Specifications

LEGACY

1. Legacy
A: DIMENSIONS
Model Sedan Station Wagon
25L
AWD AWD
All BRIGHTON L 25GT
Overall length mm (in) 4,685 (184.4) 4,760 (187.4)
Overall width mm (in) 1,745 (68.7) 1,745 (68.7)
Overall height mm (in) 1,415 (55.7) 1,435 (56.5)
Compartment | Leg room Front max. mm (in) 1,101 (43.3) 1,101 (43.3)
Rear min. mm (in) 868 (34.2) 871 (34.3)
Head room | Front mm (in) 9%877(%819;11 1,020 (40.2), 977 (38.5)"1
Rear mm (in) 930 (36.6) 994 (39.1), 945 (37.2)*1
Shoulder Front mm (in) 1,368 (53.9) 1,368 (53.9)
room Rear mm (in) | 1,362 (53.6) 1,362 (53.6)
Wheelbase mm (in) 2,650 (104.3) 2,650 (104.3)
Tread Front mm (in) 1,460 (57.5) 1,460 (57.5)
Rear mm (in) 1,460 (57.5) 1,455 (57.3)
Minimum road clearance M.L.V.W. mm (in) 115 (4.5) 120 (4.7) ‘ 125 (4.9)
C.W. mm (in) 155 (6.1) 160 (6.3)
*1: with sunroof
B: ENGINE
Model Sedan/Station Wagon
Engine type Horizontally opposed, liquid cooled, 4-cylinder, 4-stroke gasoline engine
Valve arrangement Overhead camshaft type
Bore x stroke mm (in) 99.5 % 79.0 (3.917 x 3.110)
Displacement cm?® (cu in) 2,457 (149.9)
Compression ratio 10.0
Firing order 1—3—2—4
Idle speed at Park/Neutral rpm

position

650 (MT), 700 (AT)

Maximum output

kW (HP)/rpm

123 (165)/5,600

Maximum torque

N-m (kgf-m, ft-Ib)/rpm

226 (23.0, 166)/3,600
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LEGACY

Specifications

C: ELECTRICAL

Model Sedan/Station Wagon
Ignition timing at idling speed BTDC/rpm 10°+8°/650 (MT), 15°+8°/700 (AT)
Spark plug | Type and manufacturer CHAMPION: RC10YC4 (standard)
NGK: BKR5E-11
NGK: BKR6E-11
Alternator 12V — 90A
Battery Reserve capacity min 90 (MT), 110 (AT)
Cold cranking amperes amp. 430 (MT), 490 (AT)
D: TRANSMISSION
Model Sedan/Station Wagon
AWD
Transmission type 5MT 4AT
Clutch type DSPD TCC
Gear ratio 1st 3.454 2.785*1, 3.027*2
2nd 2.062 1.545%1, 1.619*2
3rd 1.448 1.000
4th 1.088 0.694
5th 0.780 —
Reverse 3.333 2.272
Reductic_m gear 1st reduction Type of gear — Helical
(front drive) Gear ratio — 1.000
Final reduction Type of gear Hypoid Hypoid
Gear ratio 3.900"1, 4.111*2 4.111*1, 4.444*2
Reduction gear | Transfer reduc- Type of gear Helical —
(rear drive) tion Gear ratio 1.000 —
Final reduction Type of gear Hypoid Hypoid
Gear ratio 3.900"1, 4.111*2 4.111*1, 4.444*2

5MT: 5-forward speeds with synchromesh and 1-reverse — with center differential and viscous coupling
4AT: Electronically controlled fully-automatic, 4-forward speeds and 1-reverse — with hydraulically controlled transfer clutch

*1: L, BRIGHTON

*2:2.5 GT, 2.5 GTLO

DSPD: Dry Single Plate Diaphragm
TCC: Torque Converter Clutch

E: STEERING

Type

Rack and pinion

Turns, lock to lock

3.2

Minimum turning circle

m (ft)

Curb to curb: 11.6 (38.1), wall to wall: 10.8 (35.4)

F: SUSPENSION

Front

Macpherson strut type, independent, coil spring

Rear

Multi-link type, independent, coil spring
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Specifications

LEGACY

G: BRAKE

Model

With ABS

Service brake system

Dual circuit hydraulic with vacuum suspended power unit

Front

Ventilated disc brake

Rear

Disc brake

Parking brake

Mechanical on rear brakes

H: TIRE
Model 15-inch wheel 16-inch wheel
Size P195/60R15 87H P205/60R15 90H P205/55R16 89H
Type Steel belted radial, tubeless
I: CAPACITY
Model AWD
5MT ‘ 4AT
Fuel tank 0 (US gal, imp. gal) 64 (16.9, 14.1)

Engine oil (replacement)

0 (US qt, imp. qt)

Approx. 4.0 (4.2, 3.5)

Transmission gear oil

0 (US qt, imp. qt)

3.5(3.7,3.1) —

Automatic transmission fluid

0 (US qt, imp. qt)

— 9.3-9.6(9.8-10.1,82-8.4)

AT differential gear oil

0 (US qt, imp. qt)

— 11-13(1.2-1.4,1.0-1.1)

AWD rear differential gear oil

0 (US qt, imp. qt)

0.8 (0.8,0.7), 0.9 (0.9, 0.8)

Power steering fluid

0 (US qt, imp. qt)

0.7 (0.7, 0.6)

Engine coolant

0 (US qt, imp. qt)

6.8 (7.2, 6.0) \ 6.7 (7.1,5.9)

*: L, BRIGHTON
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LEGACY

Specifications
J: WEIGHT
1. U.S. SPEC. VEHICLE
Model Sedan
25L
AWD
L 25GT
5MT 4AT 5MT 4AT-SS
Curb weight Front kg (lb)| 812 (1,790) 839 (1,850) 844 (1,860) 866 (1,910)
(C.W.) Rear kg (b)| 651 (1,435) 653 (1,440) 683 (1,505) 685 (1,510)
Total kg (b)| 1,463 (3,225) 1,492 (3,290) 1,527 (3,365) 1,551 (3,420)
Gross vehicle Front kg (Ib) 1,007 (2,220)
weight (GV.W.) - TRear™ kg (Ib) 989 (2,180)
Total kg (Ib) 1,996 (4,400)
Model Station Wagon
25L
AWD
L 25GT
5MT 4AT 5MT 4AT-SS
Curb weight Front kg (b)| 812 (1,790) 841 (1,855) 844 (1,860) 869 (1,915)
(C.W) Rear kg (lb)| 701 (1,545) 701 (1,545) 730 (1,610) 735 (1,620)
Total kg (b)| 1,513 (3,335) 1,542 (3,400) 1,574 (3,470) 1,604 (3,535)
Gross vehicle Front kg (Ib) 1,002 (2,210)
weight (G.V.W.) - TRear™ kg (ib) 1,064 (2,345)
Total kg (Ib) 2,066 (4,555)
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Specifications

LEGACY

2. CANADA SPEC. VEHICLE

Model Sedan
25L
AWD
L 25GT
4AT 5MT 4AT-SS
Curb weight (C.W.) | Front 839 (1,850) 844 (1,860) 866 (1,910)
Rear 653 (1,440) 683 (1,505) 685 (1,510)
Total 1,492 (3,290) 1,527 (3,365) 1,551 (3,420)
Gross vehicle Front 1,007 (2,220)
weight (G.V.W.) Rear 989 (2,180)
Total 1,996 (4,400)
Model Sedan
25L
AWD
2.5 GTLO
5MT 4AT-SS
Curb weight (C.W.) | Front 839 (1,850) 862 (1,900)
Rear 678 (1,495) 680 (1,500)
Total 1,517 (3,345) 1,542 (3,400)
Gross vehicle Front 1,007 (2,220)
weight (G.V.W.) Rear 989 (2,180)
Total 1,996 (4,400)
Model Station Wagon
25L
AWD
BRIGHTON 25GT
5MT 4AT 5MT 4AT 4AT-SS
Curb weight (C.W.) | Front 807 (1,780) 832 (1,835) 812 (1,790) 841 (1,855) 869 (1,915)
Rear 678 (1,495) 683 (1,505) 701 (1,545) 701 (1,545) 735 (1,620)
Total 1,485 (3,275) 1,515 (3,340) 1,513 (3,335) 1,542 (3,400) 1,604 (3,535)
Gross vehicle Front 962 (2,120) 1,002 (2,210)
weight (G.V.W.) Rear 1,016 (2,240) 1,064 (2,345)
Total 1,978 (4,360) 2,066 (4,555)
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LEGACY

Specifications

3. TAIWAN SPEC. VEHICLE

Model Sedan Station Wagon
25L
AWD
L 25GT L
4AT 4AT-SS 4AT
Curb weight (C.W.) | Front kg (Ib) 839 (1,850) 866 (1,910) 841 (1,855)
Rear kg (Ib) 653 (1,440) 685 (1,510) 701 (1,545)
Total kg (Ib) 1,492 (3,290) 1,551 (3,420) 1,542 (3,400)
Gross vehicle Front kg (Ib) 1,007 (2,220) 1,002 (2,210)
weight (G.V.W.) Rear kg (Ib) 989 (2,180) 1,064 (2,345)
Total kg (Ib) 1,996 (4,400) 2,066 (4,555)
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OUTBACK

