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Ford Electronic Engine Control Tuning Revision 1.0

Accelerator Pump

Overview

In the RUN and UNDERSPEED modes, whenever theafatbange of throttle angle
exceeds a minimum value, acceleration enrichmezitigudelivered until the manifold filling
effect is completed (LOAD stops increasing). Thel s delivered at a rate determined by
AEFUEL.

AE fuel is delivered synchronous with the base fudse. AEFUEL is added into the
FUELPW calculation

Parameters

accelerator_pump_multiplier
This is a global accelerator pump multiplier.

accelerator_pump_fuel
This is a table of throttle rate vs. coolant tempftiel to be added in during an accelerator pump
shot.

accelerator_pump_BP_mulitiplier
This value is a multiplier of the accelerator pushot based on barometric pressure.

EEC Tuning Page 4 of 86



Ford Electronic Engine Control Tuning Revision 1.0

Adaptive Strategy

Overview
See fuel section for more detail on the adaptikegesy.

Parameters
adaptive_min_ACT to_allow_adaptive learning

adaptive_max_ACT to_allow_adaptive_learning
This the min and max values of the air temp in Wwhjiou will allow the PCM to learn/adapt. If

you have a blower car with the air temp sensor mptree max value probably needs to be raised
to around 200F or slightly higher.

adpative_correction_max_allowed_learned

adpative_correction_min_allowed_learned

Sets the min or max amount of adaptive learning. fitmbers are based on a base value of 0.50.
Numbers below 0.5 are leaner. Numbers above 0.6chrer. A good value for minimum is .1
(this would allow a correction of .5-.1 or 40% aation) and a good value for maximum is .9.

adaptive_control_switch
turns off adaptive control if set to 0

fuel _adaptive_table

A positive number is this table means you will alllearning at that speed and load point after
that much time has elapsed. A negative number mgando NOT allow learning, but instead
apply a correction to that cell. If the cell had - it, that means you apply the correction that
was learned in cell 11, row 1 column 1.

fuel _adaptive_ WOT_sw

These are only used in trucks. Many trucks wily stimsed loop at WOT. This can be seen when
their fuel_open_loop function and/or the TP_for_Wa@re set very high making it impossible

to satisfy these criteria and thus staying closeg.| This will cause the engine to stay closed
loop at WOT. To make engine run open loop at WOmMust for supercharged applications,
both the above functions have to change as wélledsopen_loop_switch must be set to zero
and fuel_adaptive_WOT_sw must also be set to zero.
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Ford Electronic Engine Control Tuning Revision 1.0

Alternator

Parameters

alternator WOT _cutout TP

For vehicles with an EEC controlled alternatorstisithe throttle position at which the alternator
will be disabled for more power.

alternator WOT __turnon_TP

For vehicles with an EEC controlled alternatorstisithe throttle position at which the alternator
turns back on after being shut off for WOT openatio

alternator_WOT_voltage_turn_on

For vehicles with EEC controlled alternators, iBighe voltage at which the alternator will turn
back on at WOT.
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Ford Electronic Engine Control Tuning Revision 1.0

Barometric Pressure (BP)

baro_pressure_max

baro_pressure_min
This are the min and max BP values that the EECcaitulate.

On a blown car the BP calculation will not be cotrgo both of these values should changed to
around 27 to prevent learning false BP's.

On a fairly stock N/A car, these can be left aldde.a heavily modified N/A, they should be set
to 27 like a blown car.

BP_sensor_sw
This is a software switch to shut off the BP sengdwvalue of 0 shuts off the BP sensor.
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Ford Electronic Engine Control Tuning Revision 1.0

Canister Purge

Overview

Canister Purge refers to the solenoid and valvebawemion that is located in the line
between the intake manifold and the carbon canidéren the solenoid is energized the valve
opens, allowing the flow of vapors from the canistethe intake manifold.

The strategy enables canister purge during vagage operating modes. These modes
are calibration items. Typical calibrations willable purge when these conditions are met:

1) Fuel control is in the desired mode. Tlabibcator can choose between purging during
closed loop only or during both open loop andetbloop.

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 prevent thesighe that may occur on purge turn on.
When the purge is enabled the output is cyclednainadf at a 10Hz frequency with a variable
duty cycle. The duty cycle ramps up to slowlyadlnce the canister vapors.

Parameters

canister_hp

This is a switch to shut off the canister purgediare. Making this a 0 will disable the entire
purge system. This is only available on older medel
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Ford Electronic Engine Control Tuning Revision 1.0

Electric Fan Control

Overview

The electric fan provides additional air cirdida for engine cooling purposes under
circumstances where an engine-driven fan is inaateque., low vehicle speed or unusually
high engine temperatures. To minimize accessay on the engine, the fan is always turned
off during CRANK Mode.

The EEC controls the state of the cooling fan. fememay be operated at either high or
low speed. The strategy controls the state ofahevia 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 normppr@imately 216 deg F);

2) The A/C is ON and the vehicle speed does novige enough natural airflow
(approximately 43 MPH).

The cooling fan will turn on at high speed if:

1) The engine temperature is higher than desi@pproximately 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 Mode asraadiby A/C Cutout Strategy); or
2) The A/C clutch is not cycling rapidly; OR

3) Vehicle speed is high enough to provide enoukjlow for engine cooling. provided the
engine coolant temperature is not too high.

CPU QUTPUT EEC OQUTPUT
( Sof t war e) ( Har dwar e)
FAN STATE EDF  HEDF EDF  HEDF
of 10 o Of
Low speed 0 0 Of Of
H gh speed 0 1 Of On
Not Used 1 1 On On --> NOT USED
Note: OFF = 12V (Referenced to ground)
ON = <1V (Referenced to ground)
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Ford Electronic Engine Control Tuning Revision 1.0

Parameters

low_speed fan_off_ect
This is the coolant temp to turn the low speed off.

low_speed fan_on_ect
This is the coolant temp to turn the low speed on.

low_speed fan_MPH_to_turn_off

This is the MPH that the low speed fan turns o#amng there is enough air flow to cool the
engine without the low speed fan being turned on.

low_speed_fan_MPH_to_turn_back_on
This is the MPH, that when slowing down, the loweep will be allowed to turn back on.

high_speed_fan_off_ect
Temp to turn off the high-speed fan.

high_speed_fan_high_load_temp_to_turn_on
Temp to turn on the high-speed fan for heavy loads.

high_speed fan_on_ect
Temp to turn on the high-speed fan.

high_speed_fan_high_load_load_to_turn_on
high_speed_fan_high_load RPM to_turn_on

high_speed_fan_high_load VS to_turn_on
These three values can control the high speedfaurn on sooner, based on the driving
situations.

HIGH_SPEED_FAN_MIN_HIGH_LOAD is the calculated engiload that must be exceeded,
along with three other parameters to bring on igh bpeed fan sooner.

HIGH_SPEED_FAN_MIN_RPM_FOR_HIGH_LOAD is the engiR®M that must be
exceeded, along with three other parameters tg lomrthe high speed fan sooner.

HIGH_SPEED_FAN_MAX VS FOR_HIGH_LOAD is the vehidpeed the vehicle must be
no faster than, along with three other parametetsing on the high speed fan sooner.

If the above three criteria are met, the high sgardvill come on if the coolant temp is greater
than HIGH_SPEED_FAN_ON_HIGH_LOAD.
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Ford Electronic Engine Control Tuning Revision 1.0

fan_high_speed_ect_off

Temp to turn off high-speed fan.

(lower temps for on off equally, ie if you lowemfaff by 20 degrees make sure you lower the
fan on by 20 as well. Most cars have a hysterdsisdegrees but it's better to lower everything
the same)

fan_high_speed ectl on
Temp to turn on high-speed fan for heavy loads.

fan_high_speed_ect2_on
Temp to turn on high-speed fan.

fan_low_speed_ect_off
This is the coolant temp to turn the low speed off.

fan_low_speed_ect_on
This is the coolant temp to turn the low speed on.

fan_min_low_speed_on_time
This is the minimum amount of time that the lowexhéan is allowed to be.

desired_coolant_temp_fan

This is the desired coolant temp when a vehicégjigspped with a variable speed fan, like a
Mark 8 or some newer vehicles.
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Ford Electronic Engine Control Tuning Revision 1.0

Engine and EEC Specific
Parameters

clock_speed
Processor clock speed

Engine_displacement

Engine_displacement_(L*.0234394)

This value is the displacement of ONE cylinder 8n@00044256. This is a conversion to get the
mass of air at standard temperature and pressar@eatylinder. When changing engine size it's
easier to ratio this value up and down by the ckffiee in displacement rather than calculate it.

For Example, this value on a 4.6L engine is .001553you stroked this motor to 298 CID,
you'd take 298/282 and multiply this by .001553p¢b a value of .001641.

firing_order
This is the firing order of the engine.

firing_order_to_injector_number
This is the number in the firing order and its egponding injector number.

manifold_volume_(liters)

This is the volume of the intake manifold in Igefhis is used as part of an accelerator pump
logic in the newer cars.

Minimum_pip_period_V6
Minimum_pip_period V8

Minimum_pip_period_I4
The preferred method of rev limiting on older véés; like Mustangs was to shut off the fuel

when a PIP signal was recieved, sooner than aratdib value for a V8.
This is a time in clock tics.

To calculate this value for an EEC-1V car, take0P®,000 divided by (one half the number of
cylinders time max RPM), or 25,000,000/(1/2 numddiesylinders times max RPM).

To calculate this value for an EEC-V car, take 50,200 divided by (one half the number of
cylinders time max RPM), or 11,250,000/(1/2 numddecylinders times max RPM).

number_of_cylinders
This is the number of cylinders in the engine.
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Ford Electronic Engine Control Tuning Revision 1.0

MIL_light_sw
This disables the check engine light. If you s&t th 0, the light will never come on for any
code. The codes will still be set, but light wiltrcome on.

obdIll_MIL_switch

obdll_tst-switch

If you want to make it so the EEC does not rurohthe OBDII tests, you can change the
obdll_tst_switch . The recommended value for thi$8. The obdll_MIL_switch determines
which OBDII tests will turn on the check enginehlig

EEC Tuning Page 13 of 86



Ford Electronic Engine Control Tuning Revision 1.0

Exhaust Gas Recirculation (EGR)

Overview

The EGR (Exhaust Gas Recirculation) system doeghimgs. One it reduces emissions
of oxides of nitrogen and second it will improvefeconomy. There are only a few parameters
for EGR control.

The first is the ability to shut the EGR complgteff, EGR_TYPE_SWITCH. If this
switch is set to zero (0), then the EGR system is#te old style sonic EGR found on older
5.0L engines. If the switch is set to one (1) tharses a feedback pressure sensor to determine
EGR flow, most modular engines use this switclhil switch is set to two (2), then this shuts
off the EGR system.

There is a table of engine RPM and load that deters how much EGR is desired to be
flowing into the engine at those points, EGR_FLOVWXTE_SEA LEVEL and
EGR_FLOW_RATE_ALTITUDE. There are only a few reas¢o change the flow rate of the
EGR system. If you install cylinder heads that hawiramatically different burn rate in the
combustion chamber, like FRPP 2V heads, you weidi® reduce the EGR flow to prevent the
engine from bucking. The EGR flow rate should duced in increments of about 2% each time
to prevent this from happening.

Some vehicles that use a Bullitt intake manifeld| also suffer from a slight bucking
condition due to excessive EGR. On these vehittlesalso recommended to reduce the amount
of EGR flow.

Totally shutting off EGR will not gain any powense the EGR system is shut off wide-
open throttle. But, by eliminating the hot exhages$ from flowing into the engine, the
temperature of the intake manifold and cylinderdse@an be reduced and power can be gained
from the engine running cooler.
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Ford Electronic Engine Control Tuning Revision 1.0

Sonic Exhaust Gas Recirculation

The Sonic Exhaust Gas Recirculation (EGR) systderoh high degree of flexibility. The
chief benefit is improved drive and fuel econonfyhe abilities are:

1. EGR flow can be precisely varied depending ugragine operating conditions.
2. Spark advance can be precisely adjusted to ensape 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 gasebéantake manifold. The pintle valve and
seat assembly are designed such that EGR igroportional to pintle position. Further,
the output of the EVP sensor is directly propotidio the pintle position. This design allows
direct calculation of EGR flow.

The EGR valve is operated by manifold vacuum. EWR:

1. Applies vacuum to the EGR valve (increases HGR).

2. Holds in existing EGR valve vacuum (maintait&REflow).

3. Vents EGR valve vacuum to atmosphere (decrdaS&sflow).

The strategy enables EGR during various engineatipgrmodes. These modes are calibration
items. Typical calibrations will enable EGR whéege conditions are met:

1. Time since start is greater than a calibrat@ine.
2. Engine is in part throttle mode.
3. Current EGR valve position is not lesantithe fully closed position.
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Ford Electronic Engine Control Tuning Revision 1.0

Sonic Exhaust Gas Recirculation

The PFE EGR system was developed as a subsomicagite to the Sonic EGR system.
The PFE EGR provides a projected reliability impnoxent over the Sonic system while still
providing the flexibility and spark compensatioracicteristics of Sonic EGR.

Like the Sonic EGR subsystem, PFE EGR precisetulates the EGR flow
according to calibrated Tables and fox fumtii However, the PFE EGR strategy uses
pressure (EPT) as the feedback signal rather timéle 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 i proportional to the pressure
drop across a sharp-edged orifice (PE - DP). REyupstream pressure, is calculated by the
software. DP, the downstream pressure, isunedsby means of a piezo-resistive
transducer (EPT). The EGR valve itself operategb@slownstream pressure regulator. When
the valve is closed, the downstream and upstreasspres are equal. As the valve opens, the
downstream pressure decreases due to the inflaéice intake manifold vacuum.

Fig. 1
Control EGR
Orifice Valve
| I
V V
| \ /
| \ / Intake

PE, "H20 DP,"H20 VV  Mtold
| A Vacuum
| Control chamber / \
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Ford Electronic Engine Control Tuning Revision 1.0

The EEC operates the EGR valve by outputting abériduty cycle to the EVR. The
EVR applies a vacuum signal, which is proportidoahe duty cycle, to the EGR valve. The
frequency of the duty cycle ranges from 90-180 Hhke operation of the EVR is described near
the end of this Chapter.

The strategy enables EGR during various engineatipgrmodes. These modes are
calibration items. Typical calibrations will enald&R when the following conditions are met:

1) Time since start is greater than a calibratialue.
2) Engine is in part throttle mode.

Parameters
egr_flow_rate_altitude

egr_flow _rate_sea level

This is the percent of EGR that is desired to Hboxeing into the engine at the given speed and
load (volumetric efficiency) point. Normally you wial not have to change this, but some newer
vehicles run a large amount of EGR and this caseaome slight surging or bucking during
cruise. This can happen in some engines if the atr@fUEGR is above 10%. To prevent this
reduce the amount of EGR to no more than 10% intaolg. When switching to different burn
rate combustion chamber, like SVO 2V heads oveptbduction head, you may have to reduce
the amount of EGR that is desired.

egr_multiplier
You can reduce the amount of EGR by just chandirspvialue.

Making this value .8 means the desired EGR will pesmultiplied by .8, or 80% of desired.
This is just an easier way reduce the amount of EGR

egr_spark_adder
Adds spark based on EGR flow rate.

egr_type_switch
This is a switch to change the EGR type.

0 = is a sonic type EGR system (used on most &ldxrs).
1 =is a delta PFE system, used on most 4.6L's.
2 = shuts off the EGR system
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Fuel

Overview

Like spark there are a few versions of fuel conffbley are very similar to each other.
Air-fuel ratio is calculated in Lambda rather thaaiual A/F ratio. All this means is the output of
the fuel tables is referenced to 14.64:1 air fagbr A lambda of 1.0 is 14.64:1 A/F ratio, a
lambda of .82 is .82 times 14.64 or 12:1 A/F rafibis is important to remember since there are
multipliers of A/F ratio. A smaller multiplier, sdgss than 1, makes the engine richer and a
multiplier greater than 1 makes the commanded At teaner. For example, if you were
running .9 commanded lambda, and had a multipfie®,dhe commanded lambda would be .9
time .9 or .81 which is just under 12:1 A/F ratio.

