.875).  Actual d ata indicates that  backpressure 
          does  not increase linearly with BP, but at about half that rate, roughly 
          (0,8), (31.875,31.875).  This will genera te a corrected BP to be used  in 
          calculating a more accurate PEXH and PE ( PFE EGR only). 
 
-   
          DELPR = Pressure drop across the control orifice, " H20 
                = PE - DP 
 
-  DESEM = Desired EM, lb/min. (EGRATE * AMPEM/100)  
 
-  DESDP = Filtered desired downstream pressure, " H2O. 
                = ROLAV (DP',TCDP) 
 
-  DP = Downstream pressure, " H2O (gauge). 
             = XFREPT * (EPTBAR - EPTZER) 
          DP' = PE - DESDEL 
 
-  EGRACT = Actual EGR percent = 100*EM/AMPEM. 
 
-  EGRATE = Desired EGR rate in percent. 
 
-  EGRCNT = Background EGR ON-TIME counter. 
 
-  EGRDC = Duty cycle of the EVR output, fraction. 
 
-  EGRERR = Error in EGR valve position (DELOPT-EVP ). 
 
-  EGRPER = Foreground EGR period. 
 
-  EM = Actual EGR mass Flow. 
 
-  EPTBAR = Rolling average of the synchronously sa mpled 
                   EPT sensor (time constant = TCEP T), secs. 
 
-  EPTZER = Rolling average of the synchronously sa mpled 
                   EPT sensor at idle (time constan t = TCEPT), 
                   stored in Keep Alive Memory, cou nts. 
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-  PE = Upstream pressure, " H2O (gauge). 
             = (29.875/BPCOR) * FN074. 
 
-  PRESER = EPTBAR - CONPR, counts. 
 
      Bit Flags: 
 
-  EGREN = Flag which indicates EGR enabled if set 
                  to 1. 
 
 
-  EGRFLG = Flag that indicates whether DCOFF has b een  
                   added to EGRDC. 
 
      Calibration Constants: 
 
-  DCOFF = Duty cycle required to start to open the  valve 
                  equivalent to LGA0O in the Vent/V ac system. 
 
-  FN004 = BP correction for exhaust backpressure c alculation, "Hg. 
 
-  FN074 = Upstream pressure as a function of (AM *  KAMREF). 
                   (KAMREF = Adaptive fuel correcti on factor), "H20. 
 
-  FN211 = Multiplier as a function  of ECT. 
 
-  FN212A = Multiplier as a function of BP. 
 
-  FN239 = Change in EVR duty cycle as a function o f 
                  the pressure error, PRESER (if PF EHP = 1). 
 
-  FN246 = EGR mass flow as a function of DELPR, lb /min. 
 
-  IXFRPR = Transfer function  = 1/XFREPT, Counts/"  H2O. 
-  KPEI = Constant EGR adder. 
-  PFEHP = Switch to select EGR strategy. 1 = PFE; 0 = Sonic; 
                  2 = No EGR. 
-  SQRT (BP/29.875) = Altitude compensation represe nted by 
                    a linear approximation for 21 <  BP <OR= 31.875. 
                    = (0.1*BP + 2.50)/5.47 
-  TCDP = DP filter time constant. 
-  X = Multiplier. 
-  XFREPT = Transfer function of EPT sensor, " H20/ counts. 
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      OUTPUTS 
 
      Registers: 
 
-  CONPR = Desired PRT sensor value. 
 
-  DESEM = Desired EM, lb/min. (EGRATE * AMPEM/100)  
 
 
-  DESDP = Filtered desired downstream pressure, " H2O. 
 
-  EGRCNT = Background EGR ON-TIME counter. 
 
-  EGRDC = Duty cycle of the EVR output, fraction. 
 
-  EGRPER = Foreground EGR period. 
 
-  EM = Actual EGR mass Flow. 
 
      Bit Flags: 
 
-  EGRFLG = Flag that indicates whether DCOFF has b een  
                   added to EGRDC. 
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      ACTUAL EGR MASS FLOW EQUATIONS (PFEHP = 1) 
 
      For interactive spark and EGR control: 
 
          1) The EGR mass flow is calculated based upon the  pressure  drop  across 
          the control orifice. 
 
          2) The percent EGR is then  calculated  a nd  used  to  modify  the  spark 
          advance. 
 
          EGREN = 1 ------------------| EM = SQRT ( BP/29.875) 
           (EGR enabled)              |   * FN246 
                                      | 
                                      | --- ELSE -- - 
                                      | 
                                      | EM = 0 
 
 
          EGRACT' = 100 * EM/AMPEM 
 
          EGRACT = UROLAV (EGRACT',TCEACT) 
 
 
 
                            DESIRED EGR MASS FLOW ( PFEHP = 1) 
 
 
      The PFE EGR system achieves the desired EGR  flow  by  controlling  it  to  a 
      particular  downstream pressure.  The desired  flow, DESEM, is calculated from 
      the desired EGR rate and actual airflow.  To promote control  stability,  the 
      strategy  avoids  operation  in  the  low  fl ow  non-linear region of the EGR 
      transfer function. 
 
 
      EGREN = 1 -------------------|      | EGR ON 
                                   |AND --| DESEM =  EGRATE * AMPEM/100 
      EGRATE * AMPEM/100           |      | DESDEL = FN247 
      >OR= MINDES + DESHYS --|S Q -|      | DP' = P E - DESDEL 
                             |            | DESDP =  ROLAV (DP',TCDP) 
      EGRATE * AMPEM/100     |            | CONPR =  (IXFRPR * DESDP) 
         < MINDES -----------|C           |  + EPTZ ER 
                                          | 
                                          | --- ELS E --- 
                                          | 
                                          | DESEM =  0 
                                          | DESDEL = 0 
                                          | DESDP =  PE 
                                          | CONPR =  EPTBAR 
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                             EVR OUTPUT CONTROL (PF EHP = 1) 
 
 
 
      The downstream pressure, DP, is controlled in  a closed loop manner using  the 
      EPT  sensor  as  the  feedback signal.  The v alve pintle is moved until CONPR 
      (the control pressure) is equal to the EPTBAR  (measured downstream  pressure) 
      by means of output commands to the EVR.  The output commands take the form of 
      a variable duty cycle voltage output. 
 
 
 
      EGR FLOW                        EVR OUTPUT 
      ---------------                 ------------- ------ 
      HOLD                            MAINTAIN DUTY  CYCLE 
 
      INCREASE                        INCREASE DUTY  CYCLE 
 
      DECREASE                        DECREASE DUTY  CYCLE 
 
      NONE                            DUTY CYCLE = 0 
      (FULLY CLOSED) 
 
 
 
      The change in the EVR duty cycle is a functio n of the sign and  magnitude  of 
      the error in control pressure according to th e following logic. 
 
 
 
      DESEM = 0 --------------------------| EGRDC =  0 
                                          | CLEAR E GRFLG 
                                          | 
                                          | --- ELS E --- 
                                          | 
      EGRFLG CLEAR -----------------------| EGRDC =  DCOFF 
                                          |  + FN23 9 
                                          | SET EGR FLG 
                                          | 
                                          | --- ELS E --- 
                                          | 
                                          | EGRDC =  EGRDC  
                                          |  + FN23 9 
 
 
      NOTE: During On-Demand Self-Test, EGRDC is to  zero. 
            The Sonic EGR and PFE EGR strategies BO TH 
            use FN239 
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      PFEHP = 1 ----------------------| Use PRESER as input 
                                      |  to FN239 
                                      | 
                                      | --- ELSE -- - 
                                      | 
                                      | Use EGRERR as input 
                                      |  to FN239 
 
      WARNING:  The Control Algorithm was designed for use with EPT  Sensors  which 
      have a POSITIVE sloped transfer function. 
 
 
      Calibration Guides for both PFE and EVR are a vailable.  Xerox copies  may  be 
      obtained  in  the same manner as Strategy Boo ks.  The file names are PFE1.MEM 
      and EVR.MEM. 
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                             EVR CONTROL ALGORITHM - COMMON 
 
 
      The EVR Control Routine was designed to opera te the EVR  within  a  90-200 Hz 
      frequency  range.   The  algorithm selects an  "ON" time, EGRCNT, based on the 
      desired duty cycle, EGRDC.  The period is cal culated by dividing the  ON-time 
      by  the  duty cycle.  (All definitions for th is section will be listed in the 
      beginning of Chapter 8.) 
 
      0 <OR= EGRDC <OR= 0.08 ----------------| EGRC NT = 0 
                                             | (Tur n EVR off) 
                                             | 
                                             | --- ELSE --- 
                                             | 
      0.08 < EGRDC <OR= 0.18 ----------------| EGRC NT = 1 
                                             | 
                                             | --- ELSE --- 
                                             | 
      0.18 < EGRDC <OR= 0.31 ----------------| EGRC NT = 2 
                                             | 
                                             | --- ELSE --- 
                                             | 
      0.31 < EGRDC <OR= 0.46 ----------------| EGRC NT = 3 
                                             | 
                                             | --- ELSE --- 
                                             | 
      0.46 < EGRDC <OR= 0.59 ----------------| EGRC NT = 4 
                                             | 
                                             | --- ELSE --- 
                                             | 
      0.59 < EGRDC <OR= 0.74 ----------------| EGRC NT = 5 
                                             | 
                                             | --- ELSE --- 
                                             | 
                                             | EGRC NT = 6 
 
 
 
          0 <OR= EGRDC <OR= 0.08 -------| EGRPER = 0 
                                        | 
                                        | --- ELSE --- 
                                        | 
          EGRPER <OR= 0 ----------------| EGRPER = (EGRCNT/EGRDC) 
                                        |  + EGRPER  
                                        | Clip EGRP ER to 12 as 
                                        |  a maximu m 
 
 
 
 
 

8-21 



PFE EGR STRATEGY - GUA0 
PEDD-PTOPE, FoMoCo, PROPRIETARY & CONFIDENTIAL 

                                   EXAMPLE (EGRDC =  0.40) 
 
 
             -----------            ------------               ---- 
             |         |            |          |               | 
             +  +   +  +--+--+--+---+  +    +  +--+ --+--+--+---+ 
 
 
          Clip EGRPER to maximum of 12. 
 
 
 
          EGRCNT > 0 ----------------------------| Turn EVR on 
                                                 | EGRCNT = EGRCNT - 1 
                                                 | EGRPER = EGRPER - 1 
                                                 | 
                                                 | --- ELSE --- 
                                                 | 
                                                 | Turn EVR off 
                                                 | EGRPER = EGRPER - 1 
 
 
          NOTE:  This Algorithm was intended to min imize real-time  execution.   In 
          the  experimental version, the EGRCNT and  EGRPER calculations are done in 
          the  background.   The  foreground  merel y  toggles   the   EVR   output. 
          (Reference:  ENQDA version) 
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CHAPTER 9 
 

IDLE SPEED CONTROL STRATEGY 
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ADAPTIVE BYPASS AIR IDLE SPEED CONTROL 
 
   This chapter describes the adaptive air bypass i dle speed  control  system.   In 
general,  the ISC system is designed to regulate th e duty cycle to an air bypass solenoid 
as necessary to obtain the desired engine speed for  all idle  operating conditions  (base  
idle,  hi-cam,  various  accessory  loads)  and pro vide for a dashpot action.  Predicted 
airflows for the different load states  at  idle  a re adaptively corrected to minimize 
the impact of hardware variability.  Acceptable qua lity on engines utilizing a speed 
density  determined  air  mass  requires  a couplin g of the ISC logic with both fuel 
(adaptive fuel, transient fuel, special AM filterin g routine) and spark control 
strategies. 
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   An overview description is illustrated below: 
 
                       _________ 
                      (enter ISC) 
                       --------- 
                           |-------------------|--- ---------------- 
                           |            ___________ _______        | 
                           |            |   CRANK M ODE   |  -------------- 
                           |            |---------- ------|  |    FMEM    | 
                   ___________________  | FN884(TCS TRT)  |  |            | 
                   |-calculate DSDRPM|  ----------- -------  | ISCDTY =   | 
                   |-predict DESMAF  |         |            |  FMMISC    | 
                   |-update FAM      |     ________ _        -------------- 
                   |-calc DSTPBR     |    (exit ISC  )             | 
                   -------------------     -------- -           -------- 
                           |                                  (exit ISC) 
                           |                                   -------- 
                   ________________ 
                  (decrement DASPOT) 
                   ---------------- 
                           |  (Mode Select) 
         __________________________________________ _______ 
         |              |               |                | 
   ______________  ______________  _______________  ________________ 
   |DAS_PRE_POS |  | DASHPOT    |  | RPM CONTROL |  |  RPM LOCKOUT | 
   | ISCFLG=0   |  | ISCFLG=-1  |  | ISCFLG = 1  |  | ISCFLG = 2   | 
   |-calc DASPOT|  |-calc spark |  |-calc airflow|  |-calc airflow | 
   |-elim spark |  | vs airflow |  |  correction |  |  correction  | 
   |  feedback  |  |  (FN839)   |  |-calc spark  |  |-calc spark   | 
   --------------  --------------  | mult vs RPM |  |  mult vs RPM | 
       |                  |        |   (FN841)   |  |   (FN841)    | 
       |                  |        ---------------  ---------------- 
       |                  |               |                | 
       -------------------------------------------- --------- 
                                | 
                  _____________________________ 
                  | -fold in airflow          | 
                  |   corrections to DESMAF   | 
                  | -calc actual ISC actuator | 
                  |   airflow DEBYMA          | 
                  | -calc ISCDTY              | 
                  ----------------------------- 
                               | 
                    ________________________ 
                    | -update KAM for      | 
                    |   corrected airflows | 
                    ------------------------ 
                               | 
                           ________ 
                          (exit ISC) 
                           -------- 
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                                   ISC MODE SELECT 
 
                                     DEFINITIONS 
 
      REGISTERS/FLAGS/TIMERS: 
 
-  CTPTFG = Closed throttle to Part/WOT transition flag, unitless. 
-  FLG_DASMNQ = VSBAR flip-flop flag for minimum Da spot. 
 
      CALIBRATION CONSTANTS: 
 
-  DASCTK = A background-driven decrement to the da shpot pre-position airflow register 
(DASPOT).   
 
-           It provides a time based dashpot.  Calc ulate  
                   dashpot time as follows: If the maximum allowed 
                   dashpot pre-position (DASPOT) = 0.5 ppm; the DASCTK  
                   value = 0.004 ppm; and, assuming  a 0.012 background  
                   time or 83.3 background slices p er second, then 
                   (83.3 * 0.004) = 0.33 ppm/sec; a nd therefore, a  
                   0.5 ppm dashpot will last 1.5 se conds.  ..Typical 
                   value - 0.004 ppm. 
 
-  DASMPH = Minimum VSBAR for declutch Daspot Clip,  mph. 
-  DASMHYST = Hysteresis for DASMPH, mph. 
-  DASMIN = Minimum Daspot Clip for declutch, ppm. 
-  DELTA = Closed throttle/Part Throttle breakpoint  value above RATCH. 
-  DNDSUP = Flag used to delay Strategy response to  PRNDL 
            change. If Change occurs, then DNDSUP i s set equal to NDSFLG. 
-  ENGCYL = Number of PIPs per engine revolution; o r number of cylinders/2. 
-  FAMINC = FAM increment/decrement when entering F AM region, lb/min. 
-  FMMDSD = Failure Mode Management default desired  RPM. 
-  FN884(TCSTRT) = ISC Duty Cycle in Crank, deg. 
-  MINMPH = Minimum speed to enter C/L RPM control.  
 
-           MINMPH applies to systems having VSS on ly. Resolution of the VSS (3 mph) 
makes it undesirable at this time to remove the loc kout logic. Typical value - 0.5 mph. 
 
-  RPMCTL = Deadband above desired Idle RPM for rec ognition of Normal Closed Loop Idle. 
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-           Added to DSDRPM.  The total defines the  engine speed  
                   threshold below which entry into  C/L RPM control is  
                   allowed.  This value should be r easonably small to 
                   avoid inadvertent entry into C/L  ISC. ..Typical 
                   value - 90 RPM. 
 
-  ISCTM = Time interval over which the rate of cha nge in engine 
                  speed is evaluated.  
 
-          Value should be small enough to avoid pr olonged speed  
                  hang-ups if the ISC system were l ocked out of C/L  
                  speed control, but not too short such that the rate  
                  of speed change check becomes mea ningless. 
                  ..Typical value - 4 sec. 
 
-  NDIF = The deviation in engine speed allowed ove r the ISCTM  
                 specified time interval.  NDIF val ues too small could 
                 lock the ISC system out of C/L spe ed control indefinitely. 
                 Values too large invalidate the ch eck. Typical value  
                 - 32 RPM. 
 
-  LOWLOD = LOWLOD is a key parameter which is engi ne specific.  
                   Selected value must differentiat e between deceleration 
                   and idle conditions over the exp ected range of operating 
                   conditions. 
 
-  ACLOD = An adder to LOWLOD when A/C is on. 
 
-          ACLOD should be based on observed differ ences  
                  between A/C on & A/C off idle LOA D readings. 
                  ..Typical value - 2" Hg (engine s pecific parameter). 
 
-  DELRAT = Throttle position adder to RATCH.  Shou ld be  
                   set equal to DELTA + HYSTS (See throttle mode select 
                   logic).  ..Typical value - 15 co unts. 
 
-  FMMISC = Default Duty cycle to ISC, fraction. 
 
-  NDDELT = Time before N/D, D/N switch registers. 
 
-  TRLOAD = Transmission Load. 
         0 = Manual Transmission, no clutch or gera r switches, 
             forced neutral state (NDSFLG = 0). 
         1 = Manual Transmission, no clutch or gear  switch. 
         2 = Manual Transmission, one clutch or gea r switch. 
         3 = Manual Transmission, both clutch and g ear switches. 
         4 = Auto Transmission, non-electronic, neu tral drive switch. 
         5 = Auto Transmission, non-electronic, neu tral pressure switch, (AXOD). 
         6 = Auto Transmission, electronic, PRNDL s ensor - park, reverse, 
             neutral, overdrive, manual 1, manual 2 . 
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                                   ISC MODE SELECT 
 
      This section describes the mode select logic for the air  bypass  idle  speed 
control  system.   There  are  basically four disti nct modes in which the ISC system 
functions; however, two modes:  Closed Loop RPM and  Lock-out of Closed Loop RPM, are 
identical with respect to actual Idle Speed Control .  A flag is used to identify the 
three primary ISC modes for both calibrator  conven ience and required interaction with 
fuel control strategy. 
 
          - ISCFLG = -1 DASHPOT CONTROL (Note:  Cal .  console will show 255). 
          - ISCFLG = 0 DASHPOT PRE-POSITION. 
          - ISCFLG = 1 CLOSED LOOP RPM CONTROL. 
          - ISCFLG = 2 CLOSED LOOP RPM CONTROL (Loc k-out entry to RPM control). 
 
      -ENGINE CRANK MODE 
 
      Entry/exit conditions for this mode are defin ed in  the  engine  mode  select logic 
of the strategy book.  In engine crank mode, the IS C duty cycle (ISDTY) is a function of 
temperature at start,  TCSTRT.   If  the  time  bet ween  PIP signals  exceeds two 
seconds, it is assumed that the operator is not cra nking and the duty cycle is set to 0%. 
 
      -DASHPOT PRE-POSITION MODE (ISCFLG = 0) 
 
      In engine run/underspeed mode  and  when  ope rating  at  part  or  wide  open 
throttle,  the  ISC  system  is placed in dashpot p re-position mode.  In this mode the 
ISC duty cycle is incremented a calibratible amount  in  anticipation of  a  required  
dashpot  action.   Proper  dashpot operation is ess ential on systems having speed density 
fuel controls in order to  avoid  tip-in/tip-out st alls and HC (Hydrocarbon) spiking on 
decels. 
 
      -DASHPOT MODE (ISCFLG = -1) 
 
      In engine run/underspeed mode and  having  ju st  transitioned  from  part  to 
closed  throttle,  the  system  is  placed  in ISC dashpot control mode.  The length of 
time the  ISC  system  will  remain  in  dashpot  c ontrol  is  both hardware/strategy   
dependent   (some  applications  have  VSS;  some  manual transmission applications have 
gear  and  clutch  switches)  and  calibration depe ndent.   Regardless  of the length of 
time required to enter RPM control, as long as clos ed throttle operation is  maintained  
the  amount  of  airflow specified  by  the  dashpo t  pre-position (see dashpot pre-
position logic) is decremented at a constant rate u ntil exhausted (until DASPOT = 0). 
 
 
 
 
 
 
 
 
 
 
 

9-6 



IDLE SPEED CONTROL - MODE SELECT - GUFA 
PEDD-PTOPE, FoMoCo, PROPRIETARY & CONFIDENTIAL 

      -CLOSED LOOP RPM CONTROL (ISCFLG = 1 OR 2)  N ORMAL  CLOSED  LOOP  RPM  CONROL 
(ISCFLG = 1) 
 
      For normal entry into Closed Loop (C/L) RPM c ontrol, the following conditions must 
be satisfied: 
 
      .  If VSS hardware used it must indicate a sp eed less than MINMPH. 
      .  If a manual trans.  with gear/clutch switc hes, must indicate neutral. 
 
          - Note:  Although the system can provide acceptable function without  the 
above-mentioned  hardware,  either  item  will  inc rease  reliability  in production.  
The vehicle speed sensor has calibration benefits o utside of ISC  (lean Cruise control, 
etc.) and should be considered when specifying syst em assumptions for future applications 
utilizing ISC. 
 
          .  Regardless whether the above hardware is used, normal entry  into  RPM 
control  requires  that  actual  engine  speed  be  less than or equal to (DSDRPM + 
RPMCTL) and that throttle position be less  than  o r  equal  to (RATCH + DELRAT). 
 
      -DASHPOT LOCKOUT OF RPM CONTROL (ISCFLG = 2) 
 
      The following discussion will attempt to desc ribe entry into C/L RPM  control 
through the lock-out logic (ISCFLG = 2). 
 
      In a normal deceleration the dashpot bleed ti me will be short relative to the 
vehicle  coastdown  time.   As soon as engine speed  drops low enough, the ISC system 
should enter RPM control.  However, due to hysteres is  in  the bypass valve,  
overspecification  of idle airflow requirements pri or to adaptive ISC learning, and/or 
ISC learning in an unusually high state of engine l oad  (400 psi  A/C  head pressure, 
etc.), the ISC actuator may pass too much air at th e specified idle duty cycle to allow 
normal entry in RPM  control.   When  this conditio n  occurs  the  system  will  remain  
in dashpot control until it can recognize that it s hould, in fact, be in RPM control. 
 
      CALIBRATION HINTS: 
 
      This task is easy should  you  have  a  VSS  or  a  manual  calibration  with 
gear/clutch  switches.  If this hardware is not pre sent, then it is difficult to 
differentiate between a constant  deceleration  (as   in  a  coast  down  a mountain)  and 
a true locked-out of Idle condition.  Most of the l ogic in the Dashpot  and  RPM  lockout  
Mode  Selection   deals   with   recognition   of d istinguishing features of each. 
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      To differentiate between deceleration and idl e, the rate of change in RPM  is first  
evaluated  over a calibrated period of time (ISCTM) .  If the speed has remained within a 
specified deadband (NDIF) for this time  period,  a   second check  is  performed to 
compare LOAD with a calibrated LOAD value (LOWLOD f or A/C off; LOWLOD + ACLOD for A/C 
on).  The assumption is that  all  idle  LOAD value s, (including green engine, altitude 
effects, etc.) will be greater than this calibratio n parameter; and all true deceleration  
conditions,  including the   same   variabilities,  will  yield  lower  LOAD.   To  avoid  
incorrect interpretation of the LOAD value, great c are must be taken in  selecting  the 
correct LOWLOD value. 
 
      If the ISC system were locked in dashpot cont rol and both the rate of  engine speed  
change  and  LOAD  criteria were satisfied, the str ategy would then be forced into C/L 
RPM control with ISCFLG indicating 2.  This  state  would  be present  until the speed 
fell below the normal entry point.  The adaptive IS C would learn the required correction, 
assuming sufficient time  at  idle,  and subsequent   dashpot  to  RPM control transitions 
should follow a normal entry path. 
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                                   ISC MODE SELECT 
 
      CRKFLG = 1 -------------|              | Set DSTPBR = RATCH 
       (in crank mode)        |              |  (se t dashpot filtered TP 
                              |AND ----------|   to  RATCH) 
      TSLPIP >OR= 2 sec. -----|              | Set SPKMUL = 0.99 
       (no PIPs yet or stall)                | Set ISCDTY = 0 
                                             |  (IS C duty cycle = 0%) 
                                             | 
                                             | --- ELSE --- 
                                             | 
                                             | Set SPKMUL = 0.99 
      CRKFLG = 1 ----------------------------| Set DSTPBR = RATCH 
       (in crank mode)                       | Set ISCDTY = FN884(TCSTRT) 
                                             |  
                                             | --- ELSE --- 
      MFMFLG = 1 -------------|              |  
                              |AND ----------| Set DSDRPM = FMMDSD 
      TFMFLG = 1 -------------|              | Set ISCDTY = FMMISC 
                                             | Set SPKMUL = 0.99 
                                             |  
                                             | --- ELSE --- 
                                             |  
                                             | GO T O DSD_RPM 
                                             | (cal culate desired RPM and 
                                             |  bas e airflow requirements) 
 
 
      VSBAR > DASMPH + DASMHYST -------|S Q --| SET  FLG_DASMNQ = 1 
                                       |      | (pr epare to add dashpot 
      VSBAR <OR= DASMPH ---------------|C     |  to  prevent declutch stall) 
                                              | 
                                              | ---  ELSE --- 
                                              | 
                                              | SET  FLG_DASMNQ = 0 
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      APT = 0 OR 1 --------------------------| Ente r Dashpot Preposition 
       (not closed throttle - dashpot        | Set ISCFLG = 0 
        pre-position mode)                   | NLAS T = N (Save last RPM 
                                             |   va lue) 
                                             | ISCT MR = 0 (Reset RPM 
                                             |  sam pling timer) 
                                             | SPKM UL = 0.996 
                                             | 
                                             | --- ELSE --- 
                                             | 
                                             | Chec k Other ISC Modes 
 
                            RPM CONTROL MODE (ISCFL G = 1) 
 
      TRLOAD NOT= 3 ---------| 
       (auto trans or manual | 
        trans w/o both       | 
        switches)            | 
                             |OR --| 
      TRLOAD = 3 ------|     |     | 
       (manual trans   |AND -|     |  
        with both      |           | 
        switches)      |           | 
                       |           | 
      DNDSUP = 0 ------|           | 
       (In Neutral)                |AND -| 
                                   |     | 
      N <OR= DSDRPM + RPMCTL ------|     | 
       (RPM within control range)  |     | 
                                   |     | 
      DASPOT = 0 ------------------|     | 
                                   |     |OR -| Set  ISCFLG = 1 
      VSBAR <OR= MINMPH -----------|     |    | (RP M control mode) 
       (vehicle speed                    |    | 
        almost zero)                     |    | (RP M within control  
                                         |    | ran ge and TP near  
      RUNNING = 1 -----------------|     |    | clo sed throttle) 
       (In Running Self-Test)      |     |    | 
                                   |AND -| 
      DASPOT = 0 ------------------| 
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                            RPM LOCKOUT MODE (ISCFL G = 2) 
 
      VSBAR <OR= MINMPH --------------------------- ----| 
       (vehicle speed almost zero)                     | 
                                                       | 
      DASPOT = 0 ---------------------------------- ----| 
                                                       | 
      N > DSDRPM + RPMCTL ------------------------- ----| 
       (RPM too high for RPM control)                  | 
                                                       | 
      ISCFLG = -1 OR 0 ------------|                   | 
       (last mode was dashpot      |                   | 
        or pre-position)           |                   | 
                                   |AND ---|           | 
      ISCTMR >OR= ISCTM -----------|       |OR ---- ----| 
       (OK to sample RPM)          |       |           | 
                                   |       |           |AND -|Set ISCFLG=2 
      |NLAST-N| < NDIF ------------|       |           |     | (RPM LOCKOUT 
       (RPM indicates steady state)        |           |     |  MODE) 
                                           |           |     | (RPM is steady 
      ISCFLG = 1 OR 2 ---------------------|           |     | state, LOAD 
       (last mode was RPM                              |     | indicates idle 
        control or lockout)                            |     | TP near closed 
                                                       |     | throttle, but 
      TRLOAD >OR= 3 ------------|                      |     | rpm is too high) 
       (auto trans or man. with |                      |     | 
        both switches)          |AND -|                |     
                                |     |                | 
      DNDSUP = 1 ---------------|     |                | 
       (in drive,in gear)             |OR -|           | 
                                      |    |           | 
      TRLOAD < 3 ---------------------|    |           | 
       (manual w/o both switches)          |           | 
                                           |           | 
      ACCFLG = 1 ---------------|          |           | 
       (A/C clutch engaged)     |          |AND -|     | 
                                |AND -|    |     |     | 
      LOAD >OR= LOWLOD          |     |    |     |     | 
       + ACLOD -----------------|     |    |     |     | 
       (LOAD near idle)               |    |     |     | 
                                      |OR -|     |     | 
      ACCFLG = 0 ---------------|     |          |O R --| 
       (A/C off)                |     |          |      
                                |AND -|          |      
      LOAD >OR= LOWLOD ---------|                |      
       (LOAD near idle)                          |      
                                                 |      
      TRLOAD >OR= 3 -----------------------|     |      
       (auto trans or manual               |     |      
        with both switches)                |AND -|      
                                           |            
      DNDSUP = 0 --------------------------|            
       (in neutral)                                     
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                              DASHPOT MODE (ISCFLG = -1) 
 
      VSBAR > MINMPH -----------------| 
       (vehicle speed high)           | 
                                      | 
      DASPOT > 0 ---------------------| 
                                      |        
      TRLOAD = 3 -------------|       | 
       (Manual Trans with     |       |       | 
        both switches)        |AND----|       | Set  ISCFLG = -1 
                              |       |       | (da shpot mode) 
      DNDSUP = 1 -------------|       |       | 
       (in gear)                      |       | 
                                      |       | 
      TRLOAD NOT= 3 -----------|      |OR ----| Set  SPKMUL = FN839 
       (not manual trans       |      |       | (sp ark feedback) 
        with both switches)    |      |       |  
                               |      |       | (Da shpot not bled 
      N > DSDRPM + RPMCTL -----|AND --|       |  do wn, not OK to 
       (RPM too high for RPM   |              |  sa mple RPM) 
        control)               |              | 
                               |              |  
      ISCFLG = -1 OR 0 --------|              | 
       (last mode was dashpot  |              |   
        or pre-position)       |              | 
                               |              | 
      ISCTMR < ISCTM ----------|              | 
       (Not OK to                             | 
         sample RPM)                          | 
                                              |  -- - ELSE --- 
 
                              (Continued on the nex t page) 
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                           (Continued from the prev ious page) 
 
      VSBAR <OR= MINMPH --------------|       | 
       (vehicle speed almost zero)    |       | 
                                      |       | 
      DASPOT = 0 ---------------------|       | 
                                      |       | 
      TRLOAD = 3 -----|               |       | 
       (manual with   |               |       | 
        both switches)|AND ---|       |       | 
                      |       |       |       | 
      DNDSUP = 0 -----|       |OR ----|       | 
       (in neutral)           |       |       | 
                              |       |       | 
      TRLOAD NOT= 3 ----------|       |       |  
       (not manual with both          |AND ---| Set  ISCFLG = -1 
        switches)                     |       | (da shpot mode) 
                                      |       | 
      N > DSDRPM + RPMCTL ------------|       | Set  SPKMUL = FN839  
       (RPM too high for RPM control) |       | (sp ark feedback) 
                                      |       | 
      ISCFLG = -1 OR 0 ---------------|       | Set  NLAST = N  
       (last mode was dashpot or      |       | Set  ISCTMR = 0 
        pre-position)                 |       | (co ntinue RPM check)   
                                      |       | 
      DASPOT = 0 ---------------------|       | 
       (Dashpot has bled down)        |       | (Da shpot has bled down, but  
                                      |       |  RP M indicates decel)  
      ISCTMR >OR= ISCTM --------------|       |  
       (OK to sample RPM)             |       |    
                                      |       | ---  ELSE --- 
      |NLAST - N| > NDIF -------------|       |  
       (RPM Indicates Decel) 
 
 
                             (continued on the next  page) 
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                          (continued from the previ ous page) 
 
      VSBAR <OR= MINMPH ---------------|       | 
       (vehicle speed almost zero)     |       | 
                                       |       | 
      DASPOT = 0 ----------------------|       | 
                                       |       | 
      TRLOAD = 3 ---------|            |       | 
       (manual trans with |AND -|      |       | 
        both switches)    |     |      |       | 
                          |     |OR ---|       | 
      DNDSUP = 0 ---------|     |      |       | 
       (in neutral)             |      |       | 
                                |      |       | 
      TRLOAD NOT= 3 ------------|      |       | 
       (not manual with both           |       | 
        switches)                      |       | 
                                       |       | 
      N > DSDRPM + RPMCTL -------------|       | 
       (RPM too high for RPM control)  |       | 
                                       |       | 
      ISCFLG = -1 OR 0 ---|            |       | 
       (last mode was     |            |       | 
       dashpot or pre-pos)|            |       | 
                          |AND -|      |       | Se t ISCFLG = -1 
      ISCTMR >OR= ISCTM --|     |      |       |  ( dashpot mode) 
       (due to sample RPM)|     |OR ---|AND ---| 
                          |     |      |       | Se t NLAST = N 
      |NLAST-N| <OR=NDIF -|     |      |       | Se t ISCTMR = 0 
       (RPM indicates           |      |       |  ( continue RPM check) 
        steady state)           |      |       | 
                                |      |       |  ( Dashpot has bled down, 
      ISCFLG = 1 OR 2 ----------|      |       |    RPM is steady state 
       (last mode was RPM              |       |    but LOAD indicates 
        control or lockout)            |       |    decel) 
 
                               Continued on the nex t page 
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                            Continued from the prev ious page 
 
      TRLOAD >OR= 3 --|                |       | 
       (auto trans or |                |       | 
        man. with     |AND -|          |       | 
        both switches |     |          |       | 
                      |     |OR -|     |       | 
      DNDSUP = 1 -----|     |    |     |       | 
       (In Drive, in gear)  |    |     |       | 
                            |    |     |       | 
      TRLOAD < 3 -----------|    |     |       | 
       (manual w/o both          |     |       | 
        switches)                |     |       | 
                                 |     |       | 
      ACCFLG = 1 ----|           |AND -|       | 
       (A/C clutch   |AND -|     |             | 
        engaged)     |     |     |             | 
                     |     |     |             | 
      LOAD <OR=      |     |     |             | 
      LOWLOD+ACLOD --|     |     |             | 
       (decel LOAD)        |OR --|             | 
                           |                   | 
      ACCFLG = 0 ----|     |                   | 
       (A/C off)     |     |                   | 
                     |AND -|                   | 
      LOAD < LOWLOD -|                         | 
       (LOAD indicates decel)                  |  
                                               | 
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      DSTPBR CALCULATION 
 
      The DSTPBR calculation is a time-dependent ro lling average filter of throttle 
position. It is updated once per background loop wh ile in RUN or UNDERSPEED mode. The two 
time constants, TCDASU and TCDASD are calibratible.  TCDASU is used when DSTPBR is 
filtering UP to TP. TCDASD is used to filter DSTPBR  DOWN to TP. 
 
      TP > DSTPBR ------------------| DSTPBR = UROL AV (TP,TCDASU) 
       (TP increasing)              |  
                                    | (Filter TP w/ increasing TP) 
                                    | 
                                    | --- ELSE --- 
                                    | 
                                    | DSTPBR = UROL AV (TP,TCDASD) 
                                    | 
                                    | (Filter TP w/ decreasing TP) 
 
          TCDASU = Time constant used when TP is gr eater than the filtered TP value (TP   
>  DSTPBR).   The  smaller  the  time  constant  th e  more  rapidly pre-position airflow 
will be available  to  respond  to  tip  in/tip  ou t actions.   Fast  response can also 
be obtained by use of the offset value DASPTO witho ut the potential runaway feel that may 
come with too  fast  a time constant/airflow gain ( DASPTK) combination.  ..Typical value 
- 0.49. 
 
          TCDASD = Time constant used when TP is le ss than or equal to the filtered TP  
value (TP <OR= DSTPBR).  Should be calibrated such that part throttle backouts, where 
closed throttle is not entered, do not exhibit  a  run-on feel.   Too small a time 
constant can have the effect of greatly reducing da shpot airflow prior to entry into 
dashpot control.  ..Typical  value  - 0.93. 
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                                  DASPOT CALCULATIO N 
 
          Logic  controlling  the  dashpot  pre-pos ition  airflow  is  intended  to 
increase   the  ISC  duty  cycle  during  part/WOT  operation.   Strategy determines the 
rate  at  which  ISC  valve  flow  increases/decrea ses  in part/WOT  operation, as well 
as the maximum allowed pre-position airflow. Adequa te pre-position airflow (DASPOT) is 
essential prior to entering the dashpot  control  m ode  in order to avoid HC 
(Hydrocarbon) spiking and/or deceleration stalls.  The calculated pre-position  airflow  
increment  is added  to an adaptively-corrected idl e flow requirement (DESMAF) prior to 
output of the  ISC  duty  cycle.   Pre-position  ai rflow  (DASPOT)  is  a function  of 
the difference between a filtered throttle position  (DSTPBR) and a throttle position 
equal to the Closed Throttle breakpoint (RATCH  + D ELHYS).   This value is clipped to 
zero as a minimum, if this difference becomes a neg ative value.  DELHYS should be set 
equal to  DELTA  +  HYSTS (Closed  Throttle  breakp oint).   DASPOT  can  be  clipped to 
DASMIN as a minimum if vehicle speed is high enough  to prepare for declutch. 
 
          During Closed  throttle  mode,  the  DASP OT  airflow  is  "bled  off"  by 
decrementing  it.  This action smooths the transiti on into RPM control by gradually 
eliminating the  DASHPOT  contribution  to  the  id le  airflow, DESMAF.  The bleed rate 
is determined by FN879, unless clipped to DASMIN. W hen vehicle speed falls below DASMPH, 
normal bleed off will resume. 
 
          APT = -1 --------------------| Bleed off DASPOT 
           (Closed throttle -          | 
            determine ISC mode)        | Set DASPOT  = DASPOT - FN879 
                                       |  (Bleed do wn dashpot) 
                                       | Clip DASPO T to 0 as minimum 
                                       | Continue t hrough the ISC Mode 
                                       |  select lo gic 
                                       | 
                                       | --- ELSE - -- 
                                       | 
                                       | Filter DAS POT to Preposition 
                                       | Idle speed  airflow for next 
                                       | decel. 
                                       | DASPOT = [ DASPTK * (DSTPBR 
                                       |  - RATCH +  DELHYS)] + DASPTO 
                                       | Clip DASPO T at FN882(N) as 
                                       |  maximum 
                                       | (Clip (DST PBR-RATCH+DELHYS) to 
                                       |  zero if n egative.) 
 
          FLG_DASMNQ = 1 ---------------| Clip DASP OT to DASMIN as a minimum 
                                        | (add addi tional minimum airflow 
                                        |  to preve nt declutch stall) 
                                        | 
                                        | --- ELSE --- 
                                        | 
                                        | Allow nor mal computation and bleed 
                                        | down of d ashpot 
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          The DASPOT value is adjusted as TP change s to provide the desired dashpot 
action  to  decelerations  as initiated over the ra nge of possible engine operating  
conditions.    Separate   filter   constants   are   available (TCDASU/TCDASD) to control 
the response of DSTPBR as described above. 
 
          The following calibration constants  cont rol  operation  of  the  dashpot pre-
position strategy: 
 
DASPTO = An offset term applied to the DASPOT  calc ulation.   Insures  at least  some  
dashpot airflow on rapid tip-in/tip-outs.  ..Typica l value - 0.10 lbs/min. 
 
DASPTK = Gain associated with the desired DASPOT ai rflow.   To  calibrate this  value  
first  determine  the throttle position above RATCH  at which maximum DASPOT airflow is 
desired.  Subtract DASPTO from FN882 and divide the   result  by the throttle delta 
between RATCH and this maximum dashpot airflow to d etermine the DASPTK value.  ..Typical 
value - 0.002  Lbs  per min/TP count. 
 
FN879 = A background driven decrement to the dashpo t preposition  airflow register  
(DASPOT)  as  a function of DASPOT.  FN879 can be c alibrated to achieve an exponentially 
decaying dashpot which is useful in decaying the la rge  DASPOT  values  used  to  control  
over-rich  tip-out  conditions. Typical vaues - (0,  0.001) (.1, .002) (.3,  .006)  (.75,  
.05)  (2.00, .10) 
 
FN882 = Maximum allowed dashpot pre-position airflo w.  DASPOT calculation 
clipped  at  this  value.   ..Typical  value  - 100 % of base idle airflow 
requirement. 
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                               DESIRED RPM CALCULAT ION 
 
      OVERVIEW 
 
           This section describes the ISC logic  de signed  to  perform  the  DSDRPM 
calculation each background pass 
 
-  Calculate the desired engine speed:  The desired  engine speed (DSDRPM) is used  to  
determine  the  correct ISC mode; used as the contr ol speed for closed loop RPM ISC; used 
by the filtered air  mass  logic  to  determine ent ry/exit conditions for filtering. 
 
           .  Desired engine speed  (DSDRPM  =  [ba se  desired  speed  (NUBASE  for 
neutral DRBASE for drive) + RPM adder (DNAC) if A/C  is on + RPM adder (DNPOWS) if a power  
steering  pressure  switch  is  used  and  power st eering  load is high + ECT and ACT and 
start-up modulator functions (FN825A, FN825B & FN82 6)]. 
 
-  Calculate the initial idle airflow requirement:  An open loop  prediction of  idle  
airflow  required  vs.   the  various  requested id le operating conditions is calculated 
as follows: 
 
      .  Desired idle airflow (DESMAF) = [base  des ired  airflow  (FN875N  for 
         neutral;  FN875D  for drive)) * an airflow  modulator as a function of 
         ATMR3 and ECT (FN1861)] + discrete airflow  increments for A/C (ACPPM) 
         and power steering (PSPPM) if either load is present. 
 
 
-  Provide a feed foward mechanism for fuel control :  The filtered air  mass 
   value  (FAM)  is  incremented a calibrated amoun t when unloaded to loaded 
   engine transitions are noted to avoid  speed  sa gs  related  to  manifold 
   filling delays. 
 
           .  Neutral to drive change; FAM = (FAM +  NDPPM) 
           .  Drive to Neutral change, FAM = FAM - DNPPM 
           .  A/C off to on change; FAM = (FAM + AC PPM) 
           .  Power steering switch off to on; FAM = (FAM + PSPPM) 
 
-  Control a flag (ISFLAG) which indicates the engi ne load  state  at  idle: 
          Flag tracks state transitions at idle and  is used to: 
 
      .  Point to the correct adaptive fuel  cell  at  idle  (LTMTBnrc).   The 
         first  four  cells of the first column in the adaptive fuel table are 
         dedicated to idle operation eg.  ( ISFLAG = 0 points to adaptive cell 
         Row 8/Col.  0; ISFLAG = 1 points to Row 8/ Col.  1; etc). 
 
      .  Point to a corresponding adaptive  ISC  co rrection  (ISCKAMn).   Each 
         idle  load  state  has  a  unique correcti on cell which indicates the 
         increment or decrement to a predicted airf low necessary to control to 
         the desired engine speed. 
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      .  Track changes in the load state at  idle.   When  state  changes  are 
         noted compensating actions involving fuel and ISC may be made. 
 
      DEFINITIONS 
      INPUTS 
      Registers: 
 
-  ACCTMR = A/C state transition timer.  Timer is r eset to 0  on  every  A/C 
            state change. 
-  ATMR1 = Timer which counts up in run/underspeed mode. 
-  ATMR3 = Timer which counts up in run mode.  (Res et to 0 only at powerup). 
-  DSDRPM = Desired engine speed.  See overview sec tion  for  definition  of 
            the various uses of this register. 
-  DESMAF = The desired airflow necessary to operat e  at  a  specified  idle 

condition.   This  register  is  fed  with  the  ba se  calibrated airflow 
requirements in the desired RPM calculation routine  each pass through the 
background.  It is later modified in the ISC duty c ycle output routine to 
account for the C/L ISC corrections (IPSIBR &  ISCK AM)  and  any  dashpot 
component  (DASPOT).  DESMAF is then used in calcul ating the input to the ISC 
transfer function (FN800). 

 
-  DESNLO = High cam portion of the DSDRPM register .  Used to filter DSDRPM. 
          DESNLO + NUBASE or DRBASE = DSDRPM.  TCDE SN is the time constant. 
 
      Bit Flags: 
 
-  ACCFLG = A/C engaged flag:  1 -> A/C engaged; 0 -> A/C disengaged. 
-  ACIFLG = A/C engagement impending flag:  1  ->  A/C  about  to  engage  - 
            adjust airflow and fuel immediately; 0 -> A/C not about to engage. 
-  DNDSUP = Delayed neutral/drive flag:  0 -> in ne utral, no load; 1  ->  in 
            drive, loaded. 
-  HWFLAG = Heated windshield flag:  0 -> heated wi ndshield off; 1 -> heated 
            windshield on. 
-  HWFLGL = Latched heated windshield flag:   0  ->   heated  windshield  has 

  never  been  on;  1  -> heated windshield has bee n on at least once          
since start-up. 

-  POWSFG = Flag used to indicate that power steeri ng load is  high:   1  -> 
            power steering on. 
-  PSPSHP = Flag used to indicate  if  Power  Steer ing  Pressure  Switch  is 
            present; 1 -> switch used; 0 = no switc h. 
-  PTSCR = Part throttle since crank mode flag:  0 -> driver has not  tipped 
           in since start; 1 -> driver tipped in, k ick down desired RPM. 
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-  RUNNING = Flag which indicates that idle speed  is  being  controlled  by Engine  
Running  VIP:   1  ->  in  Engine Running VIP; 0 ->  not in Engine Running VIP. 
 
      Calibration Constants: 
 
-  ACCPM = Airflow increment  required  with  A/C  on.   Value  is  used  to 
   increment  both  the  desired  flow through the ISC actuator (account for 
   increased load) and the filtered air mass - FAM.   ..Typical value -  0.15 
   ppm 
 
-  BZZRPM = RPM adder intended to provide a short i ncrease in RPM for engine 
   cleanout  on  start-up.  The buzz-up function is  not affected by the part 
   throttle kickdown until BZZTM expires.  ..Typica l value - 300 RPM. 
-  BZZTM = Time for which BZZRPM adder is in effect .  ..Typical  value  -  3 
   seconds. 
-  DACTM = Time to maintain A/C rpm adder after  A/ C  has  been  disengaged. 
   Used  to  prevent RPM changes when A/C cycles ra pidly.  ..Typical value - 
   30 sec. 
-  DNAC = RPM increment requested with the A/C on.   ..Typical  value  -  75 
   RPM. 
-  DNPOWS = If a power steering pressure  switch  i s  used,  this  parameter 
   increments  the  desired RPM when an increased l oad is sensed.  ..Typical 
   value - 75 RPM. 
-  DNPPM = Feed forward mechanism for fuel control.   Decrements filtered air 
   mass for drive/neutral transition. 
-  DRBASE = Base desired engine speed in drive. 
-  FN825A(ECT) = RPM adder as a  function  of  ECT.    Provides  base  Hi-Cam 
   function. 
-  FN825B(ACT) = RPM adder as a function of ACT.  P rovides  higher  idle  at 
   very low ambients. 
-  FN826A(TCSTRT) = RPM adder as a function of ECT at start.  This adder  is 
   deleted  when  either  the  first  part throttle  transition since exiting 
   crank is observed or the time since  start  exce eds  a  calibrated  value 
  (TKDTM). 
-  FN875D(DSDRPM) = Airflow required for closed thr ottle operation in drive. 
   Input to this function is absolute DSDRPM. 
 
** Airflow requirements must be measured as  accura tely  as  possible over  a  
representative  population  of  vehicles.   Data  s hould  be 
collected over a range of anticipated desired speed s on a  stabilized 
engine  for  both neutral and drive (a temperature modulator (FN1861) 
will automatically adjust calibrated airflow to acc ount for increased 
requirements at low ambients). 
 
Data can be collected using two methods.   A  hot  wire  can  be 
remotely  mounted  to measure airflow directly over  the desired speed 
range.  Equipment is available at APTL to perform t his procedure.   A 
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              second  approach  is  to  use  adapti ve  fuel in combination with the 
calculated speed density air mass (AM) to infer the  true airflow.  In this  case  the 
engine must be stabilized at each speed and remain in C/L fuel control long enough for 
LAMBSE to be driven into a  deadband around  1.0  b y  the adaptive fuel strategy.  At 
this point, readings can be taken of: 
 
        -  CALCULATED AIR MASS (AM) 
        -  ADAPTIVE FUEL CORRECTION (KAMREF) 
        -  IDLE SPEED DUTY CYCLE (ISCDTY) 
 
              The inferred airflow will  equal  (AM   *  KAMREF).   By  knowing  the 
leakage  due to the throttle body, PCV, ISC actuato r and gaskets, the above obtained ISC 
duty cycle information can be used to derive/check the  ISC  transfer function 
accurately.  Actual airflow (AM * KAMREF) minus the  total leakage (ITHBMA -  see  section  
on  ISC  duty  cycle output)  should  represent  th e  ISC valve flow for the recorded 
duty cycle. 
 
-  FN875N(DSDRPM) =  Airflow  required  for  closed   throttle  operation  in 
   neutral.  Input to this function is absolute DSD RPM. 
 
-  FN880(IDLTMR) = DSDRPM adder vs.  time at idle ( IDLTMR).  Used as part of 
   the inspection/maintenance strategy.  Rember tha t any RPM above base idle 
   disables ISCKAM adaptive learning via HCAMFG.  A lso, IDLTMR requires  RPM 
   to  be  below  IDLRPM, an absolute parameter whi ch is not tied to DSDRPM. 
   Too high an RPM adder in FN880 could disable IDL TMR. 
 
-  FN1861(ECT,ATMR3) = Airflow multiplier  vs.   EC T  and  ATMR3.   Used  to 
   compensate  for  additional friction at start-up  as a function of time in 
   addition to normal ECT compensation.  Increased friction effects tend  to 
   go  away  after  about one minute.  Inputs are E CT normalizing by FN020C, 
   ATMR3 normalizing by FN018B. 
 
-  HWPPM = Airflow increment required when heated w indshield load is sensed, 
   ppm. 
 
-  HWRPM = Minimum neutral idle speed when heated w indshield  is  on  (first 
   time on only).  ..Typical value - 1400. 
 
-  ISCLPD = A clip on the maximum desired speed tha t can be  requested  with 
   vehicle  in drive.  Usually the GPAS defined spe ed allowed at 0.2 mi.  on 
   a cold start.  ..Typical value - 1100 RPM. 
 
-  NDPPM = Expected change in airflow  between  eng ine  in  neutral  and  in 
   drive.  Used as a feed forward mechanism for fue l control (increments the 
   filtered air mass on neutral/drive transition).  ..Typical value  -  0.15 
   ppm.  NUBASE = Base desired engine speed in neut ral. 
 
-  PSPPM = Airflow increment required when power st eering  load  is  sensed. 
   Value  increments both the desired flow through the ISC actuator (account 
   for increased speed/load) and the filtered air  mass  -  FAM.   ..Typical 
   value - 0.10 ppm. 
 
-  RVIPRPM = Desired RPM controlled by Engine Runni ng VIP strategy. 
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-  TCDESN = Time constant for DESNLO, secs. 
 
-  TKDTM = Time since start after which FN826A is e liminated  as  a  desired 
          RPM adder.  ..Typical value - 20 seconds.  
 
-  TRLOAD = Transmission Load.  0 = Manual Transmis sion, no clutch or  gerar 
          switches, forced neutral state (NDSFLG = 0).   
1 = Manual Transmission, no clutch or gear switch.   
2 = Manual  Transmission,  one  clutch  or  gear sw itch.    
3 = Manual  Transmission, both clutch and gear swit ches.   
4 = Auto Transmission, non-electronic,  neutral  dr ive  switch.    
5 = Auto Transmission, non-electronic, neutral pres sure switch, (AXOD).   
6 = Auto Transmission, electronic, PRNDL  sensor-pa rk, reverse, neutral,   overdrive, 
manual 1, manual 2. 
 
      OUTPUTS 
      Registers: 
-  DSDRPM = See INPUTS above. 
-  DESMAF = See INPUTS above. 
-  DESNLO = See INPUTS above. 
 
      Bit Flags: 
-  HCAMFG = Flag indicating the completion of Hi-Ca m.  HCAMFG = 0  indicates no  desired  
engine speed adder exists; HCAMFG = 1 indicates an RPM adder above base idle is present.  
Flag is used  in  the  ISC  adaptive  update routin e to disable updates when HCAMFG = 1. 
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      PROCESS 
                       DSDRPM AND PREDICTED DESMAF CALCULATION 
 
The desired idle RPM, DSDRPM, calculation is divide d into three parts: 
 
      A)  START-UP HI-CAM, 
      B)  NEUTRAL/DRIVE, and 
      C)  ACCESSORY LOAD. 
 
The  predicted  desired  airflow,  DESMAF  is  also    calculated   based   on 
transmission and accessory load. The Hi-Cam adjustm ents are the  electronic  equivalent  
of  an  electric choke.   The  engine idles at a hi gher RPM to compensate for the 
friction due to higher viscosity of cold oil, as we ll as to warm up the catalyst  and  
EGO sensor. 
 
                                   A) START-UP HI-C AM 
 
     RUNNING = 1 -------------------------| DSDRPM = RVIPRPM - NUBASE 
      (in VIP)                            | FILTER CONSTANT = VKDESN 
                                          | 
                                          | --- ELS E --- 
     ATMR1 < BZZTM -----------------|     |  
      (time for engine cleanout)    |     |  
                                    |AND -| DSDRPM = FN825A(ECT) + FN825B(ACT) 
                                    |     |         + FN826A(TCSTRT) + BZZRPM 
                                    |     |         + FN880(CTNTMR) 
     ATMR1 < TKDTM -----------------|     | (start- up kicker + 
      (time for RPM kickdown)             |  Hi-Cam  + Buzz Up RPM) 
                                          | 
                                          |--- ELSE  --- 
     PTSCR = 0 ---------------------|     | 
      (no driver kickdown)          |     |  
                                    |AND -| DSDRPM = FN825A(ECT) + FN825B(ACT) 
     ATMR1 < TKDTM -----------------|     |         + FN826A(TCSTRT) 
      (time for RPM kickdown)             |         + FN880(CTNTMR) 
                                          |  (start -up kicker + Hi-Cam RPM) 
                                          | 
                                          |--- ELSE  --- 
                                          | 
     ATMR1 < BZZTM -----------------------| DSDRPM = FN825A(ECT) + FN825B(ACT) 
      (time for engine cleanout)          |         + BZZRPM + FN880(CTNTMR) 
                                          |  (Hi-Ca m + Buzz Up RPM) 
                                          |  
                                          |--- ELSE  --- 
                                          |  
                                          | DSDRPM = FN825A(ECT) + FN825B(ACT) 
                                          |         + FN880(CTNTMR) 
                                          |  (Base Hi-Cam desired RPM increment) 
 
      NOTE:  FN880(CTNTMR) is added to DSDRPM only when CTNFLG  =  1.   This  means that 
FN880 is never used in drive even though CTNTMR = 0 . 
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    HEATED WINDSHIELD MINIMUM CLIP 
 
      HWFLAG = 1 ------| 
                       | 
      HWFLGL = 1 ------|AND -----| Clip DSDRPM at ( HWRPM - NUBASE) 
                       |         | as a minimum 
      DNDSUP = 0 ------| 
 
      (Heated Windshield is on for the first time) 
 
                                   DESIRED RPM FILT ER 
 
      DESNLO > DSDRPM -------------| Set DESNLO = R OLAV (DSDRPM,TCDESN) 
       (filtered RPM > actual RPM  | 
                                   |  (filter RPM w hen RPM is dropping) 
                                   | 
                                   | --- ELSE --- 
                                   | 
                                   | Set DESNLO = D SDRPM 
                                      (do not filte r when RPM is increasing) 
 
                                   "HI-CAM FLAG CHE CK" 
 
      DSDRPM = 0 -------------------------| Set HCA MFG = 0 
       (Hi-Cam desired RPM = 0)           | (not on  Hi-Cam) 
                                          |   
                                          | --- ELS E --- 
                                          | 
                                          | Set HCA MFG = 1 
                                          |  (on Hi -Cam, this disables the 
                                          |   adapt ive airflow update) 
 
           This is the end of the start-up calculat ion of Desired RPM.  Next  check for 
neutral or drive. 
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                                    B) NEUTRAL/DRIV E 
 
      TRLOAD <OR= 3 -----|       | NEUTRAL 
       (manual trans)    |OR ----| ------- 
                         |       |  
      DNDSUP = 0 --------|       | Set DSDRPM = DSD RPM + NUBASE 
       (auto trans in neutral)   |  
                                 |  
                                 | --- ELSE --- 
                                 | 
                                 | 
      DNDSUP = 1 ----------------| DRIVE 
       (auto trans in drive)     | ----- 
                                 | Set DSDRPM = DSD RPM + DRBASE 
 
                                    C) ACCESSORY LO AD 
 
1) If A/C is on add A/C adder to desired RPM 
 
      ACCFLG = 1 -----------| 
       (A/C clutch engaged) | 
                            | 
      ACIFLG = 1 -----------|OR --------| Set DSDRP M = DSDRPM + DNAC 
       (A/C load impending) |              ( increa se RPM for A/C) 
                            | 
      ACCTMR < DACTM -------| 
       (delay to turn off A/C adder) 
 
2) If power steering load is on then add power ster ring adder to desired RPM. 
 
      PSPSHP = 1 -------------| 
                              |AND ---| Set DSDRPM = DSDRPM + DNPOWS 
      POWSFG = 1 -------------|       |  (power ste ering RPM adder) 
       (power steering on)            | Set HCAMFG = 1 
                                      | (Disable Ad aptive Airflow Update) 
 
                                        GPAS CLIP 
 
      TRLOAD >OR= 4 ----| 
       (auto trans)     |AND -----| Clip DSDRPM to ISCLPD  
                        |         | as a maximum 
      DNDSUP = 1 -------| 
       (in drive)       | 
                        | 
      ATMR3 > CRKTIM ---| 
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                              PREDICTED DESMAF CALC ULATION 
 
      TRLOAD <OR= 3 -------| 
                           |OR -----| Set DESMAF = FN875N(DSDRPM) *  
      DNDSUP = 0 ----------|        |              FN1861(ECT,ATMR3) 
      (auto trans in neutral)       |              
                                    | 
                                    | --- ELSE --- 
                                    | 
      DNDSUP = 1 -------------------| Set DESMAF = FN875D(DSDRPM) * 
       (auto trans in drive)        |              FN1861(ECT,ATMR3) 
 
      Now check for A/C and power steering adders. 
 
      ACCFLG = 1 -----------| 
       (A/C clutch engaged) |OR -| Set DESMAF = DES MAF + ACPPM 
                            |    |  (increase DESMA F for A/C) 
      ACIFLG = 1 -----------|     
       (A/C load impending) 
 
      PSPSHP = 1 ----------|  
                           |AND ---| Set DESMAF = D ESMAF + PSPPM 
      POWSFG = 1 ----------|       | (increase airf low for P.S.) 
       (power steering on)     
 
      HWFLAG = 1 ------| 
                       | 
      HWFLGL = 1 ------|AND -----| Set DESMAF = DES MAF + HWPPM 
                       | 
      DNDSUP = 0 ------| 
 
      (Heated Windshield is on for the first time) 
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                                   ISFLAG/ISLAST LO GIC 
 
 
ISLAST reflects the state of ISFLAG on the last pro gram pass.  ISFLAG is set according to 
the following chart: 
 
                                               MANU AL TRANSMISSION or 
                            AUTO in DRIVE        AU TO in NEUTRAL 
                              (DNDSUP = 1)        ( DNDSUP = 0) 
         -----------------|-------------------|---- --------------- 
           A/C off        |        0          |         2 
         -----------------|-------------------|---- --------------- 
           A/C on         |        1          |         3 
         -----------------|-------------------|---- --------------- 
 
By comparing ISFLAG and ISLAST, you can determine i f there were  any  A/C  or N/D 
transitions since the last program pass. 
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                                   FAM ADJUSTMENTS 
 
      OVERVIEW 
 
           The Filtered Air Mass, FAM, is adjusted for  load  transitions  at  this point  
as  a  software  convenience.   Sections A, B, and C are executed each program pass in 
order. 
 
      DEFINITIONS 
      INPUTS 
      Registers: 
 
-  BGCNT = Background counter used to pace the filt ered AM  algorithm.   See 
           SAMRAT. 
-  FAM = Filtered Air Mass. 
-  IBGPSI = Background counter used to control paci ng of the C/L  integrator 
            value (IPSIBR). 
-  ISLAST = Register which tracks the state of engi ne load from the previous 
            background pass.  Used in determing whe n it is necessary to 
            increment the filtered air mass (FAM) a nd clip the  C/L  idle  speed 
            integrator  to  a minimum value. 
 
      Bit Flags: 
-  ACCFLG = A/C engaged flag:  1 -> A/C engaged; 0 -> A/C disengaged. 
-  ACIFLG = A/C engagement impending flag:  1  ->  A/C  about  to  engage  - 
          adjust airflow and fuel immediately; 0 ->  A/C not about to engage. 
-  DNDSUP = Delayed neutral/drive flag:  0 -> in ne utral, no load; 1  ->  in 
          drive loaded. 
-  POWSFG = Flag used to indicate that power steeri ng load is  high:   1  -> 
          power steering on. 
-  PSFLAG = Flag to indicate last pass value of pow er steering to check  for 
          transitions:  1 -> power steering was on.  
 
      Calibration Constants: 
-  ACPPM = Airflow increment  required  with  A/C  on.   Value  is  used  to 
           increment  both  the  desired  flow thro ugh the ISC actuator (account 
           for increased load) and the filtered air  mass - FAM.  ..Typical value 
           -  0.15 ppm. 
-  DACPPM = Filtered air mass decrement used when A /C turns off. 
-  DNPPM = Feed forward mechanism for fuel control.   Decrements filtered air 
           mass for drive/neutral transition. 
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-  NDPPM = Expected change in airflow  between  eng ine  in  neutral  and  in drive.  Used 
as a feed forward mechanism for fuel control (incre ments the filtered air mass on 
neutral/drive transition).  ..Typical value  -  0.1 5 ppm. 
 
      OUTPUTS 
 
      Registers: 
-  FAM = Filtered Air Mass. 
 
      Bit Flags: 
-  PSFLAG = Flag to indicate last pass value of pow er steering to check  for 
            transitions:  1 -> power steering was o n. 
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      PROCESS 
                                   FAM ADJUSTMENTS 
 
                              A) NEUTRAL/DRIVE ADJU STMENTS 
 
      DNDSUP = 1 --| 
       (in drive)  |AND ---------| Set FAM = FAM + NDPPM 
                   |             |  (immediately in crease filtered air mass) 
      ISLAST > 1 --|             | 
       (last pass was neutral)   |--- ELSE --- 
                                 | 
      DNDSUP = 0 ---|            | 
       (in neutral) |AND --------| Set FAM = FAM - DNPPM 
                    |               (immediately de crease filtered air mass) 
      ISLAST < 2 ---| 
       (last pass was drive) 
 
 
                                  B) A/C STATE CHAN GES 
 
      ACCFLG = 1 ----------| 
       (A/C clutch engaged)|OR -| 
                           |    | 
      ACIFLG = 1 ----------|    | 
       (A/C load impending)     |AND -| Set FAM = F AM + ACPPM 
                                |     |  (immediate ly increase filtered air mass) 
      ISLAST NOT= 1 OR 3 -------|     | 
       (A/C on state change)          |--- ELSE ---  
                                      | 
      ACIFLG = 0 ---------------|     | 
                                |     | 
      ACCFLG = 0 ---------------|AND -| Set FAM = F AM - DACPPM 
       (A/C clutch not engaged) |        (immediate ly decrease filtered air mass) 
                                | 
      ISLAST NOT= 0 OR 2 -------| 
       (A/C off state change) 
 
 
                             C) POWER STEERING STAT E CHANGES 
 
      POWSFG = 1 ----------| 
       (power steering on) |AND -| Set FAM = FAM + PSPPM 
                           |     |  (immediately in crease FAM) 
      PSFLAG = 0 ----------|     | Set PSFLAG = 1 
       (P.S. on state change)    |  (store current state of POWSFG) 
                                 | Set IBGPSI = 0 
                                 | Set BGCNT = 0 
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                         EXAMPLE OF ANTICIPATORY FA M CHANGES 
                                        TO A/C 
 
                                 ------------------ ----- 
                                |                       | 
                                |                       | 
      A3C  OFF -----------------                         ---------- 
       (Pressure Switch) 
 
              1                   ---------- 
                                 |          | 
                                 |          | 
      ACIFLG  0 ----------------- <-IDLCOT-> ------ ----------------- 
 
              ON                             ------ ----- 
                                            |           | 
                                            |           | 
      ACCFLG OFF ----------------|--|--|--|-|            ---------- 
 
             A/C ON   1 or 3      ----------------- ----- 
                                 |                      | 
                      0 or 2     |                      | 
      ISLAST A/C OFF ------------  | | | | | | | | | | | ------------ 
 
                              -->| |<--Background L oop Time 
 
                                 |      | 
                                 V      V 
 
           0.6            ACPPM  |* * * 
      FAM  0.4 ------------------       *                         * *  
           0.2                             * * * * * *  *       * 
           0.0                                          |     * 
                                                         ***** 
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                    DESIRED IDLE AIRFLOW AND ISC DU TY CYCLE OUTPUT 
 
      This section describes the following features  of the ISC strategy: 
 
-  ISC and fuel responses to state changes at idle:    When  either  the  FAM logic  has  
just  been  entered  or a load change at idle has b een sensed (ISLAST does not equal 
ISFLAG), the following actions are taken: 
 
.  The C/L RPM integrator (IPSIBR) is clipped to 0 as a minimum value to avoid potential 
speed dips. 
 
.  The pacer for the C/L RPM integrator  (IBGPSI)  is  zero'd  to  avoid unnecessary 
reaction by the ISC system. 
 
.  The flag tracking  the  idle  load  state  (ISLA ST)  is  set  to  the appropriate 
state for use the next background slice. 
 
          In addition to the above, if a load state   change  is  sensed,  the  fuel 
control  system  is  in  C/L  operation, the engine  is in closed throttle operation, and 
the fuel  control  integrator  (LAMBSE1  and  LAMBS E2)  is greater  than 1.0, then 
LAMBSE1 and LAMBSE2 is reset to 1.0.  This action a voids potential lean stall/sag  
problems  should  there  be  significant difference s  between  the degree of maturation 
of the adaptive fuel cells for the various idle sta tes. 
 
-  Closed loop ISC control:  C/L RPM control logic is entered  as  described in the ISC 
mode selection section.  The intent of C/L speed co ntrol is to adjust the ISC valve as 
necessary to provide  the  correct  desired  idle s peed.   This  is  accomplished  
through  integration of a proportionally derived ai rflow correction  which  is  added  to  
the  predicted  airflow requirement  (DESMAF).  Int egration of this correction factor is 
paced in terms of background loop by a calibratible  function  (FN860).   Depending on  
the  direction  of the speed error, and neutal/driv e status, separate gains are used to 
calculate the proportional correction factor  used  for integration.   (KPSIND,  KPSINU,  
KPSIDU,  KPSIDD  are the gains, defined below) A co mmon function (FN824) is available for 
gain  modulation.   The speed  error is driven into  a calibrated deadband within which 
integrator updates are disabled.  Integrator update s are also disabled when the  ISC duty 
cycle is greater than or equal to 98%. 
 
-  ISC duty cycle output; Once the desired mass flo w value is finalized, the appropriate  
duty cycle is calculated and output.  The final DES MAF value is calculated as follows: 
 
           .  DESMAF = [DESMAF + DASPOT + IPSIBR + ISCKAM] 
 
Then DESMAF, initial predicted value, is added to t he  factors  noted above;  and  the  
value of ISCKAM is used, where ISFLAG points to the  correct adaptive cells.  (See 
discussion on "ISC_KAM update). 
 
The calibrated leakage term (ITHBMA) is subtracted from DESMAF to  obtain the  actual  
flow  required  from the ISC actuator (DEBYMA).  Th is value, 
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clipped at DEBYCP as a minimum  allowed  actuator  airflow,  becomes  the input to the 
ISC duty cycle transfer function (FN800).  Output f rom FN800 is the specified ISC duty 
cycle.  The nature of the bypass  air  solenoid is  such  that  at high manifold vacuum 
the device flows less air than at idle vacuum level s, assuming a constant duty cycle.  To 
account for  this difference, a modulator (FN820B) is available to increment the duty 
cycle as necessary to hold constant flow. 
 
-  In addition, the closed throttle spark can be ag gressively  modified  via SPKMUL  (See  
Ignition  Timing  chapter  for  definition and usag e).  Two unctions, FN841N for neutral, 
and FN841D for drive, are  used  based  on RPM erro r, RPMERR. 
 
      CALIBRATION CONSTANTS: 
The following calibration constants are used in the  duty cycle output and C/L RPM control 
routines. 
 
-  RPMDED = Specifies the engine speed deadband wit hin  which  the  C/L  RPM integrator  
is  frozen.   To  be  in this zone, the absolute va lue of the engine speed error cannot 
exceed RPMDED where the speed error is  defined as RPMERR = (DSDRPM - N).  ..Typical 
value - 25 RPM. 
 
-  KPSIDU = Gain for underspeed condition  in  driv e  (same  as  KPSINU  for 
          neutral). 
 
-  VPSINU = VIP gain for underspeed conditions. 
 
-  KPSINU = Gain for underspeed condition in neutra l.   When  multiplied  by the  engine  
speed  error and the gain modulator (FN824), it pro vides the input for IPSIBR 
integration.  Using the duty cycle vs.  RPM  inform ation generated  for  the airflow 
predictions, FN875N / FN875D (see Desired RPM secti on), approximate gains can be 
calculated.  On  2.3l  OHC  EFI  Truck calibrations ,  a 0.01 ppm change in airflow 
corresponds to an approximate 30 RPM speed-delta.   This  assumes  a  transport  delay  
of  about  1.25 seconds.  If the pacing requested f or the C/L integrator is less than the 
actual transport delay (which it should to  have  a   responsive  system), then  the  gain 
should be decreased proportionately.  Eg., In the c ase of the 2.3L OHC, (0.01 ppm/30 RPM) 
= a calculated gain of  0.00033  ppm/RPM: If  the  desired pacing for underspeed 
conditions is 0.36 seconds (assume 30 background pa sses 0.012 sec/pass), then the 
resultant  gain  would  be [(0.36  / 1.25) * 0.0003 3] = 0.000095 ppm/RPM. .Typical value 
- 0.00009 ppm/RPM. 
 
-  KPSIND = Gain for overspeed condition in neutral .  Used  same  as  KPSINU 
above.  ..Typical value - 0.000075 ppm/RPM. 
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-  VPSIND = VIP gain for overspeed conditions. 
 
-  KPSIDD = Gain for  overspeed  condition  in  dri ve  (Same  as  KPSIND  in neutral). 
 
-  ITHBMA = Throttle body idle mass air flow with  throttle  plate  at  idle screw stop 
and 0% ISC duty cycle. 
 
-  PSIBRM = Maximum allowed value for the  IPSIBR.   Must  provide  adequate range  of  
authority  to  correct  for  anticipated errors in the initial airflow predications.  
..Typical value - 0.25 ppm. 
 
-  VSIBRM = Maximum allowed value for IPSIBR when i n running VIP. 
 
-  PSIBRN = Minimum allowed value for IPSIBR.  Rang e is -1.0 to 0.0. 
 
-  DEBYCP = Minimum allowed airflow through the ISC  actuator. 
 
-  VSIBRN = Minimum allowed value for IPSIBR when i n running VIP. 
 
-  FN860 = Function which paces the integration of the C/L  RPM  correction. Input  to  
this  function  is  the  engine  speed  error.   Ty pically the integration is paced more 
rapidly the further  under  the  control  speed tha t  the  engine  speed  falls.   In 
overspeed conditions, the pacing is slowed to provi de an overdamped response to a torque 
disturbance at idle. .Typical values 
 
-  V860 = VIP calibration parameter which sets paci ng  intergration  of  the 
C/L RPM correction. 
 