Specifications
2. OUTBACK
A: DIMENSIONS
Model Sedan Wagon
AWD AWD
4AT 5MT ‘ 4AT
Overall length mm (in) 4,685 (184.4) 4,760 (187.4)
Overall width mm (in) 1,745 (68.7) 1,745 (68.7)
Overall height mm (in) 1,480 (58.3) 1,580 (62.2)
Compartment | Leg room | Front max. mm (in) 1,101 (43.3) 1,101 (43.3)
Rear min. mm (in) 868 (34.2) 871 (34.3)
Head Front mm (in) | 987 (38.9), 967 (38.1)*1 1,020 (40.2), 977 (38.5)*1
room Rear mm (in) 930 (36.6) 994 (39.1), 945 (37.2)"1
Shoulder | Front mm (in) 1,368 (53.9) 1,368 (53.9)
room Rear mm (in) 1,362 (53.6) 1,362 (53.6)
Wheelbase mm (in) 2,650 (104.3) 2,650 (104.3)
Tread Front mm (in) 1,470 (57.9) 1,470 (57.9)
Rear mm (in) 1,465 (57.7) 1,465 (57.7)
Minimum road clearance M.L.V.W. mm (in) 150 (5.9) 150 (5.9)
C.W. mm (in) 185 (7.3) 185 (7.3)
*1: With sunroof
B: ENGINE
Model Sedan/Wagon
25L 3.0L
Engine type Horizontally opposed, liquid cooled, | Horizontally opposed, liquid cooled,
4-cylinder, 4-stroke gasoline engine | 6-cylinder, 4-stroke gasoline engine
Valve arrangement Overhead camshaft type Double overhead camshaft type
Bore x stroke mm (in) 99.5 x79.0 (3.917 x 3.110) 89.2 x 80.0 (3.512 x 3.150)
Displacement cm?® (cu in) 2,457 (149.9) 3,000 (183.06)
Compression ratio 10.0 10.7
Firing order 1—3—2—4 1 —6—3—2—5—4
ﬁéifrgfggsﬁ‘fiffrk’ rpm 650 (MT), 700 (AT) 600
Maximum output kW (HP)/rpm 123 (165)/5,600 158 (212)/6,000
Maximum torque N-m (kgf-m, ft-Ib)/rpm 226 (23.0, 166)/3,600 282 (28.8, 208)/4,400
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OUTBACK

Specifications
C: ELECTRICAL
Model Sedan/Wagon
25L 30L
Ignition timing at idling speed BTDC/rpm | 10°+8°/650 (MT), 15°£8°/700 (AT) 10°+8°/600
Spark plug | Type and manufacturer CHAMPION: RC10YC4 (standard)
NGK: BKR5E-11 NGK: PLFR6A-11
NGK: BKR6E-11
Alternator 12V — 90A 12V — 100A
Battery Reserve capacity min 90 (MT), 110 (AT) 110
gggeignkmg amp. 430 (MT), 490 (AT) 490
D: TRANSMISSION
Model Sedan/Wagon
25L 3.0L
AWD
Transmission type 5MT 4AT
Clutch type DSPD TCC
Gear ratio 1st 3.454 3.027 2.785
2nd 2.062 1.619 1.545
3rd 1.448 1.000
4th 1.088 0.694
5th 0.871 —
Reverse 3.333 2.272
Reduction gear | 1st reduction | Type of gear — Helical
(front drive) Gear ratio — 1.000
Final Type of gear Hypoid
reduction Gear ratio 4111 4.444 4111
Reduction gear | Transfer Type of gear Helical —
(rear drive) reduction Gear ratio 1.000 —
Final Type of gear Hypoid
reduction Gear ratio 4111 4.444 4111

5MT: 5-forward speeds with synchromesh and 1-reverse — with center differential and viscous coupling
4AT: Electronically controlled fully-automatic, 4-forward speeds and 1-reverse — with hydraulically controlled transfer clutch

DSPD: Dry Single Plate Diaphragm

TCC: Torque Converter Clutch

E: STEERING

Type

Rack and pinion

Turns, lock to lock

3.4

Minimum turning circle

m (ft)

Curb to curb: 12.0 (39.4), wall to wall: 11.2 (36.7)

F: SUSPENSION

Front

Macpherson strut type, independent, coil spring

Rear

Multi-link type, independent, coil spring
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Specifications

OUTBACK

G: BRAKE

Model

With ABS

Service brake system

Dual circuit hydraulic with vacuum suspended power unit

Front

Ventilated disc brake

Rear

Disc brakes

Parking brake

Mechanical on rear brakes

H: TIRE

Model 16-inch wheel

Size P215/60R16* P225/60R16 97H
Type Steel belted radial, tubeless

*: Recommended winter (snow) tire size.

I: CAPACITY

Model

25L | 30L

AWD

5MT ‘ AAT

Fuel tank

0 (US gal, imp. gal)

64 (16.9, 14.1)

Engine oil (replacement)

0 (US qt, imp. qt)

Approx. 4.0 (4.2, 3.5) ‘ Approx. 5.6 (5.9, 4.9)

Transmission gear oil

2 (US qt, imp. qt)

3.5 (3.7, 3.1) —

Automatic transmission fluid

0 (US qt, imp. qt)

— 9.3-9.6(9.8-10.1,8.2-8.4)

AT differential gear oil

0 (US qt, imp. qt)

— 11-13(12-1.4,1.0-1.1)

AWD rear differential gear oil

0 (US qt, imp. qt)

0.8 (0.8,0.7)

Power steering fluid

0 (US qt, imp. qt)

0.7 (0.7, 0.6)

Engine coolant

0 (US qt, imp. qt)

6.8 (7.2, 6.0) \ 6.7 (7.1,5.9) \ 7.9 (8.4,7.0)
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OUTBACK

Specifications
J: WEIGHT
1. U.S. SPEC. VEHICLE
Model Sedan
25L 3.0L
AWD
4AT 4AT*1
Curb weight (C.W.) Front kg (Ib) 894 (1,970) 943 (2,080)
Rear kg (Ib) 692 (1,525) 694 (1,530)
Total kg (Ib) 1,586 (3,495) 1,637 (3,610)
Gross vehicle weight Front kg (Ib) 1,007 (2,220) 1,061 (2,340)
(G.V.W.) Rear kg (Ib) 989 (2,180) 989 (2,180)
Total kg (Ib) 1,996 (4,400) 2,050 (4,520)
Model Wagon
25L
Cold weather LTD
5MT 4AT 5MT 4AT
Curb weight (C.W.) Front kg (Ib) 844 (1,860) 869 (1,915) 857 (1,890) 882 (1,945)
Rear kg (Ib) 712 (1,570) 717 (1,580) 735 (1,620) 739 (1,630)
Total kg (Ib) 1,556 (3,430) 1,586 (3,495) 1,592 (3,510) 1,621 (3,575)
Gross vehicle weight Front kg (Ib) 1,002 (2,210)
(G.V.W.) Rear kg (Ib) 1,064 (2,345)
Total kg (Ib) 2,066 (4,555)
Model Wagon
25L 3.0L
Others All
5MT 4AT 4AT*1
Curb weight (C.W.) Front kg (Ib) 841 (1,855) 866 (1,910) 943 (2,080)
Rear kg (Ib) 712 (1,570) 716 (1,580) 741 (1,635)
Total kg (Ib) 1,553 (3,425) 1,582 (3,490) 1,684 (3,715)
Gross vehicle weight Front kg (Ib) 1,002 (2,210) 1,061 (2,340)
(G.V.W.) Rear kg (Ib) 1,064 (2,345) 1,070 (2,360)
Total kg (Ib) 2,066 (4,555) 2,131 (4,700)

*1: Excludes the weights of audio, VDC
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Specifications

OUTBACK

2. CANADA SPEC. VEHICLE

Model Sedan
AWD
Curb weight (C.W.) Front kg (Ib) 894 (1,970) 943 (2,080)
Rear kg (Ib) 692 (1,525) 694 (1,530)
Total kg (Ib) 1,586 (3,495) 1,637 (3,610)
Gross vehicle weight Front kg (Ib) 1,007 (2,220) 1,061 (2,340)
(G.V.W.) Rear kg (Ib) 989 (2,180) 989 (2,180)
Total kg (Ib) 1,996 (4,400) 2,050 (4,520)
Model Wagon
25L 30L
Cold weather | LTD All
5MT 4AT 4AT*1
Curb weight (C.W.) Front kg (Ib) 844 (1,860) 869 (1,915) 882 (1,945) 943 (2,080)
Rear kg (Ib) 712 (1,570) 717 (1,580) 739 (1,630) 741 (1,635)
Total kg (Ib) 1,556 (3,430) 1,586 (3,495) 1,621 (3,575) 1,684 (3,715)
Gross vehicle weight Front kg (Ib) 1,002 (2,210) 1,061 (2,340)
(G.V-W.) Rear kg (Ib) 1,064 (2,345) 1,070 (2,360)
Total kg (Ib) 2,066 (4,555) 2,131 (4,700)

*1: Excludes the weights of audio, VDC
3. TAIWAN SPEC. VEHICLE

Model Wagon
25L
AWD
4AT
Curb weight (C.W.) Front kg (Ib) 882 (1,945)
Rear kg (Ib) 739 (1,630)
Total kg (Ib) 1,621 (3,575)
Gross vehicle weight Front kg (Ib) 1,002 (2,210)
(G.V.W.) Rear kg (Ib) 1,064 (2,345)
Total kg (Ib) 2,066 (4,555)
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OUTBACK

Specifications

4. CHILE SPEC. VEHICLE

Model Sedan Wagon
30L
AWD
4AT
Curb weight (C.W.) Front kg (Ib) 950 (2,095) 950 (2,095)
Rear kg (Ib) 694 (1,530) 741 (1,635)
Total kg (Ib) 1,644 (3,625) 1,691 (3,730)
Gross vehicle weight Front kg (Ib) 1,061 (2,340) 1,061 (2,340)
(G.V.W.) Rear kg (Ib) 989 (2,180) 1,070 (2,360)
Total kg (Ib) 2,050 (4,520) 2,131 (4,700)
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MEMO
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GENERAL

Fuel Injection (Fuel System)

1. General

e The Multipoint Fuel Injection (MFI) system supplies optimum air-fuel mixture under every engine
operating condition through the use of the latest electronic control technology.

