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1. Warning
T CAUTION !

EcuTek ProECU tuning tools should only be used by experienced tuners who understand the
product and engine calibration.

If you do not fully understand this product then you WILL damage your engine, the ECU or your
vehicle.

Please ensure you fully read all EcuTek manuals BEFORE attempting to use ProECU with your
laptop or your vehicle.

Use with extreme caution and understanding at all times, if in doubt then do not proceed.

EcuTek accepts no responsibility for any damage to the engine, ECU or any part of the vehicle
that results directly or indirectly from using the product.

** |f you are in any doubt that you do NOT have the experienced required to use this product then
you should NOT USE IT **

Retail customers

** |f you have any doubt that you do NOT have the experienced required to use this product then
you should NOT USE IT, you should simply contact your EcuTek Master Tuner shown clearly on
the label on the top of your Programming Kit case or visit your preferred tuning shop to have a
professional tuner to use it for you **
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2.1. RaceROM

2. Introduction

RaceROM offers special custom written features for the BRZ, GT86 and FR-S, these are only

available from EcuTek using ProECU.

RaceROM support for the BRZ, GT86 and FR-S is extensive and the exact details are covered in
separate RaceROM and Custom Maps HELP manuals.

The current RaceROM features are listed below. Features marked ** are only available to trade

customers, or retail customers that have purchased the optional RaceROM BRZ upgrade.
’ ROM - ZALJAOL1G-enc.bin (ZALJAQLG - EU BRZ Manual High FD]l. o = S

Launch Control — Stationary, driver
adjustable rev limiter for fast takeoff.

Flat Foot Shifting — Allows you to
change gear without lifting your foot
from the throttle.

Throttle Auto-blip — Temporarily
blips the throttle when downshifting to
match engine speed to road speed.

Per Gear Rev Limits — Provides
separate rev limits for each gear to
aid acceleration or engine safety.

Accelerator Trim — Allows you to
adjust the accelerator pedal
response.

Map Switching** — Provides up to 4
sets of switchable maps with visual
feedback on the current mode
displayed on the tachometer.

Speed Density** — Replace the MAF
system with a MAP based airflow
reading.

Increased Engine Load Limit** — for
high horsepower forced induction.

Custom Maps** — RaceROM Custom
Maps provide completely adjustable
user defined maps.

In addition, by using Custom Maps we are able to enter a whole new dimension of control.

Custom Maps enables us exciting new functionality and a few examples are shown below

| File View Colouring Logging |

|ml @ Log to File

Maps | Live Data | Keying | _RaceROM |

Name

=~ Logged Parameters
Accelerator Angle
Advance Multiplier

Atmospheric Pressure
Braking force

Coolant Temperature
Engine Load

Engine Qil Temperature
Engine Speed

Fuel Rail Pressure

Fuel System Status

Fuel Trim Loang Term
Fuel Trim Short Term
Gear

Ignition Timing
Injection Mode [D4-5)
Injection Time Direct Final
Injection Time Port Final
Injection Volume
Intake Air Temperature
Enock Correction
Knock Correction Learn Value
Lateral G force
Longitudinal G force
Manifold Absolute Pressure [Bar)
Mapswitch Mode

Mass Air Flow

Steering Wheel Angle
Throttle Position #1
Vehicle Speed

WVT Exhaust Angle #1
WVT Intake Angle £1

All Parameters

Params by Source

Params by Protocol

Params by Units

b e e e e ) e e e A ] ) ) e Y

e Boost Control including a fuel cut Boost Limiter

e Ethanol Flex-Fuel Tuning

e Traction Control

Origin  Units
OEM %
EcuTek
OEM Lambda
OEM AFR
OEM kPa
EcuTek raw
OEM *C
EcuTek load
OEM *C
OEM  RPM
OEM MPa
OEM
OEM %
OEM %
EcuTek
OEM =
OEM
OEM mS
OEM m5
OEM ml
OEM *C
OEM “CA
OEM “CA
EcuTek G
EcuTek ]
OEM Bar
EcuTek mode
OEM afs
EcuTek =
OEM %
OEM  km/h
OEM *FR
OEM *FR

Cur...

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

Max...

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

These examples are defined in more details in the Tuning section later in this training manual.
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3. ECU Map Descriptions

Please note that map names are shown in bold. Live Data parameters can be used for Data
Logging and are shown in italic.

3.1. Fuelling

Live Data related parameters:
e AFR
e A/F Sensor
e Fuel Pump Duty
e Fuel System Status

e Fuel Trim Long Term
e Fuel Trim Short Term
e Engine Load

e Mass Air Flow

3.1.1. Fuel Map (Mode 1 to Mode 4)

The Fuel Maps contain target AFR based on Engine Speed (RPM) and Engine Load (grams/rev).
These maps are used in both open loop and closed loop conditions. Fuel Map (Mode 1) will be
used unless the ECU is Map Switched into another mode (Modes 2, 3 or 4). The X and Y axis
scaling can be adjusted to suit higher RPMs or higher Engine Loads if required.

ZA11A01G-enc.bin - Fuel Map {Mode 1) =

Eile Edit Yiew Plob Help
1.200 Engine Load (gfrev) 11.4 AFR.

4400 | 0.300 0.400 0.50 0.€00 0.700 0.200 0.8E50 0.300 1.00 1.10 @RLE 1.30 1.40
lz.4 12.2 12.0 11.8 1l1.6 11.5 11.3
1lz.& 12.3 1z.0 1l1.8 1l.6 11.5 11.2
1lz.4 12.1 1z.0 11.2 1l.6 11.5 11.2
l1.2 11.7 11.& 11.4 11.3 11.1

1z.0 11.§ 11.4 11.3 11.1
1z.5 1z.1 11.5 1l.4 11.3 11.1
I -z 115 11.4 11.3 11.1
I 55 121 114 11.3 11.1
13,8 1z.1 11.4 11.3 11.1
lz.6 lz.l 11.6|11.3 11.1
1z.5 11.% 11.4 11.3 11.1
1z.1 11.% 11.4 11.3 11.1
1z.3 11z NP 1103 111
11.8 11.§ 11.4 11.3 11.1
1z.4 11.% 11.4 11.3 11.1
1.2 1z.8 1z.5 1z.1 11.& 11.5|11.3 11.1
lz.8 1z.s 1z.5 lz.1 11.8|11.4|11.3/11.1
lz.e 1z.s 1z.5 lz.z 1lz.0 11.7|11.3/11.1
lz.5 1z.5 1z.4 11.8 11.7 11.5|11.3[11.1
l1z.5 1z.4 1z.z 11.7 11.%10.3|10.610.8
lz.1 1z.1 1z.0 11.§ 1l.2z 10.3|10.610.5
lz.0 1l.8 11.7)11.1 10.8|10.6[1002[10.1
11.7 11.5 11.3 10.% 10.7 10.4[10.210.1

Engine Speed (RPM)

If the ECU is currently in Closed Loop mode (light load and below 4500rpm), then the Short Term
Fuel Trims will be active. The target AFR in Closed Loop will be 14.7:1 AFR (Lambda 1), altering
the fuel map values during closed loop control will not change the AFR (only the Fuel Trims will
change to compensate for the deviation and will attempt to maintain Lambda 1 or 14.7 AFR).

If the ECU is in Open Loop mode (high load and high RPM), then the Short Term Fuel Trims will
be inactive and set to zero. The AFR values shown in the Fuel Map in Open Loop are based on a
stock intake and a known airflow amount, so the correct amount of fuel volume can be injected to
deliver the indicated AFR.
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If the Intake or Injectors have been replaced, then the MAF scaling or Injector scaling should be
adjusted until the AFR value in the map is roughly achieved. Ensure that your actual engine load
parameter shown in the data logging does not exceed the Engine Load Values shown in the X axis
of the fuel map.

3.1.2. Injection Control
Live Data related parameters:

¢ Direct Injection Timing
e Fuel Rail Pressure
¢ Injection Mode
¢ Injection Time Direct Final
e Injection Time Port Final
¢ Injection Volume
Please note the following abbreviations will be used: DI = Direct Injection and Pl = Port Injection

The Toyota developed Dual Injection system will operate in several different modes depending on
the current engine conditions. The current Injection mode can be seen in the Live Data parameter
called Injection Mode (D4-S).

Injection Mode Port Injection (PI) Direct Injection (DI)
Mode 1 - seen after starting the engine ON OFF
Mode 2 - seen between 3000 to 5000rpm OFF ON
Mode 3 - seen below 3000rpm ON ON
Mode 4 — both Injectors off OFF OFF

The ECU will check the fuel map for a target AFR and then by using the current Mass Airflow
amount (g/rev), it will deliver a required volume of fuel (ml) to achieve that AFR. The ECU will split
the fuel delivery volume amount between the Pl and DI injectors depending on the current
Injection Mode.

Fuel Injection Ratio Port to Direct - Cold - Warm - Hot

The current Injection Mode (P1/DI Ratio) is determined by the maps named Fuel Injection Ratio
Port to Direct.

There are 3 maps for engine cold, warm and hot conditions. These maps control the fuel delivery
ratio between the Pl and DI injectors.

The values in the maps dictate the % ratio that a given volume of fuel will distribute between the PI
and DI.

As shown in the screen shot of the factory map settings at 2000rpm and 0.8 Engine Load that the
total Injection Volume amount (ml) will be split equally between the Pl and DI (showing 50% in the
map cell above).

The PI delivery ratio amount will then reduce between 2800rpm and 3200rpm where at 3200rpm
the Pl will have stopped completely injecting at all.
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Please Note: Gasoline Direct injection Systems can only inject during the induction and
compression phases of the engines cycle unlike the Pl system which could also inject during the
power and exhaust strokes, please keep in mind that the opening times for DI will be
approximately half of what you would normally see when tuning a conventional port injection only
engine.

The logging parameter called ‘Fuel Injection End DI to Spark (ms)’ is critical for DI tuning, it shows
the time period left between the direct injector closing and the spark plug firing, critical to maximize
the DI Open Time, see the tuning section for further information.

'A11A01G-enc.bin - Fuel Injection Ratio Port to Direct #3 - Hok
Eile Edit Wiew Plot Help

0.800 Engine Load {gfrev) 50 s
2000 |0.100 0.200 0.300 0.400 0.50 0.600 0.700 [AMEME 0.900 1.00 1.10 1.20

€00 36z 35z 383 48 [E0HDI IS NNSG] MGG NSEHG] FEHNE NEGHDI
800 3.2 5.2  S0.0 50 50 0.0 50.0 £0.0 50.0
1z00 35.2 35.2
1£00 3E_Z  3E.Z
5.2 35.2
35.2 35.2
3E_Z  3E.Z

2400
Z200
2z00
4800
Ez00

O oo oo o oo

Engine Speed (RPM)

Contrals the ratio of port injection (PI) vs direct injection (DI) to deliver the requasted volume of Fuel, The value in the map is the propartion of PI quantity, 100% means 100% PI and
the DI system is never used,,

0% means the PL system is never used and 100% DI is used,

Operates owver ECT switch #2

At 4800rpm, the PI will start to be phased back in and by 5200rpm the PI will deliver 20% of the
required fuel volume. The Pl ratio can be increased at higher RPM to provide more fuel delivery if
required, especially on forced induction engines where the DI cannot supply the required amount
of fuel that is needed.

This system has been extensively developed and tested by Toyota and you should consider this
fact when making changes.

Fuel Injection Ratio ECT Switch Threshold #1

The engine coolant temperature at which the ECU will switch from "Fuel Injection Ratio Port to
Direct #1" - "Cold to Fuel Injection Ratio Port to Direct #2 - Warm". The top value is the switch
temperature to map #2, and the lower value is coolant temp that it would switch back to #1.

Fuel Injection Ratio ECT Switch Threshold #2

The engine coolant temperature at which the ECU will switch from "Fuel Injection Ratio Port to
Direct #2 - Warm" - "Cold to Fuel Injection Ratio Port to Direct #3 - Hot". The top value is the
switch temperature to map #3, and the lower value is coolant temp that it would switch back to #2.

NOTE: All 3 maps called "Fuel Injection Ratio Port to Direct” are set the same from the factory.

Pl Ratio Threshold — Lower Limit / Upper Limit

If the fuel injection ratio Port to Direct #1, #2 & #3 maps are requesting values below the PI Ratio
Threshold — Lower Limit (standard 35%) the ECU will automatically output 0% PI

If the fuel injection ratio Port to Direct #1, #2 & #3 maps are set above Pl ratio Threshold — Upper
Limit (standard 75%) the ECU will output 100% PI

Pl Ratio Threshold — Load / RPM

These values will allow the ECU to ignore the Pl Ratio Threshold - Lower / Upper limits if either PI
Ratio Threshold - RPM or Pl Ratio Threshold — Load are exceeded.
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3.1.3. Direct Injection Maps

DI High Pressure Fuel Target #1 / #2

This is the requested fuel pressure that is supplied to the DI system, this is a mechanical pump
and it has limitations for what it can deliver.

DI Quantity Maximum Allowed

This is the maximum allowed fuel volume to be delivered by the Direct Injection injectors.

This is an absolute volume amount and will not change relative to fuel pressure or compensations.
This map will need to be increased for engines making over 260bhp, but we recommend you do
not exceed 1.0ml to avoid the risk of DI injection when the spark plug fires.

DI Quantity Minimum Allowed

This is the minimum fuel volume amount allowed to be delivered by the Direct Injection injectors.
There should not be any need to change this value unless larger DI injectors are fitted.

DI Quantity Fuel Pressure Compensation #1 and #2

Related to the DI open time, these maps can be used to proportionally increase the DI (Direct
Injection) volume amount, but should not be used for E85 tuning (use Custom Maps and see the
example ROM and E85 Flex Fuel information).

DI Firing Angle

The angle at which the direct injection system opens the DI injector. The angle is measured before
top dead centre on the compression stroke. E.g. 370 is 10 degrees inside the exhaust stroke, and
300 is 60 degrees inside the induction stroke. There are different maps for Low and High Engine
Load with Engine Hot and Engine Cold conditions. Map #1 is used below 30 deg Coolant temp.

3.1.4. Port Injector Maps

Port Injector Scaling

The Pl injector size in cc/min. Change this value when larger Port Injectors have been fitted so the
ECU can accurately calculate the Pl open time required to deliver a requested volume of fuel. Also
ensure that you change the Injector Opening Time Compensation map as per the injector
manufacturer specifications.

Injector Opening Time Compensation

Often called ‘Injector Lag Time’/ ‘Injector Latency’ or ‘Injector Dead Time’, this is the time period
(ms) that is required for the injector to energise and fully open. If larger injectors have been fitted
they often need a longer time period to open.

The Y-axis may be Manifold Relative Pressure (mmHg) on return-less fuel rail systems, but it is
not calibrated at present. Ensure that you change the Port Injector Scaling to match the larger
injectors that have been fitted.

Pl Firing Angle
The angle at which the port injector will open. The angle is measured before top dead centre
(spark plug firing).

Pl Minimum Fuel Volume

The minimum time fuel volume that the Port Injectors are allowed to open for, this may need
reducing if larger Port Injectors are fitted.
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Port Injector Manifold Relative Pressure Comp

This map is used to adjust the opening time of the port injectors for a given manifold pressure. The
factory settings do not account for any positive pressure, but when working on a forced induction
engine this map must be profiled to provide Pl open time compensation for positive pressure and
therefore ensuring the correct volume of fuel is delivered.

3.1.5. Open and Closed Loop Control

Closed Loop is when the ECU is using the feedback control of the lambda sensors to maintain a
steady 14.7:1 AFR (or Lambda 1). This closed loop target value cannot be altered from 14.7:1.
The front ‘widerange’ AF sensor #1 is located before the Catalysers and allows the ECU to ‘adjust
or trim’ the Fuel Injection volume amount very accurately so as to achieve the target AFR. This
Fuel Trim can be seen under LIVE DATA as Fuel Trim Short Term and Fuel Trim Long Term.
Closed Loop condition will be seen below 4000rpm and at light load conditions.

Open Loop is when the ECU is no longer using the feedback control of the lambda sensors to
maintain a specific AFR but it will simply take an AFR value from the fuel map. This open loop
AFR value will normally be lower (or richer) than 14.7:1 and as low as 10.5:1 depending on the
exact model. The front ‘widerange’ AF sensor #1 can read to 12.2:1 AFR but has to be rescaled to
read past 12.2AFR or 0.82Lambda, the accuracy is limited at richer AFR and it should not be
completely trusted.

Open Loop Throttle Threshold Manual

Throttle angle for manual transmission above which fuelling goes open loop after the delay period
expires.

Open Loop Per Gear RPM Thresholds Auto/Manual

Per gear RPM thresholds for AT/MT above which fuelling goes open loop. There is a pair of RPMs
for each gear.

Open Loop Stationary RPM Threshold
When the vehicle is stationary the fuelling will go open loop above this RPM.

Open Loop Throttle Threshold High/Low Altitude Auto
Throttle angle for automatic transmission at high/low altitude above which fuelling goes open loop.

Fuel Trim Long Term Minimum and Maximum

These are the minimum and maximum allowed fuel trim to be applied in open loop. Set these to
zero to avoid the closed loop fuel trims being applied in open loop.

Closed Loop AFR Adjustment #1 / #2

These 3D maps are used to fine tune the Injection amount during closed loop, they can also bias
the AFR during transient conditions.

Closed Loop Max Vehicle Speed

This is the maximum allowed vehicle speed for the ECU to be in closed loop condition. Over this
speed the ECU will switch to open loop but it may require other open loop conditions to be met
before the transition to open loop.

Closed Loop Minimum Coolant Temperature

This is the minimum coolant temperature for the ECU to be in closed loop mode, below this value
the ECU will be in open loop mode, used for emission control by manufacturers.
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Closed Loop Delay Maximum Engine Load

The maximum allowed Engine Load for the Closed Loop Delay timer to work, the CL delay timer
will prevent Open Loop until the timer has expired.

Closed to Open Loop Delay Periods
Delay periods when changing from closed to open loop fuelling. Reduce them to zero.

Delayed Open Loop Fuel Load Threshold
Injector load threshold, varying with RPM, above which fuelling will go open loop after a delay.

Delayed Open Loop Fuel Throttle Threshold
Throttle threshold, varying with RPM, above which fuelling will go open loop after a delay.

Throttle Delta Fuel Comp. (Delta) / (Delta) 2 / Coolant Temp.3

Base fuel enrichment factor applied during throttle movement, this can be increased and
decreased to change the fuelling during transient conditions and sudden throttle movements.

AF Correction #3 Limit — Rear O2

These values should be set to zero if the rear O2 sensor is removed or repurposed along with the
following map called AF Correction #3 CL Target Compensation Limits.

AF Correction #3 CL Target Compensation Limits

These Closed Loop Target Compensations values should be set to zero if the rear O2 is removed
or repurposed along with the above map called AF Correction #3 Limit — Rear O2
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3.2. Ignition Timing

Live Data related parameters:
e Ignition Timing (Deg)
e Ignition Correction — Coarse (Deg)
e Ignition Correction — Fine (Deg)
e Knock Correction (Deg)
e Knock Correction Learn Value (Deg)

To help us understand the Ignition control we first need to define the ignition logging
parameters. See below a brief description for each of the above Live Data parameters.

e Ignition Timing (Deg) — Displays the current Ignition Timing.

e Ignition Correction — Coarse — Shows the output of the Ignition Advance map multiplied by
the current Advance Multiplier Value. If the Advance Multiplier value is 1 then the logging
parameter will match the Ignition Advance map value (and the full value from the Advance
Map is added to the Ignition Base map value). If the Advance Multiplier is 0.5 then the
logging parameter will only be 50% of the Ignition Advance map value (and only 50% from
the Advance Map is added to the Ignition Base map.

e Ignition correction — Fine -This is the Learned Knock Retard in the ECU’s Memory.
e Knock Correction — This displays the Knock Correction Amount

e Knock Correction Learn Value — This is the Ignition Correction Coarse minus the Ignition
Correction Fine value.

You can see below that the Ignition has learned some previous knock events (the Cyan line
called Ignition Correction — Fine). This previous learned knock retard event is added during the

Ignition calculation, you can see the line called Ignition Correction — Coarse has been
reduced to the Knock Correction Learned Value (Red line).
The line is where the timing ‘could be’ and the Red line shows what’s actually been

added after the Ignition Correction Fine has been applied.
You can also see the Knock Correction (Purple line) was also active around 3000rpm.

# Log Viewer - C:\EcuTek\MapAccessLogs\ProECU-SubaruBRZ-Knock Correction and Ignition Correction Fine shown ... — =

Time Graphs | Data Table | Custom 2D Graphing | Custom 3D Graphing | Tips
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Ignition Timing () & Ignition Correction - Fine (%) & Ignition Correction - Coarse () & Knock Correction Learn Value (°CA) & Knock Correction (°CA)
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3.2.1. Ignition Base Map (Mode 1 to Mode 4)
The ECU selects an Ignition Base Map depending on the current VVT status.

e VVT ON (Cam Timing working)
e VVT OFF (Cam Timing not working)
Under normal running the Ignition Base Map VVT On (Mode 1) will be used.

If the ECU is Map Switched into another RaceROM mode (for example Mode 3) then Ignition
Base Map (Mode 3) will be used without consideration for the VVT status.

The X and Y axis scaling can be adjusted to suit higher RPM or higher Engine Loads if required.

ZA11A01G-enc.bin - Ignition Base Map (Mode 2)

1.00 Engine Load (load) 7 35 @
3600 |0.150.200.300.40 0.50 0.600 0.700 0.800 o0.50 FONGREGEN 1. 1000 1.200 1.300 1.400
oo | 27 27 20 16 8.0 0.94 -2.93 -5.04 -6.4[-8.91 [-12 07
23 20 11.5 5.16 -0.1z -3.62|-5.4 -8.55 -12.0%7
1200 | =4 £3 18.9 11.84 5.51 0.59 -1.5 -4_
1co0 (EENEE] 20 26 2z.0 16.41 12.54 6.56 2.0 -0. .0
1 20.98 15.05 11.48 5.5 . .0 1
0 24.14 19.57 14.65 9.4 4.10 0.94 -1.89 -2.9 -5.0
.49 2238 15.41 11.8 &.67 3.40 1.6 3.4 1.8
.60 24.14 18.52 16.4 13.95 5.0z 5.5 4.5 4.5 \
= £1.32 18.9 15.35 1z.83 10.1 3.0 5.3
= .66 24.84 21.0 18.87 15.00 1l.8 10.1 &.0 d
=t 20,47 z2.06 z4.1 PEMEEE 12 16 15.4 136 11.5 JW’}""P
o [SE0043188] 29,41 24.5 24.14 19.92 18.5 14.6 12.5 *f*‘ﬁ'fﬂ
o | 4z 8601|232 58 2836 25.55 234 23.44 21.33 20.6 17.5 15.4 'f’f‘”
: B 501 B . S
& | aco0 | EHESEEIEE 2403 25,41 2590 23.44 21.3 20.98 19.92 18.2 17.1 16.1 %
& | azoo ||EEEEEEINEE 2205 25 95 25_ 50 22 38 0.6 20.98 1992 18.2 17.1 1s.1 5
szoo 82058 29,06 z6.60 24.1 22.03 20.63 18.5 15.4 15.4
se00 (843421 88 29.41 #5.5 23.09 21 33 18.9 17.5 1s.1
€000 81017 29.06) 24.8 23.44 2z.38 21.3 20.6 18.9
£400 £3.41 27.86 25.5 24.43 23.09 22.0 21.0 20.6
6300 28.36 25.9 24.14 23.44 22.4 2z1.3 zl.0
7000 |20_12 2801 25.5 2414 23039 220 21.0 20.6
7zoo (S |44 8400 3258] 30.47 28.01 25.5 23.44 22.03 20.6 19.9 19.¢
7400 |[EE S EE) 54 0] 3258 3012 £8.01 248 23.44 22 03 20.6 19.9 19.¢

3.2.2. Ignition Advance (Mode 1 to Mode 4)

ZA11A01G-enc.bin - Ignition Advance 1 {Mode 2}
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The Ignition Advance map is added to the Ignition Base map relative to the LIVE DATA
parameter called Advance Multiplier (AM).

The Ignition Advance map is used as a coarse Ignition adjustment to advance and retard the
Ignition timing for changing conditions like fuel quality, ambient temperature and altitude.

3.2.3. Advance Multiplier - Coarse Correction

The Advance Multiplier (AM) is dynamic and will change relative to the current amount of engine
knocking (detonation). If the engine is knocking frequently and consistently then the AM will be
low, if there is no knocking then the AM will be high. The AM moves between 0 and 1.

If the AM is O then NONE of the Ignition Advance map will be added to the Ignition Base map.
If the AM is 1 then ALL of the Ignition Advance map will be added to the Ignition Base map.

If the AM is 0.73 then 73% of the current Ignition Advance map value will be added to the
Ignition Base map.

The factory Ignition Advance map is calibrated to advance and retard the ignition timing by a
greater degree in certain areas of the map (as seen in the screen shot above).

This is to ensure when the engine is knocking (and the AM decreases) that more Ignition timing is
removed from areas where the engine is more susceptible to detonation (like peak torque).

Areas where the engine is least likely to detonate the values are smaller (like light load).

The output of the Ignition Advance map is important and can be seen and logged in LIVE DATA
as Knock Correction Learn Value.