                    RPM ERROR          Pacing (BACK GROUND PASS) 
                    ---------          ------------ ------------ 
                      -500                    250 
                      -200                    150 
                      -125                    125 
                      - 25                    125 
                      + 25                     45 
                      + 75                     25 
                      +150                     15     RPMERR = 
                                                      DSDRPM - N 
 
 
 
-  FN824(N_BYTE) = Gain multiplier vs.  RPMERR (RPM ERR =  DSDRPM  -  N)  for 
KPSINU  and  KPSIND  used  to  vary  the  response  of  the  proportional 
correction term in C/L RPM control. 
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-  FN800 = Transfer function for the ISC actuator.  Initial values for  this 
function  should  come  directly from flow data pro vided by fuel systems. 
Data must be generated at the  expected  idle  vacu um  setting  for  each 
particular   application.   Subsequent  data  gener ated  in  the  airflow 
prediction study, as described in the desired RPM s ection, can be used to 
fine-tune  the  transfer  function  as sufficient n umbers of vehicles are 
sampled. 
|   
-  FN810 = Adder to  DEBYMA  vs.   RPM.   This  fun ction  is  similar  to  a 
proportional control term.  It adds air flow to cor rect dips in RPM. 
 
-  FN820B = ISC duty cycle multiplier vs.   LOAD.   Used  to  hold  constant 
actuator airflow on a decel.  after a dashpot actio n is complete. 
 
-  FN841D = ISC Spark Multiplier versus RPM Error i n Drive.  Input =  RPMERR 
in RPM. 
 
-  FN841N = ISC Spark Multiplier versus  RPM  Error   in  Neutral.   Input  = 
RPMERR in RPM. 
 
 
      KEY REGISTERS/FLAGS: 
 
 
      The following registers/flags are used in the  duty cycle  output  and/or  C/L RPM 
control routines. 
 
-  DEBYMA_FM = DEBYMA  without  BP  correction,  fo r  MAF  FMEM,  units  are lbma/min. 
 
-  IBGPSI = Background counter used to control paci ng of the C/L  integrator value 
(IPSIBR). 
 
 
-  IPSIBR = Integrated value of the proportional C/ L RPM correction. 
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                       TOTAL DESMAF CALCULATION and  LAMBSE CLIP 
                                 (DESMAF and DEBYMA ) 
 
      ISFLAG = ISLAST --------|                      
       (No Idle Load Change)  |                       
                              |AND ---------------- | Set DESMAF = DESMAF 
      CTPTFG = 0 -------------|                    | + IPSIBR + DASPOT 
      (no transition from C.T.)                    |  
                                                   | --- ELSE --- 
                                                   | 
                                                   | Clip IPSIBR to zero 
                                                   |  as a minimum 
                                                   | 
                                                   | DESMAF = DESMAF + IPSIBR 
                                                   |  + DASPOT 
                                                   | IBGPSI = 0 
                                                   | BGCNT = 0 
 
 
                                 ISCKAM QUALIFICATI ON 
 
 
      KAM_ERROR = 0 ------------------| DESMAF = DE SMAF + ISCKAM(n) 
        (KAM is ok)                   |  n = ISFLAG  
 
 
      NOTE:  LAMBSE resets are done when: 
 
-  entering/exiting FAM region 
-  load state changes at closed throttle at idle 
-  open loop to closed loop transition 
 
 
      See the LAMBSE RESET LOGIC in the Closed Loop  Fuel section. 
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                              ISC DUTY CYCLE CALCUL ATION 
                                       (ISCDTY) 
 
      ISCFLG = 1 OR 2 -----------|          | Set R PMERR = DSDRPM - N 
       (RPM control or lockout)  |          |  (det ermine RPM error) 
                                 |AND ------| Set S PKMUL = FN841N 
      DNDSUP = 0 ----------------|          |  (spa rk feedback, neutral) 
       (neutral)                            | Set I BGPSI = IBGPSI + 1 
                                            |  (inc rement C/L correction 
                                            |   pac er) 
                                            |  
                                            | --- E LSE --- 
      ISCFLG = 1 OR 2 -----------|          | 
                                 |AND ------| Set R PMERR = DSDRPM - N 
      DNDSUP = 1 ----------------|          | Set S PKMUL = FN841D 
       (drive)                              | Set I BGPSI = IBGPSI + 1 
                                            | 
                                            | --- E LSE --- 
                                            | 
      ISCFLG = -1 OR 0 ---------------------| GO TO  DEBYMA calculation 
       (dashpot or pre-position) 
      |RPMERR| > RPMDED --------------------| Set I SCTMR = 0 
       (RPM not within deadband)            |  (set  RPM sampling timer 
                                            |   to 0) 
                                            |  
                                            | --- E LSE --- 
                                            | 
                                            | GO TO  DEBYMA calculation 
 
      RUNNING = 0 ----------| 
       (normal strategy)    |AND --| 
                            |      | 
      IBGPSI >OR= FN860 ----|      |OR -----| Set I BGPSI = 0 
       (OK to correct RPM)         |        |  (res et C/L correction 
                                   |        |   pac er) 
      RUNNING = 1 ----------|      |        | 
       (in self test)       |      |        |  
                            |AND --|        | --- E LSE --- 
 
      IBGPSI >OR= V860 -----|               | 
                                            | GO TO  DEBYMA calculation 
 
      N < DSDRPM - RPMCTL ----| 
       (RPM is too low)       | 
                              | 
      RUNNING = 0 ------------|AND ---------| GO TO  DEBYMA calculation 
       (not in VIP)           | 
                              | 
      ISCDTY >OR= 0.98 -------| 
       (ISC duty cycle  
         already at maximum) 
 
 

9-38 



IDLE SPEED CONTROL - DUTY CYCLE OUTPUT - GUFB 
PEDD-PTOPE, FoMoCo, PROPRIETARY & CONFIDENTIAL 

      RPMERR < 0 ---------------------------| Set I SCPSI = "B" * 
       (overspeed error)                    |  RPME RR * "F" 
                                            |  (det ermine C/L overspeed 
                                            |   air  mass correction) 
                                            | 
                                            | --- E LSE --- 
                                            | 
      RPMERR >OR= 0 ------------------------| Set I SCPSI = "C" * 
                                            |  RPME RR * "F" 
                                            |  (det ermine C/L 
                                            |   und erspeed air mass 
                                            |   cor rection) 
                                            | Set I PSIBR = IPSIBR  
                                            |  + IS CPSI 
                                            |  (upd ate C/L air mass 
                                            |   cor rection) 
                                            | 
                                            | Clip IPSIBR to 
                                            |  "D" as a maximum 
                                            |  "E" as a minimum 
                                            | 
                                            | GO TO  DEBYMA calculation 
 
|     Enter DEBYMA calculation ---| Set DEBYMA = (( DESMAF - ITHBMA) + 
|      (calculate corrected,      |  FN810) * (29.9 2/BP) 
|       actual airflow)           | DEBYMA_FM = (DE SMAF - ITHBMA) + FN810 
                                  | (calculate airf low through 
                                  |  the bypass sol enoid) 
                                  | Clip DEBYMA and  DEBYMA_FM  
                                  |  at DEBYCP as a  minimum 
                                  | 
                                  | Set ISCDTY = "A " * FN800 
                                  |   
                                  |  (calculate ISC  duty cycle) 
                                  | Clip ISCDTY at 1.0 as a 
                                  |  maximum 
                                  | 
                                  | GO TO KAM_UPDAT E 
                                  |  (update keep a live cells) 
      RUNNING = 0 ----------------| "A" = FN820B     "D" = PSIBRM 
       (normal strategy)          | "B" = KPSIND     "E" = PSIBRN 
                                  | "C" = KPSINU     "F" = FN824(N_BYTE) 
                                  | 
                                  | --- ELSE --- 
                                  | 
      RUNNING = 1 ----------------| "A" = V820A      "D" = VSIBRM 
       (in self test)             | "B" = VPSIND     "E" = VSIBRN 
                                  | "C" = VPSINU     "F" = 1.0 
                                  |                  (VIP GAIN MULTIPLIER) 
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                                   ISC_KAM_UPDATE 
 
This section describes the adaptive ISC update rout ine.   In  general,  under steady  
state  conditions  on  a  stabilized engine at idle , the adaptive ISC logic will evaluate 
whether the open  loop  prediction  of  airflow  re quires correction.   If  a  correction  
factor was applied and IPSIBR has a non-zero value,  then adaptive ISC strategy will roll 
this correction  value  into  KAM and  drive  the  IPSIBR  term back to zero.  Control of 
the rate at which the IPSIBR value is driven to zer o is calibration dependent. 
 
There are four ISCKAM cells designated for idle cor rections.  The appropriate cell is 
pointed to by the flag ISFLAG which tracks the load  state at idle.  A checksum has also 
been added, ISKSUM, (see KAM Chapter),  the  total  of  the four ISCKAM cells minus the 
value in ISKSUM must be less than or equal to one d uring  Power  Up  Sequencing;  
otherwise,  a  reinitializing  occurs.    The follo wing logic must be satisfied to update 
KAM: 
 
       *  In RPM control. 
       *  Within the RPM deadband for a calibrated time interval (UPDISC). 
       *  No hi-cam adder present (HCAMFG = 0). 
       *  IBGPSI >OR= UPDATM. 
 
ISCKAM corrections are clipped to the same maximum and minimum limits as  the C/L  RPM  
integrator  (PSIBRM/PSIBRN).   Each  time  the  upd ate criteria are satisfied both IPSIBR 
and ISCKAM  are  adjusted  one  bit  (0.00024  ppm)   in opposite directions until IPSIBR 
= 0. 
 
      CALIBRATION CONSTANTS 
      The following calibration constants are used to  control  the  ISCKAM  update 
routine: 
 
-  UPDISC = Time that engine speed must be  within  the  specified  deadband 
          (RPMDED) prior to KAM update.  ..Typical value - 3 seconds. 
 
-  UPDATM = Pacing at which the IPSIBR correction f actor is rolled into KAM. 
          Value  is  in  terms  of  background  loo p  counts...Typical value - 5 
          background passes. 
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                                      KAM_UPDATE 
 
      ISCFLG NOT= 1 --------------|           | Exi t KAM_UPDATE 
       (not in RPM control mode)  |           |  (d o not update KAM) 
                                  |           | 
      ISCTMR < UPDISC ------------|OR --------| END  OF ISC LOGIC 
       (not at DSDRPM long enough)|           | 
                                  |           | 
      HCAMFG = 1 -----------------|           | 
       (on hi-cam)                |           | 
                                  |           | 
      IPSIBR = 0 -----------------|           | 
       (closed loop ISC           |           | 
        correction is 0)          |           | 
                                  |           | 
      IBGPSI < UPDATM ------------|           | 
       (not time to update KAM)               | ---  ELSE --- 
                                              | 
      IPSIBR > 0 -----------------|           | Inc rement ISCKAM(N) 
       (positive C/L correction)  |AND -------|  (r oll correction into 
                                  |           |   K AM) 
      ISCKAM(N) < PSIBRM ---------|           | Inc rement ISKSUM 
       (< max allowed value)                  | Dec rement IPSIBR 
                                              |  (b alance DESMAF equation) 
                                              |  
                                              | Set  IBGPSI = 0 
                                              |  (r eset closed loop 
                                              |   c orrection to 0) 
                                              | 
                                              | END  OF ISC LOGIC 
      IPSIBR <OR= 0 --------------|           | 
       (negative C/L correction)  |           | ---  ELSE --- 
                                  |AND -------| 
      ISCKAM(N) > PSIBRN ---------|           | Dec rement ISCKAM(N) 
       (> min allowed value)                  |  (r oll correction into 
                                              |   K AM) 
                                              | Dec rement ISKSUM 
                                              | Inc rement IPSIBR 
                                              |  (b alance DESMAF equation) 
                                              |  
                                              | Set  IBGPSI = 0 
                                              |  (r eset closed loop 
                                              |   c orrection to 0) 
                                              |  
                                              | END  OF ISC LOGIC 
                                              | 
                                              | ---  ELSE --- 
                                              | 
                                              | IBG PSI = 0 
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                 FILTERED AIR MASS (FAM) LOGIC/AIR MASS DETERMINATION 
 
This section describes logic associated with filter ing of the calculated  air mass at 
idle.  Specifically it details: 
 
-  Entry/Exit conditions for FAM region.  Air mass filtering is required  to provide 
acceptable engine performance at stabilized idle op eration.  When conditions (throttle 
position, desired engine speed, actual  idle  speed ) indicate  filtering  is  desired,  a  
control flag (REFFLG) is set and an adaptation of t he common rolling average filter 
routine is entered.  This action,  in  effect, driv es the filtered air mass (FAM) into a 
calibrated deadband  approximately  centered  about   the  instantaneous   air   mass 
(N*ENGCYL*ARCHG).   This  procedure should provide a near fixed AM signal at idle. 
 
-  Determination  of  the  idle  air   mass:    Eit her   the   instantaneous 
(N*ENGCYL*ARCHG)  or the filtered (FAM) air mass ca n feed the AM register at idle for use 
in the fuel pulsewidth calculation.  In  general  i f  the control  flag  (REFFLG) is set, 
the filtered air mass value will feed the AM regist er -- unless  the  instantaneous  air  
mass  exceeds  FAM  by  a calibrated  percent  diff erence  (DELTAM).  When FAM is 
referenced, it is clipped at a calibrated percent  (MAXFAM)  above  (N*ENGCYL*ARCHG)  as  
a maximum  allowed  value.   The AM register is alw ays clipped at a minimum value (MINAM) 
regardless of whether the filtered or instantaneous   AM  is used. 
 
      CALIBRATION CONSTANTS: 
The following calibration constants are used to spe cify entry conditions into  the  FAM  
region,  control  of  the  filter  routine  and  se lection  of  the appropriate AM value. 
 
-  AMDESN = Defines the desired engine speed below which air mass  filtering can  be  
enabled.   Should  be  kept  at  a  minumum to avoi d unnecessary activation of the FAM 
filter routine.  ..Typical value - 900 RPM. 
 
-  AMRPM = Incremental adder to DSDRPM; total defin es an engine speed  limit below which 
air mass filtering can occur.  Should be kept to a minimum to avoid unnecessary 
activation of the FAM filter routine.  ..Typical  v alue - 75 to 125 RPM. 
 
-  AMRPMH = Hysteresis term for AMRPM; after entry into the FAM  region  the total of 
DSDRPM + AMRPM + AMRPMH defines the engine speed ex it condition. Should be large enough 
so that it not triggered by normal fluctuations in engine  speed at idle due to load 
transitions (eg.  A/C or power steering cycling).  ..Typical value - 350 RPM. 
 
-  DELRAT = Throttle position adder to RATCH.  Used  to describe  a  throttle position  
below which air mass filtering is enabled.  Should be set equal to DELTA + HYSTS (see 
throttle mode select logic).  ..Typical value -  15  counts. 
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-  DLHYST = TP hysteresis on exit from FAM. 
-  EFAMPH = Upper (AMPEM-EM) clip on entry to FAM. 
-  EFAMPL = Lower (AMPEM-EM) clip on entry to FAM. 
-  FAMINC = FAM increment/decrement when entering F AM region, lb/min. 
-  FAMLIM = Establishes a deadband centered around FAM.  The filter  is  run only  if the 

instananeous AM is outside this deadband; (FAM plus  or minus FAMLIM * N * ENGCYL * 
ARCHG).  FAMLIM may be thought of as  the  deadband  size.   Eg.,  if  FAMLIM was 0.05, 
then the deadband would be FAM plus or minus 5 perc ent of the instantaneous AM.  If 
FAMLIM  is  too  large,  the filter  will  not resp ond to changes in instantaneous 
Idle AM.  If FAMLIM is too small, the filter will v ary with the oscillations in 
instantaneous AM.  Typical value - 0.035. 

 
-  IFAM = Initial FAM - Upper FAM clip on exit from  FAM. 
-  SAMRAT = SAMRAT is used to pace the filter in te rms  of  background  loop counts.  

..Typical value - 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

9-43 



IDLE SPEED CONTROL - FAM - GUAA 
PEDD-PTOPE, FoMoCo, PROPRIETARY & CONFIDENTIAL 

-  DELTAM = Multiplier of the filtered air mass.   Establishes  a  threshold which  if  
exceeded  by  the  instantaneous AM, forces the AM register to reference the 
instantaneous AM value.  This provides a breakout  capacity of the filtered routine 
which may be necessary due to unanticipated loads a t idle.  ..Typical value - 1.15. 

 
-  MAXFAM = Multiplier of the instantaneous AM valu e.  When referencing  the FAM register 

at idle, MAXFAM * (N*ENGCYL*ARCHG) establishes an u pper clip on the AM value.  
..Typical value - 1.25. 

 
-  MINAM = A minimum clip on the AM register.  TCFA M  =  Time  constant  for FAM, sec. 
 
DEDICATED REGISTERS/FLAGS: 
 
The following registers/flags are used by this rout ine. 
 
-  FAM_FLG = Flag indicating in FAM region and AM =  FAM. 
 
-  FFMTMR = FAM filter Timer, sec. 
 
-  RATCH = Lowest filtered throttle position (see S ystem Equations  in  this book for a 

better description). 
 
-  REFFLG = Flag indicating (when set) that conditi ons to enter the filtered region  have  

been  satisfied.   Flag is also referenced by adapt ive fuel control to indicate when 
to use/update specific idle cells. 

 
-  BGCNT = Background counter used to pace the filt ered AM algorithm. 
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FILTERED AIR MASS LOGIC (FAM) 
 
      ALWAYS ------------------------| AM = N * ENG CYL * ARCHG 
 
      ---->(Tip-in into normal AM) 
                                                            
      TP > RATCH + DELRAT + DLHYST ---------------- |OR ---| Set REFFLG = 0    
       (not closed throttle)                       |      |  (use AM) 
                                                   |      | 
      DSDRPM > AMDESN ----------------------------- |      | Clip FAM to IFAM 
       (desired RPM too high for FAM)              |      | 
                                                   |      | 
      N_BYTE > DSDRPM + AMRPM + AMRPMH ------------ |      | 
       (RPM higher than desired idle RPM)                 | 
                                                          | --- ELSE --- 
                                                          |  
                                                          | Enter FAM region 
                                                          |  
                                                          | Set BGCNT = 0  
      ---->(Tip-out into closed throttle and FAM)         | (reset FAM 
                                                          |  update counter) 
      TP <OR= RATCH + DELRAT ---------------------- |AND --| 
       (near closed throttle)                      |      | Set REFFLG = 1 
                                                   |      | Clip AM to 
      DSDRPM <OR= AMDESN -------------------------- |      | EFAMPH*FAM as max. 
                                                   |      | EFAMPL*FAM as min. 
       (desired RPM within FAM region)             |      | Set FAM = 
                                                   |      | AM + FAMINC 
      N_BYTE <OR= DSDRPM + AMRPM ------------------ |      |   
       (RPM closed to desired idle RPM)            |      |  
                                                   |      |  Set FFMTMR = 0 
      REFFLG = 0 ---------------------------------- |      |   
       (last state was normal AM)                         | (initialize FAM 
                                                          |  filter timer 
                                                          |  during entry) 
                                                          | 
                                                          | --- ELSE --- 
      ---->(FAM update delay)                             | 
                                                          | 
      REFFLG = 1 ---------------------------------- |      | 
       (in FAM region)                             |      | 
                                                   |      | 
      BGCNT + 1 < SAMRAT -------------------------- |AND --| Increment BGCNT 
       (sampling counter too low)                  |      | 
                                                   |      | 
      |(N*ENGCYL*ARCHG) - FAM | >                  |      | 
        (N*ENGCYL*ARCHG) * FAMLIM ----------------- |      | 
       (AM within reasonable limits)                      | 
                                                          | 
                                                          | 
                                                          | 
                                                          | --- ELSE --- 
                                                          | 
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      ---->(FAM update)                                   | 
                                                          | 
      REFFLG = 1 ---------------------------------- |      | Set FAM = UROLAV 
       (in FAM region)                             |      |  (AM,TCFAM) 
                                                   |      | FFMTMR is the  
      BGCNT + 1 >OR= SAMRAT ----------------------- |AND --|  sample period 
       (sampling counter OK)                       |      | Set FFMTMR = 0 
                                                   |      |  (reset FAM timer 
      |(N*ENGCYL*ARCHG) - FAM| > (N*ENGCYL*ARCHG)  |      |   for next update) 
        * FAMLIM ---------------------------------- |      | Set BGCNT = 0 
       (AM within reasonable limits)                      |  
                                                          | --- ELSE --- 
                                                          | 
                                                          | Set BGCNT = 0 
                                                          |  do not update 
                                                          |   FAM 
 
   Determine state of FAM_FLG: 
 
      REFFLG = 1 --------------------------------| 
                                                 |A ND ---| FAM_FLG = 1 
      (N * ENGCYL * ARCHG) <OR= (FAM * DELTAM) --|       | 
                                                         | --- ELSE --- 
                                                         | 
                                                         | FAM_FLG = 0 
 
   Determine state of FAMREG: 
 
      REFFLG = 0 ---------------------------| FAMRE G = 0 
                                            | 
                                            | --- E LSE --- 
                                            | 
      FAM_FLG = 1 --------------------------| FAMRE G = 255 
                                            | 
                                            | --- E LSE --- 
                                            | 
                                            | FAMRE G = 128 
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     A/C CLUTCH STRATEGY 
 
 
      NOTES: 
 
      1.  This strategy is based  on  the  "CH"  ve rsion  (6E-031).   Additions  or 
      revisions include: 
 
 
          a)  Minimum A/C enabled time feature. 
              ACCTMR replaces ACDTMR. 
 
          c)  A variable time period for WOT A/C 
              Cut-out, varies as a function of 
              relative throttle position. 
 
 
      2.  This strategy includes provisions for a  brake  input.   On  applications 
      without  the  brake  input,  set  BRKCOT = 0 which will disable this feature. 
      Also, software should include the BIFLG Flag with an initial  value  of  ZERO 
      (clear).   This also disables the brake input  feature as long as the BIFLG is 
      kept clear. 
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                             AIR CONDITIONER CLUTCH  CONTROL 
 
 
      BRIEF DESCRIPTION: 
 
 
      This routine controls the state of the A/C cl utch.  The strategy can  disable 
      the  A/C  clutch  by  energizing  a normally closed relay.  The A/C clutch is 
      disabled when the A/C clutch has been enabled  for a minimum time  period  and 
      when any of the following conditions are met:  
 
 
          1.  Time since start is less than a calib ration value. 
 
          2.  ECT is greater than an "over-heat" ca libration value. 
 
          3.  Engine RPM is less than a "near stall " calibration  
              value. 
 
          4.  Brake is applied.  (Duration of A/C 
              disable period is a calibration value . 
 
          5.  TP is greater than a "WOT" calibratio n value. 
              (Duration of A/C disable period is a 
              calibration value.) 
 
 
      After the clutch is disabled, the routine pre vents it from  being  re-enabled 
      until all of the following conditions are met : 
 
 
          1.  The A/C cycling control switch is clo sed. 
 
          2.  The clutch has been off longer than a  minimum 
              off-time. 
 
          3.  If, at closed throttle, the idle spee d 
              control system has been given time to  
              prepare for the impending increase in  load. 
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      DEFINITIONS 
      INPUTS 
      Registers: 
 
-  ACBTMR = Time since brake went on. 
-  ACCTMR = Time since A/C clutch transition. 
-  ACITMR = Time since Idle Speed Control system wa s 
                   warned of impending increase in load. 
-  A3CTMR = Free running timer that is reset to 0 o n 
                   every A3C state change. Describe d in the 
                   TIMER Chapter. 
-  APT = If equal to -1, Closed throttle. 
-  ATMR1 = Time since start. 
-  ECT = Engine Coolant Temperature, Deg F. 
-  HWFLAG = Flag that is set to 1 if the Heated 
                        Windshield is on. 
-  HWFLGL = Latched Heated Windshield Flag.  
                    0 -> H/W never actuated, 
                    1 -> H/W on for the first time.  
-  HWTMR = Free running timer that is reset to 0 on  if A3CTMR > H/W 
                  switching frequency. Described in  the timer chapter. 
-  LSTA3C = State of A3C the last pass.  DAC same b it number as A3C 
                   to see state changes. 
-  N = Engine speed, RPM. 
-  WCOTMR = WOT A/C cut-out timer. 
 
      Bit Flags: 
 
-  A3C = If equal to 1, A/C cycling control switch is closed. 
 
-  ACCFLG = If set to 0, A/C clutch is disabled; if  
                   set to 1, A/C clutch is enabled.  
 
-  BIFLG =  If equal to 1, Brake is on. 
 
      Calibration Constants: 
 
-  ACRT = Air conditioning recognition time thresho ld, msec. 
 
-  ACSTRD = Maximum time to keep A/C disabled after  start, sec. 
 
-  ACMNDT = Minimum disable time for A/C clutch, 1/ 8 sec. 
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-  ACMNET = Minimum enable time for A/C clutch.  
-  ACOFFH = Hysteresis for ACOFFN, RPM. 
-  ACOFFN = Minimum RPM for enabling A/C clutch, RP M. 
-  ACWDLY = Delay time to enable A/C after WOT, 1/8  sec. 
-  A3CTT = Heated windshield transition time  thres hold. 
                  This is longest time for a H/W fr equency half 
                  period  and is calibrated to  250  msec.  This 
                  Vector calibratable value should not be changed. 
 
-  BRKCOT = Maximum time to disable A/C due to brak e, 1/8 sec. 
 
-  CTAC = Maximum value of ECT to enable A/C Clutch , 
                 Deg F.  
 
-  CTACH = Hysteresis for CTAC, Deg F.  
 
-  HWRT = Heated Windshield  recognition time thres hold. 
                 This is time required to set the H WFLAG and is 
                 calibrated to 300 msec.  This Vect or calibratable 
                 value should not be changed. 
 
-  HWPPM = Airflow increment required when heated w indshield load 
                  is sensed, ppm. 
 
-  HWRPM = RPM required for Heated Windshield opera tion. 
                  Should be calibrated to 1400 RPM.  
 
-  IDLCOT = Maximum time to delay A/C when at idle,  msec. 
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      OUTPUTS 
 
      Registers: 
 
-  A3CTMR = Free running timer that is reset to 0 o n 
                   every A3C state change. Describe d in the 
                   TIMER Chapter. 
 
-  HWFLAG = Flag that is set to 1 if the Heated 
                        Windshield is on. 
 
-  HWFLGL = Latched Heated Windshield Flag.  
                    0 -> H/W never actuated, 
                    1 -> H/W on for the first time.  
 
-  HWTMR = Free running timer that is reset to 0 on  if A3CTMR > H/W 
                  switching frequency. Described in  the timer chapter. 
 
-  LSTA3C = State of A3C the last pass.  DAC same b it number as A3C 
                   to see state changes. 
 
      Bit Flags: 
 
-  ACCFLG = See Inputs above. 
 
-  ACIFLG = If equal to 1, Flag to indicate that Id le Speed 
                   control system should prepare fo r load increase. 
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                                A/C CLUTCH CONTROL LOGIC 
 
 
      ECT > CTAC ------------|S  Q---| 
                             |       | 
      ECT < CTAC - CTACH ----|C      | 
                                     | 
      N < ACOFFN ------------|S  Q---| 
                             |       | 
      N > ACOFFN + ACOFFH ---|C      | 
                                     | 
      A3C = 0 -----------------------| 
                                     | 
      ATMR1 < ACSTRD ----------------| 
                                     |OR -| 
      BIFLG = 1 -------------|       |    | 
                             |AND ---|    | 
      ACBTMR < BRKCOT -------|       |    | 
                                     |    | 
      WCOTMR < ACWDLY ---------------|    | 
                                     |    |AND-|OR- | DISABLE A/C 
      ACCTMR >OR= ACMNET ----|            |    |   | CLUTCH (A/C Off) 
       (Min ON time)         |OR ---------|    |   | (turn OUTPUT on) 
                             |                 |   | SET ACCFLG = 0 
      ACCFLG = 0 ------------|                 |   | CLEAR ACIFLG = 0 
       (Clutch disabled)                       |   |  
                                               |   | 
      A3C = 0 ---------------------------------|   | 
       (A/C Pressure Switch off)                   | --- ELSE --- 
                                                   | 
      AC3TMR > ACRT --------------------|          | 
       (H/W is off)                     |          | 
                                        |          |  
      ACCTMR >OR= ACMNDT ---------------|          | ENABLE A/C 
       (Min OFF time)                   |AND ------ | CLUTCH (A/C on) 
                                        |          | (Turn OUTPUT off) 
      APT NOT= -1 --------------|       |          | SET ACCFLG = 1 
                                |OR ----|          | CLEAR ACIFLG = 0 
      ACITMR >OR= IDLCOT -------|                  |  
                                                   | --- ELSE --- 
      ACCFLG = 0 ---------------|                  |  
       (A/C Off)                |                  | 
                                |                  | 
      ACCTMR >OR= ACMNDT -------|AND -------------- | SET ACIFLG = 1 
       (Min OFF time)           |                  | (ISC warning flag) 
                                | 
      A3CTMR > ACRT ------------| 
       (H/W is off) 
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HEATED WINDSHIELD RECOGNITION STRATEGY 
 
           Both the heated windshield and the  A/C  clutch  share  a  common  input 
      (ACCS) to the EEC module.  When the A/C is on , the ACCS input is high and the 
      CPU flag A3C is 1.  The heated windshield sig nal is a 5 Hz  (3-8  Hz)  square 
      wave  frequency  input.   Recognition  of the  frequency input is accomplished 
      using two  free  running  millisecond  timers .   A3CTMR  resets  on  any  A3C 
      transition  while  HWTMR  is  used  to set th e heated windshield flag HWFLAG. 
      Many closely spaced A3C transitions will keep  the value  of  A3CTMR  low  and 
      this indicates that heated windshield is in u se. 
 
           EEC has no  control  over  the  heated  windshield.   External  hardware 
      performs  all control, switching and timing f unctions.  The EEC does, however 
      increase idle RPM in neutral or park to  incr ease  alternator  power  output. 
      The heated windshield strategy is as follows:  
 
 
-  H/W will operate in all driving modes with A/C e ither on or off. 
 
-  H/W idle RPM will be a minimum of 1400 RPM in pa rk or neutral and  normal 
          RPM in drive. 
 
-  RPM will be increased for the first H/W actuatio n only. 
 
-  RPM will be increased when the H/W is first sens ed and will  remain  high 
          (even if masked by the A/C on signal) unt il A/C is off and the H/W signal 
          is no longer present. 
 
 
 
                        HEATED WINDSHIELD VS. A/C R ECOGNITION 
 
 
 
      LSTA3C - A3C NOT= 0 -----------| Set LSTA3C =  A3C 
       (A3C state change)            | Set A3CTMR =  0 
 
      A3CTMR > A3CTT (250 msec) -----| Set HWTMR = 0 
 
      HWTMR > HWRT (300 msec) -|AND -| Set HWFLAG =  1 
                               |     | Set HWFLGL =  1 
      HWFLAG = 0 --------------|     |  (latch curr ent state of H/W on) 
                               |     | 
      HWFLGL = 0 --------------|     |--- ELSE --- 
       (first time H/W on)           | 
                                     | 
 
      A3CTMR > ACRT -----|AND -------| Set HWFLAG =  0 
                         |           |  (explicitly  turn off H/W) 
      A3C = 0 -----------| 
       (A/C off) 
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 CANISTER PURGE STRATEGY 
 
 
 
      Canister Purge refers to the solenoid and val ve combination that  is  located 
      in  the  line  between the intake manifold an d the carbon canister.  When the 
      solenoid is energized the valve opens, allowi ng the flow of vapors  from  the 
      canister to the intake manifold. 
 
      The strategy enables canister purge during va rious  engine  operating  modes. 
      These  modes  are  calibration items.  Typica l calibrations will enable purge 
      when these conditions are met: 
 
 
          1) Fuel control is in  the  desired  mode .   The  calibrator  can  choose 
          between  purging  during  closed  loop  o nly or during both open loop and 
          closed loop. 
 
          2) The engine has warmed up. 
 
          3) The engine has not overheated. 
 
          4) The 'Not at Closed Throttle' delay has  been met. 
 
 
          The strategy includes a feature to preven t the rich surge that may  occur 
          on  purge turn on.  When the purge is ena bled the output is cycled on and 
          off at a 10Hz frequency with a variable d uty cycle.  The duty cycle ramps 
          up  to  slowly  introduce  the  canister  vapors.  The duty cycle ramp is 
          determined from FN600 * FN602 * FN605A. 
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          DEFINITIONS 
 
          INPUTS 
 
          Registers: 
 
    -  AM = Air Mass flow (lb/min). 
 
    -  ATMR1 = Time since initial engine startup, s ecs. 
 
    -  ATMR2 = Time since Engine Coolant Temp (ECT)  reached 
                      TEMPFB, (sec). 
 
    -  CPRGTMR = Current Purge on time. 
 
    -  ECT = Engine Coolant Temperature, deg F. 
 
    -  N = Engine RPM. 
 
    -  NACTMR = Not at Closed Throttle Timer, sec. 
 
    -  PRGTMR = Total Purge on time. 
 
    -  TCSTRT = Temperature of Engine Coolant at Co ld Startup,  
                       deg F. 
 
          Calibration Constants: 
 
    -  CTHIGH = Temperature of Engine Coolant (ECT)  at Hot Startup,  
                       deg F. 
 
    -  CTLOW = Temperature of Engine Coolant at Col d Startup, deg F. 
 
    -  CTPRG = Overheat temperature to turn off pur ge, deg F. 
 
    -  CTPRGH = Hysteresis term for CTPRG, deg F. 
    -  EVRPM = Minimum Engine Speed to Purge, RPM. 
    -  EVRPMH = Hysteresis term for EVRPM. 
    -  EVTDOT = Purge time delay at Part throttle o r WOT. 
-  FN600 = Canister Purge Duty Cycle Multiplier 
X-input = PRGTMR 
Y-output = Duty Cycle Multiplier. 
-  FN602 = Canister Purge Duty Cycle Multiplier 
X-input = CPRGTMR 
Y-output = Duty Cycle Multiplier. 
-  FN605A = Canister Purge Duty Cycle vs. AM 
X-input = AM 
Y-output = Purge Duty Cycle. 
-  PRGTD1 = Canister purge cold startup delay time.  
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    -  PRGTD2 = Canister purge medium temp startup delay time. 
 
    -  PRGTD3 = Canister purge hot startup delay ti me. 
 
    -  PRGTD4 = Canister purge cold startup delay t ime, 
                       used with ATRM2. 
 
    -  PRGTD5 = Canister purge delay timer, used wi th ATMR2. 
 
    -  PURGSW = Switch to select Open Loop Purge, 1  = Allow Open 
                       Loop Purge. 
 
    -  TEMPFB = Minimum ECT required to start ATMR2  timer, 
                       deg F. 
 
 
 
          OUTPUTS 
 
          Registers: 
 
    -  CPRGTMR = Current Purge on time. 
 
    -  PRGTMR = Total Purge on time. 
 
    -  PURGDC = Canister Purge Duty Cycle. 
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 CANISTER PURGE LOGIC 
 
          TCSTRT >OR= CTHIGH -----------| 
                                        |AND -| 
          ATMR1 >OR= PRGTD3 ------------|     | 
                                              | 
                                              | 
          CTLOW < TCSTRT < CTHIGH ------|     | 
                                        |AND -|OR - | 
          ATMR1 >OR= PRGTD2 ------|     |     |    | 
                                  |AND -|     |    | 
          ATMR2 >OR= PRGTD5 ------|           |    | 
                                              |    | 
                                              |    | 
          TCSTRT <OR= CTLOW ------------|     |    | 
                                        |AND -|    | 
          ATMR1 >OR= PRGTD1 ----|       |          | 
                                |AND ---|          | 
          ATMR2 >OR= PRGTD4 ----|                  | 
                                                   | 
          ECT < CTPRG - CTPRGH ---|S Q------------- |AND -| ENABLE PURGE 
                                  |                |     |  
          ECT > CTPRG ------------|C               |     | SET PURGDC = 
           (Over temp. disable)                    |     | FN600(PRGTMR) * 
                                                   |     | FN602(CPRGTMR) * 
          NACTMR >OR= EVTDOT ---------------------- |     | FN605A(AM) 
                                                   |     | 
                                                   |     | --- ELSE --- 
          CLOSED LOOP FUEL CONTROL ------|         |     |  
                                         |OR ------ |     | DISABLE PURGE 
          PURGSW = 1 --------------------|               |  
           (to allow Open Loop Purge)                    | SET PURGDC = 0 
 
 
          NOTES; 
 
              1.  When purge is enabled, the purge output is cycled at 10Hz 
                  +/- 30% 
              2.  Set EVTDOT to 0 to Purge at Close d Throttle. 
 
                                         TIMER LOGI C 
 
          PURGE ENABLED -------|            | COUNT  UP PRGTMR 
                               |AND --------| COUNT  UP CPRGTMR 
          FN605A(AM) NOT= 0 ---|            | 
                                            | --- E LSE --- 
                                            | 
                                            | FREEZ E PRGTMR 
                                            | SET C PRGTMR = 0 
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      This section contains three related strategie s which  are  discussed  in  the 
      order shown below. 
 
          - Thermactor Air 
          - Inlet Air Control 
          - Supercharger Strategy 
 
 
      The THRMHP assists in determining which of th e strategies is activated.  This 
      is a calibratible switch and has four setting s. 
 
          - THRMHP = 0 - Disables Inlet Air Control  (IACFLG = 0) 
          - THRMHP = 3 - Enables Inlet Air Control (IACFLG = 1) 
          - THRMHP = 2 - Enables Supercharger Strat egy 
          - THRMHP = 1 - Enables Thermactor Air 
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               THERMACTOR AIR STRATEGY 
 
 
          Thermactor air refers to air added to the  exhaust gas  mixture  from  the 
          belt driven thermactor air pump. 
 
 
          The computer controls two solenoids to cr eate  three  mutually  exclusive 
          air states: 
 
 
             Thermactor Air State   TAB Solenoid   TAD Solenoid 
 
                 Upstream                on             on 
                 Downstream              on             off 
                 Bypass                  off            off 
                 Bypass                  off            on 
 
 
                  TAB - Thermactor Air Bypass (AM1)  
                  TAD - Thermactor Air Divert (AM2)  
 
 
          Upstream refers to air added at or near t he exhaust ports.  This is  done 
          to  provide  better  oxidation  of  the e xhaust gas mixture when a richer 
          exhaust gas mixture is anticipated.  It i s not  possible  to  operate  in 
          closed loop fuel control while air is int roduced upstream (the EGO sensor 
          may always indicate a lean condition). 
 
 
          Downstream refers to air added to the cat alyst mid-bed.   Downstream  air 
          is  compatible with closed loop fuel cont rol and is the normal thermactor 
          air state. 
 
 
          Bypass refers to the condition in which n o thermactor air is added to the 
          exhaust  gas  mixture.   This  feature  i s  used primarily to protect the 
          catalyst from over-temperature conditions . 
 
 
          The THERMACTOR AIR  CONTROL  LOGIC  is  e xecuted  if  the  Off-chip  port 
          selection  switch  (THRMHP)  is  set = 1.   In order to disable thermactor 
          logic, (without enabling Inlet Air Contro l  [3.0L  SHO]  or  Supercharger 
          (3.8L SC) Strategy), set THRMHP = 0.  The  thermactor air control logic is 
          shown on the next page. 
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          DEFINITIONS 
      INPUTS 
      Registers: 
 
-  ACT = Air Charge Temperature, deg F. 
-  APT = Part throttle flag. 
-  ATMR1 = Time since Engine Startup, sec. 
-  ATMR2 = Time since ECT greater than TEMPFB, sec.  
-  AWOTMR = Time at WOT, sec. 
-  CTATMR = Closed throttle Upstream Air Timer, sec .  (See Timer Chapter). 
-  ECT = Engine Coolant Temperature, deg F. 
-  HMTMR = High Power Demand Timer, sec.  (See Time r Chapter). 
-  LOAD = Universal Load parameters,  unitless.   I t  also  equal  Aircharge 
          normalized to sea. 
-  MFATMR = Managed Fuel Air Timer, sec.  (See Time r Chapter) 
-  N = Engine speed, RPM. 
-  NACTMR = Not at Closed throttle Timer, sec. 
-  RATCH = Filtered throttle position. 
-  TCSTRT = Temperature of ECT at startup, deg F. 
-  TP = Throttle Position. 
 
      Bit Flags: 
-  AFMFLG = Flag indicating that ACT sensor has fai led. 
-  CFMFLG = Flag indicating that ECT sensor is  in/ out  of  range,  0  =  in 
         range. 
-  CHKAIR = Thermactor Air Status Flag.   (1  =  Ai r  diverted  upstream  or 
          dumped) 
-  CRKFLG = Flag indicating status of Crank. 
-  CTAFLG = Flag indicating state of CTATMR (Closed   Throttle  Upstream  Air 
          timer). 
-  HSPFLG = High Speed Mode flag; 1 = High speed al ternate fuel/spark. 
-  LEGOFG1 = Flag indicating lack of EGO-1 switchin g, if set. 
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-  LEGOFG2 = Flag indicating lack of EGO-2 switchin g, if set. 
-  MFMFLG = Flag indicating that MAF sensor has fai led. 
-  TFMFLG = Flag indicating that TP sensor has fail ed. 
-  UNDSP = Flag if set to 1 indicates Underspeed Mo de, or Crank. 
 
      Calibration Constants: 
-  ATBYS = Minimum ACT to Bypass thermactor Air, de g F. 
-  BYHTMR = Bankline timer time delay for Thermacto r Bypass. 
-  BYPWOT = Wide Open Throttle Bypass Time delay. 
-  BYSTM1 = ATMR1 Thermactor Bypass Time Delay for TCSTRT <or= CTLOW. 
-  BYSTM2 = ATMR1 Thermactor Bypass Time Delay for CTLOW < TCSTRT < CTHIGH. 
-  BYSTM3 = ATMR1 Thermactor Bypass time Delay for TCSTRT >or= CTHIGH. 
-  BYSTM4 = ATMR2 Thermactor Bypass Time delay for TCSTRT <or=CTLOW. 
-  BYSTM5 = ATMR2 thermactor Bypass Time Delay for CTLOW < TCSTRT < CTHIGH. 
-  CTARTM = Upstream air time delay during Decel, s ec. 
-  CTBYS = Minimum ECT to Bypass thermactor Air, de g F. 
-  CTBYSH = Hysteresis for ATBYS and CTBYS. 
-  CTHIGH = Hot start minimum engine coolant temper ature, Deg F. 
-  CTLOW = Cold Start Maximum ECT, deg F. 
-  DMPDLY = Managed Fuel Air State Time Delay to By pass Thermactor Air, sec. 
-  DNLOD = Maximum load for downstream air. 
-  DNLODH = Hysteresis for DNLOD. 
-  DNSTMI = Time delay for Downstream air when not at Closed Throttle, sec. 
-  HMCTM = Upstream Air Time Delay, sec. 
-  HMSTM = Maximum time  that  Upstream  Air  occur s  during  crowds  (after 
          startup). 
 
-  MFATM1 = ATMR1 MFA enable time delay for TCSTRT <or= CTLOW. 
-  MFATM2 = ATMR1 MFA enable time delay for CTLOW <  TCSTRT < CTHIGH. 
-  MFATM3 = ATMR1 MFA enable time delay for TCSTRT >or= CTHIGH. 
-  MFATM4 = ATMR2 MFA enable time delay for TCSTRT <or= CTLOW> CTHIGH. 
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-  MFATM5 = ATMR2 MFA enable time delay for CTLOW <  TCSTRT < CTHIGH. 
 
-  NIAC = Maximum RPM for single inlet airflow path , RPM. 
 
-  NIACH = Hysteresis term for turning OFF IAC, RPM . 
 
-  NUMEGO =  Calibration  switch  which  indicates  number  of  EGO  sensors 
          present, mono or stereo. 
 
-  THRMHP = Off chip port selection switch. 
                   = 0 - Disables Inlet Air Control  (IACFLG = 0) 
                   = 3 - Enables Inlet Air Control (IACFLG = 1) 
                   = 2 - Enables Supercharger Strat egy 
                   = 1 - Enables Thermactor Air 
 
-   
          TEMPFB = Minimum ECT required to start AT MR2 timer, deg.  F. 
 
-  THBPSC = Throttle breakpoint for Supercharger By pass, A/D counts. 
 
-  THBPSH = Hysteresis for THBPSC, A/D counts. 
 
-  UPLOD = Minimum Percent LOAD for upstream air. 
 
 
-  UPLODH = Hysteresis for UPLODH. 
 
-  UPRPM2 = Maximum RPM for Decel Upstream Air. 
 
-  UPRPMH = Hysteresis term for UPRPM. 
 
-  UPSTM1 = ATMR1 Thermactor Upstream Time Delay fo r TCSTRT <OR= CTLOW. 
-  UPSTM2 = ATMR1 Thermactor Upstream time delay CT LOW < TCSTRT < CTHIGH. 
-  UPSTM3 = ATMR1 Thermactor Upstream time delay fo r TCSTRT >OR= CTHIGH. 
-  UPSTM4 = ATMR2 Thermactor Upstream Time Delay fo r TCSTRT <OR= CTLOW. 
-  UPSTM5 = ATMR2 Thermactor Upstream  Time  Delay  for  CTLOW  <  TCSTRT  < 
          CTHIGH. 
-  UPSWOT = WOT Upstream Air Time Delay. 
 
      OUTPUTS 
      Bit Flags: 
 
-  CHKAIR = Thermactor Air Status Flag.   (1  =  Ai r  diverted  upstream  or 
          dumped) 
-  IACFLG = Flag which indicates setting of (IAC).  If set to 1,  IAC  valve 
          is open and IAC is enabled; cleared (0), then IAC is disabled. 
-  USAFLG = Upstream Air Flag; 0 = Not in Upstream Air, 1 = In Upstream Air. 
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                                 UNIVERSAL CHKAIR L OGIC 
 
 
      Under certain circumstances, it is necessary to force Open Loop fuel  control 
      independently of the presence of Thermactor h ardware.  The following logic is 
      used with and without thermactor air.  If the  engine  system  does  NOT  have 
      thermactor  air, (THRMHP NOT=1), this CHKAIR logic will only be used to force 
      Open Loop fuel.  On systems WITH thermactor a ir,  this  universal  logic  can 
      force air bypass in addition to Open Loop fue l. 
 
      ECT > CTBYS ------------|               | 
                              |AND ---|S Q----| 
      ACT > ATBYS ------------|       |       | 
                                      |       | 
      ECT < CTBYS - CTBYSH ---|       |       | 
                              |OR ----|C      | 
      ACT < ATBYS - CTBYSH ---|               | 
                                              | 
      NUMEGO = 1 (MONO EGO) ----------|       | 
                                      |AND ---| 
      LEGOFG1 = 1 --------------------|       |OR - -| CHKAIR = 0 
                                              |     | (Force Open Loop 
      NUMEGO = 2 (STEREO EGO) --------|       |     |  Fuel) 
                                      |       |     | (Systems which 
      LEGOFG1 = 1 --------------------|AND ---|     |  have Thermactor 
                                      |       |     |  Air will Bypass 
 
      LEGOFG2 = 1 --------------------|       |     |  according to the 
                                              |     |  Thermactor Logic) 
      APT = 1 (WIDE OPEN THROTTLE) ---|       |     |   
                                      |AND ---|     | --- ELSE --- 
      AWOTMR >OR= BYPWOT -------------|             |   
                                                    | CHKAIR = 1 
                                                    | (Do NOT force 
                                                    |  Open Loop Fuel) 
                                                    | NOTE: Thermactor 
                                                    |  may still set 
                                                    |  CHKAIR = 0 
                                                    |  if hardware is 
                                                    |  present and 
                                                    |  Upstream Air is 
                                                    |  requested) 
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          THERMACTOR AIR CONTROL LOGIC 
      THRMHP NOT= 1 ------------------------------- --| Exit Thermactor 
                                                     |  strategy 
                                                     | (Fuel strategy 
                                                     |  will use  
                                                     |  Universal 
      AFMFLG = 1 --------------------|               |  CHKAIR logic) 
                                     |               | 
      CFMFLG = 1 --------------------|               | --- ELSE --- 
                                     |               | 
      TFMFLG = 1 --------------------|OR ---------- --| BYPASS AIR 
                                     |               | (No change to 
      MFMFLG = 1 --------------------|               |   CHKAIR) 
                                                     |  SET USAFLG = 0 
                                                     | 
                                                     | --- ELSE --- 
      "A" ------------------------------------|      | 
                                              |OR - --| BYPASS AIR 
      CHKAIR = 0 -----------------------------|      | SET CHKAIR = 0 
         (Universal CHKAIR flag)              |      |  (forced open 
                                              |      |   loop fuel) 
      HSPFLG = 1 -----------------------------|      | 
                                                     | SET USAFLG = 0 
      "B" ------------------------------------|      |  
                                              |      | --- ELSE --- 
      ATRMR1 <OR= HMSTM --------------|       |      | 
                                      |       |      | 
      APT = 1 (WIDE OPEN THROTTLE) ---|       |      |  
                                      |AND ---|      | 
      AWOTMR < UPSWOT ----------------|       |      | 
                                              |      | UPSTREAM AIR 
      CTATMR >OR= CTARTM -------------|       |      | SET CHKAIR = 0 
                                      |AND ---|OR - --|  (forced open 
      CTAFLG = 1 ---------------------|       |      |   loop fuel) 
                                              |      | SET USAFLG = 1 
      ATMR1 <OR= HMSTM ---------------|       |      | 
                                      |       |      | 
      HMTMR <OR= HMCTM ---------------|       |      | 
                                      |AND ---|      | 
      PERLOAD > UPLOD + UPLODH -|S Q -|              | 
                                |                    | 
      PERLOAD < UPLOD ----------|C                   | --- ELSE --- 
                                                     |  
      MFATMR <OR= DMPDLY ---------------------|      | DOWNSTREAM AIR 
                                              |AND --| SET CHKAIR = 1 
      NACTMR <OR= DNSTMI -------------|       |      |  (not forced 
                                      |OR ----|      |   open loop fuel) 
      LOAD < DNLOD - DNLODH --|S Q----|              | SET USAFLG = 0 
                              |                      |  
      LOAD > DNLOD -----------|C                     | --- ELSE --- 
                                                     | 
                                                     | BYPASS AIR 
                                                     | SET CHKAIR = 1 
                                                     |  (not forced 
                                                     |   open loop fuel) 
                                                     | SET USAFLG = 0 
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      NOTE: CTAFLG = 1 requirement allows Upstream air immediately  
            during Decel if CTARTM = 0. 
 
 
                                        "A" LOGIC 
 
      Normal startup Bypass logic:  Air is bypassed  as long as time  is  less  than 
      the relevant time delay. 
 
      TCSTRT >OR= CTHIGH -------------| 
                                      |AND ---| 
      ATMR1 < BYSTM3 -----------------|       | 
                                              | 
      CTLOW < TCSTRT < CTHIGH --------|       | 
                                      |AND ---|OR - - "A" 
      ATMR1 < BYSTM2 ---------|       |       | 
                              |OR ----|       | 
      ATMR2 < BYSTM5 ---------|               | 
                                              | 
      TCSTRT <OR= CTLOW --------------|       | 
                                      |AND ---| 
      ATMR1 < BYSTM1 ---------|       | 
                              |OR ----| 
      ATMR2 < BYSTM4 ---------| 
 
                                        "B" LOGIC 
 
      Normal Start Upstream Logic:  Air is diverted  upstream as long as it  is  not 
      bypassed  and  as long as the time since star t is less that the relevant time 
      delay. 
 
      TCSTRT >OR= CTHIGH -------------| 
                                      |AND ---| 
      ATMR1 < UPSTM3 -----------------|       | 
                                              | 
                                              | 
      CTLOW < TCSTRT < CTHIGH --------|       | 
                                      |AND ---|OR - ---| "B" 
      ATMR1 < UPSTM2 ---------|       |       | 
                              |OR ----|       | 
      ATMR2 < UPSTM5 ---------|               | 
                                              | 
                                              | 
      TCSTRT <OR= CTLOW --------------|       | 
                                      |AND ---| 
      ATMR1 < UPSTM1 ---------|       | 
                              |OR ----| 
      ATMR2 < UPSTM4 ---------| 
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                             INLET AIR CONTROL (THR MHP = 3) 
 
 
      When enabled by the THRMHP, the inlet air  co ntrol  (IAC)  strategy  opens  a 
      normally-closed  valve  to  increase  the  ai rflow  to the engine and improve 
      top-end performance.  The valve is located on  one side of  the  split  plenum 
      intake  manifold.   The strategy controls the  valve through a normally closed 
      vacuum solenoid. 
 
 
      THRMHP NOT= 2 ----------------| IACFLG = 0 
                                    |  Exit IAC log ic 
                                    | 
                                    | --- ELSE --- 
                                    | 
      N > NIAC -----------|S Q------| Open IAC Valv e 
                          |         | IACFLG = 1 
      N < NIAC - NIACH ---|C        | 
                                    | --- ELSE --- 
                                    | 
                                    | Close IAC Val ve 
                                    | IACFLG = 0 
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                        SUPERCHARGER BYPASS SOLENOI D (THRMHP = 2) 
 
 
      This Section describes the Supercharger Bypas s Solenoid  Strategy  which  has 
      been designed to support the 3.8L Mass Air Se quential Fuel Injection program. 
 
 
      THRMHP NOT= 2 ----------------------| No chan ge, exit this 
                                          |  Logic.  
      TFMFLG = 0 ----------------|        | 
                                 |        | --- ELS E --- 
      CRKFLG = 0 ----------------|        | 
                                 |AND ----| Enable Supercharger 
      UNDSP = 0 -----------------|        |  Bypass  Output 
       (Run Mode)                |        | 
                                 |        | --- ELS E --- 
      TP > RATCH + THBPSC -|S Q--|        | 
                           |              | Disable  Supercharger 
      TP < RATCH +         |              |  Bypass  Output 
        THBPSC - THBPSH ---|C 
 
 
      NOTE:  The initial Supercharger hardware is a  three-way vacuum solenoid which 
      is  normally  OPEN.   When  the  Supercharger  Bypass Output is OFF, vacuum is 
      applied to the Actuator.  When the output is ON, the actuator  is  vented  to 
      the  atmosphere.   WHEN  THRMHP  NOT=  1,  CH KAIR  must be set = 1 or cleared 
      (thermactor logic) to insure Open Loop/Closed  loop fuel control. 
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                         TWO-SPEED ELECTRO DRIVE FA N CONTROL 
                                     (EDFHP = 1) 
 
 
      The electric fan provides  additional  air  c irculation  for  engine  cooling 
      purposes  under circumstances where an engine -driven fan is inadequate, i.e., 
      low vehicle  speed  or  unusually  high  engi ne  temperatures.   To  minimize 
      accessory load on the engine, the fan is alwa ys turned off during CRANK Mode. 
 
      The EEC controls the state of the cooling fan .  The fan may  be  operated  at 
      either high or low speed.  The strategy contr ols the state of the fan via two 
      outputs as shown in the truth table below. 
 
      The cooling fan is turned on at low speed if:  
 
          1) The engine temperature is higher than normal  (approximately  216  deg 
          F); 
 
          2) The A/C is ON and the vehicle speed do es not  provide  enough  natural 
          airflow (approximately 43 MPH). 
 
      The cooling fan will turn on at high speed if : 
 
          1) The engine temperature is higher than desirable (approximately 230 deg 
          F) and the fan has been operating at low speed. 
 
          2) ECT sensor is out of specification. 
 
      The cooling fan will turn off if: 
 
          1) The driver demand is high (WOT type Mo de as defined 
             by A/C Cutout Strategy); 
             or 
          2) The A/C clutch is not cycling rapidly;  
                 OR 
          3) Vehicle speed is high enough to provid e enough 
             airflow for engine cooling. 
 
      provided the engine coolant temperature is no t too high. 
 
 
                              CPU OUTPUT          E EC OUTPUT 
                              (Software)          ( Hardware) 
            
          FAN STATE           EDF   HEDF          E DF   HEDF 
          ___ ____            ___   ____          _ __   ____ 
          Off                  1     0            O n    Off 
          Low speed            0     0            O ff   Off 
          High speed           0     1            O ff   On 
          Not Used             1     1            O n    On --> NOT USED 
 
 
          Note: OFF = 12V (Referenced to ground) 
                ON = <1V (Referenced to ground) 
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                                     DEFINITIONS 
 
      INPUTS 
      Registers: 
-  ACCTMR = Time since A/C State transition (off to  On, or On to Off),  sec. 
          (See TIMER chapter). 
 
-  ECT = Engine Coolant Temperature, deg F. 
 
-  EDFTMR = Set to 0 when the EDF (low speed fan) i s de-energized or  CRKFLG 
          = 1.  Otherwise, it is free-running. 
 
-  HSFFLG = High Speed Fan Flag. 
 
-  RATCH = Warm curb Idle throttle position, counts . 
 
-  TP = Throttle Position, counts. 
 
-  VSBAR = Vehicle Speed, MPH. 
 
-  WCOTMR = Time since near WOT A/C Cutout.  This t imer will  re-enable  the 
          A/C  and Fan regardless of the throttle m ode after the engine responds to 
          the driver (ACWDLY sec). 
 
      Bit Flags: 
 
-  ACCFLG = Flag that is set to 1 when A/C clutch i s enabled. 
 
-  CFMFLG = Flag indication that ECT sensor is  in/ out  of  range;  0  =  in 
          range. 
 
-  CRKFLG = Flag that is set when in CRANK mode. 
 
      Calibration Constants: 
 
-  ACMNFT = Minimum amount of time that the A/C Clu tch  must  be  disengaged 
          before  turning  off  the  fan,  secs.   This prevents rapid Fan cycling. 
          (This value must be > 2 seconds.) 
 
-  ACWDLY = Time delay before turning the A/C on an d  allowing  the  fan  to 
          turn on, ie, at low vehicle speeds.  Unit s are seconds.  (This value must 
          be less than 25 seconds.) 
 
-  EDFHP = Electro drive fan hardware present switc h. 
 
-  EDFTM = Minimum low speed fan time to turn on hi gh speed fan, secs. 
 
-  HEDFHP = Two speed fan output present switch. 
 
-  HSFEC1 = ECT for Grade Load High Speed Fan turn on, lower than HSFEC2. 
 
-  HSFEC2 = ECT for normal High Speed Fan turn on, higher than HSFEC1. 
 
-  HSFHYS = Hysteresis for HSFECT, deg F.  (Should  be  6  deg  F,  per  Car 
          Engineering Direction) 
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-  HSFLOD = Minimum LOAD for Grade Load High Speed Fan. 
 
-  HSFRPM = Minimum RPM for Grade Load High Speed F an. 
 
-  HSFVS = Maximum VSBAR for Grade Load High Speed Fan. 
 
-  LSFECT = Minimum ECT for Low Speed Fan, deg F.  (Should be 216 deg F, per 
          Car Engineering Direction) 
 
-  LSFHYS = Hysteresis for LSFECT, deg F.  (Should  be  4  deg  F,  per  Car 
          Engineering Direction) 
 
-  LSFVS = Minimum vehicle speed  at  which  electr ic  fan  cooling  is  not 
          required, MPH.  (Should be 48 MPH, per Ca r Engineering Direction) 
 
-  LSFVSH = Hysteresis term to prevent cycling of F AN output, MPH.   (Should 
          be 5 MPH, per Car Engineering Direction) 
 
 
 
      OUTPUTS 
 
      Registers: 
 
-  EDF = Low Speed Electro-drive Fan Output (See tr uth table). 
 
-  EDFTMR = Set to 0 when the EDF (low speed fan) i s de-energized or  CRKFLG 
          = 1.  Otherwise, it is free-running. 
 
-  HEDF = High Speed Electro-drive Fan Output (See truth table). 
 
-  HSFFLG = High Speed Fan Flag. 
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      The electric fan is controlled according to t he logic shown below. 
 
 
      EDFHP = 0 ----------------------------------- | No Fan Control 
                                                   | Exit logic 
                                                   | 
                                                   | --- ELSE --- 
                                                   | 
      CRKFLG = 1 ---------------------------------- | TURN FAN OFF 
       (crank mode)                                | SET EDFTMR = 0 
                                                   | EDF = 1 
                                                   | HEDF = 0 
                                                   | 
                                                   | --- ELSE --- 
      HEDFHP = 1 ------------------------|         | 
                                         |AND ----- | TURN ON HIGH 
      HSFFLG = 1 ---------|AND ---|S Q --|         | SPEED FAN 
       (overheated)       |       |                | EDF = 0 
                          |       |                | HEDF = 1 
      EDFTMR >OR= EDFTM --|       |                |  
       (low speed fan on)         |                | 
                                  |                | 
      ECT < HSFEC1 - HSFHYS ------|C               | 
                                                   | 
                                                   | --- ELSE --- 
      CFMFLG = 1 ---------------------------|      | 
                                            |      | 
      ECT > LSFECT -----------|S Q ---------|      | 
       (hot engine)           |             |      | 
                              |             |      | 
      ECT < LSFECT - LSFHYS --|C            |      |  
                                            |OR --- | TURN ON LOW 
                                            |      | SPEED FAN 
      VSBAR < LSFVS - LSFVSH -------|       |      | EDF = 0 
       (vehicle speed low)          |       |      | HEDF = 0 
                                    |AND ---|      |  
      ACCFLG = 1 -------------------|              | --- ELSE --- 
        (A/C on)                                   | 
                                                   |  
      ACCTMR >OR= ACMNFT ---------|                |  
        (fan turn off delay)      |AND -----|      |  
                                  |         |      | 
      ACCFLG = 0 -----------------|         |      | 
                                            |      | 
      WCOTMR < ACWDLY ----------------------|OR --- | TURN FAN OFF 
        (WOT fan re-enable)                 |      | EDF = 1 
                                            |      | HEDF = 0 
      VSBAR > LSFVS ------------------------|      |  
        (vehicle speed high)                       | --- ELSE --- 
                                                   | 
                                                   | NO CHANGE 
                                                   | TO FAN STATE 
 
      Where HSFFLG logic is described on the follow ing page: 
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      N_BYTE >OR= HSFRPM -------| 
       (high rpm)               | 
                                | 
      LOAD >OR= HSFLOD ---------|           | 
       (high load)              |AND -------| Set H SFFLG = 1 
                                |           |  
      VSBAR <OR= HSFVS ---------|           | (high  speed fan flag, 
       (low speed)              |           |  grad e load condition) 
                                |           | 
      ECT >OR= HSFEC1 ----------|           | --- E LSE --- 
       (lower temp. turn on)                | 
                                            | 
      ECT >OR= HSFEC2 ----------------------| Set H SFFLG = 1 
       (higher temp. turn on)               | 
                                            | (high  speed fan flag, 
                                            |  boil over, no load) 
                                            | 
                                            | --- E LSE --- 
                                            | 
                                            | Set H SFFLG = 0 
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                              DATA OUTPUT LINK - TR IPMINDER 
 
 
      The Data Output Link (DOL) provides a communi cation line between the EEC  and 
      the  vehicle  dashboard  computer,  Tripminde r,  for  the  transfer  of  fuel 
      consumption information.  The fuel flow infor mation sent by the EEC  is  used 
      for  computation  of  instantaneous  and  ave rage fuel economy, which is then 
      displayed to the driver. 
 
      The Tripminder requires an appropriate intege r number of  pulses  within  100 
      msec period.  Therefore, within each backgrou nd loop or each 100 msec period, 
      whichever is shorter, the EEC sums the fuel f low and  through  the  injectors 
      output  since  the summing period started, co nverts this sum into DOL pulses, 
      and outputs these pulses  at  a  maximum  fre quency  of  500  Hz  during  the 
      following summation period. 
 
      The fuel flow is  converted  into  DOL  pulse s  according  to  the  following 
      equation: 
 
 
      DOL_COUNT = INTEGER (FUEL_SUM * 7804.19 * INJ OUT) + DOL_COUNT 
 
      The FUEL_SUM is then reduced by the amount  c onverted  into  DOL_COUNTS  (One 
      DOL_COUNT = 1.282E-4 lbm). 
 
      where, 
 
          DOL_COUNT = Number of pulses to be output  beginning  
                      in the next summation period.  One 
                      DOL_COUNT = 1.282E-4 lbm. 
 
          FUEL_SUM = Sum of fuel flow per injector,  which was 
                      initiated since last summatio n period. It is  
                      updated during the Fuel PW ou tput routine. 
 
          7804.19 = (48000 pulses/gal)/6.15 lbm/gal , pulses/lmb. 
 
          INJOUT = Number of injectors per output p ort. 
                   (See Fuel Strategy) 
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                               FUEL_SUM = FUEL_SUM + LBMF_INJn 
 
          LBMF_INJn = Fuel Flow per injector, calcu lated from 
                       FUELFLOWn (n= 1, 2). (See Fu el Strategy). 
 
 
                 ----     ----     ----     ----     ----     ---- 
                 |  |     |  |     |  |     |  |     |  |     |  | 
                 |  |     |  |     |  |     |  |     |  |     |  | 
          FUELPW     -----    -----    -----    --- --    -----    ------ 
 
                 |<-- 1 BACKGROUND LOOP -->|---- 
                                           ||  | 
                                           ||  | 
          DOL                               |  | 
          OUTPUT ---------------------------    --- --------------------- 
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                            VEHICLE SPEED CONTROL S TRATEGY 
                                     (VSTYPE = 2) 
 
 
      The strategy now utilizies a Vehicle Speed Se nsor.  The logic for this sensor 
      appears in both Systems Equations and EEC Ove rview of this Text. 
 
      The integrated Vehicle Speed  Control  (VSC)  models  the  mechanical  Cruise 
      Control  of  previous model years.  When acti vated, the system is designed to 
      maintain the vehicle speed within prescribed limits, at  any  driver-selected 
      speed  above 25 MPH.  The value added by the integrated VSC includes accurate 
      digital control and the Favorite Speed  Set  feature  as  well  as  Component 
      complexity  reduction.  While the hardware is  no longer provided for Favorite 
      Speed Set, the software still exists.  As thi s  strategy  book  is  meant  to 
      represent the total system, the logic for Fav orite Speed is included. 
 
          Brake ON/OFF Switch (BOO) 
          Neutral/Drive Switch (NDS) 
          Throttle Position Sensor (TPS) 
          Vehicle Speed Sensor (VSS) 
          Speed Control Command Switch (VSCCS) 
 
 
      The VSC strategy controls the vehicle speed b y means of a pulsetrain sent  to 
      a  Vent  solenoid  (to  decrease  speed) or t o a Vacuum Solenoid (to increase 
      speed). 
 
 
                           Speed Control Command Sw itch Input 
 
      The driver operates the VSC system by pressin g buttons on the steering  wheel 
      as  is  done  with  the mechanical system.  T he five traditional buttons (ON, 
      OFF, ACCEL, RESUME and COAST) are incorporate d into  the  integrated  VSC  as 
      switches.   ON-OFF is one switch; SET ACCEL-C OAST another; and RESUME is on a 
      switch by itself.  Depression of  any  of  th ese  switches  causes  a  unique 
      voltage level at the VSCCS input. 
 
      The strategy reads the VSCCS input and  sets  a  flag  corresponding  to  the 
      button  pressed.   If  no  buttons  are  curr ently  depressed,  the  strategy 
      interprets the voltage level as a HOLD state (if the VSC is operating)  which 
      means  that  the  state  selected  by  the  m ost  recent button depression is 
      maintained. 
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VEHICLE SPEED CONTROL SOFTWARE MODULE OVERVIEW 

 
                     _________________ 
                    ( ENTER VSC LOGIC ) 
                     ----------------- 
                            | 
 
                       -----------      NO      --- --- 
                      < VSTYPE = 2 >-----------( EX IT ) 
                       -----------              --- --- 
                            | YES 
                  _______________________ 
                 | VEHICLE SPEED CONTROL | 
                 | COMMAND SWITCH LOGIC  | 
                  ----------------------- 
                            | 
                        _________     Y      ______ _________ 
                       < STATE 1 >----------| STATE  1 LOGIC |--- 
                        ---------            ------ ---------    | 
                          N |                                   | 
                        _________     Y      ______ _________    | 
                       < STATE 2 >----------| STATE  2 LOGIC |---| 
                        ---------            ------ ---------    | 
                          N |                                   | 
                        _________     Y      ______ _________    | 
                       < STATE 3 >----------| STATE  3 LOGIC |---| 
                        ---------            ------ ---------    | 
                          N |                                   | 
                        _________     Y      ______ _________    | 
                       < STATE 4 >----------| STATE  4 LOGIC-----| 
                        ---------            ------ ---------    | 
                          N |                                   | 
                        _________     Y      ______ _________    | 
                       < STATE 5 >----------| STATE  5 LOGIC |---| 
                        ---------            ------ ---------    | 
                          N |                                   | 
                        _________     Y      ______ _________    | 
                       < STATE 6 >----------| STATE  6 LOGIC |---| 
                        ---------            ------ ---------    | 
                          N |                                   | 
                        _________     Y      ______ _________    | 
                       < STATE 7 >----------| STATE  7 LOGIC |---| 
                        ---------            ------ ---------    | 
                          N |                                   | 
                        _______________                         | 
                       | STATE 8 LOGIC |----------- -------------| 
                        ---------------                         | 
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                        ( cont. ) 
 
 
                             ______________________ _____________| 
                            | 
                  ______________________ 
                 | SET SPEED RAMP LOGIC | 
                  ---------------------- 
                            | 
                     _________________ 
                    | VSC_ERROR LOGIC | 
                     ----------------- 
                            | 
                   ____________________ 
                  | VSC_DC CALCULATION | 
                   -------------------- 
                            | 
               _____________________________ 
              | DUTY CYCLE OUTPUT ALGORITHM | 
               ----------------------------- 
                            | 
                          _______ 
                        ( RETURN ) 
                         -------- 
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                                       DEFINITIONS 
 
 
      INPUTS 
 
      Registers: 
 
-  DEBTMR = IVSCCS debounce timer. 
 
-  IVSCCS = Input vehicle speed control command swi tch. 
 
-  IVSCCS_LST = Last input vehicle speed control co mmand switch. 
 
-  MPH = Current (or actual) Vehicle speed, MPH. 
 
-  N = Engine Speed, RPM. 
 
-  RATCH = Closed Throttle Position, counts. 
 
-  RES_SPEED = Vehicle Control Speed set by Driver,  mph. 
 
-  SET_SPEED = Current Desired Vehicle Control Spee d. 
 
-  TP = Throttle Position, counts. 
 
-  VBAT = Filtered Inferred Battery Voltage, volts;  
                 it is initialized to 12.5 Volts. 
 
-  VSC_BUTTONS = Flag register containing VSC butto n status. 
 
-  VSC_DC = Vehicle Speed Control output duty cycle . 
 
-  VSC_STATES = Flag register containing VSC state status, 
                        unitless. 
 
-  VSCCS = Vehicle Speed Control Command Switch. 
 
      Bit Flags: 
 
-  ACCEL_BUT = Flag that indicates that the ACCEL b utton is  
                       depressed (1 = ACCEL button depressed). 
 
-  ACCEL_STATE = Flag that indicates that the VSC i s in ACCEL Mode 
                        (1 = ACCEL Mode). 
 
-  BIFLG = Flag that indicates that the brake has b een  
                  depressed (1 = Brake depressed). 
 
-  BRAKE_STATE = Flag that indicates that the Brake  has been 
                         depressed (1 = Brake depre ssed). 
 
-  COAST_BUT = Flag that indicates that the driver depressed  
                       the COAST Button (1 = Button  depressed). 
 
-  COAST_STATE = Flag that indicates that the drive r depressed 
                         the COAST Button recently.  
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-  HOLD_STATE = Flag that indicates normal VSC (1 =  Stable Speed). 
 
-  NDSFLG = Flag that indicates that the transmissi on is in  
                   drive (1 = Drive). 
 
-  OFF_BUT = Flag that indicates that the driver de pressed  
                     OFF button (1 = Button depress ed). 
 
-  ON_STATE = Flag that is set equal to zero when V SC is OFF. 
                      (1 = Enabled). 
 
-  RESUM_BUT = Flag that indicates that RESUME butt on was 
                       depressed (1 = Button Depres sed). 
 