The older software versions use a table of RPMEQDT to determine the desired A/F
ratio, Fuel_open_loop and then this is multipligdabWOT multiplier based on RPM,
fuel_ WOT_multipy and multiplied by a function leeson ACT, fuel ACT_multiply. Now,
neither of these WOT fuel multipliers are usedlyudu reach what the EEC thinks is WOT.
This point is either a single scalar for throttsgion or a function of RPM and the output being
what throttle position to call WOT. Both the scadad the function have the same name,
TP_for_WOT.

Most software uses a fuel_base_table, which is RRMload based. The output of this
table is also multiplied by a WOT multiplier basad RPM, fuel WOT_multipy and multiplied
by a function based on ACT, fuel ACT_multiply.

The newer software still uses a fuel_base_tablerdther than load on the Y-axis it uses
throttle position on the Y-axis. Also, there isloager a fuel_ WOT_multipy based on RPM or
a fuel ACT_multiply based on ACT. So, you must tieefuel_base_table to change the
commanded A/F ratio.

Now, if the engine is cold, it does not use thd fbase_table for what A/F ratio to run. If
the coolant temp is below fuel ECT_to_switch_baaglet then is uses a cold start table. That
cold start table is not included in this softwayehange, since there should be little reason to
change it. Many cars have this temp set at aro80& ,Jwhich means if you put in a colder
thermostat, it may not run off the fuel_base_tdbteopen loop fuel. That is why it's important to
check and change this value. If the coolant getsalfuel ECT to_switch_base_table, and then
cools below fuel ECT to_clear, it will switch battkthe cold start tables.

This is how WOT A/F ratio is determined. Next isshgou get to open loop conditions.

Depending on the software, there are two ways tange open loop fuel. One is throttle
position. fuel_open_loop is a function of RPM ogr Kraxis and throttle position to go open
loop on the Y-axis. Once you reach that throttlthat RPM, it will go open loop. The newer
software only has this function.
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Ford Electronic Engine Control Tuning Revision 1.0

Some of the older software uses a scalar to go lmogn this scalar is TP_for WOT. In
some software there is also a function called TP WOT, they both do the same thing one is
just a function of RPM and the other is just a NP point for WOT. Once this value is
achieved then open loop fuel is commanded.

Some software may have both the TP_for WOT anduile open_loop function. In
these cases you will have to change both.

The main reason for wanting to change the thrptlgtion to go open loop at is on
blown cars. Once you begin to develop boost, yduweint to enter open loop fuel control to
avoid getting any knock.

Now, in the older software, you can go open loogeldeon load and time. There is a
function of engine RPM vs. Load, open_loop _load Rd&d open_loop load ECT. If you are
at that engine RPM or that ECT, and you exceedbidu timer,
Time_to_delay_open_loop_RPM or Time_to_delay_opmop |hys or
time_to_delay_open_loop_ECT, (you will only havesaf these timers) then you will go open
loop fuel control.

In the new software (typically 2002 and up) thasecfions to go open loop are changed
to a table, open_loop_delay, of RPM on the X-ard what gear the EEC thinks the
transmission is in, on the Y-axis. The output af tAble is the time delay to go open loop. There
is no load input in this table though. Then thera scalar, also called open_loop_delay that
allows a ramp from closed loop fuel to open loogl ftontrol. This timer should be set very low.

Now, why go to open loop fuel based on load. Agtirs is more for blown cars where
you can make boost at a throttle position lowantiP_for WOT or fuel_open_loop, and you
want to go open loop when that happens.

This logic is similar to the lugging mode of thel gloftware, prior to 1994. Here is a
review of what was explained earlier.

If you are at a high enough load, fuel_load_endbte mode, for this amount of time,
fuel_time_at_load_lug_mode, and are between thes&CT temps, fuel_lug_mode_min_ECT
and fuel_lug_mode_max_ECT, then you will go opepld/F control and you take the A/F
ratio that comes out of the base table and multtgdy this function, fuel_lug_mode_multiplier,
of RPM vs. Fuel multiplier.
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Adaptive Fuel

Fuel injected systems may exhibit vehicle to vehgteady state A/F ratio errors due to
normal variability in fuel system components.

The adaptive fuel strategy attacks this problemrmieynorizing the characteristics of the
individual fuel system being used. This memorizgdrimation is used to predict what the
system will do based on past experience.

The ability to predict fuel system behavior imprevmth open loop and closed loop fuel
control. As an example, the memorized informatian be used on cold starts to achieve better
open loop fuel contol before the EGO sensor reacherating temperature.

The chief benefit of the adaptive fuel strategyl i to reduce the effects of product
variability in the field.

The memorized or adaptive information is storethlsie form in the Keep Alive
Memory (KAM). KAM is continuously powered by thehicle battery even when the vehicle is
shut off. As a result, the table is not lost ohigke shutdown.

Basically when the EEC is closed loop, it will ledhe correction it needs to keep the
engine at 14.64:1 A/F ratio. It learns values talde that has engine RPM on the X axis and
Load on the Y-axis. The table is 10 columns andvist so there are 80 cells. There is a table for
each side of the engine, so each side learnssaowiti. There are minimum temps that you have
to meet to allow learning, but with a few excepsipnone of these need to change.

A lot of cars, let's use the Mustang as an exaniplgsoduction form, only allow learning in a
few cells and then apply that correction to the oéshe cells. | think the Mustangs only learn in
about 4-8 cells and then apply that correctionwviere else. From a production standpoint,
this is an OK strategy. You are assuming you hboxeeld enough MAF, airbox and clean air
tubes, to develop a good average air meter trahgfetion. So, any change from this must be
the result of an air meter or injector shift, ahdg you can shift the entire fuel curve based on
only a few points.

Now, once the guy changes the MAF and moves itratptinat nice transfer function no
longer applies. So, you try to develop one on §modising a wideband sensor. Are you as
accurate as the factory, no, but it's decent.

The problem is if you don't change the way the &idafuel applies its correction, you
could end up with some real problems. If it's timh in the cells you are learning in, A Mustang
typically only learns at like 1500 rpm, .4 loadgthyou apply a correction at WOT to take fuel
out. A few days later, the car knocks and thatts ba

There is one adaptive table that needs to be chahge adaptive table. A positive
number is this table means you will allow learnaighat speed and load point after that much
time has elapsed. A negative number means you db &llow learning, but instead apply a
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correction to that cell. If the cell has -11 intitat means you apply the correction that learned i
cell 11, row 1 column 1.

Many times the table is not normalized to use titee80-cell table, but rather a small
part of it. | recommend changing the normalizerade the entire table. Typically I'd make the
RPM go from 750 to 4350 (you won't be closed loagimpast 4350 RPM) from cell O to cell 9
and change load to go from 0 in cell O to .9 i €elThis gives a good balance of learning in all
cells.

For working on the dyno, it is recommended that gimable the adaptive fuel so you
when you are trying to dial in the air meter trangtinction, you are not using correction that it
has learned. In the 1996 and up software thera\vgtah you can set to zero to disable learning
fuel correction, adaptive_control_switch.

In addition, there are minimums and maximums tloat gllow to be learned in the cells.
In most applications the factory has it setup &3Me25% correction either way. Once you start
changing air meters and things like that, it becodh@ficult to verify that each cell is correct. ,So
it is recommended to open up min and max allowathkd to .1 for the minimum and .9 for
maximum. The min and max values are adaptive comiaximum and
adaptive_control_minimum.

The following is a list of miscellaneous fuel vasubat can be changed and why.
fuel_min_inj_pulse_width

When changing fuel injectors to larger injectohss value needs to be lowered. The
easiest thing is to lower this value to zero taueeyou don't get an overly rich condition when
you change injectors.
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Special idle

adaptive cells ---->|-42 -42 -42 -42 -42
7 ||-42 -42 -42 -42 -42 A2 -42 -42 -42
6 I-42 -42 -42 -42 -42 -42 -42 -42 -42
5 ||-42 -42 -42 -42 -42 -42 -42 -42 -42
4 I|-42 42 20 -42 -42 -42 -42 -42 -42

NORMALIZED |
ENGINE 3 |-42-42 -42 -42 412 -42 -42 -42 -42
LOAD |

(LOAD) 2 |-42 -42 -42 -4R2--42 -42 -42 -42 -42

I
1 |-42-42-42 -42 -42 -42 -42 -42 -42
I
0 |-42-42-42 -42 -42 -42 -42 -42 -42
O 2 3 45 6 7 8 9
NORMALIZED
ENGINE SHEE

(N)
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Returnless Fuel Control

In an electrical returnless fuel system vehiclertétarnless system actually controls the
pressure drop across the fuel injector. It does MQTtrol fuel rail pressure. The sensor on the
fuel rail has a manifold vacuum/boost line hooked that feeds in the pressure in the manifold.
The sensor is mounted to rail so the output os#resor is actually the pressure drop across the
injector. The flow of a fuel injector is dependentthe pressure drop across the fuel injector.

So, the EEC is closed loop on the fuel pressurp doooss the fuel injector as measured
from the sensor. If the pressure is too low, it@ases the voltage to the fuel pump to get it back
to where it should be. If the pressure is too highan it lowers the voltage.

There is a lot of things that can be done withaleetronic returnless fuel system. If the
fuel injectors are too small for the applicatiorgegsure drop across the fuel injector can be raised
to make the injector flow higher. This is done tha function, fuel_pump_pressure_diff, which
has an X, input of # mass per fuel injection eaent the output on the Y-axis is the desired
pressure drop across the fuel injector. The X \&ahre fairly small. If you think about it, if you
have an injector that has a flow rate of 30 #/ltt you have a fuel injection pulsewidth of .010
seconds, the flow rate per injection is 30 tim&8@B(to convert #/hr to #/sec) and then multiply
this by .010 seconds, the mass of fuel injectedhmreven is .0000833#.

Fuel pressure drop across the injectors can alsadoied based on air temp from the
ACT sensor, via fuel_pump_pressure. The X-axistimpACT and the Y-axis output is the
desired fuel injector pressure drop. This is intqirto change if you move the air temp sensor
after the blower/intercooler to make sure you dstatt running higher pressures than you need
to be. There may be good reason to just raiseugtlgofessure drop at higher air temps. If the
motor has a blower and sees high temps, you caease the fuel injector flow rate when it sees
the higher air temp, thus only increasing the flathe injector when air temp is high. For most
blown applications with the air temp after the bésywou should make the Y-axis all 40's.

There is then a Proportional, Integral, and Denweatontroller for the fuel pump to
maintain the desired pressure. This is also knasva RID controller. The proportional term
tries to take a step to getting the desired outcffue pressure) to where it needs to be if there i
an error. However, the proportional term can negaly get to a point where there is no error
since it takes steps. So, there is a point wher@tbportional controller does nothing, once the
error is low enough. If set too high, the proparéibterm can cause instability in fuel pressure as
it jJumps back and forth around the desired pressure

The integral controller tries to force the errdre(amount you are away from where you
want to be) to zero, so there is no error.

The derivative term tries to slow the system dowkeep it from going unstable.
Let's give an example. Let's say you want fuelguesto be at 40 psi, but it's at 50. The

proportional term will give a step correction tod&0 psi by lower the voltage to the pump.
Let's say this results in a pressure drop of 43N, if the proportional term took another step,
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it would end up at too low of pressure, less th@pgi, and overshoot the target. So, the
proportional term stops when it gets to 43 psigBgb error). Now the integral term tries to take
this error of 3 psi to zero psi by more slowly ebig the fuel pump voltage, by lowering it,
until it sees 40 psi.

These fuel pressure gains, how big of a step isspire it can make each time is
changeable. fuel_pump_P_gain is the proportional. gagood value for this, if you've changed
the fuel pump is .15-.20 units. fuel_pump_|_gaithisintegral term. A good value for this is
.02-.04 units. And finally, fuel_pump_D_gain is ttkerivative gain. It is recommended to make
this value zero. If fuel pressure is too unstatleaning fluttering during cruise, or taking too
long to get to the target value, then the P arairl ghould be tweaked to make this OK.

The final player in the returnless fuel systemuisl f pump_voltage table. This is a base
table of what the fuel pump voltage should statbdie pretty close in pressure, based on Fuel
flow and desired rail pressure. If you change tred pump, this table will change. Now, the EEC
learns what voltage it needs to be at to get teedressure it wants, so this table is only used
upon an EEC reset. There are some recommendedvedbés for this table.

Fuelinj_high_slp_mult_for_deltaP, fuelinj_low_slpuln for_deltaP

These are multipliers to the fuel injector high éma slopes based on the pressure drop
across the injector as measured by the sensorednéehrail. When pressure is high, above 40
psi, the multiplier is greater than one giving @& injector flow rate due to the higher pressure.
If the multiplier is less than one, it gives a lovirgector flow rate due to lower pressure.

There is logic to turn the check engine light ofuél pressure is lower than it's suppose
to be. The following is how this works.

First the rate of fuel pressure change has todetain value or less. This rate is
fp_max_rate_of _change_to_test. It is recommendaéitthis value high, to around 50. Even if
the pressure is dropping it is still desirableun the test. If the rate criteria is met, therhiéaks
for the actual fuel pressure. The actual pressws tve under fp_below_pressure_to_test, to
look for pressure. If these two criteria are mieg, test can run to check for low fuel pressure. For
the light to turn on, fuel pressure must be fp_retvaffer below fp_below_pressure_to_test for
fp_time_below_pressure_for_error time to turn igbtlon. Basically if actual pressure is
fp_below_pressure_to_test minus fp_error_buffed, thie rate of fuel pressure change is less
than fp_mx_rate_of change to_test psi per secbed,you must be below the above pressure
for fp_time_below_pressure_for_error and the liginhs on.
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Cranking Fuel

Crank fuel is very simple. In most applicationardt fuel is a function of engine coolant
temp and the output is the actual pulse width yaatwhe fuel injectors to have during crank,
CRANK_FUEL_PULSEWIDTH. In addition to this, therg a function for idle speed duty cycle
during crank, CRANK_ISC_DUTY_CYCLE. The combinatiohthe two of these allows you to
change the cranking A/F ratio. More ISC duty cyolakes a leaner crank; less ISC duty cycle
makes a richer crank. The same applies for theepuidth values; more pulse width is a richer
mixture during crank.

Newer software uses a desired lambda ratio duriagk, rather than a cranking duty
cycle. This new function, CRANK_LAMBDA, takes inaxcount fuel injector size and flow
characteristics. In this version of software theresually no need to change the commanded
lambda during crank.

Parameters

base fuel table

Sets the A/F ratio, in lambda, in either open loaple and/or at WOT. Older PCMs use the
TP_FOR_WOT value, while newer models use the FUBRER LOOP_TP function to
determine when to go open loop. This value is laanindt A/F ratio. So a value of 1 represents 1
times 14.64 for a A/F ratio of 14.64. A value 02 Beans .82 times 14.64 for a commanded A/F
ratio of 12:1.

fuel open_loop
A function of RPM on the X-axis and throttle pasitito go open loop on the Y-axis. Once you
reach that throttle at that RPM, it will go openpo The newer software only has this function.

Some of the older software uses a scalar to go loogr) this scalar is TP_for WOT. In some
software there is also a function called TP_for W@€y both do the same thing one is just a
function of RPM and the other is just a single Thpfor WOT. Once this value is achieved
then open loop fuel is commanded.

Some models may have both the TP_for WOT and tledpen_loop function. In these cases
you will have to change both.

fuel _open_loop_switch

These are only used in trucks. Many trucks wily stlosed loop at WOT. This can be seen when
their fuel_open_loop function and/or the TP_for_Wa@re set very high making it impossible

to satisfy these criteria and thus staying closeg.| This will cause the engine to stay closed
loop at WOT. To make engine run open loop at WOmMust for supercharged applications,
both the above functions have to change as wélledsopen_loop_switch must be set to zero
and fuel_adaptive_WOT_sw must also be set to zero.
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fuel _open_loop VS CL

fuel open_loop VS SH
Not in all models, but this is a vehicle speed tivate reached will make the car run open loop
fuel all the time. There is no need for this anthldbese values should be set to 125.

fuel _time_to_switch_base_table
Switch to fuel_base_table after this time expires

Crank_fuel_pulsewidth

Just what it sounds like, the fuel pulsewidth ianding mode as a function of coolant
temp.Reduce the pulsewidth by the same percentatie anjector change.
(19 to 42 pound injectors = 19/30=.63 reducepthise width by 63%

crank_lambda

This is the desired A/F ratio during crank in larabd
There is no longer a crank fuel pulse width, judeaired A/F ratio during crank.

desired_pressure_drop_across_injectors

The left column has input of # mass per fuel in@tevent and the output on the Y-axis is the
desired pressure drop across the fuel injectos 4 be raised to increase the flow rate of the
injectors as long as the fuel pump can supply enqugssure. See fuel description for details.

fuel_injector_pressure_drop

This is the desired pressure drop across therfjegitor on a mechanical return less system. This
value has no impact on a electronic return lesesys

If this value is not 39 psi, then the injector flostes may take into account this higher pressure
drop, meaning a 30# injector may need a differahiesdepending on how values are setup.

high_speed_fuel_enrichment

This allows more fuel to be added to the enginetbas vehicle speed. This is a multiplier of
commanded lambda, or A/F ratio.

