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OVERVIEW The EEC-IV design began in 1978 and was first introduced in 1983 in the 1.6L Escort, Lynx, EXP and LN7 cars. It has gone through several major physical changes, the earliest using a fairly simple two board design with through hole soldered components while the last are more current in technology, showing extensive use of surface mount components and a much more finished and complex appearance. In between, there appears to be a variety of mother/daughter board and other designs. Still, they are all called EEC-IV, although somewhere in its life there was a Ford P/N generational change.
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FC



CLRVT



CLRVT



clear overflow trap



FD



NOP



BANK 3



NOP 8096/8061



different



FE



PREFIX SIGND/ALT



changes multiply/divide to signed



rename



FF



RST



system reset in 8096 NOP in 8061/5



different



NOP



same



The bank selection opcodes are 8065 -- as that is the difference between them, memory bank selection capabilities. 00



10



20



30



40



50



60



70



00



SKP



ROMBANK*



SJMP



JNB0



AN3W d



AN3B d



AN2W d



AN2B d



01



CLRW



CLRB



SJMP



JNB1



AN3W =



ANDB =



AN2W =



AN2B =



02



CPLW



CPLB



SJMP



JNB2



AN3W @



AN3B @



AN2W @



AN2B @



03



NEGW



NEGB



SJMP



JNB3



ANEW ()



AN3B ()



AN2W ()



AN2B ()



04



(ua)



(ua)



SJMP



JNB4



AD3W d



AD3B d



AD2W d



AD2B d



05



DECW



DECB



SJMP



JNB5



AD3W =



AD3B =



AD2W =



AD2B =



06



SEXW



SEXB



SJMP



JNB6



AD3W @



AD3B @



AD2W @



AD2B @



07



INCW



INCB



SJMP



JNB7



AD3W ()



AD3B ()



AD2W ()



AD2B ()



08



SHRW



SHRB



SCALL



JB0



SBEW d



SB3B d



SB2W d



SB2B d



09



SHLW



SHLB



SCALL



JB1



SB3W =



SB3B =



SB2W =



SB2B =



0A



ASRW



ASRB



SCALL



JB2



SB3W @



SB3B @



SB2W @



SB2B @



0B



(ua)



(ua)



SCALL



JB3



SB3W ()



SB3B ()



SB2W ()



SB2B ()



0C



SHRDW



(ua)



SCALL



JB4



ML3W d



ML3B d



ML2W d



ML2B d
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High



High-Speed Input #1



0x201C



High



HSO Port Output Interrupt #1



0x201A



Low



External Interrupt



0x2018



Low



HSI Port Input Data Available



0x2016



Low



A/D End-Of-Conversion



0x2014



Low



Master I/O Timer Overflow



0x2012



HSO Port Output Interrupt #2



0x2010



Lowest



At Reset, PC = 0x2000 in Memory Bank #8 addr



READ



WRITE



0000:0001 ZERO
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27



25



23



21



19 17



15



13



11



9



7



5



3
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ECM TEST PORT (J3) The pinouts are derived from the J3 Test Port on a SD unit for an '87 Mustang (DA1 / E7SF-12A650-A1B). Looking at the MCU facing the service port (from the rear of the mating plug) the connector is numbered from right-to-left with odd numbers on the component side and the even numbers on the wiring side. It is a 15/30 terminal, card-edge connector with .1" spacing. (The table below is arranged for the pins to be read from left-to-right, top first.) PIN SIGNAL / FUNCTION



MCU PIN



CPU 8061



RAM 81C61 EPROM 8763



29



PWR GND



40,60



27



VPWR



37,57



25



DI



57



22



22



23



IT



58



21



21



21



STROBE\



59



20



20



19



D7



68



10



10



17



D6



67



11



11



15



D5



66



12



12



13



D4



65



13



13



11



D3



64



14



149



notes battery +



D



2



7



D



1



6



2



5



D



0



6



1



3



KA5V



1



VREF (+5)



28



VPWR



26



BS0



24



BS3



22



TSTSTB\



20



PROGRAM



18



RAMDISABLE\



16



EPROMDISABLE\



14



ERASE



12



MRESET\



10



RESET\



6



EXTINT



4



(high for access)



2



VCC



7 2630



PWR GND



37,57



battery +



1



1K TO +5 only



2



10K TO +5 only



9 3



98



PAUSE\



60 IC4-74001 pin 13



25



Table 15: ECM Test Port 2 reı˝ Pinout There're 14 pins from the 8763 EPROM on the connector, 2 pins from the 87C61 RAM-I/O on the connector, 1 pin from the 8061 CPU and 1 pin from a 16-pin logic chip.
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22