-  RESUM_STATE = Flag that indicates that the VSC i s in RESUME 
                         Mode (1 = RESUME Mode). 
 
-  VSCCS_ERROR = VSC_Buttons error range identifier . 
 
-  VSC_PULSE = Background flag indicating to EOS th at a dither 
                       pulse is in progress. 
 
      Calibration Constants: 
 
-  DEBAMP = Minimum IVSCCS amplitude change, counts . 
 
-  DEBTIM = Debounce time delay, seconds. 
 
-  ACLDED = Maximum increment above MPH to which SE T_SPEED can 
                   increase, mph. 
 
-  ACLINC = Acceleration ramp rate, MPH/sec. 
 
-  DCBIAS = DC correction factor. 
 
-  HACCEL = Input VSCCS input range, counts. 
 
-  HCOAST = Input VSCCS input range, counts. 
 
-  HIHOLD = Input VSCCS input range, counts. 
 
-  HI_OFF = Input VSC command Switch input range, c ounts. 
 
-  HLDREF = Offset for the Duty Cycle. 
 
-  HLDRNG = Error deadband for no pulses required. 
 
-  HRESUM = Upper limit for recognition of RESUME r equest, 
                   counts. 
 
-  LACCEL = Input VSCCS input range, counts. 
-  LCOAST = Input VSCCS input range, counts. 
-  LOWBAT = Minimum Reliable Battery Voltage, volts . 
-  LOHOLD = Input VSCCS input range, counts. 
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-  LOW_ON = Input VSCCS input range, counts. 
 
-  LRESUM = Inputs VSCCS input range, counts. 
 
-  MAXVSP = Maximum Vehicle Speed to Enable Vehicle   
                   Speed Control, MPH. 
 
-  MINVSP = Minimum Vehicle Speed to enable Vehicle   
                   Speed Control, MPH. 
 
-  MPHDED = Deadband for Vehicle Speed Control, mph .  If the  
                   actual speed is less than the SE T_SPEED - MPHDED,  
                   then the VSC should be disabled.  
 
-  MPHH = Hysteresis term to promote VSC stability.  
 
-  NCGSHP = Neutral gear/Clutch switch 
                   0 = No switches present; 
                   1 = Either/both switches present . 
 
-  SETGN = SET_SPEED proportional gain. 
 
-  TAPGN = Throttle position proportional gain. 
 
-  TRLOAD = Transmission Load. 
                   0 = Manual Transmission, no clut ch or gerar switches, 
                       forced neutral state (NDSFLG  = 0). 
                   1 = Manual Transmission, no clut ch or gear switch. 
                   2 = Manual Transmission, one clu tch or gear switch. 
                   3 = Manual Transmission, both cl utch and gear switches. 
                   4 = Auto Transmission, non-elect ronic, neutral drive switch. 
                   5 = Auto Transmission, non-elect ronic, neutral pressure switch, 
                       (AXOD). 
                   6 = Auto Transmission, electroni c, PRNDL sensor - park, reverse, 
                       neutral, overdrive, manual 1 , manual 2. 
 
-  VEHGN = Vehicle Speed proportional gain. 
 
-  VSCFRQ = Desired VSC Frequency, Hz. 
 
-  VSNMAX = Maximum RPM for vehicle Speed Control f unction, 
                   Rev/Min. 
 
-  VSTYPE = Vehicle speed sensor cruise control har dware present switch; 
                   0 = No vehicle speed and no crui se control, 
                   1 = Vehicle speed sensor, no cru ise control (VSS), 
                   2 = Both vehicle speed sensor an d cruise control (VSS+VSC). 
 
      OUTPUTS 
      Registers: 
-  DEBTMR = IVSCCS debounce timer. 
 
-  IVSCCS_LST = Last input vehicle speed control co mmand switch. 
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-  RES_SPEED = Vehicle Control Speed set by Driver,  mph. 
 
-  SCVAC = Vacuum solenoid used to increase speed. 
 
-  SCVNT = Vent solenoid used to decrease speed. 
 
-  VSCCS = Vehicle Speed Control Command Switch; in put, debounced counts. 
 
-  VSC_ERROR = Vehicle Speed Control Error. 
 
 
-  VSC_OFF_COUNT = Number of scheduler passes with output off. 
 
-  VSC_ON_COUNT = Number of scheduler passes with o utput on. 
 
      Bit Flags: 
 
-  ACC_REQ = Flag set when ACCEL_BUT is depressed. 
 
-  ACCEL_BUT = Flag that indicates that the ACCEL b utton is  
                       depressed (1 = ACCEL button depressed). 
 
-  ACCEL_STATE = Flag that indicates that the VSC i s in ACCEL Mode 
                         (1 = ACCEL Mode). 
 
-  BRAKE_STATE = Flag that indicates that the Brake  has been 
                         depressed (1 = Brake depre ssed). 
 
-  COAST_BUT = Flag that indicates that the driver depressed  
                       the COAST Button (1 = Button  depressed). 
 
-  COAST_STATE = Flag that indicates that the drive r depressed 
                         the COAST Button recently.  
 
-  HOLD_STATE = Flag that indicates normal VSC (1 =  Stable Speed). 
 
-  OFF_BUT = Flag that indicates that the driver de pressed  
                     OFF button (1 = Button depress ed). 
 
-  ON_STATE = Flag that is set equal to zero when V SC is OFF. 
                      (1 = Enabled). 
 
-  RESUM_BUT = Flag that indicates that RESUME butt on was 
                       depressed (1 = Button Depres sed). 
 
-  RESUM_STATE = Flag that indicates that the VSC i s in RESUME 
                         Mode (1 = RESUME Mode). 
 
-  VSCCS_ERROR = VSC_Buttons error range identifier . 
 
-  VSC_PULSE = Background flag indicating to EOS th at a dither 
                       pulse is in progress. 
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      The VSCCS debounce logic attempts to reject s purious  noise  on  the  vehicle 
      speed control input signal.  The timer, DEBTM R, is loaded with DEBTIM seconds 
      whenever the last raw input, IVSCCS_LST, diff ers from the current raw  input, 
      IVSCCS, by more than DEBAMP counts.  If the c urrent raw input does not change 
      by more than DEBAMP counts over a period of D EBTIM seconds, DEBTMR is allowed 
      to  count down to zero.  Upon reaching zero, the actual vehicle speed control 
      register, VSCCS, is loaded with the current r aw input, IVSCCS. 
 
 
                                  VSCCS DEBOUNCE LO GIC 
 
 
      |IVSCCS_LST - IVSCCS| > DEBAMP ----------| Se t DEBTMR = DEBTIM 
                                               |  ( load debounce timer) 
                                               | 
                                               | Se t IVSCCS_LST = IVSCCS 
                                               |  ( update last register) 
 
      DEBTMR = 0 ------------------------------| Se t VSCCS = IVSCCS 
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Vehicle Speed Control Command Switch Logic 
 
      The following logic interprets the speed cont rol switch inputs. 
 
      VBAT > LOWBAT -------------| 
       (Check Voltage Range)     | 
                                 |AND -----| SET OF F_BUT = 1  
      VSCCS < HI_OFF ------------|         |  (No c hange to ON_STATE 
       (Off Button Depressed)              |   or V SCCS_ERROR) 
                                           | 
                                           | --- EL SE --- 
      VBAT > LOWBAT -------------|         | 
                                 |AND -----| SET CO AST_BUT = 1 
      LCOAST < VSCCS < HCOAST ---|         |  (No C hange to ON_STATE 
       (COAST button Depressed)            |   or V SCCS_ERROR) 
                                           | 
                                           | --- EL SE --- 
      VBAT > LOWBAT -------------|         | 
                                 |AND -----| SET AC CEL_BUT = 1 
      LACCEL < VSCCS < HACCEL ---|         |  (No C hange to ON_STATE 
       (ACCEL button depressed)            |   or V SCCS_ERROR) 
                                           | 
                                           | --- EL SE --- 
      VBAT > LOWBAT -------------|         |  
                                 |AND -----| SET RE SUM_BUT = 1 
      LRESUM < VSCCS < HRESUM ---|         |  (No C hange to ON_STATE 
       (RESUME button depressed)           |   or V SCCS_ERROR) 
                                           | 
                                           | --- EL SE --- 
      VBAT > LOWBAT -------------|         | 
                                 |AND -----| SET VS CCS_ERROR = 0 
      LOHOLD < VSCCS < HIHOLD ---|         |  (No C hange to ON_STATE) 
       (No Buttons depressed)              | 
                                           | --- EL SE --- 
                                           | 
      VBAT > LOWBAT -------------|         | 
                                 |AND -----| SET ON _STATE = 1 
      VSCCS > LOW_ON ------------|         |  (No C hange to 
       (ON button depressed)               |   VSCC S_ERROR) 
                                           | 
                                           | --- EL SE --- 
                                           | 
                                           | SET ON _STATE = 0 
                                           | SET VS CCS_ERROR = 1 
                                           |  (Batt ery Voltage 
                                           |   outs ide permissible 
                                           |   rang e.) 
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      If VBAT < LOWBAT, then Battery Voltage is too  low; Vehicle Speed Control must 
 
      be disabled (but NOTE that VBAT is initialize d to 12.5 Volts). 
 
 
      NOTE:  The VSCCS ranges (HI_OFF, LCOAST, HCOA ST, etc.)  are  defined  by  EED 
      Vehicle  Controls and Convenience Product Sys tems and Applications Department 
      and should not be changed from the base relea se values unless they have given 
      specific permission. 
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                                 VSC SPEED CONTROL LOGIC 
 
      The Integrated Vehicle Speed Control was desi gned to operate in  the  similar 
      manner  as  the  standalone version (Cruise C ontrol).  The driver enables the 
      Speed Control by pressing the ON button.  The  speed is selected  by  pressing 
      SET  ACCEL or COAST (sets current speed).  Co ntinuous depressing of SET ACCEL 
      will increase the speed until released and Co ast, of  course,  will  slow  it 
      down.  Hitting the brake will deactivate it a s will shifting the transmission 
      into neutral or turning the Vehicle Speed Con trol  OFF.   The  speed  of  the 
      vehicle MUST be above 25 MPH to use Vehicle S peed Control. 
 
      The VSC strategy uses a hierarchical State Di agram Logic.   In  other  words, 
      the  strategy  will  enter a particular State  if its entry conditions are met 
      and if the entry conditions of a higher prior ity  state  are  not  met.   The 
      various  states  are  mutually  exclusive (ex cept for ON_STATE).  In general, 
      conditions to disable (turn it Off) or otherw ise de-activate (put on standby) 
      the VSC are checked first.  Redundant Brake c ondition is the one exception to 
      this rule. 
 
      When all other states are equal to  zero,  th e  VSC  strategy  is  either  in 
      Standby Mode (ON_STATE = 1) or OFF Mode (ON_S TATE = 0). 
 
      The Vehicle speed Control strategy has three parts: 
 
 
 
                       A. VSC State Determination 
                       B. VSC Duty Cycle 
                       C. VSC Duty Cycle Output Rou tine 
                           (Pulsewidth calculation)  
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A. VSC STATE DETERMINATION 
 
         STATE 1 - DRIVER DEPRESSED OFF-BUTTON OR H AS NOT DEPRESSED ON-BUTTON 
 
 
      ON_STATE = 0 -------| 
       (VSC is OFF)       |OR ---| CLEAR all VSC ST ATE Flags 
                          |      | 
      OFF_BUT = 1 --------|      | SET RES__SPEED =  0 
       (Off But depressed)       | Set ACC_REQ = 0 
                                 | Set VSC_PULSE = 0 
                                 | (This forces a 1 00% duty 
 
                                 |  cycle to the Ve nt Solenoid) 
                                 | 
                                 | --- ELSE --- 
                                 | 
                                 | Check STATE 2 
 
                   STATE 2 - VEHICLE SPEED OUTSIDE ACCEPTABLE RANGE 
 
      If VSC has a fault in the button logic, the  Vehicle  Speed  is  outside  the 
      normal  range  of  operation;  or,  the  VSC buttons have a fault.  In either 
      instance, Standby Mode is entered and all VSC  States,  except  ON_STATE,  are 
      cleared  and  Vehicle  Speed  Control is exit ed.  However, if none of the "OR 
      GATE" conditions described below is met, the logic runs through a  comparison 
 
      of  factors  which  should indicate that vehi cle speed is within normal range 
      and continues on to check STATE 3. 
 
 
      N > VSNMAX -------------------| 
                                    | 
      MPH < MINVSP ---------|S Q----| 
                            |       |      | Clear All VSC States 
      MPH > MINVSP + MPHH --|C      |      |  excep t ON_STATE and 
                                    |OR ---|  BRAKE _STATE 
      MPH > MAXVSP ---------|S Q----|      | ACC_RE Q = 0 
                            |       |      | VSC_PU LSE = 0 
      MPH < MAXVSP - MPHH --|C      |      | (This will force 100% 
                                    |      |  vent pulse) 
      VSCCS_ERROR = 1 --------------|      | 
                                           | --- EL SE --- 
                                           | 
                                           | Check STATE 3 
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                  STATE 3 - BRAKE APPLIED OR TRANSM ISSION IN NEUTRAL 
 
 
      When the driver depresses the brake pedal, a flag is  set  which  this  logic 
      seeks.   If  BIFLG  is set equal to one (brak e depressed), VSC is disengaged, 
      but not turned OFF.  The driver may press RES UME  to  attain  the  speed  set 
      before braking (or disengagement) took place.  
 
 
      BIFLG = 0 -------------------|         | Chec k STATE 4 
       (Brake Not Depressed)       |AND -----| 
                                   |         | 
      NDSFLG = 1 ----------|       |         | 
                           |OR ----|         | 
      TRLOAD = 0 ----------|                 | --- ELSE --- 
                                             |  
      ACCEL_BUT = 1 ----------|              | Butt on is stuck;disable VSC 
       (ACCEL_BUT depressed)  |              |  
                              |              | VSCC S_ERROR = 1 
      RESUM_BUT = 1 ----------|OR -----------| Set BRAKE_STATE = 1  
       (RESUM_BUT depressed)  |              | Clea r all other states 
                              |              | exce pt ON_STATE 
      COAST_BUT = 1 ----------|              | ACC_ REQ = 0 
                                             | VSC_ PULSE = 0 
                                             | (100 % Vent pulse) 
                                             | 
                                             | --- ELSE --- 
                                             | 
                                             | (Bra ke depressed or 
                                             |  Tra nsmission in Neutral) 
                                             | Set BRAKE_STATE = 1 
                                             | Clea r all other States 
                                             |  exc ept ON_STATE. 
                                             | ACC_ REQ = 0 
                                             | VSC_ PULSE = 0 
                                             | (100 % Vent Pulse) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

15-14 



VEHICLE SPEED CONTROL - GUE0 
PEDD-PTOPE, FoMoCo, PROPRIETARY & CONFIDENTIAL 

                       STATE 4 - VEHICLE SPEED IS C OASTING DOWN 
 
 
      If the driver needs to slow down, the driver may press COAST until  the  new, 
      slower speed is reached. 
 
 
      COAST_BUT = 1 -----------| SET COAST_STATE = 1 
       (COAST But depressed)   | CLEAR all other St ates 
                               |  except ON_STATE. 
                               | SET_SPEED = MPH 
                               | RES_SPEED = MPH 
                               | VSC_PULSE = 0 
                               | ACC_REQ = 0 
                               |  (100% Vent pulse)  
                               | 
                               | --- ELSE --- 
                               | 
      COAST_STATE = 1 ---------| Do normal Duty Cyc le 
       (Driver released button)|  calculation) 
                               | SET VSC_PULSE = 1 
                               | SET HOLD_STATE = 1  
                               | CLEAR all other St ates 
                               |  except ON_STATE 
                               | SET SPEED = MPH 
                               | RES_SPEED = MPH 
                               | 
                               | --- ELSE --- 
                               | 
                               | Check STATE 5 
 
 
 
      NOTE:  If the COAST_BUT = 0 and COAST_STATE =  1, the  driver  wants  to  stop 
      coasting. 
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                          STATE 5 - VEHICLE IS ACCE LERATING 
 
 
      This button actually provides two functions.  It sets the initial  speed  the 
      driver  chooses  to  drive;  or  it  can  inc rease  the  speed  if the driver 
      continuously holds it down. 
 
 
      ACCEL_BUT = 1 -------------| 
       (ACCEL Button depressed)  | 
                                 |AND ---| SET ACCE L_STATE = 1 
      ACCEL_STATE = 0 -----------|       | CLEAR al l other STATES 
       (Entered ACCEL State)             |  except ON_STATE 
                                         | SET VSC_ PULSE = 1 
                                         | (Do Norm al Duty Cycle 
                                         |  calcula tion) 
                                         | SET_SPEE D = MPH 
                                         | RES_SPEE D = MPH 
                                         | 
                                         | --- ELSE  --- 
                                         | 
      ACCEL_BUT = 1 -------------|       | Set ACCE L_STATE = 1 
       (ACCEL Button depressed)  |       | Clear al l other States 
                                 |AND ---|  except ON_STATE 
                                 |       | SET VSC_ PULSE = 1 
      ACCEL_STATE = 1 -----------|       | (Do norm al duty cycle 
                                         |  calcula tion) 
                                         | (The SET _SPEED will ramp 
                                         |  and cau se the vehicle 
                                         |  to acce lerate) 
                                         | RES_SPEE D = MPH 
                                         | 
                                         | --- ELSE  --- 
      ACCEL_BUT = 0 -------------|       | 
                                 |AND ---| SET HOLD _STATE = 1 
      ACCEL_STATE = 1 -----------|       | CLEAR al l other States 
       (ACCEL But no                     |  (except  ON_STATE) 
        longer depressed)                | SET_SPEE D = MPH 
                                         | RES_SPEE D = MPH 
                                         | SET VSC_ PULSE = 1 
                                         | 
                                         | --- ELSE  --- 
                                         | 
                                         | Check ST ATE 6 
 
      NOTE:  If ACCEL_BUT = 0 and ACCEL_STATE = 1, then exit ACCEL Mode. 
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                  STATE 6 - RESUME VEHICLE SPEED TO  RES_SPEED VALUE 
 
 
      This button allows the driver to resume the v ehicle speed that was set before 
      braking  or  manually accelerating.  It does not store this "former" speed if 
      the VSC is turned OFF (that is the function o f Favorite  Speed  setting  when 
      the hardware is installed). 
 
 
      RESUM_BUT = 1 ------------| 
       (Driver depressed        | 
        resume button)          | 
                                | 
      RESUM_STATE = 0 ----------| 
                                | 
      BRAKE_STATE = 1 ----------|AND ----| SET RESU M_STATE = 1 
       (Brake was applied)      |        | CLEAR al l other states 
                                |        | Except O N_STATE 
                                |        | SET_SPEE D = MPH 
      RES_SPEED > MINVSP -------|        | SET VSC_ PULSE = 1 
       (RESUM speed OK)                  | 
                                         | --- ELSE  --- 
                                         | 
                                         | Check St ate 7   
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                    STATE 7 - ACCEL/DECEL DECISION TO RESUME SPEED 
 
 
      This logic compares the existing speed agains t the speed the vehicle traveled 
      previous to braking, accelerating or coasting  down.  It determines whether it 
      needs to increase or decrease speed to meet t he former setting. 
 
      RESUM_STATE = 1 -------|        | Set RESUM_S TATE = 1 
                             |AND ----| Clear all o ther States except 
      MPH < RES_SPEED -------|        |  ON_STATE 
                                      | Set VSC_PUL SE = 1  
                                      | Set ACC_REQ  = 1 
                                      | (Ramp speed  up) 
                                      | 
                                      | --- ELSE -- - 
                                      | 
      RESUM_STATE = 1 ----------------| SET HOLD_ST ATE = 1 
                                      | CLEAR all o ther States 
                                      |  except ON_ STATE. 
                                      | ACC_REQ = 0  
                                      | VSC_PULSE =  1 
                                      |  (Do normal  D.C. Calculations) 
                                      | SET_SPEED =  RES_SPEED 
                                      | 
                                      | --- ELSE -- - 
                                      | 
                                      | Check STATE  8 logic 
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                           STATE 8 - MAINTAIN VEHIC LE SPEED 
 
 
      HOLD State keeps the VSC at the most recent s etting.  It allows a very narrow 
      band of fluctuation and functions until the d river depresses a button. 
 
 
      HOLD_STATE = 1 -------------|      | Set HOLD _STATE = 1 
                                  |AND --| Clear al l other States 
      SET_SPEED <OR= MPH+MPHDED --|      |  except ON_STATE 
                                         | Set VSC_ PULSE = 1 
                                         | 
                                         | --- ELSE  --- 
                                         | 
      HOLD_STATE = 1 --------------------| SET BRAK E_STATE = 1 
                                         | CLEAR al l other States 
                                         |  except ON_STATE. 
                                         | SET VSC_ PULSE = 0 
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                   SET_SPEED RAMP FOR RESUME STATE AND ACCEL STATE 
 
 
      This logic ramps the SET_SPEED up to RES_SPEE D at a rate of  ACLINC  MPH/sec, 
      to  provide  smooth acceleration.  The rate o f acceleration is clipped to MPH 
      as a minimum to prevent the SET_SPEED from la gging. 
 
      ACCEL_REQ = 1 -----| 
                         |OR ----| 
      ACCEL_BUT = 1 -----|       | 
                                 |AND ---| SET_SPEE D = SET_SPEED 
      SET_SPEED >OR=             |       | + ACLINC * (Time since 
       MPH - ACLDED -------------|       |            last update) 
                                         | 
                                         | --- ELSE  --- 
      ACCEL_REQ = 1 -------------|       | 
                                 |OR ----| SET_SPEE D = MPH 
      ACCEL_BUT = 1 -------------| 
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                               B. VSC_DC OUTPUT ROU TINE 
 
 
      For purposes of Strategy Description, the VSC _DC OUTPUT  Routine  is  divided 
      into two subroutines:  VSC_DC Calculation and  DUTY CYCLE OUTPUT. 
 
                                  VSC_DC CALCULATIO N 
 
 
      The VSC_DC is based on the difference between  the set speed  and  the  actual 
      vehicle  speed  with  some  adjustments  for relative throttle position.  The 
      calculation is done in two steps to more clos ely model the analog system. 
 
      VSC_PULSE = 1 ---------| VSC_ERROR = DCBIAS +  [SETGN * SET_SPEED]  
                             |  - [VEHGN * MPH] - T APGN * (TP - RATCH) 
                             | 
                             | --- ELSE --- 
                             | 
                             | VSC_ERROR = 0 (This will force VENT action) 
 
 
 
                               VSC_DC = VSC_ERROR -  HLDREF 
 
 
 
      NOTE:  DCBIAS, SETGN, VEHGN, TAPGN, HLDRNG an d HLDREF are hardware constants. 
      Any  changes  to  the  base values should be co-ordinated through the Vehicle 
      Controls and Convenience Products Systems and  Applications Engineering  Dept, 
      EED. 
 
      |VSC_DC| < HLDRNG ---------------| Hold posit ion 
                                       | VSC_DC = 0  
                                       | (Turn OFF SCVAC) 
                                       | (Turn ON S CVNT) 
                                       | 
                                       | --- ELSE - -- 
                                       | 
      VSC_DC < 0 ----------------------| Slow Down 
                                       | VSC_DC = | VSC_DC| 
                                       | (Turn OFF SCVAC) 
                                       | (Duty cycl e to SCVNT = VSC_DC) 
                                       | 
                                       | --- ELSE - -- 
                                       | 
                                       | Speed Up 
                                       | (Turn ON S CVNT) 
                                       | (Duty cycl e to SCVAC = VSC_DC) 
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C. DUTY CYCLE OUTPUT ALGORITHM 
 
 
      VSC_ON_COUNT = VSC_DC/(VSCFRQ * 1 * 10E-3) 
 
      VSC_OFF_COUNT = (1-VSC_DC) / (VSCFRQ * 1*10E- 3) 
 
      OUTPUT to appropriate solenoid. 
 
 
                           Fixed Frequency/Variable  Pulsewidth 
 
      The Fixed Frequency/Variable Pulsewidth metho d "best  fits"  the  duty  cycle 
      (ON_TIME)  to  10  msec.   (If  VSCFRQ = 100)  period which is divided into 10 
      "slices".  Each of these 10 slices is  equal  to  1  msecs  (10E-6  seconds). 
      ON_TIME is "rounded" up or down to the neares t integer. 
 
 
                  Example of Fixed Frequency/Variab le Pulsewidth Method 
 
      ON_TIME   +-+-+-+-+-+-+-+           +-+-+-+-+ -+-+-+ 
                |             |           | 
                |             |           | 
      OFF_TIME -+             +-+-+-+-+-+-+ 
                |<--5.0 ms -->|<-5.0 ms ->| 
 
                                    50% Duty Cycle 
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                            ADJUSTABLE SHOCK ABSORB ER OUTPUT 
 
 
      OVERVIEW 
 
           The adjustable shock absorber module is a stand alone  module,  separate 
      from  the  EEC IV, which controls shock absor ber firmness.  The EEC IV output 
      ACL provides an indication of  vehicle  accel eration  to  the  shock  control 
      module.   Other inputs to the shock module co me directly from the appropriate 
      sensor (VSS brake input, etc.).  The  ACL  ou tput  will  be  energized  under 
      engine  running  conditions  by  the  logic  shown  below  to  indicate  hard 
      acceleration.  The ACL output may also be ene rgized during key on, engine off 
      conditions  by  a  high  TP value in order to  verify wiring harness integrity 
      during VIP. 
 
 
      HPACL = 0 ---------------------------------| No change 
                                                 | Exit Logic 
      CRKFLG = 0 ----------|                     | 
       (Underspeed/Run     |                     | --- ELSE --- 
        Mode)              |AND ----|            | 
                           |        |            | Set ACL = 1 
      ARCHG >OR= SHKCHG ---|        |OR ---------| (energize ACL output- 
       (high engine load)           |            |  hard acceleration) 
                                    |            | 
      TP >OR= RATCH+SHKTP ----------|            | --- ELSE --- 
       (large throttle opening)                  | 
                                                 | Set ACL = 0 
                                                 | (deenergize ACL output) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

16-2 



RIDE CONTROL STRATEGY - GXY0 
PEDD-PTOPE, FoMoCo, PROPRIETARY & CONFIDENTIAL 

      DEFINITIONS 
 
      INPUTS 
 
      Registers: 
 
-  ARCHG = Air Charge Mass inducted per Intake Stro ke, lbm/Intake. 
 
-  TP = Instantaneous Throttle Position, counts. 
 
-  RATCH = Lowest filtered Throttle Position, count s. 
 
      Bit Flag: 
 
-  CRKFLG = Indicates status of engine, if = 1, eng ine is in CRANK mode. 
 
 
      Calibration Constants: 
 
-  HPACL = Hardware present switch to indicate if m odule 
                   includes output for adjustable s hock absorber. 
                   1 = Hardware present. 
 
-  SHKCHG = Minimum ARCHG value to indicate if hard  acceleration. 
                    Typical value:  .00015 
 
-  SHKTP = Minimum number of throttle counts above the closed 
                   throttle position (RATCH) to ind icate hard acceleration.  
                   Typical value:  650 counts. 
 
 
      OUTPUT 
 
      Bit Flag: 
 
-  ACL = Provides an indication of vehicle accelera tion 
                to the shock control module.  
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ELECTRONICALLY CONTROLLED ACCESSORY DRIVE 
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ELECTRONICALLY CONTROLLED ACCESSORY DRIVE (ECAD) 
 
 
   OVERVIEW 
 
        The Electronically Controlled Accessory Dri ve  (ECAD)  module  is  a  stand 
   alone  unit.   It  determines  alternator  deman d, and if alternator demand will 
   allow half speed accessory drive operation, the module inputs a  signal  to  the 
   EEC-IV  processor.   This  signal  is  essential ly  asking  EEC to check certain 
   additional conditions, necessary before half spe ed  mode  can  be  allowed.   If 
   these  conditions  (outlined  below)  do exist, EEC outputs a signal to the ECAD 
   module telling it to operate at half speed.  The  ECAD module then actuates  half 
   speed operation. 
 
        The following conditions are checked in eve ry case: 
 
  -  ECAD unit is asking for half speed mode 
 
  -  ECT is below a maximum temperature 
 
  -  Engine speed is above a minimum RPM, and 
 
  -  Vehicle speed is above a minimum value. 
 
   Additionally, if the system has Thermactor Air ( THRMHP = 1), the  progam  checks 
   that  an  upstream air condition does not exist.   On non-thermactor systems, the 
   program checks that a minimum temperature  and  time  since  start-up  has  been 
   reached. 
 
 
   DEFINITIONS 
 
   INPUTS 
 
   Registers: 
 
  -  ECT = Engine Coolant Temperature. 
 
  -  N_BYTE = Engine speed, RPM. 
 
  -  VSBAR = Filtered Vehicle Speed. 
 
   Bit Flags: 
 
  -  ECADI = Input from stand alone ECAD module to EEC:   0  ->  full  speed 
            mode only; 1 -> half speed mode allowed . 
  -  USAFLG = Upstream air flag:  0 -> not in upstr eam air; 1 -> in upstream 
            air. 
 
   Calibration Constants: 
  -  ECADECT = ECT threshold for ECAD.  If the ECT is greater than  ECADECT, 
            then the ECAD unit must be in full spee d mode. 
  -  ECADHP = Hardware present switch for ECAD:  1 -> ECAD hardware present. 
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  -  ECADN = RPM threshold for ECAD.  If N_BYTE is greater than ECADN,  then 
            the ECAD unit may go into half speed mo de. 
 
  -  ECADVS = Vehicle speed threshold for  ECAD.   If  VS  is  greater  than 
            ECADVS, then the ECAD unit may go into half speed mode. 
 
  -  EDETHYS = ECAD ECT hysteresis term = ECADECT -  bandwidth. 
 
  -  EDNHYS = ECAD RPM hysteresis term = ECADN - ba ndwidth. 
 
  -  EDTM1 = ATMR1 ECAD time delay for TCSTRT <OR= CTLOW. 
 
  -  EDTM2 = ATMR1 ECAD time delay for CTLOW < TCST RT < CTHIGH. 
 
  -  EDTM3 = ATMR1 ECAD time delay for TCSTRT >OR= CTHIGH. 
 
  -  EDTM4 = ATMR2 ECAD time delay for TCSTRT <OR= CTLOW. 
 
  -  EDTM5 = ATMR2 ECAD time delay for CTLOW < TCST RT < CTHIGH. 
 
  -  EDVSHYS = ECAD VS hysteresis term = ECADVS - b andwidth. 
 
 
 
   OUTPUTS 
 
   Bit Flags: 
 
  -  ECADOT = Output from EEC to ECAD stand alone u nit:   0  ->  half  speed 
            mode; 1 -> full speed mode. 
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PROCESS 
 
   ECADHP = 0 --------------------------| NO CHANGE  
    (no ECAD hardware)                  | EXIT LOGI C 
                                        | 
   AFMFLG = 0 ---|                      | --- ELSE --- 
                 |                      | 
   CFMFLG = 0 ---|                      | 
                 |AND ------------|     | 
   TFMFLG = 0 ---|                |     | 
                 |                |     | 
   MFMFLG = 0 ---|                |     | 
    (not in failure mode)         |     | 
                                  |     | 
   THRMHP = 1 ------|             |     | 
    (thermactor air |AND -|       |     | 
     system)        |     |       |     | 
                    |     |OR ----|     | 
   USAFLG = 0 ------|     |       |     | 
                          |       |     | 
   "A" --------|          |       |     | 
               |AND ------|       |     | 
   THRMHP = 0 -|                  |     | 
                                  |     | 
   ECADI = 1 ---------------------|AND -| HALF SPEE D MODE 
                                  |     | Clear ECA DOT 
   ECT < ECADECT ----------|S  Q -|     | 
    (over temp protection) |      |     | --- ELSE --- 
                           |      |     | 
   ECT > EDETHYS ----------|C     |     | FULL SPEE D MODE 
                                  |     | Set ECADO T 
   N_BYTE > ECADN --|S  Q --------| 
    (RPM > min RPM) |             | 
                    |             | 
   N_BYTE < EDNHYS -|C            | 
                                  | 
   VSBAR > ECADVS ----|S  Q ------| 
    (VS > minimum VS) | 
                      | 
   VSBAR < EDVSHYS ---|C 
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ECAD TIME/TEMP DELAY 
 
   When there is no Thermactor air system, the ECAD  operates at full speed before a 
   minimum temperature and time start-up is reached . 
 
   TCSTRT >OR= CTHIGH -| 
                       |AND ------| 
   ATMR1 < EDTM3 ------|          | 
                                  | 
   CTLOW < TCSTRT < CTHIGH -|     | 
                            |AND -|OR -----| "A" 
   ATMR1 < EDTM2 -|         |     | 
                  |OR ------|     | 
   ATMR2 < EDTM5 -|               | 
                                  | 
   TCSTRT <OR= CTLOW --|          | 
                       |AND ------| 
   ATMR1 < EDTM1 -|    | 
                  |OR -| 
   ATMR2 < EDTM4 -| 
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      DEFINITIONS 
 
 
      INPUTS 
 
      Registers: 
 
-  N = Engine RPM. 
 
-  SLTMR = Shift Light Timer. 
 
      Bit Flags: 
 
-  CRKFLG = Flag indicating state of engine mode. 
 
      Calibration Constants: 
 
-  FN651 = Incremental Indicated RPM shift point as  a function  
of ECT. 
 
-  FN652A = Indicated RPM shift point as a function  of LOAD. 
 
-  SHIRPM = Overspeed RPM. 
 
-  SLTIM1 = Time delay to validate the Shift Indica tor Light, 
                   sec. 
 
-  SLTIM2 = Maximum time that SIL (shift indicator light)  
                   is on, sec. 
 
-  SPTRPM = Minimum RPM at which SIL timer enables.  
 
-  TSTRAT = Transmission Strategy Switch, 
                   The TSTRAT software switch selec ts which transmission control 
                   strategy is to be executed. 
                   TSTRAT = 0 -> No transmission co ntrol; 
                                 (Manual trans., AO D, ATX, C6, C3, etc.), 
                          = 1 -> SIL (Shift Indicat or Light), 
                          = 2 -> A4LD with 3-4 shif t control and convertor 
                                 clutch control, 
                          = 3 -> AXOD, 
                          = 4 -> C6E4 (E4OD), 
                          = 5 -> A4LD-E 
                          = 6 -> FAX-4, 
                          = 7 -> AOD-E (AOD-I), 
                          = 8 -> 4EAT, 
                          = 9 -> CD4E. 
 
 
      OUTPUTS 
 
      Registers: 
 
-  SLTMR = See Inputs above. 
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SHIFT INDICATOR LIGHT LOGIC  (TSTRAT = 1) 
 
      Shift Indicator Light refers to the light loc ated in the instrument  cluster. 
      The  light  is  used  to  signal  the  driver   when  to  up-shift on a manual 
      transmission for best fuel economy. 
 
      The strategy turns the shift light on when ei ther of the following conditions 
      are met: 
 
          1) Engine RPM is greater than an "over sp eed" calibration value; or 
 
          2) The shift light timer SLTMR is between  a lower calibration  value  and 
          an upper calibration value. 
 
      Control of SLTMR (and the shift light) is bas ed on engine RPM and load.   The 
      SLTMR  counts  up  when  engine  RPM goes abo ve a trigger value.  The trigger 
      value varies as a function of LOAD and ECT (e ngine coolant temperature).  The 
      time  delay  before  the shift light turns on  eliminates light flicker due to 
      RPM jitter about the trigger value.  The uppe r  time  limit  prevents  driver 
      annoyance. 
 
 
 
                                   LIGHT ON/OFF LOG IC 
 
 
      N > SHIRPM --------------------|           
                                     |OR -| 
      SLTIM1 < SLTMR <OR= SLTIM2 ----|    | 
                                          |AND -| T URN ON SHIFT LIGHT 
      TSTRAT = 1 -------------------------|     |  
                                          |     | - -- ELSE --- 
      CRKFLG = 0 -------------------------|     | 
                                                | T URN OFF SHIFT LIGHT 
 
 
 
 
      NOTE:   The  calibration   parameter,   TSTRA T,   selects   the   appropriate 
      transmission  strategy.  The Shift Indicator Light strategy will execute only 
      if TSTRAT = 1. 
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                                       SLTMR LOGIC 
 
 
 
      N > SPTRPM -------------| 
                              |OR ----| 
      N > FN651 + FN652A -----|       |AND ---| COU NT UP SLTMR 
                                      |       | 
      PART THROTTLE Mode -------------|       | ---  ELSE --- 
                                              | 
                                              | Set  SLTMR = 0 
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INPUT CONVERSIONS AND FILTERS 
 
      DEFINITIONS 
 
      INPUTS 
 
      Registers: 
 
-  ACT = Air charge temperature. 
 
-  AELOAD = Filtered LOAD for manifold filling effe ct. 
 
-  AIR37 = The maximum air charge for a particular engine speed(N) as 
                  described by FN037. 
 
-  AM = Air Mass Flow, lbm/min. 
 
-  AMINT = Integrated Air Mass flow (lbm). 
 
-  APT = Throttle Mode Flag. 
 
-  ARCHCOR = Backflow correction for Mass Air Meter . 
 
-  ARCHG = Air Charge Mass inducted per Intake Stro ke, 
                   lbm/Intake. 
 
-  ARCHLI = Air charge leakage (lbm/intake). 
 
-  BAPBAR = Rolling average of barometric pressure sensor 
                   values. 
 
-  BAPCNT = BAP transition counter. 
 
-  BAPTMR = Barometric pressure update, msecs. 
 
-  BPKFLG = Update enable flag for key on updates, unitless. 
 
-  DEBTMR = VSCCS Debounce timer, sec. 
 
-  DATA_TIME = 3 byte time of transition. 
 
-  DSDRPM = Desired RPM (from ISC logic). 
 
-  ECT = Coolant temperature, deg F. 
 
-  EGO = Exhaust Gas Oxygen Sensor. 
 
-  EM = EGR mass flow, lbm/min. 
 
-  EPTBAR = Rolling average EPT Transducer. 
 
-  EPTZER = EPT sensor value at idle. 
 
-  EVP = EGR valve position, counts. 
 
-  FAM = Filtered air mass. 
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-  HEGO = Heated Exhaust Gas Oxygen Sensor. (EGO an d HEGO 
                 provide the same function, See HEG O Section in 
                 this Chapter) 
 
-  IACC_NDS = AC Clutch/Neutral-Drive input. 
 
-  IACT = Voltage output by the ACT sensor converte d 
                 to counts, A/D. 
 
-  IBAP = Instantaneous BP sensor reading (FN000) 
 
-  IECT = Voltage output by the ECT sensor converte d 
                 to counts, A/D. 
 
-  IEGO = Voltage output by the EGO (or HEGO Sensor ) 
                 converted to counts, A/D. 
 
-  IEPT = EPT sensor data for PFE EGR. 
 
-  IIVPWR = Ignition key-on power (A/D counts). 
 
-  IMAF = Input Air Meter Reading, A/D counts. 
 
-  INTM = Delta time between Air Meter Samples, sec . 
                = current Sample time - Last Sample  time. 
 
-  ITAR = Voltage output by TAR converted to A/D co unts. 
 
-  IVCAL = Calibration input voltage used to correc t 
                  MAF and VBAT (A/D counts). 
 
-  IVSCCS = Input VSC command switch. 
 
-  KNK_HIGH = Knock level input flag. 
 
-  LOAD = Normalized ARCHG/SARCHG. 
 
-  MAF = Instantaneous Mass Air flow (lbm/min). 
                (MAF = FN036 (VMAF)) 
 
-  MAFCON = MAF voltage correction gain calibrated for 
                   the particular EEC processor in use. 
                   (MAFCON = VCAL / MAFK1 ) 
 
-  MAF_TIME = OUTINT  1 time for MAF fuel. 
 
-  MPH = Rolling average Vehicle Speed. 
 
-  MINTIM1 = Last SCAP edge prior to the background  
                  calculation of BAP. 
 
-  MINTIM2 = Last SCAP edge prior to the previous S CAP 
                    edge prior to the background lo op calculation 
                    of BAP. 
 
-  MPHCNT = MPH sensor transition count. 
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-  MPHTIM1 = Last MPH transition time. 
 
-  MPHTIM2 = First MPH transition time. 
 
-  N = RPM - engine speed in revolutions per minute . 
 
-  NBAR = Rolling average RPM. 
 
-  NDBAR = Filtered Engine Speed. 
 
-  NDDTIM = Timer which tracks time since Neutral/D rive 
                   (Drive/Neutral) Switch State cha nge, sec. 
 
-  N_BYTE = Single precision (BYTE) engine speed, R ev/Min. 
                   It is used whenever possible to save memory. 
 
-  OLDTP = The last value of TP. 
 
-  PINPT = Pressure input switch, 0 = 1st, 2nd, 3rd  gear; 1 = 4th gear. 
 
-  PINPT2 = Pressure input switch, 0 = 1st, 2nd gea r; 1 = 3rd, 4th gear. 
 
-  PIPCNT = Number of PIPs which have occurred. 
 
-  PIP Period = Amount of time between consecutive PIP 
                       signals. 
 
-  PSPS = Power Steering Pressure Switch. 
 
-  PUTMR = Counts up after hardware reset. 
 
-  RATCH = Kicker off lowest filtered TP. 
 
-  RAWAIRCHG = Raw Air charge from the air mass 
                      integration. 
 
-  TP = Throttle position. 
 
-  TBART = Rolling average of TP for Knock Strategy . 
 
-  TPBAR = Rolling average Throttle Angl. 
 
-  VBAT = Battery Voltage. 
 
-  VMAF = Corrected Air Meter Voltage (volts). 
                 VMAF = (IMAF/IVCAL + MAFK2) * MAFC ON 
 
-  VSBAR = Filtered Vehicle Speed. 
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      Bit Flags: 
 
-  BPUFLG = Keyon update flag in RAM, unitless. 
 
-  CRKFLG = Crank Flag. 
 
-  DNDSUP = Drive/Neutral Select. 
 
 
-  FAM_FLG = Flag indicating in FAM region and AM =  FAM. 
 
-  INDFLG = AXOD Instantaneous N/D Flag. 
 
-  KAM_ERROR = Indicates Keep Alive RAM invalid. 
 
-  KNOCK_DETECTED = Flag set to 1, if knock occurre d in 
                            current PIP half-period . 
 
-  KNOCK_OCCURRED = Flag set to 1 (in the Knock Int errupt 
                            routine), if knock occu rred in current or last PIP 
                            period. 
 
-  NDSFLG = Neutral/Drive Flag 1 = Drive. 
 
-  PTPFLG = PIP occurred after 50 msec. 
 
-  REFFLG = 1 when in idle air flow region. 
 
-  UNDSP = Underspeed Flag. 
 
      Calibration Constants: 
 
-  AMDESN = Desired RPM threshold to enter Idle AM logic, RPM. 
 
-  AMRPM = Actual RPM (byte) threshold to enter Idl e AM logic. 
 
-  AMRPMH = RPM (byte) threshold hysteresis. 
 
-  ARCHLK = Air flow leakage (lbm/min). 
-  BIHP = Brake Input Hardware Switch. 
-  BPSSW = Calibration switch: 
                   1 = Barometric pressure sensor 
                   0 = No sensor (use constant BP v alue) 
-  CTEHI = Calibration constant for minimum ECT (en gine coolant 
                  temperature) to enable EPTZER at idle, degrees F. 
-  DEBTIM = Debounce time delay, secs. 
-  DELRAT = Change in RATCH. 
-  DELTAM = Air Mass Delta to enter/exit filtered A M 
                   at Idle. 
-  ENGCYL = Number of PIPs per Engine Revolution; o r 
                   Number of Intake Strokes Per Eng ine 
                   Revolution. (Number of cylinders /2) 
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-  EPTSW = Calibration switch to enable or disable 
                  rolling average EPTZER at idle. 
 
-  FAMLIM = Multiplier for FAM deadband. 
 
-  FN000 = Frequency versus pressure data; used in 
                  conversion of frequency to pressu re. 
                  X-input = frequency 
                  Y-output = Pressure, "Hg. 
 
-  FN036 = Mass Air Transfer function as a function  of 
                  corrected Air Mass Sampling volta ge (VMAF). 
                  Input = Calculated MAF sensor vol tage; 
                  Output = Mass Air Flow (Lb/min). 
 
-  FN037 = A function that relates engine speed to maximum 
                  air charge. 
 
-  FN394F = Time delay before recognition of N/D Tr ansition 
                   - forward gear  Input = ECT; OUT PUT = Seconds. 
 
-  FN394R = Time delay before recognition of N/D Tr ansition 
                   - reverse gear  Input = ECT; OUT PUT = Seconds. 
 
-  FN703A = ECT/ACT Transfer function. Input = A/D converter 
counts and Output = temperature, deg F. 
 
-  FN1035(N,LOAD) = Air Meter Backflow Correction T able. 
X-input = FN070 - Normalized engine speed, RPM 
Y-input = FN021 - Normalized LOAD 
Output = LOAD. 
 
-  IDLDEL = A/D count equivalent to Idle back press ure, 
                   "H2O * IXFRPR, counts. 
 
-  IERPMH = Idle RPM hysteresis term for EPTZER upd ate. 
 
-  KONBP = BP constant used in absence of sensor. R ange of 
                  0 to 31.875. 
 
-  KSF = Keypower Scaling Factor; a calibration con stant  
                which has historically been 3.731; this value can 
                be changed on VECTOR to satisfy the  requirements 
                of different processors; a newer va lue for KSF 
                is 5.5991; the user should check wi th the EEC Design 
                Group to determine which value for KSF is applicable 
                to a specific processor level. 
 
-  MAFK1 = Universal Mass Air Flow Voltage Correcti on Gain, 
                  unitless. (0 <OR= MAFK1 <OR= 1.99 ) 
-  MAFK2 = Universal Mass Air Flow Voltage Correcti on Offset, 
                  unitless. (1.0 <OR= MAFK2 <OR = 1 .99)  
-  MAXFAM = Difference between FAM & AMPEM at idle.  
-  MINAM = Minimum Air Mass Clip, lb air/min. 
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-  MNPIP4 = Minimum PIP period for 4-cylinder engin e, clock ticks. 
 
-  MNPIP6 = Minimum PIP period for 6-cylinder engin e, clock ticks. 
 
-  MNPIP8 = Minimum PIP period for 8-cylinder engin e, clock ticks. 
 
-  NDDELT = Time before N/D, D/N switch registers, Range of 
                   0 to 31.875. 
 
-  NRUN = Minimum engine speed to exit Crank mode. 
 
-  PFEHP = Switch to select EGR strategy: 1 = PFE; 0 = Sonic. 
 
-  SAMRAT = Sample rate for AM filter. 
 
-  SARCHG = Standard Air Charge, lb. 
                 = 4.4256 * 10E-5 * (Engine Size in  Cubic 
                   Inches/number of cylinders). 
 
-  TCAELD = Time constant for AELOAD, sec. 
 
-  TCBBAR = Time constant for BAPBAR, sec. 
 
-  TCDASD = Time constant for DSTPBR, sec. 
 
-  TCDASU = Time constant for DSTPBR, sec. 
 
-  TCDESN = Time constant for DESNLO, sec. 
 
-  TCDLOP = Time constant for DELOPT, sec. 
 
-  TCDP = Time constant for DESDP, sec. 
 
-  TCEACT = Time constant for EGR ACT, sec. 
 
-  TCECT = Time constant for ECT, sec. 
 
-  TCEGR = Time constant for EGRBAR, sec. 
 
-  TCEPT = Time constant for EPT, sec. 
 
-  TCFAM = Time constant for FAM, sec. 
 
-  TCINJD = Time constant for INJDLY, sec. 
 
-  TCMPH = Time constant for MPH, sec. 
 
-  TCN = Time constant for N, sec. 
 
-  TCNDBR = Time constant for NDBAR, sec. 
 
-  TCTP = Time constant for TPBAR, sec. 
 
-  TCTPT = Time constant for TBART, sec. 
 
-  TCVBAT = Time constant for VBAT, sec. 
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-  TCVS = Time constant for VSBAR, sec. 
 
-  TKYON1 = Minimum time delay before PIPs are reco gnized, sec. 
 
-  TKYON2 = Time delay before Keyon Updates are per mitted, sec. 
 
-  TKYON3 = Maximum time keyon updates are allowed,  sec. 
 
-  TKYON4 = Time delay before resetting BPKFLG, sec . 
 
-  TPDLTA = Minimum TP change for Tip-Out. Range 0 to 1023. 
 
-  TSTALL = Elapsed time necessary to indicate a st all, 
                   msec.  
 
-  VBPMAX = Maximum time since last BP update, secs . 
 
-  VCAL = Calibration constant; the value is normal ly 
                 2.5 volts; this value can be chang ed on VECTOR 
                 to satisfy the requirements of cer tain processors. 
 
 
 
      OUTPUTS 
 
      Registers: 
 
-  ACT = Air charge temperature. 
 
-  AELOAD = Filtered LOAD for manifold filling effe ct. 
 
-  AM = Air Mass Flow, lbm/min. 
 
-  AMINT = Integrated Air Mass flow (lbm). 
 
-  ARCHG = Air Charge Mass inducted per Intake Stro ke, 
                   lbm/Intake. 
 
-  ARCHCOR = Backflow correction for Mass Air Meter . 
 
-  ARCHI = Air Charge (lbm/intake), foreground corr ected integrated value. 
 
-  BAPBAR = Rolling average of barometric pressure sensor 
                   values. 
 
-  BAPCNT = BAP transition counter. 
 
-  BP = Barometric pressure value stored in volatil e RAM. 
 
-  BPKFLG = Update enable flag for key on updates, unitless. 
 
-  ECT = Coolant temperature, deg F. 
 
-  EPTBAR = Rolling average EPT Transducer. 
 
-  EPTZER = EPT sensor value at idle. 
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-  EVP = EGR valve position, counts. 
 
-  FAM = Filtered air mass. 
 
-  FAMREG = 0; not in FAM region. 
                  128; in FAM region, AM = N * ENGC YL * ARCHG 
                  255; in FAM region, AM = FAM 
 
-  IBAP = Instantaneous BP sensor reading (FN000) 
 
-  IEPT = EPT sensor data for PFE EGR. 
 
-  INTM = Delta time between Air Meter Samples, sec . 
                = current Sample time - Last Sample  time. 
 
-  LST_IACC = Last ACC/NDS input. 
 
-  MAF_TIME = OUTINT  1 time for MAF fuel. 
 
-  MINTIM1 = Last SCAP edge prior to the background  
                  calculation of BAP. 
 
-  MINTIM2 = Last SCAP edge prior to the previous S CAP 
                    edge prior to the background lo op calculation 
                    of BAP. 
 
-  MPH = Rolling average Vehicle Speed. 
 
-  MPHCNT = MPH sensor transition count. 
 
-  MPHTIM1 = Last MPH transition time. 
 
-  MPHTIM2 = First MPH transition time. 
 
-  NBAR = Rolling average RPM. 
 
-  NDBAR = Filtered Engine Speed. 
 
-  RATCH = Kicker off lowest filtered TP. 
 
-  RAWAIRCHG = Raw Air charge from the air mass 
                      integration. 
 
-  TAR = Throttle Angle Rate of change. 
 
-  TPBAR = Rolling average Throttle Angl. 
 
-  VBAT = Battery Voltage. 
 
-  VMAF = Corrected Air Meter Voltage (volts). 
                 VMAF = (IMAF/IVCAL + MAFK2) * MAFC ON 
 
-  VSBAR = Filtered Vehicle Speed. 
 
-  VSCCS = Debounced IVSCCS. 
 
      Bit Flags: 
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-  A3C = A/C Flag, 1 = ACC on. 
 
-  BIFLG = Brake on. 
 
-  BPUFLG = Keyon update flag in RAM, unitless. 
 
-  DNDSUP = Drive/Neutral Select. 
 
-  EGOFL1 = Rich EGO-1 Flag. 
 
-  EGOFL2 = Rich EGO-2 Flag. 
 
-  INDFLG = AXOD Instantaneous N/D Flag. 
 
-  KNOCK_OCCURRED = Flag set to 1 (in the Knock Int errupt 
               routine), if knock occurred in curre nt or last PIP 
               period. 
 
-  NDSFLG = Neutral/Drive Flag 1 = Drive. 
 
-  POWSFG = Power Steering Flag. 
 
-  PTPFLG = PIP occurred after 50 msec. 
 
-  REFFLG = 1 when in idle air flow region. 
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MULTIPLEXED ACC_NDS INPUT - (Analog Input) 
 
      The ACC input reflects the state of the A/C C ycling Switch.  As a multiplexed 
      input,  however, the logic also includes sett ing of the Neutral Drive Switch. 
      This switch reflects the change in transmissi on states  (i.e.,  neutral/park, 
      drive/in  gear).  Automatic transmissions use  a Neutral/Drive switch from the 
      transmission; Manuals use a clutch switch,  g ear  switch  or  no  switch.   A 
      clutch  or  gear  switch  is  recommended  fo r  manuals.  Among its many uses 
      (primarily fuel control), it is most heavily used in controlling Idle  Speed. 
      The  output  sets a flag (NDSFLG) equal to on e if the transmission is in gear 
      (or drive) and equal to zero if the transmiss ion is in neutral. 
 
      A diagram follows the logic set forth below w hich  explains  the  "steps"  or 
      settings. 
 
      |IACC_NDS - LST_IACC| > 10 ----------| Could be NOISE 
                                           | DO NOT  UPDATE A3C 
                                           |  or ND S 
                                           | LST_IA CC = IACC_NDS 
                                           | 
                                           | --- EL SE --- 
                                           | 
      IACC_NDS >OR= 952 -------------------| Neutra l/Drive input is high  
                                           |  A/C O FF 
                                           | INDFLG  = 1 
                                           | A3C = 0 
                                           | LST_IA CC = IACC_NDS 
                                           | 
                                           | --- EL SE --- 
                                           | 
      IACC_NDS >OR= 556 -------------------| Neutra l/Drive input is low 
                                           |  A/C O FF 
                                           | INDFLG  = 0 
                                           | A3C = 0 
                                           | LAST_I ACC = IACC_NDS 
                                           | 
                                           | --- EL SE --- 
                                           | 
      IACC_NDS >OR= 412 -------------------| Neutra l/Drive input is high  
                                           |  A/C O N 
                                           | INDFLG  = 1 
                                           | A3C = 1 
                                           | LST_IA CC = IACC_NDS 
                                           | 
                                           | --- EL SE --- 
                                           | 
                                           | Neutra l/Drive input is low 
                                           | A/C ON   
                                           | INDFLG  = 0 
                                           | A3C = 1 
                                           | LST_IA CC = IACC_NDS 
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      IACC_NDS                FLAG STATE 
      (counts) 
                            ----------------- 
        1023                |               | 
                            |   INDFLG = 1  | 
                            |   A3C = 0     | 
                            |               | 
         952                ----------------- 
                            |               | 
                            |   INDFLG = 0  | 
                            |   A3C = 0     | 
                            |               | 
         556                ----------------- 
                            |               | 
                            |   INDFLG = 1  | 
                            |   A3C = 1     | 
                            |               | 
         412                ----------------- 
                            |               | 
 
                            |   INDFLG = 0  | 
                            |   A3C = 1     | 
                            |               | 
           0                ----------------- 
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LOAD CALCULATION (LOAD) 
 
 
      OVERVIEW 
 
      Air charge is normalized by dividing by Stand ard Air  Charge.   Standard  Air 
      Charge  is  a  constant  equal  to  4.4256  *   10E-5  * (Engine Size in Cubic 
      Inches/number of cylinders). 
 
 
      DEFINITIONS 
 
      INPUTS 
 
      Registers: 
 
-  ARCHG = Air Charge Mass inducted per Intake Stro ke, lbm/Intake. 
 
-  SARCHG = Standard Air Charge, lbm/Intake. 
 
 
 
      OUTPUTS 
 
      Registers: 
 
-  LOAD = Normalized load parameter, unitless. 
 
 
 
      PROCESS 
 
 
      LOAD = ARCHG/SARCHG 
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PERCENT LOAD CALCULATION (PERLOAD) 
 
 
      OVERVIEW 
 
      PERLOAD is percent of peak load at any altitu de. 
 
 
      DEFINITIONS 
 
      INPUTS 
 
      Registers: 
 
-  LOAD = Normalized load parameter, unitless. 
 
-  N = Revolutions per minute. 
 
-  BP = Barometric Pressure, in Hg. 
 
      Calibration Constants: 
 
-  FN035(N) = Peak load at sea level as a function of RPM. 
 
 
 
 
      OUTPUTS 
 
      Registers: 
 
-  peak_load_sl = Output of FN035(N), temporary reg ister. 
 
-  PERLOAD = Percent of peak load at any altitude. 
 
-  PEAK_LOAD =Peak load at any altitude and RPM. 
 
 
 
      PROCESS 
 
 
      always:  PEAK_LOAD = BP/29.9 * peak_load_sl 
 
 
      PRLDSW = 0 --------| PERLOAD = LOAD/PEAK_LOAD  
                         | 
                         | --- ELSE --- 
                         | 
                         | PERLOAD = LOAD 
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ACCEL ENRICHMENT LOAD FILTER (AELOAD) 
 
 
      The AELOAD calculation is a time-dependent ro lling average  filter  of  LOAD. 
      It  is  used  to  sense  the  manifold fillin g effect during an acceleration, 
      especially from Idle.  The AELOAD  time  cons tant  TCAELD  is  a  calibration 
      constant  which  should  be  small  enough  t o  prevent  a false inference of 
      manifold filling after the LOAD has reached a  stable value and AE fuel is  no 
      longer required. 
 
 
                              AELOAD = UROLAV (LOAD ,TCAELD) 
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AIR CHARGE CALCULATIONS 
 
 
      DEFINITIONS 
 
      INPUTS 
 
      Registers: 
 
-  RAWAIRCHG = Integrated MAFS output over a PIP pe riod. 
 
-  N = RPM. 
 
      Bit Flags: 
 
-  IMFMFLG = Instantaneous mass air flow sensor FME M flag. 
 
      Calibration Constants: 
 
-  ARCHSW = Air charge select switch, 0 = no  filte ring,  1  =  use  filling 
          model. 
 
-  FN037 = Backflow clip. 
 
-  FKARCH = Manifold filling model slow filter cons tant. 
 
-  FILFRC = Fraction to select slow transient vs fa st.  transient filter. 
 
-  FKARC1 = Fast filter constant for manifold filli ng. 
 
      OUTPUTS 
 
      Registers: 
 
-  ARCHG = Actual air charge. 
 
-  ARCHFG = Filtered air charge according to fillin g model. 
 
-  ARCHI = Instantaneous air charge. 
 
-  FILRC1 =  Ratio  ARCHI/ARCHFG,  background  calc ulation  for  calibration 
          purposes. 
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AIR CHARGE CALCULATION (ARCHG) 
 
 
      The strategy integrates the instantaneous air flow, MAF, over each PIP period. 
      To  calculate the average air charge, ARCHG, this integration is accomplished 
      by summing the average MAF over a finite peri od of time. 
 
      The air meter sample period starts  at  each  rising  PIP  edge.   Successive 
      samples are then obtained at fixed intervals of approximately one msec.  This 
 
      sampling continues until the next rising PIP edge occurs (at which  time  the 
      final  sample  is  taken).   The  MAF sensor is described in the EEC Overview 
      Chapter. 
 
                   n = n 
                   ----- 
                   \ 
      AMINT =      /     1/2*[MAF(n) + MAF(n-1) ] ( Tn - T(n-1)) 
                   ----- 
                   n=1 
 
      ARCHG = Final AMINT when integration is compl ete. 
 
                                  AIRFLOW INTEGRATI ON SCHEME 
 
 
            |<------------------ PIP PERIOD ------- -------------->| 
 
            |------------------------                             |--- 
            PIP UP                  |                        PIP UP 
            EDGE                    |                          EDGE 
            |                       |                             | 
        ----                        --------------- --------------- 
 
                                 CORRECTED AIR METE R SAMPLES 
                                        MAF;(LBM/MI N) 
 
 
            |       |        * * * *     |              |         |   *  | 
            |   * * |* * * *   |     * * |              ************ *   | 
            ** *   1|         2|        3* * * * * * * 4|/////////|      | 
            |       |          |         |              |/////////|      | 
            |       |          |         |              |//AREA*//|      | 
            |       |          |         |              |/////////|      | 
            |       |          |         |              |/////////|      | 
      --------------------------------------------- ---------------------------- 
           T0      T1         T2        T3 .....      T(n-1)      Tn   T(n+1) 
 
      MAF(n) = Instantaneous MAF at time, Tn. 
 
      AREA* = Instantaneous integrated Air Charge. 
              (AREA = 1/2[MAF(n) + MAF(n-1)]*(Tn - T(n-1) ) 
 
      At time T(n+1), the sum of the AREA*s, AMINT,  is stored as RAWAIRCHG and then 
      set  to  0.   Approximately  every  milliseco nd,  the software will do an A/D 
      conversion of the MAF sensor input, calculate  the instantaneous  airlow,  MAF 
      and update AMINT (the instantaneous integrate d aircharge). 
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Once every millisecond: 
 
          VMAF = IMAF * 2.5/IVCAL                            __ volts 
          INTM = DATA_TIME - MAF_TIME                        __ clock ticks 
          AMINT = prev. AMINT + 1/2 * [MAF + FN036]  * INTM   __ lbm 
          MAF = FN036(VMAF)                                  __ lbm/clock ticks 
          MAF_TIME = DATA_TIME                               __  clock ticks 
 
      At each rising-edge of PIP, the software will  do an A/D conversion of the MAF 
      sensor,  calculate  the  instantaneous  airfl ow,  MAF,  and  store  the final 
      integrated AMINT as RAWAIRCHG. 
 
      At each rising edge of PIP, 1) Complete the i ntegration, 2)  Start  the  next 
      integration,  3)  Correct airflow for pulsati ons, 4) Filter the aircharge for 
      manifold filling effects. 
 
          1) VMAF = IMAF * 2.5/IVCAL                            __ volts 
             INTM = DATA_TIME - MAF_TIME                        __ clock ticks 
             AMINT = prev. AMINT + 1/2 * [MAF + FN0 36] * INTM   __ lbm 
             MAF = FN036(VMAF)                                  __ lbm/clock ticks 
             MAF_TIME = DATA_TIME                               __ clock ticks 
             RAWAIRCHG = AMINT                                  __ lbm/intake 
          2) AMINT = 0                                          __ lbm 
 
 
      3) During low engine speed operation, intake  pressure  pulsing  may  produce 
      backflow  through  the air meter.  Backflow i s misinterpreted as positive air 
      flow by the MAF sensor, which inflates  the  air  mass  values.   To  prevent 
      erroneous  ARCHI  calculations  due  to backf low, the strategy clips ARCHI to 
      AIR37 as a maximum value. 
 
      In the foreground at the PIP interrupt at  th e  completion  of  the  airmeter 
      integration, and perform the following: 
 
      RAWAIRCHG * ARCHCOR  
      + ARCHLI <OR=  AIR37  ----------------------- | ARCHI = RAWAIRCHG * ARCHCOR 
                                                   |          + ARCHLI 
                                                   | 
                                                   | ---- ELSE ---- 
                                                   | 
                                                   | ARCHI = AIR37 
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      In background, evaluate FN037, where the inpu t is N (engine speed) and 
      the output is AIR37. 
 
      AIR37 = FN037(N) 
 
      In background, look up the airflow correction  for pulsation: 
 
      ARCHCOR = FN1035(N,LOAD) 
 
      In  background,  calculate  the  aircharge   offset   for   leakage,   ARCHLI 
      (lbm/intake).   The  calibration  constant,  ARCHLK  (lbm/min),  includes all 
      leakage terms not measured by the air flow me ter  (such  as  PCV,  CANP,  EVR 
      solenoid, etc.) Typical calibration value is 0.15 lbm/min for 5.0L. 
 
      ARCHLI (lbm/intake) = ARCHLK (lbm/min) / N * ENGCYL 
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MANIFOLD FILLING MODEL 
 
 
      OVERVIEW 
 
 
           Because of the delays associated  with  manifold  filling,  the  airflow 
      through  a  meter mounted up- stream of the t hrottle body is not equal to the 
      port airflow on an instantaneous basis.  This  leads to fueling errors  during 
      transients.   To  compensate  for  these  err ors,  a  filtering algorithm was 
      developed. 
 
      When the throttle body airflow changes slowly , the filling filter constant is 
      proportional   to   engine   displacement/man ifold   volume   and  volumetric 
      efficiency.  A close approximation is an air charge filter constant,  FKARCH, 
      that  is proportional to (VEFF) * (engine dis placement/manifold volume)/ (2 * 
      ENGCYL). 
 
      During a fast tip-in the air charge can be ap proximated by a different filter 
      constant.   The  constant,  FKARC1  is propor tional to 1/2 * (VEFF) * (engine 
      displacement/manifold volume)/ENGCYL, however  the  volumetric  efficiency  at 
      wide open throttle is used. 
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      4) In the foreground at the PIP interrupt at the completion of the ARCHI clip 
      (item 3 above), filter the instantaneous airc harge using the Manifold Filling 
      Model: 
 
 
                             FOREGROUND FILTERED AI R CHARGE 
                             ---------------------- --------- 
 
 
      ARCHSW = 0  ------------------------| ARCHFG = ARCHI 
       (no filter on archg)               | 
                                          | ---- EL SE ---- 
                                          | 
      ARCHI/ARCHFG <OR= FILFRC -----------| ARCHFG = (1-FKARCH) * ARCHFG +  
       (fast vs. slow transient)          |          FKARCH * ARCHI 
                                          | (slow t ransient archg filter)  
                                          | 
                                          | 
                                          | --- ELS E --- 
                                          | 
                                          | ARCHFG = (1-FKARC1) * ARCHFG + 
                                          |          FKARC1 * ARCHI 
 
 
      Air charge is the air mass inducted per intak e stroke.  Once  per  background 
      loop, the strategy updates ARCHG to the most recent integration, ARCHFG. 
 
 
          In the background calculations: 
 
          IMFMFLG = 0 -----------| ARCHG = ARCHFG 
                                 | FILRC1 = ARCHI/A RCHFG 
                                 | 
                                 | --- ELSE --- 
                                 | 
                                 | ARCHG update is calculated during 
                                 | MAF sensor FMEM.  See FMEM logic. 
                                 | ARCHFG = ARCHG 
 
      Note: ARCHG update can be inhibited during MA F sensor FMEM. See FMEM logic. 
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CALIBRATION EXAMPLES: 
                                ------------------- ----- 
 
 
      Slow filter: 
 
      FKARCH ~ (VEFF) * (engine displacement/manifo ld volume)/(2 * ENGCYL) 
                                                     
                
 
              Assume: 
                      ENGCYL    = 3 
                      VEFF      ~ 0.60 
                      eng.disp. = 231 in.3 (3.8L su per charge) 
                      man.vol.  = 1200 in.3 (    "    ) 
                      FKARCH    = (0.6)*(231/1200) / 2*3 
                                = 0.019 
              Note: 
                      As the manifold volume gets s maller the ratio,  
                      engine displacement/manifold volume gets larger  
                      and the 'slow' filter becomes  very fast. 
 
 
      Fast filter: 
 
      FKARC1 ~ (VEFF) * (engine displacement/manifo ld volume)/(2 * ENGCYL) 
               
 
              Assume: 
                      VEFF      = 0.80   (wide open  throttle) 
                      FKARC1    = (0.80)*(231/1200) /2*3 
                      FKARC1    = 0.026 
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AIR CHARGE TEMPERATURE SENSOR (ACT) 
 
 
      FN703A (IACT) is the transfer function for th e air charge temperature sensor. 
      It converts from raw A/D counts to degrees F.  IACT is the raw A/D counts 
      from the ACT sensor. 
 
 
 
   Air Mass (AM) 
      Determine Air Mass (AM) value: 
 
 
      REFFLG = 0 ---------------| AM = (N * ENGCYL * ARCHG) 
                                | 
                                | --- ELSE --- 
                                | 
      FAM_FLG = 1 --------------| AM = FAM 
                                | where: 
                                |    MINAM <OR= AM <OR= 
                                |        (N * ENGCY L * ARCHG * MAXFAM) 
                                | 
                                | --- ELSE --- 
                                | 
                                | AM = (N * ENGCYL * ARCHG) 
                                | where: 
                                |    MINAM <OR= AM 
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BAROMETRIC PRESSURE 
 
 
      The barometric pressure will be read  with  a   sensor,  or  alternatively,  a 
      constant  value  will  be  used  (KONBP).   A   calibration  switch is used to 
      indicate that a sensor is to be read. 
 
 
      BPSSW = 1 ---------------------------| BP = B APBAR 
                                           | 
                                           | --- EL SE --- 
                                           | 
                                           | BP = K ONBP 
 
 
 
   BAROMETRIC PRESSURE FILTER (BAPBAR) 
 
 
      The  BAPBAR  calculation  is  a  time-depende nt  rolling  average  filter  of 
      Barometric  pressure  BAP.   The BAPBAR time constant TCBBAR is a calibration 
      constant. 
 
 
                              BAPBAR = UROLAV (IBAP ,TCBBAR) 
 
 
      See BP FMEM logic in the FMEM chapter. 
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INSTANTANEOUS BAROMETRIC PRESSURE (IBAP) (BPSSW = 1 ) 
 
 
      The BAP calculation is a conversion of the SC AP (Digital BAP)  sensor  period 
      into  the  corresponding barometric pressure.   BAP is updated each background 
      loop, using the largest even number of SCAP t ransitions which  have  occurred 
      since the last update.  The following paramet ers have been redefined but have 
      an equivalent in MX strategy. 
 
 
          GX                         MX 
          ----------------------------------------- --------- 
          IBAP                      MAP 
          BAPCNT                    MAPCNT 
          BAPCNTFLG                 MAPCNTFLG 
          BAPTMR                    MAPTMR 
          VBPMAX                    VMPMAX 
          BAPBAR                    MAPBAR 
 
 
      Upon each SCAP transition: 
 
      SCAP TRANSITION -----------------| Set BAPCNT  = BAPCNT + 1 
                                       | Set MINTIM 1 = Time of Scap  
                                       |  Transitio n 
                                       | Set MDELTA  = Time since last 
                                       |  transitio n 
 
 
      If the BP sensor was detected faulty, reset t he counters: 
 
      BAPTMR > VBPMAX -----|           | Set BAPCNT  = 0 
                           |OR --------| Set MINTIM 2 = Clock 
      MDELTA < VBPDL1 -----| 
 
 
      When BAP update is required: 
 
      BAPCNT is odd ------------------| Set BAPCNT = BAPCNT - 1 
                                      | Set MINTIM1  = MINTIM1 - MDELTA 
                                      | Set BAPCNTF LG = 1 
 
 
      BAPCNT NOT= 0 -------------------| Set IBAP =  FN000 (BAPCNT/2* 
                                       |    (MINTIM 1 - MINTIM2)) 
                                       | Set MINTIM 2 = MINTIM1 
                                       | Set BAPCNT  = 0 
 
 
      BAPCNTFLG = 1 -------------------| Set BAPCNT  = 1 
                                       | Set BAPCNT FLG = 0 
 
      BAPTMR is a free-running timer which is set t o zero after a SCAP 
      transition, during the background routines. S ee timer chapter. 
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BATTERY VOLTAGE FILTER (VBAT) 
 
 
      The  VBAT  calculation  is  a  time-dependent   rolling  average   filter   of 
 
      instantaneous  battery  voltage.   The  VBAT  time  constant  TCVBAT is not a 
      calibration constant and is set to produce a 0.1  second  VBAT  average  time 
      constant. 
 
 
                              VBAT = UROLAV (VBAT', TCVBAT) 
 
      Instantaneous Battery Voltage is calculated f rom: 
 
                            VBAT' = IIVPWR * VCAL *  KSF/IVCAL 
 
 
 
   BOO - BRAKE ON/OFF (Digital input) 
 
 
      This input is the voltage of the vehicle brak e and stop lamp  circuitry.   If 
      the  Brake  input hardware is present, a flag  named BIHP is set to 1.  If the 
      switch is not present in the system, then BIH P ijs set to 0. 
 
 
      BIHP = 1 ---------------------| 
                                    |AND -----| Bra ke Applied 
      BOO HIGH ---------------------|         | BIF LG = 1 
                                              | 
                                              | ---  ELSE --- 
                                              | 
                                              | Bra ke Not Applied 
                                              | BIF LG = 0 
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ENGINE COOLANT TEMPERATURE SENSOR (ECT) 
 
 
      FN703A (IECT) is the transfer function for th e ECT sensor. It converts from 
      raw A/D counts to degrees F. IECT is the raw A/D counts from the ECT sensor. 
 
