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1. FUELING - ELECTRONIC

Fuel delivery on Toyota Generation 1 ECUs uses a static formula which follows these basic

principles;

1.1. Closed Loop Control

The ECU requests a constant 14.6 “Closed loop” AFR at all times unless commanded conditions

are met:
1.1.1. Condition 1: Power enrichment has been enabled.

Conditions 1 is present once the thresholds (throttle, accelerator) have been met which
causes the ECU to switch to Fuel trim corrected OPEN Loop and uses the target Power

Enrichment (full throttle fuel target) Table for target fuel.
1.1.2. Condition 2: Catalyst over-temperature protection.

Condition 2 is present when the vehicle is not in 1** (first) gear, at high loads and high
engine speeds for a preset amount of time. After this condition is met and condition 1 is
NOT present, the ECU will enrich fueling based on the catalyst preservation fueling
strategy (using the Fuel adder For Catalyst Temperature Table).

Note: Zeroing out the Fuel adder table DOES NOT disable Catalyst Temperature enrichment
control. The ECU has additional logic strategies which provide additional enrichment. There are
tables that normally do not need to be modified but under some conditions may need modified to

trim for individual cylinders.

The tables Fuel multiplier for each cylinder multipliers (1.0 = 100%, 1.1 = 110%) for each
cylinder 0 on the table = CYLINDER 1. There are breakpoints (load, RPM) that also disable or
enable this table.
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Map definitions:
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8 JE I UserLevel [Emissions

© Fuel Delivery Electronic - Cylinder Compensations - Fuel Multiplier For Each Cylinder @ 89663-.. — [m] X

] & Accelerator
[ & ACIS Control
[#-& Air Charge
[+ & Air Fuel
[ & Closed Loop
[# & Engine
= & Fuel Delivery Electronic
[l 4 Cylinder Compensations
# Fuel Multiplier For Each Cylinder
[=I-4 Load Compensations
« Cylinder Multi Hi Lower
+ Cylinder Multi Hi Upper 1
« Cylinder Multi Hi Upper 2
+ Load Based Injection Multiplier
= @ Temperature Enrichment

& Fuel Adder For Catalyst Temperature

)
8

& Fuel Delivery Mechanical
Idle Contral

Knock Control

Mass AirFlow

CRCRC
g

e
[

& Oxygen Sensor
Power Enrichment

ERG

Sensor Scale

Shift Spark

Spark Ignition Control
Start Up Airflow
Temperature Models
Throttle

[ & Torque Converter Control
[ & Torque Converter Pressure
[# & Torque Model

[ & Transmission Line Pressure

TR

®EE e
8 =

B & o

[ & Transmission Shifting
[+ & Transmission Shifting Beta

[ & Variable Valve Control

Open files:

Engine Cylinder

B9663-04451- (BI6630445100.vic)

» Engine S
800 1200 1600 2000 2400 2800 3200

cotooaaaLil

Multiplier

Fuel Multiplier for each Cylinder. 0is CYL 1

30

Enrichment Mult Load Hi Lower: Above this engine load, Mult Per Cylinder will be enabled.

° Fuel Delivery Electronic - Load Compensations - Cylinder Mul... — m] X

\ Multiplier
2\
Engine Cyfnider
a5 P
5 e
AN T 2500 3000
- - mEmam ==
°Fum == o X
had Engine Load

0 28.125 51.875 76.25 100

7681 o1 100 [EE

Fuel Multiplier

eFuei Delivery Electronic - Load Compensations - Cylinder Multi.. — a X 125

|3000

Enrichment Mult RPM Hi Upper: Above this engine speed, Mult Per Cylinder will be disabled.

120
115
110
105

95

eFueI Delivery Electronic - Load Compensations - Cylinder Mul.. — O X 80 —

50

e
0 16 32 48 64 80 96

Multiplies fuel by engine Load

Enrichment Mult Load Hi Upper: Above this engine load, Mult Per Cylinder will be disabled.

Controlling closed loop is a simple operation because the ECU will always be in closed loop as

long as all conditions for fueling are met and there are no faults present. Because of this, the only

table that can modify closed loop directly is available is the post start delay timer. This table

delays the amount of time (s) until closed loop becomes active.

File Edit Window Help Custom Options

Maps DTC  OBD Logger
Map definitions

® E @ | 4 2 2| B B O

8 5 2| Userlevel Emissions /|

@ Accelerator
& ACIS Control
@ Air Charge
@ Air Fuel
[ Closed Loop
¢ Closed Loop Enable Time Delay
& Engine
@ Fuel Delivery Electronic
& Fuel Delivery Mechanical
@ Idle Control

Back to the top

4.96732

€ Closed Loop - Closed Loop Enable Time Delay @ 89663-04451- (896630.. — O X

Closed Loop Enable Time: Engine must be running for this amount of time to enable closed loop fuel.
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1.2. Air Fuel Control / Oxygen sensor and oscillation considerations
Modifying closed loop target AFR IS POSSIBLE, with certain considerations. VF Tuner has
made available the oscillation and target requests for multiple conditions in closed loop.
Modifying these tables CAN and WILL directly result in changes to TARGET AFR during
CLOSED LOOP (corrected) operation. This is not recommended for normal use or driving
and may cause a decrease in MPG. You can target RICHER than stoic AFR but cannot target
LEANER than stoic AFR. Stoic AFR targets are HARD CODE corrected in the ECU.

