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1. APPLICABLE VEHICLE AND PRODUCT INFORMATION

1.1 Introduction

® A Common Rail System (CRS) for the SUBARU LEGACY EEZ20 engine was set in December 2007. This
CRS is mounted on the distinctive SUBARU horizontally-opposed diesel engine. This manual describes
parts unique to the EE20 engine CRS. For basic information on the CRS described herein, refer to "General
Edition Manual Common Rail System (Doc ID: 00400534EA)."
* HP3 supply pump components and basic operation
* Primary rail components
» G2 injector construction and operation
+ Outline for each of the following controls: Fuel injection quantity control, fuel injection timing control, fuel
injection rate control, fuel injection pressure control
® The EE20 engine is equipped in the SUBARU FORESTER beginning from July 2008, and in the SUBARU
IMPREZA beginning from October 2008. As such, since the CRS has changed as per the points below, this

manual contains additional information concerning the aforementioned changes. All other items are identi-
cal to the CRS used in the LEGACY.

» Supply pump change

* DPF change (DPF control added)
* Engine ECU change

* DTCs added

® As a result of a model change to the SUBARU LEGACY beginning from July 2009, the CRS equipped with
the EE20 engine has changed. Change items that have been added to this manual due to the aforemen-

tioned model change are listed below. All other information in this manual is identical to that for the Decem-
ber 2007 model SUBARU LEGACY.

» Supply pump change
* Injector change

* Engine ECU change
» Sensor added

* DPF control added

* DTCs added
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1.2 Applicable Vehicles

Vehicle Name Engine Model Engine Displacement Line Off Period Destination
December 2007
LEGACY
July 2009 (model change)
EE20 20L Europe
FORESTER July 2008
IMPREZA October 2008

Q002733

Vehicle External View (December 2007 Model LEGACY)

Q004513

Vehicle External View (July 2009 Model LEGACY)
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Q003698

Vehicle External View (FORESTER)

Q003761

Vehicle External View (IMPREZA)
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Specifications

Type Horizontally-opposed, 4-cylinder
Displacement 2.0L
Engine Net Power LEGACY, IMPREZA 110 kW/3600 rpm
FORESTER 108 kW/3600 rpm
Maximum Torque 350 Nm/2000 rpm
5MT
Transmission
6MT (from July 2009)
LEGACY Drive AWD (4WD)
Weight 1425 kg (Sedan), 1500 kg [Wagon (Outback)]
1445 kg (sedan), 1520 kg {wagon (OUTBACK)} (from July 2009)
Vehicle Transmission 6MT
FORESTER | Drive AWD (4WD)
Weight —
Transmission 6MT
IMPREZA Drive AWD (4WD)
Weight —
1.3 Applicable Product List
LEGACY
DENSO Manufacturer
Fart Name Part Number Part Number Remarks
Supply Pump 294000-076# 16625AA010
294000-108# 16625AA030 from July 2009
095000-789# 16613AA020
Injector
295050-025# 16613AA030 from July 2009
. 095440-119# 16670AA000
Rall 095600-001# 16670AA010 from July 2009
275800-7494# 22611AN040
Engine ECU 275800-924# 22611AP591
275800-984+# 22611AP840 from July 2009
198800-709# 36010AG110 RHD
Accelerator Pedal Module 198800-711# 36010AG140 LHD
198800-712# 36010AG140 from July 2009
Crankshaft Position Sensor 949979-039# 22053AA100 MRE type
Mass Air Flow (MAF) Meter 197400-511# 22680AA380
Diesel Throttle 197920-005# 16112AA260
Manifold Absolute Pressure (MAP) Sensor 079800-915# 22627AA430
Exhaust Gas Recirculation (EGR) Valve 150100-005# 14710AA740
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DENSO Manufacturer
Part Name Remarks
Part Number Part Number
Damper Solenoid Valve 135450-037# 14371AA000
Air Bypass Valve 139700-104# 14471AA220
Level Sensor Assembly 101962-409# 42081AG110
Charcoal Canister Assembly 138600-715# 42035AG010 from July 2009
FORESTER / IMPREZA
DENSO Manufacturer
Part Name Remarks
Part Number Part Number
Supply Pump 294000-098# 16625AA020
Injector 095000-789# 16613AA020
Rail 095440-119# 16670AA000
275800-925# 22611AP200 for the FORESTER
Engine ECU
275800-947# 22611AP280 for the IMPREZA
198800-709# 36010AG110 RHD |IMPREZA
Accelerator Pedal Module
198800-711# 36010AG140 LHD |only
Crankshaft Position Sensor 949979-039# 22053AA100
Mass Air Flow (MAF) Meter 197400-511# 22680AA380
Diesel Throttle 197920-005# 16112AA260
Manifold Absolute Pressure (MAP) Sensor 079800-915# 22627AA430
Exhaust Gas Recirculation (EGR) Valve 150100-005# 14710AA740
Damper Solenoid Valve 135450-037# 14371AA000
Air Bypass Valve 139700-104# 14471AA220
Level Sensor Assembly 101962-409# 42081AG110
Exhaust Gas Temperature Sensor 265600-225# 22629AA040
Exhaust Gas Temperature Sensor 265600-226# 22629AA050




Operation Section
1-6

2. COMMON RAIL SYSTEM (CRS) OUTLINE

2.1 General Description

® The SUBARU EE20 marks the first time that the current second generation CRS has been used with a hor-
izontally-opposed diesel engine. Due to the configuration of the horizontally-opposed engine, the supply
pump and rail are mounted above the engine, while the injectors are mounted horizontally in a position lower
than the supply pump and rail. Additionally, the injectors used with the EE20 engine are shorter than the
conventional injectors due to mounting constraints.

® In the July 2009 model LEGACY, the length of the return piping has been increased 1.5 times to cool the

return fuel.
Fuel Filter
(with Priming Pump and Sedimentor) Supply Pump
- Installed on Top of
the Engine

g

Rail
- Installed on Top of
the Engine

Saddle Type Fuel Tank
(Saddle Transfer via Jet Pump and Electric Pump)

Injector
- Installed Horizontally
- Shorter Overall Length

QO004049E
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3. SUPPLY PUMP

3.1 Outline
® The EE20 engine CRS is equipped with an HP3 supply pump. The HP3 supply pump uses a compact Suc-
tion Control Valve (SCV).