So ‘for explanation purpose only’, if the Ignition Advance map was filled with 12 deg then the
Knock Correction Learn Value would read 12 deg in LIVE DATA (assuming the AM is 1).

If the AM was 0.75 then the Knock Correction Learn Value would read 9 deg (12 * 0.75 = 9 deq).

3.2.4. Knock Correction

If the engine knocks then the ECU will immediately remove an amount of ignition timing (Knock
Retard amount) and this will be shown in LIVE DATA as the Knock Correction parameter.

After a Knock Correction event has occurred and an amount of Ignition timing has been removed
from the current Ignition Timing calculation then the ECU will store 50% of that knock correction
event to pre-empt a similar knock event at the same RPM and same Load the next time round.
This is the long term ‘Ignition Fine Learning’ strategy.

3.2.5. Ignition Fine Learning

If the LIVE DATA parameter called Knock Correction shows a -4 deg has been removed from the
current Ignition timing calculation then 50% of this Knock Correction amount (-2 deg) will be stored
in memory for a given RPM and Engine Load range.

If a negative value is already stored for that RPM and Load then the value is simply added to
stored ‘Fine Learning value’

If -1 deg was already stored in memory for a given RPM and Load then a further -2deg would also
be added making a total of -3 deg stored for the same RPM/Load memory location.

The next time the engine passes the same RPM and Engine Load then the Fine Learning value (-
3 deg) would be recalled and subtracted from the Ignition Timing calculation at that point.

When the learned value is 50% or greater than the corresponding values in the Ignition Advance
map then the AM will be decreased and all Fine Learning stored values are cleared and the
process starts all over again.

In the event that no further knocking is experienced then the ECU will add positive Fine Learning
values in +0.35 deg increments to build out the learned negative values.
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When all negative values have been built out and the positive values are 50% or greater than the
values in the Ignition Advance map then the AM will increase and therefore advance the whole
ignition curve.

3.2.6. Ignition Compensations

There are many Ignition timing compensations that are added and subtracted to the Ignition
calculation. Some are simple like Air Intake Temp (AIT) and after starting the engine, but others
are more complex like transient conditions and overrun or during gear change etc.

3.2.7. Ignition Timing calculation

The final Ignition Timing calculation is computed like this:

Ignition Base Map

Erlgnition Advance Map * Advance Multiplier)
|+gnition Compensations

I+gnition Fine Learning

;nock Correction

It's a very active and dynamic control strategy that will constantly adjust the ignition timing but it
should not be fully trusted to ‘control the ignition’ especially on forced induction setups.

NOTE: The final Ignition Timing logging parameter will include any compensations or corrections
that have been made by the above maps.

Advance Multiplier - The highest advance multiplier number obtainable is 1, this will be
achieved when there is no engine knocking present. If the engine constantly knocks or reduces
the AM then the Advance map or the Base map should be reduced in that region (excluding other
factors like fuel, temps and cam timing etc).

Advance Multiplier — Initial

This is the base default setting for the advance multiplier after ECU Programming or ECU Reset.
This can be increased to 1 for tuning purpose so that 100% of the Ignition Advance map is
added to the Ignition Base map. It is advised to reset back to its default value on the final flash of
the ECU.

Advance Multiplier — Increment amount

The amount that the Advance Multiplier will increase during its learning period like after
programming the ECU or carrying out a CLEAR DTCs command (which will also reset the ECU
learning).

Coarse Ign Learning Load Range
The engine load range in which the ECU is allowed to change the advance multiplier.

Coarse Ign Learning RPM Range
The RPM range in which the ECU is allowed to change the advance multiplier.
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Ignition Compensation Coarse Cylinder #1 - #4

This is a per cylinder Ignition compensation that is added to the current Ignition timing when
certain conditions are met, see the following maps. The Ignition Timing logging parameter will
include any per cylinder ignition retard that has been applied.

Ignition Correction Coarse ECT Minimum

Minimum coolant temperature that must be exceeded before coarse ignition correction will be
active.

Ignition Correction Coarse Engine Load Minimum
The minimum Engine Load to be exceeded before Ignition Coarse Correction will be active.

Ignition Correction Coarse RPM Maximum
The maximum RPM that Ignition Coarse Correction will be active.

Ignition Timing — Air Intake Temp Compensation

Ignition timing compensation for Intake Air Temp, this map will only work if the 3d map called
'Ignition Timing - Air Intake Temp Threshold' is enabled.

Ignition Timing — Air Intake Temp Threshold

Ignition timing compensation for Intake Air Temp, this map defines when the 2d map called
'Ignition Timing - Air Intake Temp Compensation' is allowed to work.

Ignition Timing Minimum Allowed during FFS
The minimum allowed ignition during gear change or a RaceROM Flat Foot Shifting.

Ignition Retard when the Clutch is down

The amount of retard that is subtracted from the current ignition timing when the clutch is
depressed.

Ignition Timing After Starting

This is used immediately after starting to heat the Catalyst quickly, this map might not be used in
all regions due to different emission requirements.

Knock Detection RPM Range

The engine RPM range in which the ECU is allowed to retard the ignition timing when the engine
is knocking.

Knock Retard Decrement — Gamma F

This value controls the amount of timing cumulatively removed when each knock event is
triggered.

Knock Retard Increment — Alpha F

This is the amount of timing cumulatively added when the ECU restores timing after a knock
event.

Fine Ign Learning Advance Magnitude
The size of ignition learning advances after each 'Fine Ignition Learning Advance Time Interval'.

Fine Ign Learning Retard Magnitude
The size of ignition learning retards each time knock is detected.
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Transient Ignition Retard

This map specifies the amount of timing to be removed during transient condition. The later
ZA1JA01* and onwards have a serious map adjustment to help avoid transient knocking that has
historically damaged DI combustion chamber seals. Base your tuning on the later AO1 or B series
ROMs.

Transient Ignition Retard RPM Threshold

Specifies the Engine Speed range under which Transient Ignition retard will be active. Make sure
this is set at 8000+RPM.

Minimum CFP Delta for Transient Ignition Retard

Specifies the minimum change in Cylinder Fill Percentage for the transient ignition retard to be
applied.

Transient Ignition Retard ECT Threshold
Specifies the minimum ECT for transient ignition retard activation.

Transient Ignition Retard Engine Load Threshold
Specifies the minimum Engine Load for transient ignition retard activation.

Transient Ignition Retard Temperature Compensation
This provides a multiplication factor for transient ignition retard for ECT.
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3.3. Cam Timing

Live Data related parameters:

. VVT Aim Angle #1 and #2

. VVT Exhaust Angle #1 and #2

. VVT Exhaust Angle Target #1 and #2
. VVT Exhaust OCV Duty #1 and #2

. VVT Intake Angle #1 and #2

. VVT Intake Angle Target #1 and #2

. VVT Intake OCV Duty #1 and #2

3.3.1. Cam Timing — Exhaust & Intake

There are 3 maps to control each of the intake and exhaust cams. The base map interpolates
against either the Low Det or High Det maps to control the cam angle. Which map is chosen
depends on the current advance multiplier value.

3.3.2. Cam Timing - High/Low Det Threshold

This is the threshold that dictates which cam timing map will be chosen, below 0.1 Advance
Multiplier (engine knocking) the High Det cam map will be used, above 0.4 Advance Multiplier the
Low Det cam map will be used (engine not knocking). So 99% of the time the Low Det map will be
used. We suggest that the values between the Base and Low Det maps are similar.

Important Cam Timing information

After starting the engine the Exhaust cam takes some time to become active, up to 30 seconds. If
a power test is made whilst the Exhaust VVT is not active then a significant amount of power and

torque will be lost.

There are also various issues with VVT control on the FA20 engine, see the Questions section for
some of the issues and more specific information.

3.4. Torque, Accelerator and Throttle

Live Data related parameters:
e Accelerator Angle
e Accelerator Pedal Position #1 and #2
e Accelerator Pedal Position Sensor #1 and #2
e Throttle Angle
e Throttle Position
e Throttle Position Commanded
e Throttle Position Relative

e Throttle Position Sensor #1 - #2

Accel Pedal to Desired Torque

This map defines the desired engine torque output for a set Engine Speed and Accelerator Pedal
angle.
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Wide Open Torque Threshold

This map is used to calculate the percentage of maximum torque. The value in this map is divided
by the value output from Accel Pedal to Desired Torque and is used as the X axis input into the
Desired Torque to Throttle Opening map. Raising these values could stop you from getting full
throttle butterfly opening. Reducing these values would mean the throttle butterfly would be open
further for the same accel pedal angle (Torque Demand amount).

3.5. Other Maps

3.5.1. Engine Load
Live Data related parameters:

e Engine Load (%)
e Mass Air flow (g/s)

Engine Load Limiter #1 & #2

This is the maximum value of engine load that will be used in the ECU. If your engine load
exceeds this value then the engine will run lean and advanced, these values should be raised
especially with forced induction setups.

Calculated Engine Load Compensation #1 / #2

Calculated Engine Load Compensation factor based against MAP, used to correct Airflow/Engine
Load as required. This map can also be used to correct Fuel Injector open time A/F Correction #1
errors at light load.

Calculated Cylinder Fill Percentage

Used internally by the ECU to calculate the amount of cylinder fill per stroke (CFP), as the engine
has a large throttle butterfly then the maximum cylinder fill can be achieved at low RPM and small
throttle opening (relatively low airflow). There is no need to adjust this map.

Engine Load Multiplier and Atmo Pressure compensation
These are used internally by the ECU and there should be no need to adjust these values.

3.5.2. Limiters

Speed Limiter — On & Off

This controls the vehicle speed that the fuel injectors will be cut to maintain a set vehicle speed or
restored when the vehicle has decelerated.

Vehicle Speed based Throttle Angle Limiter #1 - #4

These maps control the maximum allowed throttle opening for a set Engine Speed. Either raise
the values in the axis. Do NOT adjust the right hand side of these maps just adjust the left hand
column with the vehicle speed shown.

Mass Air Flow Reading Limit

This is the maximum Mass Air Flow that the ECU will use. If your engine exceeds this value the
ECU will incorrectly calculate engine load which means all the ignition and fuel maps will be
inaccurate and the fueling will be very lean at high RPM. This map is often overlooked so please
ensure you raise the values.
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Rev Limit #1 and #2

This controls the engine speed that the fuel injectors will be cut to maintain a set RPM. The
second value in each map is the hysteresis and is the Engine Speed when the injectors will
restore.

Fuel Cut Resume
This is the manifold pressure at which the engine will restore the injectors after a fuel cut.

Engine Load Reading Limit
Engine Load Max Limit, this must be raised if your Engine Load exceeds this value.

3.5.3. Idle Control
Shown in Live Data as:

e Engine Speed

Controlling the Idle speed of an engine is a difficult task and the factory ECU has many targets
and compensations to achieve this. The Idle Target maps set the target Idle speed for many
different modes like drive, neutral, after starting, engine hot, load on (alternator or headlights etc).
It is advised that you adjust all Idle maps by the same amount or simply set them all the same to
avoid discrepancies in the idle engine speed.

Target Idle 1to 9
Desired engine idle speed for a given coolant temperature.

Idle Air Flow Map — Cool. Temp Based

The mass airflow values in this map should be close to what the engine is running at Idle, this will
help improve Idle stability.

Idle Engine Load Map — Cool. Temp Based

The engine load values in this map should be close to what the engine is running at Idle, this will
help improve Idle stability.

Idle Stability Control #1 & #2

X axis is RPM idle error

Y axis is rate of change of engine speed

This map is used for Idle Speed error compensation, making the values bigger will make the Idle
Speed error more aggressive for correction.

Radiator Fan Control

Shows the coolant thresholds where the each fan will switch ON and OFF, in our testing Rad Fan
Threshold #1 maps are used, Threshold #2 maps may be used in different conditions so make a
log file to verify your results like vehicle speed and with or without AC.

39 Value (94deg C)is FANNo.1ON [ EAIG e R e

15t Value (92deg C) is FAN No.1 OFF File Edit Help
92
35 .
2" Value (95deg C) is FAN No.2 OFF 54 Coolant Temp. (C)
4" Value (100deg C) is FAN No.2 ON -

Coolant temperatures that correspond to the different fan operation modes,
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3.5.4. Boost Control

The CPC valve can be used as a Wastegate Solenoid valve on turbo models, see the Tuning
section for further info.

CPC Control

Canister purge control solenoid valve target airflow map, no need to adjust.
If the CPC valve has been replaced with wastegate solenoid valve then use Custom Maps for
boost control.

CPC Duty

Canister purge control solenoid valve duty map, no need to adjust this map.
If the CPC valve has been replaced with wastegate solenoid valve then use Custom Maps for
boost control.

CPC Duty Multiplier

The operating frequency of the CPC solenoid valve.

On turbo BRZ/FR-S/GT86 models where the CPC valve is replaced with a fast switching
wastegate duty solenoid valve then we suggest you set the frequency value to either 20% to 30%,
some tuners report using 35 to 45% but we feel this is too high.

This will vary depending on the type of valve used.

3.5.5. Other Maps

Catalyst Warm-up Retard Drive & Idle

Ignition timing retard amount for a given coolant temperature and engine load. This can be used to
speed up the heating of a catalytic convertor after starting from cold.

Gear Thresholds #1 & #2

The values are used to calculate the current gear position. The values are kmph for 1000 RPM.
E.g in first gear, if the value is 10.5 then it would mean your speedometer displays 10.5kmph at
1000RPM on the tachometer. Change these maps if you have different ratio gears in your gearbox
than the standard vehicle.

3.6. Sensor Scaling

Shown in Live Data as:

Coolant Temp

Air Temp

Mass Air Flow

Engine Oil Temperature
AFR

AFR Sensor

AF Sensor heater duty limit
The maximum allowed AF sensor heater duty

Atmospheric Pressure Sensor Scaling Pressure Offset & Voltage Multiplier

This is an offset and multiplier sensor scaling. If you change the atmospheric pressure sensor on
your vehicle please consult the manufacturer documentation for the correct values.

MAP Sensor Scaling — Pressure Offset
Manifold pressure sensor offset. Value is measured in bar.
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MAP Sensor Scaling — Voltage Multiplier
Manifold Pressure Sensor multiplier in bar per volt.

Atmo Sensor Scaling — Pressure Offset
Atmospheric pressure sensor offset. Value is measured in bar.

Atmo Sensor Scaling — Voltage Multiplier
Atmospheric pressure Sensor multiplier in bar per volt.

Mass Air Flow Sensor Scaling

This map can be used to rescale the Mass Air Flow sensor relation between voltage and Mass Air
Flow in g/s. Change this value if you have changed the MAF housing or intake system of if your
AFR does not match what'’s in your fuel map.

Air Intake Temperature Sensor Scaling
This map can be used to rescale the intake air temperature sensor voltage to temperature scaling.

Coolant Temperature Sensor Scaling
This map can be used to rescale the coolant temperature sensor voltage to temperature scaling.

3.7. Diagnostic Trouble Codes & DTC Limits

This can be used to turn off any DTCs like catalyst efficiency and fuel tank pressure sensors.
Disabling DTCs should be done with care and understanding.

Example, if you disconnect the coolant sensor the engine will default to a 75 deg C coolant temp
and run quite well, if your turn off the Coolant temp DTC then the ECU will use the Coolant temp
sensor input and assume -40 deg C !

There are also DTC limits which control when the different DTCs are set.

DTC Enable Table

Enables/Disables the DTC from showing, the codes are listed in the ProECU HELP section.
C:\Ecutek\ProECUHelp\BRZ-FT86\ BRZ-FT86 - DTC List.pdf

DTC Limits

The Min and Max thresholds where certain DTCs are tripped. You may need to raise or lower
certain sensor limits like MAF Sensor MAX Voltage on a Forced Induction model or lower the MAP
Sensor MIN Voltage when you fit a 3 or 4bar MAP sensor

P0301 misfire detection

Misfire detection causing PO301 DTC.
Number in map is misfire counts in 200 revolutions.
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4. Tuning

4.1. Tuning Questions — Hints and Tips

4.1.1. Which ROM version to use?

All ROM versions are shown under HELP, FEATURE & LICENCE INFORMATION and
SUPPORTED ECUs. Only use the ROM that is specified for your region, USA ROM (C and D
versions) share the Atmo pressure sensor with the fuel tank and these sensors are not fitted on
Euro and Japan region vehicles, this causes the ATMO pressure to read incorrectly and causes
tuning issues.

Make sure you base your tuning on the latest ROM revision that is available. Denso are constantly
developing and improving and bug fixing so make the most of their hard work.

Here we can see the latest EURO region ECU ROM is the A01G (which replaces the 700G, 900G
and A00G).

Feature & License Information @

EcuTek Software Licensing | 435 Supported Tuning ECUs | 625 Supported Diagnostic ECLs
BRZ-FT&6 (47) | Subaru CAM (1929 | Subaru MNon CAN (190) | SubaruDIT (9)
ZA11A00F 7 General BRZ Ak A
ZA11400G i |
2811700
ZA11A00G
2A11A01G
ZA11700H
ZA11A00H 261800 - EU BRZ Manual Low FT
2413A01H 2413801H - EU BRZ Manual Low FT
24137001 264137001 - EL BRZ Auto
24134001 2618001 - EU BRZ Auto
24134011 264138011 - EU BRZ Auto
28137007 264137007 - GuIF BRZ Marual
ZA134001 264138003 - GulF BRZ Manual
24114011 26134011 - GulF BRZ Manual
ZA11700K 261 I700K - GulF BRZ Auto
ZA11A00K 261 I800K - GuIf BRZ Auto
Za11A01K 26a13801K - Gulf BRZ Auto
28117000 2641 3700M - China BRZ Manual
ZA11A01N 2681 I01M - China ERZ Manual
24117000 24137000 - China BRZ Auto
ZA13A010 26818010 - China BRZ Auto
ZA11400P 2641 400 - JDM BRZ Manual Law FD
2a13700P 2413700 - 1DM BRZ Manual Low
ZA11A00P 2641 I800P - IDM BRZ Marual Low FD
ZA11A01P Z81I801P - JDM BRZ Manual Low FD RC 2

What'’s special about the A01* revisions or the latest B00* revisions?

The latest release is the ZA1JAOL1* , this 01 revision is the most important update since the
vehicles release, it has a transient Ignition retard feature enabled that helps prevent damage of the
Direct Injector seals that are in the combustion chamber. The 01 update allows transient retard to
work past 5000rpm now, this is important for race cars.

ZA11A01G-enc.bin - Transient Ignition Retard RPM Threshold
File Edit Help

Engine Speed (RPM)

The mazxirmurm allowed RPM Far the 30 Transient Retard map to work, it is strongly suggested bo raise this pask S000rpm and apply retard at high RPMS
Low Load ko avoid knocking on gear change.,
This can avoid damage to Direct Injectar seals in the combustion chamber,
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The transient Ignition Retard amount has also been calibrated to remove -35deg of Ignition on lift
off for a certain cylinder fill percentage, the map scaling value has also been changed to allow up
to -50deg of retard over the previous limit of -30deg.

A1JAD1G-enc.bin - Transient Ignition Retard

File Edit Wiew Plot Help

m‘ Engine Load ig/rev) |-34.88 o

6400 | 0.1500 0.zooo [AREGEE] 0. 4000 0.500 0.600 0.70

o0 | -3.9z -9.92 -9 9z -3 9z |-7. 11 EENEEEHEE

1000 -8.9z -3.8z -9.32 -9,
1z00 -9.9z -9.9z -9.59& -9,
100 -9.8z =-9.59z -5.5z -9,
Zooo -9.9z =-9.59z -5.5z -9,
ZZ00 | -14.84 —-14_84 -14_ 84 -12.
2400 | -14.84 —-14_84 -14_ 54
2200 | =12.02 -12.03 -1z,
ZEO00 -9.9z -59.9z -59.59%
=9. 9z -5,

Engine Speed (RPM)

szoo | N IS

Le0n -2.9z -9.92

The amount of Ignition Retard applied during transient thratte movement condition.
This map is used to retard the Ignition during gear change or lift off conditions,

4.1.2. Is the VVT working?

Always make sure the Exhaust VVT is working!! After starting the engine the Exhaust cam takes
some time to become active, up to 30 seconds. If a power test is made whilst the Exhaust VVT is
not active then a significant amount of power and torque will be lost. After starting allow the vehicle
to Idle for 20-30 seconds until Closed Loop is achieved and Fuel Trim Short Term becomes active,
then gently lift the RPM and watch the Exhaust VVT angle in the LIVE DATA window, once it
starts to move then you can make your tests.

4.1.3. My VVT is not working or | have a VVT CEL condition

Apart from the time delay before the VVT will actually work, there is also a known hardware fault
on the vehicles. There are several Technical Service Bulletins (TSB) available to help dealership
technicians to decide if your ECU is faulty or not. The VVT related codes are: POOOA, PO00B,
PO0OOC, POOOD, P0O011, P0O014, PO018, PO017, PO019, P0021 & P0024.

There are also TSB and recalls for VVT shim issues

4.1.4. Can | tune for Ethanol E85 or Flex-Fuel?

Yes, using RaceROM Custom Maps** you can make calibrations in different map switch modes
for pure E85 or E70 fuel (no mix ratios though).

For true Ethanol tuning flexibility you can fit and import the Zeitronc Flex Fuel sensor and import
the Zeitronic signal into the factory ECU, by setting up custom maps it’s possible to turn the
GT86/FR-S into a true Flex-Fuel vehicle.

Expect around +20 to +25bhp power increase but be aware that you will use 25-35% more fuel.
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4.1.5. Can | have Launch Control or Speed Density in certain modes?

Yes, Launch Control, Flat Foot Shift and Autoblip are all configurable in any of the 4 modes, along
with Speed Density. 4-way map switching is only available to trade customers, or retail customers
that have purchased the optional RaceROM BRZ upgrade package.

ZA1IA01G-RRFF 12025 FI Example ROM Boost Control enc.bin - Enable Special Features =

File  Edit

iEnable Launch Conkrol in Mode 1
Enable Launch Control in Mode 2

+| Enable Launch Control in Mode 3

+| Enable Launch Control in Mode 4
Enable Flat Foot Shift in Mode 1
Enable Flat Foot Shift in Mode 2

+| Enable Flat Foot Shift in Mode 3

+| Enable Flat Foot Shift in Mode 4
Enable Auto Blip in Mode 1
Enable Auto Elip in Mode 2

| Enable Auto Elip in Mode 3

| Enable Auto Elip in Mode 4
Enable Per Gear Rev Limit in Mode 1
Enable Per Gear Rev Limit in Mode 2
Enable Per Gear Rev Limit in Mode 3
Enable Per Gear Rev Limit in Mode 4

x

Enabled Modes

(O Mode 1 Only

(Mode 1 and Mode 2

() Mode 1, Mode 2 and Mode 3

(3)Mode 1, Mode 2, Mode 3 and Mode 4
Switching Operation

() Max Accel + Defog Switch

(%) Cruise Control Stalk

(O Traction Control Switches (Mormal, ¥SC Spart, TC off, TC off + ¥SC Spart)
() AT TCM Mode (Normal, Sport, Snow, Manual)
Launch RPM Adjustment

(O Mo adjustment

(%) Cruise Control Stalk

(O Defog Switch + Accel

= =

Enable Speed Density in Mode 1

Enable Speed Density in Mode 2
| Enable Speed Density in Mode 3
| Enable Speed Density in Mode 4

Activate BELOW thresholds instead of ABOYE

4.1.6. Can my current map switch mode be remembered?

Yes , ensure your tune is based on the latest RaceROM Feature File and the map switch mode
will be remembered, older RRFF version do not always remember the current map switch mode
though.

4.1.7. My engine doesn’t start with my new map sensor fitted

Correct, the cranking fuelling is calculated from the MAP sensor, you MUST correctly rescale the
MAP sensor scaling before trying to start the car, see the MAP sensor scaling section. You will
also need to alter the DTC Limits for the MAP sensor voltage range.

4.1.8. Can | switch between MAF and Speed Density on the fly?

Yes, you can enable or disable SD in any of the 4 modes. You can also use the Hybrid SD
function in any or all of the 4 map switch modes.

4.1.9. Can | return my tuned ECU to Stock?

Yes, Simply flash the 100% stock factory ROM file back into the ECU, this will then allow other
tuning tools access to re-flash the ECU, the ECU will also appear stock to the dealer.

4.1.10. Will my CVN number be different after tuning?

Yes, to return the CVN (Checksum verification number) back to original the ECU must be flashed
back to stock (see 4.1.9.).
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4.1.11. Can the dealer over flash my “tuned” ECU?

No, the dealer re-flash tool (or other tuning tools) cannot over flash the ProECU tuned ROM, the
ECU must first be flashed back to stock (see 4.1.9.).

4.1.12. How to recover a part-programmed ECU after a programming failure?

In the event the ECU programming sequence fails (like laptop power dies or vehicle interface
becomes disconnected during programming) don’t worry as ProECU can recover the ECU. The
normal procedure of using Tools >> Detect Vehicle will not work at this point and you will need to
click Tools >> Manually Select Vehicle >> Subaru BRZ/Toyota FT-86 >> Program Engine ECU. It
is very important that you select the correct vehicle type. Once on the programming tool window,
you must choose a 100% stock ROM file for the recovery sequence to work as expected. After
successfully programming ECU with a 100% stock ROM file, you can then programme a tuned
ROM file afterwards.

4.1.13. Why is my forced induction tune lean on full load?

Ensure you are using the latest version 9 RRFF (20479 or newer) which has improves for high
power fueling calculation on big power engines.