= Oxygen Sensor

—I-& Targets

=& Air Fuel Gasoline

-1 @ Oscillation Limits

------- + Base Lean Value to Oscillate closed Loop

- +* Base Lean Value to Oscillate closed Loop 2
- Base Lean Value to Oscillate closed Loop 3

-2 Base Lean Value to Oscillate closed Loop 4

------- + Base Lean Value to Oscillate closed Loop 5

-z Base Lean Value to Oscillate closed Loop 6
+ Base Rich Value to Oscillate closed Loop

------- + Base Rich Value to Oscillate closed Loop 2

------- + Base Rich Value to Oscillate closed Loop 3
+* Base Rich Value to Oscillate closed Loop 4
- Base Rich Value to Oscillate closed Loop 5

-+ Base Rich Value to Oscillate closed Loop 6

------- + Lean Limit

+ Lean Limit 2
=@ Transient Acceleration
"~ Enter Open Loop When Air Fuel is Richer than

----- -~ Stoic Fuel Base

+* Stoic Fuel Base 2

1.3. Power Enrichment
Power enrichment is a critical part of tuning that can result in drastic power increases or power
losses. Understanding power enrichment operation is VERY SIMPLE, and goes back to Fueling:

Condition 1 - Power Enrichment. The strategy follows these simple rules.

1. Table power Enrich Speed Bypass Delay (This is the amount time to delay before
enrichment begins ONCE Condition 1 is active.) stock should be 0, which means there is

no delay
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There are 2 tables for Throttle Thresholds; In stock form, above 79% , Throttle Condition
1 is ACTIVE and below 71% , Condition 1 is INACTIVE.

Modifying these by lowering the values can bring power enrichment (Condition 1) active

Sooner.

Note: It is important to understand the ECU can have CONDITION 1 and CONDITION 2

Active AT THE SAME TIME!

File Edit Window Help Custom Options

¢ & 8 % 4 ®» B 0% B O 8 [ & | User Level: |Emissions

Maps DTC  OBD Logger
Map definitions:
[ & Accelerator
-4 ACIS Control
B & Air Charge
=l % Air Fuel
@& Targets
# Max Fuel Ratio
# Power Enrich Speed Bypass Delay
. Throttle Threshold for Wide Open Fuel Target Active
-~ Throttle Threshold for Wide Open Fuel Target Inactive
+ Wide Open Fuel Target
t & Closed Loop
-4 Engine
[ Fuel Delivery Electronic
+| & Fuel Delivery Mechanical
[ & Idle Control
] % Knock Control
[ Mass AirFlow
Oxygen Sensor
& Power Enrichment

[+ % Sensor Scale

-4 Shift Spark

[ % Spark Ignition Control

[l Start Up Airflow

[ & Temperature Models

[ % Throttle

+-#& Torque Converter Control
i & Torque Converter Pressure
1 Torque Model

Bl & Transmission Line Pressure
+ # Transmission Shifting

[#] & Transmission Shifting Beta

[#l%& Variable Valve Control

Open files:
89663-04451- (896630445100.vfc)

@ Power Enrichment - Timer - En..  — a X ©hAirFuel-T.. — a X
o [1.55078

Power Enrich Delay: Time Delay before enrichment enables. Limit to enrichment under all conditions

© Air Fuel - Targets - Throttle Threshold for Wide Op..  — || X

Throttle Angle
[76.7968

Wide Open Fuel Target will be active when the desired throttle angle is achieved

@ Air Fuel - Targets - Throttle Threshold for Wide Op.. — O X

Throttle Angle
716796 }

Wide Open Fuel Target will be de-activated when the throttle is below this value

eAII’ Fuel - Targets - Wide Open Fuel Target @ 89663-04451- (8966.. — O X

» Engine Speed
800 2800 3200 3600 4000 4400 4800 5200 5600 6000

0.140625 0140625 0.140625 0.189453 0.199218 0.240234 0.25 (1270296 (260062 DEOUIGH

Base Enrichment

0.3
028 //
0.26 /
0.24
0.22

0.2
0.18
0.16

Image 4 showing power Enrich Speed Bypass Delay table

2. Wide Open Fuel Target Tuning: - This table directly controls CONDITION 1 Fuel
request. Smaller values = LESS fuel and larger values = MORE FUEL

Back to the top
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You can see the stock table enriches progressively and provides a lot of additional enrichment
(very rich when read with a wideband) above 5200 RPM. Leaning these values out can produce

more power. Data logging AFR is required for accurate open loop tuning.

You can use the stock O2 sensors to data log for N/A Applications where target AFR would be
around 13.1-13.2 AFR (premium octane) for the best power.

@ Air Fuel - Targets - Wide Open Fuel Target @ 89663-04451- (8966.. — | X

v Engine Sp

|800 2800 3200 3600 4000 4400 48005200 5600 6000

0.140625 0.140625 0.140625 0.189453 0.199218 0.240234 0.25 | 01279296 01280062 BEE0HEH

Base Enrichment

0.3
0.28
0.26
0.24
0.22

0.2
0.18

0.16

0.14 l—— = -— — : | | | | |
1024 1536 2048 2560 3072 3584 4096 4608 5120 5632

=

Basic Fuel Commanded before additional enrichments are applied (enrichments pertaining to
catalyst protection and engine protection control fueling)

Image 5 showing Wide Open Fuel Target Tuning

1.4. Catalyst Protection Compensations
Catalyst Protection Compensations are CONDITION 2 for fueling. When the ECU has
calculated (only calculated, as there are no cat temp sensor probes) that the catalyst has or will
become too hot, it will enrich fueling using the Fuel adder table + logical adders (in code only)

Zeroing this table WILL NOT STOP CONDITION 2.