® The external view of the supply pump used in the FORESTER and IMPREZA is identical to that used in the
LEGACY. However, the SCV and regulating valve have changed.

?to Fuel Tank

| from Fuel Tank E | |
- ‘
O 7 ®
— ScVv °
— O O O
2 _ Fuel Temperature
Z~ Sensor Q
5 3
— [(e
to Rail

Q002736E
External View (December 2007 LEGACY, FORESTER, IMPREZA)
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?to Fuel Tank

from Fuel Tank | |

- ‘ DENSQ
| O 7 ®
) scv O .
— O
— 7 O
- . =
=— Fuel Temperature @ —{H
Sensor
. =il
to Rail
Q004481E

External View (July 2009 LEGACY)
Supply Pump Specifications

Item Content
Plunger Diameter 8.5 x 2
Cam Lift 5.6 mm
Rotation Clockwise viewed from drive side
Terminal Resistance 210+ 0.15 W (20 °C)
SCV Rated Voltage 12V
Control Type Normally open

3.2 Fuel Temperature Sensor

® A conventional sensor is used as the fuel temperature sensor. Sensor resistance values in relation to fuel
temperature are provided below.

[ Fuel Temperature Fuel Temperature]
Sensor Resistance Characteristic

Thermistor

15.04

Resistance () —

2.45

I=0.318 0.1417
20 20 80 110
Temperature (°C) —

Q002745E
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3.3 Suction Control Valve (SCV)

® For the July 2009 model LEGACY, the SCV has been changed from the SV2 to the SV1. Refer to [SCV
types (SV1, SV2)] on P1-10 The SV1 type SCV is a normally open type valve. SCV structure and operation

are as per the figures below.

Return Spring Plunger Sol/enoid
| e=rt=
086 |
XX-48Euy
Q004482E
D ‘ Feed Pump
Plunger ‘ ,
4 )
\
Supply Pump
Q004483E
Operational Concept Diagram
( )
Short Duty ON Long Duty ON
—> Large Valve Opening —> Small Valve Opening
—> Maximaum Intake Quantity —> Minimum Intake Quantity
Large Opening Plunger Small Opening Plunger
\—
Q002506E

Operation
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(1) SCV types (SV1, SV2)

» The SCV is available in the SV1 type and SV2 type. The SV2 is a compact SCV, while the SV1 is a larger

size version of the SV2.

SV1 Type SCV SV2 Type SCV

QO003726E
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4. RAIL

4.1 Outline

® The figure below shows the rail used with the EE20 engine CRS. The pressure limiter opens at 221 £ 9 MPa,
and closes at 50 MPa.

from Supply Pump

to Injectors to Injectors

N - 73 SN L (N
— NORORORE AR
e S SN NS 5

Pressure Limiter Rail Pressure Sensor

Q002737E

4.2 Rail Pressure Sensor

® The EE20 engine uses the conventional rail pressure sensor. Sensor output characteristics are shown be-
low.

Vout [V]
Vout
(Output Voltage

Vce =5V
Rail '
Pressure
Sensor

Ve

Supply Voltage

(Supply g )| +5V
)I

4.2

ECU

GND (Ground)

1.0

0 200
Rail Pressure [MPa]
Q002450E
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5. INJECTORS

5.1 Outline

® The EE20 engine uses G2 type injectors with QR codes. The G2 injectors used with the EE20 engine are
shorter (140.9 mm) than the conventional G2 injectors.

® The July 2009 model LEGACY uses high-pressure compliant, highly responsive G3 injectors. The shape of
the G3 injector is identical to that of the G2 injector. However, the number of QR code (ID code) correction

points has been increased from 10 to 12.

QR Codes ID Codes

Solenoid Valve

Multi-Hole Filter

L — Command Piston

L _— Nozzle Spring
‘/ Pressure Pin

< Construction > < External View >

Q002738E
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180 MPa 180 MPa

o o
2 144 MPa > 144 MPa
= =
S 96 MPa S 96 MPa
e} e}
5 64MPa  § 64 MPa
3 48MPa & 48 MPa
£ =

25 MPa 25 MPa

Actuating Pulse Width TQ Actuating Pulse Width TQ

December 2007 LEGACY, FORESTER, IMPREZA July 2009 LEGACY Q00274 1E

Correction Points Using QR Codes
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6. CONTROL SYSTEM COMPONENTS

6.1 Engine Control System Diagram

® The diagram below shows the EE20 engine control system. The engine control system uses an oxidation
catalyst and a Diesel Particulate Filter (DPF) exhaust gas purification device. Since the DPF used in the
LEGACY simply accumulates Particulate Matter (PM), regeneration control is not performed. However,
much like other DPFs, the DPF used in the FORESTER and IMPREZA performs regeneration control.

® The July 2009 model LEGACY now uses the same DPF system as the FORESTER and IMPREZA.

% Accelerator Position Sensor

Engine ECU

SCV

F YYYVYYVYVYYYY Y

Rail Pressure Sensor
(Pc Sensor)

Pressure Limiter

: Fuel Temperature
-— Sensor

to Fuel Tank
Crankshaft
Position Sensor
(NE Sensor)

Diesel Throttle Valve

Manifold Absolute —
Pressure Sensor

Camshaft Position Sensor —]
(TDC Sensor)

. 1 Oxidation Diesel Particulate
Mass Air Flow (MAF) Meter Z Catalyst : Filter (DPF)
_Il ‘i

——————————————————————————————— Exhaust

1

I
1
I Not Equipped in the LEGACY (December 2007 Model)| E;g?)lfr;g?s Differential |
: Sensor Pressure 1
Sensor _:

QO03689E
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6.2 Engine Electronic Control Unit (ECU)

® The figure below is an external view of the engine ECU. For details on the connector terminal layout, refer

to "10.2 Connector Terminal Layout".