 
   ENGINE COOLANT TEMPERATURE FILTER (ECT) 
 
 
      The ECT calculation is a  time-dependent  rol ling  average  of  instantaneous 
      engine coolant temperature.  The ECT time con stant TCECT is calibratable. 
 
 
                            ECT = ROLAV (FN703A(IEC T),TCECT) 
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EGR POSITION FILTER (EGRBAR) (PFEHP = 0) 
 
      The EGRBAR  calculation  is  a  time  depende nt  rolling  average  filter  of 
      instantaneous  EGR  valve  position  EVP.  It  is updated each background pass 
      while in RUN or UNDERSPEED  mode.   The  EGRB AR  time  constant  TCEGR  is  a 
      calibration parameter. 
 
                             EGRBAR = UROLAV (EVP,T CEGR) 
 
 
 
   EGR POSITION RATCHET (E0FF)  (PFEHP = 0) 
 
      The lowest filtered EGR position EOFF is cont rolled by the following logic: 
 
      EGRBAR < EOFF -------------| 
                                 | 
      CRKFLG = 0 ----------------|AND ---| SET EOFF  = EGRBAR 
       (RUN or UNDERSPEED mode)  | 
                                 | 
      APT = -1 ------------------| 
       (closed throttle mode) 
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IDLE DOWNSTREAM PRESSURE (EPTZER) LOGIC 
 
 
      CRKFLG = 1 --------------------| EPTBAR = EPT ZER 
                                     | 
                                     | --- ELSE ---  
                                     | 
      APT = -1 ---------------|      | Idle EPTZER Update 
                              |      |  
      N <OR= DSDRPM + IERPMH -|      | EPTZER =  
                              |AND --|        ROLAV  (IEPT,TCEPT) 
      EPTSW = 1 --------------|      |  
                              |      |  
      ECT >OR= CTEHI ---------|      | --- ELSE ---  
                                     |  
                                     | EPTBAR =  
                                     |        ROLAV  (IEPT,TCEPT) 
                                     | 
                                     | No Update to  EPTZER 
 
 
                            KEY ON EPTZER UPDATE (P FEHP = 1) 
 
 
      EPTZER is a KAM register.  Conditions for EPT ZER update are similar to  those 
      for  Inferred  BP.   The  same  enabling logi c may be used.  BPUFLG is the BP 
      update enable flag. 
 
 
      BPUFLG = 0 -------------| 
        (Power reset may      | 
         have occurred)       | 
                              | 
      PTPFLG = 1 -------------|OR ------| Do NOT Up date 
        (PIP Occurred)        |         |  EPTZER 
                              |         | 
      PUTMR < TKYON2 ---------|         | 
        (Too soon to update)  |         | --- ELSE --- 
                              |         | 
      PUTMR > TKYON3 ---------|         | 
        (Too late to update)            | Condition s are 
                                        |  appropri ate for update 
                                        |   
      IEPT > VEPTLL -----------|        | EPTZER =  
                               |AND ----|        RO LAV (IEPT+IDLDEL,TCEPT) 
      IEPT < VEPTHL -----------|        |  
                                        | --- ELSE --- 
                                        | 
                                        | Sensor ou t of range 
                                        | Initializ e EPTZER 
                                        | EPTZER = 650 
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      GX does not have Inferred BP, therefore, the  following  logic  needs  to  be 
      defined for GX. 
 
 
 
      PUTMR < TKYON1 --------------| Ignore any PIP s; probably 
                                   |   due to noise  transients 
                                   | PTPFLG = 0 
 
 
      PUTMR < TKYON1 --------------| 
                                   |AND ---| Allow Key On updates 
      KAM_ERROR = 1 ----|          |       | BPUFLG  = 1 
                        |OR -------| 
      BPKFLG = 0 -------| 
       (Not a reset) 
 
 
      PUTMR > TKYON2 --------------| 
                                   |AND ---| Begin ECTCNT for TCSTRT 
      ECTCNT = 0 ------------------|       | Calcul ation 
                                           | TCSTRT  = Arithmetic average 
                                           | of the  first 8 consecutive 
                                           | ECT re adings (ECTCNT is the counter) 
 
 
      UNDSP = 0 -------------------| 
        (RUN Mode)                 |AND ---| Enable  Key On updates 
                                   |       | for ne xt startup 
      ATMR1 > TKYON4 --------------|       |   
                                           | BPKFLG  = 0 
 
 
 
   EVP - EGR VALVE POSITION SENSOR (PFEHP = 1) 
            (Analog Sensor) 
 
 
      The EVP sensor provides a signal proportional  to the valve  position.   As  a 
      rule  of  thumb, pintle position (percent of Full Travel) is equal to (IEVP - 
      EOFF)*0.14. 
 
      The strategy converts pintle position (counts ) into EGR mass  flow  (EM),  in 
      the EGR strategy. 
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HEGO - HEATED EXHAUST GAS OXYGEN SENSOR (Analog Inp ut) 
 

 
      The HEGO sensor is a modified (it is connecte d to a power and a ground  wire) 
      EGO  sensor  and  provides  the  same functio ns as the EGO.  The modification 
      allows  it  to  heat  up  more  quickly  than   the  unmodified   EGO   sensor 
      (approximately  18  seconds  versus  80  seco nds),  thus providing an earlier 
      Closed Loop operation on a cold start.  This modification also allows  it  to 
      operate   at  cooler  locations  in  the  exh aust  system  providing  greater 
      flexibility in sensor packaging.   Associated   with  this  property  is  more 
      accurate  sampling  of  the exhaust when the HEGO may be placed closer to the 
      catalytic converter. 
 
      There is a slightly longer  transport  delay  between  EGO  switch  and  fuel 
      injection  changes which may cause a longer " tracking" effect, but the bottom 
      line is the ability to elicit a more even and  accurate sampling. 
 
      Additionally, the more stable sensor temperat ure of the HEGO is known to keep 
      contaminants  away  from  the sensor, reducin g degradation of the sensor over 
      50K miles.  It also avoids the EGO cool-down during Idle  which  occurs  with 
      the normal EGO. 
 
 
      IEGOn > 855 ------------------| HEGO is Lean 
                                    | EGOFLn = 0 
                                    | 
                                    | --- ELSE --- 
                                    | 
                                    | HEGO is Rich 
                                    | EGOFLn = 1 
 
 
      NOTE:  The A/D conversion of the "HEGO" is in verse to the analog signal  (low 
      signal  translates  to  high  counts).   Low  Oxygen  level = Rich gas = High 
      voltage (approximately 1.0 volt); High Oxygen  level = Lean gas = Low  voltage 
      (approximately 0.0 volt). 
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KS - KNOCK SENSOR 
(Digital Input) 

 
 
      KS is an accelerometer tuned to measure engin e vibration over a range within 
      which knock typically occurs.  KS is mounted on a strategic location of the 
      engine structure. The following logic is chec ked every PIP up-edge BEFORE 
      calculating the SPOUT. 
 
 
 
                                  KNOCK DETECTION L OGIC 
 
 
      KNOCK_DETECTED = 1 ---------| 
                                  |AND ---| Set KNO CK_OCCURRED = 1 
      KNK_HIGH = 1 ---------------|       | 
        (KI currently indicating          | --- ELS E --- 
         knock)                           | 
                                          | 
      KNOCK_DETECTED = 1 ---------|       | KNOCK_O CCURRED = 1 
                                  |AND ---| KNOCK_D ETECTED = 0 
      KNK_HIGH = 0 ---------------|       | 
        (KI currently indicating          | --- ELS E --- 
         NO knock)                        | 
                                          | KNOCK_O CCURRED = 0 
 
 
 
   MNPIPn - PIP FILTER 
 
 
      The PIP filter ignores PIP transitions which occur at a higher rate than the 
      maximum possible engine RPM. (The maximum pos sible engine RPM is generally 
      assumed to be the RPM at which the valves beg in to "float".) 
 
 
      MNPIPn = 60/(ENGCYL*"MAXRPM") * "Clock Freq"/ 36 
 
 
          n = 4 for a 4-cylinder engine  MNPIP4 = 1 923 at 15 MHz 
          n = 6 for a 6-cylinder engine  MNPIP6 = 1 282 at 15 MHz 
          n = 8 for a 8-cylinder engine  MNPIP8 =  961 at 15 MHz 
 
 
      NOTE:  MNPIP should correspond to an RPM whic h is greater than the  speed  at 
      which  the  strategy turns off the Fuel (Spee d Limiter).  The base values are 
      equivalent to 6500 RPM. 
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ENGINE SPEED CALCULATION (N and N_BYTE) 
 
 
      The  engine  speed  calculation  converts  th e  PIP  period   (time   between 
      consecutive  PIP signals) into the equivalent  engine speed (N) in revolutions 
      per minute (RPM).  The calculation is done ea ch background loop. 
 
 
      N_BYTE = N = 30/PIP PERIOD      (4-cylinder, ENGCYL = 2) 
 
      N_BYTE = N = 20/PIP PERIOD      (6-cylinder, ENGCYL = 3) 
 
      N_BYTE = N = 15/PIP PERIOD      (8-cylinder, ENGCYL = 4) 
 
 
      NOTE: 
 
 
      1) If the PIP period becomes >OR= TSTALL, N a nd N_BYTE are set to zero.  This 
      insures  that  if  the  PIP signal goes away because of a stall, N and N_BYTE 
      will become zero to trigger CRANK mode. 
 
      2) A comparison of N and N_BYTE is shown belo w: 
 
 
                                    N              N_BYTE 
      --------------------------------------------- ------------------ 
      Precision:             double (word)        s ingle (byte) 
      Range:                 0 to 7000+           0  to 4080 
      Resolution:            .25                  1 6 
      Units:                 RPM                  R PM 
      Initial Value:         0                    0  
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ENGINE SPEED FILTER (NBAR) 
 
 
 
      The  NBAR  calculation  is  a  time-dependent   rolling  average   filter   of 
      instantaneous  engine  speed  N.  It is updat ed each background pass while in 
      RUN or UNDERSPEED mode.  The NBAR time consta nt TCN is calibratable. 
 
 
                                  NBAR = UROLAV (N, TCN) 
 
 
 
   ENGINE SPEED FILTER (NDBAR) 
 
      The  NDBAR  calculation  is  a  time  depende nt  rolling  average  filter  of 
      instantaneous  engine  speed  N.  It is updat ed each background pass while in 
      RUN or UNDERSPEED mode.  The NDBAR time  cons tant  TCNDBR  is  a  calibration 
      parameter. 
 
 
                                NDBAR = UROLAV (N,T CNDBR) 
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INDS INPUT - NEUTRAL/DRIVE SWITCH INPUT 
 
 
      OVERVIEW 
 
 
      This input  reflects  the  applied  transmiss ion  load  to  the  engine,  ie. 
      neutral/park, drive/in gear. 
 
    -  Manual transmissons can  be  configurated  w ith  a  clutch  and  gear 
              switch,  a clutch switch only, a gear  switch only, or neither switch. 
              The input therefore can be used to de termine a neutral  state  (trans 
              in  neutral  or  clutch  depressed) v ersus in gear state.  If neither 
              clutch or gear switch is used, the 5 volt module pull up provides  an 
              "in  gear"  indication which can be o verridden by proper selection of 
              the TRLOAD software switch.  (Set TRL OAD = 0). 
 
    -  Non-electronic automatic transmissions typic ally  have  a  two  state 
              switch  which  indicates  neutral or drive.  All transmissions except 
              the AXOD use a mechanical switch conn ected to  the  gearshift  lever. 
              Drive  is  indicated  by a 5 volt sig nal, neutral is indicated by a 0 
              volt  signal.   AXOD  are  unique  in   that  instead   of   using   a 
              Neutral/Drive  switch, the AXOD uses a Neutral Pressure switch.  This 
              is a hydraulic switch which senses hy draulic pressure in the  forward 
              clutch.   The  voltage  indicated  by   the  NPS  is  opposite to that 
              indicated by the NDS.  Drive is indic ated by 0 volts and  neutral  is 
              indicated  by 5 volts (except in over drive).  The NPS must be used in 
              conjunction with the two other transm ission hydraulic  switches  (THS 
              2/3  and  THS  3/4)  to properly deco de neutral, forward, and reverse 
              states. 
 
    -  Electronic automatic transmissions typically  use a 6  position  PRNDL 
              sensor  to determine the operator sel ected gear.  The PRNDL sensor is 
              a ratiometric sensor with six  discre te  resistors  in  series.   The 
              sensor  is  decoded  by looking at th e differing voltages produced by 
              each of the PRNDL positions. 
 
 
 
          The engine control strategy typically req uires information on the current 
          state  of  engine  loading.  This is prio vided by NDSFLG.  If NDSFLG = 1, 
          the engine is loaded (trans.  in gear or in drive).  If NDSFLG =  0,  the 
          engine is unloaded (trans.  in neutral or  clutch depressed).  DNDSUP, the 
          delayed neutral/drive flag  contains  exa ctly  the  same  information  as 
          NDSFLG  except  that  it  is  delayed (se e FN394 F/R, NDDTIM, etc.) in an 
          attempt to match PRNDL movement with actu al application  of  transmission 
          load.  (Manual transmission automatically  get a 0 delay time). 
 
          NDSFLG or DNDSUP are typically used in id le speed control mode select and 
          air flow computations, fuel enrichment on  auto transmission neutral/drive 
          transitions, adaptive fuel, decel fuel sh utoff and vehicle speed  control 
          (as well as VIP). 
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DEFINITIONS 
 
          INPUTS 
 
          Registers: 
 
    -  INDS  =  IACC_NDS  =  Raw  input  from  A/D  in  counts.    Indicated 
              transmission state. 
 
    -  NDDTIM = Timer which tracks time  since  Neu tral/Drive  switch  state 
              change, sec. 
 
          Bit Flags: 
 
    -  INDFLG = Instantaneous Neutral/Drive flag. 
 
    -  NDSFLG = For automatic transmissions:  1 = P RNDL indicates in gear, 0 
              = PRNDL indicates neutral.  For manua l transmissions:  1 = clutch out 
              and/or transmission in gear, 0 = clut ch  in  and/or  transmission  in 
              neutral. 
 
          Calibration Constants: 
 
-  FN394F(ECT) = Time delay before transmission eng ages - forward gear. 
 
    -  NDDELT = Time delay before N/D to D/N switch  registers in DNDSUP. 
 
    -   
              TRLOAD = Transmission Load switch. 
                       0 = Manual Transmission, no clutch or gear switches, 
                           forced neutral state (ND SFLG = 0). 
                       1 = Manual Transmission, no clutch or gear switch. 
                       2 = Manual Transmission, one  clutch or gear switch. 
                       3 = Manual Transmission, bot h clutch and gear switches. 
                       4 = Auto Transmission, non-e lectronic, neutral drive switch. 
                       5 = Auto Transmission, non-e lectronic, neutral pressure 
                           switch, (AXOD). 
                       6 = Auto Transmission, elect ronic, PRNDL sensor - park, 
                           reverse, neutral, overdr ive, manual 1, manual 2. 
 
 
 
          OUTPUTS 
 
          Bit Flags: 
 
    -   
              DNDSUP  =  Delayed   neutral   drive   indication.    For   automatic 
              transmissions:   1  = transmission is  in gear, 0 = transmission is in 
              neutral.  For manual transmissions:  DNDSUP = 0. 
 
    -  NDSFLG = For automatic transmissions:  1 = P RNDL indicates in gear, 0 
              = PRNDL indicates neutral.  For manua l transmissions:  1 = clutch out 
              and/or transmission in gear, 0 = clut ch  in  and/or  transmission  in 
              neutral. 
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PROCESS 
 
          NDSFLG - INSTANTANEOUS (NON-DELAYED) TRAN SMISSION STATE 
 
 
          INDFLG = 0 ------------| 
                                 |OR ---| Set NDSFL G = 0 
          TRLOAD = 0 ------------|      |  (neutral  state) 
           (forced neutral)             | 
                                        | (Zero NDD TIM timer on 
                                        |  the tran sition) 
                                        | 
                                        | --- ELSE --- 
                                        | 
                                        | Set NDSFL G = 1 
                                        |  (drive/l oaded state) 
                                        | 
                                        | (Zero NDD TIM timer on 
                                        |  the tran sition) 
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DNDSUP FLAG LOGIC 
 
 
          The DNDSUP flag is used to delay  the  st rategy  response  to  a  "PRNDL" 
          change  until  the  transmission actually  shifts.  The transmission shift 
          response is inferred using a time delay s ince the PRNDL change. 
 
 
          NDDTIM >OR= NDDELT ----------| DNDSUP = N DSFLG 
                                       | 
                                       | --- ELSE - -- 
                                       | 
                                       | No Change to 
                                       | DNDSUP 
 
 
       DNDSUP - DELAYED TRANSMISSION STATE 
 
 
          Neutral Indication --------------| 
           (NDSFLG = 0)                    |AND --- | 
                                           |       | 
          Transmission Disengaged --|      |       | 
           (NDDTIM >OR= NDDELT)     |OR ---|       | 
                                    |              |OR --| Set DNDSUP = NDSFLG 
          TRLOAD <OR= 3 ------------|              |     |  (Update delayed 
           (Manual Transmission)                   |     |   Neutral/Drive flag) 
                                                   | 
          Drive Indication ----------------|       | 
           (NDSFLG = 1)                    |AND --- | 
                                           |        
          Transmission Engaged -----|      |        
           (NDDTIM >OR= FN394F)     |      | 
                                    |OR ---| 
          TRLOAD <OR= 3 ------------| 
           (Manual Transmission) 
 
 
          Automatic Transmission: 
 
          DNDSUP delays strategy recognition of  a  transmission  shift  until  the 
          transmission  actually  engages or diseng ages (regardless of the state of 
          the gear switch (or pressure switch) inpu ts).  The time delay, FN394F  is 
          dependant  upon the type of transmission used.  Therefore, calibration of 
          these functions should be coordinated wit h the  appropriate  transmission 
          development activity. 
 
          Manual Transmission 
 
 
               If TRLOAD = 0, NDSFLG is forced to 0 , therefore DNDSUP is always  0. 
          If  TRLOAD  is  1,2  or 3, DNDSUP will fo llow the state of NDSFLG with no 
          time delay. 
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PIP - PROFILE IGNITION PICKUP (Digital Input) 

 
 
      The PIP Sensor is the Hall Effect Sensor.  Th e Hall Effect Sensor  outputs  a 
      square wave pulse producing one profile pulse  of the narrow band of the cycle 
      being sampled.  A discrepancy exists between the Hall Effect Sensor  and  PIP 
      since  PIP  is  not precisely a 50 percent du ty cycle.  The software has been 
      designed to accomodate this difference provid ing greater accuracy by  use  of 
      the  KAY  factor.   The  timer  which  keeps track of the time since last PIP 
      (TSLPIP) functions with 0.001 second resoluti on.  An example of PIP's use  in 
      Knock control is shown below. 
 
                           N(RPM) = 60/(ENGCYL * "P IP PERIOD") 
 
      "PIP PERIOD" has units of secs. 
      If the PIP period (time elapsed since the las t PIP signal) becomes greater  
      than or equal to TSTALL (800 msec), the engin e speed RPM is set to zero.  
      This insures that if the PIP signal  goes awa y because of a stall, RPM 
      will become zero to trigger CRANK mode. 
 
 
                                PIP COUNTER CONTROL  LOGIC 
 
 
      CRKFLG = 1-----| 
       (CRANK mode)  |AND ----| Count PIP signals a s they occur. 
                     |        |  (PIPCNT is the cou nter) 
      N > NRUN ------|        |  
                              |  
                              | --- ELSE --- 
                              | 
                              | Stop counting PIP s ignals 
                              | PIPCNT = 0 
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PIP NOISE FILTER 
 
 
               ************            ************ * 
               *          *            *           * 
               *          *            *           * 
               *          *            *           * 
               *          *            *           * 
               *          **************           ************ 
 
               | <-------------------> | 
 
               PIP up edge to PIP up edge 
                       filter 
 
               | <-----> | 
 
               PIP up edge to PIP down edge 
                       filter 
 
 
 
           In the EEC-IV system, there is a method of noise blanking  to  eliminate 
      some  of  the  noise that occurs on the PIP i nput.  There is a PIP up edge to 
      PIP up edge filter.  An interval value is usu ally picked out of a  table  and 
      is  in  the  units  of clock ticks.  The equi valent millisecond value of this 
      time corresponds to some high value of engine  rpm.  If a PIP up edge  follows 
      a  previous  PIP up edge at an interval less than this time, then that PIP up 
      edge is ignored, and treated as noise. 
 
           The table value (TABVAL) is divided by f our and is used  to  filter  the 
      PIP  up  edge  to  PIP down edge interval.  I f the computed time from the PIP 
      down edge to the previous PIP up edge is less  than (TABVAL/4), then that  PIP 
      down edge is ignored. 
 
           A typical value for  the  table  value  would  be  the  equivalent  time 
      interval  for the PIP input at maximum engine  rpm.  For an 8 cylinder engine, 
      the value would be:  2.5 milliseconds (833 cl ock ticks for 12 mhz).   In  GU, 
      the  calibration  values  are MNPIPn.  They a re defined in this chapter where 
      MNPIPn is described. 
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PSPS - POWER STEERING SWITCH (Available but NOT cur rently used) (Digital Input) 
 
 
      PSPS is a switch which opens/closes based on the level of the power  steering 
      pressure.   If  the pressure is greater than,  or equal to that exerted by the 
      switch the circuit is opened; if the switch i s closed (PSPS is  greater  than 
      pressure) then a signal is output of 0.4 Volt s direct current or less. 
 
 
      PSPS LOW ------------------------| No Power S teering Load 
                                       | POWSFG = 1  
                                       | 
                                       | --- ELSE - -- 
                                       | 
                                       | Power Stee ring Load 
                                       | POWSFG = 0  
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TAR - THROTTLE ANGLE RATE 
(Analog Input) 

 
 
      TAR input comes from an analog differentiator  circuit which is fed by the  TP 
      Sensor  (Described  below).   Units of TAR ar e degrees per second.  TAR is an 
      important factor in controlling the amount of  fuel injection  as  well  as  a 
      vital  part  of  Idle  Speed  control.   Both  NQ and MX provide this function 
      through a hardware/software combination, whil e 9X uses a software TAR. 
 
 
      OLDTP - TP > TPDLTA ----------| TAR = 0 
                                    | 
                                    | --- ELSE --- 
                                    | 
                                    | TAR = (655 - ITAR)/5.42 
 
 
 
   TP - THROTTLE POSITION SENSOR 
           (Analog Input) 
 
 
      TP sensor is a rotary ratiometric device resp onding  to  the  throttle  shaft 
      position  outputting  a  voltage  which  is h igh if the TP angle is great and 
      small when the TP angle is small.  TP sensor measures a range of 0-50 degrees 
      of   throttle   movement.    One  degree  of  throttle  travel  is  equal  to 
      approximately 9.6 counts. 
 
 
 
   THROTTLE POSITION FILTER (TPBAR) 
 
 
      The  TPBAR  calculation  is  a  time-dependen t  rolling  average  filter   of 
      instantaneous  throttle  position  (TP).   It  is updated each background pass 
      while in  RUN  or  UNDERSPEED  mode.   The  T PBAR  time  constant,  TCTP,  is 
      calibratable parameter. 
 
 
                                TPBAR = UROLAV (TP, TCTP) 
 
   THROTTLE POSITION FILTER (TBART) 
 
      The TBART calculation, used  in  the  Knock  Strategy,  is  a  time-dependent 
      rolling  average  filter  of  instantaneous  throttle  position  (TP).  It is 
      updated each background pass while in RUN or UNDERSPEED mode.  The TBART time 
      constant, TCTPT, is calibratable parameter. 
 
                                TBART = UROLAV (TP, TCTPT) 
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THROTTLE POSITION RATCHET (RATCH) 
 
 
      The throttle position ratchet (RATCH) continu ously seeks a  lower  value  for 
      both  throttle  angle  breakpoints,  CLOSED  THROTTLE/PART  THROTTLE and PART 
      THROTTLE/WOT, by seeking the lowest filtered  throttle  angle  (TPBAR).   The 
      algorithm is not used during CRANK mode. 
 
 
      CRKFLG = 0 -----------------| 
                                  |         | RATCH  = TPBAR 
      TPBAR <OR= RATCH -----------|AND -----|  
                                  |         | --- E LSE --- 
      N > 450 RPM ----------------|         | 
                                            | NO CH ANGE TO RATCH 
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VSS - VEHICLE SPEED SENSOR 
(Digital Input) 

 
 
      VSS is part of the EEC system and is used als o  by  the  dashboard  computer. 
      VSS  is  a  digital  input  whose  frequency is proportional to vehicle speed 
      (similar to relationship of PIP signal to RPM ). 
 
 
   VS CALCULATION 
 
      The vehicle speed sensor signal frequency  is   proportional  to  the  vehicle 
      speed.  The sensor frequency varies from 0 to  280 Hz. 
 
                           VEHICLE SPEED = 0.45 / ( VSS Period) 
 
      The strategy updates VS once  per  background   loop  if  the  sensor  voltage 
      crossed zero volts (MPHCNT > 0) during the pr evious background loop. 
 
                        DURING VEHICLE SPEED SENSOR  INTERRUPT: 
                                  (Rising Edge Only ) 
 
                                 MPHCNT = MPHCNT + 1 
                                 MPHTIM1 = Clock Ti me 
 
 
      IF FIRST_MPH = 0 ---| MPHTIM1 = Clock Time, F IRST_MPH = 1 
                          | 
                          | --- ELSE --- 
                          | 
                          | MPHCNT = MPHCNT + 1 
                          | MPHTIM1 = Clock Time 
 
 
      Once per background, the following logic is e xecuted. 
 
      TSLMPH >OR= 255 msec -------| Set FIRST_MPH =  0 
                                  | VS = 0 
                                  | MPHTIM2 = MPHTI M1 
                                  | 
                                  | --- ELSE --- 
                                  | 
      MPHCNT > 0 -----------------| VS = 0.45 * MPH CNT/ 
                                  |  (MPHTIM1 - MPH TIM2) 
                                  | MPHCNT = 0 
                                  | MPHTIM2 = MPHTI M1 
                                  | 
                                  | --- ELSE --- 
                                  | 
                                  | Do NOT Update V S 
                                  | MPHTIM2 = MPHTI M1 
 
      NOTE:  The software will handle the  unit  co nversion  from  clock  ticks  to 
      seconds  (1  tick = 3.0*10E-6 sec, 12 MHz EEC ; 1 tick = 2.4*10E-6 sec, 15 MHz 
      EEC) 
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VSCCS - VEHICLE SPEED CONTROL COMMAND SWITCH 
(Analog Input) 

 
      The VSCCS is the output of a voltage divider network. The range of the VSCCS 
      output is selected by the vehicle's driver by  means of steering wheel-mounted 
      switches. The software uses a timer to deboun ce the switch input. If the 
      instantaneous input IVSCCS is stable, the VSC CS register is updated. 
 
 
      DEBTMR >OR= DEBTIM ------|        
                               |AND ---| VSCCS = IV SCCS 
      VSCHP = 1 ---------------| 
 
 
 
   VEHICLE SPEED (MPH) 
 
 
      The  MPH  calculation  is  a  time-dependent  rolling   average   filter   of 
      instantaneous  vehicle  speed,  VS.   The  MP H  time  constant,  TCMPH,  is a 
      calibratible parameter. 
 
                                 MPH = UROLAV (VS,T CMPH) 
 
 
 
   VEHICLE SPEED (VSBAR) 
 
 
      VSBAR calculation is a time-dependent rolling  average filter of instantaneous 
      vehicle speed, VS.  The time constant, TCVS, is a calibratible parameter. 
 
                                VSBAR = UROLAV (VS, TCVS) 
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ROLLING AVERAGE ROUTINE (ROLAV/UROLAV) 
 
 
      OVERVIEW 
 
           The EEC-IV filters inputs using a rollin g average routine.  This routine 
      requires a time constant, a sampling rate, an  old average, and a new value to 
      compute the new average.  The equation is: 
 
      NEW AVERAGE = FILTER CONSTANT * NEW VALUE + ( 1 - FILTER CONSTANT) * 
                    OLD AVERAGE 
 
      where FILTER CONSTANT = 1/(1 + TIME CONSTANT / SAMPLE PERIOD);  the  sampling 
      period  is  the time elapsed between new calc ulations.  For most filters, the 
      sampling period will equal the background loo p time.  The time constant is  a 
      function  of  the input being filtered.  When  the (NEW VALUE - OLD AVERAGE) * 
      FILTER CONSTANT is less than the bit  resolut ion  of  new  average,  the  old 
      average  is incremented or decremented by 1 b it per calculation until the new 
      average equals the old average.  The strategy  will  specify  rolling  average 
      filters using the following structure: 
 
      Set new_avg      = (U)ROLAV(new_value,time_co nst) 
      where new_avg    = output of rolling average filter 
            ROLAV      = signed rolling average rou tine 
            UROLAV     = unsigned rolling average r outine 
            new_value  = input value to filter 
            time_const = time constant 
 
 
      DEFINITIONS 
 
      INPUTS 
 
      Registers: 
 
-  TCxxxx = Time constant (seconds). 
 
-  FK_TMR = sampling period (seconds). 
 
-  old average = Last output from filter routine. 
 
-  new value = Most recent value of input to be fil tered. 
 
 
 
      OUTPUTS 
 
      Registers: 
 
-  new average = Latest filtered value. 
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PROCESS 
 
      FKxxxx = 1/[1 + (TCxxx/FK_TMR)] 
 
 
       -1 Bit < FKxxxx * (new value - old average) < 0 -| new average =  
                                                        |  old average - 1 bit 
                                                        | 
                                                        | --- ELSE --- 
                                                        | 
      0 < FKxxxx * (new value - old average) < 1 Bi t ---| new average =  
                                                        | old average  + 1 bit 
                                                        | 
                                                        | --- ELSE --- 
                                                        | 
                                                        | new average =  
                                                        |  old average + 
                                                        | FKxxxx * (new value -  
                                                        |           old average) 
 
 
      Note:  If (new value - old average) equals ze ro,  
             then new average = old average. 
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                      INPUT LIST FOR ROLLING AVERAG E FILTER ROUTINE 
 
      new value          old average        FK_TMR           TCxxxx 
      ---------          -----------        ------           ------ 
 
      LOAD                AELOAD            BG_TIME R         TCAELD 
      BAP                 BAPBAR            BG_TIME R         TCBBAR 
      FN703A(IECT)        ECT               BG_TIME R         TCECT 
      IEPT+IDLDEL         EPTZER            BG_TIME R         TCEPT 
      IEPT                EPTZER            BG_TIME R         TCEPT 
      IEPT                EPTBAR            BG_TIME R         TCEPT 
      N                   NDBAR             BG_TIME R         TCNDBR 
      N                   NBAR              BG_TIME R         TCN 
      TP                  TPBAR             BG_TIME R         TCTP 
      VS                  VSBAR             BG_TIME R         TCVS 
      FN1341              INJDLY            BG_TIME R         TCINJD 
      CINTV               INJDLY            BG_TIME R         TCINJD 
      INJDLY'             INJDLY            BG_TIME R         TCINJD 
      FN221+EOFF          DELOPT            BG_TIME R         TCDLOP 
      DP'                 DESDP             BG_TIME R         TCDP 
      DSDRPM              DESNLO            BG_TIME R         TCDESN 
      AM                  FAM               FFMTMR           TCFAM 
      ACT                 ECT               BG_TIME R         TCECT 
      IEGO                EGOBAR            BG_TIME R         TCVEGO (VIP) 
      IEPT                CFIEPT            BG_TIME R         VTCEPT (VIP) 
      EVP                 EGRBAR            BG_TIME R         TCEGR 
      TP                  TBART             BG_TIME R         TCTPT 
      VBAT'               VBAT              BG_TIME R         TCVBAT 
      VS                  MPH               BG_TIME R         TCMPH 
      EGRACT'             EGRACT            BG_TIME R         TCEACT 
      TP                  DSTPBR            BG_TIME R         TCDASD 
      TP                  DSTPBR            BG_TIME R         TCDASU 
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      CALIBRATION PHILOSOPHY 
 
      1)  The values for the time constants in the base calibration were calculated 
          using  the filter constants in the base c alibration an assumed background 
          loop time of 25 msec, and the following e quation: 
 
                time constant = [(1/filter constant ) - 1] * sampling period. 
 
          (Sample  period  approximately  equals  b ackground  loop  time  for  most 
          filters.  FAM is the exception.) 
 
      2)  Several filter constants are currently no n-calibratable.  With  this  EMR 
          (8-092), the time constants for these bec ome calibratable.  The effective 
          time constants for these have been increa sing  as  the  background  loops 
          have increased.  This could develop into some problems in the calibration 
          if the time constants were to suddenly ch ange, so the values in the  base 
          calibration  are  equal to the current ef fective time constant (assume 25 
          msec loop time). 
 
      3)  In previous releases the filter constant was the  calibration  parameter. 
          This  gave an increasing time constant as  rpm (loop time) increased.  Now 
          the time constant is fixed.  All filters will act  differently  with  the 
          implementation of EMR 8-092. 
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TIMER SUMMARY 
 
 
   TIMER             DESCRIPTION 
   -----             ----------- 
 
   ACBTMR            A/C Clutch Brake Timer (sec) 
 
   ACCTMR            Time since A/C Clutch Cycled ( sec) 
 
   ACITMR            A/C Clutch Idle Turn-on  
                     Delay Msec Timer (msec) 
 
   ACWTMR            Time since A/C WOT Mode (sec) 
 
   ADPTMR            Adaptive fuel timer (sec) 
 
   ATMR1             Time since start (time since e xiting crank 
                     mode) (sec) 
 
   ATMR2             Time since engine coolant temp erature became 
                     greater than TEMPFB (sec) 
 
   ATMR3             Time since Entering RUN Mode ( sec) 
 
   A3CTMR            Time between A3C state changes . 
 
   BAPTMR            Time since last BP sensor inte rrupt (msec) 
 
   CRKTMR            Time in CRANK Mode (sec) 
 
   CTATMR            Closed Throttle Upstream Air T imer (sec) 
 
   CTNTMR            Closed Throttle mode neutral t imer (sec) 
 
   CTTMR             Time at closed throttle timer (sec) 
 
   DEBTMR            Vehicle Speed Command Switch D ebounce Timer (sec) 
 
   DLTMR             Decel fuel low load timer, sec . 
 
   EDFTMR            Electro-Drive Fan Timer (sec) 
 
   FFMTMR            FAM filter timer (sec) 
 
   HLTMR             High LOAD timer (sec) 
   HMTMR             Timer limiting Upstream Air (s ec) 
   HWTMR             Time at which A3CTMR remains b elow threshold. 
   LESTMR1           EGO-1 lack of switching timer (sec) 
   LESTMR2           EGO-2 lack of switching timer (sec) 
   LUGTMR            LOM load transition timer (sec ) 
   MFATMR            Managed Fuel/Air timer (sec) 
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   MULTMR            Time since incrementing LAMMUL  (msec) 
 
   NACTMR            Time not at closed throttle (s ec) 
 
   NDDTIM            Time since neutral/drive switc h state change 
                     (sec) 
 
   NWOTMR            Not at Wide Open Throttle Time r. (sec) 
 
   PRGTMR            Canister purge accumulation ti mer (sec) 
 
   PUTMR             Time since CPU power-up (msec)  
 
   TSEGRE            Accumulated time EGR is enable d (sec) 
 
   TSLPIP            Time since last PIP (msec) 
 
   WCOTMR            A/C Clutch WOT Cutout Timer (s ec) 
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DEFINITIONS 
 
 
      INPUTS 
 
      Registers: 
 
-  APT = Throttle mode flag (-1 = closed throttle; 0 = part throttle; 
                                      1 = wide open  throttle) 
 
-  BP = Barometric absolute pressure. 
 
-  ECT = Engine coolant temperature, deg. F. 
 
-  EDF = Electro drive fan flag, if set to 0, energ ized. 
 
-  IVSCCS = A/D Conversion of the speed control com mand switch, 
                   counts. 
 
-  IVSCCS_LST = Previous valid SCCS input. 
 
-  LOAD = Universal normalized load parameter. 
 
-  N = Engine speed, RPM. 
 
-  NDBAR = Filtered engine speed. 
 
-  RATCH = Lowest filtered throttle position, count s. 
 
-  TCSTRT = Temperature of ECT at cold start-up, de g.F. 
 
-  TP = Instantaneous throttle position, counts. 
 
-  VSCCS = Previous valid SCCS input. 
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      Bit Flags: 
 
-  ACCFLG = A/C status flag (0 = A/C disabled; 1 = A/C 
                   enabled). 
 
-  ACIFLG = Flag to indicate that idle speed contro l 
                   system should prepare for load i ncrease. 
 
-  AFMFLG = Flag indicating that ACT sensor has fai led. 
 
-  BIFLG = Brake is on. 
 
-  CFMFLG = Flag indicating that ECT sensor is in/o ut of range. 
 
-  CRKFLG = Crank flag (1 = engine in Crank mode). 
 
-  CTNFLG = 1 = closed throttle neutral idle. 
 
-  DNDSUP = Drive/Neutral select. 
 
-  IDLFLG = Flag indicating transmission in drive a nd at idle. 
 
-  MFAFLG = Managed Fuel Air State flag, set to 1 i f MFA 
                   is being used. 
 
-  MFMFLG = Flag indicating that MAF sensor has fai led. 
 
-  NDSFLG = Neutral/Drive flag, 1 = Drive. 
 
-  SWTFLG = Managed Fuel Air State Flag. 
 
-  UNDSP = Underspeed flag, if set to 1 indicates U nderspeed 
                  mode or Crank. 
 
-  WMEGOL = Flag indicating Wrmego was 1 at least o nce. 
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      Calibration Constants: 
 
-  AFECT1 = Minimum ECT for starting the Adaptive F uel timer, 
                   deg F.  
 
-  AFECT2 = Overtemp ECT to zero the adaptive fuel timer. 
 
-  BYHTMR = Bankline timer time delay for Thermacto r bypass. 
 
-  BYPLES = Time delay before bypass after last Ego  switch. 
 
-  CTHIGH = Hot start minimum engine coolant temper ature, 
                   Deg F. 
 
-  CTLOW = Cold start maximum ECT, deg F. 
 
-  DEBAMP = Minimum change in IVSCCS to reset the d ebounce 
                   timer. 
 
-  DEBTIM = Debounce time delay. 
 
-  DFLDH = Decel Fuel low load hysteresis. 
 
-  DFLDL = Decel Fuel low load shut off. 
 
-  FN087 = Time delay to enable A/C Clutch; maximum  allowable 
time A/C disabled at WOT. Input = TP-RATCH (A/D 
Counts) 
 
-  FN125 = LOM Load function to activate LOM spark strategy. 
Input: RPM and Output: load. 
 
-  FN306 = Cranking fuel pulsewidth multiplier vers us 
time in crank, sec. X-input = CRKTMR. 
 
-  FN880(CTNTMR) = DSDRPM adder vs. time at Idle, s ec. 
 
-  EGRMPT = Egrate ramp time for TCSTRT <or= CTLOW,  sec. 
 
-  HLODH = Upper LOAD Limit for Closed Loop Fuel Co ntrol, 
                  unitless. 
 
-  IDLRPM = Maximum RPM for Closed Throttle Mode Id le, rpm. 
                   Range of 0 to 7000, accuracy of 25 RPM. 
 
-  IDRPMH = Hysteresis for IDLRPM. 
                   Range of 0 to 1000, accuracy of 25 RPM. 
 
-  INLRPM = Maximum RPM to increment CTHTMR. 
 
-  INLRPH = Hysteresis for INLRPM. 
 
-  LOESSW = Logic switch to reenter closed loop due  to lack of 
                   Ego switching open loop. 
 
-  LUGSW = LUGTMR logic switch. 
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-  LUGTIM = Engine load transition time, sec. 
 
-  MFALH = Managed fuel air state maximum Load cond ition. 
 
-  MFALHH = Hysteresis for MFALH. 
 
-  MFALL = Managed Fuel Air State Minimum load valu e. 
 
-  MFANLO = Managed Fuel Air State minimum RPM. 
 
-  MFANHH = Hysteresis for MFANHI. 
 
-  MFANHI = Managed Fuel Air State Maximum RPM. 
 
-  MFANLH = Hysteresis for MFANLO. 
 
-  MFASN = Managed fuel air state constant RPM entr y 
                  condition. 
 
-  MFATM1 = ATMR1 MFA enable time delay for TCSTRT <or= 
                   CTLOW. 
 
-  MFATM2 = ATMR1 MFA enable time delay for CTLOW <  
                   TCSTRT < CTHIGH. 
 
-  MFATM3 = ATMR1 MFA enable time delay for TCSTRT 
                   >or= CTHIGH. 
 
-  MFATM4 = ATMR2 MFA enable time delay for TCSTRT 
                   <or= CTLOW. 
 
-  MFATM5 = ATMR2 MFA enable time delay for CTLOW <  
                   TCSTRT < CTHIGH. 
 
-  MPMNBP = Minimum BP for fuel economy mode; used in 
                   MFATMR logic. 
 
-  MPNBPH = BP Hysteresis for MPMNBP in SWTFLG logi c. 
 
-  NIHYS = Neutral Idle Hysteresis, sec. Base value  is 2, range 
                  is 0 to 100. 
 
-  NIOLD = Neutral Idle Open Loop Delay, sec. Base value is 255, 
                  range is 0 to 255. 
 
-  SWTCNT = Managed fuel air state EGO switch requi rement. 
 
-  TEMPFB = Minimum ECT required to start ATMR2 tim er, 
                   deg F. 
 
-  THBP4 = Minimum throttle position above RATCH fo r WOT  
                  A/C cut-out, counts. 
 
-  THBP4H = Hysteresis term for throttle position, counts. 
 
-  UPLOD = Minimum PERLOAD to disable Upstream Air.  
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-  UPLODH = Hysteresis term added to UPLOD to defin e Minimum 
                   LOAD to enable Upstream Air. 
 
-  UPRPM2 = Maximum RPM for decel upstream air. 
 
-  UPRPMH = Hysteresis for INLRPM. 
 
-  VSMPG = Minimum Vehicle Speed to remain in MFA M ode 
                 (if speed sensor is present), mph.  
 
-  VSMPGH = Hysteresis term for entering MFA mode. 
 
-  VSTYPE = Vehicle speed sensor cruise control H/W  present switch; 
                   0 = No vehicle speed and no crui se control, 
                   1 = Vehicle speed sensor, no cru ise control (VSS), 
                   2 = Both vehicle speed sensor an d cruise control (VSS+VSC). 
 
 
 
      OUTPUTS 
 
      Bit Flags: 
 
-  ADPTMR_FLG = Adaptive Fuel Time Flag. 
 
-  CTAFLG = Closed throttle decel upstream air flag . 
 
-  CTNFLG = 1 = closed throttle neutral idle. 
 
-  DMFLG = Decel fuel low load timer enabled flag, 1 = Count up timer. 
 
-  IDLFLG = Flag indicating transmission in drive a nd at idle. 
 
-  LEGOFG1 = Lack of EGO-1 switching. 
 
-  LEGOFG2 = Lack of EGO-2 switching. 
 
-  MFAFLG = Managed Fuel Air State flag, set to 1 i f MFA 
                   is being used. 
 
-  SWTFLG = Managed Fuel Air State Flag. 
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TIMER CONTROL LOGIC 

 
 
 
   ACBTMR - A/C CLUTCH BRAKE TIMER  
            (0.125 SEC RESOLUTION) 
 
 
      BRIEF DESCRIPTION: 
 
      The purpose of this timer is to provide a mea ns of  controlling  the  maximum 
      amount  of  time  that the A/C clutch is disa bled after the brake is applied. 
      NOTE:  If BRKCOT is calibrated to zero, (See  A/C  clutch  control  routine), 
      this time routine has no control of the A/C c lutch. 
 
 
      BIFLG = 1 -----------------------| COUNT UP A CBTMR 
                                       | 
                                       | --- ELSE - -- 
                                       | 
                                       | SET ACBTMR  = 0 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

20-9 



TIMERS - GUF1 
PEDD-PTOPE, FoMoCo, PROPRIETARY & CONFIDENTIAL 

ACCTMR - A/C CLUTCH TRANSITION TIMER 
(0.125 SEC RESOLUTION) 

 
 
      BRIEF DESCRIPTION: 
 
      The purpose of this timer is to prevent rapid   cycling  of  the  A/C  output. 
      ACCTMR forces the A/C state to remain static (ON or OFF) for a minimum amount 
      of time, ACMNET. 
 
 
      PRESENT ACCFLG = 1 -----| 
      (clutch engaged)        |AND ---| 
                              |       | 
      PREVIOUS ACCFLG = 0 ----|       | 
                                      |OR ----| SET  ACCTMR = 0 
      PRESENT ACCFLG = 0 -----|       |       | (an y transition) 
                              |AND ---|       | 
      PREVIOUS ACCFLG = 1 ----|               | ---  ELSE --- 
                                              | 
                                              | COU NT UP ACCTMR 
 
      NOTE:  ACCTMR is initialized to maximum value . 
 
 
 
   ACITMR - A/C CLUTCH TURN-ON DELAY TIMER  
            (MSEC RESOLUTION) 
 
 
      BRIEF DESCRIPTION: 
 
      The purpose of this timer is to provide a mea ns of delaying  the  turn-on  of 
      the  A/C  clutch while at idle in order to gi ve the idle speed control system 
      time to prepare for the impending increase in  load. 
 
 
      ACIFLG = 1 ---------------------| COUNT UP AC ITMR 
                                      | 
                                      | --- ELSE -- - 
                                      | 
                                      | SET ACITMR = 0 
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ACWTMR - A/C CLUTCH WIDE OPEN THROTTLE TIMER (SECONDS) 
(SEC RESOLUTION) 

 
 
      BRIEF DESCRIPTION: 
 
      The purpose of this timer is to provide a mea ns of  controlling  the  maximum 
      amount  of  time that the A/C clutch is disab led while at WOT.  This timer is 
      used as an input to the WCOTMR logic.  NOTE:  If FN087 is calibrated to  zero 
      (See  WCOTMR  routine  below),  this  timer r outine has no control of the A/C 
      clutch. 
 
 
      TP > RATCH + THBP4 --------------|S Q-----| C OUNT UP ACWTMR 
                                       |        | ( Clip at 254 sec max) 
      TP < RATCH + THBP4 - THBP4H -----|C       | 
                                                | - -- ELSE --- 
                                                | 
                                                | S ET ACWTMR = 0 
 
 
 
   ADPTMR - ADAPTIVE FUEL ENABLE TIMER 
 
 
      BRIEF DESCRIPTION: 
 
      This timer allows Adaptive Fuel to be enabled  if the Engine is  in  Run  Mode 
      and  the  Engine Coolant Temperature is withi n a certain band.  Adaptive Fuel 
      is disabled if either of these conditions is not met. 
 
      RUN mode ------------------------| 
                                       |AND-----| C OUNT UP ADPTMR 
      AFECT1 <OR= ECT <OR= AFECT2 -----|        | S et ADPTMR_FLG 
                                                | 
                                                | - -- ELSE --- 
                                                | 
                                                | S ET ADPTMR = 0 
                                                | C lear ADPTMR_FLG 
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ATMR1 - TIME SINCE ENGINE START-UP 
 
 
      CRKFLG = 0 ---------------------------| COUNT  UP ATMR1 
      (RUN or UNDERSPEED mode)              |  
                                            | --- E LSE --- 
                                            | 
                                            | SET A TMR1 = 0 
 
 
 
   ATMR2 - TIME SINCE ENGINE COOLANT TEMPERATURE BE CAME GREATER THAN TEMPFB 
 
 
      ECT > TEMPFB --------|S  Q------------| COUNT  UP ATMR2 
                           |                |  
      NEVER----------------|C               | --- E LSE --- 
                                            | 
                                            | SET A TMR2 = 0 
      (EXCEPT AT POWER-UP 
       INITIALIZATION) 
 
 
 
   ATMR3 - TIME SINCE ENTERING RUN MODE 
 
 
      UNDSP = 0 -------------------------| Incremen t ATMR3 
        (Run Mode) 
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   A3CTMR - A3C TRANSITION TIMER (.001 sec) 
 
 
      The A3CTMR measures the time between A3C stat e changes.  If the time is small 
      (<250 msec), then the Heated Windshield is pr obably on. 
 
 
      ALWAYS ----------| Increment A3CTMR 
 
 
      A3CTMR is reset to 0 on any  A3C  transition  -  (LSTA3C  -  A3C  NOT=  0  in 
      successive background passes).  See A/C Clutc h Section. 
 
 
 
   BAPTMR - TIME SINCE LAST BP SENSOR INTERRUPT (ms ec) 
 
 
      BP sensor transition -----------------| Reset  BAPTMR = 0 
       (reset occurs in background          | 
        routine. Flag is NEW_BAP)           | --- E LSE --- 
                                            | 
                                            | Count  up 
 
 
 
   CRKTMR - TIME IN CRANK MODE 
 
 
      This timer indicates time since RPM not equal  to zero, and provides  a  means 
      for decreasing cranking fuel pulsewidth as a function of time (using FN306). 
 
 
      N = 0 ---------------------------------| Set CRKTMR = 0 
       (Engine not running                   | 
        or stalled)                          | --- ELSE --- 
                                             | 
                                             | Incr ement CRKTMR 
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CTATMR - CLOSED THROTTLE UPSTREAM AIR TIMER 
(0.125 sec Resolution) 

 
 
      BRIEF DESCRIPTION: 
 
      This Timer is used to delay  Upstream  Air  a fter  Closed  Throttle  Mode  is 
      entered during a Decel. 
 
 
      APT = -1 -----------------------|          | Count Up CTATMR 
                                      |AND ------| CTAFLG = 1 
      N > UPRPM2 + UPRPMH ------|S Q--|          | 
                                |                | --- ELSE --- 
      N < UPRPM2 ---------------|C               | 
                                                 | CTATMR = 0 
                                                 | CTAFLG = 0 
 
 
 
   CTNTMR - CLOSED THROTTLE NEUTRAL TIMER 
 
 
      ECT > CTHIGH --------------------| 
                                       | 
      APT = -1 (CLOSED THROTTLE) ------|       | Co unt up CTNTMR 
                                       |       | Cl ip to NIOLD + NIHYS 
      NDSFLG = 0 (NEUTRAL) ------------|AND ---| Se t CTNFLG = 1 
                                       |       | 
      N < INLRPM + FN880 --------|S Q--|       | -- - ELSE --- 
                                 |             | 
      N > INLRPM+FN880+INLRPH ---|C            | Co unt down CTNTMR 
                                               | Se t CTNFLG = 0 
                                               | Cl ip CTNTMR to 0 
 
 
 
   CTTMR - TIME AT CLOSED THROTTLE 
 
 
      APT = -1 (CLOSED THROTTLE mode) --------| COU NT UP CTTMR 
                                              | 
                                              | ---  ELSE --- 
                                              | 
                                              | SET  CTTMR = 0 
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   DEBTMR - VEHICLE SPEED COMMAND SWITCH DEBOUNCE TIMER 
             (msec resolution) 
 
 
      BRIEF DESCRIPTION: 
 
      The debounce timer, DEBTMR, prevents the  str ategy  from  treating  noise  or 
      intermittents as valid switch command inputs.  
 
 
      Registers: 
 
      IVSCCS = A/D conversion of the Speed Control Command switch, counts. 
 
      IVSCCS_LST = Previous valid SCCS input. 
 
      DEBTMR = SCCS debounce timer, secs. 
 
 
      Calibration Constant: 
 
      DEBAMP = Minimum change in IVSCCS to reset th e debounce timer. 
 
      DEBTIM = Debounce time delay. 
 
 
 
      |IVSCCS_LST - IVSCCS| > DEBAMP ------| SET DE BTMR = DEBTIM 
 
 
 
      ALWAYS ------------------------------| Count down DEBTMR to zero 
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DLTMR LOGIC 
 
 
      APT = -1 ---------------------| 
       (Closed Throttle)            |AND ----| DMFL G = 1 
                                    |        | COUN T UP DLTMR 
      PERLOAD < FN320A -|S  Q ------|        | 
       (Decel)          |                    | --- ELSE --- 
                        |                    | 
 
      PERLOAD > FN320A  |                    | DLTM R = 0 
               + HLODH -|                    | DMFL G = 0 
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EDFTMR - ELECTRO-DRIVE FAN TIMER (SEC) 
(One Sec Resolution) 

 
 
      This timer routine provides a means of delayi ng the turn-on of the high speed 
      fan until after the low speed fan has been on  for a minimum amount of time. 
 
 
 
      EDF DE-ENERGIZED ------------| 
        (EDF = 1)                  |OR ---| EDFTMR = 0 
                                   |      | 
      CRKFLG = 1 ------------------|      | --- ELS E --- 
                                          | 
                                          | Count U p EDFTMR 
 
 
 
   FFMTMR - FAM FILTER TIMER (SEC) 
 
 
      The FAM filter timer is a free running timer used as the  sample  period  for 
      the FAM filter.  FFMTMR is reset when enterin g FAM region, and after each FAM 
      filter update, as shown in the FAM logic at t he end of the Idle Speed Control 
      chapter. 
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HLTMR - HIGH LOAD TIMER 
   (0.125 sec Resolution) 
 
 
      The HLTMR delays Open Loop fuel control durin g crowds.  Running  Closed  Loop 
      fuel  during  crowds  elimiates  the  need  f or  Upstream  Air  during  those 
      conditions. 
 
 
      PERLOAD < FN320A -------------|S Q---| HLTMR = 0 
                                    |      | 
      PERLOAD > FN320A + HLODH -----|C     | --- EL SE --- 
                                           | 
                                           | Count Up 
                                           | HLTMR 
 
 
   HMTMR - TIMER LIMITING UPSTREAM AIR 
                  (1 sec Resolution) 
 
 
      BRIEF DESCRIPTION: 
 
      The HMTMR limits the length of time that the air is directed Upstream  during 
 
      heavy crowds.  See Thermactor Chapter. 
 
 
      PERLOAD > UPLOD + UPLODH -|S Q----| Count Up HMTMR 
                                |       | Clip to 2 55 
      PERLOAD < UPLOD ----------|       |  
                                        | --- ELSE --- 
                                        |  
                                        | HMTMR = 0  
 
 
 
   HWTMR - HEATED WINDSHIELD TIMER (.001 sec) 
 
      The HWTMR measures the time at which A3CTMR r emains below a  threshold  value 
      (<OR= 300 msec).  It is used to set the heate d windshield flag HWFLG. 
 
 
      ALWAYS ----------| Increment HWTMR  
 
 
      HWTMR is reset to 0 if A3CTMR > 250 msec.  Se e A/C Clutch Section. 
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IDLFLG - IDLE WITH TRANSMISSION IN DRIVE 
 
 
      DNDSUP = 1 (DRIVE) ---------------| 
                                        | 
      APT = -1 (CLOSED THROTTLE mode) --| 
                                        |AND ---| S ET IDLFLG = 1 
      N < IDLRPM ---------------|S Q----|       | 
                                |               | - -- ELSE --- 
      N > IDLRPM + IDRPMH ------|C              | 
                                                | S ET IDLFLG = 0 
 
 
 
   LESTMR1 - LACK OF EGO SWITCHING TIMER (TIME SINC E LAST EGO SWITCH) 
 
      EGO-1 SWITCH ----------------|      | SET LES TMR1 = 0 
                                   |OR ---| 
      OPEN LOOP FUEL CONTROL-------|      | --- ELS E --- 
                                          | 
                                          | COUNT U P LESTMR1 
 
 
   Additional logic associated with LESTMR1; 
 
      LESTMR1 >OR= BYPLES ----------------| SET LEG OFG1 = 1 
 
 
      LOESSW > 0 ---------------| 
                                |AND ----| SET LEGO FG1 = 0 
      EGO-1 SWITCH -------------| 
 
 
 
   LESTMR2 - LACK OF EGO SWITCHING TIMER (TIME SINC E LAST EGO SWITCH) 
 
      EGO-2 SWITCH ----------------|     | SET LEST MR2 = 0 
                                   |OR --| 
      OPEN LOOP FUEL CONTROL-------|     | --- ELSE  --- 
                                         | 
                                         | COUNT UP  LESTMR2 
 
 
   Additional logic associated with LESTMR2. 
 
      LESTMR2 >OR= BYPLES -----------------| SET LE GOFG2 = 1 
 
      LOESSW > 0 ----------------| 
                                 |AND -----| SET LE GOFG2 = 0 
      EGO-2 SWITCH --------------| 
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LUGTMR - LOM LOAD TRANSITION TIMER 
 
 
      LOAD > FN125 -------------------| 
                                      |OR ---| COUN T UP LUGTMR 
      APT = 1 (WIDE OPEN THROTTLE) ---|      |  (CL IP AT LUGTIM) 
                                             | 
                                             | --- ELSE --- 
                                             | 
      LOAD <OR= FN125 ----------------|      | 
                                      |AND --| SET LUGTMR = 0 
      LUGSW = 1 ----------------------|      | 
                                             | 
                                             | --- ELSE --- 
                                             | 
                                             | COUN T DOWN LUGTMR 
                                             | (CLI P AT 0) 
 
 
 
   MFATMR - MANAGED FUEL AIR TIMER 
 
 
      MFACTR >OR= SWTCNT -------------| SET MFAFLG = 1 
                                      | COUNT UP MF ATMR 
 
      APT = 1 (WIDE OPEN THROTTLE) ---| 
                                      | 
      N > MFANHI + MFANHH ------------| 
                                      | 
      N < MFANLO - MFANLH ------------| 
                                      |OR --| SET M FAFLG = 0 
      PERLOAD < MFALL ----------------|     | SET M FATMR = 0 
                                      | 
      PERLOAD > MFALH + MFALHH -------| 
                                      | 
      NDSFLG = 0 (NEUTRAL) -----------| 
                                      | 
      MFMFLG = 1 ---------------------| 
                                      | 
      AFMFLG = 1 ---------------------| 
                                      | 
      CFMFLG = 1 ---------------------| 
                                      | 
      BP < MPMNBP --------------------| 
                                      | 
      VSBAR < VSMPG -------|          | 
                           |AND ------| 
      VSTYPE NOT = 0 ------| 
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SWTFLG LOGIC FOR MANAGED FUEL AIR TIMER MFATMR 

 
 
      "A" ------------------------------| 
                                        | 
      APT = 0 (PART THROTTLE) ----------| 
                                        | 
      CLOSED LOOP FUEL CONTROL ---------| 
                                        | 
      N > MFANLO -----------------------| 
                                        | 
      N < MFANHI -----------------------|AND ---| 
                                        |       |OR  --| SET SWTFLG = 1 
      |N - NDBAR| < MFASN --------------|       |     |  
                                        |       |     | --- ELSE --- 
      PERLOAD < MFALH ------------------|       |     | 
                                        |       |     | SET SWTFLG = 0 
      NDSFLG = 1 (DRIVE) ---------------|       | 
                                        |       | 
      BP >OR= MPMNBP + MPNBPH ----------|       | 
                                        |       | 
      VSBAR >OR= VSMPG + VSMPGH --|     |       | 
                                  |OR --|       | 
      VSTYPE = 0 -----------------|             | 
                                                | 
      MFAFLG = 1 -------------------------------| 
 
 
   MFACTR LOGIC FOR MANAGED FUEL AIR TIMER MFATMR 
 
      SWTFLG = 1 ------------------------| Incremen t MFACTR 
                                         |  every E GO switch 
                                         | 
                                         | --- ELSE  --- 
                                         | 
                                         | Set MFAC TR = 0 
 
 
   STARTUP DELAY LOGIC FOR MANAGED FUEL AIR TIMER M FATMR 
 
 
      TCSTRT >OR= CTHIGH ---------| 
                                  |AND ---| 
      ATMR1 >OR= MFATM3 ----------|       | 
                                          | 
      CTLOW <TCSTRT < CTHIGH -----|       |OR --- " A" 
                                  |AND ---| 
      ATMR1 >OR= MFATM2 ---|      |       | 
                           |AND --|       | 
      ATMR2 >OR= MFATM5 ---|              | 
                                          | 
      TCSTRT <OR= CTLOW ----------|       | 
                                  |AND ---| 
      ATMR1 >OR= MFATM1 ---|      | 
                           |AND --| 
      ATMR2 >OR= MFATM4 ---| 
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MULTMR - TIME SINCE INCREMENTING LAMMUL 
 
 
      Always -------------------------------------|  COUNT UP MULTMR 
 
          (Note: MULTMR is periodically set to 0 wi thin 
           the Open Loop Fuel Logic) 
 
 
 
   NACTMR - NOT AT CLOSED THROTTLE TIME 
 
 
      APT = 0 (PART THROTTLE mode)-----| 
                                       |OR ----| CO UNT UP NACTMR 
      APT = 1 (WIDE OPEN THROTTLE mode)|       |  
                                               | -- - ELSE --- 
                                               |  
                                               | SE T NACTMR = 0 
 
 
 
   NDDTIM - TIME SINCE NEUTRAL/DRIVE SWITCH STATE C HANGE 
 
 
      NEUTRAL/DRIVE SWITCH STATE CHANGE ------| SET  NDDTIM = 0 
                                              | 
                                              | ---  ELSE --- 
                                              | 
                                              | COU NT UP NDDTIM 
 
 
 
   NWOTMR LOGIC (NOT AT WIDE OPEN THROTTLE TIMER) 
 
 
      APT = 1 ------------------------| SET NWOTMR = 0 
        (Wide Open Throttle)          | 
                                      | --- ELSE -- - 
                                      | 
                                      | COUNT UP NW OTMR 
 
 
 
   PRGTMR - CANISTER PURGE TIMER 
 
 
      CANISTER PURGE OUTPUT ON --------------| COUN T UP PRGTMR 
                                             | 
                                             | --- ELSE --- 
                                             | 
                                             | FREE ZE PRGTMR 
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PUTMR - TIME SINCE CPU POWER-UP 
 
 
      CPU POWER ON -------------------------------- | COUNT UP PUTMR 
 
 
   TSEGRE - ACCUMULATED TIME EGR IS ENABLED 
 
 
      TCSTRT > CTLOW ------------| SET TSEGRE = EGR MPT ('R' = 1) 
                                 | 
                                 | --- ELSE --- 
                                 | 
      EGR ENABLED ---------------| COUNT UP TSEGRE 
       (EGREN = 1)               |  (CLIP AT EGRMPT ) 
                                 | 
                                 | --- ELSE --- 
                                 | 
                                 | FREEZE TSEGRE 
 
 
 
   TSLPIP - TIME SINCE LAST PIP 
 
 
      PIP INTERRUPT ------------------------------- --| SET TSLPIP = 0 
                                                     | 
                                                     | --- ELSE --- 
                                                     | 
                                                     | COUNT UP TSLPIP 
 
 
 
 
 
   WCOTMR - A/C CLUTCH WOT CUTOUT TIMER  
            (0.125 SEC RESOLUTION) 
 
 
      In the calculation below, if TP - RATCH gives  a  negative  value,  then  that 
      result should be clipped to zero before calcu lating FN087. 
 
 
      ACWTMR < FN087 (TP - RATCH) ---------------| SET WCOTMR = 0 
                                                 | 
                                                 | --- ELSE --- 
                                                 | 
                                                 | COUNT UP WCOTMR 
 
 
 
 
 
 
 
 
 

20-23 



TIMERS - GUF1 
PEDD-PTOPE, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

20-24 



 
 
 
 
 
 
 
 
 
 
 
 

CHAPTER 21 
 

FAILURE MODE MANAGEMENT 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

21-1 



FAILURE MODE MANAGEMENT - GUF1 
PEDD-PTOPE, FoMoCo, PROPRIETARY & CONFIDENTIAL 

FAILURE MODE STRATEGY 
 
 
      The Failure Mode (FMEM)  strategy  protects  vehicle  function  from  adverse 
      effects  of  an EEC component failure.  The s trategy recognizes open or short 
      circuit failure for six sensors:  MAF, TP, EC T,  ACT  EVP/EPT,  and  BP.   In 
      general,  if  the continuous Self-Test strate gy recognizes a failure the FMEM 
      strategy will execute  an  alternative  vehic le  strategy.   The  alternative 
      strategy disables logic which relies on reali stic sensor values.  Some sensor 
      FMEM strategies also substitute a "safe" valu e for the bad sensor.  A summary 
      of the alternate strategies is tabulated belo w. 
 
 
      --------------------------------------------- --------------------- 
                                     |           Se nsors               | 
      Alternate Strategy             | MAF | TP | E CT | ACT | EGR | BP | 
      _______________________________|_____|____|__ ___|_____|_____|____| 
      -------------------------------|-----|----|-- ---|-----|-----|----| 
      SUPERCHARGE - Not Bypassed     |     | X  |     |     |     |    | 
      --------------------------------------------- --------------------| 
      Adaptive Fuel - No Learning    |  X  | X  |  X  |  X  |     |    | 
      --------------------------------------------- --------------------| 
      Idle Speed - Fixed Duty Cycle  |  X  | X  |     |     |     |    | 
      --------------------------------------------- --------------------| 
      EGR - Disabled                 |  X  | X  |  X  |  X  |  X  |  X | 
      --------------------------------------------- --------------------| 
      Thermactor Air - Bypass        |  X  | X  |  X  |  X  |     |    | 
      --------------------------------------------- --------------------| 
      Decel Fuel Shutoff - Disable   |  X  | X  |  X  |  X  |  X  |    | 
      --------------------------------------------- --------------------| 
      Foreground Fuel - Disable      |  X  |    |     |     |     |    | 
      --------------------------------------------- --------------------| 
      Managed Fuel Air - Disable     |  X  |    |  X  |  X  |     |    | 
      --------------------------------------------- --------------------| 
      ECAD - Full Speed mode         |  X  | X  |  X  |  X  |     |    | 
      --------------------------------------------- --------------------| 
      EDF - Turn on low speed        |     |    |  X  |     |     |    | 
      --------------------------------------------- --------------------- 
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DEFINITIONS 
 
 
      INPUTS 
 
      Registers: 
 
-  ACT = Air Charge Temperature, deg F. 
 
-  AM = Air Mass Flow, lbm/min. 
 
-  APT = Part Throttle flag. 
 
-  ATMR1 = Time since Engine Startup, sec. 
 
-  BAPTMR =  Timer  indicating  time  since  last  BP  sensor  low  to  high 
          transition, seconds. 
 
-  C22FIL =  Self-Test  Register  which  counts  th e  number  of  BP  sensor 
          failures, counts. 
 
-  C31FIL = Self-Test Register which counts the num ber of EVP low failures. 
 
-  C35FIL = Self-Test Register which counts the num ber of EVP high failures. 
 
-  C51FIL = Self-Test Register which counts the num ber of ECT low failures. 
 
-  C53FIL = Self-Test Register which counts the num ber of TP-High  failures. 
          It  increments  by C53UP each time a fail ure occurs and decrements by one 
          count each time the sensor data is valid.  
 
-  C54FIL = Self-Test Register which counts the num ber of ACT low failures. 
 
-  C61FIL = Self-Test Register which counts the num ber of ECT high failures. 
 
-  C63FIL = Self-Test Register which counts the num ber of  TP-Low  failures. 
          It  increments  by C63UP each time a fail ure occurs and decrements by one 
          each time the sensor data is valid. 
 
-  C64FIL = Self-Test Register which counts the num ber of ACT high failures. 
 
-  DEBYMA_FM = ISC airflow adder for ARCHI when Mas s Air Flow  sensor  fails 
          (units  are  lbma/min.   same  as  DEBYMA ,  but  without  BP correction). 
          DEBYMA_FM is readable in a register for u se when calibrating. 
 
-  ECT = Engine Coolant Temperature, deg F. 
 
-  EOFF = The EGR valve reading when  the  valve  i s  fully  closed  in  A/D 
          counts. 
 
-  IBAP = Output of BP sensor transfer function FN0 00, in.  mercury. 
-  IACT = A/D conversion of ACT sensor input, count s. 
-  IECT = A/D conversion of ECT sensor, counts. 
-  IEVP = A/D conversion of EVP sensor, counts. 
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-  IMAF = Input Air Meter Reading.  A/D counts. 
 
-  ITP = Throttle position value from A/D conversio n, counts. 
 
-  MDELTA = Time between BP SCAP pulses, clock tick s.  (1 clock tick  =  2.4 
usec for 15.0 MHz EEC; 1 clock tick = 3.0 usec fpr 12 MHz EEC) 
 
-  N = Engine RPM. 
 
-  RATCH = Closed throttle position, counts. 
 
-  TCSTRT = Temperature of ECT at cold start-up, de g F. 
 
      Bit Flags: 
 
-  AFMFLG = Flag indicating that ACT sensor has fai led. 
 
-  BFMFLG = Flag indicating that the BP sensor has failed.  1 -> failure. 
 
-  CFMFLG = Flag indicating that ECT sensor is in/o ut of range. 
 
-  EFMFLG = Flag indicating that EVP EGR  sensor  h as  failed.   (This  flag 
performs for both Sonic and PFE EGR.) 
 
-  IMFMFLG = Instantaneous mass air flow sensor FME M flag. 
 
-  TFMFLG = Flag indicating that TP sensor has fail ed. 
 
-  UNDSP = Run/Underspeed Flag.  (1 = Underspeed (o r Crank), 0 = Run). 
 
-  WMEGOL = Indicates WRMEGO was 1 at least once. 
 
      Calibration Constants: 
 
-  ACTFMM = FMEM default value for ACT. 
 
-  ACTMAX = Maximum ACT (ACT Open), Counts. 
 
 
-  ACTMIN = Minimum ACT (ACT Shorted), Counts. 
-  BAPFMM = Default value for BP failure. 
-  C22LVL = Threshold for BP sensor failure, unitle ss. 
-  C31LVL = Threshold for EVP fault, unitless. 
-  C35LVL = Threshold for (PFE) EVP fault, unitless . 
-  C51LVL = Threshold for ECT Open fault, unitless.  
-  C53LVL = Threshold level for recognition of TP-H igh Failure.  When C53FIL equals (or 
exceeds) C53LVL, the Self-Test strategy will set an  error code 53.  NOTE:  The value of 
C53LVL must be equal to 254. 
 
-  C54LVL = Threshold for ACT Open fault, unitless.  
-  C56LVL = Threshold level for fault 56. 
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-  C61LVL = Threshold for ECT Short Fault, unitless . 
 
-  C63LVL = Threshold level for recognize of TP-Low   failure.   When  C63FIL 
equals  (or  exceeds)  the  Self-Test strategy will  set an error code 63. 
NOTE:  The value of C63LVL must be equal to 254. 
 
-  C64LVL = Threshold for ACT short fault, unitless . 
 
-  C66LVL = Threshold level for fault 66. 
 
-  CTHIGH = Hot start minimum ECT, deg F.  Range of  100 to 200. 
 
-  ECTFMM = FMEM default value for ECT, deg F. 
 
-  ECTMAX = Maximum engine ECT, Counts. 
 
-  ECTMIN = Minimum engine ECT, Counts. 
 
-  EVPMAX = Maximum EGR Valve position, counts. 
 
-  EVPMIN = Minimum EGR Valve position, counts. 
 
-  FILHYS = Hysteresis  term  to  prevent  spurious   exit  of  Failure  Mode 
strategy. 
 
-  FMCTTP = Change in TP  if  not  at  idle  (as  i ndicated  by  AM).   This 
parameter is designed to permit Part Throttle opera tion. 
 
-  FN040(N) = Default ARCHI for failed Mass Air Flo w sensor AND TP sensor. 
 
-  FN098(ITP-RATCH) = Normalized delta TP, used for  MAF sensor failure table 
lookup. 
 
-  FN1358 (FN070,FN098) = Table lookup for failed M ass Air Flow Sensor, 
replaces ARCHI, units lbma/PIP. 
 
-  FN070 (N) = Normalized RPM 
 
-  FN098 (ITP-RATCH) = Normalized delta TP. 
 
-  FN703 = ECT/ACT transfer function. 
 