FP



23



KS



24



PSPS



25



ACT



26



VREF



27



EVP



28 29



HEGO



30



NDS



FP



fuel pump relay



fuel pump relay



Fuel pump



KS



KS



Knock sensor



PSPS



PSPS



PSPS



Power steering pressure switch



ACT



ACT



ACT



VREF



pwr to sensors



pwr to sensors



Air charge temperature



HEGO



EGR posn feed



EGR posn feed



NDS



EEC data +



EEC data +



HEGO



EGO



EGO



NDS/CES



fuel sensor GND



fuel sensor GND
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pwr to sensors Reference voltage EGR valve position sensor Heated exhaust gas oxygen sensor
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Technical Notes on The EEC-IV MCU



SOFTWARE Compiled by Tom Cloud (font is Courier New)



THE BASICS The EEC-IV original objectives included "calculating all required engineering command values and output the required real time commands for spark timing, exhaust gas recirculation valve positioning and for turning fuel injectors on or off in a sequentially firing configuration, in a total time of 2.5 milliseconds or less." EEC
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most of the code broken down into chunks. It looks as though Ford calculates AIRFLOW from the speed-density calculation, then re-calculates AIR MASS PER CHARGE from it. I’m having a hard time figuring out the spark timing algorithms, probably half way through the PFE EGR system, and I’ve looked at the O2 system. The adaptive learn stuff is weird. I’ve looked briefly at the self-test. The timer scheduler is very weird. They ran out of HSO slots by the looks of things, so they wrote some clever code to get around that."



IGNITION AND TIMING CONTROL: The EEC only sees one Crankshaft Position Sensor signal, but where it comes from depends on the age of the EEC. Early EEC’s used a sectored wheel in the distributor which produced a square wave of frequency of Number-Cylinders per 2-revs with a nominal 50% duty cycle unless SEFI was used whereupon there was a "short" tooth. The spark was output by a TFI unit. Later and perhaps all current EEC’s, including the EEC-V, utilize a 36-1 tooth wheel for CPS which is pre-processed by a unit known as the EDIS T*ı˝unctEDIit e Se oe the in o 50 %( )-3(du )-13ty sq u a tieci( )12(the)12(n )12fred i(to)12n thy EECoib d ned ijheo( )12(tim-12(in-12g ec)12a )0rl hy E (nd)12(s )12(aPr)12W s itf the Edbi igf theusned the SingP,wThr(e )-12 the e o(i )-12(s)0(aron)-12ghly 35% du( )-12ty cye a(e)-12 aron The(EEC)-12(ushis)-12(thi )-12( to )-23(de( )-12ecut )-12cCylinOn( )-12a(sto ar,h thecleigalWiks@ 10 BTt hy E totheustim-12(in-12g.k -12Tth)12(eTt)12F
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mation and has the same specifications as PIP. the PIP does 2 things:



What was gleaned from this is that



1) It lets the EEC know how fast the engine is turning (frequency alone). 2) It gives a base signal to be sent back to the TFI after being delayed a bit. This delay or phase change (relative to the PIP) is what lets the EEC control tim-
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EEC TABLES



A9L Constants & Locations Below is a description of each parameter stored in the EEC computer -- so far as we know it.
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The Startup Fuel A:F Ratio Table
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values. Divide them by 4 to convert to decimal.
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Pointer) are divided by 256. MAF Voltage



Flow kg/hr



0



10.75



0



10.75



0



10.75



0



10.75



0.571044921875



10.75



0.75



14.75



0.884033203125



18.75



1.091064453125



25.75



1.181884765625



29.00



1.321044921875



35.25



1.468017578125



42.75



1.573974609375



49.25



1.69091796875



57.50



1.802978515625



65.00



1.889892578125



71.25



1.989013671875



79.00



2.154052734375



94.75



2.31591796875



112.25



2.449951171875



127.25



2.58203125



144.00



2.694091796875



159.25



2.909912109375



192.00



3.14892578125



233.25



3.35498046875



274.25



3.5439453125



315.00



3.885986328125



394.25



4.177001953125



470.25



4.443115234375



548.75



4.76806640625



659.25



15.999755859375



659.25



MAF Transfer Function



Table 31: MAF Transfer Function The MAF Transfer Function is located at 6DE2 for the A9L, is 120 bytes in length, unsigned, and is 2-byte/4096 “X” (MAF voltage) by 2-byte/4 (mass air flow in kg/hr). RPM