This system pressurizes the fuel to a constant pressure and injects it into each intake air port in the
cylinder head. The injection quantity of fuel is controlled by an intermittent injection system where
an electro-magnetic injection valve or injector opens for a short period that is precisely controlled
depending on the quantity of air appropriate for each condition of operation. In actual control, an
optimum fuel injection quantity is achieved by varying the duration of an electric pulse applied to the
injector. This way of control enables simple, yet highly precise metering of the fuel.

e The engine control module (ECM) that controls the fuel injection system corrects the fuel injection
amount depending on the vehicle speed, throttle opening, coolant temperature and other vehicle-
operation-related information. The ECM receives the information in the form of electric signals from
the corresponding sensors and switches.

The MFI system also has the following features:

e Reduced exhaust emissions

e Reduced fuel consumption

e Increased engine output

e Quick response to accelerator and brake pedal operation

e Superior startability and warm-up performance in cold weather due to corrective controls made
according to coolant and intake air temperatures
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AIR LINE

Fuel Injection (Fuel System)

2. Air Line
A: GENERAL

The air filtered by the air cleaner enters the throttle body where it is regulated in the volume by the
throttle valve and then enters the intake manifold. It is then distributed to each cylinder where the
air is mixed with fuel injected by the injector. During idling operation, air flows into the cylinder
through the idle air control solenoid valve, bypassing the throttle valve. This enables controlling the
engine idling speed properly.

B: PRESSURE SENSOR

The pressure sensor is mounted on the top of the throttle body and measures the absolute air pres-
sure in the intake manifold.

The measured pressure is converted into an electrical signal and sent to the ECM. The ECM uses
these signals to control injection and ignition timing as well as the fuel injection amount.

FU-00213

(1) Pressure sensor
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AIR LINE

Fuel Injection (Fuel System)

C:INTAKE AIR TEMPERATURE SENSOR

The intake air temperature sensor is located in the air cleaner case and detects the temperature of
the intake air introduced through the air intake duct. The ECM uses the resistance signal from the
sensor to correct the fuel injection amount.

(A)

(B)
FU-00214
(1) Terminal (3) Thermistor (A) Resistance (Q)
(2) Connector (4) Housing (B) Intake air temperature (°C)
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AIR LINE

Fuel Injection (Fuel System)

D: THROTTLE BODY

e In response to operation of the accelerator pedal, the throttle valve in the throttle body opens/clos-
es to regulate the volume of the air drawn into the combustion chamber.

e During idling, the throttle valve is almost fully closed and the volume of air passing through the
throttle body is less than that passing through the idle air control solenoid valve.

e More than half of the air necessary for idling is supplied to the intake manifold via the idle air con-
trol solenoid valve which controls properly the engine idling speed, so the idling speed needs not
be adjusted.

e To reduce shock when the throttle is slightly opened and enhance comfort, the inside of the throt-
tle body is contoured in a spherical shape. (MT vehicles)

FU-00216

(1) Spherical surface
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AIR LINE

Fuel Injection (Fuel System)

E: THROTTLE POSITION SENSOR
e The throttle position sensor is mounted in the throttle body and linked to the throttle valve.

e The throttle position sensor sends the ECM voltage signal corresponding to the opening of the
throttle valve. When the sensor’s output voltage exceeds a predetermined level, the ECM interprets
it as complete closure of the throttle valve. When the output voltage is at another predetermined
level, the ECM recognizes that the throttle valve is at a wide open position. Since the output char-
acteristics of the sensor change over years, the ECM is provided with a learning function to be able
to interpret signals into throttle valve angles always correctly.

FU-00217

(1) Lever
(2) Terminal
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AIR LINE

Fuel Injection (Fuel System)

F: IDLE AIR CONTROL SOLENOID VALVE

e The idle air control solenoid valve is located in the throttle body and regulates the amount of in-
take air that flows bypassing the throttle valve into the intake manifold during engine idling. It is ac-
tivated by a signal from the ECM in order to maintain the engine idling speed at a target speed.

e The idle air control solenoid valve is a stepping motor type solenoid-actuated valve which consists
of coils, a shaft, a permanent magnet, a spring and a housing. The housing is an integral part of the
throttle body.

e The stepping motor consists of two paired coils, the coils of each pair being arranged face to face
with a shaft in between.

e The shaft has a screw at the end around which the permanent magnets are arranged.

e As current flows in the form of pulses through the paired coils sequentially while alternating the
polarity, the N and S poles of the permanent magnets around the shaft are repelled by the same
poles of the magnetism generated by the coils. This causes a nut externally fixed to the magnets
and internally engaging with the screw of the shaft to turn.

The shaft then goes upward or downward.

e This upward and downward motions of the shaft open or close the valve port, adjusting the
amount of bypass air.

()

FU-00218

1) Connector

N
-

Permanent magnet
Shaft

Coll

Spring

~ o~ o~~~
» W
= =

1
-
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AIR LINE

Fuel Injection (Fuel System)

G: AIR ASSIST INJECTOR SOLENOID VALVE

The air assist injector solenoid valve is located in the piping between the throttle body and the in-
jector and secured to the intake manifold. This solenoid valve is opened or closed by the signals
from the ECM, adjusting the flow rate of air supplied to the injector.

(1)\\ | C_J

L Q \ \(4) ®)

(B) FU-00219
(1) Valve seat (A) From idle air control valve
(2) Solenoid (B) To injector
(3) Plunger and valve
(4) Spring

(5) Connector
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FUEL LINE

Fuel Injection (Fuel System)

3. Fuel Line

A: GENERAL

e The fuel pressurized by the fuel tank inside pump is delivered to each fuel injector by way of the
fuel pipe and fuel filter. Fuel injection pressure is regulated to an optimum level by the pressure reg-
ulator.

e Each injector injects fuel into the intake port of the corresponding cylinder where the fuel is mixed
with air. The mixture then enters the cylinder. Fuel injection amount and timing are regulated by the
ECM.
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Fuel Injection (Fuel System)

FUEL LINE

(1)
@)
®)
(4)
(5)
(6)
@)
8)

4

(1)

</ :(B)

(12)
(7

(20)

(23)

(19)\
Fuel gauge (10)
Combination meter (11)
Fuel injector (12)
Pressure regulator (13)
Throttle body (14)
Intake manifold (15)
Fuel filter (16)
Purge control solenoid valve 17)
Drain valve (18)

(18) (16)

Canister
ECM

Pressure control solenoid valve

(10)

Fuel tank pressure sensor

Fuel temperature sensor

Fuel level sensor

Fuel pump
Jet pump

Fuel cut valve

FU-10

(A)
)]

FU-00508

Fuel tank

Vent valve

Shut-off valve

Drain filter

Fuel sub level sensor

Fuel tank sensor control valve

Fuel line

Fuel evaporation line



FUEL LINE

Fuel Injection (Fuel System)

B: PRESSURE REGULATOR

The pressure regulator is installed at the injector end of the fuel supply line. It has a fuel chamber
and spring chamber separated by a diaphragm. Fuel chamber is connected to the fuel supply line
and the spring chamber is connected to the intake manifold. Fuel chamber also has a relief valve
connected to the fuel return line through which fuel returns to the fuel tank. When the intake mani-
fold vacuum increases, the diaphragm is pulled and the relief valve opens to decrease the fuel sup-
ply line pressure (or fuel injection pressure). When the intake manifold vacuum decreases, the
diaphragm is pushed by the spring to increase the fuel supply line pressure. Thus, the difference
between the fuel injection pressure and the intake manifold vacuum is kept at a constant level of
299.1 kPa (3.05 kgf/cm?, 43.4 psi) to precisely control the amount of injected fuel.
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(1) Relief valve (A) To intake manifold
(2) Diaphragm (B) Fuel IN
(C) Fuel OUT
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C: FUEL INJECTOR

e The MFI system employs top feed type fuel injectors with an air assist feature.
e Each injector is installed in the fuel pipe in such a way that the injector is cooled by fuel.
e The features of this type of fuel injector are as follows:

1) High heat resistance
2) Low driving noise

3) Easy to service

4) Small size

e The injector injects fuel according to the valve open signal from the ECM. The needle valve is
lifted by the solenoid which is energized on arrival of the valve open signal.

e Since the injectors nozzle hole area, the lift of valve and the fuel pressure are kept constant, the
amount of fuel injected is controlled only by varying the duration of the valve open signal from the
ECM.

e Fuel atomization is enhanced using assist air supplied from the air assistant injector solenoid
valve passing through the passage formed in the intake manifold at the area in which each injector
is installed. This contributes not only to higher combustion efficiency and higher output but also to
cleaner exhaust emissions.
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(1) Filter
(2) O-ring
(3) Plunger
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(4) Seal
(5) O-ring
(6) Connector
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D: FUEL TANK

The fuel tank utilizes a two-compartment design to ensure sufficient capacity without interfering with
the rear differential. It is provided with a suction jet pump (included in the fuel pump and fuel level
sensor assembly) which transfers fuel from one compartment to the other. Each compartment has
an individual fuel level sensor.

The fuel tank is located under the rear seat and secured with hold-down bands.