A smaller number puts in MORE fuel when at the gigpeed.

A larger number puts in LESS fuel when at the gispeed.

WOT _fuel_multiplier

Multiplies commanded open loop fuel, at WOT, bystamount.
A smaller number puts in MORE fuel when at WOTihait RPM.
A larger number puts in LESS fuel when at WOT hat RPM.

WOT _fuel_multiplier_for_ACT

Multiplies commanded open loop fuel, at WOT, bystamount based on the air temp.
A smaller number puts in MORE fuel when at WOTihait ACT.
A larger number puts in LESS fuel when at WOT hat tACT.
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fuel _cutout_switch

This is a switch to disable any injector shut tffjs eliminating the rev limiter. Setting this to 1
results in no rev limiter. This is only used ineavfrare cases where the correct rev limiter cannot
be found, like the '99-01 Cobras and some Focus's.

fuel ECT to _clear
temperature (ect) at which to switch back to smaftiel mode as the engine cools

fuel ECT to_switch_base table

stable engine temp at which to switch from stafug to fuel_base_table. Startup fuel is not
included in the software as there is little reakoaver change it.

fuel _high_speed_enrichment

This allows more fuel to be added to the enginedas vehicle speed. The X-axis is vehicle
speed and the Y-axis is a fuel multiplier. Thisidddoe changed so that all the Y values, or
multipliers are 1.
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Fuel Pump
Parameters

fuel_ pump_ ACT_ pressure

Fuel pressure drop across the injectors can alsedokfied based on air temp from the ACT
sensor, via fuel_pump_ACT _pressure. The X-axistipACT and the Y-axis output is the
desired fuel injector pressure drop.

fuel pump_prop_gain

is the proportional gain. A good value for thisydfu’ve changed the fuel pump is .15-.20 units.
See fuel description for details.

fuel_pump_integral_gain
is the integral term. A good value for this is .02-units. See fuel description for details.

fuel pump_derivative_gain

is the derivative gain. It is recommended to médke talue zero. If fuel pressure is too unstable,
meaning fluttering during cruise, or taking toodao get to the target value, then the P and |
gain should be tweaked to make this OK.

fuel_pump_max_rate_of_change_to_test

fuel pressure rate of change must be below theevialuMIL test. See fuel description for
details.

fuel pump_pressure_diff

has an X, input of # mass per fuel injection eaent the output on the Y-axis is the desired
pressure drop across the fuel injector. See fusdrgeion for details.

fuel pump_pressure_error_for_MIL

turn on MIL if fuel pressure test is below thiswal- fuel_pump_error_buffer. Test conditions
must first be met. See fuel description for details

fuel _pump_below_pressure_to_test
fuel pressure must be below this value to start Kt

fuel _pump_error_buffer
subtracted from fuel_pump_pressure_error_for_Mike Siel description for details.

fuel_pump_system_type
type of fuel system
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fuel_pump_voltage table

This is a base table of what the fuel pump voltstgsuld start at to be pretty close in pressure,
based on Fuel flow and desired rail pressure. Ufglzange the fuel pump, this table will change.
Now, the EEC learns what voltage it needs to lie get the fuel pressure it wants, so this table
is only used upon an EEC reset. There are somenraeaded table values for this table.
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Idle Speed Control (ISC)

Overview

In general, the ISC system is designed to regti@eluty cycle to an air bypass solenoid
as necessary to obtain the desired engine speetl fdle operating conditions (base idle, hi-
cam, various accessory loads) and provide for bptdsaction. Predicted airflows for the
different load states at idle are adaptively caggdo minimize the impact of hardware
variability. Acceptable quality on engines utiligia speed density determined air mass requires
a coupling of the ISC logic with both fuel (adagtifuel, transient fuel, special AM filtering
routine) and spark control strategies.

ENGINE CRANK MODE

Entry/exit conditions for this mode are definedhe engine mode select logic of the
strategy book. In engine crank mode, the ISC dutyec(ISDTY) is a function of temperature at
start, TCSTRT. If the time between PIP signals edsdwo seconds, it is assumed that the
operator is not cranking and the duty cycle i9G€%.

DASHPOT PRE-POSITION MODE

In engine run/underspeed mode and when operatingart or wide open throttle,
the ISC system is placed in dashpot pre-positiode. In this mode the ISC duty cycle is
incremented a calibratible amount in anticipatiba cequired dashpot action. Proper dashpot
operation is essential on systems having speedtgémsl controls in order to avoid tip-in/tip-
out stalls and HC (Hydrocarbon) spiking on decels.

DASHPOT MODE

In engine run/underspeed mode and having justitramsd from part to closed throttle,
the system is placed in ISC dashpot control mode.l&ngth of time the ISC system will remain
in dashpot control is both hardware/strategy depet(some applications have VSS; some
manual transmission applications have gear andichwitches) and calibration dependent.
Regardless of the length of time required to eRfeM control, as long as closed throttle
operation is maintained the amount of airflow sfped by the dashpot pre-position (see dashpot
pre-position logic) is decremented at a constaetuatil exhausted (until DASPOT = 0).

For normal entry into Closed Loop (C/L) RPM contrible following conditions must be
satisfied:

If VSS hardware used it must indicate a speedthess MINMPH.
If a manual trans. with gear/clutch switches, nindicate neutral.

Note: Although the system can provide acceptalmetion without the above-mentioned
hardware, either item will increase reliabilityproduction. The vehicle speed sensor has
calibration benefits outside of ISC (lean Cruisatoadl, etc.) and should be considered when
specifying system assumptions for future applicetiotilizing 1ISC.
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Regardless whether the above hardware is usedahentry into RPM control
requires that actual engine speed be lessahaqual to (DSDRPM + RPMCTL) and that
throttle position be less than or equal to (RAT+ DELRAT).

DASHPOT LOCKOUT OF RPM
The following discussion will attempt to describerg into C/L RPM control through
the lock-out logic (ISCFLG = 2).

In a normal deceleration the dashpot bleed timebgilshort relative to the vehicle
coastdown time. As soon as engine speed dropsrowgh, the ISC system should enter RPM
control. However, due to hysteresis in the bgpadve, over specification of idle airflow
requirements prior to adaptive ISC learning, ant&@ learning in an unusually high state of
engine load (400 psi A/C head pressure, ete)|$C actuator may pass too much air at the
specified idle duty cycle to allow normal entryRI®M control. When this condition occurs the
system will remain in dashpot control until it ca@tognize that it should, in fact, be in RPM
control.

CALIBRATION HINTS

This task is easy should you have a VSS or a mamaliration with gear/clutch
switches. If this hardware is not present, thes dlifficult to differentiate between a constant
deceleration (as in a coast down a mountain) angedocked-out of idle condition. Most of the
logic in the Dashpot and RPM lockout Mode Selectieals with recognition of distinguishing
features of each.
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To differentiate between deceleration and idle réte of change in RPM is first
evaluated over a calibrated period of time (ISCTM)he speed has remained within a specified
deadband (NDIF) for this time period, a second kheperformed to compare LOAD with a
calibrated LOAD value (LOWLOD for A/C off; LOWLOD ACLOD for A/C on). The
assumption is that all idle LOAD values, (includigiggen engine, altitude effects, etc.) will be
greater than this calibration parameter; and ad tteceleration conditions, including the same
variability’s, will yield lower LOAD. To avoid incorect interpretation of the LOAD value, great
care must be taken in selecting the correct LOWh@Me.

If the ISC system were locked in dashpot contral both the rate of engine speed
change and LOAD criteria were satisfied, the sgnatgould then be forced into C/L RPM
control with ISCFLG indicating 2. This state wouldd present until the speed fell below the
normal entry point. The adaptive ISC would leam tquired correction, assuming sufficient
time at idle, and subsequent dashpot to RPM cotrtansitions should follow a normal entry
path.

Logic controlling the dashpot pre-position aivilds intended to increase the ISC
duty cycle during part/WOT operation. Strategtermines the rate at which ISC valve flow
increases/decreases in part/WOT operation, asaweéle maximum allowed pre-position
airflow. Adequate pre-position airflow (DASPOT)dssential prior to entering the dashpot
control mode in order to avoid HC (Hydrocarbonksmy and/or deceleration stalls. The
calculated pre-position airflow increment is adtiedn adaptively-corrected idle flow
requirement (DESMAF) prior to output of the ISCyuaycle. Pre-position airflow (DASPOT)
is a function of the difference between a filtetierottle position (DSTPBR) and a throttle
position equal to the Closed Throttle breakpoi’ATRH + DELHYS). This value is clipped
to zero as a minimum, if this difference becomeggative value. DELHYS should be set equal
to DELTA + HYSTS (Closed Throttle breakpoint). DASP can be clipped to DASMIN as a
minimum if vehicle speed is high enough to pregaraleclutch.

During Closed throttle mode, the DASPOT aikflas "bled off" by decrementing
it. This action smooths the transition into RPMirol by gradually eliminating the DASHPOT
contribution to the idle airflow, DESMAF. The btkeate is determined by FN879, unless
clipped to DASMIN. When vehicle speed falls belo&$EMPH, normal bleed off will resume.

The EEC has a desired idle speed it wants the ertgihe at in either park or neutral. It
takes this RPM and uses these functions, isc_Didie air and isc_Neutral_idle_air, to
determine how much air is needed to get the ergiigie at that RPM. It then takes that amount
of air and determines the ISC duty cycle it needget that much air into the motor. These
functions are what it uses determine how muchogaut into the motor. If you change the load
on the engine at idle, add a supercharger or cheangshafts resulting in having less idle
vacuum, then the amount of air to make the engileewill probably change.

The EEC does learn and adjust for some of thisfltkié change made is too great, then it
cannot and it will cause either stalling or idlegng issues. How to determine how much air is
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going into the motor will be explained later. Thésections are desired RPM on the X axis and
air in #/min on the Y-axis.

Parameters
isc_idle_speed_drive

isc_idle_speed_neutral
This is the desired idle speed in drive or neufrhkere is a maximum clip on drive idle speed. If

you try to set this higher than around 800 rpm éaeling on the vehicle) the EEC will not
command a higher idle speed in drive.

iIsc_rpm_adder_A/C _drive

isc_rpm_adder_A/C_neutral

This is the idle rpm adder for when the A/C cluiglapplied when in either drive or neutral.
There are separate adders for drive or neutral.

isc_rpm_adder_for_A/C
This is the amount of idle rpm to add when the Ali@ch is applied, and it does not matter if the
vehicle is in drive or not.

iIsc_dashpot_gain
This is air that is added in via the idle speedmdvalve when at part throttle. When shifting a

manual trans if the engine flares when the clusatheipressed, reducing this value helps reduce
this flare.
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isc_dashpot_preposition
This is the minimum amount of dashpot to havegitzan throttle position.

isc_Daspot_clip_1, isc_Daspot_clip_2, and isc_Daspip_3

This is the minimum amount of air that is allowadough the idle speed valve when the vehicle
is moving. If a car coasts down too slow, you aamdr this value, or if the car has shuffle
during coastdowns, then you can increase this numkadl the functions.

isc_dashpot_decay_rate

This is a decay rate when transitioning from theam of air added at part throttle via
isc_dashpot_gain down to the clip values from abdvemaller number makes this decay
slower, a larger number makes it decay faster.

isc_daspot_clip_1
iIsc_daspot_clip_2

iIsc_daspot_clip_3
This is the minimum amount of air that is allowadough the idle speed valve when the vehicle

is moving. If a car coasts down too slow, you aamdr this value, or if the car has shuffle
during coastdowns, then you can increase this numkadl the functions.

isc_air_flow_T/B
This is the amount of air that flows through theottie body, in #/min, across the throttle plate.

iIsc_duty cycle _adder
This is a global adder to idle speed valve dutyecyc

iIsc_duty_cycle_multiplier
This is a global multiplier for the duty cycle dretISC valve.

isc_idle_speed_drive

isc_idle_speed_neutral

This is the desired idle speed in drive or neufrbkere is a maximum clip on drive idle speed. If
you try to set this higher than around 800 rpm éaeling on the vehicle) the EEC will not
command a higher idle speed in drive.

crank ISC duty cycle
Idle speed control valve duty cycle during crank.
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IMRC

Parameters

imrc_hardware_present

This is a hardware switch to turn off the IMRC'stt#g this to zero shuts off the complete
IMRC function.

imrc_opening_rpm
This controls the RPM to open the IMRC at as aftionoof engine speed. At the engine speed in
the X column, the IMRC's would open if you werdla Y column in TP or greater.

imrc_open_hi_value

imrc_open_low_value
This determines when the IMRC's are considered.dpgou are above imrc_open_hi_value in

A/D counts from the sensor, it is considered opieyou are open and then they close to
imrc_open_low_value, they are considered not open.

imrc_closed _hi_value

imrc_closed _low_value

This determines when the IMRC's are considerecedlo$ you are below
imrc_closed_low_value then the IMRC's are consiietesed. If they are opening, once they
get above imrc_closed_hi_value, they are no longesidered closed.

Load _w/IMRC

Load w/o_IMRC

Depending on the software, you will either haved.oa/o_IMRC and Load_w/IMRC or you'll
just have Load.
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Injectors

Parameters

fuel_injector_breakpoint

This is the point at which the PCM will switch fraime low slope to the high slope for the fuel
injectors.

For 50# injectors use .0000x.
For 42# injectors use .0000x.
For 36# injectors use .0000x.
For 30# injectors use .0000x.
For 24+# injectors use .0000x.
For 21# injectors use .0000x.
For 19# injectors use .0000x.
For 14# injectors use .0000x.

The above values should be very close but may fvany the actual file that you have loaded.
This is not an error, these values are just goodmenendations.

fuel injector slope low

Take the size of injector you are using and muitipby 1.15 to get a good starting point for low
slope

fuel injector slope High

Enter the size of injector you are using- raiseower this if you see a global rich or lean
condition. It is the best way to get the majorifyiuel tuning accomplished but you can only go
up to 55 before it starts losing some of it's affec

Injector slope, or flow rate. These values are pe#second of fuel flow. If you want to convert
these to # per hour you would just multiply theakies by 3600.

For 50# injectors use .0x High Slope and .0x LoopSsl
For 42# injectors use .0x High Slope and .0x LoopS8l
For 36# injectors use .0x High Slope and .0x LowopSl
For 30# injectors use .0x High Slope and .0x LoopSsl
For 24# injectors use .0x High Slope and .0x LoopSl
For 21# injectors use .0x High Slope and .0x Loop8l
For 19# injectors use .0x High Slope and .0x LowopSl
For 14# injectors use .0x High Slope and .0x LoopS8l

The above values should be very close but mayfvany the actual file that you have loaded.
This is not an error, these values are just goodmenendations.
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fuel_injector_minimum_pulse_width
The Minimum injector pulse width allowed. This skabget to a value when the injector is still in
its linear range.

For 50# injectors use .00x.
For 42# injectors use .00x.
For 36# injectors use .00x.
For 30# injectors use .00x.
For 24# injectors use .00x.
For 21# injectors use .00x.
For 19# injectors use .00x.
For 14# injectors use .00x.

The above values should be very close but may fvany the actual file that you have loaded.
This is not an error, these values are just goodmenendations.

fuel_injector_comp_batt_volt

This is a compensator for fuel missed due to tfeetar turning on or off based on battery
voltage.

Injector Size 50 42 36 30 24 21 19 14
Battery voltage 15
14
13
12
11
10
8
6
0

fuel_inj_high_slope_multiplier_fodeltaP

fuel_inj_low_slope_multiplier_fordeltaP

multiplier to the fuel injector high or low slopbased on the pressure drop across the injector as
measured by the sensor on the fuel rail. When press high, above 40 psi, the multiplier is
greater than one giving a larger injector flow rdibe to the higher pressure. If the multiplier is
less than one, it gives a lower injector flow rdie to lower pressure.
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fuel_min_inj_pulse width
minimum injector pulsewidth, setitto O (decreasa pulse by same percentage as injector
change)

injector_comp_batt_volt
This is a compensator for fuel missed due to tfeetar turning on or off based on battery
voltage.

injector_delay
This is an RPM and load table for fuel injectoritimbased on engine RPM and Load in
crankshaft degrees.