Ensure you have increased the 1d map called ‘Mass Airflow Reading Limit #1’

Ensure you have calibrated the 2d map called ‘Port Injector Manifold Relative Pressure
Compensation’

Ensure you have raised the ‘Engine Load Limit’ maps

Check the Pl and DI setting and limiters in the How to Setup my Forced Induction Fueling’ section
and also see the Forced Induction Example ROMs found on EcuTek Update.

4.1.14. What happens when my MAF hits 5volts?

If you hit the maximum 5 volts then you will get a MAF fail safe condition based on MAP sensor
calculation and P0103 DTC. This failsafe condition will occur even if you are running full time SD
so ensure that P0103 is disabled so the MAF hitting 5 volt does not cause any issues.

See the Forced Induction section on the MAF Failsafe Load Calculation Multiplier for further
important advice.

4.1.15. My forced induction engine misfires at high RPM

If your DI open time period is too long then the DI could still be open when the spark plug fires,
check the logging parameter called ‘Fuel Injection End DI to Spark (ms)‘ to see what time period is
left, see the Forced Induction Tuning section for further information.

4.1.16. | can’t see Custom Maps, Speed Density or Map Switching options.

If you have a retail programming kit then you will need to purchase the RaceROM BRZ product
update from your Master Tuner.

4.1.17. Can ProECU open ROM files found on the various forums?

Yes, ProECU can open any Tuned or Stage xxx ROM files that are available on the various
internet forums. The ROM file will need to be 1280KB in size and the file name extension may
need to be changed to .bin for ProECU to open the raw ROM (as many free files are labelled as
.hex or .org or .rom).
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4.1.18. Can | use a wastegate duty solenoid to control my boost pressure?

Yes you can replace the Carbon Purge Canister solenoid valve with a conventional wastegate
solenoid. You can then use Custom Maps to control the CPC valve, this can be used in a closed
loop or open loop boost control. You should also alter the valve frequency to suit your chosen
wastegate solenoid characteristics. See the tuning section for further information.
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4.2. How to Setup...

4.2.1. How to setup an Intake or Induction Kit

It's very important that the ECU knows the true amount of mass airflow (grams per second) that is
entering the engine so it can accurately calculate the correct volume of fuel to inject and therefore
achieve the correct AFR that’s shown in the fuel map.

The factory fuel map has been calibrated to a stock factory intake and the values in the fuel map
are what the vehicle runs when the mass airflow entering the engine is accurate.

Generally when fitting aftermarket Intakes, induction kits or even replacement panel filters, the
MAF sensor reading will be altered and the MAF sensor scaling will need adjusting.

Generally the Inside Diameter (ID) of an aftermarket MAF tube will be larger than the stock MAF
tube ID. Most Intakes will change the way the air flows through the MAF tube and thus across the
MAF sensor itself. This results in a lower MAF sensor voltage output that is given to the engine
ECU for the same mass airflow. This lower mass airflow reading will lead to a lower engine load,
more advanced Ignition timing and a leaner AFR. It's very important that the MAF scaling is
adjusted (normally increased) to counteract this problem.

The preferred setup would be making a ‘before and after’ log file showing the MAF volts, mass
airflow, engine load, AFR etc for the stock intake and then new intake, you can then cross
reference the MAF Volts ‘before and after’ for each RPM and Manifold Pressure and increase the
MAF Sensor scaling right hand column (grams) until the same mass airflow reading is achieved
with the new intake compared to the old intake.

Now this doesn’t always happen and quite often the car already has an Intake fitted so the Fuel
Trims will be very important and can be used to make the MAF calibration.

Adjusting the MAF scaling in closed loop

At Idle and light load (Closed Loop condition) you should log Fuel Trim Short Term and Fuel Trim
Long Term (FT), generally the MAF reading will be lower with a different Intake so the FT will be
adding % to maintain closed loop 14.7AFR.

Typically the FT’s will be adding +5% to +20% to maintain the closed loop target. So if we increase
the whole MAF scaling by plus 5% this will make a coarse MAF scaling adjustment that will work
guite well. Then continue to log and adjust the MAF scaling until the FT are within 10%, a good
tuner will aim to have their Fuel Trims within plus or minus 5%.

Adjusting the MAF scaling in open loop

Now the Short Term Fuel Trims do not work in Open Loop so MAF scaling in Open Loop needs a
slightly different approach.

To make a good MAF scaling (and this applies to Forced Induction as well) we should fill the right
hand side of the fuel map with a safe and friendly AFR, we will choose 12:1 AFR like shown
below. Now make a power test and once the Engine Load exceeds 0.70 (r/rev) then the AFR
should be 12:1.

If the AFR is 14:1 then increase the MAF scaling (g/sec) at that particular MAF voltage.
If the AFR is 10:1 then reduce the MAF scaling (g/sec) at that particular MAF voltage.

With a 12:1 Target then aim to get the AFR within 11.5:1 and 12.5:1 AFR across the board, good
tuners will aim for 11.8 to 12.2 AFR but it depends on the time you have available. The first time
you make a MAF scaling in this way, it may take a while but once you master it then in future you
will be tweaking the MAF curve on every flash. Once the MAF scaling is good and smooth and you
have 12:1 across the power curve, then you can profile the fuel map to your preferred AFRs.



MAKE SURE that your Engine Load does not exceed the X axis of the Fuel and Ignition maps, if it
does then rescale the maps or use our Example Maps as your base file to start your tuning.

ZA11A01G-enc.bin - Fuel Map (Mode 1)

Engine Load {g/rew)

Old Walue = 14,6999923092651
Mew Yalue = 11,9847135543823

Engine Speed (RPM)

-0 ---------

Now in Open Loop (high load), the fuel trim feedback does not work anymore (no Short Term Fuel
Trim) but any Fuel Trim’s that had been learned from Closed Loop can be applied in Open loop
(shown as Long Term Fuel Trim and AF Learn Values), this is why it's very important to get your
Fuel Trims tight so any Closed Loop Fuel Trims are not applied in Open Loop and therefore affect
your Open Loop Fuelling.

The longer the Intake has been fitted then the better as the FT Long Term will show how the ECU
uses the FT’s to adjust for the MAF Scaling error, the FTLT that is applied can be used as a good
indication of what to do with the MAF scaling. Here is a great example of how long term fuel trim
are learned and applied.

Log Viewer - C:\Ecutek\MapAccesslogs\Fuel Trim Log File.csv

Time Graphs | Data Table | Custom 20 Graphing | Custom 30 Graphing || Tips |

# Axis Engine Speed (RPM) W ||6175 Start Time J
.....................
Y a1 l__ EndTime | J

¥ Axis 2
¥ Axis 3
¥ Axis 4
¥ Axis S

10.00

0.00

-10.00

-20.00

-30.00

3000, 00 000,00 S000.00 &000,00 F000.00
Engine Speed (RPM)
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The screen shot above shows the Fuel Trims working and actually removing -29% of the Injection
Volume on fuel load, this vehicle actually had serious MAF scaling issue combined with a boost
pipe air leak.

Adjusting the MAF scaling using SD **

One other option for creating the MAF scaling can be to enable SD mode, with SD enabled the
mass airflow (g/sec) will come from the SD map and not the MAF sensor itself but LIVE DATA
custom logging parameter called ‘MAF Sensor’ can still LOG the output of the MAF sensor (even
though the MAF sensor is NOT used for the load input at all).

Though this can be confusing to start with it is great for MAF scaling on relatively stock cars.
Simply enable SD and the engine should run reasonably well then make a power run and be sure
to include the logging parameter called MAF Sensor (g/s).

As seen below the ECU is running on SD, the mass airflow input is coming from the SD map (the
YELLOW line) and the engine is running well. We can also see the MAF Sensor reading below the
YELLOW line (the RED line) but the ECU is NOT using the MAF Sensor.

So by enabling SD we are able to

LOG and SEE the aﬁeCt the new # Log Viewer - C\EcuTek\MapAccessLogs\GT86 SD ON Logging MAF QOutput .csv = O
Intake has had and we simply Time Graphs | Data Table | Custom 20 Graphing | Custom 3D Graphing | Tips

increase the 2d MAF scaling until 5::1 . ;sflsdpAbd clRPtM;(B] _ : 4673 StartT_ime

the RED line meets the YELLOW .., ) ook conecton e i Fatme

|Ine Y Axis 3 MAF Sensor (g/s) v

Y Axis 4 Mass Air Flow (g/s) ] _
NeXt we can turn OFF SD and we ¥ Axis 5 []| Fuel Rail Pressure (MPa) W

have a very close MAF scale.

We can see at the highlighted
point (4670rpm) that MAF scaling
(Yellow line) is slightly higher than
the SD calculated Mass Airflow
(Red Line) so the MAF scaling
could be reduced in this region.

MAF Sensor (g/s) & Mass Air Flow (g/s)

200.00

As previously stated the FTST are 150,00
transposed into FTLT, these FTLT

(and AF Learn values) can take

weeks to learn and take effect.

100.00

As these are applied in Open Loop
and this can drastically change
your wide open throttle AFRs
making the car run very rich or
very lean over a long term period.

50.00

See the Hybrid SD section later in 3000.00 e e 6000.00

the manual for additional

information and how the SD-VE logging parameter can show if SD is enabled or not (using a
calculated SD value when running MAF).

See the next screen shot on a Fl engine running 1.54bar absolute and 14.0AFR because the
FTLT have removed -29% of the fuel volume, for this reasons it's important that your closed loop
FTs are within 5-10% when in steady state.
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* Log Viewer - C:\Ecutek\MapAccesslogs\Fuel Trim Log File.csv

Time Graphs | Data Table | Custom 20 Graphing || Custom 30 Graphing || Tips

Mouse Mode AFR (AFR) AFR (AFR)=14.01, Time=11669ms ~
C' Pan
{?' Zoorm
Garaph Size
(% 5mall
) Medium 4000 £000 B000 10000 12000 14000
{‘:‘. Leres Manifold Absolute Pressure (Bat) (Bar)Manifold Absolute Pressure (Bar) (Bar)=1.54, Time=11669ms
ol - en pu
.-..--l.-""---"‘“-"-"'"-' et L
[ UInzoom ] 1 !
[ Uncheck all ]
Mass fir Flow (0/s) A 4000 6000 000 10000 12000 14000
Engine Speed (RPM Engine Speed (RPMI=5736, Time=11669
| Manifold Absolute Pre: 2000 e &z (R4 ) e &z A4 ) o = =
Intake Air Temperatur 6000
Atmosphetic Pressure
Coolant Temperature 4000
| Engine Speed (RPM) 2000
ehicle Speed (kmjh) 4000 6000 5000 10000 12000 14000
Thrattle Position #1 ( Fuel Trim Shark Term (%) Fuel Trim Shork Term (%)=0, Time=1166%ms

Fuel Syskem Status ()
| Fuel Trim Short Term
| Fuel Trim Long Term (*

Ignition Timing )

Fuel Rail Pressure (MP

Knock Correction Lear 4000 6000 000 10000 12000 14000

Knock Correction (#CA Fuel Trim Long Term [ Fuel Trir Lang Term (%)=-29.7, Time=11669ms
Injection Yolume {ml}

Injection Time Direct F
Injection Time Pork Fir
Injection Mode (D4-5)
Accelerator Angle (%,

WWT Intake Angle #1 ( 4000 000 s000 10000 12000 14000
YWT Exhaust Angle #1 &F Learn VYalue High #2 (DUAL) (%) &F Learn Yalus High #2 (DUAL) (%%)=-19.4, Time=11669ms
Engine Qil Temperatur 19
AJF Learn Yalue Idle # 30
v &fF Learn Value Low 3
AJF Learn Yalue Med 3 4000 000 8000 10000 12000 14000
A)F Learn Yalue High ; AF Learn Value Low #1 (%) AJF Learn Value Low #1 (%%)=-24.9, Time=11669ms

T e e o e Bt
A1F | rarn Walie | o 207 w

The two maps shown below FTLT Min and Max values should be set to zero to help prevent the
FT from altering the Injection volume in Open Loop. Though the Fuel Learning is not fully
understood these maps are critical to the open loop FT factors though we advise you check very
carefully where ever possible that open loop FTs are not applied in other modes or conditions.

ZA11A01G-enc.bin - Fuel Trim Long Term Minimum

Fil=  Edit

Percent (%)
ZA11A01G-enc.bin - Fuel Trim Long Term Maxinum

Fil= Edit
Percent (%)

4.2.2. How to calibrate Larger Injectors

It's very important that the ECU knows the true size of the Port Injectors that are fitted so it can
accurately calculate the correct time period to open the injector to deliver a required volume of
fuel.

After fitting larger port injectors the following maps will need rescaling.
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e Port Injector Scaling
e Injector Opening Time Compensation

e Injector Minimum Open Time

Generally the replacement larger Port Injectors will be supplied with an Injector calibration size
and that should be entered here.

ZA11A01G-enc.bin - Port Injector Scaling
File Edit Help

W Injector Scaling {ocfmin)

The injectar size in ccfmin, Change this walue only when using different injectors,

The different Injectors will have different characteristics to the stock injectors and will normally take
longer to open. This time period is referred to as ‘dead time, lag time or latency’ and this time
period is affected by the current battery voltage. Using the manufacturers technical data, enter the
correct lag times for a given voltage in the maps called ‘Injector Opening Time Compensation’.

ZA11A01G-enc.bin - Injector Opening Time Compensation
File Edit Wwiew Plob Help
11,50 |Battery Yoltage (V)0 385 ms

0 g.50 o.o0 [FEE 14.00 1650
-1oo0 (JEMEE 1.44 0.sss [ 0.857 [0l4sd

L ofl IEREEY 0 ssc ORI

1ooo (JEHEE 144 0.885 | 0,857 [ 0.451

W alue

ey o LU
Battery woltage offset For port injeckar lag or dead time, sometimes called injectar latency

If this data is not available then we suggest you just change the Injector size then leave the battery
voltage comp map until you see how the engine is currently running.

You should now follow the sequence ‘How to setup an Intake or Induction Kit’ section and pay
attention to the fuel trims in closed loop and watch the wideband AFR sensor in Open loop to see
how far out the AFR is compared to the fuel map targets.

As per the previous section the fuel map should be filled with a fixed value (like 12:1 AFR) for
simplicity of adjusting the calibration and cross referencing with the wideband.

Note: the Injector Opening Time Compensation values will have much more of an effect at Idle
and light load when the Injector open times are much smaller (2-5ms at Idle and light load VS 10-
18ms for full load).

In addition, where larger Port Injectors are fitted it may be advantageous to fine tune the DI/PI ratio
to ensure that the DI Injectors are delivering enough fuel volume and that the bigger Pl injectors
do not simply deliver all the fuel. They should supplement the DI and not replace it.

Remember that the Port Injectors can open up to 18ms at 6000rpm whereas the DI can only inject
for less than half of that (due to Spark BTDC and valve overlap), so around 5ms MAX is
recommended for DI.

Changes should also be made to the PI/DI ratio map along with the Min and Max allowed ratios for
larger injectors, see the Forced Induction Tuning section for further info.
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4.2.3. How to rescale the MAP sensor

The factory MAP sensor can read to around 1.37bar absolute, we recommend that the MAP
sensor is replaced on all Forced Induction models. The popular plug and play replacement items
are OMNI 3 and 4 bar sensors.

NOTE: It's very important that the MAP sensor scaling is accurate when using Speed Density.

Sensor scaling Multiplier Offset
1.37 Bar Factory MAP sensor | 0.333 -0.2
3 Bar MAP sensor 0.617 0.03
4 Bar MAP sensor 0.825 0.031

With the stock MAP sensor in LIVE DATA check the Manifold Absolute Pressure with Ignition ON
(engine not running) and at stable Idle, make a quick log file.

Then fit new 3 or 4bar MAP sensor and enter new scaling as above and repeat the test to ensure
it's the same manifold pressure with the Ignition ON (engine not running) and at Idle.

The log file below shows two log files that have been added together in excel. The first log is with
standard MAP sensor that flat lines at 1.37bar. The second log is a 3bar sensor that has been
correctly rescaled. The two lines are identical till 5400rpm where the stock sensor flat lines and but
the 3bar continues to read the true manifold pressure until 7600rpm.

A Log Viewer - C\Ecutek\MapAccessLogsiStock Map Sensar vs rescaled 3bar mﬂﬁ.mgﬁﬁl—z—hjﬂ
Time Graphs | Data Table | Custom 2D Graphing | Custom 3D Graphing | Tips
Xads  |Engine Speed (RPM) -| 7561 Start Time (]
Y Axis1 [V |Manifa|d Absolute Pressure (Bar) (B = | End Time 1J
Y Axis 2 |Knock Correction Learn Value (*CA] v|
¥ Axis 3 [7]|Ignition Timing (%) -
Y Axis 4 |Ignitior1 Correction - Coarse () "|
Y Axis 5 |Ignitior1 Correction - Fine (%) v|

Manifold Absolute Pressure (Bar) (Bar)

1.60
1.40
1,20
1.00

0.80

000,00 000,00
Engine Speed (RPM)

You may need to raise and lower the MAP sensor Voltage Min and Max to avoid the PO107 and
P0108 on model fitted with a 2 bar or 3 bar sensor (as the voltage generated at Idle will be
considerably lower).
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ZA1JAD1G-enc.bin - MAP Sensor Violtage Min @ ZA1JADLG-enc.bin - MAP Sensor Voltage Max @

File Edit Help File Edit Help

0_ses [ Volts (v) [ 4_as] Volts (v)
Veltage thresheld at which DTC POL107 will * Voltage thresheld at which DTC PO108 will *
activate, activate,

NOTE: If a 3 or 4 bar MAP sensor is fitted and the sensor scaling is NOT rescaled, then the
engine will NOT start. The cranking fuel is based on MAP and if the MAP sensor scaling is not
correctly then the engine will struggle to start or will not start at all, quite a few tuners have been

caugh

4.2.4

t out by this so try to remember this!

. How to setup Speed Density (SD) **

EcuTek RaceROM Feature Files (RRFF) offer a Speed Density tuning option for trade customers,
or Retail customers that have purchased the optional RaceROM BRZ upgrade package. This is a
MAP sensor based load input into the ECU (compared to the more forgiving factory MAF sensor

based

load input).

In certain situations Speed Density is more suitable over a MAF based input, these are usually:

The air speed through Large MAF tubes is too slow to accurately measure for a stable Idle

Turbo compressor wheel cause reverberations up the intake pipe and upset the MAF
sensor reading

Turbo installs use Vent To Atmospheric Blow Off Valves (BOV’s) instead of preferred recirc
designs

Supercharger recirc valves cause reverberations up the intake pipe and upset the MAF
sensor reading

The stock MAF is flat lined at 5volts and cannot read any higher than the 5v limit (where
ideally a slightly larger MAF tube should be fitted like 69 to 76mm)

In these situations the Speed Density or Hybrid Speed Density can be used.

ZA13A01G-enc.bin - Speed Density Yolumetric Efficiency

Engine Speed (rpm)

1.2 Manifold Relative Pressure (har) 104 %
4800 |0.00.200.250.300.2320.350.380.400.450.500.600_700.80 D.QDl.DDl.10m1.301.401.501_601.701.801.902.002.10

52 &8 75 74 78 78 79 80 8l 81 83 81 81 81
57 73 73 20 83 84 85 86 86 88 86 86 86
g4 24 3E5 g8 83 30 31 31 24 31 31 31

88 30 23 33

oy ko
o, ”"l‘:‘:"fr’

‘\\ i
AN e

"
Y
AR :“
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The SD VE map is against Engine Speed (RPM) and Manifold Pressure (Bar). The values in the
map are volumetric efficiency (VE) %.

The older RRFF SD Map had Mass Airflow values in the SD map, but the latest RRFF now uses a
superior VE based SD calculation which we will cover here.

When the SD map is active, it simply replaces the current Mass Airflow (g/sec) reading that would
normally come from the MAF sensor, therefore ALL load calculations are not affected by the MAF
sensor at all.

When the SD map is correctly calibrated, there is little difference from running on MAF and the SD
VE map works like this:

e INCREASING the SD values will make Engine Load higher, therefore retarding the Ignition
and increasing the Injection volume amount will make the AFR richer

e REDUCING the SD values will make Engine Load lower, therefore advancing the Ignition
and reducing the Injection volume amount will make the AFR leaner

If SD is used, ensure that the MAP sensor can read to the pressure you are running!! (Any
pressure over 1.37bar absolute will need a 3bar MAP sensor fitting etc)

As a VE based calculation it is seriously affected by any fundamental change in VE like fitting a
Supercharger, Turbocharger, changes in the VVT angles or the VVT not actually working.

Charge Air Temp (CAT) also plays a critical part in the VE calculation. As a Charge Air Temp
sensor is NOT fitted by the factory, we have to assume a fixed temperature and then make a
calibrated compensation based against Intake Air Temp.

No air temp sensor fitted in the charge pipe

ZA11A01G-enc.bin - CAT Acquisition Method
File Edit Help
Charge Air Ternperature

(*)1se fixed calibration temperature!
{JIAT Sensor measures CAT directly

ZA11A01G-enc.bin - Speed Density Calibration Temperature
File Edit Help

m Charge Air Temperature (*C)

A11A01G-enc.bin - Speed Density Temperature Compensation
File Edit ‘Wiew Plot Help

120,044 -b b dm At -b A - bbb
| -zof 120.0 A
-15 117.5 EENEEREEEEEEEEE
O -10 115.0 R SRR
< -5 112.5 110,044 b R Aot b
5 i} 110.0 A A
3 P R R M A
g ; s g SEEEEEL SEREEE RS
Eok| e gmepibbbbd
- [ I
I = 100.0 c A S
2 z5 57.5 E R . SR
2 30 S5.0 S 90,0 1-1-r-r-ma-1-T-rama-a-horor -
B 35 5z.5 HE - R R N
40 30.0 . A
45 27.5 Pr i gt
f—+——+——————————+

50 Es.0 -20 0 20 40

55 Bz. 5 Intake Air Temperature (°C)

The Speed Density Temp Compensation map will adjust the SD VE calculation based on the
current IAT, therefore attempting to calculate the true air density by calibration.
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Intake Air temp sensor fitted in the charge pipe

If the Air Intake Temp sensor (AIT) has been placed in the charge pipe and the IAT is measuring
true CAT (after the turbo/supercharger and intercooler) then we do NOT need to use the ‘Speed
Density Temp Compensation’ map (as VE calculation is including true CAT). In this situation, we
need to select the CAT Acquisition Method of ‘IAT sensor measures the CAT directly’ option.

We also need to set the values in the ‘Speed Density Temp Compensation’ to 100 as we are not
‘guessing’ the CAT anymore.

[

ZA1JA01G-enc.bin - CAT Acquisition Method

Fil=  Edit Help
Charge Air Temperature
(") Use fired calibration temperature
@iAT Sensar measures CAT direckh:

100,00

Hybrid SD mode options :

Intake Air Temperature (*C)

Compensation (%)

RaceROM'’s powerful Hybrid Speed Density 1 soep it
allows the Load Input to be switched between R
MAF and SD as required. This could be ‘MAF then 20—
SD’ or ‘SD then MAF’. The condition to switch 50
between the two inputs can be one or several of o — Intaks Air Temparature (°C)
the fOHOWing: S0 Mass Airflow adjustment based on 14T
¢ Engine Speed (RPM)
e MAP (Bar)

e Mass Airflow (g/sec)

If you wish to have the engine running on MAF at Idle and low load and then continue on MAF
until 5000rpm then switch to SD past 5000rpm, set the RPM threshold like this.

ZA11A01G-enc.bin - Speed Density Activation RPM =
File Edit Help

Engine Speed {rpm)

In addition you can specify that the boost pressure has to be over a certain pressure before the
switch to SD as well (like over 5000rpm and over 1.5bar boost absolute or 7.5psi boost if you
prefer), this is the Hybrid mode.

ZA11A01G-enc.bin - Speed Density Activation MAP

Manifold Absolute Pressure (bar)

The base SD VE calibration has been made against a stock naturally aspirated engine (NA) with
stock cam timing. We have also developed a SD VE map to suit the Vortech Supercharger setup.

NOTE : If running full time SD or Hybrid SD we recommend the P0O103 DTC is disabled, this 5 volt
MAF protection DTC will force the ECU to use the 1d value called ‘MAF Failsafe Load Calculation
Multiplier which will change the Engine Load (even if full time SD).

** |f using Hybrid SD then ensure you use RRFF version 8 or newer, older versions can cause a
hesitation when switching from MAF to SD.

The next section shows a Hybrid SD transition log file and includes the SD Volumetric Efficiency
(%) in the log file. SD VE can still be ‘calculated’ even if the ECU is currently running on MAF.
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See the log file below that shows the transition from MAF to Speed Density at 4750 RPM.
So below 4750rpm the ECU is running MAF.

Over 4750rpm the ECU is running SD, but the MAF reading can still be logged even though the
ECU is not using the MAF reading — Yellow Line.

See the Mass Airflow (Blue Line) and MAF Sensor reading (Yellow Line) are the same below
4750rpm.

Over 4750rpm the Blue and Yellow line separate as the Mass Airflow is calculated from the SD
map and not the MAF sensor reading.