Q002740

External View of the LEGACY, FORESTER, IMPREZA Engine ECU

Q004489

External View of the July 2009 Model LEGACY Engine ECU
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6.3 Description of Sensors

(1) Crankshaft position sensor (NE)

» The crankshaft position sensor is installed near the flywheel pulsar gear on the flywheel to detect the

crankshaft angle and output the engine speed signal. The sensor unit is a Magnetic Resistance Element
(MRE) type.

Exterior View Diagram

OUT GND Vcc

Circuit Diagram

Q002742E

Waveform for the crankshaft position sensor

* An NE pulsar is mounted on the crankshaft timing gear in order to output the signals that are used for

detecting the crankshaft position. The pulsar gear consists of 56 teeth and 4 missing teeth per pulse, thus

enabling the sensor to output 56 pulses for every revolution (360 °CA) of the crankshaft.

Pulsar

Signal

Crankshaft Position Sensor

30°CA

56x6°CA

Q002743E
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Calculation timing for cylinder #1 Top Dead Center (TDC) of compression
» The pulsar gear on the camshaft position sensor (TDC) has one pulsar every 90 degrees, plus one addi-

tional pulse placed at an irregular interval. As a result, five pulses are output for every two revolutions of

the engine (or one revolution of the pump). TDC of compression for the first cylinder occurs after the ir-

regular pulse at 96 °CA (refer to the chart below.)

0°CA 180°CA 360°CA 540°CA 0°CA
I 1#1TDC | #3TDC | 1#2TDC | 1#4TDC | 1#17DC
1 1 1 1 1 1
NE+ 1121314181617 119 2001223 24262627 202303150 5.4 35907 58 30 404142 4.4 4545474540 50515253 54 5555 | 234 5678 6 0111213118101 18 102001202804 2526272820 519334355 7 5890401 434445 47 48435051 259545856 12545678 9nnRns
(NE-Standard)
4th Missing Tooth, 3°CA
TDC 96°CA 96°CA 96°CA 96°CA
(TDC-Standard)
ll.3°CA Extra Tooth /
TDC Pulsar NE Pulsar
N\ J \ %
QO002744E

(2) Accelerator pedal module (accelerator position sensor)

» The accelerator position sensor is a Hall element type sensor. Accelerator position is converted to an

electrical signal that is output to the engine ECU.

—L\CL

VpPA1 2L A VC2
&%JJ

< Wiring Diagram >

Output Voltage
VpPa1,2 (V)

Hall J~VPA1
T
Elements (2) T IGND1
T
] I 1 IVC1
CE %Zz'l \VPA2
I 7 l
/ T IGNDZ
pa
Magnet T IVCZ
< Output Characteristics Chart >
5 46V
4
3
2
1 0.7V 25.7°
1 1 1 1 1
0 5 10 15 20 25

Accelerator Pedal Position ( °)

QO002746E
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(3) Mass Air Flow (MAF) meter

« The MAF meter detects the intake air flow (mass flow rate) into the hot-wire type air flow meter. The intake
air flow is converted to a voltage value and transmitted to the ECU. The MAF meter is built into the intake

air temperature sensor.

QO002747E

(4) Manifold absolute pressure sensor

« The manifold absolute pressure sensor detects intake air pressure. The manifold absolute pressure sen-

sor also includes a thermistor-type temperature sensor.

Vcc=5V

THA Vcc GND Vourt

Naek(

A
o

Thermistor

Output Voltage Vour (V)
o N
o o
|
I

66.661 199.984 333.306

Intake Air Pressure (kPa)
Q002748E

(5) Other sensors (non-DENSO products for the July 2009 model LEGACY)

* The July 2009 model LEGACY also uses the sensors listed below for charging control.
v’ Battery temperature sensor

v" Current sensor
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7. CONTROL SYSTEMS OPERATION

7.1 Fuel Injection Control

® The following conventional controls are used to adjust fuel injection: fuel injection quantity control, fuel in-
jection timing control, fuel injection rate control, fuel injection pressure control. The proceeding section ex-
plains controls unique to the EE20 engine CRS.

® Since the DPF used in the FORESTER and IMPREZA CRS has changed, fuel injection rate control has

been added to the DPF regeneration control.

(1) Fuel injection rate control

» Excluding when DPF regeneration control is active, the injection patterns for the FORESTER and IMPRE-
ZA CRS are indicated in the figure below. Pre-injection is performed in nearly all regions, while after-in-
jection is performed under moderate engine load and moderate engine rotational speeds. Pilot injection
occurs in the idle speed region, and is added to both pre-injection and after-injection. In addition, main
injection only occurs when the engine is at high rotational speeds and high output. Under injection timing

control, each individual interval is controlled after the main injection timing is determined.

[All Regions] [Moderate Load, Moderate Speed Region]
TDC TDC
| Main Injection | Main Injection
Pre Injection i Pre Injection i After Injection
f————" "
Interval Interval Interval
[Idle Speed Region] [High-Speed Region]
TDC TDC
| Main Injection | Main Injection
Pilot Injection  Pre Injection | |
_/\! | [ |
Interval Interval
The above example is a general case.
Fuel injection rate control is not limited to only the above conditions. Q002750E




Operation Section
1-20

DPF control (July 2009 model LEGACY, FORESTER, IMPREZA)
* When the PM accumulated in the DPF is forcibly processed (when a fixed quantity of PM has been ac-

cumulated), injection occurs as per the figure below. As a result, the DPF temperature increases, and the
PM undergoes oxidation treatment. When DPF regeneration occurs in the high rotational speed region,
the number of injection stages is limited by heat generated from the ECU. Therefore, pre-injection is

stopped, and post-injection takes precedence.

[Low Rotational Speed Region] [Medium Rotational Speed Region]
TDC TDC L
| Main Injection Main Injection
' Post Injection 1

Post Injection 2

Post Injection 1
Post Injection 2

/

Pre Injection

/H (| { | | |/\| |/\_

I 1 1 1 1 r 1
Interval Interval Interval Interval Interval

[High Rotational Speed Region] Main Injection

TDC Pre Injection

TDC
|
| Post Injection 1

| Main Injection l

i / Post Injection 1 /\ ' ( \
- / — -

/\ Interval Interval
1

]

Interval

QO03690E

Exhaust gas temperature sensor
¥v" The exhaust gas temperature sensor is installed in front of the oxidation catalyst and DPF to detect the

gas temperature before the oxidation catalyst and DPF. The sensor then sends signals to the engine
ECU to control temperature increases in the oxidation catalyst and DPF. The sensor portion is a ther-

mistor element in which resistance changes according to temperature variations.