Back to the top Page 7 of 23
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Fie EQIT WINGOW Help Lustom upuons

# B2 % 4 BB % ED B EE Usrleyelfmsos v

Maps  DTC  OBD Logger
Map definitions: e

@ Accelerator L Engine Load /
& ACIS Cantrol 20 30 40 50 60 70 8 9 100 r \

° Fuel Delivery Electronic - Temperature Enrichment - Fuel Adder For Catalyst Temperature @ 80663-04451- (896630445100 vfc) - 0 X

=M

B A Charge 5 2000085 16590 G381 OGBS GBS 0o7 009 1025 0115
9% Arfe 2000 5251 005251 60525 G2 o5 oges 10875 012125 0135
& ClosedLoop s 3200 1395 03251 G328 01045 007625 010875 01275 014125 015375
By | 2 3600 (338 8381 0045 aoea7s osezs 1275 0135 01475 016625
4 Fuel Defvey Becronic 4000 QG005 007 009 015 014125 015375 04725 OGBSI

£4 Cylinder Compensations

# Fuel Multilier For Each Cylinder
4 Load Compensations

+ Cylinder Mult Hi Lower

# Cylinder Multi Hi Upper 1

+ Cylinder Multi Hi Upper 2

Load Based Injection Multipl ” : = T
o filost e iy Enriches fuel o protect the catalysts during high temperatures. Uses Cat Temp Map for Calculation. Total calculation is : Current Catalyst Temperature over RPM v
=& Temperature Envichment Load + base enrichments (WOP, MAF, etc) = total enrich

4400 D45 Q06375 006375 0115 0135

4300 006375 0.08375 0.1025 0135 016 [y Enrich % increase

560001025 0.115 0.14125 045375

# Fuel Adder For Catalyst Temperature

1.5. Tuning Catalyst protection systems
Tuning CONDITION 2 is critically important to overall fuel control and disabling fuel
enrichment where it is not needed. As previously stated, zeroing the fuel adder table DOES

NOT disable CONDITION 2. But there are a few methods to disable condition 2.

1.6. Delay Timers and other considerations

There are multiple tables that affect CONDITION 2. These tables are Delay timers for load, and
Thresholds for load (CONDITION 2 will only be active when these conditions are met) along

with some spark modifications.

There is a global (1D) byte table that can effectively disable CONDITION 2 entirely.

VF TUNER DOES NOT RECOMMEND THIS ON MOST VEHICLES! Disabling
CONDITION 2 disables ALL logic and ALL compensations (including spark) for CONDITION
2. This can present a dangerous situation under sustained high stress high temperature conditions
(Think > Towing up a mountain). There is a better method to disabling the FUELING feature
while RETAINING other components of CONDITION 2. Going back to what was previously
stated, the ECU only CALCULATES temperature. It does not know true temperature.

To disable the FUELING ONLY (primary fueling NOT logical fueling) you can perform a

simple calibration procedure.
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- Open the Fuel Adder table (or EQ comp protection) table and open ALL Catalyst

temperature tables (only 1 shown in image example)

¢ & B T | : = B % BT

Maps  DIC  OBDLogger
Map definitions

B M F | UserLevel Emissions

il & Accelerator
¥ & ACIS Control
Bl & Air Charge
¥ & Air Fuel
il & Closed Loop
il # Engine
El & Fuel Delivery Electronic
% Cylinder Compensations
# Fuel Multiplier For Each Cyfinder

[ % Load Compensations
1) & Temperature Enrichment
# Fuel Adder For Catalyst Temperature
Bl & Fuel Delivery Mechanical
[ & Idle Control
[ & Knock Control
[ % Mass AirFlow
Bl-% Oxygen Sensor
Hl & Power Enrichment
[ & Sensor Scale
[ & Shift Spark
% Spark Ignition Cantrol
B & Start Up Airflow
[l & Temperature Models
5] % Catalyst Temperature Estimation
+ Calculated Catalyst Temperature
. Cakeulated Catalyst Temperature 2
. Calculated Catalyst Temperature 3
+ Calculated Catalyst Temperature 4
~ Calculated Catalyst Temperature 5
1) % Expected Catalyst temperature
# EQ Ratio Base Comp Protection
# Predicted Exh Temp 1
# Predicted Exh Temp 2
# Predicted Exh Temp 3
# Predicted Temperature Base A
# Predicted Temperature Base B

L& Protection Control
Open files:

° Fuel Delivery Electronic - Temperature Enrichment - Fuel Adder For Catalyst Temperature @ 89663-04451- (896630445100.vfc) = o X

20 30 40 50 60 70 80 90 100

g 3200 01045 0.07625 0.10875 0.1275 0.14125 015375
£ 3600 0.06375/0.09625 0.1275 0.135  0.1475 016625
4000 009 0115 014125 0.15375 047

4400 006375 0.08375 0.115  0.135 016625 0.1

4800 006375 0.08375 0.1025 0.135 0.16
5200 008375 0.1025 0.115  0.14125 0172
560001025 0115 0.14125 0.15375

6000 0115 014125 015375 D185 168175 12051 DTS RS N

Enrich % increase

Enrich % increase

8 cbdcstcaans

2

—

T 90
5500 ¢o g 70 80
2o 30 40 Eifline Load

Enriches fuel to protect the catalysts during high temperatures, Uses Cat Temp Map for Calculation, Total calculation is : Current Catalyst Temperature over RPM v

Load + base enrichments (WOP, MAF, etc) = total enrich

@ Temperature Models - Expected Catalyst temperature - Predicted Exh Temp 1 @ B9663-04451- (8966304451, — ) X

b % Air
20 30 40 50 60 70 80 90 100
800 475505550 620 690 730 750 770 790
H 810 830 860 890
1600 635 645 690 735 790 860 870
2000 685 700 730 775 800 870 880
2400 740 760 785 815 3
2800 755 770 805 850
3200 800 820 850

Pradicted Temanerature for Comnonent 1

5000 -
6o0oa0 30

T 80
— 7
40 509 aje

Image 7 showing table values on how to disable the FUELING ONLY

- Modify these tables by setting the Fuel adder where you do NOT want fuel, to 0.