-  IDLMAF = Maximum AM at Idle, lb/min. 
-  MFMHYS = Calibration for IMFMFLG background loop  hysteresis, counts. 
-  OPCLT1 = ATMR1 timed delay to enter closed loop fuel  after  Cold  Start, sec. 
-  OPCLT2 = ATMR1 timed delay to enter closed loop fuel after medium  start, sec. 
-  OPCLT3 = ATMR1 timed delay to enter closed loop  fuel  after  HOT  start, sec. 
-  OPCLT4 = ATMR2 timed delay to enter closed loop fuel  after  Cold  Start, sec. 
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-  OPCLT5 = ATMR2 timed delay to enger closed loop fuel after Medium  start, 
          sec. 
 
-  PFEHP = Switch to select EGR strategy; 0 = PFE a nd 1 = Sonic. 
 
-  RATIV = Inititializing value for RATCH, typicall y 250 counts. 
 
-  TAPMAX = Maximum valid TP value, counts.  (Calib rated by Self-Test Design 
          Section) 
 
-  TAPMIN = Minimum valid TP value, counts.  (Calib rated by Self-Test Design 
          Section) 
 
-  TCECT = Time constant for ECT, sec. 
 
-  VBPDL1 = Minimum BP sensor frequency, ticks. 
 
-  VBPDL2 = Maximum BP sensor frequency, ticks. 
 
-  VBPMAX = Maximum BP sensor period measured by BA PTMR, seconds. 
 
-  VMAMAX = Maximum MAF sensor reading, counts. 
 
-  VMAMIN = Minimum MAF sensor reading, counts. 
 
-  VMARPM = Maximum RPM for checking MAF sensor hig h limit. 
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      OUTPUTS 
 
      Registers: 
 
-  ACT = Air Charge Temperature, deg F. 
 
-  ARCHI = Foreground corrected air charge value. 
 
-  ECT = Engine Coolant Temperature, deg F. 
 
-  EPTZER = Rolling average of the EPT sensor at Id le, counts. 
 
-  EVP = EGR valve position reading in A/D counts. 
 
-  IMFMCTR = Provides  hysteresis  for  IMFMFLG,  b ackground  loop  counter, 
          counts. 
 
-  TP = Throttle position, counts. 
 
      Bit Flags: 
 
-  AFMFLG = Flag indicating that ACT sensor has fai led. 
 
-  BFMFLG = Flag indicating that the BP sensor has failed.  1 -> failure. 
 
-  IMFMFLG = Instantaneous mass air flow sensor FME M flag. 
 
-  CFMFLG = Flag indicating that ECT sensor is in/o ut of range. 
 
-  EFMFLG = Flag indicating that EVP EGR  sensor  h as  failed.   (This  flag 
          performs for both Sonic and PFE EGR.) 
 
-  MFMFLG = Flag indicating that MAF sensor has fai led. 
 
-  TFMFLG = Flag indicating that TP sensor has fail ed. 
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FAILURE RECOGNITION 
 
 
      The FMEM strategy checks the "Continuous Self -Test Code" Filters to ascertain 
      whether  a  sensor  has  failed.   If the sen sor failure lasts long enough to 
      trigger a Self-Test Code, the FMEM  strategy  will  substitute  an  alternate 
      value   and  strategy.   Until  the  Self-Tes t  filters  exceed  their  fault 
      thresholds, the strategy continues to use the  last known  valid  value.   The 
      logic  diagram  below  describes  the  entire   Fault  recognition  and  value 
      substitution strategy, in general.  However,  to  more  effectively  use  the 
      Self-Test  Fault  filters, the actual logic i s divided into two sections; the 
      Fault Flag logic and the Sensor input process  logic.   (See  Specific  Sensor 
      FMEMs.) 
 
 
      SENSOR >OR= SENSOR MIN ---|          | SENSOR  WITHIN 
                                |          |  ACCEP TABLE RANGE 
      C**FIL < C**LVL - FILHYS -|          |  UPDAT E SENSOR INPUT 
       (sensor high fault       |          | 
        filter OK)              |AND ------|  Failu re Flags = 0 
                                |          | 
      SENSOR <OR= SENSOR MAX ---|          | 
                                |          | 
      C**FIL < C**LVL - FILHYS -|          | --- EL SE --- 
       (sensor low fault                   | 
        filter OK)                         | 
                                           | SENSOR  OUTSIDE 
      CRANK MODE (CRKFLG = 1) -------------|  RANGE  
       (Optional)                          |  SENSO R = INITIAL VALUE 
                                           | 
                                           | --- EL SE --- 
       (Fault present for a long time)     | 
                                           | 
      C**FIL > C**LVL -----------|         | SENSOR  OUTSIDE 
       (sensor high fault)       |         |  RANGE  - NOT DUE TO 
                                 |OR ------|  LOW B ATTERY VOLTAGE 
      C**FIL > C**LVL -----------|         |  Failu re Flags = 1 
       (sensor low fault)                  | 
                                           |  ALTER NATE STRATEGY 
                                           |  SENSO R = SUBSTITUTED 
                                           |    VAL UE 
                                           | 
                                           | --- EL SE --- 
                                           | 
                                           | SENSOR  DATA IS NOT 
                                           |  RELIA BLE - DO NOT 
                                           |  UPDAT E UNTIL CHECK 
                                           |  PROVE S VALUE VALID. 
 
 
 
 
 
 
 
 

21-8 



FAILURE MODE MANAGEMENT - GUF1 
PEDD-PTOPE, FoMoCo, PROPRIETARY & CONFIDENTIAL 

MASS AIR FLOW SENSOR FMEM 
(Performed during MAF sensor engineering units conv ersion) 

 
   Check for sensor within limits: 
 
      MFMFLG = 0 -----------------------|       
                                        | 
      N >OR= VMARPM ---------|          | 
                             |OR -------| 
      IMAF <OR= VMAMAX ------|          |AND -----|  MAF Sensor output 
                                        |         |  within limits 
      IMAF >OR= VMAMIN -----------------|         |  
                                                  |  --- ELSE --- 
                                                  |  
                                                  |  Set IMFMFLG = 1 
                                                  |  Set IMFMCTR = MFMHYS 
 
   IMFMFLG and IMFMCTR logic: 
 
      CRKFLG = 1 ---------------------------------|  Set IMFMFLG = 0 
       (sensor test disabled in crank mode)       |  Set IMFMCTR = 0 
                                                  |  
                                                  |  --- ELSE --- 
                                                  |  
      IMFMCTR = 0 --------------------------------|  Set IMFMFLG = 0 
                                                  |  
                                                  |  --- ELSE --- 
                                                  |  
                                                  |  Decrement IMFMCTR 
                                                  |   (clip to zero) 
 
      NOTE: This logic provides a calibratible dela y after the sensor 
            returns in range, equal to MFMHYS - 1 b ackground loops, 
            before exiting FMEM. 
 
   ARCHG Calculations: 
 
      IMFMFLG = 0 --------------------------------|  MAF sensor output 
                                                  |  within limits, use 
                                                  |  normal strategy. 
                                                  |  ARCHG = ARCHFG 
                                                  |  
                                                  |  --- ELSE --- 
   MAF Sensor out of limits, but TP sensor OK:    |  
                                                  |  FMEM: substitute 
                                                  |        immediately 
                                                  |  
      TFMFLG = 0 ---------------------------------|  ARCHG = [FN1358(N,TP) + 
       (TP sensor OK)                             |  (DEBYMA_FM / (N*ENGCYL))] 
                                                  |              * BP/29.9 
                                                  |  
                                                  |  --- ELSE --- 
                                                  |  
      TP sensor failed also: ---------------------|  Both TP and MAF failed 
                                                  |  ARCHG = FN040(N) 
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FAILURE FLAG LOGIC FOR MASS AIR FLOW SENSOR 
 
                     Performed during continuous se lf test routines 
 
 
      C66FIL >OR= C66LVL -------------| 
                                      |OR ---| MFMF LG = 1 
      C56FIL >OR= C56LVL -------------|      |  (fa iled) 
                                             | 
                                             | --- ELSE --- 
                                             | 
      C66FIL < C66LVL - FILHYS -------|      | 
                                      |OR ---| MFMF LG = 0 
      C56FIL < C56LVL - FILHYS -------|      |  (se nsor OK) 
 
 
      NOTE: Failure Mode recognition using the cont inuous self test filters 
            controls MFMFLG. The IMFMFLG controls f oreground/background fuel 
            and ARCHG calculations 
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BP SENSOR FMEM 
(Performed during engineering units conversion) 

 
 
      BPSSW = 0 -------------------| No BP sensor 
                                   | Do not do BP F MEM logic or 
                                   | IBAP calculati ons 
                                   | BP = KONBP 
                                   | 
      BFMFLG = 0 -----------|      | --- ELSE --- 
                            |      |  
      BAPTMR <OR= VBPMAX ---|      | 
                            |AND --| IBAP = FN000 
      VBPDL1 <OR= MDELTA ---|      | BP = BAPBAR 
                                   | 
                                   | --- ELSE --- 
                                   | 
      BFMFLG = 1 ------------------| IBAP = BAPFMM 
                                   | BP = BAPBAR 
                                   | BAPCNT = 0 
                                   | MINTIM2 = CLOC K 
                                   | 
                                   | --- ELSE --- 
                                   | 
                                   | Do not update IBAP,BP,or BAPBAR 
 
 
                           FAILURE FLAG LOGIC (FOR BP SENSOR) 
                                  Continuous self-t est 
 
 
      C22FIL < C22LVL - FILHYS ----------| BFMFLG =  0 
                                         | (BP Sens or OK) 
                                         | 
                                         | --- ELSE  --- 
                                         | 
      C22FIL >OR= C22LVL ----------------| BFMFLG =  1 
                                         | (BP Sens or failed) 
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TP SENSOR UPDATE 
 
 
      This logic is performed  after  A/D  conversi ons  during  all  engine  modes, 
      including  SELF-TEST.  The FMEM strategy chec ks the continuous Self-Test Code 
      Filters to ascertain whether the TP sensor fa iled.   If  the  sensor  failure 
      lasts  long  enough  to  trigger  a  SELF-TES T code, FMEM strategy will infer 
      throttle position based upon airflow.  AM has  protective logic in  the  event 
      of  a load sensor failure.  (See the AM calcu lation contained in this section 
      and Systems Equation) 
 
      The TP sensor Update logic substitutes a func tion of  MAF  for  a  failed  TP 
      sensor.   This  action  permits  recognition  of  the  various throttle modes 
      (Closed, Part or WOT).  However, AE fuel will  be disabled due to lack of  TAR 
      signal. 
 
      The load parameters have protective logic in event of  load  sensor  failure. 
      (See the BP calculation in the EEC OVERVIEW C hapter.) 
 
                       PERFORM DURING ENGINEERING U NITS CONVERSION 
 
 
      TFMFLG = 0 ------------| 
                             |AND -------| TP = ITP  
      ITP >OR= TAPMIN -------|           | (TP sens or within 
                             |           |  accepta ble range) 
      ITP <OR= TAPMAX -------|           | 
                                         | --- ELSE  --- 
                                         | 
                                         | (TP sens or out of limits) 
      CRANK MODE (CRKFLG = 1) ---|       | TP = RAT CH 
                                 |OR ----| 
      AM < IDLMAF ---------------|       | --- ELSE  --- 
                                         | 
                                         | (TP sens or out of limits 
                                         |  but NOT  due to Low 
                                         |  battery  voltage) 
                                         | RATCH = RATIV 
                                         | 
      TFMFLG = 1 ------------------------| TP = RAT CH + FMCTTP 
                                         | 
                                         | --- ELSE  --- 
                                         | 
                                         | (TP sens or data unreliable 
                                         |  DO NOT update until 
                                         |  confide nt data valid) 
                                         | NO CHANG E TO TP 
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FAILURE FLAG LOGIC (FOR TP SENSOR) 
 
 
                               CONTINUOUS SELF-TEST  CHECK 
 
 
      C63FIL > C63LVL ---------------| 
                                     |OR -----| TFM FLG = 1 
      C53FIL > C53LVL ---------------|        | 
                                              | ---  ELSE --- 
                                              | 
      C63FIL < C63LVL - FILHYS ------|        | TFM FLG = 0 
                                     |AND ----| 
      C53FIL < C53LVL - FILHYS ------| 
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ECT SENSOR UPDATE 
 
 
      If the ECT Sensor fails, the FMEM strategy wi ll substitute ACT (during CRANK) 
      or  a default value (during ENGINE RUNNING Mo de).  The Normal engine strategy 
      will not recognize a need for Cold Weather Fu el compensation. 
 
                       PERFORM DURING ENGINEERING U NITS CONVERSION 
 
 
      CFMFLG = 0 ----------| 
                           | 
      IECT <OR= ECTMAX ----|AND ---| ECT = ROLAV 
                           |       |  (FN703,TCECT)  
                           |       | 
      IECT >OR= ECTMIN ----|       | --- ELSE --- 
                                   | 
      CRANK MODE  -------------|   | 
       (CRKFLG = 1)            |   | 
                               |   | ECT = ROLAV 
      TCSTRT >OR= CTHIGH -|    |   |  (ACT,TCECT) 
                          |AND-|   | 
      ATMR1 < OPCLT3 -----|    |   | 
                               |OR-| 
      TCSTRT < CTHIGH ----|    |   | 
                          |AND-|   | 
      ATMR1 < OPCLT2 -----|        | 
                                   | --- ELSE --- 
                                   | 
      CFMFLG = 1 ------------------| ECT = ROLAV(EC TFMM,TCECT) 
                                   | 
                                   | --- ELSE --- 
                                   | 
                                   | DO NOT UPDATE ECT 
 
 
                           FAILURE FLAG LOGIC (FOR ECT SENSOR) 
 
 
                                  CONTINUOUS SELF-T EST 
 
      C61FIL > C61LVL ---------------| 
                                     |OR ----| CFMF LG = 1 
      C51FIL > C51LVL ---------------|       | 
                                             | --- ELSE --- 
      C61FIL < C61LVL - FILHYS ------|       | 
                                     |AND ---| CFMF LG = 0 
      C51FIL < C51LVL - FILHYS ------| 
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ACT SENSOR UPDATE 
 
 
      If the ACT Sensor fails, the FMEM Strategy wi ll use the initial value for ACT 
      (by  preventing  an Update) until the failure  is recognized as bona fide.  An 
      ACT failure will cause incorrect airflow calc ulation (with  some  degradation 
      in fuel control). 
 
                       PERFORM DURING ENGINEERING U NITS CONVERSION 
 
 
      AFMFLG = 0  -----------| 
                             | 
      IACT <OR= ACTMAX ------|AND -------| ACT = FN 703 (IACT) 
                             |           | 
      IACT >OR= ACTMIN ------|           | --- ELSE  --- 
                                         | 
      WMEGOL = 0 ------------------------| ACT = EC T 
       (Start up Open Loop)              | 
                                         | --- ELSE  --- 
                                         | 
      AFMFLG = 1 ------------------------| ACT = AC TFMM 
                                         | 
                                         | --- ELSE  --- 
                                         | 
                                         | DO NOT U PDATE ACT 
 
 
                           FAILURE FLAG LOGIC (FOR ACT SENSOR) 
 
 
                                  CONTINUOUS SELF-T EST 
 
      C64FIL < C64LVL - FILHYS ------| 
                                     |AND --| AFMFL G = 0 
      C54FIL < C54LVL - FILHYS ------|      | 
                                            | --- E LSE --- 
      C64FIL > C64LVL ---------------|      | 
                                     |OR ---| AFMFL G = 1 
      C54FIL > C54LVL ---------------| 
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                              PFE SENSOR UPDATE (PF EHP = 1) 
 
 
      The EPT FMEM Logic checks the A/D value of th e EPT sensor and compares it  to 
      the permissible range of values (as defined b y the Self-Test Strategy). 
 
          1.  If the value is within the allowed ra nge, the strategy clears a  flag 
          (which permits normal EGR strategy execut ion). 
 
          2.  If the sensor value is outside the  a llowed  range  long  enough  for 
          Self-Test  to  recognize  and flag an err or code, the strategy will force 
          the valve to close. 
 
                       PERFORM DURING ENGINEERING U NITS CONVERSION 
 
      EFMFLG = 0 ----------| 
                           |AND ----| Reinitial EPT ZER 
      Previous EFMFLG = 1 -|        | EPTZER = 650 
 
 
                         FAILURE FLAG LOGIC (for PF E EGR Sensor) 
 
 
                                  CONTINUOUS SELF-T EST 
 
      APT NOT= -1 -------------------| Do NOT Do Fa ilure 
       (Not Closed Throttle)         | Mode Check 
                                     |  --- ELSE -- - 
      C31FIL > C31LVL -----|         | 
                           |OR ------| EFMFLG = 1 
      C35FIL > C35LVL -----|         | 
                                     | --- ELSE ---  
      C31FIL < C31LVL - FILHYS -|    | 
                                |AND-| EFMFLG = 0 
      C35FIL < C35LVL - FILHYS -| 
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                              EVP SENSOR UPDATE (PF EHP = 0) 
 
 
      The EVP sensor failure Mode strategy will for ce the EGR valve  to  close  and 
      will have no adverse impact on Spark or Fuel.  
 
                       PERFORM DURING ENGINEERING U NITS CONVERSION 
 
      EFMFLG = 0 -------| 
                        |AND ----| EVP = IEVP 
      IEVP <OR= EVPMAX -|        | 
                        |        | --- ELSE --- 
      IEVP >OR= EVPMIN -|        | 
                                 | 
      EFMFLG = 1 ----------------| EVP = EOFF 
                                 | 
                                 | --- ELSE --- 
                                 | 
                                 | Do NOT update 
                                 | EVP 
 
 
                           FAILURE FLAG LOGIC (for EVP Sensor) 
 
 
                                  CONTINUOUS SELF-T EST 
 
      C31FIL > C31LVL -----| 
                           |OR ------| EFMFLG = 1 
      C35FIL > C35LVL -----|         | 
                                     | --- ELSE ---  
      C31FIL < C31LVL - FILHYS -|    | 
                                |AND-| EFMFLG = 0 
      C35FIL < C35LVL - FILHYS -| 
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                               MALFUNCTION INDICATO R LIGHT 
 
 
      OVERVIEW 
 
           The MIL  warning  system  was  implement ed  to  comply  with  California 
      regulations  for the 1988 model year.  To gai n early field experience a pilot 
      MIL exposure is planned for selected car line s in 1987. 
 
           The warning system will be activated whe never the EEC module is using an 
      alternate  strategy  due to the failure of an y of the monitored sensors.  The 
      malfunction light, located  in  the  instrume nt  cluster,  will  flash  at  a 
      calibratable  frequency  (1/[2  * MILTM1]) as  long as the fault is present or 
      will be on full time if the EEC system is ope rating in hardware LOS. 
 
           MILTMR, a .125 second timer, is used to control the MIL  logic.   MILTMR 
      is  allowed  to  count up only when self-test  is not in progress, when not in 
      CRANK mode, and when  an  FMEM  fault  is  pr esent.   It  is  reset  to  zero 
      otherwise.   When MILTMR excedes a calibratab le delay time (FMDTM), the light 
      will flash. 
 
           Additional features of the MIL are: 
 
      1.  It is disabled during VIP tests. 
 
      2.  It is turned on continuously in CRANK mod e until a PIP is detected  as  a 
          bulb  check.   The  bulb check can be dis abled by setting MILLIM equal to 
          zero. 
 
      DEFINITIONS 
      INPUTS 
      Registers: 
 
-  C41FIL = Continuous Self-Test fault counter whic h counts  the  number  of 
          EGO1 sensor failures. 
 
-  C91FIL = Continuous Self-Test fault counter whic h counts  the  number  of 
          EGO2 sensor failures (Stereo EGO systems only). 
 
-  MILTMR = Timer used to record the  time  that  a n  FMEM  fault  has  been 
          present, sec. 
 
      Bit Flags: 
 
-  AFMFLG = Flag indicating the ACT sensor has fail ed. 
 
-  BFMFLG = Flag indicating that the BP sensor has failed:  1 -> failure. 
 
-  CFMFLG = Flag indicating the ECT sensor has fail ed. 
 
-  CRKFLG = Flag indicating status of CRANK MODE (1  -> in CRANK MODE,  0  -> 
          not in CRANK MODE). 
 
-  DISABLE_NO_START = Flag set to 1 when KOEO VIP t est is entered.  Disables 
          bulb check when KOEO test is exited. 
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-  EFMFLG = Flag indicating the EVP/EPT sensor has failed. 
 
-  FIRST_PIP = Flag set to 1 when the first PIP is detected.  Reset to  zero 
          on power-up or stall. 
 
-  IGNFL = Flag indicating the state of the Ignitio n Switch (1 -> switch on; 
          0 -> switch off). 
 
-  MFMFLG = Flag indicating the MAP sensor has fail ed. 
 
-  STIFLG = Flag indicating the state of STI (1 -> low, Self-Test requested; 
          0 -> high, Self-Test not requested). 
 
-  TFMFLG = Flag indicating the TP sensor has faile d. 
 
      Calibration Constants: 
 
-  C41LVL = Threshold for EGO1 fault, unitless. 
 
-  C91LVL = Threshold for EGO2 fault, unitless (Ste reo EGO only). 
 
-  FMDTM = Time delay after fault is detected to st art  flashing  MIL,  sec. 
          To disable MIL, set equal to 255. 
 
-  MILLIM = Software switch to enable/disable bulb  check,  unitless  (1  -> 
          enable; 0 -> disable). 
 
-  MILTM1 = MIL flashing on/off period, sec.  Flash ing frequency  =  1/[2  * 
          MILTM1]. 
 
      OUTPUTS 
 
      Registers: 
 
-  MILTMR = See above. 
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PROCESS 
 

MIL LOGIC 
 
      STIFLG = 1 ------------------| DO NOT DO MIL LOGIC 
       (Self-Test requested)       | 
                                   |--- ELSE --- 
      CRKFLG = 1 ------------|     | 
                             |     | 
      IGNFL = 1 -------------|     | 
                             |AND -| DO BULB CHECK 
      DISABLE_NO_START = 0 --|     | TURN MIL ON 
                             |     | 
      FIRST_PIP = 0 ---------|     | 
                             |     | 
      MILLIM = 1 ------------|     |--- ELSE --- 
                                   | 
      MILTMR <OR= FMDTM -----------| TURN MIL OFF 
                                   | 
                                   |--- ELSE --- 
                                   | 
                                   | FLASH MIL 
                                   | TOGGLE EVERY M ILTM1 SEC. 
 
 
                                      MILTMR LOGIC 
 
      STIFLG = 0 -------------| 
                              | 
      CRKFLG = 0 -------------| 
                              | 
      EGO FAILURE -------|    |AND -| COUNT UP MILT MR  
                         |    |     | 
      AFMFLG = 1 --------|    |     |--- ELSE --- 
                         |    |     | 
      BFMFLG = 1 --------|    |     | MILTMR = 0 
                         |    |     | 
      CFMFLG = 1 --------|    |       
                         |OR -| 
      EFMFLG = 1 --------| 
                         | 
      MFMFLG = 1 --------| 
                         | 
      TFMFLG = 1 --------| 
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KEEP ALIVE MEMORY 
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PEDD-PTOPE, FoMoCo, PROPRIETARY & CONFIDENTIAL 
                       KEEP ALIVE MEMORY (KAM) QUAL IFICATION TEST 
 
 
 
      Each time the vehicle is started, the data st ored in KAM may  not  be  valid. 
      Power  interruptions,  noise,  etc.,  may hav e altered KAM contents.  Or, the 
      computer may not be reading KAM registers cor rectly  because  of  a  hardware 
      fault.   When  the  KAM registers are intiali zed, a special binary pattern is 
      written into three bytes of KAM.  The KAM reg ister names  are  KAMQA,  KAMQB, 
      and  KAMQC.   During each background loop, th e KAM registers are tested.  The 
      KAM qualification test judges the validity of  the KAM data by looking for the 
 
      proper binary pattern.  The alternate courses  of action are either: 
 
          1) If the proper pattern is present, the KAM data is  considered  OK  for 
          use by the strategy. 
 
          2) If not present, the KAM data is suspec t.  The KAM is over-written to a 
          set  of  initial values.  The inital valu es are also used in place of the 
          KAM data when the strategy references KAM . 
 
 
      The KAM registers KAMQA, KAMQB, and KAMQC are  assigned to different areas  of 
      the  KAM.   This will help protect for partia l KAM failures.  The assignments 
      are: 
 
 
      KAM                         KAM 
      Register                    Address 
      ---------                   ------- 
      KAMQA                       B80 HEX 
      KAMQB                       BC9 HEX 
      KAMQC                       BF6 HEX 
 
 
      The KAM qualification test is normally perfor med each  background  loop  when 
      the computer is running. 
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                                       DEFINITIONS 
 
 
      INPUTS 
 
      Registers: 
 
-  EPTZER = Rolling average of the EPT sensor at Id le, counts. 
 
-  ISCKAM1 = Idle Speed KAM IPSIBR cell 1. 
 
-  ISCKAM2 = Idle Speed KAM IPSIBR cell 2. 
 
-  ISCKAM3 = Idle Speed KAM IPSIBR cell 3. 
 
-  ISKSUM = Idle Adaptive airflow check sum. 
 
-  KAMQA = KAM Qualification test register 1. 
 
-  KAMQB = KAM Qualification test register 2. 
 
-  KAMQC = KAM Qualification test register 3. 
 
      Calibration Constants: 
 
-  VEPTHL = Self-Test lower Idle limit  (defined  i n  Self  Test  Strategy). 
          (Upper limit for KEYON EPTZER) 
 
-  VEPTLL = Self-Test upper Idle limit  (defined  i n  Self  Test  Strategy). 
          (Lower limit for KEYON EPTZER.) 
 
 
 
      OUTPUTS 
 
      Registers: 
 
-  EPTZER = See Inputs above. 
 
-  ISCKAM1 (2,3) = See Inputs above. 
 
-  ISKSUM = See Inputs above. 
 
-  KAMQA (B,C) = See Inputs above. 
 
-  KWUCTR = KAM warm_up counter.  Stores number of warm_ups in  KAM.   Reset 
          to zero if KAM is corrupted.  (battery di sconnect, etc.) 
 
      Bit Flag: 
 
-  VIP_KAM = Indicates KAM invalid for VIP. 
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                              KAM QUALIFICATION TES T LOGIC 
 
 
      Performed each background loop. 
 
 
      KAMQA = 10101010 BINARY---| 
                                | 
      KAMQB = 11000110 BINARY---|AND ------| SET KA MOK = 1 
                                |          | ASSUME  KAM DATA IS VALID 
      KAMQC = 01110101 BINARY---|          | ALL ST RATEGY REFERENCES TO 
                                           | KAM WI LL USE KAM DATA. 
                                           | 
                                           | --- EL SE --- 
                                           | 
                                           | CLEAR KAMOK = 0 
                                           | SET VI PKAM = 1 
                                           | ASSUME  KAM DATA IS BAD. 
                                           | INITIA LIZE ALL KAM 
                                           | LOCATI ONS USED IN THE 
                                           | STRATE GY. 
                                           | WRITE THE SPECIAL 
                                           | BINARY  PATTERNS TO KAM: 
                                           |  KAMQA  = 10101010 BINARY 
                                           |  KAMQB  = 11000110 BINARY 
                                           |  KAMQC  = 01110101 BINARY 
                                           | 
                                           | SET LT MTB1rc = 0.5 
                                           | SET LT MTB2rc = 0.5 
                                           | SET CH KSUM = 22016 
                                           | SET IS CKAMn = 0.0 
                                           | SET IS KSUM = 0.0 
                                           | SET EP TZER = 650 
                                           | KWUCTR  = 0 
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              ADAPTIVE FUEL TABLE VALIDATION PROCED URE (POWER UP SEQUENCE) 
 
      Each time the vehicle is started, the data st ored in KAM may or may not be 
      valid. Power interruptions, noise, etc., may have altered the KAM contents. 
      Alternatively, the computer may not be readin g KAM registers correctly 
      because of a hardware fault. The KAM qualific ation test judges the validity 
      of the KAM data, and KAM can be initialized a s required. Based on the results 
      of the KAM qualification test, validate the a daptive fuel table as follows;  
 
      |(SUM OF ALL ADAPTIVE             | ASSUME TH E ADAPTIVE FUEL 
        FUEL KAM CELLS)                 | DATA IN K AM IS VALID. 
       - CHKSUM| <OR= 1 ----------------| CHKSUM = SUM OF ADAPTIVE FUEL 
                                        | CELLS 
                                        | 
                                        | --- ELSE --- 
                                        | 
                                        | ASSUME TH E ADAPTIVE FUEL  
                                        | DATA IN K AM IS WRONG. 
                                        | DO A TOTA L INITIALIZATION 
                                        | OF THE AD APTIVE FUEL 
                                        | DATA IN K AM. 
                                        | FOR EACH CELL: 
                                        | 1) SET LT MTB1rc = 0.5 
                                        |    SET LT MTB2rc = 0.5 
                                        | 2) SET CH KSUM = 22016 
                                        | SET KWUCT R = 0 
 
 
 
      CHKSUM is a KAM memory word containing  the  sum  of  the  LTMTB1  or  LTMTB2 
      contents.   CHKSUM  is  incremented  or  decr emented  each time any LTMTB1 or 
      LTMTB2 cell is updated.  A one count differen ce between the present  sum  and 
      the  stored  sum is allowed to account for th e case of power down after a KAM 
      update but prior to CHKSUM update. 
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                                  ISCKAM QUALIFICAT ION 
 
                             (Done during Power-up sequence) 
 
 
      |ISCKAM0 + ISCKAM1        |       | Assume th e ISCKAMs are valid 
        + ISCKAM2 + ISCKAM3     |-------| NO ACTION  TAKEN 
        - ISKSUM| <OR= 1 Bit ---|       | ISKSUM = ISCKAM0 + ISCKAM1 
                                        |  + ISCKAM 2 + ISCKAM3 
                                        | 
                                        | --- ELSE --- 
                                        | 
                                        | Assume IS CKAMs Data are 
                                        |  invalid.  
                                        | Re-Initia lize the ISCKAM 
                                        |  ISCKAM0 = 0 
                                        |  ISCKAM1 = 0 
                                        |  ISCKAM2 = 0 
                                        |  ISCKAM3 = 0 
                                        |  ISKSUM =  0 
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                               KAM QUALIFICATION (E PTZER) 
 
 
      During Power-up sequence, check the range of EPTZER. 
 
 
      EPTZER > VEPTLL --------|      | EPTZER is OK  
                              |AND --| 
      EPTZER < VEPTHL --------|      | --- ELSE ---  
                                     | 
                                     | EPTZER is NO T OK 
                                     | Set EPTZER =  650 
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                               ROM IDENTIFICATION C ODE 
 
      ROM identification codes are used by both IC and module  suppliers.   The  IC 
      suppliers require a means of identifying ROM chip contents quickly since they 
      produce different calibration bit patterns on  the  same  wafer.   The  module 
      suppliers  utilize  these  codes to insure th at the ROM/module combination is 
      correct. 
 
      In the past, the ROM identification codes (CA LID and VERID) were generated by 
      hand.   They  were  then  distributed  to  En gine  Systems  to  put  in their 
      calibrations for Cert.  If any change to the Cert calibration was made  or  a 
      different strategy used, new values had to be  generated and calibrated in. 
 
      For 1988 and beyond, the procedure has been  changed  to  make  this  process 
      easier.   The  new  process  removes  CALID  and replaces it with ROM_TO.  In 
      addition, VERID has been deleted and a new pa rameter "FIXSUM" has been added. 
      FIXSUM should always be set to 0.  Specifical ly: 
 
 
      1.  The non-modifiable Vector  parameter  "RO M_TO"  replaces  the  old  CALID 
          parameter  as  the ROM chip identifier.  The ROM_TO value is generated by 
          Vector during a calibration release and i s located  at  200A  HEX.   This 
          value  is  the complement of the ROM patt ern CHECKSUM and is also used to 
          perform the EEC-IV diagnostic "CHECKSUM M emory Test". 
 
      2.  The new parameter "FIXSUM" is a Vector ca libration parameter  located  at 
          2004  HEX  and should always be set to 0.   This parameter will be used to 
          assure the ROM_TO values are unique and w ill only be changed by the  SWDV 
          engineer if a duplicate ROM_TO value is f ound. 
 
 
                          ROM IDENTIFICATION CODE P ROCEDURES 
 
      1.  PEDD SW will set the value of the calibra tion parameter FIXSUM  to  0  in 
          the base release. 
 
      2.  When Engine Systems releases a CERT calib ration, the ROM  chip  ID  code, 
          ROM_TO, will be automatically generated b y VECTOR, and the value is to be 
          recorded on the calibration release sheet  submitted to SWDV. 
 
      3.  PEDD SWDV will verify that the ROM_TO val ue is not the same as any  other 
          previous  ROM_TO  prior to sending the bi nary file to EED.  If the ROM_TO 
          value matches another, PEDD SWDV will cha nge  the  value  of  FIXSUM  and 
          generate  a  new  ROM_TO  value, which wi ll be checked again for a match. 
          This process is repeated until a unique R OM_TO value is generated. 
 
      4.  For production calibrations only, EED sys tems will receive and record the 
          value of ROM_TO for final ROM verificatio n. 
 
      5.  EED will then transmit the binary file to  the  vendors,  verify  the  ROM 
          chip  against  the  binary  file,  verify   the  checksum,  verify the RAM 
          read/write test, and verify the ROM_TO va lue and location. 
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      EEC-IV Self-Test Overview 
 
      Self-Test is divided into two types of testin g, one which  occurs 
      only  at the "request" of the service technic ian (the "on-demand" 
      tests), and one which  continuously  surveys  the  system  during 
      normal  operating  modes (the "continuous" te sts).  The on-demand 
      portion is further divided into "engine-runni ng" and "engine-off" 
      tests. 
 
      The engine-off portion of the test "looks" fo r normal  engine-off 
      sensor  readings.   Any  out-of-limits,  open ,  or shorted sensor 
      input is signalled by sending a service code.   If all sensors are 
      within  expected  ranges,  a  "11"  code  is  issued.   Codes are 
      repeated to make it easier for the technician  to verify the  code 
      sequence.   After  the  service  codes,  a si ngle pulse occurs to 
      signal the technician that the next set of co des will be from the 
      continuous test.  Continuous test codes are i ssued using the same 
      format as the service codes, and are also rep eated.  Finally, the 
      test  enters the "output state test", which s imply turns actuator 
      outputs "on" and "off" based on "requests"  f rom  the  technician 
      (these  consist  of depressing the throttle a nd letting it return 
      to closed position).  STO is also turned "on"  and "off"  in  this 
      mode,  so  that the technician knows the stat e in which the other 
      outputs should be. 
 
      The engine-running portion signals that it ha s begun  by  sending 
      an  "identification"  code (=no.  of cylinder s/2).  It then tests 
      inputs  and  EEC-IV-controlled  functions  by    forcing   various 
      conditions and "looking" for expected engine response to them.  A 
      single output pulse is  sent  to  signal  the   test  operator  to 
      "goose"  the throttle, during which inputs ar e tested for dynamic 
      response.  If no RPM change is detected, a sp ecial code (code 77) 
      will be sent to indicate that the test was in correctly performed. 
      (No other 70-series codes will be sent except  codes 74  and  75.) 
      When the "goose" test has completed, service codes are sent. 
 
      The  "continuous"  self-test  monitors   inpu ts   during   normal 
      operation, and stores information in keep-ali ve memory (KAM) when 
      errors are detected.   In  general,  checks  are  made  only  for 
      open-or  short-circuits.   In  a  few  cases,  "irrational" sensor 
      readings are noted (eg:  if engine  coolant  temperature  changes 
      from  cold  to  warm  to cold again, an error  is noted.) When the 
      number of errors in a given time period  exce eds  a  calibratable 
      threshold,  that  code is stored in KAM.  As a special diagnostic 
      aid, in engine-off conditions and when STI=GN D and the  on-demand 
      (running)  test has completed, codes will be stored every time an 
      error is detected, and STO will be turned on as long as the fault 
      is present.  This is designed to help isolate  intermittent faults 
      (eg.:  the test operator can "wiggle" the har ness and connectors, 
      and STO will indicate when the intermittent f ault recurs).  Codes 
      which indicate faults that have not recurred in 20 engine warm-up 
      cycles  are  "erased".   Codes  can  also be manually "erased" by 
      opening up STI while codes are being  output  in  the  engine-off 
      mode. 
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                       EEC-IV SELF-TEST BLOCK DIAGR AMS 
                         "ON-DEMAND" TESTS (STI=GND ) 
 
 
               ENGINE-OFF:                      ENG INE-RUNNING: 
 
             !-------------!                   !--- -----------! 
             ! ENGINE-OFF  !                   !  I .D. CODE   ! 
             !    TEST     !                   !              ! 
             !-------------!                   !--- -----------! 
                    |                                  | 
                    v                                  v 
             !-------------!                   !--- -----------! 
             !   SERVICE   !                   !    ENGINE    ! 
             !    CODE     !                   !   RUNNING    ! 
             !-------------!                   !     TEST     ! 
                    |                          !--- -----------! 
                    v                                  v 
             !-------------!                   !--- -----------! 
             !   SINGLE    !                   !    SINGLE    ! 
             !   PULSE     !                   !    PULSE     ! 
             !-------------!                   !--- -----------! 
                    |                                  | 
                    v                                  v  
             !-------------!                   !--- -----------! 
             ! CONTINUOUS  !     REQUIRES      !   DYNAMIC    ! 
             !    TEST     !     MECHANIC----->!   RESPONSE   ! 
             !   CODES     !   INTERVENTION    !     TEST     !    
             !-------------!         |         !--- -----------!  
                    |                |                 | 
                    v                |                 v 
             !-------------!         |         !--- -----------! 
             !   OUTPUT    !<--------|         !    SERVICE   ! 
             !   PULSING   !                   !     CODES    ! 
             !-------------!                   !--- -----------! 
                                                       | 
                                                       v 
      NOTE:  TEST CODES CAN BE                 !--- -----------! 
             MANUALLY ERASED BY                ! 2 MIN. DELAY ! 
             UN-GROUNDING STI DURING           !(TI MING CHECK)! 
             CODE OUTPUT (ENGINE-OFF).         !--- -----------! 
                                                       | 
                                                       v 
                                               !--- -----------! 
                                 REQUIRES----->!   "WIGGLE"   ! 
                                 MECHANIC      !     TEST     !    
                               INTERVENTION    !--- -----------!  
 
                        "CONTINUOUS" TESTS (STI=OPE N) 
 
               ENGINE-OFF:                      ENG INE-RUNNING: 
             !-------------!                   !--- ------------! 
             !   "WIGGLE"  !                   !  C ONTINUOUS   ! 
             !     TEST    !                   !  T EST MODE    ! 
             !-------------!                   !--- ------------! 
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EEC-IV SELF-TEST OVERVIEW 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 
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CHAPTER 25 
 

SELF-TEST ENTRY/EXIT LOGIC 
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SELF-TEST ENTRY/EXIT LOGIC 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                            EFI SELF-TEST ENTRY LOG IC 
                          ENGINE OFF AND VSC STATIC  TEST 
 
 
      TIME SINCE POWER-UP > 4 SEC---------|            !------------! 
                                          |            !  ENTER     ! 
      SELF-TEST REQUESTED-----------------| AND---- ----! ENGINE OFF ! 
       (STI INPUT=LOW)                    |            !    TEST    ! 
                                          |            !------------! 
      ENGINE-OFF TEST ENABLED-------------| 
                                          | 
      IN CRANK MODE-----------------------| 
 
 
      IN CRANK MODE-----------------------| 
                                          |            !------------! 
      STI INPUT = HIGH--------------------|            !   ENTER    ! 
                                          | AND---- ----! ENGINE-OFF ! 
      VSTYPE = 2--------------------------|            !  VSC TEST  ! 
                                          |            !------------! 
      TS_PIP > 1 SECOND-------------------|             
                                          |             
      PUTMR < 10 SECONDS------------------| 
                                          | 
      ON_STATE = 1------------------------| 
 
                       ENGINE RUNNING AND VSC DYNAM IC TEST 
 
 
      TIME SINCE POWER-UP > 6 SEC---------|            !----------------! 
                                          |            !. ENTER VSC     ! 
      SELF-TEST REQUESTED-----------------|            ! DYNAMIC TEST   ! 
       (STI INPUT=LOW > 1 SEC )           | AND---- ----!.DISABLE ENGINE ! 
                                          |            ! RUNNING TEST   ! 
      VSTYPE = 2--------------------------|            !----------------!  
                                          | 
      RUN MODE----------------------------|             
                                          | 
      VSC DYNAMIC TEST ENABLED------------| 
                                          | 
      ON_STATE = 1------------------------| 
                                          | 
      PUTMR < VVSCET----------------------| 
                                             ------ --------ELSE----------- 
 
 
                                                       !-------------! 
      TIME SINCE POWER-UP > 6 SEC---------|            !.ENTER ENGINE! 
                                          | AND---- ----! RUNNING TEST! 
      SELF-TEST REQUESTED-----------------|            !.DISABLE VSC ! 
       (STI INPUT =LOW > 1 SEC )          |            ! DYNAMIC TEST! 
                                          |            !-------------! 
      RUN MODE----------------------------| 
                                          | 
      ENGINE-RUNNING TEST ENABLED---------|   
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SELF-TEST ENTRY/EXIT LOGIC 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                        EFI SELF-TEST ENTRY LOGIC ( CONT'D) 
 

         CONTINUOUS TEST 
 
 
                                                       !-------------! 
      TIME SINCE POWER-UP > 4 SEC---------|            !    RUN      ! 
                                          | AND---- ----! CONTINUOUS  ! 
      NOT IN ENGINE-OFF OR----------------|            !    TEST     ! 
       ENGINE-RUNNING TEST OR             |            !-------------! 
       VEHICLE SPEED CONTROL TEST         | 
                                          | 
       IN UNDERSPEED OR RUN MODE----------|            
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SELF-TEST ENTRY/EXIT LOGIC 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                             EFI SELF-TEST EXIT LOG IC 
 
 
 
 
                                               
      IN ENGINE-OFF TEST----------------------|        !---------------! 
                                              |        !EXIT & DISABLE !  
      IN UNDERSPEED/RUN MODE------|           | AND ----!  ENGINE-OFF   ! 
                                  |OR---------|        !    TEST       !     
      SELF TEST NOT REQUESTED-----|                    !---------------! 
 
 
 
                                              | 
      IN ENGINE RUNNING TEST------------------|        !---------------! 
                                              |        ! EXIT & DISABLE! 
      SELF-TEST NOT REQUESTED--------|OR------| AND ----!ENGINE-RUNNING ! 
                                     |                 !    TEST       ! 
      TRLOAD = 3 OR 4--------|       |                 !---------------! 
                             |AND----| 
      NDSFLG = 1 (DRIVE)-----|                           
 
 
 
                                  VSC EXIT LOGIC 
 
 
 
      IN ENGINE-OFF VSC TEST------------------|        !---------------! 
                                              |        !  EXIT AND     ! 
      STI INPUT = LOW--------|                |AND- ----!DISABLE ENGINE ! 
                             |OR--------------|        !OFF VSC TEST   ! 
      IN UNDERSPEED/RUN MODE-|                         !---------------! 
 
 
 
      IN ENGINE RUNNING VSC TEST--------------|        !---------------! 
 
                                              |        !  EXIT AND     ! 
      VSBAR > 2 MPH--------|                  |AND- ----!DISABLE ENGINE ! 
                           |                  |        !RUNNING VSC    ! 
      OFF_BUT = 1----------|                  |        !      TEST     ! 
                           |OR----------------|        !---------------! 
      STI=HIGH (UNGRDED)---| 
                           | 
      BRAKE APPLIED--------| 
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ENGINE-OFF SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                             ENGINE OFF SEQUENCE 
 
                         ----------- 
                       (    ENTER    ) 
                         -----------                  
                              | 
                              v 
                        !-----------! 
                        !   TURN    ! 
                        !  STO OFF  !  
                        !-----------! 
                              |    
                        /-----------\ 
                       / DO MODULE   \  FAIL 
                      / INSTRUCTION   \------------ --------| 
                      \     TEST      /                    | 
                       \             /                     | 
                        \-----------/                      | 
                              |PASS                        v 
                         /--------\     FAIL        !--------------! 
                        /   TEST   \--------------- >!  TURN STO ON !    
                        \ KAM/RAM  /                ! CONTINUOUSLY ! 
                         \--------/                 !   AND EXIT   ! 
                              |PASS                 !--------------! 
                         /---------\    FAIL        !--------------! 
                        / TEST ROM  \-------------- >!     SET      ! 
                        \           /               ! SERVICE CODE ! 
                         \---------/                !--------------! 
                              |PASS                        | 
                              |                            | 
                              v                            | 
                    !--------------------------!           | 
                    !SEND TWO 2MS PULSES ON STO!           |  
                    !2MS BETWEEN PULSES        !           | 
                    !--------------------------!           | 
                              |                            | 
                 |----------->|<------------------- --------| 
                 |            v 
                 |       /---------\ 
                 |  NO  /  PUTMR >  \ 
                 |------\   4 SEC   / 
                         \---------/ 
                              | 
                 |----------->|YES 
                 |            v 
                 |       /---------\ 
                 |      /FUEL PUMP  \ 
                 |  NO / TURNED OFF  \ 
                 |-----\ (TIMED OUT) /  
                        \           / 
                         \---------/ 
                              |YES 
                              v 
                             (B) 
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ENGINE-OFF SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                         ENGINE OFF SEQUENCE CONT'D  
 
                                 (B) 
                                  | 
                                  v 
                            /-----------\               !-----------------! 
                           /    TEST     \      FAI L    !       SET       ! 
                          /   A/D'S AND   \-------- ---->! SERVICE CODE(S) ! 
                          \   SWITCHES    /             !-----------------! 
                           \             /                        | 
                            \-----------/PASS                     | 
                                  |<--------------- ---------------| 
                                  v  
                             /---------\    FAIL        !-----------------! 
        FAIL /---------\    / TEST OCC  \---------- ---->!       SET       ! 
         |<-/FUEL PUMP  \<-|\           /               ! SERVICE CODE(S) ! 
         |  \CKT TEST** /  | \---------/                !-----------------! 
         |   \---------/   |      |     PASS                      | 
         |       |         |------|<--------------- ---------------| 
         |       |                  
         |       |PASS!------------------------! 
         |       |--->!   . SEND SERVICE CODES ! 
 
         v         ^  !------------------------!  
      !--------!   |              | 
      !  SET   !   |              v                 
      !SERVICE !---|  !--------------------------! 
      !CODE(S) !      !   . SEND SEPARATOR PULSE ! 
      !--------!      !--------------------------!  
                                  | 
                                  v 
                             /---------\    YES        !--------------! 
                            / VIPKAM =1 \---------- --->! SEND CODE 15*! 
                            \     ?     /              !--------------! 
                             \---------/                        | 
                                  | NO                          | 
                                  v                             | 
                          !-------------------!                 | 
                          ! . SEND CODES FROM !                 | 
                          !   CONTINUOUS TEST !                 | 
                          !-------------------!                 | 
                                  |<--------------- -------------| 
                                  v 
                      !---------------------------- ! 
                      !   . ENTER OUTPUT TEST MODE ! 
                      !---------------------------- ! 
 
         *See Normal Strategy KAM qualification tes t logic for setting 
          of VIPKAM=1.  Code 15 is output during co ntinuous code 
          output. 
 
       ** NOTE:  FUEL PUMP CKT TEST MUST BE PERFORM ED AFTER OCC TEST 
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ENGINE-OFF SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                                   KAM/RAM TEST 
 
 
                                  ----------- 
                                (    ENTER    ) 
                                  ----------- 
                                       | 
                                       v  
                      !---------------------------- -------!   
                      ! SET POINTER TO BEGINNING OF        ! 
                      ! EXT_RAM                           ! 
                      !---------------------------- -------!   
                 |-------------------->|                       
                 |                     v 
                 |        !------------------------ -! 
                 |        ! SAVE REGISTER CONTENTS  ! 
                 |        !------------------------ -! 
                 |                     | 
                 |                     v 
                 |        !------------------------ -! 
                 |        !   WRITE HEX AAAA TO     ! 
                 |        !   REGISTER              ! 
                 |        !------------------------ -! 
                 |                     | 
                 |                     v 
                 |        !------------------------ -! 
                 |        ! READ REGISTER CONTENTS  ! 
                 |        !------------------------ -! 
                 |                     | 
                 |                     v 
                 |              /-------------\ 
                 |             / IS CONTENTS   \  N O   
                 |             \  = AAAA       /--- ----------| 
                 |              \-------------/              | 
                 |                     | YES                 | 
                 |                     v                     | 
                 |        !------------------------ !         | 
                 |        !   WRITE HEX 5555 TO    !         | 
                 |        !     REGISTER           !         | 
                 |        !------------------------ !         | 
                 |                     |                     | 
                 |                     v                     | 
                 |        !------------------------ !         | 
                 |        ! READ REGISTER CONTENTS !         | 
                 |        !------------------------ !         | 
                 |                     |                     | 
                 |                     v                     | 
                 |                /---------\                | 
                 |               /    IS     \ NO            |  
                 |              /  CONTENTS   \---- --------->|   
                 |              \   = 5555    /              | 
                 |               \           /               v 
                 |                \---------/           !-----------! 
                 |                     | YES            !TURN STO ON! 
                 |                     v                !   EXIT    ! 
                 |                    (A)               !-----------! 
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ENGINE-OFF SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                              KAM/RAM TEST CONTINUE D 
 
 
                                      (A) 
                                       | 
                 |                     v                 
                 |            !------------------!       
                 |            ! RESTORE REGISTER ! 
                 |            !     CONTENTS     !   
                 |            !------------------! 
            !-----------!              |  
            !INCREMENT  !              | 
            ! POINTER   !              | 
            !-----------!              | 
                 ^                     |              
                 |       NO    /-------------\       
                 |<-----------/  END OF 2K    \ 
                              \  EXT-RAM ?    / 
                               \-------------/ 
                                       | YES       
                                       | 
                                       v 
                               -------------- 
                            (  GO TO ROM_TEST  ) 
                               -------------- 
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ENGINE-OFF SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                           READ-ONLY MEMORY TEST (R OM) 
 
 
                                  ----------- 
                                (    ENTER    ) 
                                  ----------- 
                                       | 
                                       v 
                      !---------------------------- ------! 
                      ! DO A 16-BIT ADDITION OF CON TENTS ! 
                      ! OF ALL ROM LOCATIONS RETAIN ING   ! 
                      ! THE 16 LEAST SIGNIFICANT BI TS    ! 
                      ! OF THE RESULT.                   ! 
                      !---------------------------- ------! 
                                       | 
                                       v 
                                  /---------\    NO     !---------! 
                                 /  SUM=0 ?  \----- --->!   SET   ! 
                                 \           /         ! CODE 15 ! 
                                  \---------/          !---------! 
                                       |   YES             | 
                                       |<---------- --------| 
                                       v 
                                  ----------- 
                                (     EXIT    ) 
                                  ----------- 
 
 
 
              NOTE:  A specific location will conta in checksum 
                     such that sum of correct ROM c ontents 
                     (including checksum)=0.   
                     Location is labeled "Rom To" o r "Rom Total". 
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ENGINE-OFF SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                               ENGINE-OFF A/D TESTS  
 
 
                               ----------- 
                             (    ENTER    ) 
                               ----------- 
                                    | 
                                    v 
                               /---------\ 
                              / TEST ECT  \     
                              \           / 
                               \---------/ 
                                    | 
                                    v 
                               /---------\     
                              / TEST BP  \ 
                              \           / 
                               \---------/ 
                                    | 
                                    v 
                               /---------\  
                              /  TEST TP  \ 
                              \           / 
                               \---------/ 
                                    | 
                                    v 
                               /---------\     
                              / TEST ACT  \ 
                              \           /     
                               \---------/ 
                                    | 
                                    v 
                               /---------\ 
                              / TEST MAF  \ 
                              \           / 
                               \---------/ 
                                    | 
                                    v                        
                                  ( A ) 
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ENGINE-OFF SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                          ENGINE-OFF A/D TESTS (CON T'D) 
 
 
                                  ( A ) 
                                    | 
                               /---------\    
                              / TEST EGR  \ 
                              \           / 
                               \---------/ 
                                    | 
                                    v 
                               /---------\     
                              /   TEST    \ 
                              \  ACC/NDS  / 
                               \---------/ 
                                    | 
                                    v 
                               /--------\ 
                              /   TEST   \ 
                              \ IVPOWER  / 
                               \--------/ 
                                    | 
                                    v 
                               /---------\ 
                              / TEST PSPS \ 
                              \           / 
                               \---------/ 
                                    | 
                                    v 
                               ----------- 
                             (     EXIT    ) 
                               ----------- 
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ENGINE-OFF SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                                 ECT SENSOR TEST 
 
                        ----------- 
                      (    ENTER    ) 
                        ----------- 
                             |                            
                             v 
                        /---------\    NO      !--- ------! 
                       /  IECT >=  \---------->! CO DE 61 !---| 
                       \  ECTMIN ? /           !--- ------!   | 
                        \---------/                          | 
                             |   YES                         | 
                             |<-------------------- ----------| 
                             v 
                        /---------\    NO      !--- ------!  
                       /  IECT <=  \---------->! CO DE 51 !---|    
                       \ ECTMAX ?  /           !--- ------!   | 
                        \---------/                          | 
                             |   YES                         | 
                             v                               | 
                        /---------\                          | 
                       /   VIECT1  \   NO      !--- ------!   | 
                      /  <= IECT <= \--------->! CO DE 21 !-->| 
                      \    VIECT2 ? /          !--- ------!   | 
                       \           /                         | 
                        \---------/                          | 
                             |   YES                         | 
                             |<-------------------- ----------|  
                             v 
                        ----------- 
                      (     EXIT    ) 
                        ----------- 
 
      PARAMETER                             TYPICAL  CALIB- 
         NAME        DESCRIPTION            RATION VALUE 
      -----------    ---------------------  ------- --------- 
       ECTMIN         MIN. ENGINE OFF ECT      40 C OUNTS 
       ECTMAX         MAX. ENGINE OFF ECT     935 C OUNTS 
       VIECT1         MIN. COOLANT TEMP       717 C OUNTS 
       VIECT2         MAX. COOLANT TEMP        63 C OUNTS  
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ENGINE-OFF SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                                  BP SENSOR TEST 
 
                        -----------                 
                      (    ENTER    )               
                        ----------- 
                             | 
                             v     
                         /---------\NO 
                        /BPSSW = 1  \-------------- -------->| 
                        \           /                       | 
                         \---------/                        | 
                             |YES                           | 
                             v                              | 
                        /---------\    NO                   | 
                       /  BPTMR<=  \--------------- -|       | 
                       \  VBPMAX ? /                |       | 
                        \---------/                 |       | 
                             |  YES                 |       | 
                             v                      |       | 
                        /---------\                 v       | 
                       /  VPBDL1   \   NO      !--- ------!  | 
                      / <= MDELTA<= \--------->! CO DE 22 !  | 
                      \   VBPDL2    /          !--- ------!  | 
                       \           /                |       | 
                        \---------/                 |       |     
                             |   YES                |       | 
                             |<-------------------- -|<------| 
                             v 
                        ----------- 
                      (     EXIT    ) 
                        ----------- 
 
 
      PARAMETER                                      TYPICAL CALIB- 
        NAME               DESCRIPTION               RATION  VALUE 
      ---------------  ---------------------------   --------------    
       VBPMAX          MAX. TIME SINCE LAST BP UPDA TE  15 MS     
       VBPDL1          MIN BP DURING ENGINE OFF VIP   1200 TICKS 
       VMDEL2          MAX BP DURING ENGINE OFF VIP   1563 TICKS 
                                                     (FOR 15 MHZ) 
 
 
         RELATED INITIALIZATION PARAMETERS 
         --------------------------------- 
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ENGINE-OFF SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                                  TP SENSOR TEST 
 
 
                        ----------- 
                      (    ENTER    ) 
                        ----------- 
                             | 
                             v 
                        /---------\   NO       !--- ------! 
                       /  ITP >=   \---------->! CO DE 63 !-->| 
                       \ TAPMIN ?  /           !--- ------!   | 
                        \---------/                          | 
                             |   YES                         | 
                             |                               | 
                             v                               | 
                        /---------\     NO     !--- ------!   | 
                       /   ITP <=  \---------->! CO DE 53 !-->| 
                       \ TAPMAX ?  /           !--- ------!   |   
                        \---------/                          | 
                             |   YES                         | 
                             v                               | 
                        /---------\                          | 
                       /   VTAP1   \   NO      !--- ------!   | 
                      /  <=ITP <=   \--------->! CO DE 23 !-->| 
                      \    VTAP2 ?  /          !--- ------!   | 
                       \           /                         | 
                        \---------/                          | 
                             |  YES                          | 
                             |<-------------------- ----------| 
                             v 
                        ----------- 
                      (     EXIT    ) 
                        ----------- 
 
      PARAMETER                                     TYPICAL CALIB- 
         NAME         DESCRIPTION                   RATION VALUE 
      ------------  ----------------------------    -------------- 
        TAPMIN      MIN. TP SENSOR READING             40 COUNTS 
        TAPMAX      MAX. TP SENSOR READING             990 COUNTS 
        VTAP1       MIN. ENGINE-OFF THROTTLE POS       150 COUNTS 
        VTAP2       MAX. ENGINE-OFF THROTTLE POS       250 COUNTS 
 
      RELATED INITIALIZATION PARAMETERS  
      --------------------------------- 
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ENGINE-OFF SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                                 ACT SENSOR TEST 
 
                        ----------- 
                      (    ENTER    ) 
                        ----------- 
                             |                            
                             v 
                        /---------\    NO      !--- ------! 
                       /  IACT >=  \---------->! CO DE 64 !---| 
                       \  ACTMIN ? /           !--- ------!   | 
                        \---------/                          | 
                             |   YES                         | 
                             |                               | 
                             v                               | 
                        /---------\    NO      !--- ------!   | 
                       /  IACT <=  \---------->! CO DE 54 !---|    
                       \ ACTMAX ?  /           !--- ------!   | 
                        \---------/                          | 
                             |   YES                         | 
                             v                               | 
                        /---------\                          | 
                       /   VIACT1  \   NO      !--- ------!   | 
                      /  =>IACT =>  \--------->! CO DE 24 !-->| 
                      \    VIACT2 ? /          !--- ------!   | 
                       \           /                         | 
                        \---------/                          | 
 
                             |   YES                         | 
                             |<-------------------- ----------|  
                             v 
                        ----------- 
                      (     EXIT    ) 
                        ----------- 
 
      PARAMETER                                    TYPICAL CALIB- 
        NAME                    DESCRIPTION        RATION VALUE 
      -------------  ---------------------------   -------------- 
       ACTMIN        MIN ACT (ACT SHORTED)           40 COUNTS 
       ACTMAX        MAX ACT (ACT OPEN)              935 COUNTS 
       VIACT1        MIN. CHARGE TEMP (ENGINE-OFF)   717 COUNTS 
       VIACT2        MAX. CHARGE TEMP (ENGINE-OFF)   63 COUNTS 
 
      RELATED INITIALIZATION PARAMETERS 
      --------------------------------- 
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ENGINE-OFF SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                                 MAF SENSOR TEST 
 
 
                               -------- 
                             (  ENTER   ) 
                               -------- 
                                  | 
                                  v 
                              /--------\ NO 
                             / IMAF =>  \---------- ------->| 
                             \ VMAFO1   /                  | 
                              \--------/                   | 
                                  | YES                    | 
                                  v                        | 
                              /--------\ YES   !--- ----!   | 
                             / IMAF =>  \----->!COD E 56!-->| 
                             \ VMAMAX   /      !--- ----!   | 
                              \--------/                   | 
                                  | NO                     | 
                                  v                        | 
                              !--------!                   | 
                              ! CODE 26!                   | 
                              !--------!                   | 
                                  |                        | 
                                  |<--------------- --------| 
                                  v 
                               -------- 
                             (   EXIT   ) 
                               -------- 
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ENGINE-OFF SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                                 EGR SENSOR TEST 
 
 
           (PFE)                           
        -----------                        
      (    ENTER    ) 
        ----------- 
             |                                     
             v                                                     
        /---------\  YES       -----------              
       / PFEHP =2  \-------->(    EXIT      ) 
       \           /           ----------- 
        \---------/                               
             | NO                                
             v                                (SONI C)             
        /---------\                         
       /  PFEHP=1  \  NO                    /------ ---\  NO 
       \     ?     /---------------------->/  PFEHP =0  \-------------------|  
        \---------/                        \     ?     /                   |  
             |  YES                         \------ ---/                    | 
             |                                   |  YES                    | 
             |                                   v                         | 
             v                              /------ ---\ YES !---------!    | 
        /---------\                        /  IEVP <=  \--->! CODE 31 !--->| 
       /   IEPT<=  \ YES !---------!       \  EVPMI N   /    !---------!    | 
       \   EPTMIN  /---->! CODE 31 !----|   \------ ---/                    | 
        \---------/      !---------!    |        | NO                      | 
             |  NO                      |        v                         | 
             v                          |   /------ ---\ YES !---------!    | 
        /---------\                     |  /  IEVP >=  \--->! CODE 35 !--->| 
       /   IEPT >= \ YES !---------!    |  \  EVPMA X   /    !---------!    | 
       \   EPTMAX  /---->! CODE 35 !--->|   \------ ---/                    | 
        \---------/      !---------!    |        | NO                      | 
             |  NO                      |        v                         | 
             v                          |   /------ ---\ YES !---------!    | 
        /---------\                     |  /  IEVP <   \--->! CODE 32 !--->| 
       /   VEPTLL  \ NO  !---------!    |  \  VEVPL L ? /    !---------!    | 
      / <= IEPT <=  \--->! CODE 34 !--->|   \------ ---/                    | 
      \    VEPTHL   /    !---------!    |        | NO                      | 
       \           /                    |        v                         | 
        \---------/                     |   /------ ---\ YES !---------!    | 
             |  YES                     |  /  IEVP >   \--->! CODE 34 !--->| 
             |<-------------------------|  \  VEVPH L ? /    !---------!    | 
             v                              \------ ---/                    | 
        -----------                              | NO                      | 
      (     EXIT    )                            |< ------------------------| 
        -----------                              v 
                                            ------- ---- 
                                          (     EXI T    ) 
                                            ------- ---- 
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ENGINE-OFF SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                                  ACC/NDS INPUT TES T 
 
 
                                        
                                 ------ 
                              (  ENTER  )   
                                 ------ 
                                   | 
                                   v 
                            NO /--------\ 
                     |<------ /TRLOAD =  \  
                     |        \ 3 OR 4   / 
                     |         \--------/ 
                     |             | YES 
                     |             v 
                     |         /--------\ NO      ! -------! 
                     |        /IS NDSFLG \------->! CODE 67! 
                     |        \  = 0     /        ! -------! 
                     |         \--------/             | 
                     |             | YES              | 
                     |------------>|<-------------- ---| 
                                   | 
                                   v 
                               /--------\ NO      ! -------! 
                              /IS A3C=0? \------->! CODE 79! 
                              \          /        ! -------! 
                               \--------/             | 
                                   | YES              | 
                                   |<-------------- ---| 
                                   | 
                                   v 
                                 ------ 
                               (  EXIT  )   
                                 ------ 
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ENGINE-OFF SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                
                                   IVPWR INPUT TEST  
 
 
                      ---------- 
                    (   ENTER    ) 
                      ---------- 
                          | 
                          v 
                     /---------\ 
                    / IIVPWR    \  YES     !------- --! 
                    \ < VKYPWR  /--------->! CODE 1 9 ! 
                     \---------/           !------- --! 
                          |  NO                 | 
                          |<--------------------| 
                          v 
                      --------- 
                    (  EXIT     ) 
                      --------- 
 
 
              NOTE: This test is designed to check continuity of 
                    the IVPWR circuit internal to t he EEC module. 
                    It is not to be used as a batte ry voltage 
                    check.  If the IVPWR circuit op ens up, an 
                    incorrect fuel pulse width will  result. 
 
 
                    COUNTS = IIVPWR *.1786 * 1023 
                             -------------------- 
                                   VREF 
 
 
 
                    IIVPWR = VREF * COUNTS 
                               ------------- 
                                .1786 * 1023 
 
 
 
                    RECOMMENDED VKYPWR VALUE: 200 C OUNTS (5.47 VOLTS) 
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ENGINE-OFF SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                          POWER STEERING PRESSURE S WITCH TEST 
 
 
                        ----------               
                      (   ENTER    )             
                        ----------               
                            | 
                            | 
                            v 
                       /---------\  NO 
                      / PSPSHP=1 ?\----->( GO TO NE XT TEST ) 
                      \           / 
                       \---------/ 
                            | YES 
                            v 
                      /-----------\ 
                     /  POWSFG = 1 \ YES      !---- -----! 
                    /      ?        \-------->! COD E 52 !----| 
                    \ (SWITCH OPEN) /         !---- -----!    | 
 
                     \             /                         | 
                      \-----------/                          | 
                            | NO                             | 
                            |<--------------------- ----------| 
                            v 
                      ----------- 
                    (   EXIT      ) 
                      ----------- 
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ENGINE-OFF SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                              OUTPUT CIRCUIT CHECK (OCC) 
 
 
      The OCC uses special module hardware to test certain output  channels  for  open 
      circuits/shorted  drivers.  The hardware cons ists of a resistor- divider network 
      which is fed back into an A/D channel.  The  test  begins  by  turning  off  all 
      outputs  in the network.  Outputs are then tu rned on and off, one at a time, and 
      the A/D channel is used to determine the chan ge in voltage associated with each. 
      A  voltage  change  smaller  than expected ca uses a fault code to be registered. 
      The output channels, their associated fault c odes, and expected  voltage  change 
      calibration parameters for each appear below.  
 
 
               OC# | CIRCUIT FUNCT. | CAL. PARAMETE R | ERROR CODE 
               ____|________________|______________ __|____________  
                4  |    EVR         |    OCCDT4      |    84  
      9X,NU     7  |    FP          |    OCCDT7      |    87 
              ------------------------------------- --------------- 
                1  |    AM2  1)     |    OCCDT1      |    81 
                2  |    AM1  1)     |    OCCDT2      |    82 
      LU        4  |    EVR  2)     |    OCCDT4      |    84 
                5  |    CANP 3)     |    OCCDT5      |    85 
                7  |    FP          |    OCCDT7      |    87 
                9  |    CCO  4)     |    OCCDT9      |    89   
              ------------------------------------- -------------- 
                1  |    AM2  1)     |    OCCDT1      |    81 
                2  |    AM1  1)     |    OCCDT2      |    82 
                3  |    HEDF 5)     |    OCCDT3      |    83 
      MU,GU     4  |    EVR  2)     |    OCCDT4      |    84 
                5  |    CANP        |    OCCDT5      |    85 
                7  |    FP          |    OCCDT7      |    87 
                8  |    EDF  6)     |    OCCDT8      |    88 
      MU ONLY   9  |    LUS  10)    |    OCCDT9      |    89 
                   |    SCVNT 11)   |    OCCDTA      |    81 
                   |    SCVAC 11)   |    OCCDTB      |    82   
              ------------------------------------- ------------- 
                1  |    BOOST       |    OCCDT1      |    81 
                2  |    HEDF        |    OCCDT2      |    82 
                4  |    EGR-S/O     |    OCCDT4      |    84 
      1U        6  |    FP          |    OCCDT6      |    86 
                7  |    EDF         |    OCCDT7      |    87 
                8  |    CCO         |    OCCDT8      |    88 
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              OC#  |CIRCUIT FUNCT.  | CAL. PARAMETE R | ERROR CODE 
             -------------------------------------- -------------- 
                1  |    SCVNT       |    OCCDT1      |    81 * 
                2  |    SCVAC       |    OCCDT2      |    82 * 
                3  |    HEDF   8)   |    OCCDT3      |    83 
      NQ        4  |    EVR         |    OCCDT4      |    84 
                5  |    CANP        |    OCCDT5      |    85 
                7  |    FP          |    OCCDT7      |    87 
                8  |    EDF         |    OCCDT8      |    88 
                9  |    LUS    4)   |    OCCDT9      |    89            
             -------------------------------------- -------------- 
                1  |    SCVNT       |    OCCDT1      |    81 * 
                2  |    SCVAC       |    OCCDT2      |    82 * 
                3  |    HEDF        |    OCCDT3      |    83 
      CJ        4  |    EVR    2)   |    OCCDT4      |    84 
                5  |    CANP        |    OCCDT5      |    85 
                6  |    AM-1   1)   |    OCCDT6      |    86 
                7  |    FP          |    OCCDT7      |    87 
                8  |    EDF         |    OCCDT8      |    88 
                9  |    LUS/CCO  9) |    OCCDT9      |    89                
 
 
               NOTES: 
 
                       FP    - FUEL PUMP  
                       EVR   - ELECTRONIC VACUUM RE G.    
 
               1) ONLY IF THRMHP=1 
               2) ONLY IF PFEHP=0 OR 1 
               3) ONLY IF CANPHP-1 OR 2 
               4) ONLY IF TRANSW=0 OR 2 
               5) ONLY IF HEDFHP=1 
               6) ONLY IF EDFHP=1 
               7) ONLY IF TRANSW=0 (AXOD)  
               8) ONLY IF MTXSW=0 (ATX) 
               9) ONLY IF TRANSW=0(AXOD) OR =2 (A4L D) 
              10) ONLY IF TRTYPE=0 (AXOD) MU ONLY 
              11) ONLY IF VSTYPE=2 (Veh. Spd. Cont. ) 
 
               * Functioned during VSC Self Test On ly 
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                                     OCC TEST STRUC TURE 
 
                              -----------              
                            (    ENTER    ) 
                              ----------- 
                                   | 
                    !-------------------------! 
                    !DE-ENERGIZE ALL OUTPUTS  ! 
                    !(EXCEPT EDF)** 
                    ! . OC=1                  ! 
                    !-------------------------! 
                                   |              N OTE: HEDF TEST MUST 
                           !----------------!        IMMEDIATELY FOLLOW 
                           ! DELAY 50 MSEC. !        EDF TEST 
                           !----------------! 
                                   |          **ONL Y WHEN EDF IS PRESENT 
           |---------------------->| 
           |            !---------------------! 
           |            ! SAVE IOCC IN OCCSAV ! 
           |            !---------------------! 
           |                       | 
           |           !-----------------------! 
           |           !ENERGIZE* OUTPUT #(OC) !  
           |           !-----------------------!   
           |                       |         *EXCEP T OC #8(EDF)**WHICH      
           |               !----------------! SHOUL D BE DE-ENERGIZED     
           |               ! DELAY 50 MSEC. ! DURIN G THIS STEP 
           |               !----------------! 
           |                       | 
           |                /-------------\           !-------------! 
           |               /  ABS[OCCSAV-  \     NO    !     SET     ! 
           |              /   IOCC]    >=   \------ -->! APPROPRIATE ! 
           |              \ OCCDT(OC) COUNTS/         !  FAIL CODE  ! 
           |               \       ?       /          ! (SEE TABLE) ! 
           |                \-------------/           !-------------! 
           |                       |  YES                    | 
           |                       |<-------------- ----------| 
           |                       v 
          (A)                 /--------\ YES     !- ----------! 
                             /IS THIS   \------->!  DELAY    ! 
                             \  EDF ?   /        !V DLEDF-SEC ! 
                              \--------/         !- ----------! 
                                   |<-------------- ----| 
                                NO | 
                                   v 
                              /--------\ YES     !- ----------! 
                             / IS THIS  \------->!  DELAY    ! 
                             \   HEDF ? /        !V DLHED-SEC ! 
                              \--------/         !- ----------! 
                                   |<-------------- ----| 
                                N0 | 
                                   v 
                                  (B) 
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                                     OCC TEST STRUC TURE 
 
 
                                  (B) 
          (A)                      | 
           ^                       v 
           |         !--------------------------! 
           |         !DE-ENERGIZE  OUTPUT #(OC) !  
           |         !--------------------------!    
           |                       |                 
           |               !----------------!        
           |               ! DELAY 50 MSEC. ! 
      !----------!         !----------------! 
      ! OC= OC+1 !                 |           
      !----------!            /---------\            
           |           NO    /    IS     \           
           |<---------------/ OC= LASTOC ?\          
                            \             /          
                             \           /           
                              \---------/            
                                   |  YES 
                                   v 
                              ----------- 
                            (    EXIT     ) 
                              ----------- 
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                                 OCC PARAMETER DEFI NITIONS 
 
 
                                                    RANGE 
           NAME    |    DESCRIPTION    | UNITS |  M IN    MAX  | BASE 
       ------------|-------------------|-------|--- -----------|------ 
           OC      | OUTPUT CIRCUIT #  |   -   |   0      9   |   - 
         OCCSAV    | SAVED OCC A/D     |COUNTS |   0    1023  |   - 
          IOCC     | OCC A/D           |COUNTS |   0    1023  |   - 
       OCCDTx(1-9) | MIN A/D CHANGE    |COUNTS | -1 023  1023  |  36 
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                                   FUEL PUMP CIRCUI T TEST 
 
 
                            -------- 
                          (  ENTER   ) 
                            -------- 
                               | 
                               v 
                       NO  /--------\ 
            |<------------/ IS V_    \ 
            |             \FPMFLG=1? / 
            |              \--------/ 
            |                  |YES 
            |                  v 
            |          YES /--------\ 
            |<------------/IS CODE   \      
            |             \  87 SET? / 
            |              \--------/ 
            |                  |NO 
            |                  v 
            |          !------------------! 
            |          !1)TURN FP "ON"    ! 
            |          !2)DELAY V_FPMDLY  ! 
            |          !------------------! 
            |                  | 
            |                  v 
            |             /--------\ NO       !---- -----! 
            |            / IS FPM   \-------->! COD E 96 ! 
            |            \ HIGH ?   /         !---- -----! 
            |             \--------/               | 
            |                  |YES                | 
            |                  |<------------------ | 
            |                  v 
            |          !------------------! 
            |          !1)TURN FP "OFF"   ! 
            |          !2)DELAY V_FPMDLY  ! 
            |          !------------------! 
            |                  | 
            |                  v 
            |             /--------\ NO       !---- ------! 
            |            / IS FPM   \-------->! COD E 95  ! 
            |            \ LOW ?    /         !---- ------! 
            |             \--------/               | 
            |                  | YES               | 
            |----------------->|<------------------ |           
                               v 
                            -------- 
                          (  EXIT    ) 
                            -------- 
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                                   KAM QUALIFICATIO N TEST 
 
 
      PERFORMED EACH BACKGROUND LOOP 
 
 
      KAMQA= 10101010 BINARY----|         | .SET KA MOK =1 
                                |         | .ASSUME  KAM DATA IS VALID 
      KAMQB= 11000110 BINARY----| AND-----| .ALL ST RATEGY REFERENCES 
                                |         |  TO KAM  WILL USE RAM DATA. 
      KAMQC= 01110101 BINARY----|         | 
                                          |      -- -ELSE--- 
                                          | 
                                          | .CLEAR KAMOK =0 & SET  
                                          |  VIPKAM  =1 
                                          | .ASSUME  KAM DATA IS BAD. 
                                          | .INITIA LIZE ALL KAM  
                                          | LOCATIO NS USED IN THE  
                                          | STRATEG Y. 
                                          | .WRITE THE SPECIAL BINARY 
                                          |  PATTER NS TO KAM: 
                                          |    KAMQ A= 10101010 BINARY 
                                          |    KAMQ B= 11000110 BINARY 
                                          |    KAMQ C= 01110101 BINARY 
                                          | .SUBSTI TUTE THE KAM INITIAL 
                                          |  VALUES  FOR ALL STRATEGY 
                                          |  REFERE NCES TO KAM. 
                                          | 
                                          | NOTE: 
                                          |   VIPKA M INITIALIZED TO 0 
                                          |   ON PO WER-UP. 
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                                      OUTPUT TEST M ODE 
 
 
      In this mode, normal outputs, EDF or HEDF can  be turned on/off based on operator 
      requests. 
 