Injector_fuel_breakpoint
This is the point at which the EEC will switch frahe low slope to the high slope for the fuel
injectors.

injector_slope

injector_slope_hi

injector_slope low

injector slope, or flow rate. These values are pe#second of fuel flow. If you want to convert
these to # per hour you would just multiply theatues by 3600. There is a separate document
of all the different injector flow values.

injector_timing_vrs ECT
This is a global modifier to move the fuel injectioning as a function of engine coolant temp.
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Knock Sensor

Parameters

borderline_knock_table

This is the spark to prevent the engine from knogkivhen running 14.64:1 A/F ratio, and is
typically setup for around 200F coolant and 75Etiair temp. This table is typically determined
using 87-octane gas unless the car was designgdeorium then it should have been used with
92-octane gas. The X-axis of this table is engiR&IRand the Y-axis of this table is calculated
engine load (volumetric efficiency).

knock_sensor_max_rpm
The maximum RPM to use the knock sensor to retaridd

On some engines, the knock sensor will becomeaatihigher RPM, even though there is no
knock really happening. This can be used to distil@énock sensor at higher RPM.

knock_sensor_min_rpm
The minimum RPM to use the knock sensor to reianhg

knock_sensor_min_ECT
The min coolant temp to use the knock sensor tradgtming

knock _sensor_min_load

This the minimum calculated engine load (volumegfiiciency) that the knock sensor will be
allowed to be active.

knock _sensor_advance_limit
Maximum amount of advance allowed if knock is netadted.

knock _sensor_advance_rate

a rate at which you can control how fast timingdsled, in seconds per degree. You need to very
careful not to have the advance rate faster theunetard rate or timing will be added in faster
than it can be taken out and the engine will knock.

knock _sensor_retard
Maximum amount of retard allowed if knock is de&etfrom the knock sensors.

knock_sensor_retard_rate

a rate at which you can control how fast timingeisioved, in seconds per degree. You need to
very careful not to have the advance rate faster the retard rate or timing will be added in
faster than it can be taken out and the enginekwdkk.
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Knock_sensor_thers_cyl 1
Knock _sensor_thres cyl 0
Knock_sensor_thres_cyl_2
Knock_sensor_thres_cyl 3
Knock_sensor_thres_cyl 4
Knock_sensor_thres_cyl 5
Knock_sensor_thres_cyl 6

Knock_sensor_thres_cyl 7

signal to noise tables for the knock sensors. Tiseadable for each cylinder in the firing order,
Knock_sensor_thres_cyl_0, where the 0 is the dybhder in the firing order, 1 would be the
second, etc. A smaller number in these tablescestithe sensitivity of the knock sensor for that
cylinder. A larger number makes it more sensitiv&riock.

knock _sensor_switch
Switch to turn off or on the knock sensor.

0 = The vehicle does not have this feature, orssbfitthe PCM input of this feature.
1 = The vehicle has this feature and the PCM widrapt to use this input.

knock _sensors_number_of
number of knock sensors. Set to O to disable knetzkd.
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Mass Air Function (MAF)

Parameters

maf_maximum_AD counts

This is the highest A/D count, coming in from thé&Mthat the PCM will acknowledge.

If the MAF voltage gets beyond this, then it asssitie MAF has failed and switches to a table
of RPM and throttle position to get engine volunetsfficiency. When it reaches this point the
PCM switches to LOAD_W/FAILED_MAF or LOAD_W/FAILEDMAF_W/IMRC_OPEN.

This is the highest A/D count, coming in from théMthat the EEC will acknowledge. If the
maf voltage gets beyond this, then it assumes tAE Nhs failed and switches to a table of RPM
and throttle position to get engine volumetric@éncy. When it reaches this point the EEC
switches to Load_w/o_IMRC / Load_w/IMRC / Load.

maf_minimum_AD_counts

This is the lowest A/D count, coming in from the FAhat the PCM will acknowledge.

If the maf voltage gets below this, then it assuthesVIAF has failed and switches to a table of
RPM and throttle position to get engine volumegfiiciency. When it reaches this point the
PCM switches to LOAD_W/FAILED_MAF or LOAD_W/FAILEDMAF_W/IMRC_OPEN.

maf_transfer_function

This is the air meter transfer function. This is thost critical item that must be correct in order
to make the car run correctly. You need to adjustair meter transfer function to get the AFR
that you are asking for.

This is the air meter transfer function. Theretharee versions of the MAF transfer function.

On the older vehicles, prior to 1996, the X colwvas in voltage. Starting in 1996 the X column
became A/D counts. A/D counts is just voltage dhfeerent form. If you take A/D counts,

divide it by 1024 and multiply it by 5, you get teje.

The Y column of the MAF transfer function was # sa$air per clock tic. Starting in the late
1990's, they started changing to # per minuteroMustang's changed in 2002.

As the clock speed changed from year to year,dheesair meter ends up with different transfer
functions. There are clock speeds of 18, 21 andlE4 that will require different transfer
functions.

This is the most critical item that must be corieatrder to make the car run correctly. You
need to adjust the air meter transfer functionetiotige A/F ratio that you are asking for.
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aircharge. WOT_multiplier

This MUST be set to 1.9 on all cars, especiallynewer models. This will basically limit the
airflow that the EEC thinks is going into the erggand cause the engine to run very lean. The
importance of changing this on the newer vehictemot be stressed enough.
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Normalizer

Overview

These functions are what is called a normalizespecific tables. A table has two axis
on it, and X on the bottom and a y on the side. &hs of the table determine what all the values
in that row or column correspond too.

For example, the top row in a spark table may lzad (volumetric efficiency) a .9. So
all the spark values in that row are for a loadurreetric efficiency) of point. As you go from
left to right the RPM changes, but the load (voltnmoesfficiency) stays the same. The same is
true for the columns in the table.

If you want to change the values that a row ouwi corresponds too, you have to
change these normalizing functions. The right colusithe row or column number that the data
on the left corresponds to. The numbering starteiad and goes up from there. So for a table
that has 10 columns, they would be numbered O - 9.

It is helpful to change these tables when makinglération for a supercharged vehicle
and the load (volumetric efficiency) that the véhiwill actually see will exceed what the table
iS set too.
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Oxygen Sensors (02) & Cats

Parameters

rear_O2 heater_bankl downstream
rear_O2 heater_bank2 downstream
rear_O2_ heater_downstream

rear_O2 heaters_downstream_switch

In some cases just setting the REAR_02_SENSOR_SWMill not shut off the rear O2
sensors or the REAR_0O2_SENSOR_SWITCH is not inrtiadel.

Sometimes the PCM will still do an electrical checkthe heaters in the rear O2 sensors. By
making these values zero, it will shut off the reaaters.

heater bankl downstream

heater_bank2_downstream

In some cases just changing the above configuratitbmot shut off the rear O2 sensors totally.
Sometimes the EEC will still do an electrical checkthe heaters in the rear O2 sensors. By
making both of these values zero, it will shuttbf rear heaters.

lightning truck change from 247 to 246 to turn off

hego_configuration
Setting this to zero disables the rear O2 sensors.

Switch_for_cat_temp_ctl

Switch_for_flange_temp_ctl

These are switches that override the commandedaiit-and add extra fuel to keep the
catalytic converters cool. If you have ever rariGdnCobra or newer GT and seen A/F ratio drop
at the end of the dyno run, this is why. The EE@Gkih the cats are too hot and take over fuel
control. It is recommended to shut both of thesiches off.
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Rev and Torque Limits
Parameters

rev_limit
Used in older software as well, just a single ientlvalue.

rev_limit_0_off

rev_limit_0_on
These are the normal pairs of limiters in mostvgafe, set them where you want the limiter to
be at.

rev_limit_1 off

rev_limit_1 on

rev_limit_2_ off

rev_limit_2 on

These are used in certain applications to limitiregpeed with other criteria are met. If the
calculated engine oil temp is too high (like in ®@obras) then these are the limiters that are
used in these areas.

rev_limit_half_fuel_off

rev_limit_half_fuel_on
Used in older software to shut off half of the fugéctors.

rev_limit_neutral 0 off

rev_limit_neutral 0 on
These are for neutral, but some manual transmisshitles use these limiters all the time.

rev_limit_off _tics

rev_limit_on_tics
Used in older cars where the limiter is done asnation of clock tics rather than actual engine
speed. Clock tics can be converted to engine sipésel clock speed is known.

rev_limit_shaft_vs_torque
This is a function, just make the Y-axis of thisdtion all 1's and use one of the scalar limiters
as the rev limiter.
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rev_limit_torque_off

rev_limit_torque_on

This is the engine speed to begin to use the fomeav_limit_shaft_vs_torque.
rev_limit_torque_ratio

Minimum torque ratio to use when in rev limit canifrset to 1.

rev_Minimum_pip_period_V6

rev_Minimum_pip_period V8

The preferred method of rev limiting on the oldensgtangs was this value for a V8. This is a
time in clock tics, where if a pulse from the disttor wheel comes in this soon or sooner
(again, in clock tics), the fuel is shut off to tingectors.
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Security (PATS)

Paramters

PATS disable switch
This switch controls the anti-theft system.

A value of one (1) will disables the anti-theft ®ya.

A value of zero (0) allows the anti-theft systeniunction.
p0136sw

p0138sw

p0141sw

p0156sw

p0158sw

p0161sw

p0605sw

PATS_definite/maybe

PATS disable SW

This switch disables the anti-theft system. If wed this to a one, it disables the anti-theft
system. A zero allows the anti-theft system to fiomc

Shocks

Parameters

adjustable_shock pulse HP
This turns on or off pulse controlled adjustableci{s.
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Spark

Overview Pre 94

In the older versions of spark control it is msoimpler but nowhere near as powerful.
When you are at WOT there are separate functiatsatid up to the total spark delivered to the
engine. The main function is WOT_SPARK. This is RBMthe X axis and spark on the Y-axis.
There are then 3 modifiers to this spark value. WOHFARK_BP_ADDER is a function of
Barometric pressure on the X axis and amount aksjeeadd or subtract on the Y-axis.
WOT_SPARK_ECT_ADDER is an adder or subtractor fmark at WOT based on engine
coolant temp and WOT_SPARK_ACT_ADDER is an addesulatractor for WOT spark based
on inlet air temp.

So, for WOT, the final spark calculation looksdithis.
Final spark = WOT_SPARK + WOT_SPARK_BP_ADDER + WEPARK_ECT_ADDER +
WOT_SPARK_ACT_ADDER
As a side note TP_FOR_WOT is what determines wioensyvitch to part throttle spark to WOT
spark mode.

The part throttle spark is very simple. It is jastRPM vs. Load table and the output of
that table is the spark that is commanded. Thie talSPARK_SEA LEVEL. The only other
adder to this part throttle spark is PART_THROTTSPARK _ADDER_FOR_ECT, this adds
spark at part throttle based on engine coolant ¢éeatpre and Load.

When at closed throttle in this version of spaéinke, commanded spark is just
SPARK_AT_CLOSED_THROTTLE, which is RPM vs. Sparkigis then modified based on
coolant temp with, SPARK_AT_CLOSED_THROTTLE_ADDEROR_ECT. There is a
modifier for idle spark based on BP called IDLE_$#A ADDER_FOR_BP that modified the
spark at idle based on barometric pressure.

There are global adders for spark for the oldesiva of spark,
GLOBAL_SPARK_ADDER_FOR_WOT is just for WOT,
GLOBAL_SPARK_ADDER_FOR_PART_THROTTLE is a globaldsd for part throttle and
GLOBAL_SPARK_ADDER_FOR_CLOSED_THROTTLE is a glolzlder for closed throttle.

EEC Tuning Page 49 of 86



Ford Electronic Engine Control Tuning Revision 1.0

Overview Post 93

The following section explains the spark calculatior most 1994 and newer cars.
There is a table called spark_base_table. This &tmuld represent MBT spark. The spark
required to make the most torque (MBT stands fokiiam Brake Torque). You may find in
some obscure EEC's (mainly trucks), that this tabset all 60's or 40's to make it effectively
useless. This table is RPM on the X axis (fn01@) laad on the Y axis (fn012).

So, now there is a table called spark_borderline tdble. This should be the spark to
prevent the engine from knocking when running 14.8¥F ratio, and is typically setup for
around 200F coolant and 75F inlet air temp. THietés usually derived using 87-octane gas
unless the car was designed for premium then illdhtave been used with 92-octane gas. This
table uses the same X and Y-axis as the bordddlie.

Then there is a table called spark_add_af ratics iEha table with RPM on the X axis
and commanded A/F ratio, in lambda, on the riglg.akhis table is used when the engine is
running open loop fuel. If you are richer than #416 then the engine can usually tolerate more
spark before it knocks. This table is designeddhia more spark when running richer than
14.64:1. With the recent emissions levels lowerthgs table is also used to modify spark when
you are leaner than 14.64 on cold starts and wdtat n

To modify spark based on coolant temp there areitevos to use. One is
spark_retard_ECT_multiplier, which is RPM on X aaisd Load on the Y-axis and the other is
spark_retard_for_ECT, which is a function of coolmp on the X column and some number
in the Y column. The way this works is that youddke RPM and load that you are running at
that point, and look up and retrieve the valueaddpark retard ECT_multiplier. You then take
this number and multiply it by the value in the dumn of spark_retard_for_ ECT based on the
coolant temp you are running at that time. The ¢ivthese multiplied together is the
modification of spark based on coolant temp. It bareither positive or negative.

To modify spark based on air temp, it's pretty minehsame as ECT. There is a table
called spark_retard  ACT_mulitplier that is RPM M&d and then one of two different types of
values for the one tied to ACT, spark_retard_forTA€either a table based on ACT on the Y
axis and RPM on the Y axis or it is just ACT on ¥axis and retard multiplier on the Y axis.
This is why you want to move the air temp sensoblown cars. You can change spark based on
the outlet air temp.

If a vehicle has IMRC's, then there are two othbétds to deal with. One is
spark_imrc_add_base_spark. This is spark thataglelsd to spark_base_table to reflect a
change in the MBT spark when the IMRC's are opée. dther is
spark_imrc_add_bdrline_spark. This reflects a ckandghe borderline spark for IMRC's.

Both of these values for IMRC's get added to thespective tables.
Spark_imrc_add_base_spark gets added to spark tahkeand spark_imrc_add_bdrline_spark
gets added to the spark_borderline_det_table.
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The final piece to this puzzle in the spark stafftie octane pin function,
spark_octane_plug_retard. This is just a blankdeadr subtracter from the spark values and is
either a scalar, function or table depending orytas.

Now here is what happens with all of the above.

spark_borderline_det_table + spark_imrc_add_bdripark + spark_add_af ratio +
(spark_retard ECT_multiplier X spark_retard_for_BGT(spark_retard ACT_multiplier X
spark_retard_for_ACT) + spark_octane_plug_retard

This result ends up with a total spark value. Maisie is then compare to
spark_base_table + Spark_imrc_add_base_spark andhé& LOWER of the two values are
taken to be delivered to the engine.

The knock sensor then modifies this final valugné engine is equipped with knock
sensors. There are a few more parts to the spadtepurhere is a table called
spark_MBT _table, which is used in the torque calttah to determine how close the engine is
running to MBT spark. If a vehicle is equipped WIRHRC's then this impacts MBT spark. To
compensate for this, spark_imrc_add_mbt_sparkead tsadd timing to the spark_MBT _table
for IMRC's when they are open.

In the newer applications, starting around 2002 gipark_base_table disappears and is
no longer used. The comparison back to base sparitidone. The rest of the spark values are
calculated the same as above, but there is no aupaack to a base table and picking the
lower of the two.

The base and borderline tables have RPM on theis<aaxd Load on the Y-axis. Load is
nothing more than engine volumetric efficiency. fneduction naturally aspirated engines will
have a max load in the spark tables of around 9&6. On a forced induction application
volumetric efficiency will become greater than IT0. adjust for this, the load axis on the spark
tables should be changed to allow values to gow@dund 1.5 or 1.6. This way when the engine
starts to build boost and volumetric efficiency gadove 100%, the spark tables, if calibrated
correctly, will automatically remove spark as laguks up.