- Then, modify the Catalyst control tables by setting the temperature very low (0 - 100)
only in the ranges you want the FUELING to be disabled.

By doing this you have disabled Catalyst FUEL but have NOT disabled other catalyst and

temperature safety features

Back to the top
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File Edit Window Help Custom Options

=
¢ H B | 3 w ®m| ®m 5 m| ® E & Userlevek|Emissions

Maps  DIC  OBD Logger

Map definitions

[ # Accelerator £
[ ACIS Control

[# & Air Charge

o Madified - Fuel Delivery Electronic - Temperature Enrichment - Fuel Adder For Catalyst Temperature @ 89663-04451- (896630445100... — (u] X

B Air Fuel ;
18 % Closed Loop H
[E % Engine E

[ % Fuel Delivery Electronic
£ @ Cylinder Compensations
4 Fuel Multiplier For Each Cylinder
i @ Load Compensations
£ @ Temperature Enrichment
+ Modified - Fuel Adder For Catalyst Temperature

0 Enrich % increase

[ Fuel Delivery Mechanical

5500 70 &
15 4 Idle Control Enrich % increase et A0 40 ERiSS Load
% Knock Control Enriches fuel to protect the catalysts during high temperatures. Uses Cat Temp Map for Calculation. Total calculation is : Current Catalyst Temperature over RPM v
4 Mass AirFlow Load + base enrichments (WOP, MAF, etc) = total enrich

[¥1 % Oxygen Sensor
[ 4@ Power Enrichment

[ Sensor Scale © Modified - Temperature Models - Expected Catalyst temperature - Predicted Exh Temp 1 @ B9663-04451- (8. — o X

[ & shift Spark
151 & Spark Ignition Cantrol

% Air
T 20 30 40 50 60 70 BO 90 100
15 Start Up Airflow

£ Temperature Models

1200 ========= —
] % Catalyst Temperature Estimation ) 3

. Calculated Catalyst Temperature
 Calculated Catalyst Temperature 2
+ Caleulated Catalyst Temperature 3
+ Caleulated Catalyst Temperature 4
- Calculated Catalyst Temperature 5
] @ Expected Catalyst temperature
# EQ Ratio Base Comp Protection
# Modified - Predicted Exh Temp 1
# Predicted Exh Temp 2
# Predicted Exh Temp 3
# Predicted Temperature Base A
# Predicted Temperature Base 8
[ % Protection Control

1 Predicted Temeperature for Component 1.

2. FUELING - MECHANICAL

Mechanical fuel delivery consists of all calibratable parameters for the port injectors

2.1. PortlInjectors

Toyota uses an injector constant and inverse to constant for calculating injection. This is done by
calculating the amount of fuel the injector provides per 1ms open time in (xL) and the amount of

fuel needed (uL) per mass air (/g) for stoic operation.

This is a similar strategy to Hyundai Siemens / Bosch / and other engine calibrations.
2.2. Cranking

Cranking tables are in millisecond, along with dwell / latency and minimum times.

These tables rarely need modified for a stock vehicle but MUST be tuned when switching

injectors.

Back to the top Page 10 of 23
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2.3. Injector Constant

We have also provided a table that converts the values to a easier to use value that you can

modify, with some CC injector examples

evFTunerPRO
File Edit Window Help Custom Opticns
¢ 5 B =| x wm | = 5 m| 8 EH & Userlevel|Emissions

Maps DTC  OBD Logger
Map definitions

@ Fuel Delivery Mechanical - Port Fuel - Injector Constant @ 89663-04451- (896630445100... — [m] X

[# % Accelerator A
[# 4 ACIS Control

[+ % Air Charge

[#4 Air Fuel

141412

[l 4 Closed Loop Injector Constant: The injector constant defined as the injector pulse width required to deliver stoichiometric fuel mass.
[ 4# Engine
[#] 4 Fuel Delivery Electronic
[= & Fuel Delivery Mechanical
B @ Port Fuel e Fuel Delivery Mechanical - Port Fuel - Injector Constant Inverse @ 89663-04451- (896630445100.vfc)
=l & Cranking Pulse

# Port Injector Cranking Pulse 1

# Port Injector Cranking Pulse 2 |1.99993

# Port Injector Cranking Pulse 3

" |r:}el:tnr Corssrtimans Injector Constant Inverse: The inverse injector constant, used to convert from InjPW. This must be scaled inversely to the Injector
- Injector Constant
# Port Injection Dwell Time = — =
# Port Injector Base Flow Calculation
2 Port Injector Minimum Allowed Pulse @ ruel Delivery Mech.. — m] X © fuel Deliv.. — a X
[E 4 Idle Control - 4 »
[ & Knock Control Ll Temp e _Voltage Raw
[ 4 Mass AirFlow ‘16 64 104 144 192 6.557 9.085 11.613 14.141 16.669