FU-00509
(1) Fuel pump and fuel level sensor assembly (5) Ventvalve
(2) Fuel cut valve (sub-compartment) (6) Fuel cut valve (main compartment)
(8) Fuel sub level sensor (7) Cushion
(4) Quick connector (8) Steel
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E: FUEL PUMP AND FUEL LEVEL SENSOR ASSEMBLY
1. FUEL PUMP

The fuel pump consists of a motor, impeller, pump casing, pump cover, check valve and filter. It is
located in the fuel tank and combined with the fuel level sensor into a single unit. The operation of
this impeller type pump is very quiet.
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(1) Fuel level sensor (7) Fuel passage (A) To engine (delivery line)
(2) Fuel pump (8) Impeller (B) From engine (return line)
(8) Pump cover (9) Suction (C) From sub tank
(4) Filter (10) Motor armature
(5) Jet pump (11) Check valve
(6) Pump casing (12) Discharge
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e When the ignition switch is turned ON, fuel pump relay is activated. Then the motor operates to
rotate the impeller.

e As the impeller rotates, fuel in a vane groove of the impeller flows along the fuel passage into the
next vane groove by centrifugal force. When fuel flows from one groove to the next, a pressure dif-
ference occurs due to friction. This creates a pumping effect.

e The fuel pushed up by rotation of the impeller then passes through the clearance between the
armature and the magnet of the motor and is discharged through the check valve.

e When the fuel discharge pressure reaches the specified level, the relief valve opens and excess
fuel is released into the fuel tank. In this manner, the relief valve prevents an abnormal increase in
fuel pressure.

e When the engine and the fuel pump stop, spring force acts on the check valve to close the dis-
charge port, so that the fuel pressure in the fuel delivery line is retained.

2. FUEL LEVEL SENSOR

The fuel level sensor is integrated with the fuel pump which is located in the fuel tank. The sensor
outputs an electric resistance signal that varies with movement of its float to indicate the level of the
fuel remaining in the tank.
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(1) Fuel level sensor
(2) Float
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3. JET PUMP

e The jet pump utilizes the velocity of fuel returning from the engine to produce negative pressure
in it.

e Using the pumping effect produced by the negative pressure, the jet pump transfers fuel from the
sub-compartment to the main compartment of the fuel tank.

e When the return line nozzle is clogged, the fuel sent back through the return line flows back into
the fuel tank via the relief valve.

(A) (A)
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(1) Relief valve (A) Returnline
(2) Nozzle

FU-17



FUEL LINE

Fuel Injection (Fuel System)

F: SUB-COMPARTMENT FUEL LEVEL SENSOR

This sensor detects the level of the fuel in the sub-compartment (the compartment in which the fuel
pump is not located) and acts as part of the fuel transfer line when the jet pump is in operation to
maintain the fuel in both compartments at the same level.

FU-00512

(1) Fuel level sensor (A) To jet pump
(2) Float
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G: FUEL FILTER

The fuel filter located in the engine compartment is a pressure-withstanding, cartridge type. It has
a filter element in a metal case. The fuel entering the filter flows from the perimeter of the element
to the center of the filter and goes out from there.

FU-00228
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4. Sensors and Switches
A: FRONT OXYGEN (A/F) SENSOR

e The front oxygen sensor uses zirconium oxide (ZrO,) which is a solid electrolyte, at portions ex-
posed to exhaust gas.

e The zirconium oxide has the property of generating electromotive force when its both sides are
exposed to oxygen ions of different concentration and the magnitude of this electromotive force de-
pends on how much the difference is.

e The front oxygen (A/F) sensor detects the amount of oxygen in exhaust gases by making use of
this property of the zirconium oxide material.

e The zirconium oxide material is formed into a closed end tube and its external surface is exposed
to exhaust gases with smaller oxygen ion concentration, whereas its internal surface is exposed to
atmospheric air. The external surface has a porous platinum coating. The sensor housing is ground-
ed to the exhaust pipe and the inside is connected to the ECM through the harness to be able to
use the current output from the sensor.

e The sensor incorporates a ceramic heater to improve its performance at low temperatures.

(5)
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(1) Element cover (outer)

(2) Element cover (inner)
) Sensor element

(4) Ceramic heater
)

Sensor housing
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e When rich air-fuel mixture is burnt in the cylinder, the oxygen in the exhaust gases is almost com-
pletely used in the catalytic reaction by the platinum coating on the external surface of the zirconia
tube. This results in a very large difference in the oxygen ion concentration between the inside and
outside of the tube, and the electromotive force generated is large.

e When a lean air-fuel mixture is burnt in the cylinder, relatively large amount of oxygen remains in
the exhaust gases even after the catalytic action, and this results in a small difference in the oxygen
ion concentration between the tube’s internal and external surfaces. The electromotive force in this
case is very small.

e The difference in oxygen concentration changes drastically in the vicinity of the stoichiometric air-
fuel ratio, and hence the change in the electromotive force is also large. By using this information,
the ECM can determine the air-fuel ratio of the supplied mixture easily. The front oxygen (A/F) sen-
sor does not generate much electromotive force when the temperature is low. The output charac-
teristics of the sensor stabilize at a temperature of approximately 700°C (1,292°F).
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(1) Atmospheric air (A) Electromotive force
(2) Exhaust gas (B) Air/fuel ratio
(3) ZrO, (C) Lean
(4) Ceramic heater (D) Rich
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B: REAR OXYGEN SENSOR

e The rear oxygen sensor is used to sense oxygen concentration in the exhaust gas. If the air-fuel
ratio is leaner than the stoichiometric ratio in the mixture (i.e., excessive amount of air), the exhaust
gas contains more oxygen. To the contrary, if the fuel ratio is richer than the stoichiometric ratio, the
exhaust gas contains almost no oxygen.

e Detecting the oxygen concentration in exhaust gas using the oxygen sensor makes it possible to
determine whether the air-fuel ratio is leaner or richer than the stoichiometry.

e The rear oxygen sensor has a zirconia tube (ceramic) which generates voltage if there is a differ-
ence in oxygen ion concentration between the inside and outside of the tube. Platinum is coated on
the inside and outside of the zirconia tube as a catalysis and electrode material. The sensor housing
is grounded to the exhaust pipe and the inside is connected to the ECM through the harness.

e A ceramic heater is employed to improve performance at low temperatures.

FU-00231

(1) Protection tube (4) Gasket
(2) Ceramic heater (5) Sensor housing
(8) Zirconia tube (6) Harness
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e When rich air-fuel mixture is burnt in the cylinder, the oxygen in the exhaust gases is almost com-
pletely used in the catalytic reaction by the platinum coating on the external surface of the zirconia
tube. This results in a very large difference in the oxygen ion concentration between the inside and
outside of the tube, and the electromotive force generated is large.

e When a lean air-fuel mixture is burnt in the cylinder, relatively large amount of oxygen remains in
the exhaust gases even after the catalytic action, and this results in a small difference in the oxygen
ion concentration between the tube’s internal and external surfaces. The electromotive force in this
case is very small.

e The difference in oxygen concentration changes drastically in the vicinity of the stoichiometric air-
fuel ratio, and hence the change in the electromotive force is also large. By using this information,
the ECM can determine the air-fuel ratio of the supplied mixture easily. The rear oxygen sensor does
not generate much electromotive force when the temperature is low. The output characteristics of
the sensor stabilize at a temperature of approximately 300 to 400°C (572 to 752°F).
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(1) Atmospheric air (A) Electromotive force
(2) Exhaust gas (B) Air/fuel ratio
(3) Electromotive force (C) Rich
(D) Lean

(E) Stoichiometric ratio

(F) Comparison voltage
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C: ENGINE COOLANT TEMPERATURE SENSOR

The engine coolant temperature sensor is located on the engine coolant pipe. The sensor uses a
thermistor whose resistance changes inversely with temperature. Resistance signals as engine
coolant temperature information are transmitted to the ECM to make fuel injection, ignition timing,
purge control solenoid valve and other controls.
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(1) Connector (A) Resistance (Q2)
(2) Thermistor element (B) Temperature °C (°F)
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D: CRANKSHAFT POSITION SENSOR

e The crankshaft position sensor is installed on the oil pump which is located in the front center por-
tion of the cylinder block. The sensor generates a pulse when one of the teeth on the perimeter of
the crankshaft sprocket (rotating together with the crankshaft) passes in front of it. The ECM deter-
mines the crankshaft angular position by counting the number of pulses.

e The crankshaft position sensor is a molded type which consists of a magnet, core, coil, terminals
and other components as illustrated below.

FU-00234
(1) Terminal (4) Call
(2) Yoke core (5) Core
(3) Magnet (6) Cover
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e As the crankshaft rotates, each tooth aligns with the crankshaft position sensor. At that time, the
magnetic flux in the sensor’s coil changes since the air gap between the sensor pickup and the
sprocket changes. This change in magnetic flux induces a voltage pulse in the sensor and the pulse
is transmitted to the ECM.
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(1) Crankshaft position sensor
(2) Crankshaft sprocket
(3) Crankshaft half rotation
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E: CAMSHAFT POSITION SENSOR

e The camshaft position sensor is located on the left-hand camshaft support. This sensor detects
the combustion cylinder at any given moment.

e The sensor generates a pulse when one of the bosses on the back of the left-hand camshaft drive
sprocket passes in front of the sensor. The ECM determines the camshaft angular position by count-
ing the number of pulses.

Internal construction and the basic operating principle of the camshaft position sensor are similar
to those of the crankshaft position sensor. A total of seven bosses are arranged at equally spaced
four locations (one each at two locations, two at one location, and three at one location) of the
sprocket as shown below.
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(1) Boss (4) Camshaft position sensor
(2) Camshaft sprocket (5) Boss
(3) Airgap (6) Camshaft one rotation (Crankshaft two rotations)
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F: KNOCK SENSOR

e The knock sensor is installed on the cylinder block, and senses knocking that occurs in the en-
gine.

e The sensor is a piezo-electric type which converts vibration resulting from knocking into electric
signals.

e In addition to a piezo-electric element, the sensor has a weight and case as its components. If
knocking occurs in the engine, the weight in the case moves causing the piezo-electric element to
generate a voltage.

e The knock sensor harness is connected to the engine harness.
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Case (A) To knock sensor harness
Weight

Piezo-electric element

Nut

Resistance
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G: VEHICLE SPEED SENSOR
1. MT VEHICLES
e The vehicle speed sensor is mounted on the transmission.

e The vehicle speed sensor generates a 4-pulse signal for every rotation of the front differential and
send it to the ECM and the combination meter.