Resistance Value (-225#)
Specifications -226#
::-:-@D@gﬂ I i ,
265600-225# Temperature | Resistance
Value
50°C 106 S kQ
650°C 346 71 0
I.:.@D@Eﬂ e — 3 00°C 287 20
265600-226% 9 L

QO003762E
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(2) Supply pump learning

Purpose

» Supply pump learning is performed so that the relationship between the actuation current for the supply
pump SCV, and the discharge quantity can be studied in order to satisfactorily maintain pressure control.

Outline

* When the conditions for idle speed are satisfied, the standard SCV actuation current value is calculated.
Learning is then performed by comparing the difference between the actuation current that suits the ac-
tual discharge rate, and the previously calculated standard value. The difference in the two current values
is then used as a basis to correct SCV actuation current in accordance with the command value for the
discharge quantity. When the supply pump is replaced, it is necessary to initialize all prior learning values.

Learning value initialization is used with diagnostic tools.

Supply Pump

Discharge Quantity Learning Value

Standard Value

SCV Actuation Current

QO002756E

(3) Microinjection quantity learning control

Outline

» Quantity learning control is used in every vehicle engine (injector) to preserve the accuracy of the pilot
injection quantity. This type of control is first performed when shipped from the factory (L/O), and later is
automatically performed every time the vehicle runs a set distance (for details, see item "A"). Due to quan-
tity learning control, the accuracy of each injector can be preserved not only initially, but also as deterio-
ration in injection occurs over time. Learning control stores correction values in the ECU. During normal
driving operations, these correction values are used to make modifications to injection commands, result-
ing in accurate microinjection.

Learning operations

» For every two no load, idle instability conditions established (see chart "A" below) quantity learning takes

place. In addition, it is also possible to perform quantity learning control manually as a diagnostic tool.

Presumed Conditions: Barometric pressure, intake air temperature,
coolant temperature, and fuel temperature are all within the prescribed ranges.

(A)

f— Manual Learning Operations (as a Diagnostic Tool)
{ ‘ Vehicle Running Distance

Establishment of

Learning Operations — Injection Quantity Deterioration Over Time Judgment

No Load Idle Stability Conditions

QO001250E
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Operational outline
» Microinjection quantity learning control provides feedback related to ISC (target rotational speed correc-

tion quantity) and FCCB (cylinder-to-cylinder correction quantity). Feedback is based on engine rotational
speed to apply injection quantity control. Corrections are applied to each cylinder based on ISC and
FCCB correction information, and the corrected injection quantities are calculated. Under microinjection
quantity learning control, injection is divided into five injections. Therefore, the "learning value" is calcu-

lated as the corrected injection quantities for ISC and FCCB, divided by five injections.

<Calculated Microinjection Quantity>

1st Cylinder
2nd Cylinder /\
3rd Cylinder [\
4th Cylinder /\
I : ISC Correction Portion
‘ [ : FCCB Correction Portion
<When Performing Microinjection Quantity Learning>
1st Cylinder AAAAD
2nd Cylinder anngd
3rd Cylinder naaah
4th Cylinder 000 0(0) ] -
ISC FCCB
Correction *+  Correction )
Portion Portion _ Learning

AN NN () - = Value

QO001251E
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7.2 Other Systems

(1) EGR fully-closed learning

Purpose
* EGR fully-closed learning is used to store the initial value for the EGR position sensor in order to execute

troubleshooting (related to the EGR valve position.)

Outline

* EGR fully-closed learning stores the EGR position sensor output when the EGR valve is actuated to the
fully closed position. This learning only occurs when the ignition switch is initially turned off. In the follow-
ing figure, an abnormality is determined if voltage reaches or exceeds a prescribed value in comparison

to the stored value.

Ignition Switch | | |

OFF

Engine Speed

EGR Valve Position

Fully-Closed Control

Learning Initialization ~ Initialization |
Command

) ) Completion
Learning Completion Record

Initial Learning

Q002755E

Conditions for learning execution
» EGR fully-closed learning is executed when all of the following conditions are met.

¥' Initial learning has not been executed
v Coolant temperature is within the prescribed conditions (20°C to 60°C)
v’ Battery voltage is at or above the prescribed value (10.5 V)
v' EGR is operating normally
v The ignition switch is off
¥' The engine is stopped
[ REFERENCE ]

When replacing the EGR, it is necessary to reset the initial learning completion record, and conduct learn-

ing again.
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8. ADDITIONAL EQUIPMENT

8.1 Saddle Transfer Module (Level Sensor Assembly)

Outline
® The saddle transfer module moves fuel from the sub side of the fuel tank to the main side of the fuel tank.

The fuel in the main side is circulated by an external fuel transfer pump. This flow path is utilized to send

fuel from the sub side to the main side via a jet pump.

e N
Inside of Tank

[ Level Sensor Assembly| % ) /Chamber

Fuel Transfer Pump
__,/
| — b
| S

/Damper

~ g [ DENSO Products

QO004050E
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Fuel flow

® The fuel transfer pump draws in and circulates fuel from inside the level sensor assembly, then sends the
fuel to the jet pump (also within the level sensor assembly). At this time, the jet pump draws fuel up from
the sub side of the tank, and then sends this fuel together with the circulated fuel to the chamber within the
level sensor assembly. In addition, an ancillary function keeps the temperature of the fuel sent to the supply

pump low. A low fuel temperature is maintained by distributing return fuel from the engine inside and outside

of the level sensor assembly in equal quantities.