» Log Viewer - C\EcuTek\MapAccessLogs\ProECU-SubaruBRZ-EU Hybdid SD shown .csv - O
Tirne Graphs | Data Table | Custom 2D Graphing | Custorn 3D Graphing | Tips

X Auxis Engine Speed (RPM) v 4767 Start Time

¥ Axais 1 S0 Volumetric Efficiency (%)
Y Axis 2 [#]| Mass Airflow (g/s)

¥ Ads 3 MAF Sensor (g/s)

Y Axis 4 []| AFR (AFR) W
Y Axis 5[] Pl Duty (%) v

5D Volumetric Efficiency (%) & Mass Airflow (g/s) & MAF Sensor (g/s)

________________________________________________________________________________________________________________________

End Time

250 00 | T S e e SIS M S S S

___________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________

' ' ' ' ' ' ' '
' ' ' ' ' N ' ' '

200, 0 SRR fm e Cmmmmm - BT el B < = B L fmmm e A m e mm k= —— - =
' l ' ' ' ' ' ' ' ' ' ' l ! ' ' ' '

' ' ' ' ' '
Rl S B R e il sl o B e TR e D

———————————————————————————————————————————————————————————————————————————————————————————————————————————

_____________________________________________________________________________________________
i = '

_ ] ' ' '

1000, 00 S 2 T e e -
. i i i 1 T v 1 T v 1 i T i i i v

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
----------------------------------------------------------------------------------------------------------------

——————————————————————————————————————————————————————————————————————————

4000.00 5000.00 6000.00

Engine Speed {RPM)

3000.00
L%

See how much smoother the Mass Airflow and Speed Density parameters are when they come
from the RaceROM Speed Density map!
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4.2.5. How to tune a Forced Induction setup

The factory ECU has not been calibrated for Forced Induction (Fl) installations, so after fitting
either a Turbocharger (TC) or Supercharger (SC), the key maps will need adjusting. With more
airflow and higher engine load, the Ignition and fuel map load axis will need rescaling to provide
the resolution required for safe calibration. The Injection maps will also need adjusting.

It is suggested that any FI tune should start with our base FI Example ROM file, these are
available for the following region ROMs: USA, Euro or JDM region. These ROMs have the key
maps modified to start your calibration with. If your ROM is for another region, use ROM
COMPARE*** to see the maps that have been altered and the typical settings used.

ol Example ROMs and ROM Compare are only available for Trade customers

ROM Compare g@@l

Choose ROMs to Compare

l Open ROM 1 l l Open ROM 2 l

C:\Documents and Settingst.. \ZA41JA01G - Std ROM with 12025 enc.bin -~ C:...\ZA13401 G-RRFF 12025 Forced Induction Example ROM 002 enc.bin

Calibration ID: 24114013 Calibration ID: 241J4013
RaceROM Feature File Yersion 12025 Installed RaceROM Feature File Yersion 12025 Installed
‘EcuTek RaceROMERZ' ‘EcuTek RaceROMERZ'

Compare ROM Files

Comparison Progress

Comparing ROM Files...
ROM Compare Complete.

IMap Differences Selected Map - DTC Enable Table

DTC Enable Table PO420: Value Differs 'Yes' ws 'No!
Enable Special Features

Per Gear Rev Limits Model

Per Gear Rev Limits Mode2

Per Gear Rev Limits Mode3

Per Gear Rev Limits Modes

Fuel Map (Mode 2)

Fuel Map {Mode 3)

Fuel Map (Mode 4)

Ignition Base Map (Mode 2)

Ignition Base Map (Mode 3)

Ignition Base Map (Mode 4)

Ignition Advance 1 {Mode 2)

Ignition Advance 1 {Mode 3)

Ignition Advance 1 {Mode 4)

Engine Load Reading Limit

Mass Air Flawe Reading Limit #1

Ry Limit: #2

R Limit #1

Advance Multiplier - Initial

veh, Speed based Thrattle Angle Limiter
veh, Speed based Throttle Angle Limiter 2
veh, Speed based Throttle Angle Limiter 3
Veh, Speed based Throttle Angle Limiter <
Engine Load Limiter #1

Engine Load Limiter #2

Port: Injectar Manifold Relative Pressure Comp
Fuel Map (Mode 1)

Ignition Base Map WWT Off

Ignition Base Map WWT On {Mode 1)
Ignition Advance 1

Accel Pedal To Desired Torgue

Cam Timing - Exhaust Base

Cam Timing - Intake High Det

Cam Timing - Inkake Low Det

Cam Timing - Intake Base

Cam Timing - Exhaust High Det

Cam Timing - Exhaust Low Det

l Copy Map Data From ROM 1 ko ROM 2 === l l < << Copy Map Data From ROM 2 bo ROM 1 l

Here are the changes we have made and the reasons why we made these changes:
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Engine Load Map Rescaling

¢ Fuel Maps — we rescaled the X axis from 1.4 to 2.25 Engine Load as shown below, you can
also see the optimised AFR values compared with a stock fuel map.

ZA1JADIG - Std ROM with 12025 enc.bin - Fuel Map (Mode 1)

Engine Load {gfrev)

Engine Speed (RPM}

Engine Speed (RPM)

e Ignition Base Maps — we rescaled the X axis from 1.4 to 2.25 Engine Load as shown below, we
also advanced the Ignition timing slightly over stock settings.

ZA1JA01G - 5td ROM with 12025 enc.bin - Ignition Base Map ¥¥T On {Mode 1) [x]

1.40 Engine Load {gfrev) i
i |
7400 |0.150.200.300.40 0.50 0.600 0.700 o.200 o0 1.000 1.1000 1.200 1.300 I'
200 n
Ihrra| ZA1JADLG-RRFF 12025 Forced Induction Example ROM 002 enc.bin - Ignition Base Map ¥¥T On {Mo...[X]
1z00
1600 m Engine Load {gire
z000
2zan 0.150.200.300.40
400 27 27 Z0 16 -1.
2600 prgc] z0 .4 F. LE .9 -
o | zs00 z4 23 16,2 9.7 3.4 2.0 0.53 -1z
& | zzoo 20 19.9 14.3 10,4 7.3 =.76 1.3-1.2 -1.
= zenn .0 18,9 132.9 10.1 5.86 3.8 1.3 0.
§ 4000 9 zz.0 17.5 12.9 7.97 5.9 3.8 2.70 .5
Y 4400 0 2zz.4 20.3 15.7 11.1% 9.0 6.9 G&.51 .z
£ | 4600 0 z4.5 22.0 17.% 13.24 11.1 5.0 7.862 .n
5 = S 28.0 24.8 20.3 15.70 13.2 l0.& 9.02 .g
e _4 25,5 21.3 17.11 15.0 12.5 10.43 _E
= .2 27.0 22.7 12.52 1.4 13.9 11.4% .3
ﬁ (2 27.3 24.1 z0.27 17.5 14.6 12 _E4 &
ﬂ _5 26.3 24.1 21.6% 18.9 16.1 1289 .z
= .7 26.3 23.8 £z.3% 19.6 l6.8 14.30 .o
| = _B 27.0 4.1 £3.09% 20.3 17.5 15.00 7
E 27.0 25.2 23.44 20.6 18.2 15.70 1
J1 26.2 24.14 21.3 18.5 15.70 4
29.1 26.6 24.14 21.3 18.9 16.0% : 1
27.3 25.5 2414 22.0 19.6 16.41 13.24 10.4
?E.4 76.% £4.4% 22 .0 19 6 16.41 13 z4 [N
25.0 26.3 24.49 22.0 19.6 16.41 13.59 9.4
P5.4 26.3 2414 21.7 19.2 16.05 13.74 9.4
25.0 26.3 24.14 21.7 19.2 15.70 12.54 9.4
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e Ignition Advance maps - we rescaled the X axis from 1.4 to 2.25 Engine Load, and have also
smoothed the advance map values for easier calculations of Ignition timing when added to the
Ignition Base map. This smoothing method also helps to visualise fine learning knock retard by
looking at ‘knock control learned value’ in LIVE DATA. With 6 degrees in the advance map, the
‘knock control learned value’ should show a consistent 5 or 6 degrees during logging

(assuming there is no learned knock retard in memory for fine learning and also assuming the
Advance Multiplier is 1).

ZA1JA01G - Std ROM with 12025 enc.hin - Ignition Advance 1

Engine Load {g/rew)

3867 °

E0.600. 70080 0.0 B8Nl 1.10 1.20 1.30 1.40

Engine Speed (RFM)

Engine Load {qg/rew)

3600 0.1500.2000.3000.400 0. 5005000, 7000 550 BRIl 1. 25 1L.50 1 75 2,00 2. 25

Engine Speed (RPM)

2000 |01 0] B e 5.

It is possible to calculate the complete Ignition timing by adding the Ignition Base map to the

Ignition Advance map, this can be done in Excel but ensure that your X and Y axis line up when
you add the values together.

We have added the stock Ignition Base map to the stock Ignition Advance map to see the total
Ignition timing for a stock car.
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We have also done the same for the example ROM and the differences can be seen below, note

th stock total ignition timing screen shot is only scaled to 1.4 Engine Load compared to the

example ROM that’s scaled to 2.25 Engine Load.

You can see the example ROM has a smoother profile vs the stock map.

ZA11AD1G-RRFF 12025 Forced Induction Example ROM 002 enc.bin - Ignition Base Map

Engine Speed (RPM

1.40

Engine Load {gfrew)

z7 z7 zZ0 16| 14

11| 6.3 =.4) 0.94

500 |[0.z0]0.200.200.400.5 0.60 0.70[0.20]0.200]1. 0001, 10][1. zo][1. zo|FEEE

1000 2E 2E  EZ E0|1e

L )

1z00 24 234 24 EZ|EE

8.0z

1600 |2 0] =0 z&) zs

15.0||12_85

zoao | NSRS = 26

16.4||15. 00

18.5||16_41

£1.0||15_16

s<o0 | [

E3_4||E2_03

25 _0||£2_38

9. 4|24 324

3l.2||E5.01

31_5||E5.01

27.30

Z8_4||E6_ 25

soao | ISR IEERIINES] | 35| 25 [ sel[ae.
] 57) 24 [ 3o

273|660

30.5||Z9_ 06

32.6||Z9_ 41

32.2||28.01

20.8)20.1)|27. 66

22|31, B[ Z8. 8|28 01

rno | [ N e 5

22|31, 2|28, 1)|28.01

vzoo | [N N e 5

S2|31. 5|28, 42571

700 | [N O [ s 5

7
3
z
0
4
5
3
5
2
&
-4
4400 NS ISR MNEEI <0][ 58] s6][31. 5][z5.
48 -4
1
3
0
3
8
5
z
5
1

L = | o = = = (2

SE|30.1(Z8.4||27. 20

Total Ignition timing
on stock rom with
stock axis

Engine Speed (RPM)

1.50

Engine Load {gfrev)

0.60 0.70 0,25 1.00 1.z2E50

500 |0.l50.200.300.400.5
B =7 27 20 1s[11

1.500

1.750 z.000 Z.ZE50

4.5 L.e[ z.0 z.7][ 0.
oo | 22| 22 zz zo[ia e[ 4.El 4. a4 e =
1zoo || 24| 24| z4 zz[zz|is.afio.a][ e 7 7o s
1eo0 (EEINEE =0 ze[zs|iz.os)a7. i1z s)io.a] 7.
zooo |[EEl |28 z0[z7][z4.5]z0.e]16. 812 510,
2200 24 [=1][z7_7|[za.1]15. 6|14 . e][1z.
2400 25 [=3][zz_0|[z7.0]zz. 4][17. &][1E.
-1][ze.7][z4. 5][19.3]17.
-6l[21.8|[27.0]zz. 4[[15.
. .z|[ze.0][z3.8][z1.
.&|[z5.4][z5.2][z3.
.o|[z0.8][z7.0][z4.
.&|[30.5][z5.0][z5.
.z|[30.1][z8.7|[zs.
.e|[30.1][z9.1][zs.
.2|[30.8][z9.1][zs.
.0|[z1.5][z9.8][zs.
.0|[z1.9][z9.8][zs.
.a|[z0.5][z9. a][z7.
.a|[z1.2][z9.8][z7.
EHEEER R Bl
_9|[31.2][z5. 1]z6. so|[EMEY[20. 95][15. 15][14 . 30
sooo | I s Es _el[31.z[[z5. 1]z6. c0 MY [20. 63][17. 4514 30

Total Ignition
timing on example
rom with rescaled
axis

Using the combined Ignition view makes it much easier to see the total Ignition timing.

By simply moving the slider from left to right we can see the effect the Advance Multiplier has on
the total Ignition Timing.

If the AM is 0 then NONE of the Ignition Advance map will be added to the Ignition Base map.
If the AM is 1 then ALL of the Ignition Advance map will be added to the Ignition Base map.

If the AM is 0.73 then 73% of the current Ignition Advance map value will be added to the
Ignition Base map.

See the “Advance Multiplier - Coarse Correction” section in the Ignition Timing section for more
information.
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# ROM - ZALADIG-RRFF 14500, = | D ]

ZA1JAD1G-RRFF 14599 FI Example ROM Boost Control-Throttle Based Traction--enc.bin - Combined Ignition View - READ ONLY

| File View Colouring Logging ‘

(@i 6

Live Data | Keying | RaceROM | Ign. View

Maps
/| Show Effective Ignition Viev
Ignition Base Map

Igniticn Base Map VT Off 14x23
gnition Base Map WWT On (Mode 1) 14:23

Ignition Carrection Map

gnition Advance 1 14:23

dvance Multiplier Value

‘When viewing the combination of ignition
base and correction maps, ensure that the axis
scaling on the maps are identical. Otherwise
the results will be misleading.

View Help
1.000
4000 0.1500.2000.3000.400 0.500 0.€00 0.700 0.250 RGN
200 | 26.6 26.6 19.9 16.1 10.78 4.45
1000 |/81.8 31.9 23.4 19.5 14 30 B.87
1zo0 |[34.0//34.0 z<.5 23.1 z1.68 15.35
1800 4000] 0.1 5.5 24.34 15.52
2000 30.5 26.35 24.43
2200 34.0 30.82 27.66
2400 35.0 32.93 28.01
35.0 32.93 30.12
— 2800 34.65 3363
= 2200 37.85 35.04
= 3600 35.2¢8
g 33.26
& 38.91
2| 4800 =
‘= 4800
|| S
33.20 35.74
37.15 35.74
35.04 34.89
35.04 34.69
35.04 3463
35.04 34.63
35.04 34.63

Engine Load (g/rev)

1.64 1.99 2.895 0.59
4.45 4.80 4.805 2Z.70
10.08 B.67 7.266 5.51
17.11 13.95 10.430 757
20.€3 1€.7¢ 12.535 10.43
2¢.14 19.57 14.648 12.54
26.95 22.38 17.813 15.70
28.71 24.45 19.522 1781
31.52 36

25.063
25.063 2&6.60

1.250 1.500

2695°

1.7500 2.00000 Z.3500
-1.52 -1.875 -3.633 -6.80
0.59 -0.117  -1_875 38
3.40 2_344 0.586 -1.88
5.51 4.805 3.047 0.5%
7.87 £.314 5.15¢ Z.70
10.43 9.375 7.266 5.16
13.59 12.188 10.078 7.97
15.70 14.237 11.836 3.73
17.46 15.703 13.345 11 48
19.22 17.10% 15.352 12.8%9
20.€3 18.1€4 1€.055 13.5%9
21.33 19.219 16.758 14.30
22.38 19.922 17.461 14.85
23.05 20.625 15.16&¢ 15.35
33.44 20.577 18.516 15.70
23.7% 21.328 1lB.51¢ 15.70
Z4.14 21.328 1B.516 16.05
2¢.49 21.680 18.516 15.70
2¢.84 21.680 18.516 15.70
2¢_84 21.680 18.516 15.35
34,45 31338 18_516 14_30
24.14 20.377 1B.184 14.30
Z4.14 20.625 17.481 14.30

8000

(IR
iy o
G
"%':3;:%":““
RESTS
g

6000
4000
2000

3
ZA1JAD1G-RRFF IQSNEXEI’HME ROM Boost Control-Throttle Based Traction--enc.bin

- Combined Ignition View - READ ONLY

View Help
1.000
4000 |0.1500.2000.3000.4

800 | 26.€ 26.8 15.5
1000 [[ST58I[8108 23.4

Engine Speed (RPM)

Engine Load (g/rev)
0.7000 0.8500 FLGEN] 1.2500 1.50000 1.7500 2.00000 2.25000
-2.330 -£.094 -8.306 -13.83 -18.047 [-20.16 -21.814 -24.023
-0.117 -4.336 -8.555 -13.83 -18.047 |-20.16 -21.914 -24.02%
-0.117 -4.336 -B8.55 -12.070 -14.18 |-15.938 -18.047
4.453 -0.117 -5.04 -9.961 -12_07 -13_828 -15_338
7.969 3.398 -3.88 -7.852 -9.96 -11_713 -13_828
L4583 -6.034 -8.20 -3.361 -12.070
0.586 -1.52 -3.281 -5.351
4.10z 1.9 0.234 -1.87%
5.889  3.75  1.992 -0.117
5.85% 3.75 1.3%2 -0.117
$.375 7.27 5.508 3.3%8
10.078 7.97 6.211  4.102
7.617 5.51  3.750 1.641
. 5.375  7.27 S5.508  3.338
= _ 12.539 10.43 B.672 6.563
z 20.625 18.16 16.055 13.35 1Z_188 10.078
z 20.977 18.16 16.056 13.35 1Z_188 10.078
z 23.086 20.68 185.164 16.05 14.297 12.188
26.250 24.141 20.63 13.16¢ 16.05 14.297 12.188
24.844 22.031 20.63 18.515 16.41 14.648 12.539
28,141 21.378 18.87 17.103 1500 13.74Z 11.133
23.438 15.522 17.11 15.000 1Z.89 11.133 5. 023
23.789 20.625 18.16 16.055 13.85 12.188 10.078

18.164 ©

Pl N
"’5”%‘ sl
Ttire i by
e ety
L R BT R

7 a5t
Ry

8000
6000 .
1.500

2,000

Forced Induction Ignition

Tuners will note that Ignition timing will normally climb (advance) on a NA car at higher RPM. But
with a Vortech supercharger installed the Ignition timing is retarding at higher RPM (past
5500rpm), this is due to the characteristic of the centrifugal supercharger which creates more
boost the faster you spin it. See the RED line decreasing as the boost increases and increases.

# Log Viewer - C:AEcutel\MapAccessLogsWortech Supercharger fitted ZALJAOLG - EU BRZ Manual .csu 8238 (scon|o=hs e S

7105

¥ Axis Engine Speed (RPM) hd
¥ Axis1 V|| Manifold Absolute Pressure (Bar) (B

¥ Axis 2 |¥]|Ignition Correction - Coarse (%)

¥ Axis 3 | V]| Ignition Correction - Fine (%)

¥ Axis 4 V|| Ignition Timing (%)

¥ Axis5 V|| Knock Correction Learn Value (*CA] +

2000.00

4000.00

Time Graphs | Data Table | Custom 2D Graphing | Custom 3D Graphing | Tips

Start Time

End Time

Engine Speed (RPM)

Manifold Absolute Pressure (Bar) {(Bar) & Ignition Correction - Coarse (%) & Ignition Correction - Fine (=) & Ignition Timing () & Knodk Co

6000.00
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Forced Induction Fueling

The stock fuel system can deliver around 300bhp on stock Port and Direct Injection injectors.

To achieve the full fuel delivery required for 300bhp on stock injection you need to ensure that the
Port Injectors (PI) are running at 80-90% at 7000rpm on.

This PI/DI ratio is controlled by the 3d maps called ‘Fuel Injection Ratio Port to Direct #1 - #3’.
The factory map is configured so the PI will deliver 20% of the required fuel volume amount past
5200rpm. We need to increase this PI ratio to around 35% so the Pl Duty is over 80% like shown
below.

ZATIADLG- RRFF 14195 Forced Induction Example ROM - enc.bin - Fuel Injection Ratio Port to Direct #3 - Hot @
File Edit Wiew Plot Help
0.900 Engine Load (g/rev) 35%
5200 | 0.100 0.200 0.300 0.400 0.50 0.800 0.700 o.go00 EMEMEN 1.00 1.10 1.z0
£00 0 35.2 35.2 38.

—| 800 0 35.2 35.2 38
E 1200 0O 35.2 3b5.2| 38.
£ | 1s00 0 35.2 35.2 38,
E 2000 0 35.2 35.2 38.
& 2400 0 35.2 35.2 35
2| zs00 0 35.2 35.2 35
& 3zo00 o 0.0 0.0 0.
W 4300 0 0.0 0.0 0.

| szoo] 0 0.0 0.0 o

With PI delivering 35% of the fuel volume the PI Duty is now running at 88% as seen below, this
reduces the DI open time period giving more potential DI open time if we need it.

In the log file below showing our (Vortech Supercharge GT86) you can see the DI is only open for
5.5ms and a total fuel volume of 1.43ml.

This is getting near the limit of the stock fueling and the maximum open time for the DI injectors.

-

# Log Viewer - CAEcutek\MapAccessLogs\Vortech Supercharger fitted ZALIADIG - EU BRZ Manual .csv E=mEE X

Time Graphs | Data Table | Custom 2D Graphing | Custom 3D Graphing | Tips

Xfods | Engine Speed (RPM) - | 7514 Start Time rJ

Y hxis1 [V |Manifo|d Abzolute Pressure (Bar) (B vl
¥ Avis 2 (7] P1Duty (%) - E
Y Axis 3 ¥ |Ir|jecti|:|r1 Valume (ml) 'l 2
Y Axis 4 |V |Ir1jectic-n Time Direct Final (m5) vl_
¥ fxis 5 V] Injection Time Port Final (mS) -~ EEE

Manifold Absolute Pressure (Bar) (Bar) & PI Duty (%) & Injection Volume (ml) & Injection Time Direct Final (mS) & Injection Time Port Fi

End Time ]

L LS e ’ ; I
4000,00 6000,00
Engine Speed (RPM)

This also applies when larger Pl have been fitted but we make a further change as well.
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Larger Port Injector Tuning

When larger PI injectors have been fitted (450cc, 750cc or 1000cc) it can cause a slight hesitation
at low RPM and light load, this can happen as the Port Injectors switch from off to the factory
calibration ratio of 35% fuel volume delivery. This can be changed using the PI ratio Threshold —
Lower limit but the best solution is to prevent the PI from working at low RPM and light load.

See the following screenshot example of how to configure all 3 of the ‘Port to Direct Injection
Ratio’ maps. The PI will not work until there is a reasonable load and airflow and this will eliminate
any transition drivability issues.

ZATJAD1G-16325-Forced Induction Example ROM Std_MAF_scaling 3bar_ MAP_Sen....bin - Fuel Injection Ratio Port to Direct #3 - Hot

File Edit View Plot Help
0.900 Engine Load (g/rev) 352 %
2400 | 0.100 0.200 0.300 0.400 0.5 0.600 0.700 0.800 [FPELL) 1.00 1.10 2.50

oo | NNG] NG NG| MG e e s
200 | [EG] G| e e al 4.es  14.8 [ 25 [ I D
1200 | NG ENG] NG| NG NGl Etes] 14
1500 |G [0 G| el aes 14
zoo00 |G NG T ol e 4.
14.
zeoo (NG [G] G| Elaies 14
3zoo A NG e e N 4.es 14,
agoo | [T G NG| G el 4-es| 14.8 [ 2s) N I N
szoo | NG NG NG| NG G sl 4.

Engine Speed (RPM)

10030 0 0 [%J 500
%00%03000 0. SO]JDD]?.SE?O

If you wish the PI to deliver less than 35% of the total fuel volume amount then reduce the 1d map
called ‘Pl Ratio Threshold — Lower Limit’ down from 35% for this to be possible.

e Port Injector Manifold Relative Pressure Compensation — rescaled for positive pressure
compensation so that the correct volume of Port Injector fuel will be delivered relative to forced
induction manifold pressure.

ZA1JA01G - 5td ROM with 12025 enc.bin - Port Injector Manifold Relative Pressure Comp

0.000 1,000 ;
1,000

-0.333
—-0.300
-0.667
-0.533
—0.400
-0.z67
-0.133

0,930 7+

o
o
0.
o
o
o

PN O S S

Man Rel Pressure (Bar)

rooooooo
o
o

I R i =R~

0.000 1.000

1.000+--

Value

-0.933 0.301 !
-0.500 0.51% LADD  Femdemdee
-0.667 0.5z8 T

= -0.533 0.335 :

o -0.400 0.954 1

) 1.050

o -0.267 (358 '

) - 5

7 MEECNED

£ | G et

= .

=4

= .

m

= .

0,950 +5--

0,900 -

roocoooaoo
o N S,

+ —t—t—+——+—+—+—+ +—t+—+—+ +
-0.50 0,00 0.50 1.00

-1.00 o
v Man Rel Pressure (Bar)
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DI Quantity Maximum Allowed — !!! Very Important to raise this map !!! These DI Limiter values
should be increased to 1.1 to 1.3 ml otherwise the DI will not be allowed to inject the fuel
volume that is required. Try to you keep your DI open time below 5.5ms past 5000rpm to avoid
the DI Injecting when the spark plug is fired. Make sure you check the logging parameter called
‘Fuel Injection End DI to Spark (ms) which shows the time period left between the direct
injector closing and the spark plug firing, critical to maximize the DI Open Time.