(1)

A

4) @)

FU-00238

1) Combination meter
ECM
Vehicle speed sensor
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2. AT VEHICLES
e The vehicle speed sensor is mounted on the transmission.

e The vehicle speed sensor generates a 16-pulse signal for every rotation of the front differential
and send it to the transmission control module (TCM). The signal sent to the TCM is converted there
into a 4-pulse signal, and then sent to the ECM and the combination meter.
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) Combination meter
) ECM
(3) TCM
) Vehicle speed sensor
) Transmission
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5. Control System
A: GENERAL

The ECM receives signals from various sensors, switches, and other control modules. Using these
signals, it determines the engine operating conditions and if necessary, emits signals to one or more
systems to control them for optimum operation.

Major control items of the ECM are as follow:
e Fuel injection control

Ignition system control
e |dle air control

e Fuel pump control

e Canister purge control*’
Radiator fan control*?

e On-board diagnosis function

*1: Canister purge control is described under “EC (H4SO) — Emission Control (Aux. Emission Con-
trol Devices) Evaporative Emission Control System”.
*2: Radiator fan control is described under “CO (H4SO) — Cooling”.
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B: INPUT AND OUTPUT SIGNALS

Signal Unit Function

Input sig- Intake air pressure sensor Detects the intake air pipe (absolute) pressure.

nals Intake air temperature sensor Detects the intake air temperature.
Atmospheric pressure sensor (incor- | Detects the amount of intake air (measures the atmospheric pressure).
porated in ECM)
Throttle position sensor Detects the throttle valve position.
Front oxygen (A/F) sensor Detects the density of oxygen in exhaust gases at the upstream of the front

catalytic converter.
Rear oxygen sensor Detects the density of oxygen in exhaust gases at the downstream of the
front catalytic converter.

Crankshaft position sensor Detects the crankshaft angular position.
Camshaft position sensor Detects the combustion cylinder.
Engine coolant temperature sensor Detects the engine coolant temperature.
Knock sensor Detects engine knocking.
Vehicle speed sensor Detects the vehicle speed.
Ignition switch Detects operation of the ignition switch.
Starter switch Detects the condition of engine cranking.
Neutral position switch (MT) Detects that the gear is in neutral.
Park/Neutral position switch (AT) Detects shift positions.
Torque control signal Controls engine torque.
Heater circuit of front and rear oxygen | Detects abnormality in the heater circuit of the front and rear oxygen sen-
sensors sors.
Diagnostics of TCM (AT) Detects the self-diagnostics of TCM.
A/C switch Detects ON-OFF operation of the A/C switch.
Fuel temperature sensor Detects the temperature of the fuel in the fuel tank.
Fuel level sensor Detects the level of the fuel in the fuel tank.
Fuel tank pressure sensor Detects the evaporation gas pressure in the fuel tank.
Small light switch Detects ON-OFF operation of the small light switch.
Blower fan switch Detects ON-OFF operation of the blower fan switch.
Rear defogger switch Detects ON-OFF operation of the rear defogger switch.

Output sig- | Fuel injector Activates an injector.

nals Ignition signal Turns the primary ignition coil current ON or OFF.

Fuel pump relay

Turns the fuel pump relay ON or OFF.

A/C control relay

Turns the A/C control relay ON or OFF.

Radiator fan control relay

Turns the radiator fan control relay ON or OFF.

Idle air control solenoid valve

Adjusts the amount of air flowing through the bypass line in the throttle
body.

Malfunction indicator lamp

Indicates existence of abnormality.

Purge control solenoid valve

Controls purge of evaporative gas absorbed by the canister.

Power supply

Controls ON/OFF of the main power supply relay.

Pressure control solenoid valve

Controls evaporation pressure in fuel tank.

Drain valve

Closes the evaporation line between the fuel tank and canister to detect
leakage of evaporation gases.
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C: FUEL INJECTION CONTROL

e The ECM receives signals from various sensors and based on them, it determines the amount of
fuel injected and the fuel injection timing. It performs the sequential fuel injection control over the
entire engine operating range except during start-up of the engine.

e The amount of fuel injected depends upon the length of time the injector stays open. The fuel in-
jection duration is determined according to varying operating condition of the engine. For the pur-
pose of achieving highly responsive and accurate fuel injection duration control, the ECM performs
a new feedback control that incorporates a learning feature as detailed later.

e The sequential fuel injection control is performed such that fuel is injected accurately at the time
when the maximum air intake efficiency can be achieved for each cylinder (i.e., fuel injection is com-
pleted just before the intake valve begins to open).

1. FUEL INJECTION DURATION
Fuel injection duration is basically determined as indicated below:

e During engine start-up:

The duration defined below is used.
e Duration of fuel injection during engine start-up ..... Determined according to the engine coolant
temperature detected by the engine coolant temperature sensor.

e During normal operation:
The duration is determined as follows:

Basic duration of fuel injection x Correction factors + Voltage correction time

e Basic duration of fuel injection ..... The basic length of time fuel is injected. This is determined
by two factors —the amount of intake air detected by the manifold pressure sensor and the engine
speed monitored by the crankshaft position sensor.

e Correction factors ..... See the next section.

e \/oltage correction time ..... This is added to compensate for the time lag before operation of
injector that results from variation in the battery voltage.
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2. CORRECTION FACTORS

The following factors are used to correct the basic duration of fuel injection in order to make the air-
fuel ratio meet the requirements of varying engine operating conditions:

e Air-fuel ratio feedback factor:
This factor is used to correct the basic duration of fuel injection in relation to the actual engine
speed. (See the next section for more detail.)

e Start increment factor:
This factor is used to increase the fuel injection duration only while the engine is being cranked to
improve its startability.

e Coolant-temperature-dependent increment factor:
This factor is used to increase the fuel injection duration depending on engine coolant temperature
signals to facilitate cold starting. The lower the coolant temperature, the greater the increment.

e After-start increment factor:
e This factor is used to increase the fuel injection duration for a certain period immediately after
start of the engine to stabilize engine operation.
e The increment depends on the coolant temperature at the start of the engine.

e Wide-open-throttle increment factor:
This factor is used to increase the fuel injection duration depending on the relationship between the
throttle position sensor signal and manifold pressure sensor signal.

e Acceleration increment factor:

This factor is used to increase the fuel injection duration to compensate for a time lag between air
flow measurement and fuel injection control for better engine response to driver’s pedal operation
during acceleration.
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3. AIR-FUEL RATIO FEEDBACK FACTOR

The ECM creates this factor utilizing the front oxygen (A/F) sensor signal. When the signal voltage
is high, the air-fuel ratio is richer than the stoichiometric ratio. The ECM then makes the fuel injection
duration shorter by modifying the factor. When the voltage is low showing that the mixture is lean,
the ECM modifies the factor to make the injection duration longer. In this way, the air-fuel ratio is
maintained at a level close to the stoichiometric ratio at which the three-way catalyst acts most ef-
fectively.
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1) Front catalyst A) Injection duration increment signal
Y
(2) Exhaust gas (B) Injection duration decrement signal
(3) Front oxygen (A/F) sensor (C) High oxygen density
(4) Fuel injector (D) Low oxygen density
(5) Combustion chamber (E) Lean signal
(6) ECM (F) Rich signal

4. LEARNING FEATURE

The air-fuel ratio feedback control includes a learning feature which contributes to more accurate
and responsive control.

e In the air-fuel ratio feedback control, the ECM calculates the necessary amount of correction
based on data from the oxygen sensor and adds the result to the basic duration (which is stored in
the ECM’s memory for each condition defined by the engine speed and various loads.)

e Without a learning feature, the ECM carries out the above-mentioned process every time. This
means that if the amount of necessary correction is large, the air-fuel ratio feedback control be-
comes less responsive and less accurate.

e The learning feature enables the ECM to store the amount of correction into memory and add it
to the basic fuel injection duration to create a new reference fuel injection duration. Using the refer-
ence duration as the basic duration for the injection a few times later, the ECM can reduce the
amount of correction and thus make its feedback control more accurate and responsive to changes
in the air-fuel ratio due to difference in driving condition and sensor/actuator characteristics that may
result from unit-to-unit variation or aging over time.
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D: IGNITION CONTROL

e The ECM determines operating condition of the engine based on signals from the pressure sen-
sor, engine coolant temperature sensor, intake air temperature sensor, crankshaft position sensor
and other sources. It then selects the ignition timing most appropriate for the condition thus deter-
mined from those stored in its memory and outputs at that timing a primary current OFF signal to
the ignitor to initiate ignition.

e This control uses a quick-to-response learning feature by which the data stored in the ECM mem-
ory is processed in comparison with information from various sensors and switches.

e Thus, the ECM can always perform optimum ignition timing taking into account the output, fuel
consumption, exhaust gas, and other factors for every engine operating condition.

e Ignition control during start-upEngine speed fluctuates during start of the engine, so the ECM
cannot control the ignition timing. During that period, the ignition timing is fixed at 10° BTDC by us-
ing the 10° signal from the crankshaft position sensor.