/

Same Quantity Distributed
Internally and Externally

Engine In
D —
Engine Out — Return to
é é § g Subspace
Jet Pump _f\_r\_y/ Main
u Side [
Sub \ Air Bleeding
Side ; Space
I
l/ %\ < Transfer —
4 7 ==

r—/—)to Engine

—Return

Transfer
Jet Pump\ {

\'\., gilljt%tion l_l: : Flapper
. Transfer Pump Suction Valve
Filter
Damper s \ Y,
D e T e T
- \'l‘/ "\ Chamber
Fuel Transfer Pump
Q002752E
Construction
® Level sensor assembly construction is shown in the figure below.
‘ ‘ Subchamber

ChamberT
[s

\

|_—-Sender
Gauge

-

Flapper Valve

Suction Filter
(Transfer Side)

Suction Filter

(Delivery Valve Side)

Transfer Jet Pump

Q002753E
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Fuel transfer operations
® The external fuel pump normally operates when the engine key is on. Fuel sent to the jet pump is transferred
via the following operations (refer to the figure below). The jet pump draws fuel up from the sub side of the
fuel tank during "Saddle Transfer", with portion "A" of the pump acting as a venturi (diaphragm). As fuel
passes region "A", a vacuum is drawn downstream of the venturi. The region where the vacuum is drawn
is connected to the sub side of the fuel tank by a hose. When a vacuum is drawn, fuel from the sub side of

the tank is suctioned into the main side.

from
Sub Side

51\1 to Main Side

ol N
[

<
o 5 from Fuel Pump

|~ Vacuum is
Drawn in Here

QO002754E
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9. DIAGNOSTIC TROUBLE CODES (DTC)

9.1 DTC Table

DTCs Common to the LEGACY, FORESTER, and IMPREZA

DTC MIL ON/OFF Detection Item

P0016 ON Crankshaft position-camshaft position correlation

P0046 ON Vari.able Nozzle Turbo (VNT) Electric Vacuum Regulating Valve (EVRV) abnor-
mality

P0088 ON Abnormally high rail pressure

P0039 OFE Fue.I pressure regulator 1 performance (pressure limiter valve opening abnor-
mality)

P0093 ON Fuel system leak detected-large leak

P0097 ON Intake air temperature sensor circuit low

P0098 ON Intake air temperature sensor circuit high

P0101 ON Abnormal Mass Air Flow (MAF) meter characteristics

P0102 ON MAF circuit low input

P0103 ON MAF circuit high input

P0106 ON Manifold absolute pressure/barometric pressure circuit range/performance (not
available for the July 2009 model LEGACY)

P0O107 ON Manifold absolute pressure/barometric pressure circuit low input

P0108 ON Manifold absolute pressure/barometric pressure circuit high input

P0112 ON Intake air temperature sensor 1 circuit low

P0O113 ON Intake air temperature sensor 1 circuit high

P0O116 ON Engine coolant temperature circuit range/performance

PO117 ON Engine coolant temperature circuit low

P0118 ON Engine coolant temperature circuit high

P0122 ON Throttle/pedal position sensor/switch circuit low (diesel throttle sensor low)

P0123 ON Throttle/pedal position sensor/switch circuit high (diesel throttle sensor high)

P0182 ON Fuel temperature sensor circuit low

P0183 ON Fuel temperature sensor circuit high

P0191 ON Abnormal rail pressure sensor characteristics

P0192 ON Rail pressure sensor circuit low

P0193 ON Rail pressure sensor circuit high

P0201 ON Injector circuit/open-cylinder 1 (TWV 1 actuation system open circuit)

P0202 ON Injector circuit/open-cylinder 2 (TWV 3 actuation system open circuit)

P0203 ON Injector circuit/open-cylinder 3 (TWV 2 actuation system open circuit)

P0204 ON Injector circuit/open-cylinder 4 (TWV 4 actuation system open circuit)

P0219 OFF Engine over speed condition
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DTC MIL ON/OFF Detection Item
P0301 ON Cylinder 1 misfire detected
P0302 ON Cylinder 2 misfire detected
P0303 ON Cylinder 3 misfire detected
P0304 ON Cylinder 4 misfire detected
P0335 ON Crankshaft position sensor circuit
P0336 ON Crankshaft position sensor circuit range/performance
P0340 ON Camshaft position sensor circuit (no cylinder recognition sensor pulse input)
P0341 ON Camshaft position sensor circuit range/performance (abnormal number of cylin-
der recognition sensor pulse inputs)
P0403 ON Exhaust Gas Recirculation (EGR) control circuit
P0404 ON EGR control circuit range/performance
P0405 ON EGR sensor circuit low
P0406 ON EGR sensor circuit high
P0409 ON EGR sensor circuit
P0462 ON Fuel level sensor circuit low
P0463 ON Fuel level sensor circuit high
P0500 ON Vehicle speed sensor
P0512 ON Starter request circuit
P0513 OFF Incorrect immobilizer key
P0600 ON Serial communication link
P0604 ON RAM abnormality
P0605 ON Engine ECU Flash ROM abnormality
P0606 ON CPU abnormality (main IC abnormality)
P0628 ON z;rf:)fn:J;Ti[t)y}control circuit low {Suction Control Valve (SCV) actuation system
P0629 ON Fuel pump control circuit high (SCV +B short)
P0638 ON Throttle actuator control range/Performance
P0704 ON Clutch switch input circuit malfunction
P0850 ON Park/neutral switch input circuit
P1201 ON QR data failure to write abnormality
P1202 ON QR data abnormality
P1203 ON QR correction information input abnormality
P1213 ON Low charge
P1214 ON Overcharge
P1232 ON Pump single cylinder abnormality detection
P1233 ON Pump protection failure flag
P1234 ON Pump replacement failure flag
P1380 ON Glow voltage low
P1382 ON Glow voltage high
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DTC MIL ON/OFF Detection Item

P1519 ON Starter switch 2 circuit abnormality (off)

P1520 ON Starter switch 2 circuit abnormality (on)

P1560 ON Backup power supply abnormality

P1570 OFF Immobilizer antenna system abnormality

P1571 OFF Immobilizer identification code inconsistency

P1572 OFF Communication abnormality between CRS and immobilizer

P1574 OFF Communication abnormality between key and immobilizer

P1576 OFF CRS unit Electronic'ally Erasable and Programmable Read Only Memory
(EEPROM) abnormality

P1577 OFF Immobilizer unit EEPROM abnormality

P1578 OFF Meter abnormality

P1607 ON CPU abnormality (monitoring IC abnormality)