Advance



0.00



10.25



1000.00



10.25



1800.00



22.25



2150.00



25.75



2600.00



26.75



3500.00



26.75



5000.00



30.25



16383.75



30.25



Table 32: WOT Spark Advance vs RPM The WOT Spark Advance vs. RPM function is located at 7504 hex for the A9L and is composed of 8 interleaved X-Y values, each 2 bytes in length, each unsigned and each in two binary point format (divide the value by 4 to get a resolution of .25). The advance is in degrees BTDC.
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divided by 64. Eectch98-Part2.fm to The “Y” values (open fuel multiplier) are unsigned and aird1cimal. charge temperature) arealternating signedloop and X have to be multiplied two to co are single byte values stored as and Y values. “X”byvalu1s (in The Open Loop Fuel Multiplier vs. ACT Function parameters areTh1 located at 7B48.



imal “Y” values (fuel multiplier) needing by to 4betodivided byt01m 128.to decformat, withand t01th1 “X” (RPM) needing to be divided convert in are values unsigned, bytes in parameters length and are are stored arranged interleaved WOTA9L. FuelThey Multiplier vs. RPM2Function Thethe at in hexan location 7680
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The Spark Advance Rate vs. RPM Functions. rameters fors.
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A9L are located at 779C,
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S the edashpot a Clip L eby 4096.T v e and clip values Maximum Dashpot Function The 4



RPM



hl



Lthe ur“Y” g g ikm O/L nO/L gFt Mu e and a values e Fuel 4 and Cpthe values ar na(Lugging Fuel “Y” (Lugging



Fuel Multiplier



0.00



1.000000



0.00



1.000000



650.00



1.000000



750.00



1.203125



1200.00



1.203125



1500.00



1.000000



16383.75



1.000000



Table 44: Sea Level Lugging O/L Fuel Multiplier



RPM



Fuel Multiplier



0.00



1



0.00



1



0.00



1



0.00



1



0.00



1



0.00



1



16383.75



1



Table 45: A Futude Lugging O/L Fuel Multiplier



Time inuelier 0.000



1



0.000



1



0.000



1



0.000



1



0.000



1



8191.875



1



Table 46: Crank Fuel Pulse Width Multiplier



ECT



Pulse Width (mS)



-65536



39.69140625



-20



39.69140625



0



22.41406250



20



14.48828125



40



10.75390625



70



5.83593750



Table 47: Cranking Fuel Pulse width vs. ECT EEC-IV Technical Notes: Software
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(Note that, in Intel format, the LSB is first, so it’s actually as "0054", and 5416 = 8410
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"Throttle Rate [Deg/sec] vs ECT "table:29131,8,7,1,d4,0 :1.5,1.5,2,3,4.5,8,12,18 :1.5,1.5,2,3,4.5,8,12,20 :2,2,3,4.5,8,12.5,18,29 :4,5,6,8,12.5,17,25.5,34 :5,8,10,12,16.5,21,27,45 :12,14,16,18,26,30,38,55 :21,23,26,28,31,34,39,56 "end "Startup Fuel [A/F Ratio] "ECT vs. Time "table:31808,10,8,1,d8,0 :0,0,0,0,0,0,0,0,0,0 :1,1.25,0.875,0.5,0.375,0.875,0.875,0.25,0.5,1 :1.25,1.5,1.125,1,1,1.25,1.25,0.875,1,1.25 :1.625,1.625,1.5,1.375,1.25,1.375,1.375,1.125,1.375,1.625 :2.25,2.125,2.125,1.875,1.875,1.875,1.875,1.25,1.875,2.,d8,0
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:17.25,18.5,18.5,18.5,20.75,23,30,31.25,31.25,31.25 :23,24.25,28.75,37,39,39,38,37,32.25,32.25 :28.75,30,34.5,42.75,43.75,41.5,41.5,43.75,32.25,32.25 :28,28,33,42.75,42.75,43.75,43.75,43.75,32.25,32.25 :28,28,28,32.25,34.25,35.25,35.25,34.25,28.25,28.25 :28,28,28,27.25,29,30,30,30,30,30 "end "Limp Mode Spark Table [Deg BTDC] "RPM vs. Load "table:30228,10,8,1,d4,0 :9.25,9.25,13,13,15.5,18.25,23.5,23.5,23.5,23.5 :9.25,11.5,13,13,15.5,18.25,23.5,23.5,23.5,23.5 :9,10.25,11.5,12.75,15,19.75,25.5,25.5,25.5,25.5 :16,16,16,16,18.5,24.25,31.25,31.25,31.25,31.25 :23,24.25,23,27.5,35.75,37,38,38,38,38 :25,26,30.5,38.75,40.25,42,43.75,43.75,43.75,43.75 :28,28,28,31.25,33.25,34.25,34.25,34.25,34.25,34.25 :28,28,28,27.25,29,30,30,30,30,30 "end "Injector Output Port "Injector Port vs. "table:29105,8,1,1,1,0
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Open Loop Fuel Multiplier:0.640625,0.640625,0.640625,0.8125,1,1 "end "Spark Advance vs. ACT "func:29934,10,1,m2,1,1,d4,1 Air Charge Temperature:-256,-256,160,190,254 Spark Advance [Deg BTDC]:0,0,0,-2,-2 "end "Spark Advance vs. BP "func:29992,10,1,d8,0,1,d4,1 Barometric Pressure:0,23.5,26.5,27.75,31.875
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Converting to decimal and dividing by 4:
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KNOCK SENSOR (basic part number: 12A699)