Fuel Injection Ratio Port to Direct #1- #3 — These maps define the distribution ratio between PI
and DI for a given volume of fuel. This can be altered to allow PI to be used full time (not
recommended as the DI needs fuel flowing through the injector to stay cool) or at a given
percentage, if a larger injector is required to supply between 0 to 35% or from 75% to 100% of
the total fuel quantity adjust the PI ratio thresholds to suit your requirements. If you wish the PI
ratio to always follow the Fuel injection ratio Port to Direct maps set the load or RPM threshold
to a low value.

Engine LO?.d Limit (RaceROM) — This map ZA1JAO1G-RRFF 14599 NA Example-enc.bin - Engine Load Limit (RaceROM) [z
MUST be increased or the AFR will be lean File Edit View Plot Help

on full load, the stock load limit values are 800 0880 g/rev 400 T
retained at lower RPM to prevent a :

unnaturally high Engine Load being E oo  oae %7

achieved which causes poor running on full ||z~ 220  ¢-00 g 200

load and full throttle. Keep the values low *| 20|  so00 = |

below 1600rpm to avoid an unrealistic st g Il £ =<~ 28 REARREER
engine load reading at low rpm which will 3200  4.000 o ey

cause a rich AFR and retarded ignition due
to valve overlap, see below.

Engine Load Reading Limit — Increased to avoid the engine load being capped and making the
fuel mixture too lean.

Engine Load Limiters #1 #2 — These are replaced by the Engine Load Limit (RaceROM) map.

Mass Air Flow reading Limit — Increased to avoid the engine load being capped and making the
fuel mixture too lean.

MAF Sensor Voltage Failsafe — When the MAF sensor Voltage output reach its maximum
threshold the ECU will then use the Manifold Absolute Pressure (MAP) Sensor for its Engine
Load calculation, you will also get a P0103 DTC.

If using the “stock” MAP sensor these values will be unsuitable for forced induction vehicles
as the ignition timing will be too far advanced and the fuelling too lean, this is due to the stock
MAP sensor being unable to accurately measure positive manifold pressure conditions,
potentially this could cause engine damage.

To avoid this condition we must change the MAF Failsafe Load Calculation Multiplier and the
MAP Sensor Voltage Max value.

Below are the Stock values:
ZA1IADLG-stock with 16325-enc.bin - MAF Failsafe Load Calculation Multiplier @

File Edit Help

Mass Air Flow (g/s)

During MAF sensor over-voltage condition, engine load is calculated as Load =
MAP {in mmHg) * Multiplier - Offset
Set Multiplier to 0.004 on Forced Induction cars using standard MAP sensor
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ZATJADLG-stock with 16325-encbin - MAP Sensor Voltage Max @
File Edit Help

[ 4.85] Volts ()

Voltage threshold at which DTC PO108 will activate, -

So Load = 0.00154 * MAP (in mmHg) — 0.16, now 1.0Bar is equivalent to 760 mmHg.

So assuming a standard MAP Sensor is fitted and vehicle is making 1 bar boost at 7000rpm
(2bar Absolute) then you hit 5volts on the MAF and ECU goes fail safe and uses the MAP
sensor reading for its load calculation. This is the calculation that will happen.

1.37 * 760 = 988, now 988 * 0.00154 = 1.52 Engine Load
Next SUBTRACT the Offset value of 0.16 = 1.36 Engine Load

So the new Engine Load is 1.36 when the MAF hits 5 volts with STD MAP sensor. Now the
true engine load should be 2.5+ so this means over advanced Ignition timing and lean fueling
so this is why this map is important on FI cars running stock map sensor.

Suggested values:
So when running a stock MAP sensor on a FI vehicle we suggest to change the Multiplier to
0.004 as shown below:

ZA1IADLG-stock with 16325-enc.bin - MAF Failsafe Load Calculation Multiplier @

File Edit Help
Mass Air Flow (g/s)
During MAF sensor over-voltage condition, engine load is calculated as Load = -

MAP (in rmmHg) * Multiplier - Offset
Set Multiplier to 0.004 on Forced Induction cars using standard MAP sensor

S0 1.37 * 760 (Bar into mmHg) = 988, now 988 * 0.004 = 3.952, next SUBTRACT the Offset
value of 0.16 = 3.79 Engine Load which is over rich and retarded should you hit 5v MAF output!
Now with a 3 bar MAP sensor you should still change the value as shown below.

Assuming you are making 2bar absolute when you hit 5 volts MAF

So 2 * 760 (Bar into mmHg) = 1520, now 1520 * 0.00154 = 2.3408, next SUBTRACT the Offset
value of 0.16 = Engine Load 2.18 for a 3bar MAP sensor running 2bar boost when they hit
5volts MAF.

If you change the MAF Failsafe Load Calculation Multiplier to 0.002 then if you hit 5 volts MAF
at 2 bar absolute boost then the Engine Load will be 2.88.

We also suggest to raise the DTC threshold as below.

ZATIADLG-stock with 1632%-enc.bin - MAP Sensor Voltage Max @
File Edit Help

| Volts (v)

Veoltage threshold at which DTC PO10E will activate, -

Page 46



Cam Timing — Intake and Exhaust - have been optimised to provide a greater torque output
and a more consistent AFR reading across the midrange, the low rpm, low load region has also
been reduced therefore reducing internal EGR affect used for emission control. The X axis has
been rescaled for a higher engine load.

Accel Pedal to Desired Torque — The X axis values have been slightly reduced which elegantly
provides a greater torque output for a lesser accel pedal amount.

2A13IAD1G-RRFF 12025 Forced Induction Example ROM 002 enc.bin - Accel Pedal To Desired Torque 3]

Fle Edt Wew Plat Help

Accelerator Angle (%) 130.4 Nm
1600 [0 0.4E00 Z.0000 4.E000 7.000 10,00 fll 21.00 28.035.040.050.075.08E.0 100
£6.5% 103.54 12008 121.3 122 122 123 126 128 132 138
£7.28 105.84 131.4 132.0 132 133 134 135 135 142 148
108.13 137.5 138 138 139 141 146 148 156

| 3.656
0 D.0853  1.320  5.880 18.00 55.23 . 140.7 146 15z 153 155 158 160 168
nn n 3

ZA1]A01G-RRFF 12025 Forced Induction Example ROM 002 enc.bin -

2800 Accelerator Angle (%) 130,4 Nm

3z00 1600 |0 0.4s00 z.oooo 4.8%goo 7.ooo [(5.s0 |1z coo |[FENEE M\Mas,n},n 50.075.085.0 100
3500 0 E.4844 13 000 zz,sWs_;W 123 125 129 132|138
4000 | 2.79685 10.828 16.463 30.02 67.28 N ~4 132.0 132 133 134 135 139 142|143
4400 | 3.656 l0.266 30.10 &7.9% Ll08.13 136.5 1375 138 138 133 14l 146 148 156
4600 55.23 100.01 SFEN

4800 4E 26 85.63 117.6 130.5 147 [166 166/ 167 (171 [174|fi83]
szod 39.13 B4.34 113.5 128.3 142 155|153 16z | 166|165 178
5800 20.43  77.7z 113.4 1lza.s 145 | 160 | 166 | 163 [ 11| (156 f1S5]
000 2600 |0 00647 10008 $.250  12.67 29.6% 7e.6l 107.7 132.2 156 164 172 |17 [ieE NSS REGE

z400
z600

Engine Speed (RPM)

PETE 140.7 146 15z 153 185|152 Lle0 | 163

Advance Multiplier Initial — we increased the value to 1 so that 100% of the Ignition Advance is
added to the Ignition Base map immediately after programming the ECU so there is waiting for
the AM to increase from 0.7 to 1 each time, saving valuable time!

Vehicle Speed Based Throttle Limiter — The vehicle speed has been increased by in the left
hand column, do not adjust the right hand column values as this can cause trustful throttle CEL
conditions.

ZA11A01G - Std ROM with 12025 enc.bin - ¥eh. Speed based Throttle Angle Limiter
File Edit  “iew Plot Help

YWehicle Speed (kmh)

Caompensation Factar L

Wehicle Speed (km b

Compensation Fackar L L

DTC Enable — we turned off the P0420 CAT EFFICIENCY code as most Fl cars have the cats
removed.

Enable Special Features — we turned on Launch Control, Flat Foot Shift and Auto Blip for fun.
Rev Limits — we raised the rev limits by 200rpm to 7600rpm.

Ensure you are using the latest RRFF version 20479 or newer which has improved fueling
calculations to prevent lean running at high RPM.
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4.2.6. How to rescale the factory AF Sensor

The factory “wide range” AF sensor cannot display AFR richer than 12.2:1 AFR or 0.82 Lambda.
By rescaling the factory AF sensor scaling its possible to show AirFuel Ratios below 12.2:1 but not
with great accuracy.

Stock factory AF Sensor scaling is shown below, the Stock AF Sensor Scaling is only scaled to
0.82 Lambda (12.2:1 AFR). To allow the factory AFR sensor to read below 0.82 Lambda we need
to rescale the Front AF Sensor #1 Scaling as shown below.

A1JA01G-enc.bin - Front AF Sensor #1 Scaling

File Edit View Plot Help File Edit Wew Plot Help
0.0000 1.000 Lambda 0.0000 1.000 Lambda
-0.7609 | 0.828 -0.9709 | 0.720
-0.4716 | 0.828 -0.9142 | 0.748 1.20 -
-0.2580 ‘ 0.897 | -0.8376 | 0.775
_ 12 —o7e0s | o.793|
o 0.0518 1.034 & o -0.6162 | 0.810 5
= 0 = 0
G 0.1461 1.103 = ® -0.4716 0.828 s 1.004
= m = mn
0.2299 1.172 = -0.2580 | 0.907 =
0.3000 121 g b | 0.ooooft 1000 (I
0.3663 1.210 ﬁ 0.0518 | 1.034 < e
0.4263 1.379 e 0.1461 | 1.103 g
0.4809 1.379 I 0.2299 | 1.172
T s 31,301 e R s O
: > -0,80-0.60-0,40-0.200.00 0.200.40 0.60 : ‘ 3 -1,00-0,80-0.60-0,40-0,200.000.20 0.40
0.5764 | 1.379 Value 0.3663 | 1.310 Value

You can see we have rescaled the Input axis and the output of the map for the Front AF Sensor
#1 scaling. Its now rescaled down to 0.72 Lambda though the factory sensor cannot be relied
upon below 0.9 Lambda, rescaling the AF sensor should only be done as reference only , an
external “Wide Band” O2 sensor should always be used for tuning especially when tuning forced
induction vehicles.

M Log Viewer - C\EcuTek\Standard AF sensor scaling .csv =& B A Log Viewer - C\EcuTek\Rescaled AF sensor scaling .csv =& &
Time Graphs | Data Table | Custom 20 Graphing | Custom 20 Graphing | Tips Tirme Graphs | Data Table | Custom 2D Graphing | Customn 3D Graphing | Tips
XMxis  |Engine Speed (RPM) - | 4028 Start Time  [] XAxis  |Engine Speed (RPM) ~ | 4042 Start Time [
v axis1 (V]| AFR (AFR) - it O Y fuis 1 [7]| AFR (AFR) P e O

¥ fxis 2 (]| LM2 Import (AFR) 3 ¥ fuis 2 [7]|LM2 Import (AFR) ~ | S
Y Axis3 [V |Custom Map L MTX-L Gauge Impo v| Y Axis 3 | |Cust0m Map L MTX-L gauge Impoi v|
Y Axis 4 |Coo|antTemperature (@] '| ¥ Axis 4 |Coo|antTemperature (*C) v|
¥ Axis 5 |Ma;;A|r Flow (g/s) v| Y Axis 5 |MassAir Flow (g/s) v|

AFR (AFR) &LM2 Import (AFR) & Custom Map L MTX-L Gauge Import

AFR. (AFR) &LM2 Import (AFR) & Custom Map L MTX-L gauge Import
¥

13.00 12,50 1
12.50 B3
12.00 4

12.00 g

11.50 1 11.50

11.00
11.00

10.50

2000.00 3000.00 4000.00 5000.00 &000.00 7000.00 3000.00 4000.00 5000.00
Engine Speed (RFM) Engine Speed (RFM)

On the previous page the left hand log file below shows the factory AF sensor reading has flat
lined at 12.17:1 AFR (Green log file line) but the right hand side log file shows the sensor rescaled
and the AFR reading more accurately at 11.94:1.

The factory widerange sensor has even shown AFR as low as 11:1 AFR / 0.75 Lambda which is
the current richest AFR reading it can show.
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We have also imported our chassis dyno’s Innovate LM2 sensor reading into ProECU, this is a
plug and play feature of ProECU and you simply get the LM2 working in Innovate Logworks
software then close logworks and open ProECU, open your ROM and the LM2 logging will be
shown in the live data capture window.

On our own EcuTek development vehicle
we have fitted an Innovate MTX-L wideband
AFR gauge into the dashboard air duct, we
have welded an extra lambda sensor fitting
into our exhaust manifold/header to accept
the additional MTX wideband sensor.The
Innovate MTX-L gauge has an analogue 0-5
v output and we have imported this into the
factory ECU via one of the Custom Maps
Auxiliary ECU Input pins (see the Custom
Map manual for wiring information).

Other products such as the Innovate LC1
and AEM AFR gauges also have a 0-5v
output, these could also be used.

In our log file screen shot shown on the previous page we have 2 different wideband sensors
imported into ProECU, the Innovate LM2 and the Innovate MTX-L Gauge as well as the rescaled
factory AF sensor.

Below you can see the Red Custom Map L Result line showing the MTX-L gauge output that’s
been imported into the ECU and also the line which is the rescaled factory AF sensor, they
are quite close but the factory sensor should not be relied upon for accuracy.

-
A Log Viewer - C:\Ecutek\MapAccessLogs\Stock Map Sensar vs rescaled 3bar GTEEL!_EE'E-J-[-:- = S

| Time Graphs | Data Table| Custom 20 Graphing | Customn 3D Graphing | Tips |

X#xis  [Engine Speed (RPM) - | 4376 Start Time U

Y Axis 1 DIManifoId Absolute Pressure (Bar) (B *‘ End Time |_|
Y Mz 2 DIKnock Correction Learn Yalue (“CA; v‘

¥ Aodis 3 ]| AFR (AFR)

¥ Axis 4 ICustom Map L Result (raw)
Y Az § DICPSvoItage[‘u‘]

13.00

12,00

11.00

2000.00 3000.00 4000.00 5000.00 &000.00 F000,00
Engine Speed (RPM)

It is possible to set up a custom map to protect the engine for an excessivly rich or lean condition,
this could prove useful on a forced induction vehcile.

You could create a Custom map that would put on a CEL or close the throttle should the wideband
AFR reading go leaner than 13.5:1 AFR or richer than 10:1 AFR when you are on full load with the
map only active over a certain engine load (full power).
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You would calibrate your fueling as normal and once the AFR is profiled (Target AFR as such)
then add these AFR readings into a Custom Map against RPM and Load (a copy of your fuel map
as such if you’re your MAF scaling is correct and your Fuel Map actually matches your true AFR).
Then use the output of this Custom Map as the Input to another Custom Map.

Then having the True Wideband Custom Map input vs the Target AFR Input you can make your
decision what to do. This safety feature might just save an engine one day.

Examples might be
e Increase the Injection Volume for a Lean AFR
e Put the CEL on for a Lean or Rich condition
e Retard the Timing aggresively to reduce power
e Reduce the desired Torque to close the throttle

e Dramatically reduce wastegate duty for turbocharged vehicles.

4.2.7. How to turn off Long Term Fuel Trims

As part of the closed loop fuelling control, the Long Term Fuel trim can be applied in open loop.
This can cause the AFR to change significantly. See the log file below on the left hand side where
on full load the LTFT were zero and the AFR is 13.29 (Custom Map L Result is the Innovate
Wideband import).

On the right hand log you can see the LTFT is +26% and the AFR is now 10.4AFR!

If the LTFT was -26% this would make the AFR very lean and on a forced induction vehicle this
could cause engine damage so we need to limit the LTFT from working.

A Log Viewer - C:\Ecutek\MapAccessLogsilong Term Fuel Trim NOT applied in open.csv - I."':’ =) S A Log Viewer - C:\Ecutek\MapAccessLogsiLong Term Fuel Trim applied in open loop.csv |ﬂl

Time Graphs | Data Table | Custom 2D Graphing | Custom 3D Graphing | Tips Time Graphs | Data Table | Custorn 2D Graphing | Custom 3D Graphing | Tips

Mouse Mode Engine Speed (RPM) Engine Speed (RPM)=2186, Time=140292ms Mouse Mode Engine Speed (RPM) Engine Speed (RPM)=2118, Time=15756ms
Pan 4000 Pan
@ Zoom @ Zoom
- et -
Graph Size 2808 Graph Size
@ Small @ Small
Medium 140000 150000 160000 Medium 13000 14000 15000 16000 17000
Engine Load (load) Engine Load (load)=1.03, Time=140292ms Engine Load {load) Engine Load (load)=1.01, Time=15756ms
Large Large
B A
| Unzoom | 4 ‘ Unzoom ‘ el
[ Uncheck Al | — [ Uncheck All |

Mass Air Flow (gfs) =

Manifold Absclute F

Intake Air Temperat

Atmospheric Pressu

Coolant Temperatur
¥

Vehicle Speed (kmn/}

/| Throttle Position #1 | _

Fuel System Status (|~

| Fuel Trim Short Terr!

! Fuel Trim Long Terr:
Igniticn Timing (%)
Knock Correction Le
Knock Correction (*
Injection Volume (rr
Injection Time Direc
Injection Time Port
Injection Mode (D4-
Accelerator Angle (¢
VVT Intake Angle #1
VVT Exhaust Angle 2
AfF Learn Value Hig
A/F Learn Value Hig
AFR (AFR)

a

140000 150000 160000

Custom Map L Result rawlCustom Map L Result (raw)=13.29, Time=140292ms
20 - +f_
15 k
140000
Fuel Trim Short Term (%)

150000 150000
Fuel Trim Short Term (3)=0, Time=140292m=

20

140000
Fuel Trim Long Term (%)

150000 160000
Fuel Trim Long Term (%)=0, Time=140292ms

140000 150000 1650000
Throttle Position #1 (2£)=80.4, Time=140202ms

!

oo

00!
Throttle Position #1 (%)

<

=<

&

Mass Air Flow (g/'s) =
Manifold Absolute |
Intake Air Temperat
Atmospheric Pressu
Coolant Temperatui

Vehicle Speed (km/}
Throttle Position #1 | _
Fuel System Status (|
Fuel Trim Short Terr
Fuel Trim Long Terr,
Igniticn Timing (%)
Knock Correction Le
Knock Correction (*
Injection Velume (i
Injection Time Direc
Injection Time Port
Injection Mode (D4-
Accelerator Angle (¢
VVT Intake Angle #1
VVT Exhaust Angle #
AfF Learn Value Hig
A/F Learn Value Hig
AFR (AFR) -

80

60
40
20

13000 14000 15000 16000 17000
Custom Map L Result raw) Custom Map L Result (raw)=104, Time=15756ms

13000 14000
Fuel Trim Short Term (5%)

15000 15000 17000
Fuel Trim Short Term (%2)=0, Time=15756ms

13000 14000
Fuel Trim Long Term (%)

15000 16000 17000
Fuel Trim Long Term (%)=25.6, Time=15756ms

13000 14000
Throttle Position #1 (%)

15000 16000 17000
Throttle Position #1 (%)=80.4, Time=15756ms
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ZA1JAD1G-Forced Induction Example RRFF 14165 - encbin - Fuel Trim Long Term Maximum @

These are the minimum and File Edit Help
maximum allowed fuel trims applied =
in Open |00p The maximum fuel trim allowed to be applied by the Long Term Fuel Trim, set this map to

zero to aveid long term fuel trim working

Set these values to zero to prevent

the closed loop fuel trims from

Working and be|ng app“ed in Open ZA1JADLG-Forced Induction Example RRFF 14165 - enc.bin - Fuel Trim Long Term Minimum @
File Edit Help

Ipop, you can see belc_)w that each — Value

time STFT Stops Worklng and the The minimum fuel trim allowed to be applied by the Long Term Fuel Trim, set this map to

ECU s in Open LOOp (Fuel System zero to avoid long term fuel trim working

Status 4) then the LTFT are set at 0. .

f Log Viewer - CA\Ecutek\MapAccessLogsilong Term Fuel Trim NOT applied in open.csv (= =& 2

Time Graphs | Data Table | Customn 2D Graphing | Custom 30 Graphing | Tips

Mouse Meode Fuel System Status () Fuel System Status (J=4, Time=617343ms
Pan 4
@ foom 3
Graph Size
@ Small 2
Medium 610000 615000 20000 625000
L Engine Speed (RPM) Engine Speed (RPM)=2066, Time=5617343ms
arge
4000
| Unzoom | T
| Uncheck All |
5 . 610000 615000 520000 525000
Vehicle Speed (km/} Fuel Trim Short Term (%) Fuel Trim Short Term (3)=0, Time=617343ms

| Throttle Position #1
| Fuel Systern Status {
o Fuel Trim Short Terr
1 Fuel Trim Long Terr
Ignition Timing (%)

. 610000 615000 620000 625000
knock Correction L+ Fuel Trim Long Term (%) Fuel Trim Long Term (%)=0, Time=617343ms
Knock Correction (© L 30
Injection Velume (™ 10
Injection Time Direc 10
Injection Tirne Port 0 e e — —
Injection Mode ':D“; 610000 615000 620000 625000
Accelerator Angle (% Throttie Position #1 (%) Throttle Position #1 (3%)=80.4, Time=617343ms

WWT Intake Angle £1
WWT Exhaust Angle 2
ASF Learn Value Hig
ASF Learn Value Hig
AFR (AFR)

610000 615000 620000 625000

4.2.8. How to disable Rear O2 AF Correction #3

When removing or repurposing the Rear O2 sensor the AF Correction #3 can become active and
will change the Target AFR during closed loop, the logging parameter called Equivalence Ratio
Commanded shows this particularly well.
To avoid AF Correction #3 altering the cruise closed loop Target AFR you need to set the values
in the following two maps to zero:

e AF Correction #3 Limit — Rear O2

e AF Correction #3 CL Target Compensation Limits
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4.2.9. How to maximise your Pl and DI fueling

The PI can inject for a full two revolutions, Induction, Compression, Power and Exhaust, this is 720
degs and the logging parameter called P1 Duty will show this as 0 — 100% so you can see when
you have maxed out your Port Injectors.

With DI its slightly more difficult as we can only inject during Induction and Compression but there
are other factors that limit the maximum possible open time period, these are valve overlap and
spark advance.

We have added certain maps to allow you to maximise the total fuel quantity that can be delivered
from your PI and DI setup and the split ratio that can be achieved. We have DI firing angle maps
and these can be used to maximise the fuel delivery from the DI system.

Watching the fuel volume delivery parameters and the Fuel Injection End DI to Spark (ms) time
you can fine tune the injection control.

Fuel Quantity DI - the total fuel volume delivered by the Direct Injectors
Fuel Quantity PI - the total fuel volume delivered by the Port Injectors
Fuel Quantity Total - the total fuel volume delivered in micro litres

The Fuel Quantity Total will verify the Pl and DI fueling calculation is correct and accurate.
Here you can see the Pl and DI split ratio is clearly shown in each example.

40% PI Ratio 0% PI Ratio 10% PI Ratio

» ’ #

Time Graphs Data Table Custom 2D Graphing  Custom 3D Graphing  Tips Time Graphs Data Table Custom 2D Graphing  Custom 3D Graphing  Tips Time Graphs Data Table Custom 2D Graphing Custom 3D Graphing  Tips

X hodis Engine Speed (RPM)

¥ Ais 1 [ Fuel Quantity Total (i)

¥ Axis 2 []| Fuel Quantity DI (ul)

¥ Axis 3 [ Fuel Quantity PI (ul)

¥ Axis 4[| Injection Angle DI )

¥ Axis 5 [ Injection Angle PI (%)
Fuel Quantity Total (u) & Fuel Quantity DI (u) &Fuel Quantity PI ()

ime X Axis Engine Speed (RPM)
3| ¥ s 1 | Fuel Quantity Total (uh)
* | ¥ Axis 2 [ Fuel Quantity DI (ul)
¥ Axis 3 (4] Fuel Quantity PI (nl)
¥ Asis 4[] Injection Angle DI ()
¥ Asis 5[] Injection Angle PI (%)

start Time B|| XAxds Engine Speed (RPM)
End Time ' ¥ Aois 1 [ | Fuel Quantity Total (ul)

* || ¥ Axis 2 B Fuel Quantity DI (ul)

¥ Auis 3 ]| Fuel Quantity P (ul)

¥ Ais 4[] Injection Angle DI ()

¥ Ais 5[] Injection Angle PI (%)

Start Time I

End Time [

120.00 120.00

120.00

100.00
100.00

100,00

80.00
80.00
80.00

50.00 50.00

2000.00 4000.00 000,00
Engine Speed (RFM) Engine Speed (RPM) Engine Speed (RPM)

Other important logging parameters are as follows:

2000.00 4000.00 6000.00 4000.00 6000.00

Fuel Injection End to Pl Spark (ms)
This is the time period left between the port injector closing and the spark plug firing, not so
important so the port injector can fire through a full 720 deg

Fuel Injection End DI to Spark (ms)

This is the time period left between the direct injector closing and the spark plug firing, critical to
maximize the DI Open Time
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This new DI to Spark logging parameter is important to maximise your Pl and DI fuel delivery, see
below where 3 power runs shown on the previous page were made with different P1/DI split ratios.