B & Oxygen Sensor 4 B3> 26 231 2765|1.4175 0875 05775 03675

[5] 4 Power Enrichment ‘

[# % Sensor Scale

[ & Shift Spark . Ms Injection T Time mS
[ 4 Spark Ignition Control i N 2.8
[ 4 Start Up Airflow 16 o g;
[ # Temperature Models o 2
[ @ Catalyst Temperature Estimation a2 1.8
‘ « Calculated Catalyst Temperature 3 : i
' Calculated Catalyst Temperature 2 28 12
‘ « Caleulated Catalyst Temperature 3 26 1
+ Calculated Catalyst Temperature 4 24 \-\\ S:S T ~.
| ~ Calculated Catalyst Temperature 5 49 ey 0.4 i
[} % Expected Catalyst temperature 16 32 48 64 80 965 112128144160 176 192 7 8 9 10 11 12 13 14 15 18
# EQ Ratio Base Comp Protection Base Injection Millisecond during cranking Injector Dwell Timing based on Voltage
# Predicted Exh Temp. 1 s conditions. Adds to lag time
Open files:

89663-04451- (896630445100.vfc)

Image 9 showing a table that converts the injector values

3. LIMITERS

3.1. Engine and Speed Limiter

Engine RPM limits and speed limiters are very simple tables with easy to change values. Simply

input the value you want for speed (KPH) and RPM

Back to the top Page 11 of 23
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= = =] y B O® ®% B O 8 © ¥ | Userlevel|Emissions

Maps DTC OBD Logger @ E — O X
Map definitions: @ E. = O X
# 4 Accelerator ~ Engine Speed

+1-4 ACIS Control 5600 Engine Speed

+-& Air Charge

ga o 6100}

+-& Air Fuel

% Closed Loop Rev Limiter Fuel Cut

- Engine Rev Limiter Fuel Cut

—1-i& Air Charge Control Device

+ ACIS Activation RPM High

+* ACIS Activation RPM High Hysteresis e B
2 ACIS Throttle Angle Activation
+ ACIS Throttle Angle Hysteresis
=& Limiters

-~ RPM Limiter Fuel Cut

~ RPM Limiter Fuel Cut 2

¢ Vehicle Maximum Speed Global Speed KPH

TUNER

—I& RPM Limits

& Engine RPM for Overload Disable

& Engine RPM for Overload Enable

& Engine RPM for Overload RE-enable RPM Adder
# Engine Total Load Multiplier HIGH

# Engine Total Load Multiplier LOW

= O X

Speed KPH
128

I

Image 10 showing Engine RPM limits and speed limiters tables

4. IGNITION

4.1. Knock Control Basics
Toyotas knock control scheme is pretty simple to understand and calibrate. Until certain
conditions are met the knock sensor is effectively DISABLED, along with this so is Knock
LEARNING.

There are a few tables you want to pay attention to, and modify, if you want more accurate and

finer knock tuning control

The maximum RPM knock is enabled (this means any RPM above that value KNOCK IS
IGNORED!) in our example file that means any RPM above 5600, the Knock sensor is
IGNORED. Not good! You want to set this value AT LEAST 100 RPM above your RPM limit

Knock enable temp 1. This table sets the minimum ECT (engine coolant temp) to enable the

knock sensor.

Stock is 60* C. So any time the engine is below 60* C, the knock sensor is DISABLED.

Back to the top Page 12 of 23
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You definitely want to consider setting this temperature lower. Knock learning is disabled until

the engine is at least 83*. *full operating temperature*

Lowering this value can start the knock learning operation sooner.

Maps DTC  OBD Logger
Map definitions:

-4 Accelerator

#] & ACIS Control

+1 @& Air Charge
& Air Fuel
@ Closed Loop

& Engine

& Fuel Delivery Electronic
@& Fuel Delivery Mechanical

HEBREHBE®

& |dle Control
=1 @ Knock Control
& Enable
+ Knock Enable Load
~ Knock Enable Temp 1
« Knock Enable Temp 2
- Knock Learn Low-Med RPM Zone
Knock Retard Limit for Idle Adapt
+ Knock RPM Max Enable
Knock RPM Max Enabled
Knock RPM Min Enable
+ Knock RPM Min Enabled
[ & Learn

%

5

5

5

+ Knock Learn Initial

Knock Learn Max

Knock Learn Med-High RPM Zone

~ Knock Retard Default Value

Knock Retard Recovery Rate

Knock Retard Steady High Engine Speed
+ Knock Retard Steady Time 1

+ Knock Retard Steady Time 2

+ Knock Retard Transient Load Delta

~ Knock Retard Transient RPM

5

5

<

%

A

@ Knock Control - Enable - Knock RPM Max Enable @ 8.. — g X

5600

Knock Retard Enable Engine Speed Max: Above this RPM, Knock Retard is disabled.

e‘<|‘ca< Control - Enable - Knock Enable Temp .. — m| X

60

Knock Retard Enable Temperature: Above this ECT, knock retard is enabled.

e Knock Control - Enable - Knock Enable Temp 1..  — O X

Knock Learn Enable Temperature: Above this ECT, knock learning is enabled.