To change the breakpoints on any of the tableg, &ohe table itself and there will be
the name of the normalizers for the axis on thabées at the top of the table. They typically
begin with X_normalize_???? Or Y_normalize_???dvald by some letter/number
combination of the name. You can go to the bottbthe list of values and you should see these
values.

To get peak power out of a N/A car, the best thindo is just take the spark_base_table
and cut and paste it into the spark_borderline tdble. This will give you the spark to make the
most power based on dyno work that was performetthdyYDEM. The only other thing to change
with this method is to make sure it will still albospark to be retarded with hotter air temp and
coolant temp. If you look at the calculation abtweletermine final spark, before it's compared
to spark_base_table, you'll notice that if you it spark_base_table into the
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spark_borderline_det_table and then add sparkriaé ratio, ACT or ECT, the output of that
equation will always be greater than spark_basée.t8lo, to still allow spark to be retarded for
some conditions, eliminate all the positive valfresn spark_add_af ratio,
spark_retard_for_ECT, and spark_retard_for_ ACTsTuw allows the engine to run off of the
best spark for most power, but still allow spartaré for coolant temp and air temp. Now when
applying this logic to a 2002 GT that does not hawpark base_table then you just simply take
the spark_MBT _table and paste this into the spamddrline_det_table. The tables are really
kind of redundant.

You cannot do this on a supercharged engine. Yonatgput MBT spark in everywhere
and expect the air temp sensor to be able to cosapeffor it. In these cases you will need to
lower the spark_borderline_det_table to comperfsatihe spark requirements.

In this version of spark there are two other patanseof interest, spark_adder_global and
spark_multiplier_global. These values allow yowterride the above calculations and just add
in spark to the final calculation. It does not dhé@a@gainst the base table; it just adds it to the
final amount. The spark_multiplier_global multigithe final spark value by whatever that
multiplier is.

The following section explains how the spark icatdted in older vehicles.

Overview Pre 94

In the older versions of spark it is much simplet owhere near as powerful. When you
are at WOT there are separate functions that add the total spark delivered. The main
function is spark_at WOT. This is RPM on the X sl delivered spark on the Y-axis. There
are then 3 modifiers to this spark value. SparkeaddOT_w/BP is a function of Barometric
pressure on the X axis and amount of spark to addlatract on the Y-axis.

Spark_adder_ ECT_WOT is an adder/subtracter fokdpased on engine coolant temp and
spark_adder_ ACT_WOT is an adder/subtractor for V¢pdrk based on inlet air temp.

So, for WOT, the final spark calculation looks litkes.

Final spark = spark_at WOT + Spark_adder WOT_w/BBpark_adder ECT_WOT +
Spark_adder_ ACT_WOT

As a side note tp_for_WOT is what determines whan gwitch to these values. This is
explained later.

The part throttle spark is very simple. It is jastRPM vs. Load table and the output of
that table is the spark that is ran. This tablperk_sea_level.

There is another sea level spark table that ikspaa _level 2. This table is used under
the following conditions. Remember in the previeassion of spark that there was an adder
when it was in open loop A/F control? Well, thisimilar. If you are at a high enough load,
fuel_load_enable lug_mode, for this amount of tifoel|_time_at_load_lug_mode, and are
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between these two ECT temps, fuel_lug_mode_min_&@&ilfuel_lug_mode_max_ECT, then
you will go open loop A/F control and you take #& ratio that comes out of the base table
(explained later) and multiply it by this functidinel_lug_mode_multiplier, of RPM vs. Fuel
multiplier and then you switch to the other spaiilé, spark_sea_level 2. This allows you to
change spark based on a high load condition.

When at closed throttle in this version of spagark is just spark_closed_throttle, which
is RPM vs. Spark. This is then modified based arlartt temp with,
spark_closed_throttle_adder. There is a BP idleksgdard function which is
spark_BP_idle_retard, which his just amount of tignio remove at a given barometric pressure.

There are global adders for spark for the oldesiverof spark, spark_adder_ WOT is just
for WOT, spark_adder_part_throttle is a global addepart throttle and
spark_adder_closed_throttle is a global addecltsed throttle.

There are altitude spark tables for both versidrspark. These tables are rarely used and
do not need to be modified or changed unless & edraltitude. If a car is at altitude, it willeis
the altitude tables above a given barometric pressa general if you make the spark_altitude
the same as either the spark_borderline_det_tabtbe spark _sea_level, there will not be a
problem.

The final aspect of spark is tip in spark retard.hElp prevent tip in knock the EEC
retards spark at tip in. Depending on the versisoptiware there are three different ways to
accomplish this. In the older versions of softwiduere is a just a scalar, spark_min_for_tip-
in_retard. This controls the absolute value of spBTDC that you allow the EEC to retard to.
In combination with these, there is a maximum amafichange of spark that is allowed,
spark_max_tip_retart. The first value is the absolalue of spark to allow the engine to run at,
spark_max_tip_retart, is the amount of spark thallowed to be retarded from the regular
calculation.

The next version of software has a table for tippark retard, spark_retard_tip_in that is
a function of RPM on the X-axis vs. Load on thexXsaThe output of this table is just the
amount of spark to retard at that speed and load.po

The final version of tip in retard is the newestsien, which is a table of RPM on the X-
axis and ACT on the Y-axis. The output of this ¢aisl the amount of spark to retard, in degrees,
in change per cylinder air charge. This table &lsptip_in and can be identified based on the
very large values as outputs of the table.

Typically, on most combinations, if you get thetresthe tables set up correctly tip in
spark retard is not needed.

If a vehicle is equipped with knock sensors, hereaw that works.

In the older software, there is basically just dixenit of retard that you cannot do
anything with, other than change the amount thas#nsor is allowed to remove. This is a scalar
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value and is called, knock_sensor_retard. Along wits there is a switch that turns the knock
sensor on. If you are unsure if a vehicle has akisensor or not, you can look at
knock_sensor_hardware_present or knock sensors anuaiblf either of these is something
other than zero, then the vehicle has knock sersndware. If you want to disable the knock
sensors, then you just set the above values to zero

In the newer software, the amount of retard allowe@ knock sensor is a table of RPM
and Load, knock_sensor_retard. This is the amdurgtard that the sensor is allowed to have in
those speed and load points.

Also, some of the newer software will allow the kEk@ensor to advance timing if it is
not detecting knock. This is a table of speed aad ks well, knock_sen_advance_limit.

Then there is a rate at which you can control hast it removes timing and how fast it
puts it back in. These rates are knock_sensordratate and knock _sensor_advance_rate. These
are in seconds per degree. You need to very carefub have the advance rate faster than the
retard rate or timing will be added in faster thtazan be taken out and the engine will knock.

Finally there are signal to noise tables for thedknsensors. There is a table for each
cylinder in the firing order, Knock_sensor_thred_€ywhere the 0 is the first cylinder in the
firing order, 1 would be the second, etc. A smiallember in these tables reduces the sensitivity
of the knock sensor for that cylinder. A larger tienmakes it more sensitive to knock.

Knock sensor_min_load
This the minimum calculated engine load that thecknrsensor will be allowed to be active.

Overall, knock sensors on blown engines are not kadiable and the noise of the blower
could cause false knock detection. Be very ca@iublown engines of trying to use an
aggressive knock sensor setup.

Parameters

WOT _spark

This is the amount of spark for the engine to Us&@T.

The following equation shows how final spark at WiSTHetermined.

WOT_SPARK + WOT_SPARK_BP_ADDER + WOT_SPARK_ACT_ADRE
WOT_SPARK_ECT_ADDER + GLOBAL_SPARK_ADDER_FOR_WOTRmal Spark at
WOT

PATS disable switch

This switch controls the anti-theft system.

A value of one (1) will disables the anti-theft ®ya.

A value of zero (0) allows the anti-theft systeniunction.

An adder/subtractor for WOT spark based on inleteanp, ACT.

WOT _spark_ECT_adder
An adder/subtractor for WOT spark based on engimdant temp, ECT.
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WOT_spark_BP_adder
An adder/subtractor for WOT spark based on baramptessure, BP.

global_spark_adder_for_closed_throttle
Adds spark when the closed throttle flag is setamgy the throttle position is less than
TP_FOR_PT.

global_spark_adder _for_part_throttle
Spark adder for part throttle. This value is adtbedll part throttle values.

global_spark adder for WOT
Adds spark at WOT to the final calculated value.

global_spark_adder
Adds this amount of spark after final calculatisrcompleted. Use this to add or subtract without
conditions.

global_spark_multiplier
Multiplies final spark by this amount

high_speed_spark_retard
Amount of spark to retard when at high speed

spark_add_af ratio

This is a table with RPM on the X axis and comman@l4- ratio, in lambda, on the right axis.
This table is used when the engine is running dpen fuel. If you are richer than 14.64:1, then
the engine can usually tolerate more spark betdaeacks. This table is designed to add in more
spark when running richer than 14.64:1. With treerg emissions levels lowering, this table is
also used to modify spark when you are leaner 1da®4 on cold starts and what not.

spark_adder ACT_WOT
An adder/subtractor for WOT spark based on inketeamnp.

spark_adder_closed_throttle
adds spark when in closed throttle mode

spark_adder ECT_WOT
An adder/subtracter for spark based on engine obtdanp

spark_adder_part_throttle
spark adder fo rpart throttle

Spark_adder_with_Octane pin
amount of spark to add when octane pins is installe
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spark_adder WOT
adds spark at WOT

spark_adder WOT_w/BP
A function of Barometric pressure on the X axis anmtbunt of spark to add or subtract on the Y-
axis.

gpark_altitude

--spark_altitude_table

Not generally used, unless BP is extremely lowHladitude). If BP is less than 26, this table is
used. Replaces spark_boderline_detonation or sakitkide, depending on model

(when you set the spark table values- the lowdskva any table will be the value that gets
used at any given load and rpm point)

gspark_at WOT

This is RPM on the X axis and delivered spark anYhkaxis, used in WOT mode.
spark_at WOT + Spark_adder WOT_w/BP + Spark_addef WOT +
Spark_adder_ ACT_WOT = Final Spark at WOT

spark_base table

This table should represent MBT spark. The spaglired to make the most torque (MBT
stands for Maximum Brake Torque). You may find@me obscure EEC’s (mainly trucks), that
this table is set all 60’s or 40’s to make it effeely useless. This table is RPM on the X axis
(fn016) and load on the Y axis (fn012).

spark_borderline det_table

This should be the spark to prevent the engine koatking when running 14.64:1 A/F ratio,
and is typically setup for around 200F coolant @68 inlet air temp. This table is usually
derived using 87-octane gas unless the car wagrdssior premium then it should have been
used with 92-octane gas. This table uses the saar@X -axis as the borderline table.

spark_closed_throttle
spark value when TP inducates closed throttle mode

spark_closed_throttle adder
sparl added to spark_closed_throttle

gpark_cold_idle retard
amount of spark to retard fo rcold idle

spark_EGR_adder
adds saprk based on EGR duty cycle

gpark_global _adder
add this amount of spark after final calculation
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gpark_global_multiplier
multiplies final spark by this amout

spark_high_speed retard
amount of spark to retard when at high speed

spark_idle subtractor

spark_imrc_add_base spark

gpark_imrc_add_bdrline_spark

spark_imrc_add_mbt_spark

If a vehicle has IMRC'’s, then there are two otlaés to deal with. One is
spark_imrc_add_base_spark. This is spark thatagielsd to spark _base_table to reflect a
change in the MBT spark when the IMRC's are opdre @ther is
spark_imrc_add_bdrline_spark. This reflects a ckanghe borderline spark for IMRC'’s.

Both of these values for IMRC’s get added to thespective tables.
Spark_imrc_add_base_spark gets added to spark tabhkeand spark_imrc_add_bdrline_spark
gets added to the spark_borderline_det_table.

spark_max_tip_retard
is the amount of spark that is allowed to be retdrilom the regular calculation.

spark_MBT _table
Is used in the torque calculation to determine bitmse the engine is running to MBT spark
(makes the most torque)

spark_MBT_table ECT_comp
spark_min_for_tip-in_retard
This controls the absolute value of spark, BTDQ ttwau allow the EEC to retard to.

spark_octane plug retard
This is just a blanket adder or subtracter fromsiark values and is either a scalar, function or
table depending on the year, added or subtractbd ibctane plug is pulled.

spark_part_throttle adder

spark_retard_act_multiplier

To modify spark based on air temp, it's pretty mtidsame as ECT. There is a table called
spark_retard_ACT_mulitplier that is RPM vs. load dhen one of two different types of values
for the one tied to ACT, spark_retard_for_ACT ither a table based on ACT on the Y axis and
RPM on the Y axis or it is just ACT on the X axisdaretard multiplier on the Y axis. This is
why you want to move the air temp sensor on bloans.cYou can change spark based on the
outlet air temp.

spark_retard_ect_multiplier
To modify spark based on coolant temp there areitevos to use. One is
spark_retard_ECT_multiplier, which is RPM on X aarsd Load on the Y-axis and the other is
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spark_retard_for_ECT, which is a function of coolmp on the X column and some number
in the Y column. The way this works is that youddke RPM and load that you are running at
that point, and look up and retrieve the valueafdpark retard ECT_multiplier. You then take
this number and multiply it by the value in the dumn of spark_retard_for_ ECT based on the
coolant temp you are running at that time. The ¢ivthese multiplied together is the
modification of spark based on coolant temp. It bareither positive or negative.

spark_retard_for_act

To modify spark based on air temp, it's pretty mtlelhsame as ECT. There is a table called
spark_retard_ACT_mulitplier that is RPM vs. loadidhen one of two different types of values
for the one tied to ACT, spark_retard_for_ACT ither a table based on ACT on the Y axis and
RPM on the Y axis or it is just ACT on the X axisdaretard multiplier on the Y axis. This is
why you want to move the air temp sensor on bloans.cYou can change spark based on the
outlet air temp.

spark_retard_for_ect

To modify spark based on coolant temp there areitevos to use. One is
spark_retard_ECT_multiplier, which is RPM on X aaisd Load on the Y-axis and the other is
spark_retard_for_ECT, which is a function of coolmp on the X column and some number
in the Y column. The way this works is that youddke RPM and load that you are running at
that point, and look up and retrieve the valueaddpark retard ECT_multiplier. You then take
this number and multiply it by the value in the dumn of spark_retard_for_ECT based on the
coolant temp you are running at that time. The ¢ivthese multiplied together is the
modification of spark based on coolant temp. It bareither positive or negative.

spark_retard_tip_in

spark_sea level

The part throttle spark is very simple. It is jastRPM vs. Load table and the output of that table
is the spark that is used.

spark_sea level 2

This table is used under the following conditiofgou are at a high enough load,

fuel load_enable lug_mode, for this amount of tifoel|_time_at_load_lug_mode, and are
between these two ECT temps, fuel_lug_mode_min_&@&ilfuel_lug_mode_max_ECT, then
you will go open loop A/F control and you take #é& ratio that comes out of the base table
(explained later) and multiply it by this functionel_lug_mode_multiplier, of RPM vs. Fuel
multiplier and then you switch to the this sparfdéa spark _sea_level 2. This allows you to
change spark based on a high load condition.

gpark_temp_load_increase

spark_tip_in

A table of RPM on the X-axis and ACT on the Y-aXibe output of this table is the amount of
spark to retard, in degrees, in change per cyliadterharge. This table is spark_tip_in and can
be identified based on the very large values gsutsiof the table.
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Speed Limiter And Axel Ratio

Overview

There are many different types of rev limiters apded limiters. It varies based on the
type of vehicle and the model year of the vehicle.

There are several rev limiters in most of thewgafe. These are usually just a turn on
point, the RPM at which to start limiting the engiRPM and then a turn off point, the point at
which to no longer start limiting the RPM. Thesewl be set to the engine RPM point at which
you would like the rev limiter to become active €fé are too many different types of limiters to
list them all here in an explanation. The desariptbox at the bottom of the screen has a
description of the specific limiter that you cliak on. Most limiters are RPM based, but there
are some that are based on clock tics. How to lzd&the correct number of clock tics is located
in the description box.

In many newer applications the rev limiter alsesia function that allows torque to be
reduced slowly rather than just the normal onfiofiters. These are functions,
REV_LIMIT_RPM_VRS_TORQUE, that are engine speethmleft column and the percent of
engine torque to allow in the right column.