      NORMAL OUTPUTS  ON/OFF  LOGIC  -------------- -------------  Move  throttle  part 
      mid-range, then release to turn on/off normal  outputs. 
 
      EDF ON/OFF LOGIC ---------------- With STO hi gh, move  throttle  past  mid-range 
      and  hold  until  Code  10  is displayed on S tar Tester (approx.  10 sec.), then 
      release throttle to turn "on" EDF and normal outputs.   To  turn  "off"  outputs 
      move throttle past mid-range and then release . 
 
      HEDF ON/OFF LOGIC ----------------- With STO high, move throttle past  mid-range 
      and hold until Code 10 and then Code 20 is di splayed on Star Tester (approx.  15 
      sec.), then release throttle to run "on" HEDF  and normal outputs.  To turn "off" 
      outputs move throttle past mid-range and then  release. 
 
 
                                       NORMAL OUTPU TS 
 
           1)  AM1   2) EDF  3) HEDF   
           1)  AM2      EVR     ISC        
              CANP 
 
           5) SCVAC     STO 
              SCVNT     WAC 
 
      1)  FUNCTION ONLY WHEN THRMHP=1 
      2)  FUNCTION ONLY WHEN EDFHP=1 
      3)  FUNCTION ONLY WHEN HEDFHP=1 
      4)  FUNCTION ONLY WHEN TRTYPE=0 - MU ONLY 
      5)  FUNCTION ONLY WHEN VSTYPE=2 
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                                 OUTPUT TEST MODE ( CONT'D) 
                              For Application with EDF or HEDF 
 
      1. RESET OUTTMR & VIP TIMER  2. CLEAR VLFNON & VHFN ON 
         PRIOR TO ENTRY 
 
        -----           /--------\ YES      ----- 
      ( ENTER )------->/ARE CODES \------>( EXIT  )  
        -----         /  BEING     \        ----- 
                      \  OUTPUTTED?/ 
                       \          / 
                        \--------/ 
                            | NO 
           |<---------------| 
           v 
       /--------\ NO        /--------\ NO        /- -------\ NO     
      / ITP >    \-------->/IS REQFLG \-------->/IS  OUTTMR \----->| 
      \ VTAP5    /  ^  ^   \  SET ?   /   ^     \=>  10 MIN /      | 
       \--------/   |  |    \--------/    |      \- -------/       | 
           |YES     | (B)       | YES     |          | YES        | 
           v        |           v         |          |            | 
       !-------!    |       /--------\NO  |          |            | 
       !. SET  !    |      / ITP <=   \---|          |            | 
       !REQFLG !    |      \  VTAP6   /              |            | 
       !-------!    |       \--------/               |            | 
           |        |           |YES                 v            | 
           v        |           |               !-- --------!      | 
       /-------\YES |           v               !TU RN ALL  !      | 
      /ARE OUT- \---|       /--------\YES       !AC TUATORS !      | 
      \PUTS ON? /          /ARE OUT-  \-------->!"O FF" IN- !      | 
       \-------/           \PUTS ON?  /         !CL UDING   !      | 
           | NO             \--------/          !ED F & HEDF!      | 
           v                    |NO             !-- --------!      | 
          (A)                   |                    |            | 
                                v                    |            | 
           !---------!   YES/--------\               |            | 
           !TURN "ON"!<----/IS "VLFN  \              |            |  
           !  EDF    !     \ON"FLG SET/              |            | 
           !---------!      \--------/               |            | 
               |                |NO                  |            | 
               |--------------->|                    |            | 
           !---------!   YES/--------\               |            | 
           !TURN "ON"!<----/IS "VHFN  \              |            | 
           ! HEDF    !     \ON"FLG SET/              |            | 
           !---------!      \--------/               |            | 
               |                |NO                  |            | 
               |--------------->|                    |            | 
                        !---------------!     !---- ---------!     | 
                        !TURN "ON"      !---->!.CLE AR VLFNON!     |     
                        !REGULAR OUTPUTS!     !VHFN ON&REQFLG!     | 
                        !---------------!     !.SET  OUTTMR=0!     | 
                                              !---- ---------!     | 
              -----        !---------!               |            |            
            ( EXIT  )<-----!SET VIP  !<------------ ---------------| 
              -----        !TMR =0   ! 
                           !---------! 
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                                    OUTPUT TEST MOD E (CONT'D) 
                                For Application wit h EDF or HEDF 
 
 
                    (A) 
                     | 
                     v 
             !---------------! 
             !ALLOW VIP-TMR  ! 
             !   TO RUN      ! 
             !---------------! 
                     | 
                /--------\ NO 
               /IS HEDFHP \-----------| 
               \    =1 ?  /           | 
                \--------/            |      /----- ---\ N0 
                     | YES            |---->/IS EDF HP  \----->(B) 
                     v                |     \   =1?     / 
                /---------\NO         |      \----- ---/ 
               /IS VIPTMR >\----------|          | YES 
               \  VHFNTM   /                     v 
                \---------/                  /----- ---\NO 
                     |YES                   /IS VIP TMR \-----------| 
                     v                      \> VLFN TM  /           | 
                /---------\NO                \----- ---/            | 
               /IS "VHFNON"\---------|           |Y ES              | 
               \   =0?     /         |           v                 | 
                \---------/          |       /----- ---\NO          | 
                     |YES            |      /IS VLF NON \---------->| 
                     v               |      \   =0 ?   /           | 
            !-----------------!      |       \----- ---/            | 
            !.SET "VHFNON"=1  !      |           |Y ES              | 
            !.SET "VLFNON"=0  !----->|           v                 | 
            !OUTPUT CODE 20   !      |    !-------- ------!         | 
            !-----------------!      |    !.SET VLF NON=1 !-------->| 
                                     |    !OUTPUT C ODE 10!         | 
                                     |    !-------- ------!         | 
                                     v                             v    
                                   ------                       ------ 
                                 (  EXIT  )                   (  EXIT  ) 
                                   ------                       ------ 
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                               ENGINE-RUNNING 
                               TEST STRUCTURE 
 
                      ----------- 
                     (    ENTER    ) 
                       ----------- 
                           | 
                 !---------------------! 
                 !   ENGINE-RUNNING    ! 
                 ! TEST INITIALIZATION ! 
                 !---------------------! 
                           | 
                    /--------------\ 
                   /HIGH RPM ISC    \ 
                   \     TEST       / 
                    \--------------/ 
                           | 
                    /---------------\      
                   /    A/D  AND     \ 
                   \  SWITCH TESTS   /  
                    \---------------/ 
                           | 
                   /-----------------\      
                  /      FUEL AND     \ 
                  \ THERMACTOR TESTS  /   
                   \-----------------/      
                           | 
                      /---------\      
                     /   EGR     \ 
                     \   TEST    / 
                      \---------/ 
                           | 
                     /----------\ 
                    / LOW RPM    \             |--- ------->|<---------| 
                    \ ISC TEST   /             |           v          | 
                     \----------/              |  N O  /-----------\   | 
                           |                   |  | <-/IS CYLINDER  \  | 
                           |                   |  |  /BALANCE TEST   \ | 
                           |                   |  |  \   REQUESTED ? / | 
                           |                   |  |   \             /  | 
                           |                   |  |    \-----------/   | 
                  !--------------------!       |  |         | YES      | 
                  ! SEND SERVICE CODES !------>|  |         v          | 
                  !--------------------!          |    /-----------\   | 
                                                  |   / DO CYLINDER \  | 
                   !-------------------!          |   \ BALANCE TEST/  | 
                   !   2 MINUTE DELAY  !<---------|    \-----------/   | 
                   ! FOR TIMING CHECK  !                   |          | 
                   !-------------------!                   v          | 
                           |                         !----------!     | 
                      /---------\      ----          ! CYLINDER !     | 
                     /  WIGGLE   \--->(EXIT)         ! BALANCE  !---->| 
                     \   TEST    /     ----          ! SERVICE  ! 
                      \---------/                    !----------! 
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                        EGOBAR FILTER AND STATE FLA GS 
 
 
 
 
      IEGO is filtered in EGOBAR (side) -where side  =left or  right  on 
      stereo  systems,  left  only  on mono systems .  Time constant for 
      EGOBAR is VTCEGO (a calibratible parameter).   EGOSTE  (side)  is 
      the resultant ego state flag, determined as f ollows: 
 
 
      Non-shared ego{EGOBAR (side) > 855 counts-->E GOSTE (side)=lean(1) 
                    {EGOBAR (side) <=855 counts-->E GOSTE (side)=rich(0) 
 
 
      Shared ego/STI{EGOBAR (side) > 425 counts-->E GOSTE (side)=lean(1) 
                    {EGOBAR (side) <=425 counts-->E GOSTE (side)=rich(0) 
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                         DELAY LOGIC CLARIFICATION:  
 
 
                            DELAY VDLY(x) MEANS: 
 
 
                               !----------! 
                               !   SET    ! 
                               ! VIPTMR=0 ! 
                               !----------! 
                                     | 
                                     |<------------ -| 
                                     v              | 
                                /---------\    YES  |  
                               / VIPTMR <  \------- -| 
                               \ VDLY(x) ? / 
                                \---------/        
                                     |  NO 
                                     | 
                                     v 
                                  CONTINUE 
 
 
                         TIMER LOGIC CLARIFICATION:  
 
                           "RESTART VIPTMR" MEANS: 
                                SET VIPTMR=0 
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                        ENGINE-RUNNING INITIALIZATI ON 
 
 
             N0  /-------\        ----------- 
          |-----/VDISFM = \<----(    ENTER    ) 
          |     \   0?    /       ----------- 
          |      \-------/                              
          |          |YES   /--------------------\        !-----------! 
          |          |     /IS ANY OF THE FOLLOW- \ YES    !OUTPUT CODE! 
          |          |--->/ING FMEMFLG SET =1?     \----->!98 AND THE ! 
          |              *\MFMFLG,TFMFLG,AFMFLG,OR /      !CORRESPOND-! 
          |                \      CFMFLG          /        !ING FMEM   ! 
          |                 \--------------------/        !FAULT CODE ! 
          |                            | NO               !-----------! 
          |--------------------------->|                        | 
           *MAF FMEM FLAG IN GX        |                     ------ 
                                       |                   (  EXIT  ) 
                                       v                     ------ 
                     !----------------------------- -----! 
                     ! .LAMBSE1=LAMBSE2=VRLAM(OPEN LOOP)! 
                     ! .SPARK ADVANCE =VIPSPK           ! 
                     ! .KNOCKEABLE = 0 (DISABLE KTS      ! 
                     !    PULSES                        ! 
                     ! .EVRDC = 0                       ! 
                     ! .AM1, AM2 AND CANP "OFF"         ! 
                     ! .DE-ACTIVATE DECELL FUEL SHU TOFF ! 
                     ! .TURN WAC "OFF"  (A/C OFF)       !        
                     ! .KAMRF1=KAMRF2=KAMREF=1.0        ! 
                     ! .ENABLE AE THROUGHOUT TEST       ! 
                     ! .DSDRPM = VISCN                  ! 
                     ! .DISABLE TRANSIENT FUEL          ! 
                     ! .SET TCDESN=VTCDSN WHEN VTCD SN   ! 
                     !    NOT = 0                       ! 
                     ! .SET CODES 74,75 & 52            ! 
                     ! .ENABLE SELF-TEST IEPT FILTE R:   ! 
                     !   FIEPT=(1=VFIEPT)=FIEPT+VFI EPT= ! 
                     !   IEPT                           ! 
                     ! .DISABLE ADAPTIVE FUEL           ! 
                     ! .SET KPSIND = VPSIND             ! 
                     ! .SET KPSINU = VPSINU             ! 
                     ! .SET PSIBRM = VSIBRM             ! 
                     ! .SET PSIBRN = VSIBRN             ! 
                     ! .SET FN860 = V860                ! 
                     ! .SET FN820B = V820A              ! 
                     ! .SET FN824 = 1.0                 ! 
                     !----------------------------- -----! 
                                       | 
                                       v 
                                      (A) 
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                      ENGINE-RUNNING INITIALIZATION  (CONT'D) 
 
 
                                      (A) 
                                       | 
                                       v 
      NOTE: USE "ENGCYL" TO   !------------------!  
        SELECT PROPER ENGINE  ! SEND ENGINE I.D. !  
        ID CODE.              !      CODE        !    
        ID CODE= # OF CYL/2   !------------------!  
                                       |  --WAIT HE RE UNTIL PULSING 
                                       v    IS COMP LETE 
                                   -------- 
                                 (   EXIT   ) 
                                   -------- 
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                                HIGH RPM ISC TEST 
 
 
                                    -------- 
                                  (   ENTER  ) 
                                    -------- 
                                       | 
                                       v 
                        !-------------------------- ---!    
                        !     DO VIP DESIRED RPM      ! 
                        !        CALCULATION          ! 
                        !-------------------------- ---! 
                                       |   
                                       v 
                                !------------! 
                                !DELAY VISDL1! 
                                !------------! 
                                       | 
                 NO  /----------------------------- ----\                   
           |--------/ (VISCN+ISUBND)>RPM>(VISCN-ISU BND) \ 
           |        \                ?                  / 
           |         \----------------------------- ----/ 
           |                           | YES 
           v                           v 
      !-----------!           !-------------------- ! 
      !SET CODE 12!---------->!.FIX DC (OPEN LOOP) !      
      !-----------!           !.IGNORE DSDRPM CALC. ! 
                              !-------------------- ! 
                                       | 
                                       v 
                                   --------- 
                                 (   EXIT    )          
                                   --------- 
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                                  ENGINE-RUNNING 
                                A/D TEST STRUCTURE 
 
 
                                 ----------- 
                               (    ENTER    ) 
                                 -----------  
                                      |    
                                      v 
                                 /---------\ 
                                / TEST ECT  \ 
                                \           / 
                                 \---------/ 
                                      | 
                                 /---------\ 
                                /  TEST TP  \ 
                                \           / 
                                 \---------/ 
                                      | 
                                 /---------\ 
                                / TEST ACT  \ 
                                \           / 
                                 \---------/ 
                                      | 
                                 /---------\ 
                                /   BRAKE   \ 
                                \   ON/OFF  / 
                                 \---------/ 
                                      | 
                                 /---------\ 
                                /   PSPS    \ 
                                \           / 
                                 \---------/ 
                                      | 
                                 /---------\ 
                                / TEST MAF  \ 
                                \           / 
                                 \---------/ 
                                      | 
                                 ----------- 
                               (     EXIT    ) 
                                 ----------- 
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                                 ECT SENSOR TEST 
 
 
                           ----------- 
                         (    ENTER    ) 
                           ----------- 
                                | 
                                v 
                           /---------\ 
                          /   VIECT3  \   NO       !---------! 
                         /  <=IECT <=  \----------> ! CODE 21 ! 
                         \    VIECT4 ? /           !---------! 
                          \           /                 | 
                           \---------/                  | 
                                |  YES                  | 
                                |<----------------- -----| 
                                v 
                           ---------- 
                         (     EXIT   ) 
                           ---------- 
 
 
      PARAMETER                                          TYPICAL CALIBRATION 
        NAME                  DESCRIPTION                       VALUE 
      -----------     ----------------------------- ---   ------------------- 
      VIECT3          MIN. COOLANT TEMP (ENGINE-ON)           235 COUNTS 
      VIECT4          MAX. COOLANT TEMP (ENGINE-ON)            63 COUNTS 
      RELATED INITIALIZATION PARAMETERS 
      --------------------------------- 
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                                  TP SENSOR TEST 
 
 
                        ----------- 
                      (    ENTER    ) 
                        ----------- 
                             | 
                             v 
                        /---------\                           
                       /   VTAP3   \   NO      !--- ------!    
                      /  <=ITP <=   \--------->! CO DE 23 ! 
                      \    VTAP4 ?  /          !--- ------! 
                       \           /                | 
                        \---------/                 | 
                             |  YES                 | 
                             |<-------------------- -| 
                             v 
                        ----------- 
                      (     EXIT    ) 
                        ----------- 
 
 
      PARAMETER                                   T YPICAL CALIB- 
         NAME              DESCRIPTION            R ATION  VALUE 
      ------------    --------------------------  - ------------- 
        VTAP3         MIN. THROTTLE POSITION        150 COUNTS 
        VTAP4         MAX. THROTTLE POSITION        250 COUNTS 
                                                    (CALIB. DEP) 
      RELATED INITIALIZATION PARAMETERS  
      --------------------------------- 
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ENGINE-RUNNING SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                                 ACT SENSOR TEST 
 
 
                           ----------- 
                         (    ENTER    ) 
                           ----------- 
                                | 
                                v 
                           /---------\ 
                          /   VIACT3  \    NO      !---------! 
                         /  <=IACT <=  \----------> ! CODE 24 ! 
                         \    VIACT4 ? /           !---------! 
                          \           /                 | 
                           \---------/                  | 
                                |  YES                  | 
                                |<----------------- -----| 
                                v 
                           ----------- 
                         (     EXIT    ) 
                           ----------- 
 
 
      PARAMETER                                      TYPICAL CALI- 
        NAME              DESCRIPTION                BRATION VALUE 
      -------------  ------------------------------   ------------- 
      VIACT3         MIN. CHARGE TEMP. (ENGINE-ON)     670 COUNTS 
      VIACT4         MAX. CHARGE TEMP. (ENGINE-ON)      63 COUNTS 
                     IF IN AIR CLEANER                 760 COUNTS 
      RELATED INITIALIZATION PARAMETERS 
      --------------------------------- 
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ENGINE-RUNNING SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                                BRAKE ON/OFF TEST 
 
 
                                                     
                              NO /--------\       - ------- 
                   |<-----------/ VB1SW    \<---(  ENTER   )  
                   |            \  = 1     /      - ------- 
                   |             \--------/                 
                   |                  | YES             
                   v                  v 
               !-------!        /---------\         
               ! CLEAR !    NO /  BIHP=1   \          
               ! CODES !<------\     ?     /            
               !74 & 75!        \---------/ 
               !-------!             | 
                   |                 | YES 
                   |                 v 
                   |            /---------\        !--------! 
                   |           / BIFLG=1   \ YES   ! CLEAR  ! 
                   |          /(BRAKE ON    \-----> ! CODE 74! 
                   |          \ BOO HIGH) ? /      !--------! 
                   |           \           /           |  
                   |            \---------/            | 
                   |                 |                 | 
                   |                 | NO              | 
                   |                 v                 | 
                   |           !----------!            | 
                   |           !CLEAR CODE!            | 
                   |           !    75    !            | 
                   |           !----------!            | 
                   |                 |                 | 
                   |---------------->|<------------ ----| 
                                     v 
                                 --------- 
                              (   EXIT     ) 
                                 --------- 
 
 
                   NOTE:  This test is run continuo usly from 
                          I.D. code output to servi ce code  
                          output (including "Goose"  test). 
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ENGINE-RUNNING SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                                    PSPS TEST 
 
 
                          -------- 
                        (  ENTER   ) 
                          -------- 
                             | 
                             v 
                        /---------\NO 
                       / VPSSW = 1 \------------->|  
                       \           /              |  
                        \---------/               |    
                             |                    |  
                        /---------\ NO            |  
                       / PSPSHP=1? \------------->|  
                       \     ?     /              |  
                        \---------/               |  
                             | YES                |  
                             |                    |  
                      /-------------\YES    !------ ----! 
                     /PSPS CHANGED   \----->!  CLEA R   ! 
                     \     STATE ?   /      ! CODE 52  ! 
                      \-------------/       !------ ----! 
                             | NO                 |  
                             |<-------------------|  
                             v 
                         -------- 
                       (  EXIT    ) 
                         -------- 
 
          NOTE:  TEST TO BE PERFORMED JUST AFTER TH E "ENGINE I.D. 
                 PULSE BY TURNING STEERING WHEEL 1/ 4 TO 1/2 TURN  
                 THEN RELEASING. 
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ENGINE-RUNNING SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
 
                                 MAF SENSOR TEST 
 
 
                         -------- 
                       (  ENTER   ) 
                         -------- 
                            | 
                            | 
                            v 
                    /----------------\  YES     !-- ------! 
                   /IMAF => VMAFR2 OR \-------->!CO DE 26 ! 
                   \   IMAF <= VMAFR1 /         !-- ------! 
                    \----------------/              |  
                            | NO                    | 
                            |                       | 
                            |<--------------------- -| 
                            | 
                            v 
                         -------- 
                       (  EXIT    ) 
                         -------- 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

27-14 



ENGINE-RUNNING SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
        
                                EGO SWITCHING TEST 
                                     (STEREO) 
 
 
        --------- 
      (   ENTER   ) 
        --------- 
            |            !-------------! 
            v            !IF NUMEGO=1  !      !---- ------------! 
        /---------\ YES  !SET CODE 42 &!      !.RAM P FUEL LEAN ! 
       / NBAR >=   \---->!IF NUMEGO=2  !----->!   V IPLR1       ! 
       \  VNMIN    /     !.SET CODES 42!  ^   !.CLI P AT LEAN   ! 
        \---------/      !& 92         !  |   !  LI MIT LEQV    ! 
            | NO         !.START VIPTMR!  |   !---- ------------! 
            |            !-------------!  |           | 
            |                             |           v 
            |                             |     /-- --------\ YES 
            |                             |    / EG OSTE1=1  \------| 
            |                             |    \  L EAN ?    /      | 
            |                             |     \-- --------/       | 
            v                             |           | NO         v 
        --------------    !----------!    |           |       !---------!  
      (  EXIT ENGINE   )  ! CONTINUE !--->|           |<------!  CLEAR  ! 
         RUNNING TEST     ! RAMPING  !                |       ! CODE 42 ! 
        -------------     !----------!                v       !---------! 
                               ^                /-- --------\YES 
                               |               / EG OSTE2=1  \------| 
                               |               \  L EAN ?    /      | 
 
                               |                \-- --------/       | 
                               |                      | NO         v 
                               |                      |       !---------! 
                               | NO                   |<------!  CLEAR  ! 
                               |                      |       ! CODE 92 ! 
                               |                      v       !---------! 
                         /----------\       YES /-- --------\ 
                        / VIPTMR >=  \<--------/IS 42 OR 92 \ 
                        \ VIPTM3     /         \  P RESENT   /  
                         \----------/           \-- --------/ 
                               |                      | NO 
                               v                      v 
                        !--------------!            ( A )  
                        !STORE CODE(s) ! 
                        !WHICH DID NOT ! 
                        !    CLEAR     ! 
                        !--------------! 
                               | 
                               v 
                             (AA) 
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ENGINE-RUNNING SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                              EGO SWITCHING TEST (C ONT'D) 
 
 
                !-----------------! 
                !IF NUMEGO=1 SET  !  
                !CODE 41 & IF     !       !-------- ----------! 
      (A)------>!NUMEGO=2 THEN    !       !.RAMP FU EL RICH AT! 
                !SET CODES 41 & 91!------>!    VIPR R1        ! 
                !START VIPTMR     !   ^   !.CLIP AT  RICH     ! 
                !-----------------!   |   !    LIMI T REQV    ! 
                                      |   !-------- ----------! 
                                      |            | 
                      |---------------------------> | 
                      |               ^            v 
                      |               |      /----- ----\ YES 
                      |               |     / EGOST E1=0 \-------| 
                      |               |     \   RIC H ?  /       | 
                      |               |      \----- ----/        | 
                      |               |            | NO         | 
                      |        !-----------!       |            v 
                      |        !CONTINUE   !       |      !----------! 
                      |        !RAMPING    !       |<-----!CLEAR CODE! 
                      |        !ZERO VIPTMR!       |      !    41    ! 
                      |        !-----------!       |      !----------! 
                      |               ^            v 
                      |               |      /----- ----\ YES 
                      |               |     / EGOST E2=0 \-------| 
                      |               |     \   RIC H ?  /       | 
                      |               |      \----- ----/        | 
                      |               |            | NO         | 
                      |               |            |            v 
                      |               |            |      !----------! 
                      |               |            |<-----!CLEAR CODE! 
                      |               |N0          |      !    91    ! 
                      |               |            |      !----------! 
                      |               |            | 
                /---------\ YES /---------\ YES/--- ------\        
               / VIPTM >=  \<--/IS LAMBSE  \<-/IS 4 1 OR 91\ 
               \ VIPTM4    /   \ =< REQV ? /  \ PRE SENT ? / 
                \---------/     \---------/    \--- ------/ 
                      |NO                          | NO 
                      v                            v 
              !-------------!                ------ ----------- 
      (AA)<---!STORE CODE(s)!              ( EXIT T O NEXT TEST ) 
              !WHICH DO NOT !                ------ ----------- 
              !    CLEAR    ! 
              !-------------! 
 
              !--------------!     !----------!      ---------------- 
      (AA)--->!SET LAMBSE1 & !---->!  DELAY   !---> ( EXIT TO EGR TEST )         
              !LAMBSE2=VRLAM !     !  VDLY8   !      ---------------- 
              !--------------!     !----------!  
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ENGINE-RUNNING SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                                       AIR TEST 
 
 
            (C)                 (C) 
             ^                   ^ 
             |NO                 |NO 
         /--------\      YES /--------\             ----- 
        /VAIRFL=1  \<-------/THRMHP=1? \<--------(  ENTER  ) 
        \          /        \          /            ----- 
         \--------/          \--------/ 
             | YES 
             v 
        !------------! 
        !IF NUMEGO=1 ! 
        !SET CODE 44 ! 
        !& IF NUMEGO=! 
        !2 THEN      !     !----------!      !----- --------! 
        !SET CODES 44!---->!RAMP FUEL !----->!AIR U PSTREAM,! 
        !& 94 START  !     !RICH AT   !      !AM1 &  AM2    ! 
        ! VIPTMR     !     !VIPRR1    !      !    B OTH ON  ! 
        !------------!     !FOR VDLY1 !      !----- --------! 
                           !----------!             | 
                            |---------------------- >| 
                            |                       v 
                            |                  /--- ------\ YES 
                            |                 /EGOS TE1=1  \------| 
                            |                 \ (LE AN) ?  /      | 
                            |                  \--- ------/       | 
                            |                       | NO         | 
                            |                       |       !---------! 
                            |                       |<------!  CLEAR  ! 
                            |                       |       ! CODE 44 ! 
                            |                       |       !---------! 
                            |                       v 
                            |                  /--- ------\ YES 
                            |                 /EGOS TE2=1  \----->|  
                            |                 \  (L EAN) ? /      | 
                            |                  \--- ------/       | 
                            | NO                    | NO         | 
                            |                       |       !---------! 
                            |                       |<------!  CLEAR  ! 
                            |                       |       ! CODE 94 ! 
                            |                       |       !---------! 
                            |                       | 
                       /---------\    YES     /---- ------\ 
                      /VIPTMR >   \<---------/IS 44  OR 94 \ 
                      \ VIPTM2    /          \  PRE SENT   / 
                       \---------/            \---- ------/ 
                            | YES                   | NO 
                            v                       v 
                    !-----------------!           (  B ) 
                    !STORE CODES WHICH!  
                    ! DID NOT CLEAR   ! 
                    !-----------------! 
                            | 
                            v 
                          ( C ) 
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ENGINE-RUNNING SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                                   AIR TEST (CONT'D ) 
 
 
                        ( B ) 
                          | 
                          v 
              !-----------------------! 
              !.AIR DOWN STREAM,AM1   ! 
              !   ON, AM2 OFF         !            /--------\NO 
              !. START VIPTMR         !           /  VTABFL=1 \--->(C) 
              !-----------------------! |-------->\           /           
                          |             |          \--------/ 
         |--------------->|             |               | 
         |                v             |               v 
         |           /---------\        |       !-- -------------! 
         |          /EGOSTE1 OR \ YES   |       !AI R UPSTREAM & !      
         |         /EGOSTE2 = 0  \-------       !BY PASSED,AM1   ! 
         |         \  (RICH) ?   /      ^       !   OFF, AM2 ON ! 
         |          \           /       |       !DE LAY VDLY2    ! 
         |           \---------/        |       !    SEC        ! 
         |                | NO          |       !-- -------------! 
         |                |        !--------!           | 
         |                |        !SET CODE!           | 
         |                |        !  45    !           | 
         |                |        !--------!           | 
         |                |             |               v 
         |     NO   /----------\ YES    |         / -----------\ YES 
         |<--------/ VIPTMR >=  \------>|        / EGOSTE1 OR  \----| 
                   \ VATMR2     /                \ EGOSTE2 =0 ?/    | 
                    \----------/                  \ -----------/     | 
                                                        |           | 
                                                        v           | 
                                                   !----------!     | 
                                                   !SET CODE  !---->| 
                                                   !   46     !     v 
                                                   !----------!   ( C) 
 
                ( C ) 
                  | 
           !--------------!         !-----------!         -------- 
           !SET LAMBSE1 & !-------->!DELAY VDLY8!-- ---->(  EXIT    ) 
           !LAMBSE2=VRLAM !         !-----------!         -------- 
           !BOTH AM1 & AM2! 
           !    OFF       ! 
           !--------------! 
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ENGINE-RUNNING SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                                    EGR SYSTEM TEST  
 
                                      (PFE/SONIC) 
 
          (PFE)                           
        --------- 
      (  ENTER    ) 
        --------- 
            | 
            v 
        /---------\  YES       -----------              
       / PFEHP =2  \-------->(    EXIT     ) 
       \           /           ----------- 
        \---------/                               
             | NO                                
             v                               (SONIC ) 
        /---------\                         
       /  PFEHP=1  \  NO                   /------- --\  NO 
       \     ?     /--------------------->/  PFEHP= 0  \--------------------|  
        \---------/                       \     ?     /                    | 
             |  YES                        \------- --/                     |      
             |                                  |  YES                     | 
             |                                  v                          | 
             v                             /------- --\ YES  !---------!    | 
       /---------\                        /  IEVP < =  \---->! CODE 31 !--->| 
      / FIEPT <=  \YES  !--------!        \  EVPMIN  ? /     !---------!    | 
      \ EPTMIN    /---->!CODE 31 !----|    \------- --/                     | 
       \---------/      !--------!    |         | N O                       | 
            |                         |         v                          | 
            | NO                      |    /------- --\ YES  !---------!    | 
            v                         |   /  IEVP > =  \---->! CODE 35 !--->| 
       /---------\                    |   \  EVPMAX  ? /     !---------!    | 
      / FIEPT >=  \ YES !--------!    |    \------- --/                     | 
      \ EPTMAX    /---->!CODE 35 !--->|         | N O                       | 
       \---------/      !--------!    |         v                          | 
            |                         |    /------- --\ YES  !---------!    | 
            | NO                      |   /  IEVP <    \---->! CODE 32 !--->| 
            v                         |   \  VEVPLL  ? /     !---------!    | 
       /---------\                    |    \------- --/                     | 
      / FIEPT <   \ YES !--------!    |         | N O                       | 
      \ VEPTRL    /---->!CODE 32 !--->|         v                          | 
       \---------/      !--------!    |    /------- --\ YES  !---------!    | 
            |                         |   /  IEVP >    \---->! CODE 34 !--->| 
            | NO                      |   \  VEVPHL  ? /     !---------!    | 
            v                         |    \------- --/                     | 
       /---------\                    |         | N O                       | 
      / FIEPT >   \ YES !--------!    |         v                          | 
      \ VEPTRH    /---->!CODE 34 !--->|       ( B )           ( EXIT )<-----| 
       \---------/      !--------!    |                        
            |                         | 
            | NO                      | 
            v                         v 
           (A)                    --------- 
                                (   EXIT    ) 
                                  --------- 
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ENGINE-RUNNING SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                               EGR SYSTEM TEST (CON T'D) 
 
 
                   (A)                                
                    |                                   
                    v                                   
        !----------------------!             
        !.SET VIPTMR=0         !             
        !.SAVE FIEPT -> FEPTSV !             
        !----------------------!             
                    |                                   
      |------------>|                     
      |             v                     
      |   !----------------------!        
      |   !.RAMP EGRDC AT VEGRAT !        
      |   ! START FROM VDCMIN TO !        
      |   ! VDCMAX.              !        
      |   !.EGRDC=VDCMIN +       !        
      |   ! VEGRAT*VIPTMR        !        
      |   !----------------------!        
      |             |                     
      |             |                     
      |             v                     
      |        /---------\                
      |       / FEPTSV-   \  YES  
      |      /  FIEPT >    \----| 
      |      \  VEPTDL ?   /    | 
      |       \           /     | 
      |        \---------/      |        
      |             | NO        | 
      |             v           | 
      |    NO  /---------\      | 
      |-------/ EGRDC >=  \     | 
              \ VDCMAX ?  /     | 
               \---------/      | 
                    | YES       | 
                    |           | 
                    |           | 
                    v           | 
               !----------!     | 
               ! CODE 33  !     | 
               !----------!     | 
                    |           | 
                    |           | 
                    |<----------| 
                    v                          
            !---------------!                  
            !.SET EGRDC=0   !                  
            !.SET VIPTMR=0  !                  
            !---------------!                  
                    |                          
                    | 
                    v 
                --------- 
              (   EXIT    ) 
                --------- 
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ENGINE-RUNNING SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                  ( B ) 
                    | 
                    v 
         !---------------------! 
         !.SET VIPTMR =0       ! 
         !.SAVE IEVP -> IEVPSV ! 
         !---------------------! 
                    |                                   
      |------------>| 
      |             v 
      |   !----------------------! 
      |   !.RAMP EGRDC AT VEGRAT ! 
      |   ! START FROM VDCMIN TO !        
      |   ! VDCMAX.              !        
      |   !.EGRDC=VDCMIN +       !        
      |   ! VEGRAT*VIPTMR        !        
      |   !----------------------!        
      |             |                     
      |             |                     
      |             |                     
      |             v          
      |       /-----------\   YES      
      |      / IEVP-IEVPSV \----| 
      |      \ > VEVPDL ?  /    | 
      |       \-----------/     | 
      |             | NO        | 
      |             |           | 
      |             v           | 
      |    NO  /---------\      | 
      |-------/ EGRDC >=  \     | 
              \  VDCMAX   /     | 
               \---------/      | 
                    |           | 
                    |           | 
                    | YES       | 
                    v           | 
               !----------!     | 
               ! CODE 33  !     | 
               !----------!     | 
                    |           | 
                    |           | 
                    |<----------| 
                    v                          
            !---------------!                  
            !.SET EGRDC=0   !                  
            !.SET VIPTMR=0  !                  
            !---------------!                  
                    |                          
                    | 
                    v 
                --------- 
              (   EXIT    ) 
                ---------  
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ENGINE-RUNNING SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                                   SPOUT CHECK TEST  
 
 
             --------          /--------\ NO        ---- 
           (  ENTER   )------>/IS VSPTEN \------>(  EXIT  ) 
             --------         \  = 1?    /          ---- 
                               \--------/ 
                                   | YES 
                                   v 
                        !-------------------------- !    
                        ! 1)SET SPK ADV TO "VSPRET" !  
                        ! 2)DELAY FOR "VSPTDL" SEC ! 
                        ! 3)SAVE NBAR -> "VSPTN"   ! 
                        !-------------------------- ! 
                                   | 
                                   v 
                        !-------------------------- ! 
                        ! 1)SET SPK ADV TO "VSPADV" ! 
                        ! 2)DELAY FOR "VSPTDL" SEC ! 
                        !-------------------------- ! 
                                   | 
                                   v 
                          /------------------\ NO    !--------! 
                         / NBAR - VSPTN =>    \---- ->!CODE 18 ! 
                         \        VSPRPM      /      !--------! 
                          \------------------/           | 
                                   | YES                 | 
                                   |<-------------- ------| 
                                   v 
                        !-------------------------- ! 
                        !RESET SPK ADV TO "VIPSPK" ! 
                        !-------------------------- ! 
                                   | 
                                   v 
                                -------  
                              (  EXIT   ) 
                                ------- 
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ENGINE-RUNNING SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                              LOW RPM ISC TEST 
                                                   
 
 
                                   ----------- 
                                 (    ENTER    ) 
                                   ----------- 
                                        | 
                                        v 
                         !------------------------- --! 
                         !  .LOAD NGOOSE -> VIPRPM   ! 
                         !  .DO ISC DESIRED RPM      ! 
                         !    CALCULATION (EACH BG   ! 
                         !          LOOP             ! 
                         !------------------------- --!             
                                        | 
                                        v 
                                 !------------! 
                                 !DELAY VISDL3! 
                                 !------------! 
                                        | 
                                        v  
           !--------! NO  /------------------------ ----------\ 
           !SET CODE!<---/(NGOOSE+ISLBND)>RPM>(NGOO SE-ISLBND) \ 
           !   13   !    \                                    / 
           !--------!     \------------------------ ----------/ 
               |                        | YES 
               |----------------------->| 
                                        v 
                                     ------- 
                                   (  EXIT   )  
                                     -------  
                                      
 
 
             VTCDSN - Self test idle speed ramp dow n time 
                      constant.  This parameter tak es the 
                      place of the normal strategy filter 
                      constant "TCDESN" when in sel f test. 
                      Calibrating "VTCDSN" to zero will 
                      result in defaulting to the " TCDESN" 
                      value. 
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ENGINE-RUNNING SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                            CYLINDER BALANCE TEST 
 
 
                         ------- 
                       (  ENTER  ) 
                         ------- 
                            | 
                            v 
                    !----------------! 
                    !SET ABORT FLG =0! 
                    !CYL BAL FLG =0  ! 
                    !----------------! 
                            | 
                           (A) 
                            | 
                            v 
                   1=  /---------\ 
                 |<---/ ABORT FLG \ 
                 |    \   STATE   / 
                 |     \---------/ 
                 |          | =0 
                 |          v 
        -----    | 0=  /--------\ > 0  
      ( EXIT  )<------/ VCBFLG   \--------->| 
        -----    |    \  STATE   /          | 
                 |     \--------/           | 
                 |          | < 0           | 
                 |          v               |------ >(B) 
                 | 1=  /-------\ = 0        | 
                 |<---/CYL BAL  \---------->| 
                      \FLG STATE/ 
                       \-------/ 
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ENGINE-RUNNING SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                       CYLINDER BALANCE TEST (CONT' D) 
 
 
                          (B) 
                           | 
                           v 
                    !-------------! 
                    !.SET TPOFLG=0! 
                    !.RESET VIPTMR! 
                    !-------------! 
                           | 
                           |<---------------------- --| 
             (APT NOT= -1) v                         | 
      !------!  OPEN   /--------\                    | 
      ! SET  !<-------/   TP     \                   | 
      !TPOFLG!        \  STATE   /                   | 
      ! = 1  !         \--------/                    | 
      !------!             | CLOSE (APT = -1)        | 
         |                 |                         | 
         |---------------->|                         | 
                           v                         | 
                        /-------\ = 0                | < 2 MIN  
                       / TPOFLG  \------|            | 
                       \  STATE  /      |       /-- ------\  
                        \-------/       |----->/   TMR    \ 
                           | = 1        |      \  S TATE   / 
                           |            |       \-- ------/ 
                           v            |            | > 2 MIN 
                 CLOSE /-------\ OPEN   |            | 
             |<-------/   TP    \-------|            | 
             |        \  STATE  /                    v 
             |         \-------/                 -- -------- 
             |                                (   E XIT TO   ) 
             v                                  WIG GLE TEST 
            (C)                                  -- -------- 
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ENGINE-RUNNING SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                       CYLINDER BALANCE TEST (CONT' D) 
 
 
         
            (C) 
             | 
             v                             
      !------------------!                        
      !SET: SPARK ADVANCE! 
      !        =VIPSPK   ! 
      !CYLNUM=ENG CYL NO.!           !---------! 
      !LAMBSE1=LAMBSE2=  !---------->!  DELAY  ! 
      !         VLAMCB   !           !  VCBDLY ! 
      !DSDRPM(RVIPRPM)=  !           !---------! 
      !         VISCN1   !                | 
      !CLEAR ALL FAULT   !         /-------------\Y ES 
      !         CODES    !        /IS RVIP-CYL.BAL\ -------| 
      !OPEN LOOP FUEL    !        \     =0  ?     /        | 
      !------------------!         \-------------/        | 
                                          |NO             v 
                                          |        !--------------!   
                                          |        !SET VCBPCT-   !  
                                          |        !THIS- TIME =  ! 
                                          |        !  VCBPCT      ! 
                                          |        !--------------! 
                                          v               | 
                                 !----------------!        | 
                                 !SET VCBPCT-THIS-!        | 
                                 !TIME=(VCBPCT-   !        | 
                                 !THIS-TIME)+     ! ------>| 
                                 !VCBPAD  CLIP    !        | 
                                 !TO VCBCLP       !        | 
                                 !----------------!        | 
                                                          v 
                                                         (D) 
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                         ENGINE-RUNNING SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

                          CYLINDER BALANCE TEST (CO NT'D) 
                                  (D) 
                                   | 
                                   v 
                             !-------------! 
                             !RESET VIPTMR ! 
                             !-------------! 
                                   | 
                                   |<-------------- --| 
      !---------------!            v                 | NO 
      !.CLEAR FAULTs) !  OPEN  /-------\ CLOSE   /- ------\  
      ! CODE(s)       !<------/   TP    \------>/IS  VIPTMR\ 
      !.SET ABORT FIG=!(ABORT \  STATE  /       \ V ISDL4  / 
      ! 1             !        \-------/         \- ------/ 
      !.TURN "ON" IN- !<------|          |<-------- - |YES 
      ! INJECTOR I    !       |     !----------!             
      !.SET FAULT CODE!       |     !OPEN LOOP !   !-----------! 
      !  77           !       |     !ISC-CONS- !   !DO "VCBHN" ! 
      !               !       |     !TANT PULSE!--> !CALCULATION! 
      !---------------!       |     !WIDTH     !   !-----------!              
              |               |     !----------!         | 
              v               |                          |-----| 
             (E)              |----------|                     | 
                                         |OPEN                 v 
      !----------!                   /-------\        !------------------! 
      !DO "VCBLN"!  NO/--------\    /  TP     \       !.SET VNPASSCB = & ! 
      !CALCULA-  !<--/IS VIPTMR \<- \  STATE  /<--- ---!  (VCBHN)*[1-     ! 
      !TION      !   \< VISDL5  /    \-------/    ^    ! (VCBPCT-THIS-    ! 
      !----------!    \--------/ CLOSED           |    ! TIME)]           ! 
            |        YES  |---------------------- |    !.RESET VIPTMR=0   ! 
            v                                         !.TURN "OFF"       ! 
        /-------\YES                                  ! INJECTOR I = CYL-! 
       /IS VCBLN \                                    ! NUM (VCUTCOUT)   ! 
      /=> VNPASSCB\                                   !------------------! 
      \(VIPNORM 2)/---------------->| 
       \         /                  | 
        \-------/                   | 
            |                       | 
            v                       | 
       !-------------!              | 
       !.TURN "ON"   !              |         
       ! INJECTOR I  !              | 
       !.SET CYL-NUM !<---|         | 
       ! =(CYL-NUM)-1!    |         | 
       !-------------!    |         |    
              |           |         v 
              v           |    !----------! 
        /---------\ YES   |<---!SET FAULT ! 
       /IS CYL-NUM \---|       !CODE I0   !    
       \    > 0    /   |       !----------! 
        \---------/    | 
              |NO      |--------------------------> (D) 
              |-------------->(E) 
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ENGINE-RUNNING SEQUENCE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                            CYLINDER BALANCE TEST ( CONT'D) 
 
 
                                 (E) 
                                  | 
                                  v 
                      !---------------------------- ! 
                      !SET: DSDRPM=NGOOSE          ! 
                      !     CLOSED IDLE SPD CONTROL ! 
                      !     LAMBSE1=LAMBSE2=VRLAM  ! 
                      !---------------------------- ! 
                                  | 
                                  v 
             !-------!    YES /--------\  
             !OUTPUT !<------/ IS ANY   \ 
             ! CODES !   ^  /   CODE     \ 
             !-------!   |  \  PRESENT   / 
                 |       |   \----------/ 
                 |       |        | NO 
                 |       |        v  
                 |       |    !--------! 
                 |       |<---!  SET   ! 
                 |            !CODE 90 ! 
                 |            !--------! 
                 | 
                 | 
                 | 
                 | 
                 v 
            !----------! 
            !SET CYL-  ! 
            !BAL-FLG = !--------->( A ) 
            !    1     ! 
            !----------!  
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ENGINE-RUNNING SEQUENCE 
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                             "VCBHN" CALCULATION 
 
 
                   ------ 
                 ( ENTER  ) 
                   ------ 
                     | 
                     v 
             !------------------!  
             !.RESET VIPTMR     ! 
             !.CLEAR VCB-PIP-CNT! 
             !.SAVE LAST PIPTIME! 
             ! IN "VLPTM"       ! 
             !------------------! 
                     | 
                     |<-------------------------| 
                     v                          | 
             !------------------!               | 
             !.WHEN PIPHIGH IN- !               | 
             ! CREMENT          !               | 
             !   VCB-PIP-CNT    !               | 
             !------------------!               | 
                     |                          | 
                     |                          | 
                     v                          | 
               /-----------\ N0                 | 
              /IS VIPTMR => \-------------------| 
              \   VCBTM2    / 
               \-----------/ 
                     | YES 
                     v 
          !----------------------------! 
          !.CALCULATE CYL. BAL HIGH RPM! 
          !                            ! 
          ! VCBHN = VCB-PIP-CNT   120  ! 
          !         ----------- * ---  ! 
          !(VCBN) (LAST PIPTIME-  NO.  ! 
          !        TIME - VLPTM   OF   ! 
          !                       CLY  ! 
          !----------------------------! 
                     | 
                     | 
                     v 
                   ------ 
                 ( EXIT   ) 
                   ------ 
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ENGINE-RUNNING SEQUENCE 
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                             "VCBLN" CALCULATION 
 
 
                   ------ 
                 ( ENTER  ) 
                   ------ 
                     | 
                     v 
             !------------------!  
             !.RESET VIPTMR     ! 
             !.CLEAR VCB-PIP-CNT! 
             !.SAVE LAST PIPTIME! 
             ! IN "VLPTM"       ! 
             !------------------! 
                     | 
                     |<-------------------------| 
                     v                          | 
             !------------------!               | 
             !.WHEN PIPHIGH IN- !               | 
             ! CREMENT          !               | 
             !   VCB-PIP-CNT    !               | 
             !------------------!               | 
                     |                          | 
                     |                          | 
                     v                          | 
               /-----------\ N0                 | 
              /IS VIPTMR => \-------------------| 
              \   VCBTM1    / 
               \-----------/ 
                     | YES 
                     v 
          !----------------------------! 
          !.CALCULATE CYL. BAL LOW RPM ! 
          !                            ! 
          ! VCBLN = VCB-PIP-CNT   120  ! 
          !         ----------- * ---  ! 
          !(VCBN) (LAST PIPTIME-  NO.  ! 
          !        TIME - VLPTM   OF   ! 
          !                       CLY  ! 
          !----------------------------! 
                     | 
                     | 
                     v 
                   ------ 
                 ( EXIT   ) 
                   ------ 
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CONTINUOUS TEST STRUCTURE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

                                   
  CONTINUOUS TEST STRUCTURE 

 
                                ---------- 
                              (    ENTER    ) 
                                ----------- 
                                     | 
                            /-----------------\ 
                           /     ECT TEST      \ 
                           \  AND FILTERING    / 
                            \-----------------/ 
                                     | 
                            /-----------------\ 
                           /     ACT TEST      \ 
                           \  AND FILTERING    / 
                            \-----------------/ 
                                     | 
                            /-----------------\ 
                           /     BP TEST       \ 
                           \  AND FILTERING    / 
                            \-----------------/ 
                                     | 
                            /-----------------\ 
                           /     MAF TEST      \ 
                           \  AND FILTERING    / 
                            \-----------------/ 
                                     | 
                            /-----------------\ 
                           /     EGR TEST      \ 
                           \  AND FILTERING    / 
                            \-----------------/ 
                                     | 
                            /-----------------\ 
                           / PIP AND IDM TEST  \ 
                           \  AND FILTERING    / 
                            \-----------------/ 
                                     | 
                            /-----------------\ 
                           /      TP TEST      \ 
                           \  AND FILTERING    / 
                            \-----------------/ 
                                     | 
                            /-----------------\ 
                           /    EGO TEST       \ 
                           \ AND FILTERING     / 
                            \-----------------/ 
                                     | 
                            /-----------------\ 
                           /    VSS TEST       \ 
                           \  AND FILTERING    / 
                            \-----------------/                
                                     | 
                                    (A) 
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CONTINUOUS TEST STRUCTURE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                     CONTINUOUS TEST STRUCTURE (CON T'D) 
 
 
                                    (A) 
                                     |      NOTE:  "WIGGLE TEST IS  
                          NO    /---------\         DEFINED AS: 
      |------------------------/ IN WIGGLE \   1) N OT IN SELF-TEST AND 
      |                        \   TEST ?  /   2) S TI=GND OR TIME SINCE 
      |                         \---------/       L AST PIP >1 SEC 
      |                              | 
      |                         /---------\ 
      |   !---------!    NO    /    ANY    \  YES  !-------------! 
      |   ! STO OFF !<--------/ FAULT FILTER\-----> !.STO ON      ! 
      |   !---------!         \ > THRESHOLD?/      !.SET ADVLIM=0! 
      |        |               \           /       !-------------! 
      |        |                \---------/               |        
      |        |                                          |    
      |        v                -----------               | 
      |---------------------->(     EXIT    )<----- -------| 
                                ----------- 
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CONTINUOUS TEST STRUCTURE 
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                               FILTERING LOGIC 
 
 
      Each  fault  to  be  detected  and  stored  r equires   an   event 
      counter-timer  which  will  be incremented by  an "Up-count" value 
      (calibratable) each time a fault is detected,  and decremented  by 
      1  each  time  the  fault  is  not detected.  Fault detection and 
      up/down counting are done once per  backgroun d  loop.   When  the 
      counter-timer  for a particular fault exceeds  a "threshold" value 
      (calibratable) for that fault, the correspond ing KAM  fault  code 
      will be stored. 
 
      The "Wiggle Test" is  a  special  case.   Whe n  STI  is  low  and 
      Self-Test  is  not  in progress, or in Engine -Off conditions when 
      Self-Test is not in progress, any time  any  event  counter-timer 
      (filter)   has   exceeded  its  threshold,  S TO  is  turned  "on" 
      (otherwise it will be "off"). 
 
 
                                 ----------- 
                               (    ENTER    ) 
                                 ----------- 
                                      | 
                                      v 
                           NO    /---------\    YES  
                  |-------------/ FAULT (N) \------ -------| 
                  |             \ DETECTED ?/             | 
                  v              \---------/              v 
          !--------------!                         !--------------! 
          ! CXXFIL  =    !                         ! CXXFIL =     ! 
          ! CXXFIL -1    !                         ! CXXFIL  +    ! 
          !--------------!                         ! CXXUP        ! 
                  |                                !--------------! 
                  |                                       | 
                  |------------->|<---------------- -------| 
                                 v 
                                (I1) 
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CONTINUOUS TEST STRUCTURE 
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                          FILTERING LOGIC CONTINUED  
 
 
                                (I1) 
                                 | 
                                 v 
                            /---------\ 
                           /IS FAULT   \ NO 
                          /(N) 31,32,33,\---------- -| 
                          \  34 OR 35   /           | 
                           \PRESENT ?  /            | 
                            \---------/             | 
                                 | YES              | 
                                 v                  | 
                            /---------\             | 
                           /ARE ANY    \ N0         | 
                          /CODES 31,32, \---------- >| 
                          \33,34,35     /           | 
                           \STORED IN  /            | 
                            \  KAM  ? /             | 
                             ---------              | 
                                 | YES              | 
                                 v                  | 
                            /-----------\           | 
                        N0 /IS FAULT (N) \          | 
                    |<----/ SAME AS CODE  \         | 
                    |     \ STORED IN KAM /         | 
                    |      \     ?       /          | 
                    |       \-----------/           | 
                    |            | YES              | 
                    |            |<---------------- -| 
                    |            v                   
                    |       /---------\              
                    |      /  CXXFIL   \    YES      
                    |     /     >       \---------- ------| 
                    |     \   CXXLVL    /                | 
                    |      \     ?     /                 | 
                    |       \---------/                  | 
                    |----------->|  NO                   v 
                                 v             !--- ------------------! 
                            -----------        ! ST ORE KAM CODE (N)  ! 
                          (     EXIT    )<-----! ZE RO WARM-UP CYCLE  ! 
                            -----------        ! CO UNTER (N)         ! 
                                               !--- ------------------! 
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CONTINUOUS TEST STRUCTURE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

                   FAULT THRESHOLD/UPCOUNT VALUE SE LECTION 
                   "WIGGLE" VERSUS NORMAL CONTINUOU S TEST 
 
      CRANK OR UNDERSPEED------|     | 
                               |AND--| 
      DISABLE NO START---------|     |   | 
                                     | OR|       !- -----------------------! 
      NOT CRANK OR UNDERSPEED--|     |   |       !" WIGGLE TEST:SET C32UP &!  
                               |AND--|   | AND---!C 33UP,C34UP=0 & ALL     !  
      DISABLE RUNNING----------|     |   |       !T HRESHOLDS=WIGLVL* ALL  ! 
                                         |       !N ON-ZERO UPCOUNTS =255  ! 
      STI=GND----------------------------|       !- -----------------------! 
                                                     -----ELSE----- 
      IN UNDERSPEED OR RUNNING------------------>  (NORMAL CONTINUOUS TEST) 
 
                                                !-- ------------------------! 
                                                ! U SE CALIBRATED           ! 
                                                ! T HRESHOLD/UPCOUNT VALUES ! 
                                                !-- ------------------------! 
 
                                 PARAMETER NAMES: 
 
            FAULT      |    FILTER     |UPCOUNT|THR ESHOLD|WARM-UP COUNTER 
      -----------------|---------------|-------|--- ------|--------------- 
      ERRATIC PIP      | C14FIL        | C14UP | C1 4LVL  | C14CNT 
      IDM              | IDM FAULT CNT | IDMUP | ID MLVL  | IDM WARMUP CNT 
      ECT LOW          | C61FIL        | C61UP | C6 1LVL  | C61CNT 
      ECT HIGH         | C51FIL        | C51UP | C5 1LVL  | C51CNT 
      BP OUT OF RANGE  | C22FIL        | C22UP | C2 2LVL  | C22CNT 
      ACT LOW          | C64FIL        | C64UP | C6 4LVL  | C64CNT 
      ACT HIGH         | C54FIL        | C54UP | C5 4LVL  | C54CNT 
      TP LOW           | C63FIL        | C63UP | C6 3LVL  | C63CNT 
      TP HIGH          | C53FIL        | C53UP | C5 3LVL  | C53CNT 
      1)EPT BELOW MIN  | C31FIL        | C31UP | C3 1LVL  | C31CNT  
      2)EVP INPUT LOW  | C31FIL        | C31UP | C3 1LVL  | C31CNT 
      1)EPT LOW        | C32FIL        | C32UP | C3 2LVL  | C32CNT 
      2)EVP OUT OF LIM | C32FIL        | C32UP | C3 2LVL  | C32CNT 
      1)EPT ABOVE MAX  | C35FIL        | C35UP | C3 5LVL  | C35CNT  
      2)EVP INPUT HIGH | C35FIL        | C35UP | C3 5LVL  | C35CNT 
      1)NO EGR FLOW    | C33FIL        | C33UP | C3 3LVL  | C33CNT 
      2)NO EGR FLOW    | C33FIL        | C33UP | C3 3LVL  | C33CNT 
      1)EPT HIGH       | C34FIL        | C34UP | C3 4LVL  | C34CNT 
      2)EGR VALVE OUT  | C34FIL        | C34UP | C3 4LVL  | C34CNT 
         OF LIMITS     |               |       |         | 
      LACK OF EGO SW   | C41FIL        | C41UP | C4 1LVL  | C41CNT 
      LACK OF EGO SW   | C91FIL        | C91UP | C9 1LVL  | C91CNT 
      VSS FAILURE      | C29FIL        | C29UP | C6 9LVL  | C69CNT 
      FP RELAY         | C87FIL        | C87UP | C8 7LVL  | C87CNT 
 
      MAF SHORT TO PWR | C56FIL        | C56UP | C5 6LVL  | C56CNT 
      MAF CKT OPEN     | C66FIL        | C66UP | C6 6LVL  | C66CNT   
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CONTINUOUS TEST STRUCTURE 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
                   FAULT THRESHOLD/UPCOUNT VALUE SE LECTION (CONT'D) 
 
 
                                PARAMETER NAMES 
 
         FAULT         |   FILTER      |UPCOUNT|THR ESHOLD|WARM-UP COUNTER 
      -----------------|---------------|-------|--- ------|--------------- 
      FP CKT OPEN ECA  |  C95FIL       |C95UP  | C9 5LVL  |C95 CNT 
         TO MTR GND    |               |       |         | 
      FP CKT OPEN      |  C96FIL       |C96UP  | C9 6LVL  |C96CNT 
        
       WIGLVL - Threshold for wiggle test- no units  -range 0 to 255 
                resolution=1  Base value = 200 Cal level = CCV 
 
 
      1)PARAMETERS APPLY WHEN USING PFE EGR SYSTEMS  (PFEHP SWITCH =1) 
      2)PARAMETERS APPLY WHEN USING SONIC EGR SYSTE MS (PFEHP SWITCH =0) 
 
      NOTE: SET C32UP, C33UP, C34UP AND C41AND C91U P TO ZERO WHEN IN 
            WIGGLE TEST MODE TO EXCLUDE CODE FROM W IGGLE TEST 
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CONTINUOUS TEST STRUCTURE 
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KAM CODE ERASE LOGIC 

 
 
      Each KAM code has a counter for "Number of En gine warm-ups" since 
      fault was last detected.  Each code is erased  when its counter is 
      >= 40.  Codes can also be manually cleared du ring Engine-Off code 
      output mode. 
 
 
      "WARM-UP" FLAG CLEAR--| 
                            | 
      TCSTRT < VECT5--------| 
                            | AND---|------SET "WAR M-UP FLAG 
      ECT > VECT3-----------|       | 
                            |       |            
      RUN MODE--------------|       | 
                                    |           !-- ------------------! 
                                    |---|       ! I NCREMENT ALL CODE ! 
                                        | AND---! W ARM-UP COUNTERS   ! 
                      STI=OPEN----------|       ! D ISABLE FURTHER    ! 
                                                ! I NCREMENTS (UNTIL  ! 
                                                ! N EXT POWER-UP)     ! 
                                                !-- ------------------! 
 
 
      IN ENGINE-OFF CODE OUTPUT MODE*----| 
                                         | AND----E RASE ALL KAM CODE  
      SELF-TEST NOT REQUESTED------------| 
 
 
      WARM-UP COUNTER(N) >= 40--------------ERASE K AM CODE(N) 
 
 
 
      * Note:  This means during the output of any codes in  Engine-Off 
      Self-Test; service codes, separator pulse, an d continuous codes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

28-8 
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                             ECT OPEN/SHORT TEST 
 
 
                               ----------- 
                             (    ENTER    ) 
                               ----------- 
                                    | 
                                    v 
                               /---------\   NO      !----------! 
                              /  IECT >=  \-------- ->! FAULT 61 ! 
                              \  ECTMIN ? /          !----------! 
                               \---------/                 | 
                                    |  YES                 | 
                                    v<------------- --------| 
                            !--------------! 
                            !  DO FAULT    ! 
                            ! FILTERING 61 ! 
                            !--------------! 
                                    | 
                                    v 
                               /---------\   NO      !----------! 
                              /  IECT <=  \-------- ->! FAULT 51 ! 
                              \  ECTMAX ? /          !----------! 
                               \---------/                 | 
                                    |  YES                 | 
                                    v<------------- --------| 
                            !--------------! 
                            !  DO FAULT    ! 
                            ! FILTERING 51 ! 
                            !--------------! 
                                    | 
                                    v 
                               ----------- 
                             (     EXIT    ) 
                               ----------- 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

28-9 



CONTINUOUS TEST STRUCTURE 
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                              ACT SENSOR TESTS 
 
 
                               ----------- 
                             (    ENTER    ) 
                               ----------- 
                                    | 
                                    v 
                               /---------\   NO      !----------! 
                              /  IACT >=  \-------- ->! FAULT 64 ! 
                              \  ACTMIN ? /          !----------! 
                               \---------/                 | 
                                    |  YES                 | 
                                    |<------------- --------| 
                                    v 
                            !--------------! 
                            !   DO FAULT   ! 
                            ! FILTERING 64 ! 
                            !--------------! 
                                    | 
                                    v 
                               /---------\   NO      !----------! 
                              /  IACT <=  \-------- ->! FAULT 54 ! 
                              \  ACTMAX ? /          !----------! 
                               \---------/                 | 
                                    |  YES                 | 
                                    |<------------- --------| 
                                    v 
                            !--------------! 
                            !   DO FAULT   ! 
                            ! FILTERING 54 ! 
                            !--------------! 
                                    | 
                                    v 
                               ----------- 
                             (     EXIT    ) 
                               ----------- 
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                               BP SENSOR TEST 
 
 
                      ------ 
                    (  ENTER  ) 
                      ------ 
                         | 
                         v 
                     /--------\ NO         ------ 
                    / BPSSW=1  \-------> (  EXIT  )  
                    \          /           ------ 
                     \--------/ 
                         | YES 
                     /---------\NO 
                    / BPTMR <=  \-----------| 
                    \ VBPMAX ?  /           | 
                     \---------/            | 
                         | YES              v 
                     /---------\        !---------- ! 
                    /  VBPDL1   \------>! FAULT 22 ! 
                   / <=MDELTA <= \      !---------- ! 
                   \   VBPDL2    /          | 
                    \           /           | 
                     \---------/            | 
                         | YES              | 
                         |<-----------------| 
                   !------------! 
                   !  DO FAULT  ! 
                   !FILTERING 22! 
                   !------------! 
                         | 
                         v 
                      ------- 
                    (  EXIT   ) 
                      ------- 
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EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

 
MAF SENSOR TEST 

 
 
               -------- 
             (  ENTER   ) 
               -------- 
                  | 
                  v 
             /---------\ NO      /---------\ YES    !---------! 
            / NBAR =>   \------>/  IMAF =>  \------ >!FAULT 56 ! 
            \ VMARPM    /       \  VMAMAX   /       !---------! 
             \---------/         \---------/             | 
                  |YES                | NO               | 
                  |<------------------------------- ------| 
                  | 
                  v 
             !----------! 
             !DO FAULT  ! 
             !FILTERING ! 
             !    56    ! 
             !----------! 
                  | 
            NO/--------\ 
       |<----/ RUN MODE \ 
       |     \          / 
       |      \--------/ 
       |          | YES 
       |          v 
       |     /---------\ NO     /---------\ YES     !--------! 
       |    /IS TSLPIP  \----->/ IMAF <=   \------- >!FAULT 66! 
       |   /      >      \     \ VMAMIN    /        !--------! 
       |   \ VMAFPIPLMT  /      \---------/             | 
       |    \           /           | NO                | 
       |     \---------/            |                   | 
       |          |YES              |                   | 
       |          v                 |                   | 
       |--------------------------->|<------------- -----|         
                                    |   
                                    v 
                              !-------------! 
                              !DO FAULT     ! 
                              !FILTERING 66 ! 
                              !-------------! 
                                    | 
                                    v 
                                 ------ 
                               (  EXIT  ) 
                                 ------ 
 
         NOTE: DO NOT CHECK FOR FAULT 66 DURING KOE O WIGGLE TEST. 
               AIR FLOW AND IMAF WILL BE AT OR NEAR  ZERO. 
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                           EGR SYSTEM TEST (PFE/SON IC) 
             --------- 
           (  ENTER    ) (PFE) 
             --------- 
                 | 
             /--------\  NO       -------- 
            / PFEHP=>2 \------->(  EXIT    ) 
            \    ?     /          -------- 
             \--------/                           ( SONIC)   
                 | NO                               
             /--------\ NO                       
            / PFEHP=1  \--------------------------- -| 
            \          /                            | 
             \--------/                             | 
                 | YES                              | YES 
            /---------\ NO                          v 
           / APT= -1   \-----------|            /-- ------\  YES !----------! 
           \           /           |           / IE VP <=  \---->! FAULT 31 ! 
            \---------/            |           \ EV PMIN ? /     !----------! 
                 | YES             |            \-- ------/           | 
            /---------\ NO         |                | NO             | 
           / NBAR < VN \---------->|                |<---------------| 
           \           /           v                v 
            \---------/           (A)   !---------- -------------! 
                 | YES                  ! DO FAULT FILTERING 31 ! 
      !----------------------!          !---------- -------------!       
      !FIEPT=VROLAV(IEPT,    !                      | 
      !      VTCEPT)         !                      | 
      !----------------------!                      v 
                 |                              /-- ------\ YES  !----------! 
            /---------\ YES  !-------!         / IE VP >=  \---->! FAULT 35 ! 
           / FIEPT <=  \---->! FAULT !-----|   \ EV PMAX ? /     !----------! 
           \ EPTMIN    /     !  31   !     |    \-- ------/           | 
            \---------/      !-------!     |        | NO             |   
                 | NO                      |        |<---------------| 
            /---------\ YES  !-------!     |        v 
           / FIEPT >=  \---->! FAULT !---->|  !---- ----------! NOTE: For  
           \ EPTMAX    /     !  35   !     |  ! DO FAULT     ! wiggle test 
            \---------/      !-------!     |  ! FIL TERING 35 ! set C32UP, 
                 | NO                      |  !---- ----------! C33UP & C34UP 
            /---------\ YES  !-------!     |        |          = 0. 
           / FIEPT <   \---->! FAULT !---->|        v 
           \ VEPTIL    /     !  32   !     |    /-- ------\ YES  !----------! 
            \---------/      !-------!     |   / IE VP <   \---->! FAULT 32 ! 
                 | NO                      |   \ VE VPLL   /     !----------! 
            /---------\ YES  !-------!     |    \-- ------/           | 
           / FIEPT >   \---->! FAULT !---->|        | NO             | 
           \ VEPTIH    /     !  34   !     |        |<---------------| 
            \---------/      !-------!     |        v 
                 | NO                      |  !---- ----------! 
                 |<------------------------|  ! DO FAULT     !--->(B) 
                 v                            ! FIL TERING 32 ! 
               ( AA )                         !---- ----------! 
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CONTINUOUS TEST STRUCTURE 
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                             EGR SYSTEM TEST (CONT' D) 
 
                                   (PFE/SONIC) 
 
 
 
 
 
               ( AA ) 
                 | 
                 v 
      !---------------------! 
      !DO FAULT FILTERING 1)!  1) For Wiggle Test 
      !31, 35, 32 and 34    !     set C32UP and 
      !---------------------!     C34UP = 0 
                 | 
                 v 
             --------- 
          (   EXIT     ) 
             --------- 
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                                 EGR SYSTEM TEST 
 
                                   (PFE/SONIC) 
 
            (A)                                                 (B) 
             |                                                   | 
             v                                                   v 
        /---------\ NO                    !-------- ---!  NO /---------\  
       /  LOAD <=  \-----------|          !.SET EGR FG2!<---/ EGRDC =0  \ 
       \ VEGRLOAD? /           |          !.VIPTMR= 0  !    \     ?     / 
        \---------/            |          !-------- ---!     \---------/ 
             | YES             |                |                | YES 
             v                 |                v                v 
        /---------\ NO         v              ( C )          /---------\ YES 
       /  EGRDC >  \     !---------!                       / EGRFG2=1  \---| 
       \  VCRTDC ? /---->!   SET   !--|                    \     ?     /   | 
        \---------/      !EGRFG1=0 !  |                     \---------/    | 
            | YES        !---------!  |                          | NO      | 
            |                         |                          v         | 
            |                         |                  !--------------!  | 
            |                         |                  !.SET EGRFG2   !  | 
            v                         |                  ! = 1          !  | 
       /--------\ N0                  |                  !.START VIPTMR !  | 
      / EGRFG1=1 \    !-------------! |                  !--------------!  | 
      \          /--->!.SET EGRFG1=1! |                          |         | 
       \--------/     !.SET VIPTMR=0! |                          |--->|<---| 
            | YES     !-------------! |                               | 
            |                |        |                               v 
            |<---------------|        |   YES /---- -----\   YES /---------\ 
            v                         | |----/ VIPT MR <  \<----/  IEVP >   \ 
      !------------------!            | |    \ VEIT MR ?  /     \  VEVPHL ? / 
      !CFIEPT=VROLAV     !            | |     \---- -----/       \---------/ 
      !(IEPT,VTCEPT)     !            | |          | NO              | NO 
      !                  !            | |          v                 v 
      !------------------!            | |    !----- -----!    !-------------! 
            |                         | |    ! FAUL T 34 !--->! DO FAULT    ! 
            v                         | |    !----- -----!    ! FILTERING 34! 
       /---------\ YES                | |                    !-------------! 
      / CFIEPT <  \------------------>| |                            | 
      \ VEPTCL    /                   | |---------- ----------------->| 
       \---------/                    |                              v 
            | NO                      |                         ---------- 
            v                         |                       (    EXIT    ) 
       /---------\ NO  !----------!   |                         ---------- 
      / VIPTMR <  \--->! FAULT 33 !-->| 
      \ VECTMR    /    !----------!   | 
       \---------/                    v 
            | YES        !------------------------- -! 
            v<-----------! DO FAULT FILTERING 33 (2  ! 
        ---------        !------------------------- -! 
      (   EXIT    )         
        ---------          (2  For wiggle test      
                               set C33UP=0 
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                          EGR SYSTEM TEST (CONT'D) 
 
                                 (PFE/SONIC) 
 
 
                                    ( C ) 
                                      | 
                                      v 
                             NO  /---------\ 
                      |---------/  LOAD <=  \ 
                      |         \ VEGRLOAD ?/ 
                      |          \---------/ 
                      |               | YES 
                      |               v 
                      |      NO  /---------\ 
                      |---------/  EGRDC >  \ 
                      |         \  VCRTDC ? / 
                      |          \---------/ 
                      |               |  YES 
                      |               v 
                      v          /---------\  YES 
                !-----------!   /  EGRFG1   \------ ---| 
                !.SET EGRFG1!   \   =1 ?    /         | 
         (C)<---!   = 0     !    \---------/          | 
                !.SET VIPTMR!         |  NO           | 
                !   = 0     !         |               | 
                !-----------!         v               | 
                                !-------------!       | 
                                !.SET EGRFG1  !       | 
                  ---------     !   =1 ?      !       | 
         |----->(   EXIT    )   !.START VIPTMR!       | 
         |        ---------     !-------------!       | 
         |            ^               |               | 
         |            |               |<----------- ---| 
         |            | YES           v 
         |       /---------\  NO /---------\ 
         |      / VIPTMR <  \<--/  IEVP >   \ 
         |      \ VECTMR ?  /   \  VEVPCL ? / 
         |       \---------/     \---------/ 
         |            | NO            |  YES 
         |            v               | 
         |      !----------!          | 
         |      ! FAULT 33 !--------->| 
         |      !----------!          |<----------- (C) 
         |                            v 
         |                     !-------------! 
         |                     ! DO FAULT    ! 
         |---------------------! FILTERING 33! 
                               !-------------! 
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                              PIP AND IDM TEST 
 
 
      A new continuous PIP/IDM routine has been imp lemented  for  1986. 
      Instead  of  the  rather  complex  hand shaki ng method as used in 
      previous IDM versions, the new routine basica lly checks  if  time 
      since  last  pip  (TSLPIP)  and time since la st idm (TSLIDM) have 
      exceeded a calibrated timeout period. 
 