VSS VSS gets used for many things, even in the manual gearbag calibrations. 1. Used to drive coast-down strategies. EEC will use longer throttle dashpots if it
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Vs=5.0 Tamb=19C 19-Mar-97 L/min



Below data came straight off a Ford Calibration of air meters with AFM Vs=5.00 Tamb=19C AFM1



Bosch 0 280 200 025
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140 160 180 200 110 160 0



2.515 2.63 2.83 3.014 2.106 2.629 1.113



0.68 0.83 0.98 1.15



400 200



3.868 3.087



This MAF transfer function graph came from Mike Wesley’s Calibrator demo.
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EXTERNAL (SERVICE PORT) CONTROL Compiled by Tom Cloud (font is Courier New)
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•



•



put the next byte of data on the MB bus (if the MEMORY is driving the MB Bus). IT can be thought of as the "Instruction Transfer" line. What it really does is choose whether the 8061 is accessing the SPC (if IT is high) or the DAR (if IT is low). DI can be thought of as the "Direction Indicator" for the MB bus. If DI is high, then memory has the rights to the MB bus. If DI is lowa to the MB bus. If DI is lowa to t
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EEC EFI MODIFICATIONS & UPGRADES Compiled by Tom Cloud (font is Courier New)



SD TO MAF CONVERSION Information on MAF conversion sent to me by Bob Nell [email protected]



(This is specifically for ’87-’88 SD 5.0 Mustangs.) I started with a stock ’88 Speed Density 5.0 LX and got the MAF sensor, bracket,
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These tables are very different from the OEM setup. But, for this engine combination, it works. The items to note are the lean/retard overrun (high vacuum values when you lift your foot off the accelerator pedals at speed) areas. Glance at the spark table to see when the engine wakes up. Note that the VE table valuesVE add up to over 100%. Also, because the values in the %TPS for full throttle table are low, and with the existing VE in the first table, the system will change the air fuel ratio to rich instantly. Might also note the funny timing under 2800 rpm. Remember the 2800 rpm stall converter. With this combo the engine can light em at will in 1st, and 2nd. The car runsVE the 13’s but youVE see how mild theVE and engine combE



Tuning Tools
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* Oxygen Sensor Monitor - Usually a 10 element LED Display. (The 10 LED AFR Display, and Knock detector schematics are at the GN T-type tech area.)



O2 Sensors And Indicators As clarification, this O2 discussion is about/for conventional V-8s, Small Block Chevy, Small Block Ford, Big Block Chevy, Big Block Ford. While there are probably numerous others, there are a bunch of VTEC types that this may not be accurate for. Monitoring this sensor will keep you from melting your engine.



From some personal notes from the early-mid 80’s there were many 2 gas analyzers that went to13(-)0pj12(-fe)-12¯yfeg isspe2(Big 13(s2)-13( f2(Bloc) CA(Bloc. H(While)-12( the
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16d (Table 1). Also, fill in the lower rpm VE tables (Table 3) with 30, and try to start the engine without grinding the starter too much. The engine will warm up enough to wake up the O2 sensor, look at the scanner, and see where the BL is, and IAC Counts. The IAC Counts are a vacuum leak. So they are critical to a decent idle.