Crankshaft position sensor > .| Spark
> plug #1
Camshaft position sensor -
Engine coolant temperature sensor L
) . . . | Spark
Atmospheric pressure sensor - - ™ plug #2
Ignition coil and
ignitor assembly
Intake air temperature sensor - ECM
Pressure sensor >
. . Spark
Knock sensor L - > plug #3
Throttle position sensor -
Neutral position switch (MT) o
Inhibitor switch (AT) o
. | Spark
A/C switch - | plug #4
FU-00241
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e [gnition control after start of engine
Between the 97° and 65° crank angle signal, the ECM measures the engine speed, and by using
this data it decides the dwell set timing and ignition timing according to the engine condition.

#4 #1 #3 #2 #4
(1) — | | | |
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1) Cylinder number

( Ignition timing at normal condition
2) Crank angle pulse (BTDC) (

( )

( 6) Burning cylinder
(3) Cam angle pulse (ATDC) (7) Dwell set

(4) Ignition timing at starting (8) Ignite
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E: IDLE AIR CONTROL

e The ECM activates the idle air control solenoid valve to control the bypass air flowing through the
bypass passage in the throttle body depending on signals from the crankshaft position sensor, en-
gine coolant temperature sensor, pressure sensor and A/C switch so that the proper idle speed for
each engine load is achieved.

e The idle air control solenoid valve is a stepping motor type valve which moves a shaft up and
down to adjust the air flow through the bypass passage according to the signal from the ECM. Thus,
the idling speed can always be maintained at the target speed.

e The bypass air control is necessary for:
e Increasing idling speed when the air conditioning system and/or electrical loads are turned on.
e Increasing idling speed during early stage of warm up period.
e Obtaining dashpot function when the throttle valve is quickly closed.
e Prevention of engine speed variation during idling.
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(1) Intake air temperature sensor (7) Vehicle speed sensor
(2) Pressure sensor (8) Ignition switch
(3) Crankshaft position sensor (9) A/C switch
(4) Camshaft position sensor (10) Neutral position switch (MT)
Inhibitor switch (AT)
(5) Throttle position sensor (11) ECM
(6) Engine coolant temperature sensor (12) Idle air control solenoid valve
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F: FUEL PUMP CONTROL

Using the signal from the crankshaft position sensor, the ECM controls operation of the fuel pump
by turning its relay ON or OFF. To improve safety, the fuel pump is stopped if the engine stalls with
the ignition switch ON.

Ignition switch ON Fuel pump relay Fuel pump
A certain period of time after ignition switch is turned ON ON Operates
While cranking the engine ON Operates
While engine is operating ON Operates
When engine stops OFF Does not operate
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6. On-board Diagnosis System
A: GENERAL

e The on-board diagnosis system detects and indicates a fault by generating a code corresponding
to each fault location. The malfunction indicator lamp (CHECK ENGINE light) on the combination
meter indicates occurrence of a fault or abnormality.

e When the malfunction indicator lamp comes on as a result of detection of a fault by the ECM, the
corresponding diagnostic trouble code (DTC) and freeze frame engine condition are stored in the
ECM.

e On the OBD-Il conformable car, it is necessary to connect the Subaru Select Monitor (SSM) or
General Scan Tool (GST) to the data link connector in order to check the DTC.

e The SSM and GST can erase DTCs. They can also read freeze frame data in addition to other
pieces of engine data.

e If there is a failure involving sensors which may affect drive control of the vehicle, the fail-safe
function ensures minimum level of driveability.

B: FAIL-SAFE FUNCTION

For a sensor or switch which has been judged faulty in the on-board diagnosis, the ECM, if appro-
priate, generates an associated pseudo signal to keep the vehicle operational. (The control be-
comes degraded.)
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SYSTEM OVERVIEW

Emission Control (Aux. Emission Control Devices)

1. System Overview
There are three emission control systems which are as follows:

e Crankcase emission control system

e Exhaust emission control system

e Catalyst system

e Air/fuel (A/F) control system
e [gnition control system

e Evaporative emission control system
e On-board refueling vapor recovery (ORVR) system

ltem

Main components

Function

Crankcase emission control
system

Positive crankcase ventilation
(PCV) valve

Draws blow-by gas into intake manifold from crankcase and
burns it together with air-fuel mixture. Amount of blow-by gas
to be drawn in is controlled by intake manifold pressure.

Exhaust | Three- Front Three-way catalyst Oxidizes HC and CO contained in exhaust gases as well as re-

emis- way ducing NOx.

sion catalyst Rear

control | system

system Air/fuel (A/F) con- Engine control module (ECM) Receives input signals from various sensors, compares signals
trol system with stored data, and emits a signal for optimal control of air-fuel

mixture ratio.

Front oxygen (A/F) sensor

Detects quantity of oxygen contained exhaust gases.

Rear oxygen sensor

Detects density of oxygen contained exhaust gases.

Throttle position sensor

Detects throttle opening.

Intake air pressure sensor

Detects absolute pressure of intake manifold.

Intake air temperature sensor

Detects intake air temperature of air cleaner case.

Ignition control sys-
tem

ECM

Receives various signals, compares signals with basic data
stored in memory, and emits a signal for optimal control of igni-
tion timing.

Crankshaft position sensor

Detects engine speed (revolution).

Camshaft position sensor

Detects reference signal for combustion cylinder discrimination.

Engine coolant temperature
sensor

Detects coolant temperature.

Knock sensor

Detects engine knocking.

Evaporative emission control
system

Canister

Absorbs evaporative gas which occurs in fuel tank when engine
stops, and releases it to combustion chambers for a complete
burn when engine is started. This prevents HC from being dis-
charged into atmosphere.

Purge control solenoid valve

Receives a signal from ECM and controls purge of evaporative
gas absorbed by canister.

Pressure control solenoid valve

Controls evaporation pressure in fuel tank.

ORVR system

Vent valve

Closes the port to the canister when the fuel tank is full of fuel.

Drain valve

Closes the evaporation line by receiving a signal from ECM to
check the evaporation gas leak.
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SYSTEM OVERVIEW

Emission Control (Aux. Emission Control Devices)

MEMO
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SCHEMATIC DIAGRAMS

Emission Control (Aux. Emission Control Devices)

2. Schematic Diagrams
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SCHEMATIC DIAGRAMS

Emission Control (Aux. Emission Control Devices)

~
-~
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(11)
(12)
(13)
(14)

(15)
(16)
(17)

Engine control module (ECM)
Ignition coil and ignitor assembly

Crankshaft position sensor
Camshaft position sensor
Throttle position sensor
Fuel Injector

Pressure regulator

Engine coolant temperature sen-
sor

Pressure sensor

Idle air control solenoid valve
Purge control solenoid valve
Fuel pump

PCV valve

Air cleaner element

Canister
Main relay
Fuel pump relay

Fuel filter

Front catalytic converter

Rear catalytic converter
Radiator fan

Radiator fan relay

Air assist injector solenoid valve
Knock sensor

Front oxygen (A/F) sensor

Rear oxygen sensor

EGR valve

A/C compressor

Inhibitor switch (AT vehicles only)
Neutral switch (MT vehicles only)

CHECK ENGINE malfunction indi-
cator lamp (MIL)

Tachometer
A/C relay
A/C control module
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Ignition switch

Transmission  control  module

(TCM) (AT vehicles only)
Vehicle speed sensor

Data link connector

Fuel tank pressure sensor
Pressure control solenoid valve
Fuel temperature sensor

Fuel level sensor

Drain filter
Vent valve
Shut-off valve
Drain valve
Fuel cut valve

Fuel tank sensor control valve

Atmospheric pressure sensor

Intake air temperature sensor



CRANKCASE EMISSION CONTROL SYSTEM

Emission Control (Aux. Emission Control Devices)

3. Crankcase Emission Control System

e The positive crankcase ventilation (PCV) system prevents air pollution which will be caused by
blow-by gas being emitted from the crankcase. The system consists of a sealed oil filler cap, rocker
covers with fresh air inlet, connecting hoses, a PCV valve and an air intake duct.

e |n a part-throttle condition, the blow-by gas in the crankcase flows into the intake manifold through
the connecting hose of crankcase and PCV valve by the strong vacuum created in the intake man-
ifold. Under this condition, fresh air is introduced into the crankcase through the connecting hose of
the rocker cover.

e In a wide-open-throttle condition, a part of blow-by gas flows into the air intake duct through the
connecting hose and is drawn into the throttle chamber, because under this is condition, the intake
manifold vacuum is not strong enough to introduce through the PCV valve all blow-by gases that
increase in the amount with engine speed.
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CRANKCASE EMISSION CONTROL SYSTEM

Emission Control (Aux. Emission Control Devices)

(A) (1)
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EC-00018

(1) Air cleaner case (6) Crankcase (A) Part-throttle condition
(2) PCV valve (7) Case (B) Wide-open-throttle condition
(8) Throttle body (8) Valve (C) Fresh air
(4) Intake manifold (9) Spring (D) Mixture of air and blow-by gas
(5) OQilfiller cap (10) PCV valve (E) Blow-by gas
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THREE-WAY CATALYST

Emission Control (Aux. Emission Control Devices)

4. Three-way Catalyst

e The basic material of three-way catalyst is platinum (Pt), rhodium (Rh) and palladium (Pd), and a
thin coat of their mixture is applied onto a honeycomb or porous ceramic (carrier). To avoid damag-
ing the catalyst, only unleaded gasoline should be used.

e The catalyst reduces HC, CO and NOx in exhaust gases through chemical reactions (oxidation
and reduction). These harmful components are reduced most efficiently when their concentrations
are in a certain balance. These concentrations vary with the air-fuel ratio. The ideal air-fuel ratio for
reduction of these components is the stoichiometric ratio.

e Therefore, the air-fuel ratio needs to be controlled to around the stoichiometric ratio to purify the
exhaust gases most efficiently.
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A/F CONTROL SYSTEM

Emission Control (Aux. Emission Control Devices)

5. A/F Control System

e The air/fuel (A/F) control system makes a correction to the basic fuel injection duration in accor-
dance with the signals from the front oxygen (A/F) sensor and the rear oxygen sensor so that the
stoichiometric ratio is maintained, thus ensuring most effective exhaust gas purification by the three-
way catalyst. Different basic fuel injection durations are preset for various engine speeds and loads,
as well as the amount of intake air.

e This system also has a “learning” control function which stores the corrected data in relation to
the basic fuel injection in the memory map. This allows an appropriate air-fuel ratio correction to be
added automatically in quick response to any situation that requires such an effect. Thus, the air-
fuel ratio is optimally maintained under various conditions while purifying exhaust gases most effec-
tively, improving driving performance and compensating for changes in sensors’ performance over
time.
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IGNITION CONTROL SYSTEM

Emission Control (Aux. Emission Control Devices)

6. Ignition Control System

e The ignition system is controlled by the ECM.