If done correctly, the EEC can be setup suchithnts a two-step limiter for launching a
manual transmission vehicle. In order to accomglish several things have to be changed. First,
you must set REV_LIMIT_SPEED_TO_EXIT_NEUTRAL_LIMITEto the vehicle speed that
you want to exit the neutral limiter at. The lowgsu can set this is %2 MPH (.5) so that once the
EEC sees any vehicle speed; it will exit the nélitrater and switch to the regular limiter. Also
the TRANS_LOAD_SWITCH must be set one (1). If tHRANS_LOAD_SWITCH is set to
zero it will always force a neutral state and ndgawxe the neutral rev limiter. With these two
values set correctly, you can then use the REV_IINNEUTRAL_0O_ON as the engine RPM
you want the EEC to control in neutral.

In older applications, mainly EEC-1V but some edlC-V, the rev limiter was a single value
that was in clock tics based on the number of dgis the engine had,
MINIMUM_PIP_PERIOD_x#, where x# is either |4 fodacylinder engine, V6 for a 6 cylinder
engine or V8 for an 8 cylinder engine. The explemmaas to how to calculate the number of
clock tics for what you want the limiter set atrighe description box when you click on the
item. In many cases this is used as the only rexdr, even though there may be other limiters
in the software.

There are also two other scalars in the new agijpdics that control the rev limiter as
well, REV_LIMIT_TORQUE_ON and REV_LIMIT_TORQUE_OFHhis is the engine RPM
at which another rev limiter will kick in to limgngine RPM. When it does us this limiter, it uses
REV_LIMIT_MIN_TORQUE_RATIO at the minimum amount pércent of full torque that it
will allow the engine to have. If this value is ,7Ben it will control the engine to a minimum of
75% of its full torque.
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Finally there is one last rev limiter value. Thaue is very powerful and should only be
used if necessary. This value prevents the fuettojs from being shut off under any
circumstances. So the rev limiter would be totallyninated. This value is called
NO_FUEL_CUTOUT_SWITCH and setting to a value of ¢hewill eliminate the rev limiter.

Like the rev limiter, there are many different sppdéimiters in vehicles. Most of these limiters are
either based on vehicle speed in MPH, drivesha&dpn RPM, or engine speed in top gear. For
an explanation of each different limiter value, tlse description box at the bottom of the page.

Parameters
rev_limit_on
rev_limit_off

Set this to where you want the rev limiter to he at

rev_limit_O_off
rev_limit_0 on
Set this/these values to where you want the regelalimiter to be at.

rev_limit_1 off

rev_limit_1 on

rev_limit_2 off

rev_limit_2 on

These are used in certain applications to limitir&gpeed with other criteria are met. If the
calculated engine oil temp is too high (like in ®@obras) then these are the limiters that are
used in these areas. In most cases these valudd figoset above the regular rev limiter.

rev_limit_neutral_0O_off
rev_limit_neutral 0 on
These are for neutral, but some manual transmisshbitles use these limiters all the time.

rev_limit_off_tics

rev_limit_on_tics

This is the rev limiter in clock tics rather thastigal engine speed.

To calculate this value, take 25,000,000 divideddne half the number of cylinders time max
RPM), or 25,000,000/(1/2 number of cylinders timesx RPM).

rev_limit_ RPM_vs torque
This is a function, just make the Y-axis of thiadtion all 1's and use one of the scalar limiters
as the rev limiter.

rev_limit_speed_to exit_neutral_limiter

This is the vehicle speed to no longer use theraletgv limiter on a manual trans. Setting this
value low, about 1 MPH, allows the function of atstep box by limiting the RPM at launch
and then switching when it sees vehicle speed.
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rev_limit_torque_off
rev_limit_torque_on
This is the engine speed to begin to use the fomeav_limit_shaft_vs_torque.

rev_limit_min_torque ratio
Minimum torque ratio to use when in rev limit canifrset to 1.

shift_light_on_above this rpm
No matter the conditions, the shift light will tuom when this RPM is reached. This can be used
on vehicles with shift lights active, to indicatethe driver when to shift.

speed_limit
This is speed limiter also used in older software.

speed_limit_1 off

speed_limit_1 on

speed_limit_2 off

speed_limit_2 on

Point to turn or off the speed limiter.
speed_limit_on

speed_limit_off

Speed_limit_set_high is the point at which the ddawriter will turn on.

speed_limit_output_shaft_off

speed_limit_output_shaft_on

This limiter is used to limit the speed of the éshaft.

It kicks in once this driveshaft RPM is met. Tawahate set to 15000.

speed_limit_stage 1 off

speed_limit_stage 1 on

speed_limit_stage 2 off

speed_limit_stage 2 on

These values are one of the items that contradpleed limit of the vehicle. To remove the speed
limiter, set these to the maximum value allowed

speed_limit_stage-3
This is a speed limiter based on transmission dhiaé speed. Set this to 15000.

speed_limit_VS vs torque
This is a speed limiter based on vehicle speedl@dmount of torque to run. To eliminate this
limiter, set the entire right column to zeros.

Tire Revs per_mile
This is the number of tire revolutions in one mN&ost Mustang tires are around 810 revs/mile.
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Tire Revs per_mile
This is the tire revolutions in one mile. Theraisxcel spreadsheet to calculate this value based
on tire size.

speed_limit
These are speed limiter also used in older software

speed_limit_1 off

speed_limit_1 on
speed_limit_2_off
speed_limit_2 on

These are speed limiters in older software.

speed_limit_clear_low
speed_limit_max
These are speed limiter also used in older software

speed_limit_output_shaft_cl
speed_limit_output_shaft_sh
The above limiter is used once this driveshaft RBkhet. To eliminate set to 15000.

speed_limit_reverse
Some vehicles have a speed limiter in reverse lifforate set the Y-axis to all 1's.

speed_limit_shaft_vs torque
This is a limiter based on driveshaft speed vsjuer Set the Y-axis to all 1's to eliminate.

speed_limit_stage-1_off
speed_limit_stage-1 on
speed_limit_stage-2_off
speed_limit_stage-2_on
These are RPM based vehicle speed limiting vallesnake the speed limiter go away, set
these values to 15000.

speed_limit_stage-3
This is a speed limiter based on transmission dhaé speed. Set this to 15000.

speed_limit_VS vs torque
This is a limiter based on vehicle speed to elitarset the Y-axis to all 1's.
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speed_limitl _clear_low

speed_limitl_set_high

speed_limit2_clear_low

speed_limit2_set_high

speed_limt_set_high

This limiter is used once this vehicle speed iseaad. Setting these to 250 will eliminate the
speed limiter.

axle ratio
This is the axle ratio that the car has in it. Gjeathis to the correct axle ratio.

axle ratio_f

axle ratio |

These are used for traction control, setting adorf, will disable traction control forever and
will never be able to be switched on.

(scott's tuning note, set axle_ratio_i to 5 to blisp

nov_vid_sw

In order for the EEC to use the tire_revs_per_iaid axle_ratio for tire size and axle ratio, this
switch MUST be set to zero or it will NOT use thaues you enter.

Supercharger
Parameters
supercharger _bypass
This is a software switch to disable the superdaraibgpass on the newer vehicles like a
Lightning or a Cobra. A value of O disables the dsg

0 = The vehicle does not have this feature, orssbffitthe EEC control of this feature.

1 = The vehicle has this feature and the EEC attéongontrol this function.
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Thermactor

Overview

Thermactor air refers to air added to the exhaastngixture from the belt driven
thermactor air pump. The computer controls twesoids to create 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 the exipauts. This is done to provide better
oxidation of the exhaust gas mixture when a rieghdraust gas mixture is anticipated. It is not
possible to operate in closed loop fuel controllevhir is introduced upstream (the EGO sensor
may always indicate a lean condition).

Downstream refers to air added to the catalystleid- Downstream air is compatible
with closed loop fuel control and is the normalrthactor air state.

Bypass refers to the condition in which no therroaatr is added to the exhaust gas
mixture. This feature is used primarily to protdwt catalyst from over-temperature conditions.

Parameters

thermactor_switch
This tells the PCM if the vehicle has a thermaeiosystem, or secondary air system.

0 = The vehicle does not have this feature, orssbfitthe EEC control of this function.
1 = The vehicle has this feature and the EEC attéongontrol this function.

EEC Tuning Page 64 of 86



Ford Electronic Engine Control Tuning Revision 1.0

Throttle Position (TP)

Parameters

TP_for_PT
This is the throttle position that is used to édi¢ control and enter part throttle mode.

TP_for WOT
This is the throttle position that it uses to eM#DT throttle mode.
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Timers & Delays

open_loop_delay

In the new software (typically 2002 and up) thasecfions to go open loop are changed to a
table, open_loop_delay, of RPM on the X-axis andivgear the EEC thinks the transmission is
in, on the Y-axis. The output of this table is time delay to go open loop. There is no load
input in this table though. Then there is a scakg called open_loop_delay that allows a ramp
from closed loop fuel to open loop fuel controligtimer should be set very low.

time disable AC_at WOT
This is the time to disable the converter clutcV&T. There are many applications that do not
disable the A/C clutch when at WOT.

Time to_delay_open_loop

Time_to_delay open_loop ECT

Time to_delay_open_loop _hys

Time_to_delay open_loop_RPM

In the older software, you can go open loop baseldad. There is a function of engine RPM vs.
Load, open_loop_load . If you are at that engin®RRnd you exceed the load timer,
Time_to_delay_open_loop_RPM or Time_to_delay_opmp |hys or
time_to_delay_open_loop_ECT, (you will only havesaf these timers) then you will go open
loop fuel control.

warm_up_time
This is a function of start up coolant temp onsttexis and time to reach warm_up_ECT. If this
temp, warm_up_ECT is not reached in this time, thencheck engine light is turned on.
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Transmission

SHIFT LIGHT

There are three values that can be changed fuftdight. One is a switch that allows the
light to be enabled or disabled. Setting TRANS_ TYBEero, from one will disable the shift
light completely.

If you would rather change how it comes on theest@o values that can be manipulated
to accomplish this. One is a function, SHIFT_LIGHTURN_ON_POINT that is load in the left
column and RPM in the right column. At the loadhe left hand column, you will turn the light
on once you reach the RPM in the right column tioatesponds to that load. You can set all the
RPM values in the right hand column to something vegh, and then set
SHIFT_LIGHT_ON_ABOVE_THIS_RPM to a single RPM valteactivate the shift light. This
setup only allows the shift light to come on onoe RPM in the above scalar is reached.

SHIFT/LOCK SCHEDULE

The shift schedule is pretty straightforward. Ehare functions for each up-shift and
down-shift, TRANS_SHIFT_SCHEDULE_xy where xy is tlgift. These are throttle position
relative to closed throttle vs. what speed to stiftyou must make sure that the pair of shift
curves does NOT cross. For example, you cannot tevé-2 and 2-1 shift curves cross. If they
do, the trans will most likely just shift back afailth at a fairly high frequency in the range that
they cross and this is not good. It is recommendeagaph the shift schedules when changing
them to ensure they do not cross.

It is also recommended that you keep the existhify schedule for that vehicle and just modify
it. Making a whole new schedule is very difficuficaprobably won't work right no matter how
good you think you are at tuning.

The same applies to the torque converter lockdideemake sure they don't cross. The
names for the shift and lock schedules are TRANSNZERTER_LOCK_x and
TRANS CONVERTER_UNLOCK x, where x is the gear ttett function is mapped to. At
WOT,; a locked up torque converter WILL transmit en¢orque to the wheels than an open
converter, period. So, it is recommended to hagectmverter locked at WOT in all gears. Some
of the older 5.0L Mustangs with AODE's had the t@rgonverter locking at light throttle in 2nd
gear to increase fuel economy. It is recommendedinanate this to improve the driveability of
the car. To eliminate this, just raise the MPH poBo that they are very high at lower throttle
positions and it will no longer lock. You can th&tep the curve down at heavy throttle positions
so that it is allowed to lock up at WOT to imprgvawer to the wheels.

At WOT, the Trans shifts based of one of two tkinghichever one happens first. Either
the vehicle speed that is in the shift scheduletions or the WOT engine speed scalars,
TRANS WOT_SHIFT_RPM_xy, where xy is the shift titf@t scalar controls, like 12. What
this means, in most cases, is that this is whexshift is COMMANDED and not where it will
occur. In some transmissions it can take up tosegend to fill the on coming clutch. If the
engine is accelerating at 1000 RPM per secondumagual for 1st gear with a 3.73 axle ratio)
that means that from the commanded of the shtfiecactual shift point, the RPM will increase
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by 1000 rpm. So, if you set the TRANS_WOT_SHIFT_RHA to 5000 rpm, the shift will
occur around 6000 rpm. This is important to knovewketting up WOT shift points.

The actual shift points in the schedule may ndahleeactual shift points in the vehicle at
that throttle position if the axle ratio was chamgelease see the description on
AUTO_TRAN_GEAR_RATIO for an explanation on how thierks.

There are also some delay timers that prevenotiggié converter from locking up right after a
shift, either upshift or downshift. These timers ¢ used to prevent the engine speed from
dropping too much after a WOT shift. The timers it specific and follow the format
TIME_TO_DELAY_CONV_LK_ AFTER_xy, where xy is the $hthat the converter clutch
lockup is delayed after.

Automatic Transmission
First I'll cover how pressure gets calculated.

There is something in the trans function calledpr¥ssure, this is a throw back to when
there was a TV rod from the throttle to a valvéhe trans, and TV stands for Throttle Valve.
There is an electric solenoid that controls TV poes. TV can also be called EPC, Electronic
Pressure Control. TV pressure acts on the mairlaegwalve to change line pressure. Line
pressure, in most Ford transmissions, equals rh&stiTV pressure plus 40. All trans speak is
done in TV pressure.

There are two components to TV pressure, theyalledctorque input and user input.
Torgue input pressure is calculated based on sopugs (which I'll cover in a minute) and user
input is user controlled (that's you).

When you are not shifting, TV pressure is justdhgput of a Y=mX+b slope, where m is
a calibrated slope and b is an intercept. X isctieulated torque that the EEC thinks the engine
is making, multiplied by the torque ratio of thegoe converter based on the speed ratio that you
are at . So, for example, lets say the slope (/fical numbers are in the .1-.4 range) and the
intercept is -4 (typical numbers are in the -2Q@arange) and you are making 200 ft-Ibs of
torque. You take 200*.2-4 or 36 psi TV pressurewiNmost transmission have a minimum clip
for pressure when you are not shifting so you caninothe trans below a certain pressure. From
the above example you can see why making sureEledalculates the correct torque is
important. The b value in the equation, or intetégprans_pressure_offset_x_gear, where x is
the gear you are in at that time. The slope valtiey term in the equation, is
trans_nonshift_slope_x, where x is the gear thataye in at that time.

Now when you are shifting, it's a little differeffithas a separate set of slopes for each
upshift and downshift. Other than unique slopesdngue input part of shifting pressure is the
same, other than where it gets it's torque frohinese slopes are trans_upshift_slope_x where x
is the gear you are shifting into and trans_dowhs$iope x where x is the gear that you are
shifting into.

When and engine is slowed down, during that tramtsterque rises. This is why a car
can get rubber on an upshift. That inertia fromehgine results in a temporary rise in torque
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coming out of the transmission. When and engirset®lerated, the engine uses it's torque to
accelerate itself, so torque actually drops dutivig transient. The EEC takes these into account.

During an upshift, the engine speed is going t@dassuming no torque converter slip,
by the ratio of the gear you are going to dividgdhe gear you are coming from. On a 1-2 shift
in a 4R70W the ratio would be 1.55/2.84, or .55.iBgou are at 6000 rpm, the engine speed,
again assuming no converter slip, would drop to6®®0, or 3300 rpm. Now it never really
drops this much since you are accelerating thralbgtshift, the input shaft of the trans is coming
up and there is converter slip, but you have tarmsssomething. So, now it takes the amount the
engine speed has to drop, 6000-3300 or 2700 RP#basically multiplies it by a value (this is
not exactly what happens but for our discussidrs $ay it is). The result of this calculation
results in a torque value that gets added to tloelleded engine torque, which is then multiplied
by torque converter torque ratio for the total tegoing into that shift. On a downshift the
inertia term results in a negative torque, thusicedy pressure during a downshift.

So now you have an engine torque that gets anartertjue added to it and then you
determine an amount of static shifting TV presdarehe shift. The next part of shifting
pressure is user input pressure.