Now you have some idea of where the mixture is, and what the kPa is from reading the scan tool. From experience you can’t run the same numbers everywhere at idle. On the high side of idle kPa go richer, i.e.; with an engine that idles at 60 kPa if it is 30 there, at 65-70 it would be 32, and at 50-55 28. Yes, the 30 is a lot but its easy to go lean, and clean up the idle, then having stall all the time, and (eni)-12(ng)]TJ
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Perform the light throttle cruise initial tuning in whatever gear is 1:1, or less (overdrive). Doing the tuning while giving the engine the advantage of gearing might leave you having to do a major retune. On some of the EPROMs you can lower the TPS enable settings. If you’re running an auto tranny walcı˝[a 3 ii6x - s. Ihrottahrottth 1:1,oto ii6x vy hrottsetscruiseghrottt 1:1,an
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To achieve the EPROM files for this setup, burning 400 chips was not required to get it right, 400 chips were burned to get it PERFECT. More than likely 98% of the world would never notice the difference in the last 100+, and the first couple of 100 was figuring out how to do the above. PS When doing the above settle for the least amount of timing consistent with the best performance. Trying to run maximum timing results in hitting the knock sensor and having varying ETs.0/y you run too much timing you may have to disablreı˝f*knock
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to a restricted fuel filter.



General Tuning Tips (Abbreviations: WOT, wide open throttle; DVM, Digital Volt Meter; AFR, air fuel ratio; FP, fuel pressure; VE LV8 mixture; TPS, throttle position sensor, TCC; torque converter clutch) No matter what, save your original data!!.. 54nker with STOCK ENGINES, to get your feet wet. One of the easiest errors is to use too much air filter. Actually, the problem is getting the air to organize to flow through the throttle body. Having several hundred square inches of filtering surface area is fine, but having a huge volume of
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only way out of not being able to tune the accelerator pump features of TBI, since no commercial program I’ve heard of allows this to be done. However, once you have things rather close you can try other chips from other applications, and put your tables on them. From the good old days, a big block always took more accelerator pump than a small block (hint). Again rich you buy spark plugs, lean it’s internal engine parts. For Spark, not enough timing, and you foul spark plugs, too much advance it’s internal engine parts. (too long, too retarded, overheating) If TPS enrichments aren’t changeable then try setting the VE high and low, (to try having different BLs), then this BL will start to work as an enrichment during TPS transitions. The reason this works is that the ECM will start moving the IAC counts around. When tuning remember the IAC is a vacuum leak.



Less is better.



A Note About Timing I have done a bunch of playing with timing especially at WOT, and lately have noticed that 2d less than trig(work)ering the knock sensor has had no effectgeasensS
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not cutting it up to reverse engineer it till it fails. timer reset and register clear, but I forget.



Oh I did something for a



EPEC The following information about SVO’s add-on processor that augments the eec came from Super Ford’s web site: http://www.d-p-g.com/superford/april_97/eZ.htm EPEC consists of the EPEC processor module, a 6 ft. EPEC-to-PC serial in````````ce a cabl`````e,2( PC)-12EEPEC-nduPCEP mss0duPCo``````,(n)or a
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· Part Throttle A/F Ratio: Controls part throttle A/F ratio based on rpm. · Wide Open Throttle (WOT) A/F Ratio: Controls WOT A/F ratio based on rpm. · Air Charge Temperature (ACT) Multiplier: Richens or leans the fuel based on inlet air temperature. · Engine Coolant Temperature (ECT) Multiplier: Richens or leans the fuel based on engine coolant temperature. In other words, it’s the choke. · Throttle Position (TP) Multiplier: Richens or leans the fuel based on throttle opening. · Manifold Absolute Pressure (MAP) Multiplier: Richens or leans the fuel based on manifold pressure, either vacuum or boost. · Transitional Fuel Enrichment (TFE): This richens the fuel when oempng the throttle, like a carburetor’s accelerator pump.
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5.0 5.8 460 3.0 3.8



Bronco Bronco,F-x50 F350 Taurus SHO MK8 T’Bird SCC



W2J W2J W2T W2Z W3Z2 W2T



TERMS
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diagrams and tips on hot-rodding EEC-IV cars. SAE paper #820900, "EEC-IV Tomorrow’s Electronic Engine Controls Today", David Hagen & Dennis Wilkie, Ford Motor Co., Dearborn, MI Intel 8096 (MCS-96) literature.
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