 
      Additional decisions are made in softwre to a ssure the engine  is 
      running and stabilized before the test is exe cuted. 
 
 
      Both the PIP and IDM  timers  are  free-runni ng  and  high  speed 
      digital inputs are used to re-start the timer s. 
 
 
      Each transition of pip starts a new time-out function.  When  the 
      time since last pip > VPIPTM, a pip fault is present. 
 
 
      If a pip fault has been detected, software by passes the IDM test. 
      This  feature  has  been added to discriminat e between a true pip 
      failure or idm (tach) failure once pips have been restored. 
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      Time since last IDM is determined by a buffer ed tach signal  used 
      as  input,  and  the  timer  resets  on  the  rising edge of this 
      buffered signal. 
 
 
 
                          |\^---- 
                          |      |     VBATT 
                          |       ^^^^------| 
             TACH --------|                 |       |--------- 
                                            |       | 
                                            |       | 
                                            |       | 
                                     GND     ------ - 
 
 
                                             ------ - 
                                            |       | 
                                            |       | 
                                            |       | 
         TACH BUFFER                        |       | 
           OUTPUT --------------------------|       |--------- 
 
                                            ^ 
        NOTE:  RISING EDGE OF BUFFER OUTPUT 
               IS BASED ON VBATT-->GND TRANSITION. 
 
 
 
      Each VBATT--->GND  transition  of  tach  star ts  a  new  time-out 
      function  When the time since the last transi tion is > VIDMTM, an 
      idm failure is present. 
 
      Faults are filtered by an event-counter metho d, as done  for  all 
      continuous test faults, and the first "upcoun t" will occur on the 
      first time the  PIP/IDM  routine  determined  that  a  fault  has 
      occured. 
 
 
 
      NOTE:  DEPENDING ON THE STATE OF THE IDM BYPA SS FLAG,  TSLIDM  IS 
      ACTUALLY  ONE  OF  TWO  FUNCTIONALLY  DIFFERE NT TIMERS.  (1) WHEN 
      IDM_BYPASS FLAG IS CLEAR ( =0 ), THEN TSLIDM IS  THE  TIME  SINCE 
      THE  LAST  IDM.   (2)  WHEN  IDM_BYPASS  FLAG  IS SET ( =1 ), THEN 
      TSLIDM IS THE TIME SINCE THE IDM_BYPASS FLAG WAS SET. 
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                                  PIP/IDM LOGIC 
                                (FOR TACH BUFFER) 
 
                      YES/------------\          -- --------- 
                     |--/IS IGNFG = 1  \<------(    ENTER    ) 
                     |  \   *  ?       /         -- --------- 
                     |   \------------/ 
                     v         |NO                                  
                /---------\YES v    !-----------!           ------- 
               /  IS N <   \------->!   SET     !-- ----->(   EXIT    ) 
               \  VLORPM ? /   ^    ! TSLIDM =0 !           ------- 
                \---------/    |    !-----------!  *APPLIES TO NU, NX, 
                     | NO      |                    & 9X STRATEGIES  
                     v         |------------------  ONLY 
             !---------------!                   ^ 
             ! CLEAR ERROR   !                   | NO 
             !DETECTED FLAGS !              /------ ----\       
             !---------------!             / KPRTMR  > * \        
                     |-------------------->\  VKPRT M    / 
                                            \------ ----/      
       !---------------------------!             | YES              
       !.SET ERROR DETECTED FLAG=1 !             v              
       !.SET IDM_BYPASS FLAG=1     !   YES  /------ ---\         
       !.RESET IDM_FAULT CNT=0     !<------/  TSLPI P   \        
       !.RESET TSLIDM =0           !       \ > VPIP TM ?/        
       !---------------------------!        \------ ---/         
                     |                           | NO           
                     |-------------------------->|              
                                                 v              
                                           !------- -----!       
                                           ! CALL F AULT !       
                                           ! FILTER  C14 !       
                                           !------- -----!       
                                                  |              
      !-----------!  YES /---------\    NO /------- ------\ YES  
      !.SET ERROR !<----/  TSLIDM   \<----/ IS IDM_ BYPASS \----| 
      ! DETECTED  !     \ > VIDMTM ?/     \   FLAG =1?    /    | 
      ! FLAG =1   !      \---------/       \------- ------/     | 
      !-----------!           | NO                             |      
            |                 |                     YES /------------\ 
            |---------------->|                    |---/ IS TSLIDM >  \ 
                              |                    |   \   VIDMST ?   / 
                              |                    |    \------------/ 
                              v          !--------- ---------!  |NO 
                    !------------------! !.CLEAR ID M_BYPASS !  | 
                    !.CALL FAULT FILTER! !   FLAG           !  | 
                    ! IDM_FAULT_CNT C18! !.SET TSLI DM=0     !  | 
                    !------------------! !--------- ---------!  | 
                              |                    |           | 
                         -----------               v           | 
                       (     EXIT    )<------------ ------------| 
                         ----------- 
 
                  NOTE:  Pip fault filtering uses C 14LVL. 
                         IDM fault filtering uses I DMLVL. 
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                                 TP SENSOR TESTS 
 
 
                          ----------- 
                        (    ENTER    ) 
                          ----------- 
                               | 
                               v 
                          /---------\   NO      !-- --------! 
                         / ITP >=    \--------->! F AULT 63 ! 
                         \ TAPMIN ?  /          !-- --------! 
                          \---------/                 | 
                               |  YES                 | 
                               |<------------------ ---| 
                               v 
                       !--------------! 
                       !   DO FAULT   ! 
                       ! FILTERING 63 ! 
                       !--------------! 
                               | 
                               v 
                     YES  /---------\ 
           |-------------/  CTFFLG   \ 
           |             \   SET ?   / 
           |              \---------/ 
           |                   | NO 
           |                   v 
           |              /---------\   NO      !-- --------! 
           |             / ITP <=    \--------->! F AULT 53 ! 
           |             \ TAPMAX ?  /          !-- --------! 
           |              \---------/                 | 
           |                   |  YES                 | 
           |                   |<------------------ ---| 
           v                   v 
      !----------!     !--------------! 
      ! FAULT 53 !     !   DO FAULT   ! 
      !----------!     ! FILTERING 53 ! 
           |           !--------------! 
           |                   | 
           |------------------>| 
                               v 
                          ----------- 
                        (     EXIT    ) 
                          ----------- 
 
 
 
 
 
 
 
 
 
 
 
 

28-20 



CONTINUOUS TEST STRUCTURE 
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                      CONTINUOUS VEHICLE SPEED SENS OR TEST 
 
 
      The vehicle speed sensor is tested under cond itions  that  cannot  be 
      acheived unless the vehicle is moving. 
 
 
           Manual Transmission  - Engine is being m otored as indicated 
           _____  ____________  
           by a low map value, closed throttle and high engine speed. 
 
 
           Automatic Transmission - Transmission is  in drive and engine 
           _________ ____________ 
           speed is above the torque convertor stal l speed. 
 
 
      If the above conditions are true for a prolon ged period of time, 
      (VSSTMR >= VVSTIM) then the vehicle speed sen sor is checked  
      against a minimum value.  The continuous VSS test may be calibrated 
      out by setting VIP calibration parameter VSSS W to 0 
 
 
      The VSS test will use traditional fault filte ring if a VSS fault 
      is detected. 
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                           CONTINUOUS VSS TEST CONT 'D 
 
 
      VSSSW=1 ----------------| 
                              | 
      VSTYPE > 0--------------|        | 
                              |        | VSS FAILUR E 
      N >=VSMMIN -------------|        | SET CONTIN UOUS CODE 29  
      (ENGINE SPEED HIGH)     | AND----| 
        Manual & Auto         |        | 
                              |        | 
      VSSTMR >=VSSTIM --------|        |  
      (STABLE TEST CONDITIONS)|        | 
                              |        | 
      VSBAR < VSSMN1 ---------|        | 
      (NO VSS READING)                 |---------EL SE------------ 
                                       | 
                                       | VSS IS OK 
                                       | USE FAULT FILTERING 29 
                                       | 
 
 
      VSSTMR - VEHICLE SPEED SENSOR TIMER (.125 SEC ) 
               VSSTMR INCREMENTS WHEN THE PROPER CO NDITIONS 
               EXIST TO PERFORM A VSS TEST. 
 
 
      TFMFLG=0---------| 
      (TP Sensor OK)   | 
                       | 
      TRLOAD < 4-------| 
      (MANUAL TRANS)   | 
                       |        
      APT= -1 ---------| AND---| 
      (CLOSED THROTTLE)|       | OR----| 
                       |       |       | INCREMENT VSSTMR 
      LOAD<= VSLOAD ---|       |       | 
      (DECEL MODE)     |       |       | 
                       |       |       | 
                               |       | 
                               |       |-------ELSE ---------  
      TRLOAD = 4-------|       |       | 
                       |       |       | 
      NDSFLG=1 --------| AND---|       | SET VSSTMR =0  
      (AUTO IN DRIVE)  |               | 
                       | 
      N >= VSAMIN -----| 
      (ENGINE SPEED HIGH) 
        For Auto Trans. 
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                               EGO SWITCHING TEST 
                          PART THROTTLE COUNTER (PT CNT) 
 
 
         -----------                      
       (    ENTER    ) 
         ----------- 
              | 
              v             !-------------------! 
          /-------\  YES    ! SET PART THROTTLE ! 
         / IS APT  \------->! FLAG (VPTFLG)=1   ! 
         \  = 0 ?  /        !-------------------! 
          \-------/                   |  
              | NO                    | 
              |<----------------------| 
              v                                 !-- ---------------! 
          /-------\  YES     /--------\  YES    ! . PTCNT=PTCNT+1  ! 
         / IS APT  \------->/    IS    \------->! . CLEAR VPTFLG=0 !  
         \ = -1 ?  /        \ VPTFLG=1?/        !-- ---------------! 
          \-------/          \--------/                   | 
              | NO                | NO                    | 
              |<------------------|                       | 
              |                                           | 
              |                                           | 
              |<----------------------------------- -------| 
              | 
              v 
         ----------- 
       (    EXIT     ) 
         ----------- 
 
 
 
               * INITIALIZE VPTFLG TO ZERO ON POWER -UP 
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                             EGO SWITCHING TEST CON T'D 
 
 
                     ----------- 
                   (    ENTER    ) 
                     ----------- 
                          | 
                          v 
                  NO  /-------\ 
              |------/ VEGOBP  \ 
              |      \  =1 ?   / 
              |       \-------/ 
              |           | YES 
              |           v 
              |   NO  /-------\ 
              |<-----/ ATMR2 > \ 
              |      \ VEGOTM ?/ 
              |       \-------/    
              |           | YES 
              |           v 
              |      /---------\ 
              | YES /   IS ECT  \NO     /---------\  NO 
              |<---/ ACT, TP OR  \---->/ THRMHP=1  \---| 
              |    \  MAP FMEM   /     \           /   | 
              |     \   SET ?   /       \---------/     | 
              |      \---------/             |YES      | 
              |           | NO               |         | 
              |           v                  |         | 
              |  YES /---------\             |         | 
              |<----/ IS AIR    \<---------- |    N OTE:| FOR APPLICATIONS  
              |     \ UPSTREAM? /                      | WITH SECONDARY  
              |      \---------/                       | AIR ONLY 
              v           | NO                         | 
      !----------------!  |                            | 
 
      ! CLEAR PART     !  |<----------------------- ----| 
      !THROTTLE COUNTER!  |          
      !   (PTCNT)      !  |------------------| 
      !----------------!                     | 
              |                              | 
              |------|                       v 
                     v                /-----------\       
               NO/--------\          /PART THROTTLE \ YES    
       (C)<-----/ VEGOBP   \        /COUNTER (PTCNT )\---->(B) 
                \ = 1      /        \  > VPTCNT ?   /      
                 \--------/          \             /        
                     | YES            \-----------/               
                     v                       |NO                             
                   ------                    |          
                 (  EXIT  )<-----------------| 
                   ------                               
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                             EGO SWITCHING TEST CON T'D 
 
 
                           (B) 
                            | 
                       /----------\ NO      !------ ---! 
                      / EGOSS1 >   \------->!FAULT 41 ! 
                      \ VEGOSW     /        !------ ---! 
                       \----------/              | 
                            |YES                 | 
              (C)---------->|                    | 
                       !------------!            |  
                       ! DO FAULT   !<-----------| 
                       !FILTERING 41! 
                       !------------! 
                            | 
                       /-----------\ YES       ----  
                      / NUMEGO =1?  \------->( EXIT  )  
                      \             /          ----  
                       \-----------/ 
                            |NO 
                       /-----------\NO      !------ ---! 
                      /EGOSS2>VEGOSW\------>!FAULT 91 ! 
                      \             /       !------ ---! 
                       \-----------/             | 
              (C)---------->| YES                | 
                       !------------!            | 
                       ! DO FAULT   !<-----------| 
                       !FILTERING 91! 
                       !------------! 
                            | 
                            | 
                            v 
                         ------- 
                       (  EXIT   ) 
                         ------- 
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                               FUEL PUMP CIRCUIT TE ST 
 
                         --------         /-------- \ NO      ------ 
                       (  ENTER   )----->/ IS V_    \----->(  EXIT  )   
                         --------        \FPMFLG SE T/        ------ 
                                          \-------- / 
                                               | YE S 
                                               v 
                                           /------- -\NO    
                        |-----------|     /  IS FP   \--->(A) 
                        v           |     \  "OFF"   /     
                    /--------\      |      \------- -/      
                   /IS VIP_FP \NO   |          |YES              
                  /MTMR=>V_    \--| |          v                
                  \  FPMTM     /  | |   NO /------- -\       
                   \          /   v |<----/IS RMSPR U \     
                    \--------/    |       \   = 1    /     
                        |YES      |        \------- -/       
                        v         |            |YES  
                NO  /--------\    |            | 
           |<------/  IS FPM  \   |            v 
           |       \  LOW ?   /   |    !----------- -------------! 
           |        \--------/YES |    !.DE-ENERGIZ E ALL OUTPUTS! 
           v            |<--------|    !.DELAY 50 M SEC.         ! 
      !--------!        |              !.SAVE IOCC IN OCCSAV    ! 
      ! FAULT  !        |              !.ENERGIZE F UEL PUMP     ! 
      !  95    !------->|              !.DELAY 50 M SEC          ! 
      !--------!        |              !----------- -------------! 
                        v                       | 
                  !------------!                v 
                  ! DO FAULT   !           /------- ---\ 
                  !FILTERING 95!          /ABS [OCC SAV \NO  !----------! 
                  !------------!         / -IOCC] > =    \-->! FAULT 87 ! 
                        |                \  OCCDT7 ?    /   !----------! 
                        |                 \            /         | 
                        |                  \------- ---/          | 
                        |                       |YE S             | 
                        |                       |<- --------------| 
                        |                       v 
                        |                !--------- ---------!        
                        |                !TURN OFF FUEL PUMP! 
                        |                !CLEAR "RM SPRU"=0  ! 
                        |                !--------- ---------! 
                        |                       | 
                        |                 !-------- ----!  
                        |                 !  DO FAU LT  ! 
                        |                 !FILTERIN G 87! 
                        |                 !-------- ----! 
                        |---------------------->| 
                                                v                         
                                             ------ - 
                                          (   EXIT    ) 
                                             ------ - 
 
      NOTE: TEST MUST BE PERFORMED AS LONG AS POWER  IS "ON" AND NOT 
            JUST IN RUN MODE. 
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                              FUEL PUMP CIRCUIT TES T CONT'D 
 
 
                                     (A) 
                                      | 
                                      v 
                            !--------------------! 
                            !  RESET VIP-FPMTMR  ! 
                            !--------------------! 
                                      | 
                                      | 
                                      v 
                                 /---------\NO 
                                / IS FPM    \------ ---->| 
                                \   HIGH    /           | 
                                 \---------/            | 
                                      | YES             | 
                                      |                 v 
                                      |            !-------! 
                                      |            ! FAULT ! 
                                      |<----------- !   96  !          
                                      |            !-------! 
                                      v 
                                !-------------! 
                                !  DO FAULT   ! 
                                !FILTERING 96 ! 
                                !-------------! 
                                      | 
                                      v 
                                   ------- 
                                (   EXIT   ) 
                                   ------- 
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                     VSC ENGINE-OFF TEST INITIALIZA TION 
                             AND TEST STRUCTURE 
 
 
                               --------- 
                             (  ENTER    ) 
                               --------- 
                                  | 
                                  | 
                                  v 
                         !------------------! 
                         !.EXIT WIGGLE TEST ! 
                         !.STO OFF          ! 
                         !.EDF ON           ! 
                         !.HEDF OFF         ! 
                         !------------------!  
                                  | 
                                  v 
                             ------------ 
                          (SEND 1/2 SECOND ) 
                                PULSE 
                             ------------ 
                                  | 
                                  v 
                          !-----------------! 
                          !DO STATIC INPUT  ! 
                          !     TEST        ! 
                          !-----------------! 
                                  | 
                                  v 
                          !-----------------! 
                          !DO VSC OUTPUT    ! 
                          ! CIRCUIT CHECK   ! 
                          !-----------------! 
                                  | 
                                  v 
                          !-----------------! 
                          !SEND FAST & SLOW ! 
                          !SERVICE CODES    ! Use s ame format 
                          !-----------------! as En gine Self 
                                  |           Test 
                                  v 
                              --------- 
                            (  EXIT     ) 
                              --------- 
 
 
 
 

29-2 



                     VEHICLE SPEED CONTROL SELF TES T 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

                                 ENGINE OFF 
                              STATIC INPUT TEST 
                          --------- 
                        (  ENTER    ) 
                          --------- 
                             | 
                             v 
                        !-----------! 
                        !SET CODES  ! 
                        !67,74,75   ! 
                        !SET FLAGS  ! 
                        !VSB1,VSB2, ! 
                        !VSB3,VSB4  ! 
                        !-----------! 
                             | 
                             v 
                      !----------------! 
                      !ZERO AND START  ! 
                      !   VIPTMR       ! 
                      !----------------! 
                             | 
              (B)----------->| 
                             v 
                        /---------\ YES      !----- ----! 
                       /IS OFF_BUT \-------->! CLEA R   ! 
                       \ = 1  ?    /         !FLAG VSB1! 
                        \---------/          !----- ----! 
                             |  NO                |  
                             |<-------------------|  
                             v 
                        /---------\ YES      !----- ----! 
                       /IS COAST_  \-------->! CLEA R   ! 
                       \BUT = 1 ?  /         !FLAG VSB2! 
                        \---------/          !----- ----! 
                             |  N0                |  
                             |<-------------------|  
                             v 
                        /---------\ YES      !----- ----! 
                       /IS ACCEL_  \-------->! CLEA R   ! 
                       \BUT = 1  ? /         !FLAG VSB3! 
                        \---------/          !----- ----! 
                             |  NO                |  
                             |<-------------------|  
                             v 
                        /---------\ YES      !----- ----! 
                       /IS RESUM_  \-------->! CLEA R   ! 
                       \BUT = 1  ? /         !FLAG VSB4! 
                        \---------/          !----- ----! 
                             | NO                 |  
                             |<-------------------|  
                             v 
                            (A) 
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                           STATIC INPUT TEST CONTIN UED 
 
 
                            (A) 
                             | 
                             v 
                        !-----------! 
                        !SET CODE 48! 
                        !-----------! 
                             | 
                             v 
                        /---------\ 
      NOTE:LoHold & Hi-/  LOHOLD   \ YES     !----- ----! 
        Hold are      / < VSCCS <   \------->! CLEA R   ! 
        normal strat- \   HIHOLD    /        ! CODE  48 ! 
        egy parameters \           /         !----- ----! 
        NOT self test   \---------/               |  
        calibratible.        | NO                 |  
                             |<-------------------|  
                             v 
                        /---------\ YES      !----- ----! 
                       /    IS     \Brake On ! CLEA R   ! 
                      /  BIFLG = 1  \------->! CODE  74 ! 
                      \     ?       /        !----- ----! 
                       \           /              |  
                        \---------/               |  
                             | NO                 |  
                             |                    |  
                             v                    |  
                        !---------!               |  
                        ! CLEAR   !               |  
                        ! CODE 75 !               |  
                        !---------!               |  
                             |                    |  
                             |<-------------------|  
                             v 
                            (A1) 
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STATIC INPUT TEST CONTINUED 

 
 
                            (A1) 
                             | 
                             v 
      NOTE: Clutch     /-----------\ 
        pedal must be / IS NDSFLG=  \ YES (Drive) 
        depressed    /      1  ?     \------------- ----| 
        once during  \               /                 | 
        the test      \             /                  | 
                       \-----------/                   | 
                             | NO                      | 
                             |                         | 
                             v                         | 
                        !---------!                    | 
                        ! CLEAR   !                    | 
                        ! CODE 67 !                    | 
                        !---------!                    | 
                             |                         | 
                             |<-------------------- ----| 
                             v 
                       /-----------\ 
                      /ARE ALL OF   \ YES 
                     /CODES 48,67,74,\------------>  (D) 
                     \75 & FLAGS VSB1/ 
                      \VSB2,VSB3,VS-/ 
                       \B4 CLEARED / 
                        \---------/ 
                             | NO 
                             v 
                       /-----------\ N0 
                      /IS VIPTMR >  \------------>  (B) 
                      \ VIPT1  ?    / 
                       \-----------/ 
                             | YES 
                             v 
                            (C) 
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STATIC INPUT TEST (CONTINUED) 
                            (C) 
                             | 
                             v 
                       /---------\ NO 
                      / IS CODE   \---------------- ----------------| 
                      \48 CLEARED?/                                | 
                       \---------/                                 | 
 
                             | YES                                 | 
                             v                                     | 
                       /---------\        /-------- -\              |   
                      / ARE ALL   \ NO   / ARE ANY OF\NO  !-----!  | 
                     /FLAGS VSB1,  \--->/ THE FLAGS    \-->! SET !->|   
                    /VSB2,VSB3,VSB4 \  /VSB1,VSB2,V SB3 \  !CODE !  | 
                    \    CLEARED ?  /  \ VSB4 CLEAR ED ?/  !  49 !  | 
                     \             /    \             /   !-----!  | 
                      \           /      \           /             | 
                       \---------/        \-------- -/              | 
                             | YES             | YE S               | 
                             |                 v                   | 
                             |            !-------- ----!           | 
                             |            !SET CODE  47 !           | 
                             |            !-------- ----!           | 
                             |                 |                   | 
                             v                 v                   | 
                            (D)<------------------- ----------------|  
                             | 
                             v 
      NOTE: TP Test    /---------\ NO     !-------- ----! 
       same as engine /  ITP =>   \------>!SET CODE  63 !--------| 
       self test key  \  TAPMIN   /       !-------- ----!        | 
       on engine off   \---------/                              | 
                             | YES                              | 
                             v                                  | 
                       /---------\ NO     !-------- ----!        | 
                      /  ITP <=   \------>!SET CODE  53 !------->| 
                      \  TAPMAX   /       !-------- ----!        | 
                       \---------/                              | 
                             | YES                              | 
                             v                                  | 
                       /---------\                              | 
                      /  VTAP1    \ NO    !-------- ----!        | 
                     / <=ITP <=    \----->!SET CODE  23 !------->| 
                     \   VTAP2     /      !-------- ----!        | 
                      \           /                             | 
                       \---------/                              | 
                             | YES                              | 
                             |<-------------------- -------------| 
                             v 
                        ---------- 
                      (   EXIT     ) 
                        ---------- 
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VSC OUTPUT CIRCUIT CHECK 

 
 
                            --------- 
                          (  ENTER    ) 
                            --------- 
                               | 
                               v 
                         !------------! 
                         !.DE-ENERGIZE! 
                         ! ALL OUTPUTS! 
                         ! EXCEPT EDF ! 
                         !  ON        ! 
                         !.SET OC=1   ! 
                         !------------! 
                               | 
                               v 
                         -------------- 
                       ( DELAY 50 MSEC. ) 
                         -------------- 
                               | 
             |---------------->| 
             |                 v 
             |           !------------! 
             |           ! SAVE IOCC  ! 
             |           ! IN OCCSAV  ! 
             |           !------------! 
             |                 | 
             |                 v 
             |            /---------\ NO     !----- ----! 
             |           / IS OC =1  \------>!ENERG IZE ! 
             |           \           /       ! SCVA C   ! 
             |            \---------/        !----- ----! 
             |                 | YES              |  
             |                 v                  |  
             |            !---------!             |  
             |            !ENERGIZE !             |  
             |            ! SCVNT   !             |  
             |            !---------!             |  
             |                 |                  |  
             |                 |<-----------------|  
             |                 v 
             |          -------------- 
             |        ( DELAY 50 MSEC.  )     
             |          -------------- 
         ---------             | 
       (OC = OC + 1)           v 
         ---------       /----------\ 
             ^          /ABS[OCCSAV- \ NO      !--- ----------! 
             |         / IOCC] =>     \------->!SET  APPROPRI-! 
             |         \OCCDT (OC)    /        !ATE  FAIL CODE! 
             |          \  COUNTS    /         !(SE E TABLE)  ! 
             |           \----------/          !--- ----------! 
             |                 | YES                  | 
             |                 |<------------------ ---| 
             |                 v 
                              (A) 
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VSC OUTPUT CIRCUIT CHECK (CONTINUED) 

 
 
                              (A) 
                               | 
                               v 
             |           /---------\ 
             |       NO /IS OC = 2  \ 
             |----------\           / 
                         \---------/ 
                               | YES 
                               v 
                         !-------------! 
                         !DE-ENERGIZE  ! 
                         !SCVNT & SCVAC! 
                         !-------------! 
                               | 
                               v 
                           --------- 
                         (  EXIT     ) 
                           --------- 
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OCC PARAMETER DEFINITIONS 

 
 
                                                     
                                                    RANGE 
          NAME    |    DESCRIPTION    | UNITS |  MI N     MAX  | BASE      
      ------------|-------------------|-------|---- -----------|-------- 
          OC      | OUTPUT CIRCUIT #  |  --   |   0        9   |   -- 
        OCCSAV    | SAVED OCC A/D     |COUNTS |   0      1023  |   -- 
         IOCC     | OCC A/D           |COUNTS |   0      1023  |   -- 
      OCCDIX(1-9) | MIN A/D CHANGE    |COUNTS |-102 3    1023  |   36 
 
 
 
 
 
                                                |OU TPUT TO BE     | 
                                                |FU NCTIONED DURING| 
                                                |-- ---------------| 
             OC #| CODE |  FUNCTION | CAL. PAR. | V SC OCC |  OCC  | 
          ----------------------------------------- ----------------     
             1   |  81  |   SCVNT   |  OCCDTA   |    X    |   -   | 
             2   |  82  |   SCVAC   |  OCCDTB   |    X    |   -   | 
             3   |  83  |   HEDF    |  OCCDT3   |    -    |   X   | 
             4   |  84  |   EVR     |  OCCDT4   |    -    |   X   | 
             5   |  85  |   CANP    |  OCCDT5   |    -    |   X   | 
             7   |  87  |   FP      |  OCCDT7   |    -    |   X   | 
             8   |  88  |   EDF     |  OCCDT8   |    -    |   X   | 
             9   |  89  |   LUS     |  OCCDT9   |    -    |   X   | 
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DYNAMIC VSC TEST 
(ENGINE RUNNING) 

 
                              --------- 
                            (  ENTER    ) 
                              --------- 
                                 | 
                                 v 
                   !-----------------------------! 
                   !  SEND 1/2 SECOND PULSE      ! 
                   !-----------------------------! 
                                 | 
                       !---------------------! 
                       !.ON-STATE =1         ! 
                       !.VSCDT =1            ! 
                       !.ALLOW NORMAL CONTROL! 
                       ! OF EDF AND HEDF     ! 
                       !---------------------! 
                                 |  
                                 v 
                           -------------- 
                        (  DELAY VDLY10   ) 
                               SECS. 
                           -------------- 
                                 | 
                       !--------------------! 
                       !SUBSTITUTE RPM FOR  ! 
                       !MPH  MPH = N/32     ! 
                       !--------------------! 
                                 | 
                                 v 
                           ----------- 
                        (  ZERO AND    ) 
                          START VIPTMR 
                           ----------- 
                                 |<---------------- | 
                                 v                 |            
                       !-------------------!       |          
                       !INCREASE VEHICLE   !       |          
                       !SPEED (N/32)       !       |          
                       !.SET VVSFL1=1      !       |          
 
                       !.RESUM_SPEED=VRSS  !       |          
                       !-------------------!       |          
                                 |                 |          
                                 v                 v          
                            /---------\       /---- -----\ 
                           / IS MPH >  \ NO  /IS VI PTMR  \ YES !------! 
                          /VRSS - VRSH  \-->/ => VI PT2 ?  \--->!  SET ! 
                          \     ?       /   \             /    ! CODE ! 
                           \           /     \           /     !  36  ! 
                            \---------/       \---- -----/      !------! 
                                 | YES                             | 
 
                                 v                                 v 
                                (1)                               (C) 
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DYNAMIC VSC TEST (CONTINUED) 

 
 
                                (1) 
                                 | 
                                 v 
 
                       !------------------!                        
                       !.CLEAR ALL STATES ! 
                       ! EXCEPT ON-STATE  ! 
                       !.CLEAR VVSFL1     ! 
                       !.TURN SCVNT ON AND! 
                       !  SCVAC OFF       ! 
                       !------------------! 
                                 | 
                                 v 
                           ------------- 
                         ( DELAY VDLY11  ) 
                                SEC. 
                           ------------- 
                                 | 
                                 v 
                       !------------------! 
                       !SAVE CURRENT TP   ! 
                       ! IN TPSAV         ! 
                       !------------------! 
                                 | 
                                 v 
                            ---------- 
                         (  ZERO AND   ) 
                           START VIPTMR 
                            ---------- 
                                 | 
                 (B)------------>| 
                                 | 
                                 v 
                                (A) 
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                           DYNAMIC VSC TEST (CONTIN UED) 
 
                                (A) 
                                 | 
                            /---------\ YES !------ --! 
                           /IS TPSAV-  \--->!SET CO DE!----------| 
                           \TP > VTPLD /    !   27   !          | 
                            \---------/     !------ --!          | 
                                 | NO                           | 
                            /---------\ YES !------ --!          | 
                           /  IS TP-   \--->!SET CO DE!--------->| 
                          /  TPSAV >    \   !   28   !          | 
                          \   VTPLU     /   !------ --!          | 
                           \           /                        | 
                            \---------/                         | 
                                 | NO                           v 
                            /---------\ NO                     (C) 
                           /IS VIPTMR  \------->(B)  
                           \=> VIPT3 ? / 
                            \---------/ 
                                 | 
                          !---------------! 
                          !DECREASE SPEED !  NOTE: Rate will be depen- 
                          !TURN SCVNT AND !    dent  upon engine inertia 
                          !  SCVAC OFF    !    and/ or ISC dashpot. 
                          !---------------! 
                                 | 
                             ---------- 
                          ( ZERO & START ) 
                                VIPTMR 
                             ---------- 
                                 |<---------------- -|NO 
                            /---------\        /--- ------\      !------! 
                           /IS MPH <   \ NO   /IS V IPTMR  \ YES !  SET !  
                           \ VMLO  ?   /----->\=> V IPT4 ? /---->! CODE ! 
                            \---------/        \--- ------/      !  37  ! 
                                 | YES                          !------! 
                                (C)<--------------- -----------------| 
                                 | 
                                 v 
                         !-----------------! 
                         !VSCDT =0         ! 
                         !RESUM_SPEED =0   ! 
                         !SCVNT & SCVAC OFF! 
                         !RETURN MPH REGIS-! 
                         !TER TO NORMAL    ! 
                         !-----------------! 
                                 | 
                         !-----------------! 
                         !SEND FAST AND    ! use sa me code format  
                         !SLOW CODES       ! as eng ine self test 
                         !-----------------! 
                                 | 
                             -------- 
                           (  EXIT    ) 
                             -------- 
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                  DYNAMIC VSC TEST VEHICLE SPEED RA MP EQUATIONS 
 
 
                           SELF TEST SET_SPEED RAMP  FOR 
                           RESUME STATE AND ACCEL S TATE 
 
 
      This logic ramps the SET_SPEED up to RES_SPEE D  at  a  rate  of  VACRR 
      MPH/sec,  to provide smooth acceleration.  Th e rate of acceleration is 
      clipped to MPH + NSTRAT1 to prevent the  SET_ SPEED  from  accelerating 
      too fast. 
 
      ACCEL = REQUIRED ----------| 
                                 |AND---| SET_SPEED  = SET_SPEED 
      SET_SPEED < MPH + NSTRAT1--|      |  +VACRR *  (Time since 
                                        |  last upd ate) 
                                        | 
                                        | ---ELSE-- - 
                                        | 
                                        | SET_SPEED  = MPH + NSTRAT1 
 
 
                         SELF TEST VSC_DC OUTPUT RO UTINE 
 
      For purposes of Strategy Description, the  VS C_DC  OUTPUT  Routine  is 
      divided  into  two  subroutines:   VSC_DC  Ca lculation  and DUTY CYCLE 
      OUTPUT. 
 
                                VSC_DC CALCULATION 
 
 
      The VSC_DC is based on the difference between  the set  speed  and  the 
      actual  vehicle  speed  with  some  adjustmen ts  for relative throttle 
      position.  The calculation is done in two ste ps to more closely  model 
      the analog system. 
 
                  VSC_ERROR = VDCBIA+[VSTGN*SET_SPE ED] 
                     -[VVHGN*MPH] - VTPGN*(TP-RATCH ) 
                      
                  VSC_DC = VSC_ERROR - NSTRAT2 
 
 
                         SELF TEST CALIBRATION PARA METERS 
 
                  VDCBIA = Self Test DC correction factor 
                  VSTGN  = Self Test SET_SPEED prop ortional gain 
                  VVHGN  = Self Test Vehicle Speed proportional gain 
                  VTPGN  = Self Test throttle posit ion proportional 
                             gain 
                  VACRR  = Self Test acceleration r amp rate, MPH/sec 
                  NSTRAT1= Normal strategy term - M ax. increment 
                           above MPH to which set s peed can increase 
                           MPH. 
                  NSTRAT2= Normal strategy term - D uty cycle offset 
 
 

29-13 



VEHICLE SPEED CONTROL SELF TEST 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 
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ERROR CODE DESCRIPTION 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

ERROR CODE DESCRIPTION 
 
                                               SELF  TEST SECTION 
      ERROR|                                |------ -----------------| 
      CODE |        DESCRIPTION             | K.O.E .O| E.R. |  CONT | 
      -----|--------------------------------|------ --|------|-------| 
       10  |CYL #1 LOW -CYL BALANCE TEST    |        |  X   |       |  
       11  |PASS                            |   X    |  X   |  X    | 
       12  |RPM NOT WITHIN SELF-TEST UPPER  |        |  X   |       | 
           |  RPM LIMIT BAND                |        |      |       | 
       13  |RPM NOT WITHIN SELF-TEST LOWER  |        |  X   |       | 
           |  RPM LIMIT BAND                |        |      |       | 
       14  |PIP CKT FAULT                   |        |      |  X    | 
       15  |ROM TEST FAILED/KAM IN CONTIN-  |   X    |      |  X    |  
           |  UOUS                          |        |      |       | 
       16  |RPM TOO LOW TO PERFORM FUEL TEST|        |  X   |       | 
       18  |LOSS OF TACH INPUT TO PROCESSOR-|        |      |  X    | 
           |  SPOUT CKT. GROUNDED           |        |      |       | 
       18  |SPOUT CKT. OPEN                 |        |  X   |       | 
       19  |FAILURE IN EEC REFERENCE VOLTAGE|   X    |      |       | 
       20  |CYL. #2 LOW -CYL BALANCE TEST   |        |  X   |       | 
       21  |INDICATES ECT OUT OF SELF-TEST  |   X    |  X   |       | 
           |  RANGE                         |        |      |       | 
       22  |INDICATES MAP/BP OUT OF SELF-   |   X    |  X   |  X    | 
           |  TEST RANGE                    |        |      |       | 
       23  |INDICATES TP OUT OF SELF-TEST   |   X    |  X   |       | 
           |  RANGE                         |        |      |       | 
       24  |INDICATES ACT OUT OF SELF-TEST  |   X    |  X   |       | 
           |  RANGE                         |        |      |       | 
       26  |MAF SENSOR OUT OF RANGE         |   X    |  X   |       | 
       27  |SERVO LEAKS DOWN DURING IVSC    |VEHICL E SPEED CONTROL  | 
           |  TEST                          |     T EST              | 
       28  |SERVO LEAKS UP DURING IVSC TEST |VEHICL E SPD CNTRL TEST | 
       29  |INSUFFICIENT INPUT FROM V.S.S.  |        |      |  X    | 
       30  |CYL #3 LOW -CYL BALANCE TEST    |        |  X   |       | 
       31  |EPT/EVP BELOW MINIMUM VOLTAGE   |   X    |  X   |  X    |  
       32  |EVP VOLTAGE BELOW CLOSED LIMIT  |   X    |  X   |  X    | 
           |   (SONIC)                      |        |      |       | 
       33  |EGR VALVE NOT OPENING(PFE,SONIC)|        |  X   |  X    | 
       34  |EVP VOLTAGE ABOVE CLOSED LIMIT  |   X    |  X   |  X    |  
           |   (SONIC)                      |        |      |       | 
       35  |EPT/EVP CKT. ABOVE MAX. VOLTAGE |   X    |  X   |  X    | 
       36  |INSUFFICIENT RPM INCREASE DURING|VEHICL E SPD CNTRL TEST | 
           |   IVSC TEST                    |        |      |       | 
       37  |INSUFFICIENT RPM DECREASE DURING|   X    |  X   |  X    | 
           |   IVSC TEST                    |        |      |       | 
       40  |CYL #4 LOW -CYL BALANCE TEST    |        |  X   |       | 
       41  |EGO SENSOR CKT INDICATES SYSTEM |        |  X   |       | 
           |   LEAN                         |        |      |       | 
       41  |NO EGO SWITCH DETECTED          |        |      |  X    | 
       42  |EGO SENSOR CKT INDICATES SYSTEM |        |  X   |       | 
           |   RICH                         |        |      |       | 
       44  |THERMACTOR AIR SYSTEM INOPER-   |        |  X   |       | 
           |   ATIVE(CYL. 1-4, DUAL EGO)    |        |      |       | 
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                         ERROR CODE DESCRIPTION (CO NT'D) 
 
                                                SEL F TEST SECTION 
      ERROR|                                |------ -----------------| 
       CODE|       DESCRIPTION              |K.O.E. R.| E.R. |  CONT.|      
      -----|--------------------------------|------ --|------|-------| 
       45  |THERMACTOR AIR UPSTREAM DURING  |        |  X   |       | 
           |   SELF-TEST                    |        |      |       | 
       46  |THERMACTOR AIR NOT BYPASSED     |        |  X   |       | 
           |   DURING SELF-TEST             |        |      |       | 
       47  |SPEED CONTROL COMMAND SWITCH(S) |VEHICL E SPD CNTRL TEST | 
           |   -CKT NOT FUNCTIONING         |        |      |       | 
       48  |SPEED CONTROL COMMAND SWITCH(S) |VEHICL E SPD CNTRL TEST | 
           |   STUCK -CKT. GROUNDED         |        |      |       | 
       49  |SPEED CONTROL GROUND CKT. OPEN  |VEHICL E SPD CNTRL TEST | 
       50  |CYL. #5 LOW -CYL. BALANCE TEST  |        |  X   |       | 
       51  |-40 DEGREES F INDICATED ECT -   |   X    |      |   X   | 
           |   SENSOR CKT. OPEN             |        |      |       | 
       52  |PSPS CKT. OPEN                  |   X    |      |       | 
       53  |TPS CKT ABOVE MAX VOLTAGE       |   X    |      |   X   | 
       54  |-40 DEGREES F INDICATED ACT -   |   X    |      |   X   | 
           |   SENSOR CKT. OPEN             |        |      |       | 
       56  |MAF SENSOR CKT SHORT TO PWR     |   X    |      |   X   | 
       60  |CYL #6 LOW -CYL BALANCE TEST    |        |  X   |       | 
       61  |254 DEGREES F INDICATED ECT -   |   X    |      |   X   | 
           |   CKT. GROUNDED                |        |      |       | 
       63  |TPS CKT. BELOW MIN. VOLTAGE     |   X    |      |   X   | 
       64  |254 DEGREES F INDICATED ACT -   |   X    |      |   X   | 
           |   CKT. GROUNDED                |        |      |       | 
       66  |MAF SENSOR CKT OPEN             |        |      |   X   |   
       67  |NDS CKT. OPEN - A/C ON DURING   |    X   |      |       | 
           |   SELF-TEST                    |        |      |       | 
       70  |CYL #7 LOW -CYL BALANCE TEST    |        |  X   |       | 
       74  |BOO SWITCH CKT. OPEN            |        |  X   |       | 
       75  |BOO SWITCH CKT. CLOSED - ECA    |        |  X   |       | 
           |    INPUT OPEN                  |        |      |       | 
       77  |OPERATOR ERROR -(DYNAMIC        |        |      |       | 
           |    RESPONSE/CYL BALANCE TEST)  |        |      |       | 
       79  |A/C ON DURING SELF-TEST         |    X   |      |       | 
       80  |CYL. #8 LOW -CYL BALANCE TEST   |        |  X   |       | 
       81  |AIR MANAGEMENT 1(AM1)CKT FAILURE|    X   |      |       | 
       81  |SPEED CONTROL VENT (SCVNT) CKT  |VEHICL E SPD CNTRL TEST | 
           |    FAILURE                     |        |      |       | 
       82  |SPEED CONTROL VACUUM(SCVAC) CKT |VEHICL E SPD CNTRL TEST | 
           |    FAILURE                     |        |      |       | 
       82  |AIR MANAGEMENT 2(AM2)CKT FAILURE|    X   |      |       | 
       83  |ELECTRO DRIVE FAN (EDF) CKT     |    X   |      |       | 
           |    FAILURE                     |        |      |       | 
       84  |ELECTRONIC VAC REGULATOR (EVR)  |    X   |      |       | 
           |   CKT FAILURE                  |        |      |       | 
       85  |CANNISTER PURGE(CANP)CKT FAILURE|    X   |      |       | 
       87  |FUEL PUMP CKT FAILURE           |    X   |      |   X   | 
       88  |ELECTRO DRIVE FAN (EDF) CKT     |    X   |      |       | 
           |   FAILURE                      |        |      |       | 
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                         ERROR CODE DESCRIPTION (CO NT'D) 
                                               SELF  TEST SECTION 
      ERROR|                                |------ ------------------| 
       CODE|        DESCRIPTION             |K.O.E. O  | E.R. |  CONT |  
      --------------------------------------|------ ---|------|-------| 
       90  |PASS (CYL BALANCE TEST)         |         |  X   |       | 
       91  |EGO SENSOR INPUT INDICATES SYS. |         |  X   |       | 
           |   LEAN - NO EGO SWITCH         |         |      |       | 
       92  |EGO SENSOR INPUT INDICATES SYS. |         |  X   |       | 
           |   RICH                         |         |      |       | 
       94  |THERMACTOR AIR SYS. INOPERATIVE |         |  X   |       | 
       95  |FP CKT OPEN -ECA TO MTR GND     |    X    |      |   X   | 
       96  |FP CKT OPEN - BAT TO ECA        |    X    |      |   X   | 
       98  |HARD FAULT PRESENT              |         |  X   |       | 
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VIP PARAMETER DICTIONARY 
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    VIP PARAMETER DICTIONARY 
 
       PARAMETER  CALIB.                     DESCRI PTION 
      ----------- ------   --------- -------------- ----------------  
        ACTMAX     935     MAX ACT (ACT OPEN) UNITS  ARE COUNTS 
        ACTMIN      40     MIN ACT (ACT SHORTED) UN ITS ARE COUNTS 
        BIHP         1     BRAKE INPUT HDWR PRESENT  0=NOT PRESENT 
        BPSSW              1=DO TEST; 0=DO NOT DO T EST 
        C14LVL     200     THRESHOLD FOR PIP FAULT -UNITLESS 
        C14UP      202     UPCOUNT VALUE FOR PIP FA ULT FIL. -UNITLESS 
        C22LVL     200     THRESHOLD FOR BP FAULT - UNITLESS 
        C22UP      210     UPCOUNT FOR BP FAULT FIL TER -UNITLESS 
        C29LVL     254     THRESHOLD FOR VSS FAULT -COUNTS 
        C29UP       10     UPCOUNT FOR VSS FILTER - COUNTS 
        C31LVL     200     THRESHOLD FOR EVP FAULT -UNITLESS 
        C31UP      100     UPCOUNT FOR EVP FAULT FI LTER -UNITLESS 
        C32LVL     254     THRESHOLD FOR EVP OUT-OF -LIMIT 
        C32UP       20     UPCOUNT VALUE FOR EVP OU T-OF-LIMIT 
        C33LVL     200     THRESHOLD FOR NO EGR FLO W 
        C33UP       10     UPCOUNT VALUE FOR NO EGR  FLOW 
        C34LVL     254     THRESHOLD FOR EGR VALUE OUT-OF-LIMIT 
        C34UP       20     UPCOUNT VALUE FOR EGR VA LUE OUT-OF-LIMIT 
        C35LVL     200     THRESHOLD FOR EVP INPUT HIGH 
        C35UP      100     UPCOUNT VALUE FOR EVP IN PUT HIGH 
        C41LVL     200     THRESHOLD FOR EGO FAULT -COUNTS 
        C41UP      100     UPCOUNT FOR EGO FAULT -C OUNTS   
        C51LVL     200     THRESHOLD FOR ECT OPEN F AULT -UNITLESS 
        C51UP      100     UPCOUNT FOR ECT OPEN FAU LT -UNITLESS 
        C53LVL     200     THRESHOLD FOR TP OPEN FA ULT FIL. -UNITLESS 
        C53UP      100     UPCOUNT FOR TP OPEN FAUL T FILTER -UNITLESS 
        C54LVL     200     THRESHOLD FOR ACT OPEN F AULT -UNITLESS 
        C54UP      100     UPCOUNT FOR ACT OPEN FAU LT FIL. -UNITLESS 
        C56LVL     200     THRESHOLD LEVEL FOR FAUL T 56 
        C56UP       20     UPCOUNT FOR FAULT 56 
        C61LVL     200     THRESHOLD FOR ECT SHORT FAULT -UNITLESS 
        C61UP      100     UPCOUNT FOR ECT SHORT FA ULT FIL. -UNITLESS 
        C63LVL     200     THRESHOLD FOR TP SHORT F AULT -UNITLESS 
        C63UP      100     UPCOUNT FOR TP SHORT FAU LT -UNITLESS 
        C64LVL     200     THRESHOLD FOR ACT SHORT FAULT -UNITLESS 
        C64UP      100     UPCOUNT FOR ACT SHORT FA ULT -UNITLESS 
        C66LVL     200     THRESHOLD LEVEL FOR FAUL T 66 
        C66UP      100     UPCOUNT FOR FAULT 66  
        C87LVL     200     THRESHOLD FOR FP RELAY F AULT -COUNTS 
        C87UP      255     UPCOUNT FOR FP RELAY FAU LT -COUNTS 
        C91LVL     200     THRESHOLD FOR EGO FAULT -COUNTS 
        C91UP      100     UPCOUNT FOR EGO FAULT -C OUNTS 
        C95LVL     200     THRESHOLD FOR CODE 95 -C OUNTS 
        C95UP      100     UPCOUNT FOR CODE 95 -COU NTS 
        C96LVL     200     THRESHOLD FOR CODE 96 -C OUNTS 
        C96UP      100     UPCOUNT FOR CODE 96 -COU NTS  
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  VIP PARAMETER DICTIONARY (CONT'D) 
 
      PARAMETER  CALIB                DESCRIPTION 
      ---------  ------    ------------------------ ------------- 
        ECTMAX     935     MAX. ENGINE OFF ECT -UNI TS ARE COUNTS 
        ECTMIN      40     MIN. ENGINE OFF ECT -UNI TS ARE COUNTS 
        EDFHP        0     FAN HARDWARE PRESENT SWI TCH 
        EPTMAX     985     MAX. EPT READING -COUNTS  
        EPTMIN      40     MIN. EPT READING -COUNTS  
        EVPMAX     985     MAX. EVP READING -UNITS ARE COUNTS 
        EVPMIN      40     MIN. EVP READING -UNITS ARE COUNTS 
        FMDTM        0     TIME DELAY BEFORE MIL IS  ACTIVATED -SEC 
        HEDFHP       0     TWO SPEED FAN PRESENT  
        IDMLVL     200     THRESHOLD FOR IDM -UNITL ESS 
        IDMUP      100     UPCOUNT VALUE FOR IDM -U NITLESS 
        ISLBND     250     GOOSE IDLE TEST CONTROL BAND LIMIT 
        ISUBND     250     EXTENDED IDLE TEST CONTR OL BAND LIMIT 
        LEQV         1.3   LEAN LIMIT FOR LAMBDA -U NITS ARE LAMBDAS 
        LOWBAT      11     LOW BATTERY VOLTAGE -VOL TS 
        MILLIM       1     MAX. TIME FOR MIL ROUTIN E -SEC 
        MILTM1       0     FLASH RATE FOR MIL -SEC.  
        NGOOSE    1100     GOOSE TEST DESIRED RPM 
        NUMEGO       2     NUMBER OF EGO SENSORS 
       OCCDT1       25     MIN. CHANGE IN OCC AM1 - UNITS ARE COUNTS 
       OCCDT2       25     MIN. CHANGE IN OCC AM2 - UNITS ARE COUNTS 
       OCCDT3        0     MIN. CHANGE IN OUTPUT CK T CHECK -COUNTS 
       OCCDT4       30     MIN. CHANGE IN OCC EVR - UNITS ARE COUNTS 
       OCCDT5       30     MIN. CHANGE IN OCC CANP -UNITS ARE COUNTS 
       OCCDT7       30     MIN. CHANGE IN OCC FP -U NITS ARE COUNTS 
       OCCDT8        0     MIN. CHANGE IN OUTPUT CK T CHECK -COUNTS 
       OCCDTA       25     MIN. CHANGE IN OCC SCVNT  -COUNTS 
       OCCDTB       25     MIN. CHANGE IN OCC SCVAC  -COUNTS  
       PFEHP         0     SWTCH TO SELECT EGR STRA T, 1=PFE 0=SONIC 
       PSPSHP        0     PSPS HARDWARE, NO PRESSU RE SWITCH 
       REQV          0.75  RICH LIMIT FOR LAMBDA -U NITS ARE LAMBDAS 
       TAPMAX      990     MAX. TP SENSOR READING - UNITS ARE COUNTS 
       TAPMIN       40     MIN. TP SENSOR READING - UNITS ARE COUNTS 
       THRMHP        1     THERMACTOR AIR HARDWARE SWITCH 
       V820A         1     ISC DUTY CYCLE MULTIPLIE R 
       V860          5     C/L PACING FUNCTION 
       VACRR         4     VEH. SPEED RAMP RATE MPH /SEC 
       VAIRFL        1     SECONDARY AIR TEST FLAG 1=DO TEST 
       VATMR2       10     TIME TO WAIT BEFORE DOWN  STREAM AIR TEST 
                           -SEC. 
       VBISW         0     BRAKE ON/OFF TEST, 1=ENA BLE 0=DISABLE 
       VBPDL1     1200     MIN. BP DURING VIP TEST -TICKS 
 
 
 
 
 

31-3 



VIP PARAMETER DICTIONARY 
EEC-EPCD, FoMoCo, PROPRIETARY & CONFIDENTIAL 

   VIP PARAMETER DICTIONARY CONT'D 
 

  VIP PARAMETER DICTIONARY 
      PARAMETER            DESCRIPTION 
      --------------------------------------------- ------------------ 
       VBPDL2     1563     MAX. BP DURING VIP TEST - TICKS 
       VBPMAX     0.15     MAX. TIME SINCE LAST BP UPDATE -SEC 
       VCBCLP     .065     MAX. CLIP ON DROP REQD F OR CYL BAL TEST RPM/100 
       VCBDLY       22     DELAY BEFORE STARTING CY L BAL TEST -SEC. 
       VCBFLG        1     FLAG:0=BYPASS TEST, -1=A LLOW TEST 1=ALLOW 
                           MULTIPLE TEST ENTRY 
       VCBPAD      0.0075  ADDED TO VCBPCT EA. REPE AT OF C.B. TEST  
       VCBPCT         .05  % RPM DROP REQ'D FOR CYL INDER BAL. TEST 
       VCBTM1        3     TIME TO AVG. N, ALL INJE CTORS ON -SEC 
       VCBTM2        3     TIME TO AVG. N, ALL INJE CTORS OFF -SEC  
       VCRTDC         .85  EVR DC FOR CRUISE TEST - DC 
       VDCBIA        2.3   VEH. SPEED DC BIAS 
       VDCMAX         .85  MAX. EVR DC FOR ENGINE-O N EGR TEST -DC 
       VDCMIN         .25  MIN. EVR DC FOR ENGINE-O N EGR TEST -DC 
       VDISFM        0     FMEM FAULT BYPASS FLAG 
       VDLEDF        4     MIN. TIME TO HOLD ON LOW  FAN WHILE PER- 
                             FORMING OCC TEST -SEC 
       VDLHED        2     MIN. TIME TO HOLD ON HI FAN WHILE PER- 
                             FORMING OCC TEST -SEC 
       VDLY1         1     DELAY FOR FUEL RICH TEST  -UNITS ARE SEC 
       VDLY10        15    DELAY BEFORE STARTING SP EED RAMP -SEC 
       VDLY11         3    DELAY AFTER SPEED RAMP - SEC 
       VDLY2          3    TIME TO DELAY BEFORE DUM P/UPSTREAM AIR -SEC 
       VDLY8          0    DELAY BEFORE EXIT FROM F UEL TEST 
       VECT3        150    MIN. COOLANT TEMP. (ENGI NE-ON)-DEG. F 
       VECT5        120    STARTING COOLANT TEMP. F OR WARM-UP CNT -DEG 
       VECTMR         2    TIMER FOR EGR CRUISE TES T -SEC 
       VEGOBP         1    EGO SWITCHING TEST 1=ENA BLE 
       VEGOSW         8    NO. OF EGO SWITCHES REQ' D TO PASS 
       VEGOTM       240    MIN. TIME TO ENABLE EGO TEST AFTER REACHING 
                             CLOSED LOOP TEMP 
       VEGRAT        .07   EVR DC RATE FOR ENGINE-O N EGR TEST DC/SEC 
       VEGRLOAD      .35   MAX. LOAD TO DO CONT. EG R FLOW TESTD 
       VEGVAC         7    MIN. MAN. VAC. FOR EGR C RUISE TEST -IN HG 
       VEPTIL       605    EPT LOW LIMIT AT IDLE 
       VEPTLL       610    EPT LOW LIMIT ENG OFF -C OUNTS 
       VEPTRH       850    EPT HIGH LIMIT, ENG. RUN  -COUNTS 
       VEPTRL       615    EPT LOW LIMIT, ENG RUN - COUNTS  
       VEVPCL       160    EVP CRUISE LIMIT TEST -C OUNTS 
       VEVPDL        80    EVP DELTA FOR ENGINE-ON EGR TEST -COUNTS 
       VEVPHL       138    EVP UPPER LIMIT -COUNTS 
       VEVPLL        60    EVP LOWER LIMIT -COUNTS 
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       V_FPMDLY       2    DELAY PRIOR TO ENG OFF F .P. CKT TEST -SEC 
       V_FPMFLG       1    F.P. CKT FLAG, 1=DO TEST  
       V_FPMTM        1    TIME DELAY PRIOR TO CONT . F.P. TEST -SEC 
       VFPREQ         1    FUEL PUMP RELAY TEST, 1= DO TEST 
       VHFNTM        15    MIN. TIME TO HOLD DOWN T P TO ENABLE HI FAN OUTPUT -SEC  
       VIACT1       717    MIN. CHARGE TEMP. (ENGIN E-OFF)- COUNTS 
       VIACT2        63    MAX. CHARGE TEMP. (ENGIN E-0FF) -COUNTS 
       VIACT3       761    MIN. CHARGE TEMP. (ENGIN E-ON) -COUNTS  
       VIACT4        63    MAX. CHARGE TEMP. (ENGIN E-ON) -COUNTS 
       VIDMST         4    TIME FOR IDM BYPASS AFTE R PIP RECOVERY-SEC 
       VIDMTM       130    TIME OUT FOR IDM FAULT - UNITS ARE MILLI-SECONDS 
       VIECT1      717       MIN. COOLANT TEMP. (EN GINE-OFF) -COUNTS 
       VIECT2       63       MAX. COOLANT TEMP. (EN GINE-OFF) -COUNTS 
       VIECT3      235       MIN. COOLANT TEMP. (EN GINE-ON) -COUNTS 
       VIECT4       63       MAX. COOLANT TEMP. (EN GINE-ON) -COUNTS 
       VIPLR1         .025   RATE TO RAMP LEAN -LAM BDAS/SEC 
       VIPRR1         .05    RATE TO RAMP RICH -LAM BDAS/SEC 
       VIPSPK       30       VIP SPARK ADVANCE -DEG . 
       VIPT1        20       MAX. TIME IN STATIC VS C TEST -SEC 
       VIPT2        20       MAX. RAMP TIME VSC TES T -SEC 
       VIPT3        15       MAX. TIME IN HOLD TEST  -SEC 
       VIPT4        15       MAX. TIME FOR SPEED DE CREASE -SEC 
       VIPTM2       10       TIME TO WAIT FOR EGO S WITCH -SEC 
       VIPTM3       20       TIME IN LOOP FOR LEAN FUEL -SEC 
       VIPTM4       10       TIME TO WAIT FOR EGO R ICH -SEC 
       VISCN      1600       VIP DESIRED RPM 
       VISCN1     1550       DESIRED RPM TO DO CYLI NDER BALANCE TEST 
       VISDL1       16       ISC DELAY TIME -SEC 
       VISDL3       10       GOOSE IDLE DELAY TIME -SEC 
       VISDL4        6       DELAY PRIOR TO CYLINDE R BALANCE TEST 
       VISDL5        6       TIME TO WAIT FOR RPM D ROP IN CYL. BALANCE TEST 
       VKYPWR      200       IV POWER LOWER LIMIT - COUNTS 
       VLAMCB         .955   LAMBDA FOR CYLINDER BA LANCE TEST 
       VLFNTM       10       MIN. TIME TO HOLD DOWN  TP TO ENABLE LOW FAN-SEC 
       VLORPM      500       MIN RPM FOR PIP/IDM TE ST -RPM   
       VMAF01       20       MAF ENG. OFF VIP LOW L IMIT -COUNT 
       VMAFPIPLMT   50       MASS AIR FLOW PIP LIMI T -MSEC 
       VMAFR1      200       MAF. ENG RUNNING VIP L OWER LIMIT -COUNT 
       VMAFR2      400       MAF ENG RUNNING VIP UP PER LIMIT -COUNT 
       VMAMAX     1000       MAF CONT. VIP SHORT TO  PWR LIMIT -COUNT 
       VMAMIN      100       MAF CONT. VIP OPEN CKT  LIMIT -COUNT 
       VMARPM     4500       MAF THRESHOLD RPM FOR FAULT 56 -RPM 
       VML0         35       LOW MPH LIMIT FOR SPD DECREASE IN VSC TEST  
       VN          900       MAX. IDLE SPEED FOR EP T TEST 
       VNMIN       900       MIN. RPM FOR FUEL TEST  -RPM 
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       VPIPTM       60       TIME OUT FOR PIP FAULT  -MSEC 
       VPSIND    .000035     VIP GAIN FOR OVERSPEED  CONDITIONS 
       VPSINU    .000045     VIP GAIN FOR UNDERSPEE D CONDITIONS 
       VPSSW         0       POWER STEERING PRESS. SWITCH TEST, 1=ENABLE 
       VPTCNT       10       NO. OF CLOSED TO PART THROT. TRANS. TO ENABLE 
       VRLAM         0.9     LAMBDA FOR EGO TEST  
       VRSH          3       BAND FOR VEH. SPD TEST  
       VRSS         60       SET SPEED FOR VEH. SPE ED TEST 
       VSAMIN     2000       MIN. RPM TO DO VSS TES T WITH A/T 
       VSIBRM        0.6     MAX. ALLOWED VALUE FOR  IPSIBR 
       VSIBRN       -0.6     MIN. ALLOWED VALUE FOR  IPSIBR 
       VSLOAD      .266      MAX DECEL LOAD M/T VSS  TEST  
       VSMAPL        7       MAX. DECEL MAP TO DO V SS TEST M/T, IN HG 
       VSMMIN     1250       MIN. RPM TO DO VSS TES T WITH M/T 
       VSPADV       30       SPARK ADVANCED FOR SPO UT TEST 
       VSPRET       10       RETARDED SPARK FOR SPO UT TES 
       VSPRPM      200       MIN. RPM TO PASS SPOUT  TEST 
       VSPTDL        5       MIN. STABILIZED TIME F OR SPOUT TEST 
       VSPTEN        1       SPOUT TEST ENABLE SWIT CH WHEN =1 
       VSSMN1        5       MIN. VEH. SPD TO PASS VSS TEST 
       VSSSW         1       VSS TEST ENABLE SWITCH  WHEN =1 
       VSSTIM        3       MIN. STABILIZED TIME B EFORE VSS TEST 
       VSTGN          .014   SET SPD PROPORTIONAL G AIN -D.C./MPH 
       VSTYPE        2       VSC SYSTEM PRESENT WHE N =1 
       VTABFL        1       FLAG TO DO THERMACTOR TEST 1=DO TEST     
       VTAP1       150       MIN. ENGINE-OFF THROTT LE POSITION -COUNTS 
       VTAP2       250       MAX. ENGINE-OFF THROTT LE POSITION -COUNTS 
       VTAP3       150       MIN. TP -COUNTS 
       VTAP4       250       MAX. TP -COUNTS 
       VTAP5       400       UPPER LIMIT OF TP FOR OUTPUT TEST -COUNTS 
       VTAP6       350       LOWER LIMIT OF TP FOR OUTPUT TEST -COUNTS 
       VTCDSN        2.75    DSDRPM TIME CONSTANT F OR VIP -SEC 
       VTCEGO        1.250   TIME CONSTANT FOR EGO -SEC 
       VTCEPT        0.025   TIME CONSTANT FOR EPT -SEC  
       VTPGN          .005   THROT POS PROPORTIONAL  GAIN, DC/COUNT 
       VTPLD        10       MIN. TP GAIN FOR VSC T EST -COUNTS 
       VTPLU        10       MAX. TP GAIN FOR VSC T EST -COUNTS 
       VVHGN          .014   VEH. SPD PROPORTIONAL GAIN, DC/MPH 
       VVSCET       60       MAX. TIME IN VSC TEST -SEC  
       WIGLVL      200       UPCOUNT VALUE IN WIGGL E TEST -UNITLESS 
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   CTNFLG, 20-5, 20-8, 20-14           DESEM, 8-5, 8-7, 8-15, 8-17 to 
   CTNTMR, 6-9, 6-11, 20-2, 20-14          8-19 
   CTPRG, 11-3, 11-5                   DESHYS, 8-18  
   CTPRGH, 11-3, 11-5                  DESMAF, 9-20 , 9-23, 9-27, 9-33, 
   CTPTFG, 5-3 to 5-4, 9-4, 9-37           9-37, 9- 39, 9-41 
   CTTMR, 6-68, 6-72, 20-2, 20-14      DESNLO, 9-20 , 9-23, 9-25, 19-48 
                                       DFLDH, 6-69,  20-6 
   D, 6-76, 6-79                       DFLDL, 6-69,  20-6 
   "D", 9-39                           DFLOD, 6-69,  6-72 
   'D', 6-71                           DFLODH, 6-69 , 6-72 
   DACPPM, 9-29, 9-31                  DFMIN0, 7-5,  7-27 
   DACTM, 9-21, 9-26                   DFMIN1, 7-5,  7-27 
   DASCTK, 9-4                         DFSECT, 6-69 , 6-71 
   DASMHYST, 9-4, 9-9                  DFSFLG, 6-61 , 6-64, 6-70 to 6-71 
   DASMIN, 9-4, 9-17                   DFSO, 6-73 
   DASMPH, 9-4, 9-9                    DFSVS, 6-69,  6-72 
   DASPOT, 9-10 to 9-13, 9-17 to       DFSVSH, 6-69 , 6-72 
       9-18, 9-33, 9-37                DIFCTR, 7-3,  7-9, 7-27 
   DASPTK, 9-17 to 9-18                DIFF0, 7-3, 7-27 
   DASPTO, 9-16 to 9-18                DIFF1, 7-3, 7-27 
   DATA OUTPUT LINK STRATEGY           DISABLE_NO_S TART, 21-18, 21-20 
     TRIPMINDER, 14-2                  DLDFSO, 6-69 , 6-73 
   DATA_TIME, 19-2, 19-18              DLHYST, 9-43  
   DCBIAS, 15-6, 15-21                 DLTMR, 6-68,  6-70, 6-73, 20-2, 
   DCOFF, 8-3, 8-5, 8-12, 8-16 to          20-16 
       8-17, 8-19                      DMFLG, 6-68,  6-70, 6-73, 20-8, 
   DEBAMP, 15-6, 15-9, 20-6, 20-15         20-16 
   DEBTIM, 15-6, 15-9, 19-5, 19-45,    DMIN, 6-69 
       20-6, 20-15                     DMPDLY, 12-5 , 12-8 
   DEBTMR, 15-5, 15-7, 15-9, 19-2,     DNAC, 9-21, 9-26 
       19-45, 20-2, 20-15              DNDSUP, 6-13 , 6-18 to 6-19, 6-93, 
   DEBYCP, 9-34 to 9-35, 9-39              9-4, 9-1 0 to 9-13, 9-20, 9-25 
   DEBYMA, 9-34, 9-38 to 9-39              to 9-27,  9-29, 9-31, 19-5, 
   DEBYMA_FM, 9-36, 9-39, 21-3, 21-9       19-10, 1 9-36, 19-38, 20-5, 
   DECEL FUEL SHUT OFF STRATEGY,           20-19 
       6-67                            DNLOD, 12-5,  12-8 
     LOGIC, 6-71                       DNLODH, 12-5 , 12-8 
   DEFINITIONS, 6-37, 6-104, 6-112,    DNPOWS, 9-21 , 9-26 
       7-32, 9-4, 11-3, 13-3, 15-5,    DNPPM, 9-21,  9-29, 9-31 
       20-4                            DNSTMI, 12-5 , 12-8 

Index-4 
GUFB - INDEX 

   DOL, 3-3, 14-2                      ECTFMM, 21-5 , 21-14 
   DOL_COUNT, 14-2                     ECTIP, 7-33,  7-42 
   DOUBLE_EDGE FLAG, 7-4               ECTMAX, 21-5 , 21-14, 26-9, 28-9 



   DP, 8-15                            ECTMIN, 21-5 , 21-14, 26-9, 28-9 
   DP', 8-15, 19-48                    ECTNOK, 7-33 , 7-36 
   DRBASE, 9-21, 9-26                  EDETHYS, 17- 3 to 17-4 
   DSD_RPM, 9-9                        EDF, 3-3, 13 -3 to 13-5, 20-4, 
   DSDRPM, 6-66, 6-68, 6-71, 6-73,         20-17 
       7-3, 7-11, 9-10 to 9-13, 9-20,  EDFHP, 13-2 to 13-3, 13-5, 26-19 
       9-23 to 9-27, 9-38 to 9-39,     EDFTM, 13-3,  13-5 
       9-42, 9-45, 19-2, 19-29,        EDFTMR, 13-3  to 13-5, 20-2, 20-17 
       19-48                           EDNHYS, 17-3  to 17-4 
   DSFRPH, 6-69, 6-71                  EDSEL, 6-104  to 6-105 
   DSFRPM, 6-67, 6-69, 6-71            EDTM1, 17-3,  17-5 
   DSFTM, 6-69, 6-72                   EDTM2, 17-3,  17-5 
   DSLMBS1, 6-3, 6-7                   EDTM3, 17-3,  17-5 
   DSLMBS2, 6-3, 6-7                   EDTM4, 17-3,  17-5 
   DSTM1, 6-69, 6-72                   EDTM5, 17-3,  17-5 
   DSTM2, 6-67, 6-69, 6-73             EDVSHYS, 17- 3 to 17-4 
   DSTPBR, 9-9, 9-16 to 9-17, 19-48    EEC SYSTEM O VERVIEW 
   DT12S, 6-83, 6-85, 7-3, 7-17,         EEC-IV OUT PUTS, 3-3 
       7-19, 7-21, 7-24 to 7-25,           AM1, 3-3  
       7-27 to 7-28                        AM2, 3-3  
   DT23S, 7-3, 7-19, 7-27                  CANP, 3- 3 
   DTPCYC, 7-3, 7-9, 7-19                  DOL, 3-3  
   DTSIG, 7-3, 7-9, 7-19                   EDF, 3-3  
   DUAL_EDGE, 7-21                         EVR, 3-3  
   DWELL, 7-6                              FP, 3-4 
   DWLBSE, 7-9, 7-24                       HEDF, 3- 4 
   DWLTBP, 7-5, 7-24                       IAC, 3-4  
   DWLTOT, 7-24 to 7-26                    INJECTOR S, 3-4 
   DWLTSW, 7-5, 7-25                       ISC-BPA,  3-4 
   DWLWF, 7-5, 7-24                        LUS, 3-4  
                                           SBS, 3-5  
   "E", 9-39                               SCVAC, 3 -5 
   'E', 8-8                                SCVNT, 3 -5 
   ECADECT, 17-2, 17-4                     SIL, 3-5  
   ECADHP, 17-2                            SPOUT, 3 -5 
   ECADI, 17-2, 17-4                       WAC, 3-5  
   ECADN, 17-3 to 17-4                 EFAMPH, 9-43  
   ECADOT, 17-3 to 17-4                EFAMPL, 9-43  
   ECADVS, 17-3 to 17-4                EFFLG1, 6-61 , 6-63 to 6-64 
   ECT, 4-5, 6-9, 6-13 to 6-14, 6-20,  EFI, 6-4, 6- 111 to 6-112 
       6-49, 6-56, 6-62, 6-68, 6-71,   EFMFLG, 6-38 , 6-68, 6-71, 8-2, 
       6-76, 6-97, 7-3, 7-5, 7-24,         8-7, 8-1 0, 21-4, 21-7, 21-16 
       7-32 to 7-33, 7-36, 7-42, 8-2       to 21-17 , 21-19 to 21-20 
       to 8-3, 9-22, 9-24, 9-27,       EFTC, 6-62, 6-65 
       10-3 to 10-5, 10-7, 11-3 to     EFTR, 6-2, 6 -37, 6-47, 6-61, 6-63 
       11-5, 12-4, 12-6 to 12-7,           to 6-66 
       13-2 to 13-6, 17-2, 17-4,       EFTRFF, 6-3,  6-7, 6-63, 6-66, 
       18-3, 19-2 to 19-3, 19-5,           6-76 
       19-8, 19-27, 19-29, 19-48,      EFTRFFL, 6-6 3, 6-76 
       20-4, 20-6 to 20-7, 20-11 to    EGO, 6-5, 6- 21, 6-23, 6-30, 6-36 
       20-12, 21-3, 21-7, 21-14            to 6-37,  6-39, 6-109, 12-3, 
   ECTCNT, 4-4 to 4-5, 19-30               19-2, 19 -31, 20-7, 20-21 
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   EGO SENSOR, 6-22, 6-109             EGRPER, 8-15 , 8-17, 8-21 to 8-22 
   EGO SWITCH DEFINITION, 6-32         EGRSEA, 8-4 
   EGO-1, 6-5, 6-8, 6-16, 6-23, 6-25,  EGRTD1, 8-3,  8-7 
       6-33, 6-37 to 6-38, 6-40 to     EGRTD2, 8-3,  8-7 
       6-41, 6-48, 20-19               EGRTD3, 8-3,  8-7 
   EGO-2, 6-8, 6-33, 6-37 to 6-38,     EGRTD4, 8-3,  8-7 
       6-40 to 6-42, 6-48, 6-51,       EGRTD5, 8-3 