P1616 ON Starter cut relay open circuit detection

P2101 ON Throttle actuator control motor circuit range/performance

P2122 ON Throttle/pedal position sensor/switch "D" circuit low input (accelerator position
sensor 1 low)

P2123 ON Throttle/pe.dal position sensor/switch "D" circuit low input (accelerator position
sensor 1 high)

P2127 ON Throttle/pedal position sensor/switch "E" circuit low input (accelerator position
sensor 2 low)

P2128 ON ;I'zr:zglre;psizil)position sensor/switch "E" circuit high input (accelerator position

P2138 ON Throttle/pedal position sensor/switch "D"/"E" voltage correlation (abnormal
accelerator position sensor characteristics)

P2146 ON Fuel injector group "A" supply voltage circuit/open

P2147 ON Fuel injector group "A" supply voltage circuit low

P2148 ON Fuel injector group "A" supply voltage circuit high

P2149 ON Fuel Injector group "B" supply voltage circuit/open

P2228 ON Barometric pressure circuit low

P2229 ON Barometric pressure circuit high

P2413 ON EGR system performance

P2633 ON Fuel pump "B" control circuit low (saddle transfer pump relay low)

P2634 ON Fuel pump "B" control circuit high (saddle transfer pump relay high)

P2635 ON Fuel pump "A" low flow/performance (SCV stuck diagnosis)
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Additional DTCs for the FORESTER, IMPREZA, and July 2009 Model LEGACY

DTC MIL ON/OFF Detection Item
P0545 ON Exhaust gas temperature sensor circuit low
P0546 ON Exhaust gas temperature sensor circuit high
P1466 ON DPF defect (FORESTER and IMPREZA only)
P1467 OFF DPF oil ash overaccumulation (DPF light flashing)
P1468 OFF Engine oil dilution (DPF light flashing)

P1469 ON Fail-safe mode during DPF malfunction (DPF light flashing)
P1473 ON Exhaust pressure sensor high

P1472 ON Exhaust pressure sensor low

P2032 ON Exhaust gas temperature sensor circuit low

P2033 ON Exhaust gas temperature sensor circuit high

Additional DTCs for the July 2009 Model LEGACY

DTC MIL ON/OFF Detection Item
PO111 ON Ambient temperature sensor characteristics abnormality
P0401 ON EGR high/low abnormality
P0516 OFF Battery temperature sensor low abnormality
P0517 OFF Battery temperature sensor high abnormality
P0579 OFF Cruise switch abnormality
P1530 OFF Battery current sensor low abnormality
P1531 OFF Battery current sensor high abnormality
P1532 OFF Charging control system abnormality
P2150 ON COM 2 TWV actuation circuit ground short
P2151 ON COM 2 TWV actuation circuit +B short
pP2227 ON Atmospheric pressure sensor characteristics abnormality
P2564 ON Turbo vane position sensor low
P2565 ON Turbo vane position sensor high
PC073 ON CAN communication bus off abnormality
PC122 ON CAN communication VDC data non-transmittal abnormality
PC140 ON CAN communication combination ECU data non-transmittal abnormality
PC416 ON CAN communication VDC counter abnormality
PC422 ON CAN communication combination ECU counter abnormality
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10. ATTACHED MATERIALS

10.1 LEGACY (December 2007 Model)

Brake Lamp
BATT @
IG Zﬁ ——o% Electric-Vacuum | g
7AN Brake 2 SW Regulating Valve
0—0 E\E— (E-VRV)for use _Z}
Brake 1 SW with the Variable
Nozzle Turbo
(VNT)
Cruise Control CLMAIN
Cruise Main SW 102[CCMD
Cruise Command SW|— ™74TA_.GND10 | PIM[52 Manifold
A-GND11]103 Absolute
Clutch SW VCC5|64 g;e;sssourre
o 3TCLSW THA2[79
Neutral SW
7}7 o 98|N-SW
- EGR+[8
A/C Unit éﬁcl\{l]agnetlc EGR-[7
EGR
: o——{r] [f8lcleN ] A-GND8[68
Pressure Switch A/C Relay EGRP[53
— F/P
M 16|PUMP-REL
Saddle Transfer Pump Relay
= R [
Fan Relay 1 Diesel
A-GND7|72
-|o7c»|- e = Throttle
b [ 28]RFAN2 | VCC4[63
Fan Relay 2 ITHR|86
i
Fan Relay 3
+B
ZE [ 73[AFM-GND
Mass Air Flow 54 AFM
(MAF) Meter | " B5[THA1 | NE+|46 Crankshaft
- T"71]A-GND6__| NE- 65 Position
VCC3[45 Sensor
VCC2
90|VCC1 Camshft
G+[47 o
83|ACCM Position —
Accelerator G-166
Position Sensor 92|1A-GND3 Sensor
91|ACC5
84|A-GND2
/

QO002757E

Engine ECU External Wiring Diagram (1)
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Starter Motor

/
BAZ‘IT VCC2
Power 38|ACCT yaN
Supply ECU 30[STA _
) T061T A-GND|78 Rail
oc| @ PFUELI48 o— Pressure
\é x VCC2[44 Sensor
- IG
7 | 7
>
S 13 S-GNDI67 H
?,C, \)5 Coolant
- = Temperature
= ©) O Sensor
g > _|I:_U6| ‘
t® emperature
2o A-GND9[70 } Sensor
[ scv+10
SCV-29 SCV
M)
= { 37IG-REL__| [COMMON1[4 }—
~— [
|92 E 3o BATT [ 75[VG | |COMMON2I5 |
=S IEIEE o . M \' Injector #1
T|Z|Z|E [ TwVA] - o
HIBIHIE ] YV
—_— —_— —_— —_— = L\ 1
Ol|0][O] O P ! lInjector #2
| i i
i ] N\
- . T Injector #3
[ TWv2[24 | R
_25IALT {“I \} Injector #4
DY [110[DELM | | TWV4[22 T T
Select
Monitor
Other ECU[
QO002758E