There are several things that get added togethealk® the user input TV pressure
number. I'll cover a few the more important ones.

There is a user input TV pressure table for eadh stans trans_TV_pressure_xy where
Xy is the shift you want to change, like a 1-2 sbifa 2-3 shift. These tables are throttle positio
across the X-axis and vehicle speed across thesy-Bixe output of this table is the dynamic
pressure for that shift. In some of the older safenthese are just functions of throttle position
on the X-axis and added pressure on the Y-axisteTae things like blip pressures, stroke
pressure, TV ramps, pressure profiling, and sorheradders that all get added together to make
the total dynamic TV contribution.

Now, user input TV is added to torque input shdtoapacity TV to end up with total TV
for the shift. In the tables, the far left colunsnuised for all closed throttle shifts, both upshift
and downshifts.

If you want to make a shift firmer, just add prassio the tables. The throttle position
across the X-axis is A/D counts. Typically 750 i©Wfor TP_REL, throttle position relative to
closed throttle. The vehicle speed is ratio'd ftbestock axle ratio divided by the axle ratio you
have in there now.

During shifts, the EEC can reduce engine torqués iBhdone either via spark retard or
shutting of fuel injectors. In most cases shuttimg off makes the shifts firmer and the vehicle
performance improves. On some of the E4OD and 4R&d8@mission, if you disable the torque
reduction the shifts get softer since the transonsdoes not have enough capacity to stop the
oncoming clutch with the power its making. In theases, you should reduce the amount of
torgue that is reduced during the shift. In the s@woftware there are two ways to disable this
torque reduction, setting trans_min_tp_for_torquedro 900 or setting
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trans_min_ECT_for_torque_mod to 250 will disablis tieduction. In some versions of software
there will be these two values plus two others tiestd to be set to 900,
trans_min_tp_for_torque_mod_upshift and trans_mpinfar_torque_mod_downshift.

If you do not want to shut off the torque reductéord just want to reduce it, then you can
change the amount in the torque reduction tablessd tables are a percent of total torque you
want the engine to have. A value of .8 means yauot Wee engine to have 80% of its normal
torque, or a 20% reduction. These tables are spéaifeach shift and are as follows,
trans_tgmod_xy where xy is the shift you want tarae. A 1-2 shift would be trans_tgmod_12.

The shift schedule is pretty straightforward. Thare functions for each upshift and
downshift, trans_shift_schedule_xy where xy isghit. These are throttle position relative to
closed throttle vs. what speed to shift at. You tmugke sure that the pair of shift curves do
NOT cross. For example, you cannot have the 1-2ahghift curves cross. If they do, the trans
will most likely just shift back and forth at a ffigi high frequency in the range that they cross.

It is also recommended that you keep the existmit) schedule for that vehicle and just
modify it. Making a whole new schedule is very @ifilt and probably won't work right.

The same applies to the torque converter lock sdhethake sure they don't cross. At
WOT, a locked up torque converter WILL transmit sntorque to the wheels than an open
converter, period. So, it is recommended to hagectmnverter locked at WOT in all gears. Some
of the older 5.0L Mustangs with AODE's had the t&rgonverter locking at light throttle in 2nd
gear to increase fuel economy. It is recommendedinanate this to improve the driveability of
the car. To eliminate this, just raise the MPH poBoD that they are very high and it will no
longer lock. You can then step the curve down atfehrottle positions so that it is allowed to
lock up at WOT.

To also improve driveability of the vehicle, itriscommended to take the 3-4-shift
schedule and paste it into the 3rd gear lock fonctirans_converter_lock_3rd. This prevents the
torgue converter from locking in 3rd gear before 84 shift and will generally improve the feel
of the car when driving it.

At WOT, the trans shifts off of one of two thind&Sther the vehicle speed that is in the
shift schedule functions or the WOT engine speethsg, trans_wot_shift_xy, where xy is the
shift, like 12. What this means, in most casethas this is where the shiftis COMMANDED
and not where it will occur. In some transmissitrtsn take up to one second to fill the on
coming clutch. If the engine is accelerating at@B8®M per second (not unusual for low gear
with a 3.73 ratio) that means that from the comneanaf the shift to the actual shift point, the
RPM will increase by 1000 rpm. So, if you set ttans_wot_shift_12 to 5000 rpm, the shift
could occur 6000 rpm. This is important to know wisetting up WOT shift points.

There is an excel spreadsheet to allow the gragmdgcalculation of shift points.

Now the tricky part. The vehicle speed in the shifictions is not always the actual
vehicle speed that the speedometer shows. Herlyis w
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First there is a parameter called N/V, say N ovéttis actually shows up on the dynojet
software right before you click OK, to a graph waththe values on it). This is the engine speed
(N) over the vehicle speed (V) of the vehicle iredt drive ratio of the trans (typically 3rd gear
in a 4 speed trans). A typical 3.27 axle ratio Magthas an N/V of 44.5, meaning that in 3rd
gear (with an auto) for every 44.5 increase in eadtPM, you get a 1 MPH increase in speed.

Now, the transmission shift schedule is setup foerain N/V, this is called
trans_Base_N/V_of_Vehicle. There is another valus@mme older cars called
trans_4 times_NVBASE. This value will either bamds or 10 times the
trans_Base_ N/V_of Vehicle. You'll have to lookla production file to see if it's 4 times of 10
times. If you want to change trans_Base N/V_of Vlehthen you'll also need to change this
values, if it's there, by either 4 or 10 times sraBase _N/V_of Vehicle.

Now, all the MPH's in the shift and lock schedwdes based on this
trans_Base_ N/V_of Vehicle. So, if you change the &atio what happens?

Assuming there is range in learning, and this bellcovered later, it adjusts if you give it
the right information. On, the cars where the EEQds the vehicle speed info out to the cluster
this means changing the axle ratio value in thenswe. On cars with vehicle speed sensors, this
means changing the speedo gear so that the spestoaorrectly. This is important since the
EEC always assumes that the vehicle speed is torrec

So, let's say you put a 3.73 axle in a Mustangwlaat setup for a 3.27. The MPH's in the
shift and lock functions are ratio'd by the tranas®& N/V_of Vehicle divided by the current
calculated N/V of the vehicle. The EEC is smartwggioto calculate a new N/V based on the
driveshaft speed (which it knows since it has aseto measure this) and then divides this by
what it thinks the vehicle speed is. The EEC n@ats this at the real N/V of the vehicle. In this
example, the N/V of a 3.73 axle Mustang with prddurctire diameter, is about 50.5. So, it
would take a ratio of 44.5 divided by 50.5 to geato of .88. So, it now takes all the MPH's in
the shift and lock functions and multiplies them.88. So, if you had a shift setup to be at 50
MPH, with this axle change, it would be at 50 * @844 MPH. There is an Excel spreadsheet to
calculate N/V and Tire Rev per Mile in the softwaeekage and a spreadsheet to plot the shift
curves.

The min and max correction allowed can be changexhs_Min_learned_N/V is the min
correction, set this to .75 and trans_Max_learnéd_idlthe max correction, set this to 1.25.

There are a few other shift point values that aelable to change.

Trans_2-1 pullin_max_speed
This is the speed to allow the trans to shift ioiw gear when the shifter is placed in manual 1.

Trans_3-2_pullin_max_speed
This is the speed to allow the trans to shift ol gear when the shifter is placed in manual 2.
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Trans_vs_o/d_cancel_override

Above this vehicle speed, if the OD cancel butwpressed so the driver has the vehicle in 3rd
gear, the OD Off light will go out and the transsig will shift into 4th gear. Make this value
127.5

Trans_man_shift_12_limit

Above this RPM, the transmission will shift outrofnual 1 and into second gear even though
the shift was not moved. To prevent this from haypg set this RPM above the engine rev
limiter.

Trans_Tm_Sequence_thru_3rd P4
This is the time the EEC must be commanding 3rd gefore letting the trans shift into 4th
gear. This value should be at least 1-1.5 seconds.

Trans_Tm_Sequence_thru_2nd_P4
This is the time the EEC must be commanding 2ndrkeat will command 3rd. This value can
be lowered to zero but should be around .5 - IcOrsés.

Trans_Tm_Sequence_in_manl

On some older applications, when you put the ghifite manual low, it delays the engagement
into low by a long time, even though you are betbe/trans_2-1 pullin_max_speed. Make sure
this timer is at or near zero.

Trans_Tm_Sequence_in_man2
See above explanation of manual shifts into 1,ithieke same thing but into position two.

There is also a way to unlock the torque convédrased on how fast the throttle is moved
in or out. This can cause the converter to unlobkmthe drive may not be expecting it too. It is
recommended to make this none functional. Makestrdmmtl_rate lowTP_in and
trans_thrtl_rate_hiTP_in to values of 500 and nadwes_thrtl_rate lowTP_out and
trans_thrtl_rate_hiTP_out to -500.

Shifting pressure was briefly mentioned before.réhs either a function of TP vs. added
pressure for each shift, or a table of TP on thexis-and vehicle speed on the Y-axis for added
pressure during the shift. These functions/tabidegrans TV pressure_xy, where xy is the shift
you want to add pressure too. For example, travispiiessure_12 is added pressure for a 1-2
shift. Normally adding 10 psi to the 1-2 shifts rmakhem noticeably firmer. To get this same
result on the 2-3 shift you need to add about 1%apd for the 3-4 shift adding 10 has similar
results. For maximum firmness at WOT, make the AiBlcolumns near WOT, about 650+ TP,
all 99's. This will ensure max pressure for WOTitshi

In some of the newer transmissions, the EEC mesashectime it takes the clutch to
apply and then the shifting pressure adjusted esditthe it takes the clutch to apply is within a
target range. These target values are in tablegrifins_Tagret_slip_time_xy, where xy is the
shift that that table controls. The value in thieed#es are in milliseconds. To make a shift firmer,
make these values smaller. I'd move them in 100Aiiecond increments.
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On some older software versions and applicatiamps were used to ramp pressure in
or out during a shift. These ramps are trans_TV_[Ratyshift, where xy is the shift that
pressure is being ramped into or out of. Just chieege values to make sure there is not a large
negative number in there. If there is, then astypto add pressure, this will take the pressure
back out. I'd make all these values zero or pasitembers.

When manually shifting from 1 to 2, to make thdtdirimer on some cars, make
trans_manual_12 zero. This changes the way pregstsealculated during 1-2 shifts.

To make engagements faster there are two fundi@isontrol the pressure in the trans
when the vehicle speed is zero. If you change ¢he to low TP area of these functions, it will
change the pressure the engagement is made ore flimesions are trans_stall curve F for
pressure into Drive and trans_stall_curve R fosguee into Reverse. For pressure into drive, I'd
make the value about 20 for a quick engagemenfamnéverse the value should be around 25.
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Torque Converter Lockup feel/function.

The EEC controls the rate at which the torque caevean be ramped on. There are
quite a few parameters to change. trans_Lockup wdegh_ TP controls the rate the converter
locks when at high throttle positions. trans_Lockwae after _upshift is the rate at which the
converter locks after an upshift and trans_Lockate rafter_tip_in is the rate at which the
converter locks up after a tip in from closed tteobr any other time not covered by the other
two. Larger numbers are faster lockups. A stockveaer can have these numbers increased by
50-100%. Different model years used different typiegalues in these scalars so don't be
surprised from one vehicle to another that the remimay be very different.

Aside from the above values that control lockup réte following also control the rate,
trans_slip_rate, trans_slip_rate_low_TP and trdips rate_shifts. To make the lockup under
these conditions faster, make these values sm@ltrd values for these to start with are around
2

Some vehicles allow steady state slip across tiggiéoconverter. This is bad, it just
generates heat and no good can come from it. Tlosviag 3 tables determine how much steady
state slip the converter will try to control taais_tqconv_slip_2nd, _3rd and _4th. Make the
values in these tables zero's.

Some vehicles will also slip the converter for &I€ clutch apply, again no good can
come of it. Setting the following two values to@aenakes this go away, trans_ac_slip and
trans_ac_slip_watchdog.

During shifts, the torque converter can also Jlipe amount of slip during a shift is
trans_Slip_during_shift. This value can be madeeeizero of 8 rpm.

trans_Min_Speed_Ratio_to_lock

This is a ratio of transmission input shaft speedldd by engine speed, to allow the converter
to lock. If you are below this value the convertaf not lock up. A good value for this is around
.85.

trans_Tm_dealy_lockup_at_tipin
When coming in from closed throttle, this is a tideday to lock the converter. A good value for
this is around 2 seconds.

trans_Tm_remained_locked _CT
This is a time to keep the converter locked ateda$irottle.

There are several values for minimum transmissniitirsy pressure. They are specific
for each gear and are for either power on (P/an)gp off (P/off) or non-shifting. The none
shifting values should all be around 30 to ensaugh line pressure to hold all the clutches on.
The power off values should be around 10-20 psithagpower on values should be around 20
psi. These are trans_min_TV_P/off_into_1st, trarie_ivV_P/on_into_1st, and
trans_min_TV_nonshift_1st. Are the values for lesry
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The 95 and 96 Mustang cars have no baro sensararuone to poor operation after
extensive modification. They do respond well toingrhowever.You may want to raise the
speed limit on the Cobra and to do this, simplgedhe speed limits all to 16000. (this value is
driveshaft rpm) The Cobra is an easy car to pickaper on. Simply use the GT binary and edit
it for the vehicle combination. The Cobra calibwathas poor cold start and tip in hesitation, and
the spark and fuel is configured in a less aggredsirmat than the GT calibration.

Another way to tune the 95 and 96 cars is to ihat&®ro-M Racing Power Improvement
Harness. This allows you to install a 89-93 compute

Parameters

1st_gear _ratio

2nd_gear_ratio

3rd_gear_ratio

4th_gear_ratio

5th_gear ratio

6th_gear_ratio

rev_gear_ratio

Transmission gear ratios for the gear shown

2-1_pullin_max_speed
This is the speed to allow the Trans to shift iot@ gear when the shifter is placed in manual 1.

3-2_pullin_max_speed
This is the speed to allow the Trans to shift 2ol gear when the shifter is placed in manual 2.

axle ratio

This is the axle ratio that the car has in it. Whwas is changed, you MUST look at
AXLE_RATIO _SWITCH. This switch MUST be set to zemuse the new axle ratio that is
entered into this value. Change this to the com®lg ratio.

traction_control_switch
Setting the value to zero will permanently disabdetion control and it will never come on
again.

axle ratio_switch
This MUST be set to zero to be able to change ratie or tire size. If it is set to one, then itlwi
use the values programmed into the vehicle ID bfomi the factory.

torque table

torque_table friction

This is a pair of tables that is used by the EECaloulate the amount of torque that the motor is
producing. These tables are important in makingatitematic transmission function correctly. A
lot of the pressure in the transmission is deteechioy how much torque the engine produces.
For an N/A motor, | would not change the torquddafor a blown motor, I'd use the tables that
are recommended.
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torque_truncation_table

There are only a few cars that this is used on.8883 Automatic Supercoupes used this limit
the torque into the transmission. In this caseithéstable of RPM and Load and how much
spark to retard. To eliminate this set this tablalt zeros.