40% PI Ratio left 4ms between End of DI Injection and the Spark Plug firing

10% PI Ratio left less than 1ms between End of DI Injection and the Spark Plug firing

0% PI Ratio left less than 0.3ms between End of DI Injection and the Spark Plug firing and the
engine was misfiring and was unable to finish the power run.

We would advise you do not you run below 1.0ms to allow a reasonable time for the fuel to mix
before the spark plug fires.

Log Viewer - C\EcuTek\MapAccesslL 1JAD1G-20401-Forced Induction Exarmple ROM Spark Angle 40pc then Opc then 10pc v2 .csv = O *
p! park Ang pc pc pc

Time Graphs Data Table Custom 2D Graphing  Custom 3D Graphing  Tips

X Axis Engine Speed (RPM) - Start Time [

W Axis 1 Fuel Injection End DI to Spark (ms) ~ End Time y i
¥ Axis 2 []| Fuel Quantity DI (ul) v ) )
Y Axis 3 ]| Fuel Quantity PI (ul) v

Y Axis 4[| Fuel Quantity Total (ul) v

¥ fxis 5[] Mass Air Flow Sensor (V) -

Fuel Injection End DI to Spark {ms)

10.00 -REEEEEEEEEE e L e R EEE LEREEEEE B R R e e e - R Rt e Rk RRRRRi b

__________________________________________________________________________________________

-----------------------------------------------------------------------

0.00 - TEETTTr L . Lo [ETTTTPTS FYT Ty POTPPPTy POPPRTPPRy TETI SR [
4000.00 6000,00
Engine Speed (RPM)
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4.2.10. How to set up a Boost Limit (fuel cut) **

It's possible to use Custom Maps to set us a Fuel Cut for an over boost condition. It's also possible
to add a time delay before the fuel cut is triggered (allowing for slight momentary over boost
spikes).

You can see in the example below that Custom Map M has been added as a fuel volume multiplier
that will multiply the fuel volume by zero over 1.80 bar boost absolute (resulting in a fuel cut). In
addition, the Activation Definition has been configured so the map can only work over 1.80 bar and
then the 1 second timer delay must expire before the Fuel Volume is multiplied by zero.

OM A1JAO RR 0 orced Ind on Example ROM 002 enc.bin s
—
Wiew Colauring  Logging @ Map Access @ Log ko Fils
Maps | Live Data | Keving | Racerom
ROM Description

Map M - Fuel Yolume Multiplier For overboost

R
File: Open Last Lag...

AD1G-RR D mple ROM 002 enc.hin - om Map M % Input Definition  [%]
# input channel A~
) unused =
() Engine Speed (RPM) 41JA01G-RR 0 mple ROM 002 enc.bin - om Map M Y Input Definition []
8Mass Airflowe {g/s)
Engine Load {gfrev) .
(=) Manifold Pressure (bar) ¥ input channel A
() Manifald Pressure delta (har) @] unused -
) Boost Pressure thar) @Englng Speed (RPM) A1JAD1G-RR 0 orced Ind on Example ROM 002 en n m Map M n Definition [%]
() Conlant Temp (°C) 8:1555 A'[FIUQ'(@;IS) )
o niging Load (gfrev s e e
82:?’;&m?;£:;m e () Manifold Pressure (har) O Engine Load {gjrew) . . = —
) ambient Temp (°C) () Marifold Pressure delta (bar) @Mal.ufuld Pressure {bar}) A1JAD1G-RR ! - xample ROM 002 enc.bin - om Map M A ation Dela [
O Accelerator Pedal (%) 8Ennlst Pressura( (h)ar) gglanlio;d Prassu:g dz)alta {bar)
Coalant Temp (°C oost Pressure (bat
8%;%: 2:$:||_Eld\‘l(r:;1) () Intake Air Temp (°C) () Conlant Temp (#C) seconds
O Throttie éngle(e) O 0l Temp (°C) Qntake Air Temp (°C)
O Throttle Delea(®) ) Ambient Temp {*C) Q0 Temp (=C)
O Gear () Accelerator Pedal (%) ) Bmbient Temp (°C)
() Mapswitch Made (1-4) () Torque Demand{Mm} ) accelerator Pedal (%)
) ehicle speed (km/h) () Torque Actualifm) () Torgue Demand(Mm)
) Battery Veltage O Throttle Angle(*) O Torque Actualftim)
) MAE Smnenr volkans () Throttl: Deltaf™ O Throtts Anglet=)
QA 0 nduction enc.bin m M
Owl
8x Output channel
Ow O Unused
Ost (O Calculation Cnly
Oc () Tgnition Ease Timing (=)
Oc () CPC Duty (%)
Oc () Cam Angle Tnlet(®)
Oc () Cam Angle Exhaust (%)
O« () Target AFR (n:1)
O« () Mass Airflow (afs)
O« (%) Total Fuel Quantity
Oc () Fuel Injection Ratio =
Oc () PT Fuel Quantity 5
Ocd O DI Fuel Quantity 3
Oc () Cranking P1 Pulsewidthims) %
Qo Qutput Function -.:_.
O C () Replace channel value with map output
Qc (2 Add map output to channel value
el (=) Multiply channel value by map output
() Use map output as a minimum for channel value
() Use map output as a maximum for channel value
() Add map output to inkegral. Add inkegral bo channel value
() Add map output to inkegral. Multiply channe! value by inkegral I I

4.2.11. How to set up an Engine Load limit

Using Engine Load we can configure a load based fuel cut that considers atmospheric pressure.
As Engine Load will change with altitude we can alter the Engine Load where fuel cut will occur.
The following two custom maps show how a load based fuel cut can calibrated to consider Atmo
pressure. This ROM can be found in your BRZ ROMs directory and also includes FlexFuel
settings.

Custom Map H:

X axis is Engine Load

Y axis is Atmo pressure

Output will be -1, 0 or 1 depending on X and Y axis values

Custom Map I:

X axis is Engine Load

Y axis is Atmo pressure

Output will multiply the Total Fuel Quantity by zero depending on the output of Map H.
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ZA1JA01A-14599 NA Example ROM-example load cut for altutide-enc.bin - Custom Map H
File Edit View Plot Help

X channel (raw)
M 1.01 1.24 1.31 1.37 1.44 1.51 1.58 1.65 1.72 1.78 1.85 1.92 1.55 2.06 2.13 2.15 2.26 2.33 2.40
0.600 0 0
0.633 0 0
0.667 0 0
0.700 0 [
0.733 0 0
5| 0.767 0 0
E| 0,800 0 0
5 0.833 0 0
| 0.867 o 0
< | 0.300 0 0
> 0.333 0 0
0.367 0 0
1.000 0 0
1.033 0 0
1.067 B8 o 0
1.200 (B8 o 0

ZATJA0TA-14599 NA Example ROM-example load cut for altutide-enc.bin - Custom Map H Output Definition

File Edit Help
Output channel
) Unused ZATJADTA-14599 NA Example ROM-example load cut for altutide-enc.bin - Custom Map H X Input Definition
) Calculation Only
) Ignition Base Timing (%] F'E =3 He‘p. —
) CPC Duty (%) (L) CPC Pressure Sensor (V) "
) Cam Angle Inlet(%) Engine Load (g/rev)
am Angle Exhaust (%) Engine Speed (RPM)
) Target AFR (n:1) o, Gear
) Mass Airflow (g/s) Q
) Total Fuel Quantity
) Fuel Injection Ratio
qEiR O Ambient Temp (°C) n
) DI Fuel Quantity (®) Atmospheric Pressure (KPA)
) Accelerator Pedal (%) Battery Voltage
ranking Pl Pulsewidth(ms) () Boost Pressure (bar)
) Charge Air Temp for SD (*C) O Coolant Temp (*C) v
) Injection Angle DI (%)
() Injection Angle PI ()
Output function
(®) Replace channel value with map output
() Add map output to channel value v

ZATJA01A-14599 NA Example ROM-example load cut for altutide-enc.bin - Custom Map H Y Input Definition

The output will be dependent on Engine Load and Atmospheric Pressure, when the engine load is
low the output is always -1, this will prevent Map | from doing anything.
Map | will not actually activate until Map H output is 1.

ZA1IA0TA-14599 NA Example ROM-example load cut for altutide-enc.bin - Custom Map |

File Edit View Plot Help
5853 X channel (raw) Oraw
0.753 | 1200 1558 1916 2274 2632 2989 3347 3705 4063 4421 4775 5137 5455 7284 7642 EOBG'
0.700
0.727

¥ channel (raw)

ZATJAD1A-14599 NA Example ROM-example load cut for altutide-enc.bin - Custom Map | Output Definition

File Edit Help

Okt chamel ZA1JAD1A-14599 NA Example ROM-example load cut for altutide-enc.bin - Custom Map | X Input Definition

_) Unused File Edit Help
Calculation Onl c

= - gine Load (g/rev) "
Ignition Base Ti

CPC Duty (%) Engine Speed (RPM)
Cam Angle Inle - 5 o . L

S Cam Angle Exh ZATJAD1A-14599 NA Example ROM-example load cut for altutide-enc.bin - Custom Map | Y Input Definition

n:1)

(O DI Fuel Quantity
O Accelerator Pedal (%)
") Cranking PI Pulsewidth(ms)
*) Charge Air Temp for SD (*C)
O Injection Angle DI ()

Custom Map J result
Custom Map K result
Custom Map L result
) Custom Map M result
) Custom Map N result
(O Custom Map O result
(O Custom Map P It

§ output
. output as a im for char
_) Use Pprovtpotar® maximum for char
() Add map output ta integral. Add integ
_) Add map output to integral. Multiph{ct

vation mode
© Map is always active
Map is only act channel value is above threshold

s only active when channel value is below

() Map is only 3 VETETE Between the threshold values

Activation options

(®) Map activates and deactivates as normal

(O Map is initially inactive. Once activated, remains activate until key off

() Map is initially active. Once deactivated, remains inactive until key off v

Custom Map | can only work when the Output of Map H is over 0.99 and when this happens Map |
will cut the fuel injectors suddenly.

Custom Map | will stop working when Custom Map H output is below -0.99 and the Injectors will
be restored, so engine load will have to drop significantly before the injectors are restored.
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4.2.12. How to set up Boost Control **

Using RaceROM Custom Maps, we can set up closed loop boost control on turbocharger
installations. Some tuners have also used Custom Maps to control the recirc valves on
Supercharger installs at part throttle as well.

The factory BRZ/GT86 ECU does not have the ability to control a wastegate solenoid valve, but as
a solution, we can replace the Carbon Purge Canister (CPC) valve with a wastegate solenoid
valve and use the frequency controlled CPC output to control the turbo boost.

We can use the boost control in two ways:

e Open Loop — where a fixed wastegate duty is applied for a given RPM against any other
input (like Accel pedal, Gear, Vehicle Speed, Temperature etc)

e Closed Loop — the same as Open Loop but a proportional and integral compensation are

applied for a given boost error using RaceROM Custom Maps Boost Control (example
shown below) **

NOTE: If you wish to use the boost control in open loop then simply do not enable the proportional
or integral maps.

Custom Map | - Target Boost Pressure

e X axis is Accel Pedal position (%)
e Y axis is Engine Speed (rpm)
e Map values are Boost Pressure Absolute (bar)
The map output is the target Boost Pressure and the value is stored as a Calculation Only.

(%]
Y input channel e
CJunused E
(*) Engine Speed (RPM) ﬁi
(I Mass airflow (ofs)
() Engine Load {g/rew) % input channel ~
(O Manifold Pressure (bar) O unused
() Manifold Pressure delta (bar) () Engine Speed (RPM)
() Boost Pressure (bar) () Mass Airflow {g]s)
() Coolant Temp (+C) () Engine Load {gfrev)
() Intake Air Temp (4C) () Manifold Pressure (bar)
0l Temp (°Ch () Marifold Pressure delka (bar)
() Ambient Temp (°C) () Boost Pressure (bar)
O Accelerator Pedal (%) () Coolant Temp (C)
() Torque Demand(Mm) O Intake Air Temp (*C)
() Torque ActualiMm) O il Temp (°C)
) Thrattle Angle(®) () Ambient Temp (#C)
() Throttle Deltag=) (*) Accelerator Pedal (%)
O Gear () Torque Demand(Nm)
() Mapswitch Mode {1-4) O Tarque Actual(Nm)
_Q Yehicle Speed (km/h) ) Thrattle Angle()
e |
100.00 % channel (raw) .20 raw
4300 | 0.00 5.2& 10.5 15.8 21.1 26.3 21.6 36.8 42.1 47.4 EBEZ.& E7.3 €3.Z €8.4 73.7 728.9 84.Z B3 E 94.7
0 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
=

BO00 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
1z00 | 0.70 0.74 0.7% 0.83 0.87 0.21 0.9¢ 1.00 1.07 1.13 1.20 1.Z7 1.323 1.40 1.47 1.52 1.e0 1.67 1.73 1.80
1200 0.70 0.74 0.7% 0.83 0.87 0.21 0.%& 1.00 1.07 1.14 1.21 1.8 1.35 1.42 1.60 1.57 1.84 1.71 1.7‘9-
0.70 0.74 0.73 0.83 0.87 0.31 0.3 1.00 1.08 1.15 1.23 1.230 1.22 1.45 1.52 1.60 1.&7 1.75-
0.70 0.74 0.73 0.83 0.87 0.51 0.3 1.00 1.08 1.17 1.25 1.23 1.42 1.50 1.58 1.67 1.7E
0.70 0.74 0.73 0.83 0.87 0.31 0.8 1.00 1.08 1.18 1.27 1.37 1.46 1.55 1l.64d 1.73-
0.70 0.74 0.73 0.83 0.87 0.31 0.8 1.00 1.10 1.20 1.30 1.40 1.50 1.60 1.70 1.90-
Gl 0.70 0.74 0.73 0.83 0.87 0.51 0.8 1.00 1.10 1.20 1.30 1.40 1.50 1.60 1.70 1.
0.70 0.74 0.73 0.83 0.87 0.31 0.3 1.00 1.10 1.20 1.30 1.40 1.50 1.60 1.70 1.

Y channel {raw)

A File Edit

A Oukput channel
A O unused
4 @calculation Only 1.73 [1.80
() Tgnition Base Timing (%)

(O CPC Duty (%)

() Cam Angle Inlet(®)

() Cam Angle Exhaust (2

() Target AFR (n:1)

() Mass Airflow (g]s)

() Tokal Fuel Quantity

() Fuel Injection Ratio

()P Fuel Quantity

DI Fuel Guantity

() Cranking PI Pulsewidthims)

Sukput Function

(=) feplace channel value with map output:

() Add map output to channel value

() Multiphy channel value by map autput

() Use map output as a minimum For channel value

() Use map output as a maximum for channel value

() Add map output to integral. Add inteqral to channel value

() Add map output to integral, Multiply channel value by integral
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Custom Map J - Wasteqgate Duty Map

e X axis is Target Boost Pressure

e Y axisis RPM

e Map values are Wastegate Duty for the CPC Valve.

Custom Map J has been configured as the base wastegate duty for a given RPM (Y axis) and
Target Boost Pressure (output of Map 1), the values in the map are WG Duty (CPC Valve Duty).

W inpuk channel

() Engine Speed (RPM) ) Custorn Map D result
j () Custom Map E result
() Engine Load {ajrev) () Custam Map F result

Manifold Pressure (har)
() Manifold Pressure delta (bar)
Q Boost Pressure (bar)

() Custom Map G result
P A resul

() Custom Map K result
() Custom Map L result
) Custom Map M result
() Cuskom Map I resulk

{(*) Custom Map I result

A11A01G-RRFF 12025 FI Example ROM Boost Control enc.bin - Custom Map 1 ¥ Input Definition [X]
File  Edit

ZA1JA01G-RRFF 12025 FI Example ROM Boost Control enc.bin - Custom Map J X Input Definition

% [

ZA1JA01G-RRFF 12025 FI Example ROM Boost Control enc.bin - Custom Map ]

W channel (raw)

% channel (raw)

.7 F9.4 42 .2
40.0 43.3 46.7

3
7
.2 .7 E1.1 EE. &
<
7

F

-

ile  Edit

Cukput channel
() Unused
Calculation Onl

gnition Base Timi
(%) CPC Duty (%)

() Cam Angle Exhaust (%)
() Target AFR (nil)

() Mass Airflow (gfs)

() Total Fuel Quanticy
() Fuel Injection Ratio
() PI Fuel Quantity

{01 Fuel Quantity

ukput Funckion
(*) Replace channel value with map output

() Mulkiply channel value by map output

) Use map output as a minimum For channel value

() Use map output as a maximum For channel value

() add map output to integral, Add integral to channel value

() add map output tointegral, Multiphy channel value by integral
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Custom Map K - Wastegate Duty Proportional Control

e X axis is current Manifold Pressure
e Y axis is Boost Target
e Map values are Wastegate Duty proportional compensation factor.

Custom Map K will add the map output value to the current WG Duty (CPC Duty).

In the example shown above the Y axis Target Boost Pressure (output of Map I) is 1.8bar but the
X axis current manifold pressure is 2.1bar, so -9% WG Duty would be added to the current WG

Duty output of Map J (therefore reducing the WG Duty).

File  Edit

) Wheel Speed RR: (kmfh)
) Skeering Angle (%)

A11A01G-RRFF 12025 FI Example ROM Boost Control enc.bin - Custom Map K Y Input Definition

%]

©) Custom Map & result A13A01G-RRFF 12025 FI Example ROM Boost Control enc.bin - Custom Map K X Input Definition
) Custom Map B result . :
) Custam Map C result Fil= Edit
) Custom Map D result # input channel A
) Custom Map E result () unused E
) Custom Map F result () Engine Speed {(RPM) =
() Custom Map G result () Mass airflow (gjs)
) Custom Map H result () Engine Load {gjrev)
(*) Custom Map I result s) Manifold Pressure (bar}
) Custom Map 1 result ) Manifold Pressure delka (bar)
) Custom Map K result () Boost Pressure (bar)
) Coolant Temp ()
) Intake Air Temp (2C) 4

A1JAD1G-RRFF 12025 FI Example ROM Boost Control enc.bin - Custom Map K

File Edit “iew Flot
21 ¥ channel (raw)
1,5 [0.00.15 0.30 0.450 0.600 0.7500 0.3000 1.0500 1.200 1.350 1.500 1 650 1.200 1.9500
0.0 0 -4.5 -9.0 -13.5 -18.0 -22.50 -27.00 —-31.50 -36.0 —-40.5 -45.0 -43.5 -54.0 [-58.50 -63.
0.z| 5 0.0 -4.5 -3.0 -13.5 -18.00 -2Z.50 -27.00 -31.5 -36.0 -40.5 -45.0 -43.5 |-54_00 -53. .0
0.2| 3 4.5 0.0 -4.5 -3.0 -13.50 -18.00 -22_50 -27.0 -31_5 -36.0 -40.5 -45.0 -43_50 -54. &
0.5/14 %0 4.5 0.0 -4.FE -3.00 -13.50 -15.00 -22.5 -27.0 -31.5 -36.0 -40.5 -45.00 -43. .0
0.6|18/12.8 5.0 4.5 0.0 -4 .50 -3.00 -13 .50 -18.0 -22.5 -27.0 -31.5 -36.0 -40_50 -45. .E
—|0.& 0 E .0 4.E  0.00 -4.80 -5.00 -13.E -18.0 -22. 5 -27.0 -3L.E -36.00 -40. .0
0.3 o .E 3.0 4.50 0.00 -4.50 -3.0 -13.5 -18.0 -22.5 -27.0 -31.50 -3&. .E
Zlio .0 13.5 9.00 4.50 0.00 -4.5 -3.0 -13.5 -18.0 -22.5 -27.00 -31. .0
El1.z .o .00  4.50 0.0 -4.5 -5.0 -13.5 -18.0 -22.50 -27. .E
£ (1.4 .00 4.5 0.0 -4.5 -3.0 -13.5 -18.00 -22_ .0
= |15 50 5.0 4.5 0.0 -4.5 -5.0 -13.50 -18. &
1.7 B 3.0 4.5 0.0 -4.F -5.00 -13. .0
0 13.5] 5.0 4.5 0.0 -4.50EENEE -13.5 -18 -22 -27 -32
1.3 .0 El 30 4.5 0.00 -4.50 -3.0 -1d4 -18 -23 -27
z.1 ol 13,58 5.0 4.80 ©0.00 -4.5 -3 -13 -1§ -23
2.3 1g.0 13.&8 9.00 4.80 0.0 =-E -9 -14 -18

Cutput channel

() Unused

() Caleulation Only

() Ignition Base Timing ()
(%) CPC Duty (%)

(") Cam Angle Inlek(=)

(") Cam angle Exhaust (+)
() Target AFR (n:1)

() Mass Airflow (gfs)

() Tokal Fuel Quantity

(") Fuel Injection Ruatio

() PI Fuel Quantity

()0l Fuel Quankity

() Cranking PI Pulsewidth(ms)

Cutput Function

() Replace channel value with map output
(#)iadd map output to channel value
() mulkiply channel value by map output
Use map output as a minimum For channel value
() Use map output as a maximum For channel valus
(") Add map output ko inkegral, Add integral to channel value
() Add map oukput to integral, Multiply channel walue by inkegral
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Custom Map L - Wastegate Duty Integral Control

e X axis is current Manifold Pressure
e Y axis is Boost Target
e Map values Wastegate Duty integral compensation factor.

Custom Map L will add the map output value to the current WG Duty (CPC Duty) but as an
integral, so the value will keep increasing over a period of time.

In the example shown above the Y axis Target Boost Pressure (output of Map ) is 1.8bar but the
X axis current boost pressure is 2.1bar so -9% WG Duty would be removed to reduce the WG
Duty and reduce the boost pressure.

# input channel
Clunused

() Engine Speed (RPM)
Mass Airflo

= Engine Load (g,l'rev)
@ Manifold Pressure (bar)

() Custom Map E result
Custom Map F result

|

|FOId Pressure delta (bar) () Custom Map G result
Coolant Tem o
8 Intake Air Te?'ni:u (°)C) < @ Eustl:llﬂli;‘la;JrL i
C0il Temnp (°C) () Custorn Map K result b
() Custom Map L resuIF v

2,100 % channel (raw) 0,112 raw

1,80 |0.000 O_180 0O_.300 0.450 0_&00 0O.7500 0.900 1.050 1_200 1.350 1.500 1.&50 1.800 1. ooo0 JEEOD E_400 E_EE E_700 E.2E0
0.00|0_000-0.05&-0_11Z-0.169 -0.225-0. 2813 -0_238-0.394 -0_450-0_506 -0_563 -0.619:0_675 :0.731 - -0.844 -0_
0,15 |0.056 0.000-0_.056-0.11Z-0.169 -0_Z2Z50 -0_281 -0.338 -0_394 -0_450-0_506 -0_ 563 :0_619 -0.675 - -0.788 -0_
0.30|0.11Z 0.05& 0.000-0.05&-0.11Z% -0. 1688 -0_ZE5-0.Z81 -0_338-0.3294 -0_450-0_ 506 -0_56Z -0.619 - -0.731 -0.
0.45 |0_16% 0.11Z 0.056 0.000-0.05&-0.11Z5-0_162-0_ZZ5 -0_Z81 -0.3238-0_.394 -0_450-0_506 -0. 563 - 0675 -0_
0.&0 |0_Ez5 0.162 0.11F 0.056 0.000-0.0563-0_11Z-0_169 -0_Z25-0_281 -0_338-0.394-0_450 -0 506 -0_ L6159 -0,
— 0. a 0. a. a [n] a. -0.0E6-0.11Z-0.1&6%-0. 225 -0_.281 -0.338 -0.354 -0_450-0. B3 -0,
% o. o. o o o. 0.000-0.05&5-0_112-0.169-0.225-0.281-0.337 -0.394 -0_ -E0& -0,
%’ 1. o. o o o. 0.05¢ 0.000-0_056-0.113-0.169-0.EE5-0.281 -0.338-0. 450 -0.
E|1. o o o. 0.113 0.056 0.000-0.056-0.113-0.169-0.225 -0.281-0. -394 -0.
g 1. o o. o. 0.113 0.056 0.000-0.056-0.112-0.16% -0.2E5-0. .338 -0,
=11 a. a. 0.162 0.11Z 0.055 0.000-0.0585-0.11E -0.162-0. -E8L1 -0,
1 o O.ZE5 0.169 0.11Z 0.056 0.000-0.056-0.112-0. LEEE -O.
o. o 0.11z 0.05& 0.000-0.056& - -0. 169 -0_
o 0_.16% 0.11% 0.08& 0O.000 - -0.113 -0_
o O_ZZ5 0.169 0.113 0.056 -0.05& -0_
0_Z81 0D.Z25 0.16% 0.11% .ooo -0,

File  Edit

Qutput channel
O Unused
Qcy

! gnltlon Base Timing
() CPC Duty (%)
& Cam .C\ngle Inlet{®)

O Target AFR n: 1)

() Mass sirflow (gfs)

() Total Fuel Quantity

(3 Fuel Injection Ratio

() PI Fuel Quantity

() DI Fuel Quantity

() Cranking PI Pulsewidthims)

Cubput Function

() Replace channel value with map output
() Add map output ta channel value

() Multiply channel value by map oukput
() Use map outpul
P output as a maximum For channel value
(=) idd map output to integral. Add integral to ch | value:
aan oukput bo integral, Mulkiply channel value by integr.