       20-19                           EISF, 6-62, 6-65 
   EGO-n, 6-31 to 6-32                 ELECTRO-DRIV E FAN STRATEGY 
   EGO_SWITCH, 6-12                      DEFINITION S, 13-3 
   EGOBAR, 19-48                         LOGIC, 13- 5 
   EGOCL1, 6-9, 6-12                     OVERVIEW, 13-2 
   EGOCT1, 6-37, 6-40, 6-46 to 6-48,   ELECTRONICAL LY CONTROLLED 
       6-50                                ACCESSOR Y DRIVE, 17-2 
   EGOCT2, 6-37, 6-40, 6-46 to 6-48,     DEFINITION S, 17-2 
       6-51                              OVERVIEW, 17-2 
   EGOFL1, 19-10                         PROCESS, 1 7-4 
   EGOFL2, 19-10                           TIME/TEM P DELAY, 17-5 
   EGOFLn, 19-31                       EM, 6-2, 6-6 , 8-2, 8-5 to 8-6, 
   EGOSSS, 6-9 to 6-10, 6-12               8-10, 8- 15, 8-17 to 8-18, 
   EGOSSS LOGIC, 6-12                      9-42, 19 -2 
   EGR, 4-2, 8-2 to 8-6, 8-8 to 8-9,   ENGCYL, 6-2,  6-4, 6-23, 6-31 to 
       8-11 to 8-14, 8-16, 8-18,           6-32, 6- 74, 6-77, 6-79, 6-82, 
       20-23                               6-86, 6- 98, 6-104, 6-106, 7-5, 
   EGR MASS FLOW EQUATIONS, 8-14           7-16 to 7-19, 7-25, 7-33, 
   EGR STRATEGY                            7-37, 7- 44, 9-4, 9-44 to 9-46, 
     ACTUAL MASS FLOW EQUATIONS,           19-5, 19 -19, 19-23, 19-33, 
         8-11                              21-9 
     DEFINITIONS, 8-2                  ENGINE CRANK  MODE, 9-6 
     DESIRED VALVE POSITION, 8-11      ENPIP, 6-23,  6-25, 6-30, 6-32 
     ENABLE LOGIC, 8-7                 ENPIPn, 6-31  
     FLOW RATE EQUATIONS, 8-8          ENQDA, 8-22 
     MASS FLOW EQUATIONS, 8-14         EOFF, 8-2, 8 -7, 8-11 to 8-12, 
     OUTPUT CONTROL, 8-12                  19-28, 2 1-3, 21-17 
     OVERVIEW, 8-6                     EOS, 7-44 
     SONIC EGR VALVE STRATEGY, 8-9     EPT, 8-15 to  8-16, 8-19 to 8-20, 
     TSEGRE LOGIC, 8-8                     22-3 
   EGRACT, 8-5 to 8-6, 8-10, 8-15,     EPTBAR, 8-15  to 8-16, 8-18, 19-2, 
       8-18                                19-8, 19 -29, 19-48 
   EGRACT', 8-18                       EPTMAX, 26-1 4, 27-19, 28-14 
   EGRALT, 8-4                         EPTMIN, 26-1 4, 27-19, 28-14 
   EGRATE, 8-5 to 8-8, 8-11, 8-15,     EPTSW, 19-6,  19-29 
       8-17 to 8-18                    EPTZER, 8-15 , 19-2, 19-5 to 19-6, 
   EGRBAR, 19-28, 19-48                    19-8, 19 -29, 19-48, 21-7, 
   EGRCNT, 8-15, 8-17, 8-21 to 8-22        21-16, 2 2-3 to 22-4, 22-7 
   EGRDC, 8-5 to 8-6, 8-12, 8-15,        LOGIC, 19- 29 
       8-17, 8-19, 8-21                EVP, 8-2 to 8-3, 8-7, 8-9, 8-12, 
   EGRDED, 8-3, 8-7, 8-12                  19-2, 19 -9, 19-28, 19-30, 
   EGREN, 8-3, 8-5, 8-7, 8-11, 8-16,       19-48, 2 1-7, 21-17 
       8-18, 20-23                     EVPMAX, 21-5 , 21-17, 26-14, 27-19, 
   EGRERR, 8-2, 8-12, 8-15, 8-20           28-14 
   EGRFLG, 8-3, 8-5, 8-12, 8-16 to     EVPMIN, 21-5 , 21-17, 26-14, 27-19, 
       8-17, 8-19                          28-14 
   EGRMPT, 8-3, 8-8, 20-6, 20-23       EVR, 3-3, 8- 4, 8-6, 8-9, 8-12, 
   EGROSS, 6-12                            8-14, 8- 20 to 8-22, 19-19 
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   EVRPM, 11-3                         FKINJD, 6-98  
   EVRPMH, 11-3                        FKMKAY, 7-5,  7-19 
   EVTDOT, 11-3, 11-5                  FKSKAY, 7-5,  7-19 
                                       FLG_DASMNQ, 9-4, 9-9, 9-17 
   FAEGCT, 6-39, 6-49                  FM, 6-2 to 6 -3, 6-6 
   FAILURE MODE MANAGEMENT             FMCTTP, 21-5 , 21-12 
     ACT SENSOR UPDATE LOGIC, 21-15    FMDTM, 21-19  to 21-20 
     DEFINITIONS, 21-3 to 21-4, 21-7   FMEM, 21-8 
     ECT SENSOR UPDATE LOGIC, 21-14    FMMDSD, 9-4 
     EVP SENSOR UPDATE LOGIC, 21-17    FMMISC, 9-5,  9-9 
     FAILURE RECOGNITION, 21-8         FN000, 19-6,  19-25, 21-11 



     OVERVIEW, 21-2                    FN004, 8-16 
     PFE SENSOR UPDATE LOGIC, 21-16    FN004(BP)., 8-15 
     TP SENSOR UPDATE LOGIC, 21-12     FN018, 6-14 
         to 21-13                      FN018B, 9-22  
   FAILURE MODE STRATEGY               FN019B, 6-55  to 6-56 
     MALFUNCTION INDICATOR LIGHT,      FN020B, 6-56  
         21-18                         FN020C, 9-22  
       DEFINITIONS, 21-18              FN021, 6-38 to 6-39, 6-41 to 6-45 
       OVERVIEW, 21-18                 FN022A, 6-62  
       PROCESS, 21-20                  FN022B, 6-14  to 6-15 
         MIL LOGIC, 21-20              FN033, 7-5 
         MILTMR LOGIC, 21-20           FN035(N), 6- 14, 19-14 
   FAM, 9-29 to 9-31, 9-33, 9-42,      FN036, 19-3,  19-6, 19-18 
       9-44 to 9-46, 19-2, 19-9,       FN037, 19-6,  19-16 
       19-23, 19-48                    FN040, 21-9 
   FAM_FLG, 6-77, 6-82, 9-44, 9-46,    FN040(N), 21 -5 
       19-5, 19-23                     FN070, 6-15,  6-38 to 6-39, 6-41 
   FAMINC, 9-4, 9-43                       to 6-45,  6-98, 7-7, 8-3 to 
   FAMLIM, 9-43, 9-45 to 9-46, 19-6        8-4, 21- 5 
   FAMREG, 9-46, 19-9                  FN071, 6-62,  7-5, 7-7, 8-4 
   FE, 7-18, 7-29                      FN072A, 6-14  to 6-15, 7-7 
   FEC, 7-18                           FN074, 8-3, 8-15 to 8-16 
   FFMTMR, 9-44 to 9-46, 19-48, 20-2,  FN082, 6-14,  6-98, 7-5, 7-7, 8-3 
       20-17                               to 8-4 
   FFULC1, 6-81, 6-85                  FN083, 6-14,  6-98, 7-5, 7-7, 8-3 
   FFULC2, 6-85                            to 8-4 
   FFULCn, 6-78, 6-83                  FN085, 6-98 
   FFULFG, 6-82                        FN087, 20-6,  20-11, 20-23 
   FFULFLG, 6-78, 6-83, 6-85           FN098, 21-5 
   FFULM1, 6-81, 6-85                  FN098(ITP-RA TCH), 21-5 
   FFULM2, 6-85                        FN1035(N,LOA D), 19-6 
   FFULMn, 6-78, 6-83                  FN111, 7-5, 7-11 
   FGFFLG, 6-104, 6-108                FN1119, 7-7,  7-13 to 7-14 
   FILFC, 19-21                        FN112, 7-6, 7-11 
   FILFRC, 19-16                       FN1121, 7-7 
   FILHYS, 21-5, 21-8, 21-10 to        FN1124, 6-20 , 7-7, 7-13 to 7-14 
       21-11, 21-14, 21-16 to 21-17    FN1133(ECT,L OAD), 7-7 
   FILRC1, 19-16, 19-21                FN115, 7-6, 7-11 
   FIRST_MPH, 19-44                    FN1223, 7-7,  8-4, 8-8 
   FIRST_PIP, 4-4, 4-6, 21-19 to       FN125, 7-6, 7-12, 7-15, 20-6, 
       21-20                               20-20 
   FK_TMR, 19-46                       FN126, 7-6 
   FKARC1, 19-16, 19-21                FN129A, 6-19  to 6-20, 7-6, 7-12, 
   FKARCH, 19-16, 19-21                    7-15 
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   FN1303, 6-56                        FN303, 6-14,  6-19 
   FN1305, 6-15, 7-7                   FN306, 6-80,  20-6, 20-13 
   FN1306, 6-14 to 6-15, 6-17, 7-7     FN306(CRKTMR ), 6-77 
   FN1307, 6-14, 6-17                  FN308, 6-14,  6-19 
   FN131, 6-98, 7-6, 7-15              FN309, 6-14,  6-19 
   FN1315, 6-93, 6-98                  FN311, 6-14,  7-6, 7-14, 8-4, 8-8 
   FN1321, 6-62, 6-64, 6-66            FN320A, 20-1 6, 20-18 
   FN1322, 6-62                        FN320A(ECT),  6-9, 6-11 
   FN1325, 6-42, 6-44 to 6-45          FN331B, 6-56  to 6-57 
   FN1325rc, 6-39, 6-44, 6-47, 6-50    FN339, 6-23,  6-32 
       to 6-51                         FN342, 6-23,  6-31 
   FN1327, 6-2, 6-5, 6-104 to 6-107,   FN344, 6-24,  6-31 
       6-109                           FN346, 6-24,  6-31 
   FN1328, 6-15, 6-19 to 6-20, 7-7,    FN348, 6-80 
       7-13                            FN348(ECT), 6-77 



   FN1329, 6-104, 6-106 to 6-108,      FN367, 6-86 
       6-111                           FN367(VBAT),  6-77, 6-82 
   FN133, 7-6, 7-15                    FN371, 6-14,  6-18 
   FN134, 7-6, 7-15                    FN374, 6-62,  6-67, 6-69, 6-71, 
   FN1341, 19-48                           6-73 
   FN135, 7-6, 7-15                    FN378, 6-56 to 6-57 
   FN1351(N,LOAD), 6-24                FN387, 4-3 t o 4-4 
   FN1352(N,LOAD), 6-24                FN387(ECT), 6-77, 6-79 
   FN1353(N,LOAD), 6-24                FN389, 6-86 
   FN1358, 21-5, 21-9                  FN389(VBAT),  6-77, 6-79 
   FN1358(N,TP), 21-9                  FN393F, 6-14 , 6-17 
   FN143A, 7-33, 7-40, 7-43            FN394F, 19-3 8 
   FN144, 7-35, 7-37                   FN394F(ECT),  19-36 
   FN144A, 7-33                        FN396A, 6-14 , 6-17, 7-6, 7-13 
   FN145A, 7-33                        FN400, 7-6, 7-11 
   FN146B, 7-33, 7-43                  FN600, 11-3,  11-5 
   FN160A, 7-6, 7-24                   FN602, 11-3,  11-5 
   FN160B, 7-6, 7-24                   FN605A, 11-3 , 11-5 
   FN179A, 7-6, 7-13 to 7-15           FN651, 18-2,  18-4 
   FN179A(VSBAR), 7-14 to 7-15         FN652A, 18-2 , 18-4 
   FN180(CTNTMR), 7-6                  FN703, 21-5,  21-14 to 21-15 
   FN1861, 9-27                        FN703A, 19-6 , 19-23, 19-27 
   FN1861(ECT,ATMR3), 9-22, 9-27       FN703A(IECT) , 19-48 
   FN211, 8-3, 8-8, 8-16               FN800, 9-34,  9-36, 9-39 
   FN212A, 6-19 to 6-20, 7-6, 7-12,    FN810, 9-36,  9-39 
       7-15, 8-4, 8-8, 8-16            FN820A, 9-39  
   FN217A, 8-4, 8-8                    FN820B, 9-34 , 9-36, 9-39 
   FN218, 8-10                         FN824, 9-33,  27-5 
   FN219, 8-10                         FN824(N_BYTE ), 9-35, 9-39 
   FN219A, 8-4                         FN825A, 6-52 , 9-24 
   FN220, 8-4, 8-8                     FN825A(ECT),  9-21, 9-24 
   FN221, 8-4, 8-11                    FN825B, 6-52 , 9-24 
   FN239, 8-4, 8-12, 8-16, 8-19 to     FN825B(ACT),  9-21, 9-24 
       8-20                            FN826, 9-24 
   FN246, 8-4, 8-16, 8-18              FN826(TCSTRT ), 9-24 
   FN247, 8-4, 8-18                    FN826A(TCSTR T), 9-21 
   FN26, 6-52                          FN839, 7-6, 7-11, 9-12 to 9-13 
   FN300, 6-14, 6-17                   FN841, 7-11 
   FN301, 6-14, 6-19                   FN841D, 7-6,  9-36, 9-38 
   FN301N, 6-14, 6-19                  FN841N, 7-7,  9-36, 9-38 
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   FN860, 9-33, 9-35, 9-38                 PROCESS,  6-17 
   FN875D, 9-27, 9-34                        'C' DE FINITION, 6-19 
   FN875D(DSDRPM), 9-21, 9-27                LAMMUL  LOGIC, 6-17 
   FN875N, 9-27, 9-34                        LAMMUL  RESET LOGIC, 6-18 
   FN875N(DSDRPM), 9-22, 9-27                MFAMUL  LOGIC, 6-20 
   FN879, 9-17 to 9-18                       RAMP B ACK LOGIC, 6-17 
   FN880, 9-24, 20-14                  FUEL PULSEWI DTH, 14-2 
   FN880(CTNTMR), 9-24, 20-6           FUEL PUMP CO NTROL LOGIC, 6-112 

   FN880(IDLTMR), 9-22              FUEL STRATEGY 
   FN882, 9-18                           FUEL PULSE WIDTH 
   FN884, 9-9                              BACKGROU ND FUEL, 6-76 
   FN884(TCSTRT), 4-2, 4-4, 9-4, 9-9         DEFINI TIONS, 6-76 to 6-78 
   FN901, 7-7, 7-12                          PROCES S, 6-79 
   FN904A, 7-7, 7-12                       FN389 CA LIBRATION, 6-86 
   FN905A, 7-7, 7-12                       FOREGROU ND FUEL 
   FN908A, 8-4, 8-8                          DEFINI TIONS, 6-83 to 6-84 
   FN908B, 8-4, 8-8                          OVERVI EW, 6-83 
   FOFFLG, 6-77, 6-82, 6-89, 6-92,           PROCES S, 6-85 
       6-104, 6-108                      INJECTOR F IRING ORDER, 6-111 



   FP, 3-4                               INJECTOR O UTPUT CONTROL 
   FRCBFT, 6-14 to 6-15, 7-7               LOGIC, 6 -105 
   FRCSFT, 6-14 to 6-15, 7-7             INJECTOR O UTPUT LOAD, 6-109 
   FRCTAE, 6-56                          RUN MODE, 6-106 to 6-107 
   FUEL CONTROL STRATEGY                 UNDERSPEED  MODE, 6-106 to 6-107 
     CLOSED LOOP FUEL, 6-21            FUEL_IN_SYNC , 6-93, 6-97, 6-99 
       DEFINITIONS, 6-23 to 6-25       FUEL_SERVICE , 6-57 
       LIMIT CYCLE DESCRIPTION, 6-26   FUEL_SUM, 6- 103, 14-2 
       LIMIT CYCLE EXAMPLES, 6-29      FUELFLOW, 6- 86 
       PROCESS                         FUELFLOW1, 6 -80 to 6-82 
         LAMBDA RESET LOGIC, 6-34      FUELFLOW2, 6 -80 to 6-82 
         LAMBSE1 AND LAMBSE2 LOGIC,    FUELFLOWn, 6 -78, 14-3 
             6-33                      FUELPW, 6-85  
     CLOSED LOOP/OPEN LOOP             FUELPW1, 6-2 1, 6-23, 6-85, 6-103, 
       DEFINITIONS, 6-9 to 6-10            6-105 to  6-107, 6-109 
       PROCESS, 6-11                   FUELPW1/FUEL PW2, 6-104 
         EGOSSS LOGIC, 6-12            FUELPW2, 6-2 3, 6-85, 6-103, 6-105 
         NFLG LOGIC, 6-12                  to 6-107 , 6-109 
         WRMEGO LOGIC, 6-12            FUELPWn, 6-8 4 
     EEC-IV OVERVIEW, 6-2              FUELPWs, 6-6 7 
       DEFINITIONS, 6-2 to 6-3 
       EFI BASE FUEL, 6-8              HACCEL, 15-6 , 15-10 
       EFI FUEL CALIBRATION UNITS,     HALL EFFECT SENSOR, 7-18 
           6-6                         HCAMFG, 6-38 , 6-52, 9-23, 9-25 to 
       LAMBDA CLIPS, 6-6                   9-26, 9- 41 
       SEQUENTIAL ELECTRONIC FUEL      HCAMSW, 6-39 , 6-52 
           INJECTION, 6-4              HCOAST, 15-6 , 15-10 
       SPECIAL DAC REGISTERS, 6-7      HCSD, 7-7, 7 -11 
       STEREO EGO FUEL SYSTEM          HCSDH, 7-7, 7-11 
           CONFIGURATION, 6-5          HEDF, 3-4, 1 3-4 to 13-5 
     INJECTOR OUTPUT CONTROL           HEDFHP, 13-3 , 13-5, 26-19 
 
       PROCESS, 6-108                  HEGO, 19-3, 19-31 
     INJECTOR TIMING, 6-93             HEGO-1, 6-5 
       FOREGROUND, 6-95                HEGO-2, 6-5 
     OPEN LOOP FUEL                    HFDLTA, 6-97 , 6-99, 7-3, 7-9, 
       DEFINITIONS, 6-13 to 6-15           7-18 to 7-19, 7-27 to 7-29 
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   HFPCYC, 7-3, 7-9, 7-19  IDLE SPEED CONTROL 

   HI_OFF, 15-6, 15-10                   DESIRED RP M CALCULATION, 9-19 
   HIDRES, 7-23                            DEFINITI ONS, 9-20 
   HIHOLD, 15-6, 15-10                     FAM ADJU STMENTS, 9-29 
   HLCTM, 6-10 to 6-11                       DEFINI TIONS, 9-29 
   HLDREF, 15-6, 15-21                       OVERVI EW, 9-29 
   HLDRNG, 15-6, 15-21                       PROCES S, 9-31 
   HLODH, 6-10 to 6-11, 20-6, 20-16,           A/C STATE CHANGES, 9-31 
       20-18                                   NEUT RAL/DRIVE ADJUSTMENTS, 
   HLTMR, 6-9, 6-11, 20-2, 20-18                   9-31 
   HMCTM, 12-5, 12-8                           POWE R STEERING STATE 
   HMSTM, 12-5                                     CHANGES, 9-31 
   HMTMR, 12-4, 12-8, 20-2, 20-18          OVERVIEW , 9-19 
   HOLD_STATE, 15-6, 15-8, 15-15 to        PROCESS,  9-24 
       15-16, 15-18 to 15-19                 ACCESS ORY LOAD, 9-26 
   HP_CID, 6-98, 6-101                       ISFLAG /ISLAST LOGIC, 9-28 
   HP_CIDSEL, 6-98                           NEUTRA L/DRIVE, 9-26 
   HP_HIDRES, 7-7                              GPAS  CLIP, 9-26 
   HPACL, 16-2 to 16-3                       PREDIC TED DESMAF 
   HRESUM, 15-6, 15-10                           CA LCULATION, 9-27 
   HSFEC1, 13-3, 13-5 to 13-6                START- UP HI-CAM, 9-24 
   HSFEC2, 13-3, 13-6                          DESI RED RPM FILTER, 9-25 
   HSFFLG, 13-3 to 13-6                        HEAT ED WINDSHIELD MINIMUM 
   HSFHYS, 13-3, 13-5                              CLIP, 9-25 
   HSFLOD, 13-4, 13-6                          "HIC AM FLAG CHECK", 9-25 
   HSFRPM, 13-4, 13-6                  IDLFLG, 6-13 , 6-93, 6-97, 20-5, 
   HSFVS, 13-4, 13-6                       20-8, 20 -19 
   HSPFLG, 6-9, 6-11, 6-13, 6-17,      IDLMAF, 21-5 , 21-12 
       6-77, 6-82, 6-89, 6-92, 7-4,    IDLRPM, 20-6 , 20-19 
       7-14 to 7-15, 12-4, 12-8        IDLTMR, 9-24  
   HTPTMR, 12-8                        IDMLVL, 28-6  
   HVS_CL, 6-89, 6-92                  IDMUP, 28-6 
   HVS_SH, 6-89, 6-92                  IDRPMH, 20-6 , 20-19 
   HWFLAG, 9-20, 9-25, 9-27, 10-4,     IECT, 19-3, 19-27, 21-3, 21-14 
       10-6, 10-8                      IEGO, 19-3, 19-48 
   HWFLGL, 9-20, 9-25, 9-27, 10-4,     IEGOn, 19-31  
       10-6, 10-8                      IEPT, 19-3, 19-9, 19-29, 19-48 
   HWPPM, 9-22, 9-27, 10-5             IERPMH, 19-6 , 19-29 
   HWRPM, 9-22, 9-25, 10-5             IEVP, 21-3, 21-17 
   HWRT, 10-5, 10-8                    IFAM, 9-43 
   HWTMR, 10-4, 10-6, 10-8, 20-2       IFMFLG, 21-1 0 
   HYST2, 5-3 to 5-4, 6-11             IGNFL, 21-19  to 21-20 

            IGNITION TIMING STRATEGY 
   IAC, 3-4, 12-10                       'A' LOGIC,  7-13 
   IACC_NDS, 19-3, 19-11, 19-36          'B' LOGIC,  7-13 to 7-14 
   IACFLG, 12-2, 12-6, 12-10             'C' LOGIC,  7-13 to 7-14 
   IACT, 19-3, 21-3, 21-15               CLOSED THR OTTLE MODE SPARK, 
   IBAP, 19-3, 19-9, 19-24 to 19-25,         7-11 
       21-3, 21-11                       CRANK/UNDE RSPEED MODE SPARK, 
   IBGPSI, 9-29, 9-31, 9-33, 9-36 to         7-11 
       9-38, 9-41                        DEFINITION S, 7-3 to 7-5, 7-7 to 
   IDKADD, 6-93, 6-98                        7-9 
   IDKMUL, 6-93, 6-98                    DWLTOT LOG IC, 7-25 
   IDLCOT, 9-32, 10-5, 10-7              EEC DISTRI BUTOR ROTOR REGISTRY, 
   IDLDEL, 19-6, 19-29                       7-30 

Index-10 



 
GUFB - INDEX 

     EEC-CONTROLLED DWELL, 7-24          HEGO, 19-3 1 
     INDIVIDUAL CYLINDER KNOCK           INDS INPUT , 19-35 
         STRATEGY                        KNOCK SENS OR, 19-32 
       DEFINITIONS, 7-32                 LOAD CALCU LATIONS 
     MKAY/SIGKAL CALCULATIONS, 7-19        LOAD 
     OVERVIEW, 7-2                           DEFINI TIONS, 19-13 
     PART THROTTLE MODE SPARK, 7-12          OVERVI EW, 19-13 
     RISING-EDGE vs FALLING-EDGE           PERLOAD 
         DECISION, 7-20 to 7-21              DEFINI TIONS, 19-14 
     SAF LOGIC, 7-14                         OVERVI EW, 19-14 
     SIGNATURE PIP DISTRIBUTOR, 7-29         PROCES S, 19-14 
     SPOUT CALCULATIONS, 7-17            MANIFOLD F ILLING MODEL 
       FALLING-EDGE SPARK, 7-18            CALIBRAT ION PHILOSOPHY, 19-22 
       RISING-EDGE SPARK, 7-17             OVERVIEW , 19-20 
     TRANSIENT SPARK COMPENSATION          PROCESS,  19-21 
         LOGIC, 7-27                     MNPIPn, 19 -32 
     WIDE OPEN THROTTLE MODE SPARK,      MPH, 19-45  
         7-15                            N and N_BY TE, 19-33 
   IIVPWR, 19-3, 19-26                   NBAR, 19-3 4 
   IMAF, 19-3, 19-18, 21-4, 21-9         NDBAR, 19- 34 
   IMFMCTR, 21-7, 21-9                   NDSFLG, 19 -37 
   IMFMFLG, 6-77, 6-82, 19-16, 19-21,    PIP, 19-39  
       21-4, 21-7, 21-9                  PSPS, 19-4 1 
   INDFLG, 19-5, 19-10 to 19-12,         RATCH, 19- 43 
       19-36 to 19-37                    TAR, 19-42  
   INDS, 19-36                           TBART, 19- 42 
   INJ-1, 6-105 to 6-107, 6-111          TP, 19-42 
   INJDLY, 6-93, 6-95, 6-97, 6-99 to     TPBAR, 19- 42 
       6-100, 19-48                      VBAT, 19-2 6 
   INJDLY', 19-48                        VS CALCULA TION, 19-44 
   INJECTOR TIMING EXAMPLES, 6-100       VSBAR, 19- 45 
   INJECTORS, 3-4                        VSCCS, 19- 45 
   INJOUT, 6-77, 6-79, 6-86, 14-2        VSS, 19-44  
   INJREF, 6-93, 6-95, 6-98            INPUTS CONVE RSIONS AND FILTERS 
   INLRPH, 20-6, 20-14                   NEUTRAL/DR IVE TRANSITION LOGIC, 
   INLRPM, 20-6, 20-14                       19-35 
   INPUT CONVERSIONS AND FILTERS           DEFINITI ONS, 19-36 
     ACC_NDS, 19-11 to 19-12               OVERVIEW  
     AELOAD, 19-15                           NEUTRA L/DRIVE SWITCH, 19-35 
     AIR CHARGE CALCULATIONS               PROCESS 
       DEFINITIONS, 19-16                    DNDSUP  LOGIC, 19-38 
     ARCHG, 19-17                            NDSFLG  LOGIC, 19-37 
     BAP, 19-25                          ROLLING AV ERAGE ROUTINE, 19-46 
     BAPBAR, 19-24                         CALIBRAT ION PHILOSOPHY, 19-49 
     BOO, 19-26                            DEFINITI ONS, 19-46 
     BP, 19-24                             OVERVIEW , 19-46 
     DEFINITIONS, 19-2 to 19-3, 19-5       PROCESS,  19-47 
         to 19-10                      INTM, 19-3, 19-9, 19-18 
     DNDSUP, 19-38                     IPSIBR, 9-33  to 9-37, 9-39 to 
     DNDSUP FLAG LOGIC, 19-38              9-41 
     E0FF, 19-28                       ISC, 4-2, 9- 33, 9-40 
     ECT, 19-27                        ISC OVERVIEW , 9-3 
     EGRBAR, 19-28                     ISC-BPA, 3-4  
     EPTZER, 19-29                     ISC_KAM_UPDA TE, 9-40 
     EVP, 19-30                        ISCDTY, 9-9,  9-38 to 9-39 
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   ISCFLG, 6-37, 6-46, 6-61, 6-66,       QUALIFICAT ION TEST LOGIC, 22-4 
       8-2, 8-10, 9-10 to 9-13, 9-15,    QUALIFICAT ION TEST OVERVIEW, 
       9-38, 9-41                            22-2 
   ISCKAM, 9-33, 9-37, 9-40, 22-4      KFT, 6-62, 6 -65 
   ISCKAM(N), 9-41                     KI, 7-31 to 7-32, 7-35 
   ISCKAM0, 22-6                       KIHP, 7-33, 7-36, 7-38 
   ISCKAM1, 22-3, 22-6                 KLLIM, 7-7, 7-19 
   ISCKAM2, 22-3, 22-6                 KNK_HIGH, 7- 32, 7-38, 19-3, 19-32 
   ISCKAM3, 22-3, 22-6                 KNKCYL, 7-33 , 7-36, 7-40, 7-42 
   ISCLPD, 9-22, 9-26                  KNOCK, 7-31,  7-35, 7-38 
   ISCPSI, 9-39                        KNOCK STRATE GY ENABLE LOGIC, 7-36 
   ISCTM, 9-5, 9-11 to 9-13            KNOCK_DETECT ED, 7-33 to 7-34, 
   ISCTMR, 9-10 to 9-13, 9-38, 9-41        7-38, 19 -5, 19-32 
   ISFLAG, 6-34, 6-37, 6-43, 6-52,     KNOCK_ENABLE , 7-42 
       9-33, 9-37                      KNOCK_ENABLE D, 7-33 
   ISKSUM, 9-41, 22-3 to 22-4, 22-6    KNOCK_OCCURR ED, 7-38, 7-40, 7-42, 
   ISLAST, 6-34, 9-29, 9-31, 9-33,         19-5, 19 -10, 19-32 
       9-37                            KONBP, 19-6,  19-24 
   ISLBND, 27-23                       KPEI, 8-4, 8 -8, 8-16 
   ISUBND, 27-7                        KPS1, 7-8, 7 -14 
   ITAR, 19-3, 19-42                   KPSIDD, 9-35  
   ITHBMA, 9-34 to 9-35, 9-39          KPSIDU, 9-34  
   ITP, 21-4, 21-12                    KPSIND, 9-34  to 9-35, 9-39 
   IVCAL, 19-3, 19-18, 19-26           KPSINU, 9-34  to 9-35, 9-39 
   IVSCCS, 15-5, 15-9, 19-3, 19-45,    KS, 19-32 
       20-4, 20-15                     KSF, 19-6, 1 9-26 
   IVSCCS_LST, 15-5, 15-7, 15-9,       KTS, 7-31, 7 -35, 7-37 
       20-4, 20-15                     KULMT, 7-7, 7-19 
   IXFRPR, 8-16, 8-18                  KWCTR, 7-32,  7-34, 7-38 
                                       KWS1, 7-8, 7 -15 
   JMPFLG, 6-34                        KWUCNT, 6-39 , 6-49 
                                       KWUCTR, 6-37 , 6-49, 22-3 to 22-5 
   KACRAT, 7-33, 7-41 to 7-42 
   KAM, 6-36 to 6-37, 6-42, 6-49,      LACCEL, 15-6 , 15-10 
       6-52, 9-40, 22-2, 22-4 to       LAMBDA, 6-3,  6-23, 6-103 
       22-5                            LAMBDA EQUAT ION, 6-6 
   KAM_ERROR, 9-37, 19-5, 19-30        LAMBSE, 6-2,  6-21, 6-34, 9-37 
   KAM_UPDATE, 9-39, 9-41              LAMBSE1, 6-2  to 6-3, 6-6 to 6-8, 
   KAMOK, 22-4                             6-16 to 6-17, 6-21, 6-23, 
   KAMQA, 22-2 to 22-4                     6-25, 6- 33 to 6-35, 6-37 to 
   KAMQB, 22-2 to 22-4                     6-40, 6- 42, 6-48, 6-50 
   KAMQC, 22-2 to 22-4                 LAMBSE2, 6-2  to 6-3, 6-6 to 6-8, 
   KAMREF, 8-16                            6-13, 6- 17, 6-23, 6-25, 6-33 
   KAMRF, 6-53                             to 6-35,  6-37 to 6-38, 6-40, 
   KAMRF1, 6-42, 6-52 to 6-53, 8-3         6-42, 6- 48 
   KAMRF1/KAMRF2, 6-37, 6-40           LAMBSEn, 6-3 1 to 6-32, 6-74 
   KAMRF2, 6-42, 6-52 to 6-53          LAMMAX, 6-2,  6-6 
   KAMRFn, 6-74                        LAMMIN, 6-2,  6-6 
   KAY, 19-39                          LAMMUL, 6-13  to 6-14, 6-16 to 
   KAYCTR, 7-3, 7-9, 7-19                  6-18, 20 -22 
   KCS1, 7-7, 7-11                     LAMMUL LOGIC , 6-17 
   KEEP ALIVE MEMORY                   LAMMUL RESET  LOGIC, 6-18 
     ISCKAM QUALIFICATION, 22-6        LAMSW, 6-24,  6-35 
     KAM QUALIFICATION (EPTZER),       LBMF_INJ1, 6 -82 
         22-7                          LBMF_INJ2, 6 -82 
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   LBMF_INJn, 6-78, 6-103, 14-3        LSTCOL, 6-38 , 6-40 
   LCOAST, 15-6, 15-10                 LSTROW, 6-38 , 6-40, 6-47 
   LDEH, 6-20                          LTMTB1, 6-37 , 6-39 to 6-40, 6-42, 
   LDEL, 6-15, 6-20                        6-44, 22 -5 
   LDEM, 6-15                          LTMTB1(LTMTB 2), 6-39 
   LDFLG, 6-11, 6-13, 6-16, 6-19 to    LTMTB100, 6- 44 
       6-20                            LTMTB142, 6- 44 
   LDLTM, 6-15, 6-20                   LTMTB1rc, 6- 38, 6-41 to 6-42, 
   LDMH, 6-15, 6-20                        6-50, 6- 52, 22-4 to 22-5 
   LDMHH, 6-15, 6-20                   LTMTB2, 6-37 , 6-39 to 6-40, 6-42 
   LDTM, 6-15                              to 6-44,  22-5 
   LEGOFG1, 6-23, 6-33, 6-38, 6-52     LTMTB242, 6- 44 
       to 6-53, 12-4, 12-7, 20-8,      LTMTB2rc, 6- 38, 6-41 to 6-42, 
       20-19                               6-51 to 6-52, 22-4 to 22-5 
   LEGOFG2, 6-23, 6-38, 6-52 to 6-53,  LUGSW, 20-6,  20-20 
       12-5, 12-7, 20-8, 20-19         LUGTIM, 6-20 , 7-8, 7-12, 7-15, 
   LEQV, 27-15                             20-7, 20 -20 
   LESTMR1, 20-2, 20-19                LUGTMR, 6-20 , 7-3, 7-12, 20-2, 
   LESTMR2, 20-2, 20-19                    20-6, 20 -20 
   LGA0O, 8-3, 8-16                    LUS, 3-4 
   LMBJMP, 6-24, 6-34 
   LOAD, 6-9, 6-14, 6-39, 6-42, 6-44   MAF, 19-3, 1 9-17 to 19-18, 19-21, 
       to 6-45, 6-54 to 6-58, 6-62,        21-9 
       6-68, 6-72, 6-93, 6-97 to       MAF(n), 19-1 7 
       6-98, 7-3, 7-5, 7-7, 7-12,      MAF_TIME, 19 -3, 19-9, 19-18 
       7-32, 7-36, 7-42, 8-3, 9-8,     MAFCON, 19-3  to 19-4, 19-9 
       9-11, 12-4, 12-8, 13-6, 18-3,   MAFK1, 19-3,  19-6 
       19-3, 19-13 to 19-15, 19-48,    MAFK2, 19-6 
       20-4, 20-20                     MAP, 19-25 
   LODNOK, 7-33, 7-36                  MAPBAR, 19-2 5 
   LOESSW, 20-6, 20-19                 MAPCNT, 19-2 5 
   LOHOLD, 15-6, 15-10                 MAPCNTFLG, 1 9-25 
   LOLOD, 6-10                         MAPTMR, 19-2 5 
   LOLODH, 6-10                        MAXADP, 6-40  
   LOM, 7-7, 7-12, 7-15                MAXFAM, 9-44 , 19-6, 19-23 
   LOMALT, 7-6                         MAXSHP, 15-1 3 
   LOMSEA, 7-6                         MAXVSP, 15-7  
   LOW_ON, 15-7, 15-10                 MDELTA, 19-2 5, 21-4, 21-11 
   LOWBAT, 15-6, 15-10                 MEFTRA, 6-62 , 6-66 
   LOWLOD, 9-5, 9-8, 9-11              MEFTRD, 6-62 , 6-66 
   LPCT1L, 6-38, 6-40, 6-44, 6-46 to   MFA, 6-20 
       6-48, 6-50                      MFACTR, 20-2 0 to 20-21 
   LPCT1R, 6-38, 6-40, 6-44, 6-46 to   MFAFLG, 6-9,  6-11, 6-13, 6-19 to 
       6-48, 6-50                          6-20, 6- 68, 6-71, 6-93, 6-97, 
   LPCT2L, 6-38, 6-40, 6-44, 6-46 to       7-4, 7-1 4, 8-3, 8-8, 20-5, 
       6-48, 6-51                          20-8, 20 -20 
   LPCT2R, 6-38, 6-40, 6-44, 6-46 to   MFALH, 20-7,  20-20 to 20-21 
       6-48, 6-51                      MFALHH, 20-7 , 20-20 
   LRESUM, 15-7, 15-10                 MFALL, 20-7,  20-20 
   LSFECT, 13-4 to 13-5                MFAMUL, 6-13 , 6-16, 6-19 to 6-20, 
   LSFHYS, 13-4                            7-3, 7-1 4, 8-2, 8-8 
   LSFVS, 13-4 to 13-5                 MFAMUL LOGIC , 6-20 
   LSFVSH, 13-4                        MFANHH, 20-7 , 20-20 
   LST_IACC, 19-9, 19-11               MFANHI, 20-7 , 20-20 to 20-21 
   LSTA3C, 10-4, 10-6, 10-8            MFANLH, 20-7 , 20-20 
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   MFANLO, 20-7, 20-20 to 20-21        N, 4-4 to 4- 6, 6-14 to 6-15, 6-32, 
   MFARMP, 6-15, 6-20                      6-38 to 6-39, 6-44, 6-55, 
   MFASN, 20-7, 20-21                      6-66, 6- 68, 6-71, 6-73 to 
   MFASW, 6-10 to 6-11, 6-15, 6-19         6-74, 6- 76, 6-79, 6-82, 6-89, 
   MFATM1, 12-5, 20-7, 20-21               6-92, 6- 97 to 6-98, 7-3, 7-5, 
   MFATM2, 12-5, 20-7, 20-21               7-7, 7-1 1, 7-14, 7-28, 7-32, 
   MFATM3, 12-5, 20-7, 20-21               7-38, 7- 42, 8-3, 8-8, 9-10 to 
   MFATM4, 12-5, 20-7, 20-21               9-13, 9- 38, 9-44 to 9-46, 
   MFATM5, 12-6, 20-7, 20-21               10-4, 10 -7, 11-3, 12-4, 12-10, 
   MFATMR, 12-4, 12-8, 20-2, 20-20         15-5, 15 -13, 18-2 to 18-4, 
       to 20-21                            19-4, 19 -14, 19-16, 19-19, 
   MFMFLG, 6-38, 6-46, 6-68, 6-71,         19-23, 1 9-29, 19-33 to 19-34, 
       6-77, 6-82, 8-3, 8-7, 8-10,         19-39, 1 9-43, 19-48, 20-4, 
       9-9, 12-5, 12-8, 17-4, 20-5,        20-13 to  20-14, 20-19 to 
       20-20, 21-7, 21-9 to 21-10,         20-21, 2 1-4, 21-9 
       21-19 to 21-20                  N_BYTE, 7-32 , 7-36, 9-39, 9-45, 
   MFMHYS, 21-5, 21-9                      13-6, 17 -2, 17-4, 19-4, 19-33 
   MHPFD, 6-99, 6-102, 7-8, 7-29       NACTMR, 6-9,  6-68, 6-72, 11-3, 
   MIDTV, 6-93, 6-99                       11-5, 12 -4, 12-8, 20-3, 20-22 
   MILLIM, 21-19 to 21-20              NBAR, 19-4, 19-9, 19-34, 19-48 
   MILTM1, 21-19                       NCGSHP, 15-7  
   MILTMR, 21-18 to 21-20              NCNT, 4-4 to  4-5 
   MINADP, 6-40, 6-42, 6-50            NDBAR, 19-4,  19-9, 19-34, 19-48, 
   MINAM, 9-44, 19-6, 19-23                20-4, 20 -21 
   MINDES, 8-18                        NDDELT, 9-5,  19-7, 19-36, 19-38 
   MINDLA, 7-8, 7-25                   NDDTIM, 6-68 , 6-72 to 6-73, 19-4, 
   MINDLB, 7-8, 7-25                       19-36 to  19-38, 20-3, 20-22 
   MINMPH, 9-4, 9-10, 9-12 to 9-13     NDIF, 9-5, 9 -11, 9-13 
   MINTIM1, 19-3, 19-9, 19-25          NDPPM, 9-22,  9-30 to 9-31 
   MINTIM2, 19-3, 19-9, 19-25, 21-11   NDS, 15-2, 1 9-11 
   MINTV, 6-93, 6-99                   NDSFLG, 6-9,  6-12 to 6-13, 6-68, 
   MINVSP, 15-7, 15-13, 15-17              6-72 to 6-73, 6-97, 7-4, 7-11, 
   MKAY, 7-3, 7-9, 7-18 to 7-19,           15-6, 15 -14, 19-5, 19-10, 
       7-28                                19-36 to  19-38, 20-5, 20-14, 
   mkay', 7-19                             20-20 to  20-21 
   MNPIP, 19-32                        NEUFLG, 6-13 , 6-16, 6-18 
   MNPIP4, 19-7                        new average,  19-46 
   MNPIP6, 19-7                        new value, 1 9-46 
   MNPIP8, 19-7                        NEW_AE, 6-55  to 6-57 
   MNPIPn, 19-32                       NEW_IDELAY, 6-97 
   MPH, 15-5, 15-13, 15-15 to 15-21,   NFLG, 6-10, 6-12 to 6-13, 6-19, 
       19-3, 19-9, 19-45, 19-48            7-5, 7-1 1 
   MPHCNT, 19-3, 19-9, 19-44           NFLG LOGIC, 6-12 
   MPHDED, 15-7, 15-19                 NGCSHP, 15-1 4 
   MPHH, 15-7, 15-13                   NGOOSE, 27-2 3 
   MPHTIM1, 19-4, 19-9, 19-44          NIAC, 12-6, 12-10 
   MPHTIM2, 19-4, 19-9, 19-44          NIACH, 12-6,  12-10 
   MPMNBP, 20-7, 20-20 to 20-21        NIHYS, 20-7,  20-14 
   MPNBPH, 20-7, 20-21                 NIOLD, 6-10 to 6-11, 20-7, 20-14 
   MTCF, 6-77, 6-82                    NITMR1, 6-94 , 6-99 
   MTEFTC, 6-62                        NITMR2, 6-94 , 6-99 
   MTEISF, 6-62, 6-64 to 6-66          NITMR3, 6-94 , 6-99 
   MULTMR, 6-13, 6-16 to 6-17, 20-3,   NITMR4, 6-94 , 6-99 
       20-22                           NITMR5, 6-94 , 6-99 
                                       NLAST, 9-10 to 9-11, 9-13 

Index-14 



GUFB - INDEX 
   NLM_CL, 6-89, 6-92                  PACPER, 7-8,  7-25 
   NLM_SH, 6-88 to 6-89, 6-92          PACSLO, 7-8,  7-25 
   NLMT, 6-77, 6-79                    PCV, 19-19 
   NLMT_FLG, 6-77, 6-80, 6-82, 6-92    PE, 8-13, 8- 15 to 8-16, 8-18 
   NLMTH, 6-77, 6-79                   PEAK_LOAD, 1 9-14 
   NOISE, 7-31, 7-35, 7-37             peak_load_sl , 19-14 
   NORM_MAPOPE21, 6-46                 PERLOAD, 6-9 , 6-11, 6-13 to 6-14, 
   NORM_N70, 6-46                          6-20, 19 -14, 20-7, 20-16, 
   NRMCES, 6-38, 6-41, 6-46                20-18, 2 0-20 to 20-21 
   NRMRLD, 6-38, 6-41, 6-46 to 6-47    PEXH, 8-2 
   NRUN, 4-4 to 4-5, 19-7, 19-39       PFE, 8-20 
   NSADD, 7-8                          PFE_EGR, 8-1 3 
   NSTALL, 4-4 to 4-5                  PFEHP, 8-4, 8-6 to 8-7, 8-9 to 
   NTIP, 7-8, 7-33, 7-42                   8-13, 8- 15 to 8-16, 8-18 to 
   NUBASE, 9-22, 9-24 to 9-26              8-20, 19 -7, 21-6, 21-16 to 
   NUMCYL, 6-2, 6-4, 6-95, 6-97,           21-17, 2 6-19 
       6-99, 7-8                       PHFDLT, 6-10 2, 7-3, 7-27 to 7-28 
   NUMEGO, 6-2, 6-5, 6-21, 6-24,       PINPT, 19-4 
       6-33, 6-40, 6-53, 6-104, 12-6   PINPT2, 19-4  
       to 12-7                         PIP, 4-3, 4- 5, 6-4, 6-30, 6-93, 
   NUMOUT, 6-77, 6-79, 6-104 to            6-97, 6- 103 to 6-104, 6-106 
       6-107, 6-109, 6-111                 to 6-107 , 6-112, 7-4, 7-9, 
   NUMPR, 6-15                             7-19, 7- 24, 7-26 to 7-27, 
   NWOTMR, 20-3, 20-22                     7-35, 7- 37 to 7-38, 7-40, 

  19-4, 19-39 
   OCCDT1, 26-19, 29-9                 PIP COUNTER CONTROL LOGIC, 19-39 
   OCCDT2, 26-19, 29-9                 PIP INTERRUP T, 20-23 
   OCCDT3, 26-19, 29-9                 PIPACL, 7-4,  7-9, 7-25 
   OCCDT4, 26-19, 29-9                 PIPCNT, 4-4 to 4-5, 19-4, 19-39 
   OCCDT5, 26-19, 29-9                 PIPNUM, 6-10  to 6-11, 6-69 
   OCCDT6, 26-19                       PIPOUT, 6-77 , 6-79, 6-83, 6-85 to 
   OCCDT7, 26-19, 29-9                     6-86, 6- 99, 6-104, 6-106 to 
   OCCDT8, 26-19, 29-9                     6-107 
   OCCDT9, 26-19, 29-9                 PIPRAT, 6-23 , 6-30 
   OCCDTX, 26-22                       POWSFG, 9-20 , 9-26 to 9-27, 9-31, 
   OFF_BUT, 15-6, 15-8, 15-10, 15-13       19-10, 1 9-41 
   old average, 19-46                  PPCTR, 6-9, 6-11, 6-68, 6-70 to 
   OLDTP, 6-55 to 6-56, 6-58, 19-4,        6-71 
       19-42                           PRESER, 8-4,  8-16, 8-20 
   OLFLG, 6-10 to 6-11, 6-13, 6-23,    PRGTD1, 11-3 , 11-5 
       6-35                            PRGTD2, 11-4  to 11-5 
   OLMCL, 6-15, 6-17                   PRGTD3, 11-4  to 11-5 
   OLMTD1, 6-15, 6-19                  PRGTD4, 11-4  to 11-5 
   ON_STATE, 15-6, 15-8, 15-10,        PRGTD5, 11-4  to 11-5 
       15-13 to 15-19                  PRGTMR, 11-3  to 11-5, 20-3, 20-22 
   OPCLT1, 6-10, 6-12, 21-5            PRLDSW, 6-15 , 19-14 
   OPCLT2, 6-10, 6-12, 21-5, 21-14     PSFLAG, 9-29  to 9-31 
   OPCLT3, 6-10, 6-12, 21-5            PSGDLT, 7-4,  7-10, 7-19 
   OPCLT4, 6-10, 6-12, 21-5            PSIBRM, 9-35 , 9-39, 9-41 
   OPCLT5, 6-10, 6-12, 21-6            PSIBRN, 9-35 , 9-39, 9-41 
   OPEN LOOP FUEL CONTROL, 20-19       PSPPM, 9-22,  9-27, 9-31 
   OUTINJ, 6-104, 6-106 to 6-107       PSPS, 19-4, 19-41 
                                       PSPSHP, 9-20 , 9-26, 26-17 
   PACLIM, 7-8, 7-25                   PTDFSW, 6-69 , 6-72 
   PACOFF, 7-8, 7-25                   PTPAMP, 6-24 , 6-31 to 6-32 
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   PTPFLG, 19-5, 19-10, 19-29 to       RPMCNL, 7-33 , 7-38 
       19-30                           RPMCTL, 9-4,  9-10 to 9-13, 9-38 
   PTSCR, 5-3 to 5-4, 9-20, 9-24       RPMDED, 9-34 , 9-38 
   PULSCT, 6-105 to 6-107              RPMERR, 9-38  to 9-39 
   PURDC, 11-5                         RPMMIN, 7-34 , 7-36 
   PURGDC, 11-4                        RUN, 4-2, 6- 55, 6-61, 6-97, 6-104 
   Purge, 4-2                          RUNNING, 9-2 1, 9-24 
   PURGSW, 11-4 to 11-5                RVIPRPM, 9-2 2, 9-24 
   PUTMR, 19-4, 19-29 to 19-30, 20-3, 
       20-23                           SAF, 7-4, 7- 10 to 7-11, 7-14 to 
   PWCF, 6-78 to 6-79, 6-81                7-17, 7- 32, 7-43 to 7-44 
   PWOFF, 6-78, 6-82 to 6-83, 6-104    SAFTOT, 7-10  
       to 6-107                        SAMRAT, 9-43 , 9-45 to 9-46, 19-7 
   PWOFS, 6-78, 6-82                   SAPW, 7-4, 7 -23 
                                       SARCHG, 19-3 , 19-7, 19-13 
   'R', 8-8, 20-23                     SBS, 3-5 
   RANMUL, 6-40                        SCAP, 19-25 
   RANNUM, 6-38, 6-41                  SCAP TRANSIT ION, 19-25 
   RATCH, 5-2 to 5-4, 6-11, 6-56,      SCVAC, 3-5, 15-8, 15-21 
       6-68, 9-9, 9-17 to 9-18, 9-44   SCVNT, 3-5, 15-8, 15-21 
       to 9-45, 12-4, 12-11, 13-3,     SEFI, 6-4, 6 -111 
       15-5, 15-21, 16-2 to 16-3,      SENSOR, 21-8  
       19-4, 19-9, 19-43, 20-4,        SEQUENTIAL E LECTRONIC FUEL 
       20-11, 20-23, 21-4, 21-12           INJECTIO N, 6-4 
   RATIV, 21-6, 21-12                  SET_SPEED, 1 5-5, 15-15 to 15-21 
   RAWAIRCHG, 19-4, 19-9, 19-16 to     SETGN, 15-7,  15-21 
       19-18                           SHFHYS, 6-69 , 6-73 
   RC, 7-37                            SHFRPM, 6-67 , 6-69, 6-73 
   RE, 7-18                            SHIFT INDICA TOR LIGHT 
   RE2, 7-17                             LOGIC, 18- 3 
   REFFLG, 6-34, 6-39, 6-46 to 6-47,     ON/OFF LOG IC, 18-3 
       6-52, 6-66, 9-44 to 9-46,         SLTMR LOGI C, 18-4 
       19-5, 19-10, 19-23              SHIRPM, 18-2  to 18-3 
   REQV, 27-16                         SHKCHG, 16-2  to 16-3 
   RES_SPEED, 15-5, 15-8, 15-13,       SHKTP, 16-2 to 16-3 
       15-15 to 15-18                  SIGDC, 7-4 
   RESUM_BUT, 15-6, 15-8, 15-10,       SIGDLT, 7-4,  7-10, 7-19 
       15-14, 15-17                    SIGKAL, 7-4,  7-10, 7-19 
   RESUM_STATE, 15-6, 15-8, 15-17 to   sigkal', 7-1 9 
       15-18                           SIGKLL, 7-8,  7-19 
   RETINC, 7-32, 7-34, 7-40            SIGKLU, 7-8,  7-19 
   RETLIM, 7-33, 7-40                  SIGNATURE PI P, 6-4, 6-93 
   RIDE CONTROL STRATEGY               SIGNATURE PI P DISTRIBUTOR, 7-29 
     ADJUSTABLE SHOCK ABSORBER         SIGPIP, 6-97 , 6-99, 7-5, 7-19 
         OUTPUT                        SIL, 3-5 
       OVERVIEW, 16-2                  SLTIM1, 18-2  to 18-3 
       PROCESS, 16-2                   SLTIM2, 18-2  to 18-3 
     DEFINITIONS, 16-3                 SLTMR, 18-2 to 18-4 
   ROLAV, 19-27, 19-29                 SONIC EGR ST RATEGY OVERVIEW, 8-9 
   ROM IDENTIFICATION CODE, 23-2       SPARK ADVANC E LOGIC, 7-43 
   ROWTBU, 6-38, 6-41, 6-46 to 6-47,   SPARK RETARD  LOGIC, 7-40 
       6-51                            SPKAD, 7-36,  7-40, 7-43 
   RPM, 9-9 to 9-11, 9-13, 9-15,       SPKAD(n), 7- 4, 7-10, 7-16 
       9-45, 19-43                     SPKADn, 7-32 , 7-34, 7-43 
   RPM CONTROL MODE, 9-10              SPKLIM, 7-8,  7-16, 7-44 
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   SPKMUL, 7-4, 7-11, 9-10, 9-12 to    TCDP, 8-4, 8 -16, 8-18, 19-7, 
       9-13, 9-15, 9-38                    19-48 
   SPKSWH, 7-8, 7-20 to 7-21           TCEACT, 8-4,  19-7 
   SPKSWL, 7-8, 7-20                   TCECT, 19-7,  19-27, 19-48, 21-6, 
   SPLCLP, 7-9, 7-16                       21-14 
   SPOUT, 3-5, 7-17 to 7-18, 7-24 to   TCEGR, 19-7,  19-28, 19-48 
       7-25, 7-27, 7-42                TCEPT, 19-7,  19-29, 19-48 
   SPOUT_OUTPUT, 7-26                  TCF, 7-32, 7 -42 
   SPTADV, 7-9, 7-24                   TCFAM, 9-44,  9-46, 19-7, 19-48 
   SPTRPM, 18-2, 18-4                  TCINJD, 19-7 , 19-48 
   SPUCLP, 7-9, 7-16                   TCMPH, 19-7,  19-45, 19-48 
   SQRT, 8-16, 8-18                    TCN, 19-7, 1 9-34, 19-48 
   SSFCTR, 7-9, 7-19                   TCNDBR, 19-7 , 19-34, 19-48 
   STALLN, 4-4                         TCSTRT, 6-9 to 6-14, 6-19, 6-38, 
   STARTUP_DELAY, 6-94                     6-49, 6- 94, 6-97, 7-4, 7-6, 
   STCF, 6-83, 6-85                        8-2 to 8 -3, 8-7 to 8-8, 9-9, 
   STEREO EGO NOMENCLATURE, 6-5            9-24, 11 -3, 11-5, 12-4 to 
   STIFLG, 21-19 to 21-20                  12-6, 12 -9, 17-5, 19-30, 20-4, 
   SWTCNT, 20-7, 20-20                     20-7, 20 -21, 20-23, 21-4, 
   SWTFLG, 20-5, 20-8, 20-21               21-14 
   SWTFLn, 6-47                        TCTP, 19-7, 19-42, 19-48 
   SYMBOLOGY                           TCTPT, 7-34,  19-7, 19-48 
     ELSE/ACTION BLOCK DEFINITION,     TCVBAT, 19-7 , 19-26, 19-48 
         2-5                           TCVEGO, 19-4 8 
     HYSTERESIS FLIP-FLOP DEFINITION,  TCVS, 19-8, 19-45, 19-48 
         2-6                           TCxxxx, 19-4 6 
     INPUTS, 2-2                       TDSEC, 6-32 
     LOGICAL OPERATIONS, 2-3           TEFTC, 6-62 
       'AND' GATE, 2-3                 TEFTC(FN1322 ), 6-62 
       'OR' GATE, 2-3                  TEISF, 6-62,  6-64 
     OUTPUTS, 2-4                      TEISF(FN1321 ), 6-62 
   SYNC_UP_FUEL, 6-99                  TEMDWL, 7-4,  7-24 
   SYNCTR, 6-97, 6-99                  TEMPBF, 8-2 
   SYNFLG, 6-93, 6-99, 6-102, 6-104,   TEMPFB, 11-4 , 12-6, 20-7, 20-12 
       6-106, 7-5, 7-19, 7-29          TFC, 6-65 
                                       TFCDED, 6-62 , 6-66 
   TAB, 12-3                           TFCISW, 6-63  to 6-64 
   TABBFT, 6-14                        TFCTM, 6-63 to 6-64 
   TABSFT, 6-14                        TFMFLG, 6-39 , 6-46, 6-68, 6-71, 
   TAD, 12-3                               8-3, 8-7 , 8-10, 9-9, 12-5, 
   TAE, 6-56 to 6-57                       12-8, 12 -11, 17-4, 21-4, 21-7, 
   TAPGN, 15-7, 15-21                      21-9, 21 -12 to 21-13, 21-19 
   TAPMAX, 21-6, 21-12, 26-11, 28-20,      to 21-20  
       29-6                            TFSMN, 6-63,  6-66 
   TAPMIN, 21-6, 21-12, 26-11, 28-20,  THBP2, 5-3 t o 5-4 
       29-6                            THBP4, 20-7,  20-11 
   TAR, 6-55 to 6-58, 19-9, 19-42      THBP4H, 20-7 , 20-11 
   TBART, 7-32, 7-41 to 7-42, 19-4,    THBP5, 6-10 to 6-11 
       19-42, 19-48                    THBPSC, 12-6 , 12-11 
   TCAELD, 19-7, 19-15, 19-48          THBPSH, 12-6 , 12-11 
   TCBBAR, 19-7, 19-24, 19-48          THERMACTOR 
   TCDASD, 9-16, 19-7, 19-48             CONTROL SO LENOIDS, 12-3 
   TCDASU, 9-16, 19-7, 19-48             OVERVIEW, 12-3 
   TCDESN, 9-23, 9-25, 19-7, 19-48     THRMHP, 12-3 , 12-6 to 12-8, 12-10 
   TCDLOP, 8-4, 8-11, 19-7, 19-48          to 12-11 , 17-4, 26-19 
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   THROTTLE MODE SELECTION STRATEGY    TL0FLG, 7-3 to 7-4, 7-9 to 7-10, 
     DEFINITIONS, 5-3                      7-27 to 7-28 
     OVERVIEW, 5-2                     TLO, 7-27 
     PROCESS, 5-4                      TMSPT, 28-24  
   TICKS_DOUBLE, 7-9, 7-21             TOTAL_DELAYn , 6-95 
   TIMERS                              TP, 5-3 to 5 -4, 6-11, 6-55 to 
     DEBTMR, 20-15                         6-56, 6- 58, 6-68, 7-32, 7-42, 
     DEFINITIONS, 20-4, 20-6, 20-8         9-16, 9- 18, 9-45, 10-3, 12-4, 
     SUMMARY, 20-2                         12-11, 1 3-3, 15-5, 15-21, 
     TIMER CONTROL LOGIC, 20-9             16-2 to 16-3, 19-4, 19-42, 
       ACBTMR, 20-9                        19-48, 2 0-4, 20-11, 20-23, 
       ACCTMR, 20-10                       21-4 to 21-7, 21-9, 21-12 
       ACITMR, 20-10                   TP-High, 21- 3 
       ACWTMR, 20-11                   TP-Low, 21-3  
       ADPTMR, 20-11                   TPBAR, 19-4,  19-9, 19-42 to 19-43, 
       ATMR1, 20-12                        19-48 
       ATMR2, 20-12                    TPDLTA, 6-56 , 6-58, 19-8, 19-42 
       ATMR3, 20-12                    TPPLW, 7-27 
       BAPTMR, 20-13                   TPS, 15-2 
       CRKTMR, 20-13                   TRANSIENT FU EL 
       CTATMR, 20-14                     APPROACH, 6-60 
       CTNTMR, 20-14                     BACKGROUND , 6-59 
       CTTMR, 20-14                      CALCULATIO NS, 6-65 
       EDFTMR, 20-17                     FUEL FLOW CALCULATION, 6-65 
       HLTMR, 20-18                      INTENT, 6- 59 
       HMTMR, 20-18                      LOGIC, 6-6 4 
       IDLFLG, 20-19                   TRLOAD, 6-15 , 6-18, 6-70, 6-72 to 
       LESTMR1, 20-19                      6-73, 9- 5, 9-10 to 9-13, 9-23, 
       LESTMR2, 20-19                      9-26 to 9-27, 15-7, 19-36 to 
       LUGTMR, 20-20                       19-38 
       MFATMR, 20-20                   TRSRPH, 7-9,  7-28 
       MULTMR, 20-22                   TRSRPM, 7-9,  7-28 
       NACTMR, 20-22                   TS0FLG, 7-5 
       NDDTIM, 20-22                   TSEGRE, 8-4,  8-8, 20-3, 20-23 
       NWOTMR, 20-22                   TSEGRE LOGIC , 8-8 
       PRGTMR, 20-22                   TSLADV, 7-32 , 7-34, 7-36, 7-43 
       PUTMR, 20-23                    TSLAMU, 6-23  
       SWTFLG, 20-21                   TSLAMUn, 6-3 2 
       TSEGRE, 20-23                   TSLMPH, 19-4 4 
       TSLPIP, 20-23                   TSLPIP, 4-4,  4-6, 6-112, 7-4, 
       WCOTMR, 20-23                       7-26, 9- 9, 20-3, 20-23 
   TIPFLG, 7-33 to 7-34, 7-42          TSPKUP, 7-27  
   TIPHYS, 7-34, 7-42                  TSTALL, 19-8 , 19-33, 19-39 
   TIPINC, 7-34, 7-41 to 7-42          TSTRAT, 18-2  to 18-3 
   TIPLOD, 7-34, 7-42                  TTNOV, 7-9, 7-13 to 7-14 
   TIPMAX, 7-34, 7-42                  TXDASD, 9-16  
   TIPRET, 7-4, 7-8, 7-10, 7-16, 
       7-32 to 7-34, 7-40 to 7-42,     UNDERSPEED, 4-2, 6-55, 6-61, 
       7-44                                6-104 
   TKDTM, 9-23 to 9-24                 UNDSP, 4-4 t o 4-5, 6-61, 6-64, 
   TKYON1, 19-8, 19-30                     6-77, 6- 79, 6-97, 7-5, 7-26, 
   TKYON2, 19-8, 19-29 to 19-30            12-5, 12 -11, 19-5, 19-30, 
   TKYON3, 19-8, 19-29                     20-5, 20 -12, 21-4 
   TKYON4, 19-8, 19-30                 UNRPM, 4-4 t o 4-5 
   TL0, 7-3, 7-28                      UNRPMH, 4-4 to 4-5 
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   UPDATM, 9-40 to 9-41                VECT3, 6-40,  6-49, 28-8 
   UPDISC, 9-40 to 9-41                VECT5, 6-40,  6-49, 28-8 
   UPLOD, 12-6, 12-8, 20-7, 20-18      VECTMR, 28-1 5 
   UPLODH, 12-6, 12-8, 20-8, 20-18     VECTOR, 19-6 , 19-8 
   UPRPM2, 12-6, 20-8, 20-14           VEGOBP, 28-2 4 
   UPRPMH, 12-6, 20-8, 20-14           VEGOFK, 27-3  
   UPSTM1, 12-6, 12-9                  VEGOSW, 28-2 4 
   UPSTM2, 12-6, 12-9                  VEGOTM, 28-2 4 
   UPSTM3, 12-6, 12-9                  VEGRAT, 27-2 0 to 27-21 
   UPSTM4, 12-6, 12-9                  VEGVAC, 28-1 5 to 28-16 
   UPSTM5, 12-6, 12-9                  VEHGN, 15-7,  15-21 
   UPSWOT, 12-6, 12-8                  VEHICLE SPEE D CONTROL STRATEGY 
   UROLAV, 6-93, 8-11, 9-16, 9-46,       COMMAND SW ITCH LOGIC, 15-10 
       19-15, 19-24, 19-26, 19-28,       DEFINITION S, 15-5 
       19-34, 19-42, 19-45               OVERVIEW, 15-2 
   USAFLG, 12-6, 12-8, 17-2, 17-4        SOFTWARE M ODULE OVERVIEW, 15-3 
                                         SPEED CONT ROL LOGIC, 15-12 
   V820A, 9-39, 27-5                       VSC DUTY  CYCLE, 15-21 
   V860, 9-35, 9-38, 27-5                    CACULA TION, 15-21 
   V_FPMDLY, 26-23                         VSC DUTY  CYCLE OUTPUT, 15-22 
   V_FPMFLG, 26-23                           PULSEW IDTH CALCULATION, 
   V_FPMTM, 28-26                                15 -22 
   VACRR, 29-13                            VSC STAT E DETERMINATION, 
   VAIRFL, 27-17                               15-1 3 to 15-19 
   VATMR2, 27-18                       VEITMR, 28-1 5 
   VBAT, 6-76, 6-86, 7-4, 7-6, 7-24,   VEPTCL, 28-1 5 
       15-5, 15-10, 19-3 to 19-4,      VEPTDL, 27-2 0 
       19-9, 19-26, 19-48              VEPTHL, 22-3 , 26-14 
   VBAT', 19-48                        VEPTIH, 28-1 4 
   VBISW, 27-12                        VEPTIL, 28-1 4 
   VBPDL1, 19-25, 21-6, 21-11, 26-10,  VEPTLL, 19-2 9, 22-3, 22-7, 26-14 
       28-11                           VEPTRH, 27-1 9 
   VBPDL2, 21-6, 21-11, 28-11          VEPTRL, 27-1 9 
   VBPMAX, 19-8, 19-25, 21-6, 21-11,   VEVPCL, 28-1 6 
       26-10, 28-11                    VEVPDL, 27-2 1 
   VCAL, 19-3, 19-8, 19-26             VEVPHL, 26-1 4, 27-19, 28-15 
   VCBCLP, 27-26                       VEVPLL, 26-1 4, 27-19, 28-14 
   VCBDLY, 27-26                       VFIEPT, 28-1 4 to 28-15 
   VCBFLG, 27-24                       VHFNTM, 26-2 7 
   VCBPAD, 27-26                       VIACT1, 26-1 2 
   VCBPCT, 27-27                       VIACT2, 26-1 2 
   VCBTM1, 27-30                       VIACT3, 27-1 1 
   VCBTM2, 27-29                       VIACT4, 27-1 1 
   VCRTDC, 28-15                       VIDMST, 28-1 9 
   VDCB1A, 29-13                       VIDMTM, 28-1 9 
   VDCMAX, 27-20 to 27-21              VIECT1, 26-9  
   VDCMIN, 27-20 to 27-21              VIECT2, 26-9  
   VDISFM, 27-5                        VIECT3, 27-9  
   VDLEDF, 26-20                       VIECT4, 27-9  
   VDLHED, 26-20                       VIP_KAM, 22- 3 
   VDLY1, 27-17                        VIP_KNOCK, 7 -38 
   VDLY10, 29-10                       VIPLR1, 27-1 5 
   VDLY11, 29-11                       VIPRR1, 27-1 6 to 27-17 
   VDLY2, 27-18                        VIPSPK, 27-5 , 27-22 
   VDLY8, 27-16, 27-18                 VIPT1, 29-5 
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   VIPT2, 29-10                        VSCCS, 15-2,  15-5, 15-8 to 15-10, 
   VIPT3, 29-12                            19-9, 19 -45, 20-4 
   VIPT4, 29-12                        VSCCS DEBOUN CE LOGIC, 15-9 
   VIPTM2, 27-17                       VSCCS_ERROR,  15-6, 15-8, 15-10, 
   VIPTM3, 27-15                           15-13 to  15-14 
   VIPTM4, 27-16                       VSCFRQ, 15-7 , 15-22 
   VISCN, 27-7                         VSCHP, 19-45  
   VISCN1, 27-26                       VSIBRM, 9-35 , 9-39, 27-5 
   VISDL3, 27-23                       VSIBRN, 9-35 , 9-39, 27-5 
   VISDL4, 27-27                       VSLOAD, 28-2 2 
   VISDL5, 27-27                       VSMAPL, 28-2 2 
   VKDESN, 27-5, 27-23                 VSMMIN, 28-2 2 
   VKYPWR, 26-16                       VSMPG, 20-8,  20-20 to 20-21 
   VLAMCB, 27-26                       VSMPGH, 20-8 , 20-21 
   VLFNTM, 26-27                       VSNMAX, 15-7 , 15-13 
   VLORPM, 28-19                       VSPADV, 27-2 2 
   VMAF, 19-4, 19-9, 19-18             VSPCLP, 28-3  
   VMAFO1, 26-13                       VSPRET, 27-2 2 
   VMAFPIPLMT, 28-12                   VSPRPM, 27-2 2 
   VMAFR1, 27-14                       VSPTDL, 27-2 2 
   VMAFR2, 27-14                       VSPTEN, 27-2 2 
   VMAMAX, 21-6, 21-9, 26-13, 28-12    VSS, 15-2, 1 9-44 
   VMAMIN, 21-6, 21-9, 28-12           VSSMN1, 28-2 2 
   VMARPM, 21-6, 21-9, 28-12           VSSSW, 28-22  
   VMDEL2, 26-10                       VSSTIM, 28-2 2 
   VMLO, 29-12                         VSTGN, 29-13  
   VMPMAX, 19-25                       VSTYPE, 6-89 , 6-92, 15-2, 15-7, 
   VN, 28-13                               20-8, 20 -20 to 20-21, 25-2 to 
   VNMIN, 27-15                            25-3 
   VPIPTM, 28-19                       VTABFL, 27-1 8 
   VPSIND, 9-35, 9-39, 27-5            VTAP1, 26-11 , 29-6 
   VPSINU, 9-34, 9-39, 27-5            VTAP2, 26-11 , 29-6 
   VPSSW, 27-13                        VTAP3, 27-10  
   VPTCNT, 28-24                       VTAP4, 27-10  
 
   VPTFLG, 28-23                       VTAP5, 26-26  
   VRLAM, 27-5, 27-16, 27-18           VTAP6, 26-26  
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