In the newer vehicles this is a 4-cell table timaits the torque in each gear. The 94/95
Supercoupes and Base V6 T-Birds used this to tonjfue into the axle. To eliminate this, set
these values to all 1000's.

tp_for_pt
This is the throttle position that it uses to adié control and enter part throttle mode.

tp_for_wot
This is the throttle position that it uses to eM#DT throttle mode.

trans 2-1 _pullin_max_speed
This is the speed to allow the trans to shift ot gear when the shifter is placed in manual 1.

trans_3-2_pullin_max_speed
This is the speed to allow the trans to shift ol gear when the shifter is placed in manual 2.

trans 4 times NVBASE

trans ac dip

trans _ac dip_watchdog

Some vehicles will also slip the converter for &€ clutch apply, again no good can come of it.
Setting the following two values to zero makes gfosaway, trans_ac_slip and
trans_ac_slip_watchdog.

trans_auto_switch

This is used in some of the later software. IfubBbkicle has an automatic trans, this switch will
be set to one. To eliminate the electronic autamedins function, this needs to be changed to a
zero.

trans Base N/V_of Vehicle
rpm / speed
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trans_converter lock 1st
trans_converter _lock 2nd
trans_converter_lock 3rd
trans_converter_lock _4th
trans_converter _lock 5th
trans_converter_unlock 1st
trans_converter_unlock_2nd
trans_converter _unlock 3rd
trans_converter _unlock _4th
trans_converter _unlock 5th
controls lock and unlock points of torque convertmsed on TP and MPH. See trans description
for details

trans_holes in_OPS

When changing trans types on the newer vehiclesspleedo is driven off the output shaft in the
trans and not a vehicle speed sensor. This defeesumber of holes in the output shatft.
Normally a 4R70W has 6 holes and most T5/T45 manuabe 12 holes. To make the speed
right when changing transmissions, this needs tchia@ged to the correct values.

trans load_type switch

trans_strategy

trans load_type switch

These two determine what type of transmission #fecle has in it. The main things to
remember here are this; if you switched from amw éoita manual transmission, you need to
make both of these values zero. To disable thelgitit on some vehicles, make both of these
values zero. If switching to a none electronic tgpéomatic trans, make both of these values
zero.

trans_lockup_rate after_tip_in

trans_lockup_rate after _upshift

trans_lockup_rate w/high_tp

trans_lockup_rate w/high_tp

The EEC controls the rate at which the torque cdevean be ramped on. There are quite a few
parameters to change. trans_Lockup_rate_w/high ohRals the rate the converter locks when
at high throttle positions. trans_Lockup_rate_afishift is the rate at which the converter
locks after an upshift and trans_Lockup_rate_afiferin is the rate at which the converter locks
up after a tip in from closed throttle or any otligre not covered by the other two. Larger
numbers are faster lockups. A stock converter eae lthese numbers increased by 50-100%.
Different model years used different types of valirethese scalars so don't be surprised from
one vehicle to another that the numbers may be diffigrent.

trans_man_shift_12 limit

Above this RPM, the transmission will shift outrofnual 1 and into second gear even though
the shift was not moved. To prevent this from hayppg, set this RPM above the engine rev
limiter.
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trans_ manual_12
rpm at which to command a 1-2 shift

trans Max_learned_N/V
maximum N/V correction factor

trans min_ECT _for_torque_mod
minimum engine temp to enable spark retard onsshift

trans Min_learned_N/V
minimum N/V correction factor

trans Min_Speed Ratio to lock

This is a ratio of transmission input shaft speeddd by engine speed, to allow the converter
to lock. If you are below this value the convertaf not lock up. A good value for this is around
.85.

trans_ min_tm_OSS pulse
Set this to zero to prevent the transmission fromrgshift at very high speeds when it is not
suppose to.

trans min_tp_for_torque_mod

trans min_tp_for_torque _mod_downshift

trans min_tp_for_torque _mod_upshift

During shifts, the EEC can reduce engine torqués iBrdone either via spark retard or shutting
of fuel injectors. In most cases shutting thismékes the shifts firmer and the vehicle
performance improves. On some of the EAOD and 4RAD8mission, if you disable the torque
reduction the shifts get softer since the trandomsgdoes not have enough capacity to stop the
oncoming clutch with the power its making. In theases, you should reduce the amount of
torque that is reduced during the shift. In the s@woftware there are two ways to disable this
torgue reduction, setting trans_min_tp_for_torqued o 900 or setting

trans_min_ECT _for_torque_mod to 250 will disablis teduction. In some versions of software
there will be these two values plus two others tiestd to be set to 900,
trans_min_tp_for_torque_mod_upshift and trans_mpinfar_torque_mod_downshift.

trans min_TV_nonshift_1st

trans_ min_TV_nonshift_2nd

trans_ min_TV_nonshift_3rd

trans_ min_TV_nonshift_4th

minimum TV pressure when not shifting
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trans min_TV_P/off_into_1st

trans_ min_TV_P/off_into_2nd

trans min_TV_P/off_into_3rd

trans min_TV_P/off_into_4th

trans min_TV_P/on_into_1st

trans min_TV_P/on_into_2nd

trans min_TV_P/on_into 3rd

trans min_TV_P/on_into_4th

There are several values for minimum transmisdftirsg pressure. They are specific for each
gear and are for either power on (P/on), powe(Rff) or non-shifting. The none shifting
values should all be around 30 to ensure enougtpliassure to hold all the clutches on. The
power off values should be around 10-20 psi anghtiveer on values should be around 20 psi.
These are trans_min_TV_P/off_into_1st, trans_min_FMn_into_1st, and
trans_min_TV_nonshift_1st. Are the values for lesrgy

trans_multiplier _NV
multiplier for NV

trans_od_cancel _override

trans_shift_schedule 12

trans_shift_schedule 21

trans_shift_schedule 23

trans_shift_schedule 32

trans_shift_schedule 34

trans_shift_schedule 43

trans_shift_schedule 45

The shift schedule is pretty straightforward. Thare functions for each upshift and downshift,
trans_shift_schedule_xy where xy is the shift. Bha throttle position relative to closed
throttle vs. what speed to shift at. You must msikee that the pair of shift curves do NOT cross.
For example, you cannot have the 1-2 and 2-1 stiftes cross. If they do, the trans will most
likely just shift back and forth at a fairly higrefiuency in the range that they cross.

trans_Slip_during_shift
During shifts, the torque converter can also dlipe amount of slip during a shift is
trans_Slip_during_shift. This value can be madeeeizero of 8 rpm.

trans dip_rate

trans dip_rate low TP

trans dlip_rate shifts

Aside from the above values that control lockup rétte following also control the rate,
trans_slip_rate, trans_slip_rate_low_TP and trdips rate_shifts. To make the lockup under
these conditions faster, make these values sm@&ltayd values for these to start with are around
2
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trans_Stall Curve F

trans Stall Curve R

To make engagements faster there are two fundii@isontrol the pressure in the trans when
the vehicle speed is zero. If you change the zetow TP area of these functions, it will change
the pressure the engagement is made on. Thesehmate trans_stall _curve F for pressure
into Drive and trans_stall_curve_R for pressure Réeverse. For pressure into drive, I'd make
the value about 20 for a quick engagement andefarse the value should be around 25.

trans_strategy

trans_strategy and trans load_type _switch

These two determine what type of transmission #fecle has in it. The main things to
remember here are this; if you switched from amw éoita manual transmission, you need to
make both of these values zero. To disable thelgitit on some vehicles, make both of these
values zero. If switching to a none electronic tgpéomatic trans, make both of these values
zero.

trans Tagret_dlip_time 12

trans Tagret_dlip _time 13

trans Tagret_dlip_time 23

trans Tagret_dlip _time 25

trans Tagret_dlip_time 34

trans Tagret_dlip_time 45

In some of the newer transmissions, the EEC meashectime it takes the clutch to apply and
then the shifting pressure adjusted so the tirtekés the clutch to apply is within a target range.
These target values are in tables like trans_Taglipt time_xy, where xy is the shift that that
table controls. The value in these tables are Ilisetonds. To make a shift firmer, make these
values smaller. I'd move them in 100-150 millisest@rcrements.

trans thrtl_rate hiTP_in

trans thrtl_rate hiTP_out

trans thrtl_rate lowTP_in

trans thrtl_rate lowTP_out

There is a way to unlock the torque converter baseldow fast the throttle is moved in or out.
This can cause the converter to unlock when theedniay not be expecting it too. It is
recommended to make this none functional. Makestrdmmtl_rate lowTP_in and
trans_thrtl_rate_hiTP_in to values of 500 and madwes_thrtl_rate lowTP_out and
trans_thrtl_rate_hiTP_out to -500.

trans Time to _Stroke Cnvcl

trans Tm_dealy lockup_at_tipin

When coming in from closed throttle, this is a tideday to lock the converter. A good value for
this is around 2 seconds.
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trans Tm_remained_locked CT
This is a time to keep the converter locked ateda$irottle.

trans Tm_Sequence 42

trans_ Tm_Sequence in_manl

trans_Tm_Sequence in_man2

On some older applications, when you put the ghiffite manual low, it delays the engagement
into low by a long time, even though you are betbertrans_2-1_pullin_max_speed. Make sure
this timer is at or near zero.

trans Tm_Sequence thru_2nd_P4
This is the time the EEC must be commanding 2ndrkeat will command 3rd. This value can
be lowered to zero but should be around .5 - 1cOrsds.

trans Tm_Sequence thru_3rd_P4
This is the time the EEC must be commanding 3rd gefore letting the trans shift into 4th
gear. This value should be at least 1-1.5 seconds.

trans_tqconv_slip_2nd

trans_tqconv_dlip_3rd

trans_tqconv_sglip_4th

Some vehicles allow steady state slip across tiggiéoconverter. This is bad, it just generates
heat and no good can come from it. The followirtgldes determine how much steady state slip
the converter will try to control to, trans_tqcoslip 2nd, 3rd and _4th. Make the values in
these tables zero's.

trans_tgmod_12

trans_tgmod_21

trans_tgmod_21

trans tgmod_23

trans_tgmod_32

trans_tgmod_34

trans_tgmod_43

trans_tgmod_45

trans_tgmod_54

If you do not want to shut off the torque reductaord just want to reduce it, then you can
change the amount in the torque reduction tablessd tables are a percent of total torque you
want the engine to have. A value of .8 means yauot Wee engine to have 80% of its normal
torgue, or a 20% reduction. These tables are spéaifeach shift and are as follows,
trans_tgmod_xy where xy is the shift you want tarae. A 1-2 shift would be trans_tgmod_12.
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trans_tv_pressure 12

trans_tv_pressure 13

trans TV _pressure 21

trans_tv_pressure 23

trans_tv_pressure 25

trans tv_pressure 31

trans_tv_pressure 32

trans tv_pressure 34

trans_tv_pressure 42

trans tv_pressure 43

trans_tv_pressure 45

trans_tv_pressure 54

Shifting pressure . There is either a function Bfvs. added pressure for each shift, or a table of
TP on the X-axis and vehicle speed on the Y-axiaflled pressure during the shift. These
functions/tables are trans_TV_pressure_xy, wheres ye shift you want to add pressure too.
For example, trans_TV_pressure_12 is added pregsuael-2 shift. Normally adding 10 psi to
the 1-2 shifts makes them noticeably firmer. Tothet same result on the 2-3 shift you need to
add about 15 psi and for the 3-4 shift adding 19dmailar results. For maximum firmness at
WOT, make the high TP columns near WOT, about 6B8®;all 99's. This will ensure max
pressure for WOT shifts.

trans TV_Ramp_12shift

trans TV_Ramp_23shift

trans TV_Ramp_34shift

On some older software versions and applicati@mps were used to ramp pressure in or out
during a shift. These ramps are trans_TV_Ramp_KysVhere xy is the shift that pressure is
being ramped into or out of. Just check these gdloienake sure there is not a large negative
number in there. If there is, then as you try td pressure, this will take the pressure back out.
I'd make all these values zero or positive numbers.

trans vs o/d_cancel override

Above this vehicle speed, if the OD cancel butwpressed so the driver has the vehicle in 3rd
gear, the OD Off light will go out and the transsigs will shift into 4th gear. Make this value
127.5

trans wot_shift 12

trans wot_shift 23

trans wot_shift 34

At WOT, the trans shifts off of one of two thind&ther the vehicle speed that is in the shift
schedule functions or the WOT engine speed scdtarss_wot_shift_xy, where xy is the shift,
like 12. What this means, in most cases, is thatishwhere the shift is COMMANDED and not
where it will occur. In some transmissions it caket up to one second to fill the on coming
clutch. If the engine is accelerating at 1000 RRivigecond (not unusual for low gear with a
3.73 ratio) that means that from the commandet@shift to the actual shift point, the RPM
will increase by 1000 rpm. So, if you set the tramst_shift 12 to 5000 rpm, the shift could
occur 6000 rpm. This is important to know whenisgtup WOT shift points.
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trans_converter lock 1st
trans_converter _lock 2nd
trans_converter_lock 3rd
trans_converter_lock _4th
trans_converter _lock 5th
trans_converter_unlock 1st
trans_converter_unlock_2nd
trans_converter _unlock 3rd
trans_converter _unlock _4th
trans_converter _unlock 5th
Controls lock and unlock points of the torque cotere based on TP and MPH. See trans
description for details

trans_shift_schedule 12

trans_shift_schedule 21

trans_shift_schedule 23

trans_shift_schedule 32

trans_shift_schedule 34

trans_shift_schedule 43

trans_shift_schedule 45

There are functions for each up shift and downstidns_shift_schedule_xy where xy is the
shift. These are throttle position relative to eldshrottle vs. what speed to shift at. You must
make sure that the pair of shift curves do NOT résr example, you cannot have the 1-2 and
2-1 shift curves cross. If they do, the Trans mitist likely just shift back and forth at a fairly
high frequency in the range that they cross.

Tagret_dlip_time 12 shift

Tagret_dlip_time 13 shift

Tagret_dlip_time 23 shift

Tagret_dlip_time 25 shift

Tagret_dlip_time_34 shift

Tagret_dlip_time 45 shift

In some of the newer transmissions, the PCM meagdheetime it takes the clutch to apply and
then the shifting pressure adjusted so the tirtekés the clutch to apply is within a target range.
These target values are in tables like Tagret_tafie_xy_shift, where xy is the shift that that
table controls.

The values in these tables are in millisecondsl Second is 1000 milliseconds.

To make a shift firmer, make these values smdllés.recommended to move them in 100-150
millisecond increments.
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trans_tv_pressure 12

trans_tv_pressure 13

trans_tv_pressure 21

trans_tv_pressure 23

trans_tv_pressure 25

trans tv_pressure 31

trans_tv_pressure 32

trans tv_pressure 34

trans_tv_pressure 42

trans tv_pressure 43

trans_tv_pressure 45

trans_tv_pressure 54

This is the shifting pressure. There is eitherrecfion of TP vs. added pressure for each shift, or
a table of TP on the X-axis and vehicle speed envtaxis for added pressure during the shift.
These functions/tables are trans_TV_pressure_xgravky is the shift you want to add pressure
too. For example, trans_TV_pressure_12 is addeskpre for a 1-2 shift. Normally adding 10
psi to the 1-2 shifts makes them noticeably firni@r get this same result on the 2-3 shift you
need to add about 15 psi and for the 3-4 shiftragldD has similar results. For maximum
firmness at WOT, make the high TP columns near Wabdut 650+ TP, all 99's. This will
ensure max pressure for WOT shifts.

trans vs o/d_cancel override

Above this vehicle speed, if the OD cancel butkpriessed so the driver has the vehicle in 3rd
gear, the OD Off light will go out and the transsigs will shift into 4th gear. Make this value
127.5

trans wot_shift_rpm_12

trans wot_shift rpm_23

trans wot_shift_ rpm_34

trans wot_shift rpm_45

At WOT, the Trans shifts off of one of two thindgSther the vehicle speed that is in the shift
schedule functions or the WOT engine speed scdtarss_wot_shift_xy, where xy is the shift,
like 12. What this means, in most cases, is thatishwhere the shift is COMMANDED and
NOT where it will occur. In some transmissionsahdake up to one second to fill the on coming
clutch. If the engine is accelerating at 1000 RRivigecond (not unusual for low gear with a
3.73 ratio) that means that from the commandet@shift to the actual shift point, the RPM
will increase by 1000 rpm. So, if you set the tramst_shift 12 to 5000 rpm, the shift could
occur 6000 rpm. This is important to know whenisgtup WOT shift points.
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min_tp_for_torque _reduction_on_shifts

min_tp_for_torque_reduction_on_upshifts

min_tp_for_torque _reduction_on_sdownhifts

During shifts, the PCM can reduce engine torqués iehdone either via spark retard or shutting
of fuel injectors. In most cases shutting thismékes the shifts firmer and the vehicle
performance improves.

On some of the E40D and 4R100 transmission, ifdisable the torque reduction the shifts will
get softer since the transmission does not havegimoapacity to stop the oncoming clutch with
the power its making. In these cases, you shouldoethe amount of torque that is reduced
during the shift.
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Volumetric Efficiency & Load
Parameters

volumetric_efficiency

This is only use on speed density vehicles likeafiginal Lightning from the early/mid 1990's.
This is engine speed vs. MAP and the output isrengolumetric efficiency.

open_loop_load

In the older software, you can go open loop baseldad. There is a function of engine RPM vs.
Load, open_loop _load . If you are at that engin®RRnd you exceed the load timer,
Time_to_delay_open_loop_RPM or Time_to_delay_opmp lhys or

time_to_delay open_loop_ ECT, (you will only havesar these timers) then you will go open
loop fuel control.

percent_load switch
determines the Y axis for the fuel_base_table.
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