The Integral Min/Initial/Max has been set so it can only add or subtract a value of 10, this prevents
the Integral from drast|cally changlng the WG duty dunng spool and part throttle conditions.

File Edit Help

o]

raww
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To further improve the boost control logic the Map L activation has been set at 1.8bar so the
Integral factor will ONLY be applied over 1.8bar and stop working below 1.7bar. But the Integral
will always start from 0 when the map becomes active as the Integral Initial value has been set to
zero as shown on the previous screenshot.

Activation channel A
O unused
() Engine Speed (REM)
() Mass sirflow (a/s)
Oad [gjrev
& (%) Manifold Pressure (bar)
g Aol L

R : 8

So as a summary the four custom maps used for boost control are shown below.
In addition, custom map M is used as a boost limit.

ROM - ZA1JA01G-RRFF 12025 FI Example ROM Boost Control enc.bin ... [= |[B][X]

File ‘Wiew Colouring Logging I@Map Access @
Maps | Live Data | Kevind | RaceROM
R.OM Description

Map I - Target Boosk Pressure

Map 1 - Wasteqgate Duty for a Target Boost

Map K - w3 Duky Proportional addition For boost error
Map L - Wi Duty Inteqgral addition For boost error
Map M - Fuel Wolume Multiplier For overboost

Defaulk comment stored in ROM

Boost Controll

We suggest that the proportional and integral maps are not enabled until the base WG Duty map J
has been profiled and is fairly close for tight boost control.

We then suggest you enable the proportional map and check for boost stability, its good practice
to entice an overboost to check the control of the proportional map, the following sequence is
great for producing an accurate proportional or integral map.

Example: If you are running 2bar boost absolute at 60% WG Duty then set your target boost to
1.7bar absolute with 60% WG Duty, you will then overshoot to 2bar and the Proportional will
attempt to reduce the boost to 1.7 bar. See how the proportional control deals with the overshoot,
log the INTERIM and RESULT of Custom Map K which shows the proportional component
working.

If the boost only reduces from 2.0bar to 1.85bar then you have the perfect proportional values for
a 0.15bar boost error, this method can soon populate an accurate proportional map suitable for
the size of your turbocharger.

If the proportional is simply too aggressive then halve all the values in Map K, if it takes too long to
double the values in map K.

Once your proportional map is calibrated then turn off Map K (prop) and enable Map L (integral).

See how the integral control deals with the overshoot and if it is too aggressive then halve all the
values in map L, if it takes too long to double the values in map L, the integral values have to be
much smaller than the proportional values. We cannot adjust the frequency of the integral addition
but doubling or halving the values will have the same affect.
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Below you can see an integral addition in action, in this fictitious situation where the target
pressure is 0.8bar absolute but the manifold pressure is held at 1bar absolute for purpose of
example. We also labelled the log file custom map names for ease of explanation.

You can see the yellow integral value (Map D interim) constantly decreasing and the red final WG
Duty (Map D Result) reducing until eventually the WG Duty is zero and the integral is sat at -50%.

* Log Viewer - C:\Ecutek\MapAccessLogs\ProECU-SubaruBRZ-ZA1JA01G - WG duty Integral working.csy E]@g]
Time Graphs || Data Table | Custom 20 Graphing | Custom 30 Graphing | Tips

& Axis Engine Speed (RPM) W | 6460 Start Time J
Y Bis 1 Manifold Absolute Pressure (kPa) (kPa) End Tima ]
Y Axis 2 Zustom Map B Result - barget pressure i m

Zustom Map D Inkerim - Integral lookupjies

Y Axis 3
Ve [V e - S
vavds5 [ [

Manifold Absaluke Pressure (kPa) (kPa) & Custom Map B Result - target pressure & Cuskom Map D Interim - Inkeqgral lookup & Custom Map D F

L R e L T L T

a0.00

0.00

-50.00
5500,00 6000,00 6500,00 F000,00
Engine Speed (RPM)

Other compensation factors can also be created, some examples below.
e Target boost pressure compensation for coolant temp
e Per Gear Boost compensation
e Per Gear WG Duty compensation
e Air Temp WG Duty compensation
e Atmospheric pressure Boost and WG Duty compensation

The CPC Valve cannot be used to control boost pressure, it’'s simply not a
suitable valve design.

We replaced the CPC valve with a very common Subaru WRX WG Duty
valve (part no.16102AA360), it’s direct plug and play and the valve
frequency should be reduced to 20 to 30% for the best results.

ZATJAQ1G-enc.bin - CPC Duty Multiplier

File Edit Help
Duty Cycle Frequency (Hz)

The operating frequency of the solenoid valve, -
On turbo BRZ/FR-5/86 models where the CPC valve is replaced with a typical wastegate duty solenoid valve (like a MAC valve) then we suggest
you reduce the frequency value to around 20% but this will vary depending on the type of valve used so some experimentation may be required.

So you can see the closed loop boost control is very powerful and offers the tuner complete
calibration control. There is no real limitation of what Custom Maps can do!
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4.2.13. How to set up for Ethanol and import Flex Fuel sensor **

Using Custom Maps, it is possible to tune the BRZ/GT86/FR-S for Ethanol based fuels (E85 etc).
When running E85, we are able extract more energy from the fuel and this leads to more power.

DYNOmite test "E85 Tuning” by EcuTeK

Peak Torgue* and Hp™ vs. RPM .
' ' ' ' On our stock GT86
we were able to gain

E Hi 2105
i /—’l“‘\-a\ plus 22bhp from
w ltora | =0 Simply tuning for

| | E85.

N I
%:/ M

,../":>‘¢ L 100.0

saur JaLo Ny

'
! frost

1000 2 OICO SD!CO 40!0'0 5 0!00 60!00 FOEOO 300%
Engine RPM (RPM)

Fuel Volume

When running on E85 we need to increase the amount of fuel volume that is added per cylinder
fill, the extra fuel volume amount is typically between 25% and 35% more depending on the
method used to increase the volume.

Ignition Timing

Along with extra fuel volume we also need to advance the Ignition timing as Ethanol takes longer
to burn and longer to release all its energy, for this reason we needed to advance the timing on full
load.

Cranking Fuel

In addition, cranking fuel is normally a fixed injection volume amount and needs increasing
independently of the main fuel volume calculations.

Using Custom Maps it possible to adjust the Ignition and Fuel for the current true Ethanol Content
Ratio, this eliminates the risk of engine damage and also avoids having to run an empty tank
before refuelling with Ethanol.

In addition the tuning will always be correct for whatever the current Ethanol Ratio is.

The current Ethanol Ratio can also be displayed on the Digital Coolant Temp Gauge during
Mapswitch mode in any of the 4 modes if required.

Another point worth mentioning is the fact that you are injecting 30% more fuel that the stock
injection system will be at 100% by 230-240bhp instead of 280-300bhp for regular gas (petrol).
Watch closely the logging parameter called ‘Fuel Injection End DI to Spark (ms)’ which is the time
period left between the direct injector closing and the spark plug firing, critical to maximize the DI
Open Time.
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NOTE: On Forced Induction models with higher cylinder pressure the same amount of Ignition
Advance should not be used, take care as E85 doesn’t knock very easily.
So to run on E85 we have to make the following calibration changes using Custom Maps.

e Increase Ignition Timing by up to 10 degrees on full load (depending on your region and

modifications)

e Increase Injection Volume Amount by around +30% everywhere
e Increase Port Injector Open Time during Cranking by 30 to 50% depending on Coolant

Temp

Using an example ROM these are the 4 custom maps that we changed:

|
A ROM - ZALJAO1G-RRFF 14599 NA Example-enchin.. = Bl 28

File View Colouring Logging

@ Map Access Q Logt L
| Maps | Live Data | Keying :RaceROM Ign. View |
ROM Description

MapA: Converts FlexFuel sensor to E% ratio

MapB: Cranking Fuel multiplier vs Coolant

MapC: Multiplies Fuel Volume vs Coolant

MapD: Adds Ignition vs RPM
MapM: Calculates wheel speed differential

Default comment stored in ROM

Map A - Converts the Flex-Fuel sensor voltage into Ethanol ratio %

Map B - Cranking Fuel multiplier adds extra fuel volume during cranking for a given coolant
Map C - Multiplies the Fuel Volume amount (ml) for a given coolant temp

Map D - Adds Ignition Timing for a given Ethanol amount against RPM

Using an aftermarket Flex-Fuel sensor fitted

on the lower pressure fuel rail return pipe, and
installing a Zeitronic Ethanol Content display, we
were able to measure the true Ethanol content of
the fuel.

The Zeitronic Ethanol sensor has a 0-5v analogue
output signal depending on the Ethanol content of
the fuel, this can be imported into the factory
Engine ECU through either the ‘CPC Pressure
Sensor Voltage’ ECU pin or the Rear O2 Sensor
Input pin (if the Rear O2 sensor is no longer
required.)

The factory ECU inputs for "CPC Pressure Sensor
voltage" or “Rear O2 sensor voltage” can be used
as 0-5v analogue inputs enabling us to set up
custom maps to control a variety of different
functions, just remember to set the AF Correction
#3 maps to zero.
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The CPC Pressure Sensor signal normally comes from the carbon canister pump module, which is
non-essential and only fitted in some markets (USA region for example), the vehicles rear 02
sensor checks for the correct functioning of the catalytic converter and also provides the ECU with
fuel trim information, if the fuel trims are turned off the input can then be used for any 0-5v
analogue signal to control a custom map.

You can choose to delete the carbon canister module (if fitted) or the rear O2 sensor and utilise
these inputs to import analogue outputs from an aftermarket wide band air/fuel ratio gauge or a
fuel ethanol content analyser.

Use caution when connecting the auxilliary inputs to ensure that the correct ECU pins are used.

-+
-—

FAAAN NN HE Bene

Shbbiillll])

=z
AR | BN | ]

Using the Rear O2 Sensor input

If you are using the Rear O2 sensor input pin it is essential to turn off the ECU Long Term Fuel
Trims and AF Correction #3 as well.

See the “How to turn off Long Term Fuel Trims” and “How to disable Rear O2 AF Correction #3”
headings for more information on how to do this.

Using the CPC Pressure sensor input

ZALIBOIC RaceROM-14527.8IN - Atmespheric Pressure Mode . [2]| | YOU repurpose the CPC Pressure Sensor input on a

Fle Edit Help USDM vehicle then the Atmospheric Pressure
calculation will be incorrect.

We have added a checkbox on affected vehicles to
force the ECU to use the MAP sensor for the Atmospheric Pressure Calculation instead.

Please enable this feature when repurposing the CPC Pressure Sensor on a USDM vehicle so the
atmospheric pressure reading is correct and shown correctly in Live Data.

See the Example ROMs like “ZA1JA01G-RRFF 14599 NA Example-enc.bin” for an example to
start your tuning.

These are the maps that have been changed on the following few pages:

Map A — Ethanol Sensor Scaling for Flex Fuel Sensor Import

Custom Map A : Will import and convert the signal from the Flex-Fuel Ethanol sensor from
Voltage to an Ethanol % ratio. It acts as a 2d map and RPM was added but does nothing.
Custom Map A : X Axis Input Definition is Engine Speed

Custom Map A : Y Axis Input Definition is the CPC Pressure sensor voltage (which now has the
Ethanol Content Ratio Sensor connected)
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ZA1JAO1G-RRFF 14599 NA Example-enc.bin - Custom Map A E

File Edit View Plot Help
3103.44 X channel (raw) 87.0 raw

435 |0.000 310.3 620.7 931.0 1241 1552 1862 2172 2483 2793 [EPUEN 3414 3724 4034 4345 4655 4966 5276 5586 5897 6207 €517 6828 7138 7448 7759 8069 8379 B8€90 9000

21.7 21.7 21.7 21.7 21.7 21.7 21.7 21.7 21.7 21.7 21.7 21.7 21.7 21.7 21.7 21.7 21.7 21.7 21.7 21.7 21.7
6.

30 26.1 26.1 26.1 26.1 26.1 26.1 26.1 26.1 26.1 26.1 26.1 26.1 26.1 26.1 6.1 26.1 26.1 26.1 26.1 26.1 26.1 26.1 26.1 26.1 26.1 26.1 26.1 26.1 26.1

2

26.1
52| 30.4 30.4 30.4 30.4 30.4 30.4 30.4 30.4 30.4 30.4 30.4 30.4 30.4 30.4 30.4 30.4 30.4 30.4 30.4 30.4 30.4 30.4 30.4 30.4 30.4 30.4 30.4 30.4 30.4 30.4
74| 34.8 34.8 34.8 34.8 34.8 34.8 34.8 34.8 34.8 34.8 34.8 34.8 34.8 34.8 34.8 34.8 34.8 34.8 34.8 34.8 34.8 34.8 34.8 34.8 34.8 34.8 34.8 34.8 34.8 34.8
’i 96| 39.1 39.1 39.1 39.1 39.1 39.1 39.1 39.1 39.1 39.1 39.1 39.1 39.1 39.1 39.1 39.1 39.1 39.1 39.1 39.1 39.1 39.1 39.1 39.1 39.1 39.1 39.1 39.1 39.1 39.1
E 43.5 43.5 43.5 43.5 43.5 43.5 43.5 43.5 43.5 43.5 43.5 43.5 43.5 43.5 43.5 43.5 43.5 43.5 43.5 43.5 43.5 43.5 43.5 43.5 43.5 43.5 43.5
z 39| 47.8 47.8 47.8 47.8 47.8 47.8 47.8 47.8 47.8 47.8 47.8 47.8 47.8 47.8 47.8 47.8 47.8 47.8 47.8 47.8 47.8 47.8 47.8 47.8 47.8 47.8 47.8 47.8 47.8 47.8
€ 61 2.2 52.2 52.2 52.2 52.2 52.2 652.2 S52.2 H52.2 S2.2 B52.2 B2.2 52.2 HB2.2 S52.2 H52.2 62.2 S52.2 H52.2 S2.2 H2.2 B2.2 52.2 62.2 S52.2 HB2.2 SB2.2 S52.2 B2.2 82.2
s B3| 56.5 56.5 56.5 56.5 56.5 56.5 56.5 56.5 56.5 56.5 56.5 56.5 56.5 56.5 56.5 56.5 G56.5 56.5 56.5 56.5 56.5 56.5 G56.5 56.5 56.5 56.5 56.5 56.5 56.5 56.5
> 04 60.% 60.9 60.9 60.9 60.9 60.9 60.9 60.% 60.9 60.9 60.9 60.9 60.9 60.9 60.9 60.9 60.9 60.9 60.9 €0.9 60.9 60.9 60.9 60.5 60.9 60.9 60.9 60.9 60.9 €0.95

&5 .2 &5

Custom Map A Output Definition : Is configured as a ‘CALCULATION ONLY’ and will
REPLACE CHANNEL VALUE so this output can be used by other Custom Map actions

Custom Map A Enabled : Map A must be ENABLED and turn off Debug for it to work in all 4
Map Switch modes.

Map B — Cranking Fuel Multiplier for Ethanol Content

ZA1JA01G-RRFF 14599 NA Example-enc.bin - Custom Map B \g

File Edit View Plot Help
30 X channel (raw) 1.34 raw

78.26 -25 -20 -15 -10 -5.0 0.00 5.00 10.0 15.0 20.0 25.0 gl 35.0 40.0 45.0 50.0 55.0 €0.0 €5.0 70.0 75.0 80.0 85.0 90.0 85.0 100 105 110 115 120

Y channel (raw)
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9(1.891.39/1.89/1.891.89 (1_.85/1.89 135 1_39 139 1_39
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Custom Map B : This map will multiply the Cranking Fuel Volume amount by the current Ethanol
Content ratio provided by the result of Map A

Custom Map B : X Axis Input Definition is Coolant temp (Deg C)

Custom Map B : Y Axis Input Definition is the output of Map A

Custom Map B Output Definition : The output will be multiplied by the current cranking fuel
volume for a given coolant temp.

Custom Map B Enabled : Map B must be ENABLED and turn off Debug for it to work in all 4
Map Switch modes.
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Map C — Fuel Volume multiplier for Ethanol Content

ZA1JAO0LG-RRFF 14599 NA Example-enc.bin - Custom Map C @
File Edit View Plot Help
20 X channel (raw) 1.43 raw
91.30 -25 =20 -15 -10 -5.0 0.00 S5.00 10.0 lS.DmZS.D 30.0 35.0 40.0 45.0 S50.0 S55.0 €0.0 €5.0 70.0 75.0 B80.0 B85.0 90.0 95.0 100 108 110 115 120
0.00
4.35
8.70
13.04
17.3% 1.07
21.74 |[2-24|[2Z3s] fatas| Eaz] iz JaNa laNan) s N N '1.09 1.09 1.09 1.09 1.08 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.05 1.08 1.09 1.09 1.09 1.05 1.09
26.09 1.17 1.16 1.15 1.14 1.14 1.14 1.13 1.13 1.13 1.12 1.1z 1.11 1.11 1.11 1.11 1.11 1.11 1.11 1.11 1.11 1.11 1.11 1.11 1.11 1.11 1.11 1.11 1.11 1.11 1.11
30.43 | 1.19 1.18 1.18 1.17 1.16 1.16 1.16€ 1.15 1.15 1.14 1.14 T R T e e e e e e ) e B e | e 3 S Y e P e R )
24.78 | 1.22 1.21 1.20 1.19 1.1% 1.18 1.18 1.18 1.17 1.16 1.16 1.14 1.14 1.14 1.14 1.14 1.14 1.14 1.14 1.14 1.14 1.14 1.14 1.14 1.14 1.14 1.14 1.14 1.14
$ 99.131.25 1.24 1.23 1.22 1.21 1.21 1.20/1.20 1.15 1.18 1.18 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16
& 43.48 1.28 1.26 1.25 1.24 1.23 1.23 1.22 1.22 1.21 1.20 1.19 1.18 1.18 1.18 1.1g 1.1 1.18 1.18 1.18 1.18 1.1 1.18 1.18 1.18 1.18 1.18 1.18 1.18 1.18
T 47.83 | 1.30 1.29 1.28 1.26 1.26 1.25 1.25 1.24 1.23 1.22 1.21 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20
€| 52.17|1.33 1.32 1.30 1.29 1.28 1.28 1.27 1.26 1.25 1.24 1.23 1-21][a 23] [aT21] [atza] fa 23] fat2y [2l2y) [at21) (221 fat21l [atzal [al22 [fa-zy] [at21] far21] faC21] fat23] f1 21
£ 56.52(1.36 1.34 1.33 1.31 1.30 1.30 1.29 1.28 1.27 1.26 1.25 1.281.2912.292.22/2.29 1.28/2.291.2912.29//2.2312.22/1.231.231.2312.291.29 1.23 1.23
> 60.87(1.39 1.37 1.35 1.34 1.33 1.32 1.31 1.31 1.30 1.28 1.27 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.2§
65.22 1.38 1.36 1.35 1.34 1.34 1.33 1.32 1.30 1.29 8 1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.27
§9.57 1.38 1.37 1.36 1.35 1.34 1.32 1.31 1.29 1.29 1.29 1.29 1.29 1.29 1.29 1.29 1.29 1.29 1.25 1.29 1.29 1.29 1.29 1.29 1.29 1.29
73.91 1.40 1.33 1.38 1.37 1.36 1.34 1.33 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30
78.26 1.42 1.41 1.40 .38 1.37 1.35 1.32 1.32 1.32 1.3z 1.3z 1.32 1.32 1.32 1.32 1.32 1.32 1.3z 1.32 1.32 1.32 1.32 1.3z 1.3z
82.61 1.39 1.37 1.3¢ 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34
86.96 1.41 1.33 1.36 1.36 1.36 1.36 1.36 1.36 1.36 1.36 1.36 1.36 1.36 1.36 1.36 1.36 1.36 1.36 1.36 1.36
1.37 1.37 1.37 1.37 1.37 1.37 1.37 1.37 1.37 1.37 1.37 1.37 1.37 1.37 1.37 1.37 1.37 1.37
95.65 1.39 1.39 1.39 1.39 1.39 1.39 1.39 1.39 1.39 1.39 1.39 1.39 1.39 1.39 1.39 1.39 1.39 1.39
10000 | IEEE PENSE| PINSs 2064 [21083| [1082|(1.50/ 1.45 1.47 1.45 1. 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41

Custom Map C : This map is the fuel volume multipler,

Custom Map C: X Axis Input Definition is Coolant Temp (deg C)

Custom Map C : Y Axis Input Definition is the output of Map A

Custom Map C Output Definition : The output will multiply the current fuel volume amount
depending on Coolant temp.

Custom Map C Enabled : Map C must be ENABLED and turn off Debug for it to work in all 4
Map Switch modes.

Map D = Ignition Addition for Ethanol Content

ZA1JA01G-RRFF 14599 NA Example-enc.bin - Custom Map D

[]

File Edt View Plot Help
2759 X channel (raw) 8.00 raw
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Custom Map D : This map is Ignition Timing in Degrees, it is filled with Odeg to 8Deg
Custom Map D : X Axis Input Definition is Engine Speed (RPM)

Custom Map D : Y Axis Input Definition is the output of Map A

Custom Map D Output Definition : The output will be between 0 and 8 degrees, this will be
ADDED to the current Ignition timing.

Custom Map D Enabled : Map D must be ENABLED and turn off Debug for it to work in all 4
Map Switch modes.
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7 Log Viewsr - CEcuteR\ MapAccessLoga\E85 full load adding Petrol test ProfCU-SubaraBRz-ZALIAGDG - i =k | | O prove the real Flex-Fuel abi I|ty we held

TimaGraphSlDataTah\e CustanDGraphmg.l (u%tnmiD Graphmg]T\ps ] - . the car on fu” pOWer at Zooorpm Wlth pure
EQE:MDde Ignition Timing (%) Ignition Tirning (%)=17.5, Time=141875ms E85 |n the fuel tank’ We then added regular
G S 98 Octane Petrol into the fuel tank.
C Madium il The results were logged with ProECU.
« Large

Unzoom

Uneheck Al Dlgm'-\ddiﬁunfurEmanulsgg?:glgnAdditionforEzﬁgaDoDIRatioﬂ.SS,Tim51=510401080?5ms The EthanOI Content ratlo reduced from

85% (E85) down to 30% (E30)

Manifold Absclute Pressure (B
Intake Air Temperature (*C)
Coolant Temperature (*C)
Engine Speed (RPM)

Throttle Position #1 (%)

Fuel System Status ()

Fuel Trim Short Term (3%)
Fuel Trim Long Term (%)

| Ignition Timing (%)

! Injection Velume (ml)
Injection Time Direct Final (m?
Injection Time Port Final (m35)
WVT Intake Angle #1 (°FR)
WWT Exhaust Angle #1 (°FR)
AFR (AFR)

Engine Load (load)
Mapswitch Mode (mode)
Custorm Map A Interim (raw)
Custom Map A Result (raw)
Custom Map B Interim (raw)
Custom Map B Result (raw)
Custom Map CInterim (raw)
Custom Map C Result {raw)
PIOpen Time (ms)

Knock Correction ("CA)
Knock Correction Learn Value
Custom Map D Interim (raw)
Custom Map D Result (raw)
Idle Spark Advance Control #1

The log file clearly shows whilst adding the
Petrol to the E85 how the Injection Volume

P Inje(tinnanll_ﬂlrl?r?zlgmljzﬂﬁﬁﬂ,TimElzglﬂ-llDlDSDHms was reduced and the Ignition Tlmlng was
retarded as the Ethanol content of the fuel
was reduced.

1] 50000 100000 150000
Ign Result for Ethanol Ratio Ign Result for Ethanol Ratio=10.9, Time=141875ms

Found CAN Interface (1D $00000517)  Fourd ¥Lrer |

Idle Spark Advance Control #2 Dm | 50000 100000 . 150000 * Custom Map A Interim EcuTek raw 0.00 0.0
E:e zpart ijvance Eon:m::ﬁ Ethanol Content Ratio % Ethanol Content Ratio %=38.38, Time=141875ms - Custom Map A Result e ,
= Fu:‘ LP:\:E\ - vuatn(c:] ontrol £ Custom Map B Interim EcuTek raw
] Ethanol Content Ratio % /Custom Map B Result EcuTek  raw
! ign .I:edsdult furfEthEal;\]D\ R\atRlo ((:::::;2 ngﬁ (C: %?merl‘;“ ECUIE: e
| Ign ition for Ethanol Ratio \ esu cuTek raw
Custom Map D Interim EcuTek raw
‘ Custom Map D Result EcuTek raw
E‘ngme Load EcuTek load 0.12 6
lapswitch M 3
0 50000 100000 150000 PI ‘())sw‘n T\me°de Lo . )
Fuel Level Input (%) Fuel Level Input (%)=18, Time=141875ms AFR & bcieh; ime (0
OEM  AFR .
Coolant Temperature OEM °c
Engine Speed OEM  RPM

Fuel Level Input
® Fuel System Status

Fuel Trim Long Term OEM 9 0 5
Fuel Trim Short Term 05;4 o//: 1 7 j
* Idle Spark Advance Control #1 OEM °ca -4.9 ’
“ Idle Spark Advance Control #2 OEM  °CA 49 'l‘"
Idle Spark Advance Control #3 OEM  °caA 49 00 '
“ Idle Spark Advance Contro| #4 OEM °CA | -49 i c
" ignmon Timing OEM ° 175 ,i’r‘ &
* Injection Time Direct Final il
o {nlecnon 1\;xrre Port Final 831 :g ggg Usjé s
* Injection Volume ) ; ]
< Intake Air Temperature 8;’: g&' % 08754 0 9501‘ o
. . B gm0 | o0 | o
You see the importance of logging the Custom Map Manifold Abeluts Pressure (5ar) e
* Mass Air Flow f 1.0
. . “ Throttle Position #1 OEH s 212 | 4965 | 58.5
logging parameters as shown in the screen shot on VT Exhaust Angle #1 M o | 29 | W4 | 0

“ WT Intake Angle #1 OEM °FR | 00 465 522

the right, the parameters have been ordered by el S T
ORIGIN which shows all the custom EcuTek 2 e

parameters in RED and all the OEM parameters in
GREEN.