Image 11showing knock control basic tables

4.2. Ignition Control Basics

Toyota Gen 1 Ignition control has many aspects. The Formula is as follows:

Ignition Timing Calculation is

Most retarded Timing value *1 + Knock Correct Learn Value *2 + Knock F/B Value *3 + Each

compensation table applied

For example from our fully reversed C code example:

rxx_RESULT _val = ((((int) short_at (Oxfedexxx) + short_at (Oxfedexxx) +
lookup_fixed table2 ) - limited val2) - zero) + sum_of two_globals

Back to the top
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4.3. Compensations

4.3.1. Ignition Timing Compensation for VVT
This table reduces (or advances) the ignition timing during VVT transitional phases (when VVT

is active and the angle is being changed). Example;

- When VVT is at 0%, this table does nothing
- When VVT changes from 0-10%*, this table is referenced, and ignition is added or
reduced, depending on engine load and RPM and what is being requested from this table.

@vFTunerFRO
File Edit Window Help Custom Options
¢ @ B % | 3 W & ® B m| @ H IF ]| Userlevel|Emissions

Maps DTC  OBD Logger

Map definitions:
& Shift Spark 7
[l & Spark Ignition Control
=1 & Base Ignition
[El % Cold Comp
_ Base Spark Cold ECT Correction 1 @ spark Ignition Control - Base Ignition - Compensations - Base Ignition Retard for Valve Timing ... = O X
~ Base Spark Cold ECT Correction 2 » N
=l & Compensations Engine Lond
 Base Ignition Retard for Cold Engine Temp ,7“1‘20 e
# Base Ignition Retard for Valve Timing 'i‘oo Blo 0 o -+ HENENENEN
~ Ignition Multipler for Engine Speed and Load 200 0.0 0 0 o [EIEIENENEN
S Limits gi1o00 o ENENTT0 2 252 2
Bl 9 KCLV Base Compensation Es000 o BHEST 0 0 05711
 Knock Intensity Correction 20000 0 OSHM-058M=2 -15-1 -1
# Maximum Final Spark Advance Allowed 24000 0 0 -1 -3 -4-25-050 0O 4
~ Maximum Spark for Idle Over/Under Speed 28000 0 B0 -1-2 -1 -1 -1 3
» Minimum Final Spark Advance Allowed 32000 0 o [15ENNENTS A5 05 05 !
 Minimum Spark for Idle Over/Under Speed 36000 0 o 1 ENNEHEZNEN 1000, . -1 Ignition Advance
Cl % Octane 40000 0 0o 1 BENT o o o 2000, =
sl A el o TR ok 44000 0 0 0 1 EM1 i o o Enginespiiged 4
= % Port Injection Active 48000 0 0 00O 00 O 0 O Auuqf',l r,,-—-v-""""jw-ods
s lgpition Timing 52000 00 00 00 0 0 O 5000 i oad
+ Base I_gnmon Timing 2 56000 0 0 0 0 0O O O O
 High Knock Ignition Timing Tonition Advance

~ Low Knock Ignition Timing

[ & Thresholds
 Base Spark Cold ECT Threshold
+ Cold Adder Temp

Ignition Timing Degree Reduction for sudden sweep changes of VWWT

4.3.2. Ignition multiplier
Another type of compensation is an ignition multiplier for high speed and high load
(CONDITION 2 FUELING ACTIVE). This table multiplies (stock table reduces) ignition when
catalyst overtemp (CONDITION 2) is active.

Changing the values back to 1.0 (100%) removes the reduction (values under 1.0 = less than)
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@ vF Tuner PRO
File Edit Window Help Custom Options
@ & % 5 m ®| % 8B m @& [E & Userlevel|Emissions

Maps  DIC  OBD Logger @ Spark Ignition Control - Base Ignition - Compensations - Ignition Multiplier for Engine Speed and Load @ 89663-0.. — a X
Map definitions: .
[ % Shift Spark ]
£ & Spark Ignition Control
& Base Ignition
=1 % Cold Comp
~ Base Spark Cold ECT Correction 1
~ Base Spark Cold ECT Correction 2

Retard for Cold Engine Temp
Retard for Valve Timing
fultiplier for Engine Speed and Load

¥t
Il
| lal
1000",
2000

[T ignition % of 100

.0575 0.765625 0.765625 0.765625

mn
| 0.84375 \ l4
% KCLV Base Compensation | . Enginggyed
# Knock Intensity Correction | [l c.54375 06878 06875 | o) b
i | Spark Advance Allowed | 084375 6875 016875 solr P
| Spark for Idle Over/Under Speed Ignition % of 100 20 gine Load

¢ Minimum Pl Spark Adheance Allowed Used to Multiply the base Ignition based on Engine Speed and Load

| ~ Minimum Spark for (dle Over/Under Speed
# Octane

|  HO/LO Spark Hot IAT Threshold

Image 13 showing ignition multiplier for high speed and high load where condition 2fueling is

active

4.3.3. Base timing, high and Low ignition timing

Primary ignition tables are simple to tune. There are Base tables, low and high knock tables.

During FIRST START BEFORE ANY KNOCK LEARNING HAS EVER OCCURED
(LIKE RIGHT AFTER A FLASH), the ECU will use the MOST RETARDED (least) table. This
is the Low knock table. On some ECUs, the low and high knock tables are the same, this is

normal. You can modify these tables to set your own high and low options.

How it works, simplified
- The ECU will use the least table first (low knock) and as knock learning occurs, it can
ADD ignition.
- Once it has added ignition; enough ignition to be at or above the base table, it will then

use the BASE table + compensations (or high knock + compensations).