Engine ECU External Wiring Diagram (2)
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24]23[22[21]20[19]18]17]16]15[14]13]12]11]10[09l08l07j06 10611071108]1091 1001 11[112[113
3 43]42]41]40[39[38]37]36[35[34[33[32[31|30[29[28[27]26]25 98laghoal101102103104105 T
03 117 119
6261]60[5958]57]56|55/5453[52/5 1]50[4 94 8]4 7]4 6|4 5144 90[91/92/93]94{9596/97
81/80/79)78|77]7675/74]73]72[71[70l69l68l6 7|6 66 5/6 4163 82/83/84/85/8687/8889)
QO002759E

Connector Terminal Layout
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10.2 LEGACY (July 2009 Model)

Brake Lamp
BATT
L_é 9— +B
IG % % [B40[BRK2 | EVRV|A89—— E-VRV for VNT |~A
AN Brake 2 SW
o—o [B41|BRK1 PIMIA61 Manifold
Brake 1 SW VSS08[|A14 Absolute
VCC19|A48 Pressure
Cruise Control B53|CLMAIN THA2|A38 Sensor
Cruise Main SW A62|CCMD EGR+|B58
Cruise Command SW [A58|]\VSS13 EGR.IB45
- ,_ VCC18|A4T EGR
c A81|CLSW VSS03[A9
Clutch SW
EGRP|A33
oo B55|N-SW
- Neutral SW ITHRM-{B44
ITHRM+|B57 Diesel
.| | AIC Magnetic VSS02|A8
AC Unitl 1 Giuten VCC14]A21 Throttle
[ — 1 ’_I | ITHR|B2
o—— ™M {A91|CLCN
Pressure Switch A/C Relay
E/P PEG|A37 Exhaust
—pr [A69|PUMP-REL] VCC15|A4d——| Differential
Saddle Transfer Pump Relay VSS07/A13 Pressure Sensor
[~
+)7°er VSSO05[A11}—— (After DPF)
i {A67|RFAN2 THEG1]|A34] Exhaust Gas
Fan Relay 2 Temperature Sensor
-|-07o-|- VSS04|A10; (Before DPF)
i 6
Fan Relay 3 I/BCLC";; 22" Turbo Lift
s [A85[ACPSW Sensor
7J7 Air Condcitioner ABSIACPSW | VSS14|A5
Intermediate
Pressure Switch =
+B NE+|A43 Crankshaft
B16|VSS16 NE-|A1 Position
Mass Air A30IAEM \VCC17|A46) Sensor
Flow (MAF) = .
Meter B28[THA1 | G+|A42} Camshft
B15|VSS15 Position —
VCC2 = G-JA18 Sensor
{B31[SGND-B —
B23|VCC12 VCC2
& ) B24|ACCM A
Accelerator B25|VSS12 VSS10[A16) Rail
Position
Sensor B11|ACCS PFUEL|A4 85— Pressure
B12|VSS22 VCC16[A45 Sensor
B10|VCC22 SGND-A[A17H
Q004485E

Engine ECU External Wiring Diagram (1)
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BXT Power A93|ACCT | TB|A36—— Battery
— Supply ECU A83[STA —vssoEATI— Temperature
> VSS06|A12 Sensor
l 3 [A86]TACHO CURSIAT—|
\E|Z| 16 -: AZOMIL [_CURS
- Current Sensor
»79 g) Code [B50[IMO VCC23[A22—
= X [T THWASE—] Cooanl e
. VSS09|A15—— Sensor
T |2
2,40 Oil Level Switch __Agg (E)(';FV ' THF|A31— %ﬁ]'perature
Q\ng B4[E02 VSS01|A7 —— Sensor
O |0 B1|E1 | SCV+[B20—
= B2|E2 scv
3 = 7 SCV-[B7 —
2
(2]
o
[A95[STCT-REL
A78[CLSW2
. A92|STA-REL |
£ B54[STA2
=
ol
S
([) =
AOGREL ] o]
> A60[VG
EI(BATTL B461+BB COMMON2|A1 |—
& [ = Ox COMMONZ2|A25
| 3| ] |®
ol |o|| o | o) e 1\ \
z|[&| ][ L [ Twvilazd [ I |injector #1
T UT T
g g g g I B33|[M-REL INJ-SGND1|A56} M
OO]|O] (O B5|+B ~— AR
; B6+B TWV3IAST] i 11 |Injector #2
T T
= INJ-SGND3[A55—f——+—
NN
Al I\ \
Alternator [B36JALT TWV2/A26 T T T |injector #3
2 B42|DELM INJ-SGND2|Ab4 M
NN
- I\ \
Select B51|CAN (H) TWV4IAS | L 11 |Injector #4
U7 T
Monitor | 1, B52[CAN (L) [NJ-SGND4[A6 ——4—
Other ECU J
Q004486E

Engine ECU External Wiring Diagram (2)
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M ] wrd,Teofps 1, Tred,Trsclped, T Tregfpoopro rozjaod] o B4,/ [sdes1Bs2s3s4pss] Bs7Rs
s

AS4AEEASGIAS TIAGBIAGYABOAG1AG AGBIAG TAGBIAGIIATO) B34 B40[B41B42|  B44B45
-
B20

] adnatazpasdpadaagaseparaadnadud],Jpadpadpas]iaehar] R A A
6] A7 | 8] A tofatfargatdardatgateprjaiajarghaojaaozpas) [a2: Botoe1iR12, ] skt

QO004487E

Connector Terminal Layout
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10.3 FORESTER

BATT

Brake Lamp

O
oo

o1

Electric-Vacuum

Brake 2 SW Regulating Valve *B
o—o [_EVRV6 | (E-VRV) for use _Z}
Brake 1 SW with the Variable
Nozzle Turbo
(VNT)
Cruise Control 32|CLMAIN
Cruise Main SW 102|CCMD PIM|52
Cruise Command SW [ 74]A-GND10 ] A-GND11[103 Manifold Absolute
VCC5|64 Pressure Sensor
Clutch SW THA2|79
o 31/CLSW
Neutral SW —
7)7 o 98|N-SW VCC6|59 EGR Valve
A-GND8|68
: AIC Magnetic EGRP|53
A/C Unit Clutch
| [o—o 1 ITHRM-|118
s P 15lcLeN ] ITHRM+[116
ressure Switch  A/C Relay A-GND7(72 Diesel Throttle
VCC4|63
—
F/P
o T6PUMP-REL ITHRI86
Saddle Transfer Pump Relay
=AM 27[RFANT ]
Fan Relay 1 Exhaust
-|-o7o-|- PEG2[58 | Differential
™ 28|RFAN2 t+—{ Pressure Sensor
Fan Relay 2
_|_°7°_|_ 111[ACPSW Exhaust Gas
M A/C Pressure THEG3[57 } Temperature Sensor
Fan Relay 3 Sw +—1 (After DPF)
+B
% Exhaust Gas
Mass Air Flow THEG2[56 Temperature Sensor
(MAF) Meter — (Before DPF)
vce2 NE+|46 Crankshaft
NE-|65 Position
90[vCC1 =
Sensor
Accelerator gg Q%CNNI;)ZS VLGRS
Position Sensor = .
91|ACC5 G+|47 Camshft Position| |
84|A-GND2 G-[66 Sensor