M - ZA1JA00G-E85 FlexFuel Example ROM enc.bin (ZA1JADOG - EU BRZ Ma.

File View Colouring Logging @ Map Access &

Maps | LiveData |Keying | RaceROM

Name Qrigin Units Minim. | v I;ama -
= Logged Parameters .
Ahvance Multiplier EcuTek | Description
Engine Load EcuTek load —| Twe
Mapswitch Mode EcuTek mode | Datsdours
/F Learn Value High #1 OEM % --- | Protocal
/F Learn Value High #2 (DUALY OEM % | -
J/F Learn Value Idie #1 OEM % - | v Units |
J/F Learn value Idle #2 (DUAL) CEM Yo === | v Miiimurn
JF Learn Value Law #1 CEM % --- | w Current |
&/F Learn Value Low #2 (DUAL) QEM %o === | v Maximum
AfF Learn Value Med #1 OEM T — T nfa"
/F Learn Value Med #2 (DUAL)Y OEM % = nfa nfa
ccelerator Angle DEM %o === nfa nfa
AFR QEM Lambda| — n/a nfa

Logging the custom parameters is very important to understand how your Custom Maps are
working.
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If you do not want to use a Flex-Fuel sensor and you want to run a dedicated E85 map, simply fill
Map A with 85, then regardless of the CPC pressure valve input voltage, the output will always be
85% Ethanol.

Z2A11AD0G-ES5 FlexFuel Example ROM enc.bin - Custom Map A 3]
File Edit Wew Plot

0.0000 n channel {raw) 85,00 raw

i

310621531 1241 1552 1862 217

483 2793 3103 3414 3724 4034 4345 4655 4966 5ETS 5586 5597 6207 6517 65828 7138 7448 7752 8062 5372 8650 5000

Y channel (raw)
[ I CRRY cR AR CRE P T % B P O ¥ T A R SR SN AN TR I S o o e R R R |
o s T« VI VNI Y o TS Y Y % e T Y o ™ O I HESS N IR TN LY o BE B O N )
o

2A1JA00G-EBS FlexFuel Example ROM enc.bin - Custom Map A X Input Definition

In addition, you could change Y axis to Coolant temp and

% input channel ~ ) . )
C%):::f::mm then have a Coolant temp influence on the Injection Volume
Mass Airflow (gfs)
Crmmlosiiey amount for lower coolant temps.
() Manifold Pressure delta (har)
(2) Coolant Temp (°C) .
b You will also need to ensure that the Ethanol based maps are
) Apbient Temp (* . . . . .
ZMJAIJDG—EBSFIeuFueIEuampIeRDMem:.hin—EustanapAEnabIe = Only enabled In a Certaln mOde, In thIS eXample Map A IS
File  Edit .
§ enabled in Mode 4.

£

LEpahle map only when SpeeektEnsity s active

("I Enable map anly when Traction Contral is disabled
[7] Debug made - Log result but don't update output channel
[ Tluminate Check Engine Light when map is active

0O000G

heel speea 1 )
(O Wheel Speed RR. thmjh)
() steering Angle (%)
() Cuskom Map A result
() Cuskom Map B result
) Custom Map C result
() Custom Map D result
() Cuskom Map E result
() Cuskom Map F result
Custom Map G result
() Cuskom Map H result
) Custom Map I result
() Custom Map J result
() Custarm Map K result
() Custom Map L reslt
() Custom Map M result
Custom Map N result
() Custom Map O result
Custom Man P rasil
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4.2.14. How to set up Traction Control **

By using Custom Maps and our powerful 4 channel wheel speed logging, it's possible to create a
torgue reduction map for wheel speed differential.

ROM - ZA1JAODG-Example ROM.020 - with RRDC Mode 4 enc.bin (Z... |

File Yiew Colouring Logging @ Map Access @ Log ko File:
| Maps | Live Data | Keving |Racerom|
ROM Description

Map M calculates wheel speed slip amount: - Active Mode 4
Map M applies Ign Retard based wheel speed slip amount: - Active Mode 4

Open Laskt Log...

Default comment stored in ROM

Traction Contral|

Custom Map M calculates the amount of wheel slip by comparing the front wheel and rear wheel
speeds.

£2A1JA00G - Traction Control Example ROM enc.bin - Custom Map M X Input Definition

() Coolant Temp (=)
() Intake Air Temp (°C)
O 0l Temp (=Y

) ambient Temp (#C) ZA1JA00G - Traction Control Example ROM enc.bin - Custom Map M ¥ Input Definition

() Accelerator Pedal (%) File Edit

() Torque Demand{Mm) e e e

(O Torque Actual(Mm) () MAF Sensor Yolkage () ad
() Throttle Angle(®) () CPC Pressure Sensor (V)

(O Throttle Delta=) (O wiheel Speed FL (kmih)

) Gear (O wiheel Speed FR. (kmh)

() vehicle Speed (kmyh) () wheel Speed RL (ki)

() Battery Yoltage ® =
() MAF Sensor Yoltage (V) () skeering Angle =3

(J0CPC Pressure Sensor (¥ () Cuskomn Map A result

(1 wiheel Speed FL (kmih) () Cuskomn Map B result 2
(*) Wheel Speed FR {(km/h)

() wheel Speed RL (km/h)
|

2A11A00G - Traction Control Example ROM enc.bin - Custom Map M Output Definition

Cukput channel
() Unused
(®) Calculation Only

Z2/11A00G - Traction Control Example ROM enc.bin - Custom Map M

() Ignition Base Timing ()
(O CPC Duty (%) 40,00 ¥ channel {raw) |3g raw
() Cam Angle Inlet{®) =
Ocam #ngle Exhaust (%) 70 |0.0010.0 20 30 I 50 &0 Td 20 20 100 110
() Target AFR (ni1) 1}
() Mass Airflow (gfs) 10
() Total Fuel Quartkity z0
() Fuel Injection Ratio —| =0
() PI Fuel Quantity § 40
() DI Fuel Quantity =1
() Cranking PI Pulsewidthims) E 0
Oukput function E R
(3) Replace channel value with map output = =0 - 70 &0
(O Add map output to channel value so |EEI &0 7o
() Multiply channel value by map output 100 --- 70 &0
() Use map output as a rminimurn For channel value 110 ---- 70
Use map output as a maximum For channel value
() Add map oukput to integral, Add integral to channel value

() Add map oukput to integral, Mulkiply channel value by integral I

The map will only output a value if the rear wheel speed is greater than the front wheel speed, as
the vehicle is rear wheel drive this should always be the case.

If the front wheels are doing 40kph and the rear wheels are 70kph then the wheel speed differntial
is 30kph, this value is then stored as the Custom Map M Result.

Custom Map N applies an amount of Ignition retard based on the wheel speed differential. By
using the Custom Map M Result we can apply an Ignition Retard amount for a given wheel slip
amount.

This map is progressive and allows a small amount of slip before it really starts to retard the
ignition timing (reducing engine torque) , it also reduces the torque output by a greater amount at
higher RPM.
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A1JADOG - Traction Control Example ROM enc.bin - Custom Map N X Input Definition

¥ input channel

e Vi b
) Custom Map G result
() Cushom Map H resul:
() Custarn Map I result
() Custorn Map 1 result

g

() Manifold Pressure (har)
() Marifold Pressure delka (har)
() Boost Pressure (bar)
() Coolank Temp {=C)
() Inkake Air Temp (=C) <
8 il Temp ¢2C)

Ambient Temp (°C)
() Accelerator Pedal (%) 8 Eusléom map S rESL:Lt
() Torque Demand(Mm) MR D 1 s

() Torgue Actual(Mm) v I

A1JADOG - Traction Control Example ROM enc.bin - Custom Map N Output Definition

ustom Map L result
) Custom Map M result

%

Cutput channel
ZA1JA00G - Traction Control Example ROM enc.bin - Custom Map N
File Edit ‘iew Plot

) 4500 % channel (raw]) |-35 raw
Cm Angle Exchaust (o) 20 0 1000 2000 ZEQOQ 2000 2500 4000 E000 &000 000 2000
() Target &FR (ni1) [l ol e o
O Mass tiiflow (afs) S| [ | = sl =ete| -1z 16 -zo | -so
() Total Fusl Quantity [-13.8 -18 -21 -zs[ &0l
O Fuel Injection Ratio = .----- -Z3 -Z& -30 -
) PI Fuel Quantity P EEE -c0 -:0 -s0 30 -zo BEEENS -<0 ) S4s0=sa] sso
() DI Fuel Quartity = EE -:c -5 -3z -35 -35 -38.8 -43
OCranking PI Pulsewidthims) % - —40 -40 -40 -40 -40 -4Z.5 -
Qutput function & | -s0 -so -sa -50 -50 -$0.0 -50

Ce channel value with map =

(*) Add map output to channel value .- -

Multiply channel value by map output 7c [EE -s0 -s0 -50 -50 -50 -50.0 -50 -50 -50 -850
E%U!E——* prouiputac s il THTENE value 100 [GIMNG -so -so -s0 -G0 | -50) -§0.0 -G0 -50 -850 -&0
() Use map output as a maximum For channel value
() add map output to inkegral, Add integral to channel value
() dd map output bo inkegral, Mulkiply channel value by integral I

further maps can be added for vehicle speed where multipliers could be used to differentiate
between a low speed acceleration wheel slip (1st or 2nd gear) vs a fast corner ‘high speed’ drift
situation where you may want to dampen the torque rather than completely kill the torque.

Accelerator pedal output can also be intercepted to create a throttle based traction control strategy
with the addition of ignition retard and steering angle inputs for further wheel slip control.

ZA1JA01G- RaceROM Traction Control throttle reduction for wheel slip amount .bin - Custom Map M X Input Definition EI
File Edit Help

() Coolant Temp (°C) -
0L e S () ZA1JADIG- RaceROM Traction Control throttle reduction far wheel slip amount .bin - Custom Map M ¥ Input Definition [=]
Engine Load (g/rev)

Engine Speed (RPM) File Edit Help

Gear =)

Intake Air Termp (°C)
MAF Sensor Veltage (V)
Manifold Pressure (bar)
o Manifold Pressure delta (bar

Custom Map B result o
Custom Map C result

Custom Map D result

Custom Map E result

(0 Custom Map F result

ZA1JA0LG- RaceROM Traction Control throttle reduction for wheel slip amount .bin - Custom Map M Cutput Definition @ |EJ
File Edit Help |

Cutput ch |
Ty — ZA1IAD1G- RaceROM Traction Control throttle reduction for wheel slip amount bin - Custom Map M =]
7 = Calculation Only File Edit View Plot Help
Ignition Base Timing (%) 4500 X channel (raw) 0477 raw
CPC Duty (%) :
Cam Angle Inlet(%) 20 |0 1000 1700 2400 31oo  3soo [MEEDAM 5200 5900 6600 7300 8000
Cam Angle Exhaust () + 72 1] 1) 1.000/ 1.00a/ 1.00a/ 1.00a| 1.000/ 1.000/ 1.06a/ 1.06a/ 1.060)
Target AFR (n:1) 10 0.733 0.716 0.633 0.670 0.647 0.624 0.601 0.577 0.554
Mass Airflow (g/s) — |15 0.580 0.563 0.545 0.527 0.510 0.492 0.475 0.457 0.440
Total Fuel Quantity g [ 20] 0.542 0.521 0.493% [0 0hy) 0.455 0.433 0.411 0.385 0.3&8
Fuel Injection Ratio < |z B o-sz5 0.455 0.472 0.446 0.420 0.354 | 0.368 | 0.341 [ 0.815
PI Fuel Quantity £ | 30 0.507 0.477 0.446 0.416 0.385 0.354 0.324
DI Fuel Quantity =35 0.450 0.455 0_420 0.385 0.350 0 315 0 280
Accelerator Pedal (%) = a0 |H B o .45z 0.43z 0.333 0.386 0.332 0.233 0.286 0.233 0.200
Cranking PI Pulsewidth{ms)
() Charge Air Temp for 5D (C) 0200%0%0008 2 i 100
Cutput function ooaa
() Replace channel value with m X Y

Add map output to channel value

Multiply channel value by map output

Use map cutput as a minimum for channel value

Use map cutput as a maximum for channel value

Add map output to integral. Add integral to channel value
Add map output to integral. Multiply channel value by integral
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5. Technical Service
Bulletins (TSB)

There are various known cam control issues with the FA20 engine, these have resulted in various
recalls and TSB’s in an attempt to fix and solve these issues. Here are two TSB’s that are related
to VVT control.

TSB Number 1

1) TSB 02-132-12, you can search this online to download the full PDF document that
includes the full test process.

SERVICE BULLETIN

APPLICABILITY: 2012MY Impreza with FB Engine NUMBER: 02-132-12
2013MY BRZ

SUBJECT: DTCs Relating to the AVCS (Active Valve Control
System) POO0A, POOOB, P0O00C, PO00D, POO011,
P0014, P0018, P0017, PO019, P0021 & P0024

INTRODUCTION

DATE: 08/21/12

The purpose of this Service Bulletin is to provide diagnostic information regarding “AVCS Slow
Response” DTCs PO0O0A, P000B, PO00C and PO0OD along with “AVCS System Failure” DTCs
P0011, P0014, PO017, PO0OLS, PO019, PO021 and P0024.

IMPORTANT:

* Read through the diagnostic flow chart and test mode graphs thoroughly then follow the
procedures step-by-step BEFORE ordering parts or making any repairs.

* Itis important to remind customers who perform their own maintenance or have it done
elsewhere the importance of following the Owner’s Manual recommendation for proper oil
viscosity, API specification and service intervals.

PART INFORMATION
Applicable Parts, Sprocket Assembly - Camshaft

13320AA020, 13320AA030, 13321AA010, 13322AA030, 13322AA040, 13323AA010

Test Modes
ABNORMALITY OF CRANK
PART AND CAM TIMING SLOW RESPONSE TARGET ERROR
RH Poo16 ]| POOOA Po011
Intake M
wWT ode B Mode B Mode B
LH P0018 P000C [Po021
Exh RH P0017 P0O0OB P0014
E@#St Mode A Mode B Mode B
LH P0019 Po0OD P0024
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Test Modes for AVCS DTCs

TEST MODES

Test Mode A

1. Bring the engine up to operating temperature then shut it off.

2. Restart the engine and maintain the engine speed around 2800 rpm for 10 seconds by
applying the accelerator pedal with the shifter in Park position.

3. Leave the vehicle idle for 15 seconds or more.

4. Raise the engine speed to around 2800 rpm for 10 seconds again by applying the
accelerator pedal with the shifter in Park position.

5. Leave the vehicle idle for 15 seconds or more then shut off the engine.

6. Perform the above procedure from steps #2 to #5 again.

7. Restart the engine and let the vehicle idle for 3 minutes or more when completed.
8. Confirm if any DTCs or temporary codes are reset in ECM memory.

Test Mode B

1. Start the engine and let it idle for 1 minute or more.

2. Drive the vehicle and accelerate it with 50 % accelerator pedal opening angle “D” range
(A/T models) for 10 seconds as steadily as you can.

3. Coast the vehicle without applying the accelerator pedal for 10 seconds.

4. Perform steps #2 and #3 again.

5. Stop the vehicle and shut off the engine.

6. Restart the engine and perform steps #2 and #3 again.

7. Stop the vehicle and confirm if any DTCs or temporary codes are reset in the
ECM memory.

TSB Number 2

2) Scion S-SB-0033-13, this issue is related to a camshaft position sensor clearance issue.

Some 2013 model year FR-S vehicles may exhibit intake and/or exhaust camshaft position
sensor related and/or engine misfire DTCs (P0340, P0341, P0345, P0346, P0365, P0366,
P0390, P0391, P0301, P0302, P0303, and P0304) due to the camshaft position sensor
clearance being out of specification. In addition, some vehicles may also experience rough
idle or extended cranking. This bulletin provides inspection and repair procedures to
address this condition.

Production Change Information

This bulletin applies to vehicles produced BEFORE the Production Change Effective VIN shown

below.
MODEL PRODUCTION CHANGE EFFECTIVE VIN
FR-S JF1ZNAAT#D#008792
Warranty Information
OP CODE DESCRIFTION TIME OFP T | T2
EG1311 R & R Shim Camshaft Sensor 0.6 SU003-00186 07 | 44
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Hard Start, Rough Idle, Camshaft Sensor or Misfire DTCs

Parts Information

PART NUMBER PART NAME ary
SU003-00134 0O-Ring Camshaft (Bank 1 Exhaust) As needed
SU003-00185 O-Ring Camshaft (All Others) As needed
SU003-04600 Repair Part Set* 1

* Refer to the table below to see the list of the included parts in the Repair Part Set.

CTTAREERRY, | AND Ui 82 ExtausT EE’E‘&E&E‘E’% SHIM THICKNESS | acger ap (1w
10130-AA170 10130-AA070 0.45 - 0.55 0.8 125 - 1.35
10130-AA180 10130-AA080 0.56 — 0.85 0.7 1.26 - 1.35
10130-AA190 10130-AA090 0.66 — 0.75 0.6 1.26 — 1.35
10130-AA200 10130-AA100 0.76 — 0.85 0.5 1.26 - 1.35
10130-AA210 10130-AA110 0.86 — 0.95 0.4 1.26 — 1.35
10130-AA220 10130-AA120 0.96 — 1.05 0.3 1.26 - 1.35
10130-AA230 10130-AA130 1.06 — 1.15 0.2 1.26 — 1.35
10130-AA240 10130-AA140 1.16 — 1.25 0.1 1.26 - 1.35

e SCIom 5-5B-0033-13 August 30, 2013 Page 3 of 8

Hard Start, Rough Idle, Camshaft Sensor or Misfire DTCs

Inspection Procedure

1. Confirm MIL “ON" with Camshaft Sensor DTC as described in the Introduction.

2. Disconnect the negative (—) battery cable.

3. Proceed to the applicable repair procedure based  Figure 1.
on the DTC listed in the table below.
fi'\.
Fr - ]
pTc | BANMK COMNDITION PROCEDURE &3 © < —
L =) ‘\ |
P0340 Circuit N
e | Circutpert ¥

pp341 | Intake ircuit/Perfor- ” =

mance Intake Camshaft |
PO345 5 Circuit Position Sensor __/ .

Intake | Circuit/Perfor- o=
PO346 mance
PO365 Circuit
o Circuit/Perft
Ircu eror- "
P0366 [ Exhaust mance Exhaust (S N,
— Camshaft o
P0390 B2 Circuit Position Sensor 3y
. A “\
Exhaust| Circuit/Perfor- -;E\‘-._h!-‘-\_

P0391 ance &N

Torque = 6.4 N*m (0.7 Kgf*m, 4.7 ft*lbf)

Camshaft Sensor

Timing Chain Cover

el =

Shim (to Be Added)
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Repair Procedure: Intake Camshaft Position Sensor
1. Remove applicable camshaft sensor.

Refer to the Technical Information System (T1S), applicable model and model year Repair
Manual:

+ 2013 FR-S:
Engine/Hybrid System — Engine Control — “FA20 Engine Control: Camshaft Position
Sensor: Removal”

2. Take measurement “A” (top of timing chain Figure 2.
cover to camshaft position sensor plate) on the

3 sections of the sensor plate (at approximately
70" apart) and record the readings. E
L

h
r

-

T

A | Top of Timing Chain Cover to Camshaft Position
Sensor Plate

B | Camshaft Position Sensor Mating Surface to the
Bottom of the Sensor

1 | Camshaft Position Sensor Plate

A Take measurement “A" and record the reading.  Figure 3.

NOTE ©

When measuring “A”, make sure you are
measuring the outside diameter or “top”
of the sensor plate, and NOT in the notch

as shown in Figure 3. Be sure to record all
measurements.

1 Top of the Sensor Plate (Measure at this Point)

2 MNotch (Do NOT Measure at this Point)

Repair Procedure: Intake Camshaft Position Sensor (Continued)

Figure 4.

B. Using a breaker bar and 22 mm socket, place the socket on the crankshaft pulley bolt and
rotate the engine clockwise approximately 70°. Keep in mind NOT to measure the nofches
as described in Figure 3.

NOTICE

Do NOT rotate the engine counterclockwise, doing so will loosen the crankshaft pulley
bolt. If the engine is accidentally turned counterclockwise, make sure the bolt is re-torqued
following the proper procedure in the applicable Repair Manual.

C. Use the smallest of the 3 measurements and record the result.
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Repair Procedure: Intake Camshaft Position Sénsor (Continued)

3. Take measurement B (camshaft position sensor  Figure 5.
mating surface to the bottom of the sensor) and
record the readings.

NOTE

When taking measurement “B”, use a flat
steel ruler or equivalent along with the Digital
Caliper.

A. Measure the distance between the camshaft
position sensor mounting surface and the
bottom of the sensor as shown.

NOTE

The specified clearance is 1.3 +/- 0.05 mm
(1.25 to 1.35 mm or 0.049 to 0.053 in.).

Example calculation:

* A = Top of timing chain cover to
camshaft position sensor plate

* B = Camshaft position sensor mating
surface to the bottom of the sensor

* A=23.70 mm
* B=22.58 mm
* A-B=1.12 mm (clearance)

In this example a 0.2 mm shim is required.

B. Select appropriate shim and go to step 4.

NOTE
Select ONLY 1 shim. Do NOT stack shims.

4. Install the NEW O-Ring Camshaft (one time use item).
Refer to TIS, applicable model and model year Repair Manual:

» 2013 FR-S:
Engine/Hybrid System — Engine Control — “FA20 Engine Control: Camshaft Position
Sensor: Installation”

5. Reinstall the camshaft position sensor and shim.
Repair Procedure: Intake Camshaft Position Sensor (Continued)

6. Tighten the sensor retaining bolt.
Torque: 6.4 N*m (0.7 kgf*cm, 4.7 ft*Ibf)

7. Reconnect the sensor engine wiring harness connector.
8. Reconnect the negative (—) battery cable to complete the repair.
9. Clear the ECM memory before returning the vehicle to the customer.

10. Confirm repair by test driving the vehicle and confirm that the DTC do not reset.

Repair Procedure: Exhaust Camshaft Position Sensor

Use the following procedure if your DTC pertains to the exhaust side sensor.
Figure 6.

| 1 | Camshaft Position Sensor Harness Connector

1. Confirm DTC pertains to the exhaust side camshaft sensor (see DTC Chart).

2. Remove the applicable sensor from the timing cover and install 0.2 mm thick shim from the
applicable kit

NOTE
Select ONLY 1 shim. Do NOT stack shims.
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Repair Procedure: Exhaust Camshaft Position Sensor (Continued)
3. Install the NEW O-Ring Camshaft {one time use item).
Refer to TIS, applicable model and model year Repair Manual:

+ 2013 FR-S:
Engine/Hybrid System — Engine Control — “FA20 Engine Control: Camshaft Fosition
Sensor: Installation”

4 Reinstall the camshaft position sensor and shim.

o

. Tighten the sensor retaining bolt.
Torque: 6.4 N*m (0.7 kgf*cm, 4.7 ft*Ibf)

. Reconnect the sensor engine wiring harness connector.
. Reconnect the negative (—) battery cable to complete the repair.

. Clear the ECM memory before returning the vehicle to the customer.

w0 o = @

. Confirm repair by test driving the vehicle and confirm that the DTCs do not reset.

Following the two different TSB will help you solve any cam control issues you may have
but remember that after starting the engine the Exhaust cam takes some time to become
active, up to 30 seconds. If a power test is made whilst the Exhaust VVT is not active then a
significant amount of power and torque will be lost.
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6. Glossary

AFM
Air Flow Meter

AFR
Air Fuel Ratio

AIT
Air Intake Temperature

Calculated Air Flow

The air flow sensor voltage is not linearly related to the amount of air flow. The ECU uses a
scaling map to translate the air flow sensor voltage into an air flow rate value i.e. calculated air
flow.

CAT
Charge Air Temp

DI
Direct Injection or Direct Injector

ECT
Engine Coolant Temperature

Engine Load

The ECU calculates engine load based on calculated air flow divided by engine RPM. It is
effectively how much air enters the engine on each revolution.

FMIC
Front Mounted Intercooler

FTST
Fuel Trim Short Term

FTLT
Fuel Trim Long Term

AIT
Intake Air Temp

MAF
Mass Air Flow (sensor)

MAP
Manifold Absolute Pressure (sensor)

MRP
Manifold Relative Pressure or boost pressure
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02 Sensor
Lambda Sensor (oxygen sensor)

Pl
Port Injection or Port Injector

SC
Supercharger or Supercharging

SD - Speed Density
The Mass Air Flow in grams is calculated from MAP sensor not MAF sensors

TC
Turbocharger or Turbocharging

VE
Volumetric Efficiency

VVT
Variable Valve Timing
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