For tuning, to ensure the knock strategy remains in effect BASE table should ALWAYS BE
HIGHER THAN LOW IGNITION.
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@Spark Ignition Control - Base Ignition - Port Injection Active - Base Ignition Timing @ 89663-04451- (... - O X

R DD Engine Load

10 20 30 40 50 607080 90 100
400 16 18 12 5 ---
800 18 19 17 13510 7 3 2
120027 27 23 19 17 141210 9 8
160028 28 25 23 215191614 13 12
2000 301730/28525 235222019 18 17
29 27 252220 19 18
28003373333 131 29 272623
3200 GENBENBENE2 29 25 24 205 195 185
SGne -----25 22 19 16 1000 — I 15 Ignition Advance
4000 SIS BAE38M320 20 25 23 21 205 175 . 10
4400 BIIBTEE5N52 29 252322 21 18 Enging,5gee i
asoo [EEONIEENG2 |28 26 24 23 22521 . i
s200 [ EGIIBENIEZ 28 26 24 23 22521 - 60 b

sao00 5N HGM 36 WPE o252 20521 50 “4hgine Load

seo0 [ EGNIEEN32"28 26 24 23 22521

Ignition Advance
Base Ignition Timing when Port Injection is ON. Base ignition. NOTE: Cold ignition adders / compensatiosn are applied until the
engine has reached 122* F. Ignition Timing Calculation is Most retarded Timing value *1 + Knock Correct Learn Value *2 + Knock

Engine Speed

80

Image 14 showing base ignition tables

The stock values are tuned for regular octane gasoline (85-87octane). Significantly, more

advancement is possible with premium fuel.

5. AIR CHARGE AND LOAD

Controlling the Air charge and Load can be done through throttle and auxiliary system tuning

(ACIS). Reference: https://www.toyotaguru.us/sequoia-2001-repair/note-acoustic-control-

induction-system-acis-may-also-be-referred-to-as-intake-air-control-valve-system.html

ACIS is a variable induction system that improves engine performance by increasing the length
of intake runners in the air intake chamber. In accordance with engine speed and throttle opening
angle, ACIS controls the length of intake runners in air intake chamber in 2 stages. This is
accomplished by opening and closing the intake air control valve located on end of air intake
chamber. See Image 15 below. ACIS is controlled by Engine Control Module (ECM). ECM
controls ACIS Vacuum Switching Valve (VSV) which controls vacuum supply from vacuum

tank to the actuator. Actuator operates intake air control valve in air intake chamber. ECM uses
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engine RPM input signal and throttle position sensor input signal for determining ACIS

operation. Engine RPM input signal is provided by camshaft and crankshaft position sensors.

Air Intake Intake Air
Chamber Control Valve

Intake Air
Control Valve

Throttle
Valves

G99F52832

Image 15 showing intake air control valve

5.1. ACIS Tuning basics
The intake acoustic system is controlled by MANY thresholds / triggers. There are RPM triggers
and Throttle (TPS) triggers.

To activate or deactivate the system ALL triggers must be met. This means that at TPS of X %
the RPM must ALSO be at or above one of the RPM triggers. The system is simple to

understand by following the basic logic:

- TPS trigger of 60%

- RPM trigger of 2200 for Low-Med Zone.

- Is the throttle at or above 60% AND the RPM is above 22007 If yes, activate ACIS. If
either is NOT then, DO NOT ACTIVATE ACIS.

Back to the top Page 17 of 23




File Edit Window Help Custom Options

- Maps  DTC  OBD Logger
Map definitions:

# Accelerator
[=1- & ACIS Control
-

2 ACIS Low-Med RPM

+ ACIS High TPS

ACIS High TPS Hysteresis
# Air Charge
@ Air Fuel

Toyota Gen 1 Calibration Logic Tuning Guide

= E B8 = xhugEmIEIUserLeveI:

@ ACIS Control - RPM Zones - ACIS Low-Med RPM Zone @8.. — O X

o —

L

= o X ﬂ

4100

°ACIS Control - RPM Zones - ACIS Med-High RPM Zone ...

= (m] X

ACIS Med-High RPM Zone Boundary: Above this RPM the ACIS in in High RPM Zone.

5.2. Accelerator and Throttle limits

Throttle limitations can occur on GEN 1 ECUs. Depending on the calibration there are 1 or 2

tables for accelerator to airload request (throttle limiters). Increasing the values in these tables

can directly result in more throttle or relieving any throttle limits.

NOTE: Too high values in these tables can cause THROTTLE LIMP MODE!

@ vF Tuner PRO - 0 x 1
X
File Edit Window Help Custom Options
R R T [ gy Em—
v O on Clclted Avond o Torque @ 36550451 BS6GIOUS100 AT - o x
Map definitions:
T & Start Up Airflow Al o+ W Moo Tioman
(3 8 Temperature Models .
El & Throtte \ d
[E-@ Throttle Limiters
+ Max Throttie Angle (1st Gear) i
1
2
180
2 4
}ggnirmadcap
80
&0
40
2
o
_ i
.(altu\ztnd Teraue from Airload - inverse of Airload to Toraue Reauest.
- o X

b3

'@ Torque Model - Torque Control Limiters - Optimal Engine Filling based on Engine Torque % @ 89663-04451- (896630445100.c)

Engine Torque % of 100

| B Torque Converter Control
[ & Torque Converter Pressure
& Torque Model
[ & Optimal Torque
4 Transrrission
~ Optimal Transmission Tarque Demand
+ Optimal Engine Torque nM
[ @ Torgue Control Limiters

& Optimal Engine Filog based on Engine Toraue % | |-

-80.192 -68.736 -57.28 -45.824 -34.368 -22.912 -11.456 0 11.456 22.912 34.368 45.824 57.2¢ ~

Open files: Calculated Engine Torque based on 100% of Airflow

Image 17 showing accelerator limits tables

Back to the top

i}
R
20
T 150
- 100
< gngihe Telque % of 100

Page 18 of 23



Toyota Gen 1 Calibration Logic Tuning Guide

There are other per gear throttle limiters that may need attention. Normally these do NOT limit

total throttle at WOT, but they can limit the throttle depending on the accelerator (gas pedal
angle).