QO003692E

Engine ECU External Wiring Diagram (1)
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Starter Motor

/
BAZ‘IT VCC2
Power 38|ACCT yaN
Supply ECU 30[STA _
) T061T A-GND|78 Rail
oc| @ PFUELI48 o— Pressure
\é x VCC2[44 Sensor
- IG
7 | 7
>
S 13 S-GNDI67 H
?,C, \)5 Coolant
- = Temperature
= ©) O Sensor
g > _|I:_U6| ‘
t® emperature
2o A-GND9[70 } Sensor
[ scv+10
SCV-29 SCV
M)
= { 37IG-REL__| [COMMON1[4 }—
~— [
|92 E 3o BATT [ 75[VG | |COMMON2I5 |
=S IEIEE o . M \' Injector #1
T|Z|Z|E [ TwVA] - o
HIBIHIE ] YV
—_— —_— —_— —_— = L\ 1
Ol|0][O] O P ! lInjector #2
| i i
i ] N\
- . T Injector #3
[ TWv2[24 | R
_25IALT {“I \} Injector #4
DY [110[DELM | | TWV4[22 T T
Select
Monitor
Other ECU[
QO003693E

Engine ECU External Wiring Diagram (2)
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4232221 18[17[16]15 12, /T10] Toglo7)o6 108107, Tt 101 11112
43424 1]40[3938[37 32[31[30)29]28]27| 25 98loaftod1of1oaos] 110
114
59/5857]56|55/54{53[52/5 1[50 48[4 7]46]4 5144 90[9192) 95
7978 75/74]73]72]71[70l69l68]67|66/65/6 4163 83l84/85/86(87] 189 ]

QO03696E

Connector Terminal Layout
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10.4 IMPREZA
Brake Lamp
BATT @
IG Zﬁ - oo Electric-Vacuum
TAN Brake 2 SW Regulating Valve JZE
o—o (E-VRV) foruse | 7
Brake 1 SW E\E with the Variable
Nozzle Turbo
(VNT)
Cruise Control 32|CLMAIN
Cruise Main SW 102|CCMD PIM|52
Cruise Command SW [74[A-GND10 ] A-GND11[103 Manifold Absolute
\VCC5|64 Pressure Sensor
Clutch SW THA2{79
oo 31[CLSW
EGR+[8
Neutral SW EGR.]7
»7 oo 98IN-SW VCC6[59 EGR Valve
A-GND8|68
. AIC Magnetic EGRP|53
AICUnit || oyiteh |
[ [o—o 1 ITHRM-/118
,1:, °/°s - hl ¥asa® [15CLCN ] ITHRM+[116
ressure Switch  A/C Relay A-GND7(72 Diesel Throttle
VCC4163
—
F/P
I T~ 16|PUMP-REL ITHRI86
Saddle Transfer Pump Relay
=AM 27[RFANT |
Fan Relay 1 Exhaust
= PEG2[58 } Differential
i 28|RFAN2 +— Pressure Sensor
Fan Relay 2
_|_°7°_|_ 1111ACPSW Exhaust Gas
M A/C Pressure THEG3[57 } Temperature Sensor
Fan Relay 3 SW —] (After DPF)
+B
% Exhaust Gas
Mass Air Flow THEG2[56 Temperature Sensor
(MAF) Meter — (Before DPF)
VCC2 NE+|46 Crankshaft
NE-[65 Position
90lVCC1 =
Accelerator S3ACCM VLGRS Senser
Position Sensor 92|A-GND3 .
91]|ACC5 G+[47 Camshft Position| |
84|A-GND2 G-166 Sensor
QO03694E

Engine ECU External Wiring Diagram (1)
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/
BXT VCC2
Power 38|ACCT yaN
Supply ECU 30[STA
= A-GND|78 Rail
Sl @ PFUEL[48 H— Pressure
é - VCC2l44 Sensor
- IG
7 | g
>
g 13 —— [ 1[E01 | [ S-GNDIE7 H
?,C, \’5 ' Coolant
o = Temperature
= ©) O Sensor
% - _Ilz_uel
b= |—~—|—| emperature
%& A-GNDII70 | Sensor
| Scv+[10 scv
S SCV-[29
g
= (M)
2
S
wn =
> { 37G-REL__| [COMMON1[4 |
~ [
18R] 15 33 EATT [ 75[VG | [COMMON2[5_
o | o | o |o o 4 'r\l \l -
5 D—:f D—:f D—:f L h Injector #1
HEIEIE =
P P P P L) 1
Ol|0][O] |0 H ! |Injector #2
\ I )
. [Y \
Pl ! |Injector #3
] U7 ]
_25|ALT {I\I \} Injector #4
2 {110|DELM 7 T
Select
Monitor
Other ECU|___

QO03695E

Engine ECU External Wiring Diagram (2)
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=]

EUE

=]

24232221 18[17[16]15) 12]/T10]Togo7)06 10107, Trog 111 11]112
4342l41]40[39[38[37 32[31]302928]27 125 98loghoarottozos], o5 =
117 11
59/5857]56|55/54{53[52/5 1[50 48[4 7[46]4 5144 90[9192) 95
7978 75[747372[71[70/69l68/67|66]65/6 463 8384 ]86/87,, 89 ]

QO003697E

Connector Terminal Layout
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