The ECM monitors the operating condition of the engine using the signals from the sensors and
switches shown below and determines the ignition timing most appropriate for each engine operat-
ing condition. Then it sends a signal to the ignitor, commanding generation of a spark at that timing.

e The ECM uses a preprogrammed map for a “closed-loop” control which provides its ignition timing
control with excellent transient characteristics, i.e., highly responsive ignition timing control.

EC-00115
(1) Battery (7) Engine coolant temperature sensor
(2) Ignition switch (8) Spark plug
(3) ECM (9) Ignition coil and ignitor assembly
(4) Camshaft position sensor (10) Crankshaft position sensor
(5) Knock sensor (11) Intake air temperature sensor
(6) Pressure sensor
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EXHAUST GAS RECIRCULATION (EGR) SYSTEM

Emission Control (Aux. Emission Control Devices)

7. Exhaust Gas Recirculation (EGR) System
A: GENERAL

e The EGR system aims at reduction of NOx by lowering the combustion temperature through re-
circulation of a part of exhaust gas into cylinders via the intake manifold.

e The EGR valve is controlled by the ECM according to the engine operating condition.

(1) (2)

»
(4)
(5) EC-00063
(1) EGR valve (4) Exhaust port
(2) ECM (5) Cylinder head LH

(3) Intake manifold
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EVAPORATIVE EMISSION CONTROL SYSTEM

Emission Control (Aux. Emission Control Devices)

8. Evaporative Emission Control System
A: GENERAL

e The evaporative emission control system prevents fuel vapors from escaping into atmosphere.
This system includes a canister, purge control solenoid valve, fuel cut valve, and the lines connect-
ing them.

e Fuel vapors in the fuel tank is introduced into the canister through the evaporation line, and are
absorbed by activated carbon in it. The fuel cut valve is also incorporated in the fuel tank line.

e The purge control solenoid valve is controlled optimally by the ECM according to the engine con-
dition.

e The pressure control solenoid valve incorporated in the fuel tank evaporation line regulates the
pressure/vacuum in the fuel tank.

g—m 4)
(™

i

(6)

(1

(13)

EC-00105
(1) Fuel gauge (7) Pressure control solenoid valve (13) Fuel tank
(2) Intake manifold (8) Drain valve (14) Fuel cut valve
(8) Throttle body (9) Drain filter (15) Fuel tank pressure sensor
(4) Purge control solenoid valve (10) Shut-off valve (16) Fuel tank sensor control valve
(5) Engine control module (ECM) (11) Fuel temperature sensor (17) Vent valve
(6) Canister (12) Fuel level sensor
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EVAPORATIVE EMISSION CONTROL SYSTEM

Emission Control (Aux. Emission Control Devices)

B: FUEL CUT VALVE

The fuel cut valve is built onto the evaporation pipe of the fuel tank. The rising level of the fuel in the
fuel tank causes the float to move up and close the cap hole so that no fuel can enter the evapora-

tion line.

A @ [

(B)
EC-00022

(A) To canister
(B) Valve open
(C) Valve closed

(1) Float
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EVAPORATIVE EMISSION CONTROL SYSTEM

Emission Control (Aux. Emission Control Devices)

C: FUEL TANK CAP

The fuel tank cap has a relief valve which prevents development of vacuum in the fuel tank in the
event of a problem with the fuel vapor line.

When there is no problem with the fuel vapor line, the filler pipe is sealed at the portion (A) and by
the seal pressed against the filler pipe end. If vacuum develops in the fuel tank, the atmospheric
pressure forces the spring down to open the valve; consequently outside air flows into the fuel tank,
thus controlling the inside pressure.

EC-00023
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EVAPORATIVE EMISSION CONTROL SYSTEM

Emission Control (Aux. Emission Control Devices)

D: CANISTER

The charcoal filled in the canister temporarily stores fuel vapors. When the purge control solenoid
valve is opened by a signal from the ECM, the external fresh air entering the canister carries the
fuel vapors into the collector chamber.

(1) @)

(4)
(A) \
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EC-00024
(1) Grid (A) To purge control solenoid valve
(2) Filter (B) From fuel tank
(3) Activated charcoal (C) Air
(4) Filter
(5) Spring
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EVAPORATIVE EMISSION CONTROL SYSTEM

Emission Control (Aux. Emission Control Devices)

E: PURGE CONTROL SOLENOID VALVE

The purge control solenoid valve is on the evaporation line between the canister and intake mani-
fold. The valve is installed at the underside of intake manifold.

(A)
t @)
}

,,,,,
i n

EC-00025

(A) To canister
(B) To intake manifold
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EVAPORATIVE EMISSION CONTROL SYSTEM

Emission Control (Aux. Emission Control Devices)

F: PRESSURE CONTROL SOLENOID VALVE

The fuel tank pressure control solenoid valve is located in the evaporation line between the canister
and the fuel tank.

When the tank inside pressure becomes higher than the atmospheric pressure, the valve is opened
allowing fuel vapors to be introduced into the canister.

On the other hand, when the tank inside pressure becomes lower than the atmospheric pressure,
external air is taken from the drain valve into the canister.

The pressure control solenoid valve can also be electrically closed for the system diagnosis purpos-
es.

(1)

— (©)

A =>

(4)

B) > (] [JC—>©

EC-00026
(1) Filter (A) Atmospheric pressure
(2) Coll (B) Shut-off valve
(3) Connector terminal (C) To fuel tank
(4) Diaphragm
(5) Valve
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EVAPORATIVE EMISSION CONTROL SYSTEM

Emission Control (Aux. Emission Control Devices)

G: DRAIN FILTER

The drain filter is installed at the air inlet port of the vent control solenoid valve. It cleans the air taken
in the canister through the vent control solenoid valve.

(B)

@)

4

EC-00027
(1) Cap (A) To drain valve
(2) Element (B) To atmosphere

(3) Case
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EVAPORATIVE EMISSION CONTROL SYSTEM

Emission Control (Aux. Emission Control Devices)

H: VENT VALVE

The vent valve is located in the fuel tank.During filling the fuel tank, fuel vapors are introduced into
the canister through the vent valve.

When the fuel vapor pressure becomes higher than the atmospheric pressure and overcomes the
spring force which is applied to the back side of the diaphragm, the port toward the canister is
opened.The vent valve also has a float which rises and block the port toward the canister when the
fuel is full.

1
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EC-00028
(1) Spring (A) To filler pipe
(2) Diaphragm (B) To canister
(3) Plate cover
(4) Packing
(5) Float
(6) Float spring
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EVAPORATIVE EMISSION CONTROL SYSTEM

Emission Control (Aux. Emission Control Devices)

I: SHUT-OFF VALVE

The shut-off valve is located at the top of the fuel filler pipe.When a filler gun is inserted into the
filler pipe, the shut-off valve closes the evaporation line.

EC-00029

(1) Pin (A) To canister
(2) Valve (B) To fuel tank
(3) Spring

(4) Plate

(5) Shaft

(6) Pin
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EVAPORATIVE EMISSION CONTROL SYSTEM

Emission Control (Aux. Emission Control Devices)

J: DRAIN VALVE

The drain valve is located on the line connecting the drain filter and canister, just below the drain
filter. The drain valve is forcibly closed by a signal from the ECM while the evaporation system di-
agnosis is being conducted.

(1) @) @)
(4)

(5)
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EC-00030
(1) Magnetic plate (6) Valve
(2) Yoke (7) Plate
(3) Packing (8) Retainer
(4) Spring (9) Moving core
(5) Valve seat (10) Bobin
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EVAPORATIVE EMISSION CONTROL SYSTEM

Emission Control (Aux. Emission Control Devices)

K: FUEL TANK SENSOR CONTROL VALVE

The fuel tank sensor control valve closes the passage from the fuel tank to the air when the OBD
system is activated to make a diagnosis.
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ON-BOARD REFUELING VAPOR RECOVERY (ORVR) SYSTEM

Emission Control (Aux. Emission Control Devices)

9. On-board Refueling Vapor Recovery (ORVR) System
A: GENERAL

The on-board refueling vapor recovery system allows the fuel vapors in the fuel tank to be intro-
duced directly into the canister through the vent valve when the fuel tank inside pressure increases
as a result of refueling.

The diagnosis of the system is performed by monitoring the fuel tank inside pressure data from the
fuel tank pressure sensor while forcibly closing the drain valve.

B: OPERATION

e While driving

Since the back side of the diaphragm in the pressure control solenoid valve is open to the atmo-
sphere, the diaphragm is held pressed by the atmospheric pressure in the position where only the
external air is introduced into the canister. When the fuel vapor pressure acting on the other side of
the diaphragm increases and overcomes the atmospheric pressure, it pushes the diaphragm and
opens the port through which the fuel vapors make their way to the canister.