Modifying these tables can greatly increase "throttle sensitivity" for each gear. Some ECUs also
have limiters for each gear under certain operation (1rst gear only, or 4WD). These can be

modified to remove those limiters
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evF Tuner PRO
File Edit Window Help Custom Options

= B 3 2| =mw 8 m 8 ® & | User Level: |Emission:

- DTC OBD Logger

Map definitions:
& Start Up Airflow

[+~ Temperature Models
[=1-4 Throttle

E| % Throttle Limiters
«+* Max Throttle Angle (1st Gear)

@ Translation Per Gear

[+~ Torque Converter Control

Image 18 showing throttle limit tables

5.3. Load Control and AirFlow / Load Multipliers
Engine Load (Absolute %) is calculated through a static algorithm. This algorithm uses 2
different controls; depending on engine speed (ONLY ENGINE SPEED is referenced). These
are the Engine RPM overload disable and enable RPM triggers.
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When OVERLOAD is enabled, the algorithm uses the multiplier HIGH, when disabled, the

multiplier LOW.

Modifying these multipliers directly results in higher absolute load calculations, which in turn,

provides more fuel.

These can be used to trim load in high flow situations, or increase load when necessary for

boosted applications. In this example; overload DISABLE occurs at 2800 RPM (and the ECU

will use the lower multiplier)

 # 8 % | x = & w8 @0

Maps DTC  OBD Logger
Map definitions:
+} & Accelerator
i % ACIS Control
< Air Charge
& Air Fuel
Closed Loop
Engine
& Air Charge Control Device
+ ACIS Activation RPM High
ACIS Activation RPM High Hysteresis
~ ACIS Throttle Angle Activation
ACIS Throttle Angle Hysteresis
4 Limiters
 RPM Limiter Fuel Cut
+ RPM Limiter Fuel Cut 2
Vehicle Maximum Speed Global
=1 Load Control
[=1 & RPM Limits
Engine RPM for Overload Disable
Engine RPM for Overload Enable

# Engine RPM for Overload RE-enable RPM Adder

# Engine Total Load Multiplier HIGH

T | User Level: Emissions

@ Engine - Load Control - RPM Limits - Engine RPM for Overload Disable @ 89663-04451- (896630445100.vfc

Engine Speed
2800

e Engine - Load Control - RPM Limits - Engine RPM for Overload Enable @ 89663-04451- (896630445100.vfc)

Engine Speed

Above this engine Speed (ensure to include the adder so it is this RPM + Adder) the ECU will use Engine Total Load Multiplier HIGH Map Calcule

@ Engine - Load Control - Engine Total Load Multipli. = ] X @ tngine - Load Cantrol - Engine Total Load Mu
Fuel Load Multiplier Fuel Load Multipler
104.687 129.687
Calculation for Absolute engine load. Higher values = higher load and more fuel Calculation for Absolute engine load. Higher valu:

Image 19 showing Load Control and AirFlow / Load Multipliers

6. VALVE TIMING CONTROL

Toyotas Gen 1 ECUs use a combination of Intake and Exhaust valve timing, or on some engines,

just intake Valve timing. For example, this example is for intake valve timing only.

NOTE: This is valve timing advance (when the valve opens) this is NOT and DOES NOT affect
Valve LIFT (like VTEC)

6.1. Tuning VVTi

Tuning VVT is best done on a dyno. However, without a dyno you can still tune VVT by

watching changes to airflow and load.
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If you modify nothing except VVT and you see load INCREASE, this means the engine is
getting more AIR (GOOD) and you are increasing in power potential (potential, as all must be

accounted for, like ignition, AFR, etc).

If you modify nothing except VVT and you see load DECREASE, this means the engine is
getting less AIR (BAD). And you are causing a restriction (bad).

A post provided online that has been shared everywhere, gives some basics to VVT tuning. We

will also share that information here:
Simple cam tuning rules for NATURALLY ASPIRATED engines:

- Advancing both cams = more low-RPM power, less high-RPM power
- Retarding both cams = more high-RPM power, less low-RPM power
- Less overlap = more low-RPM power, less high-RPM power

- More overlap = more high-RPM power, less low-RPM power

In a naturally aspirated engine, the extra overlap is called "scavenging". Scavenging is using the

out-flowing exhaust to help draw in the next intake charge (partially causing lumpy idle).
Simple cam tuning rules for BOOSTED engines:

- Advance intake and exhaust = more low-RPM power, less high-RPM power
- Retard intake and exhaust > more high-RPM power, less low-RPM power
- Less overlap =2 lower EGTs, faster turbo spool, less fuel

- More overlap = higher EGTs, slower turbo spool, more fuel

The stock calibration in this example has ZERO advances after a certain RPM (see highlighted
section in the image below). Focusing on and calibrating VVT in this range and all other ranges

can greatly increase horsepower.
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eVariabIe Valve Control - Intake Camshaft - Base Intake Valve Angle Target @ 89663-04451- (8...

« % D0

= O X

Engine Load

10 20 30 40 50 60 70 80 90 100

400 GIpTDTpTRNs 5 5 5 5

Engine Speed

640050707107 070700 0 0

Valve Angle Advanced
Base Valve Angle Target

Image 20 showing stock calibration for VVi tuning
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