(4)

EC-00106

(1) Canister (4) Intake manifold
(2) Pressure control solenoid valve (5) Shut-off valve: Open
(3) Purge control solenoid valve
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ON-BOARD REFUELING VAPOR RECOVERY (ORVR) SYSTEM

Emission Control (Aux. Emission Control Devices)

e While refueling

As the fuel enters the fuel tank, the tank inside pressure increases. When the inside pressure be-
comes higher than the atmospheric pressure, the port of the vent valve opens, allowing the fuel va-
pors to be introduced into the canister through the vent line. The fuel vapors are absorbed by
charcoal in the canister, so the air discharged from the drain valve contains no fuel. When a filler
gun is inserted, the shut-off valve closes the evaporation line.
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EC-00107
(1) Canister (4) Shut-off valve: Closed
(2) Pressure control solenoid valve (5) Filler gun
(3) Purge control solenoid valve (6) Ventvalve
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VACUUM CONNECTIONS

Emission Control (Aux. Emission Control Devices)

10.Vacuum Connections

The hose and pipe connections of the intake manifold, throttle body and other related parts are as
shown in the illustration.

—_~ o~ o~ o~

1) Pressure regulator

2) Throttle body

3) Purge control solenoid valve

4) Air assist injector solenoid valve

EC-25
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(A) Hose

(B) Pipe

(C) To canister
(D) Front of vehicle



VACUUM CONNECTIONS

Emission Control (Aux. Emission Control Devices)

MEMO
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GENERAL

Intake (Induction)

1. General

The intake system consists of an air intake duct, a resonator chamber, and an air cleaner element
housed in its case. The resonator, located upstream of the air cleaner case, effectively reduces the
intake noise level.

)

(A)
IN-00063
(1) Intake duct (A) Fresh air
(2) Resonator chamber (B) To throttle body
(3) Air cleaner case
(4) Air cleaner element
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GENERAL

Mechanical

1. General

The engine used in this vehicle is of a horizontally opposed, four-cylinder design. This four-stroke-
cycle, water-cooled, SOHC engine uses a total of 16 valves and its main components are made of
aluminum alloy. It is fueled by a multiple fuel injection system.

The engine’s major structural and functional features are as follows:

e The cylinder head forms pentroof combustion chambers, each having a spark plug located at its
center and two each of intake and exhaust valves (four valves per cylinder). The intake and exhaust
ports are located in a cross-flow arrangement.

e There are a screw and nut at the valve end of each rocker arm. They are used for adjusting the
valve clearance.

e A single timing belt drives two camshafts on the left and right banks and the engine coolant pump
on the left bank.Belt tension is automatically adjusted by a belt tension adjuster, eliminating need
for a manual adjustment.

e The crankshaft is supported by five bearings with high rigidity and strength.
e The cylinder block is an aluminum die casting fitted with iron die-cast cylinder liners.
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ME-00312
(1) Camshaft (6) Camshaft cap (11) Exhaust rocker arm
(2) Intake valve (7) Valve rocker cover (12) Exhaust rocker shaft
(3) Cylinder block (8) Cylinder head (13) Intake rocker shaft
(4) Connecting rod (9) Oil pan (14) Intake rocker arm
(5) Spark plug (10) Exhaust valve
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TIMING BELT

Mechanical

2. Timing Belt

e A single timing belt drives two camshafts (one in the left bank and one in the right bank). The belt
also drives the water pump by its non-toothed side.

e The timing belt teeth have a specially designed round profile which contributes to quiet operation.
The timing belt is made of strong and inflexible core cords, wear-resistant canvas and heat-resistant
rubber material.

e A hydraulic automatic belt tension adjuster always keeps the belt taut to the specified tension.
Any manual belt tension adjustment is unnecessary.

(6)

ME-00431
(1) Timing indicator (for timing mark of crankshaft pulley) (8) Water pump pulley
(2) *Piston position mark (9) Idler No. 2
(8) Belt tension pulley (10) Timing belt
(4) Automatic belt tension adjuster (11) Crankshaft sprocket
(5) Alignment mark (12) Idler
(6) **Piston position mark (13) Camshaft sprocket RH
(7) Camshaft sprocket LH
NOTE:

*: The #1 piston is at TDC when the piston position mark on the crankshaft sprocket is aligned with
the timing mark on the cylinder block.

**: The #1 piston is at TDC on the compression stroke when the piston position mark on the cam-
shaft sprocket is aligned with the timing mark on the belt cover.

ME-3



AUTOMATIC BELT TENSION ADJUSTER

Mechanical

3. Automatic Belt Tension Adjuster

The automatic belt tension adjuster consists of a tensioner unit and a bracket.lt maintains the tim-
ing belt tension automatically at a specified level to enable the belt to transmit power correctly, re-

duce operating noise and increase the life of the belt.

The cylinder of the tensioner unit incorporates an adjuster rod, wear ring, plunger spring, return

spring, check ball and silicone oil.

The automatic belt tension adjuster gives tension to the belt by a levering action which is produced
by the push force of the tensioner unit’s adjuster rod. It operates in the process detailed below.

Oil seal
Wear ring

Qil reservoir chamber

Adjuster rod

)
)
)
(4) Return spring
)
) Plunger
)

Oil pressure chamber

ME-00314

Plunger spring
Check ball
Timing belt

Belt tension pulley
Tensioner bracket

Cylinder



AUTOMATIC BELT TENSION ADJUSTER

Mechanical

e Timing belt tensioning action

When the belt becomes slack, the adjuster rod is pushed upward by the return spring.The oil in the
reservoir chamber, which is pressurized by the plunger spring to a certain level, pushes open the
check ball and flows into the oil pressure chamber to keep the pressure constant. The thrust force
F resulting from extension of the adjuster rod applies a counterclockwise torque to the tensioner
bracket, which causes the belt tension pulley at its end to turn in the same direction.This applies
tensioning pressure Pb to the timing belt.

e Timing belt tension balancing action

When the belt tension pulley is pushed against the timing belt with pressure Pb, reaction force Tb
of the timing belt generates the reaction force P at the point on which the adjustor rod force is acting.
This force P pushes the adjuster rod until it balances with the sum of the thrust force F and the pres-
sure of the oil in the oil pressure chamber.Therefore, the timing belt tension is kept constant.

e Overtension correction action

If the tension of the timing belt increases excessively, the force P becomes larger than the thrust
force F and silicone oil is returned from the oil pressure chamber to the reservoir chamber little by
little until the force P balances again with the thrust force F.Thus the timing belt tension is main-
tained at the specified level at all times.
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BELT COVER

Mechanical

4. Belt Cover

e The belt cover is made of lightweight, heat resistant synthetic resin molding.It constitutes a totally
enclosed housing with its cylinder block mating edges sealed with rubber gaskets.This effectively
protects the inside components from dust and liquid.

e Rubber seals used between the cylinder block and the belt cover effectively reduces transmission
of noise and vibration.

e The front belt cover has a line mark for ignition-timing checking.

ME-00315

(1) Front belt cover
(2) Belt cover No. 2 (RH)
(3) Beltcover No. 2 (LH)
(4) Belt cover (LH)
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VALVE ROCKER ASSEMBLY

Mechanical

5. Valve Rocker Assembly

e The intake valve rocker arms and the exhaust valve rocker arms are installed on their own rocker
shafts both of which are retained by the camshaft caps.

e The valve end of each rocker arm is provided with valve rocker adjusting screw and nut.Turning
of this screw adjusts the valve clearance

e The exhaust valve rocker arms are Y-shaped, and each arm operates two exhaust valves simul-
taneously.

e Each rocker shaft has an oil passage in it.

(1) 2 © 4)

ME-00316
(1) Valve rocker adjusting screw and nut (4) Camshaft cap
(2) Intake valve rocker arm (5) Supporter
(3) Wave washer (6) Exhaust valve rocker arm
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CAMSHAFT

Mechanical

6. Camshaft
e The camshaft is supported inside the cylinder head at four journals.

e The two flanges on each camshaft supports thrust forces to limit the end play of the camshaft
within the tolerance.

e Each camshaft has an oil passage in it.
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ME-00317
(A) RH (1) Journal
(B) LH (2) Oil passage

(3) Shaft flange
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CYLINDER HEAD

Mechanical

7. Cylinder Head

e The cylinder head is made of aluminum die casting.

e Each combustion chamber in the cylinder head is a compact, pentroof design.The spark plug is
located at the center of the combustion chamber, which contributes to creation of a wide “squish
area” for increased combustion efficiency.

e The two intake and two exhaust valves are arranged on opposite sides for a cross-flow feature.

e The cylinder head gasket is a metallic gasket consisting of stainless steel sheets.The gasket is
highly resistant to heat and maintains high level of sealing performance for a long period.
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(1) Intake valve (5) Exhaust port
(2) Intake port (6) Exhaust valve
(3) Squish area (7) Spark plug
(4) Combustion chamber
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CYLINDER BLOCK

Mechanical

8. Cylinder Block

e The cylinder block is made of aluminum die casting. Its open-deck design provides it with such
advantageous features as relatively small weight, high rigidity and excellent cooling efficiency.

e The cylinder liners are made of cast iron. They are dry type which means their outer surfaces are
entirely in contact with the cylinder block.

e The cylinder block supports the crankshaft at its five journals. The journal supporting portions are
designed such that sufficient stiffness and quiet operation are ensured.

e The oil pump is located in the front center of the cylinder block and the engine coolant pump is
located at the front of the left-cylinder bank. At the rear of the right-cylinder bank is an oil separator
which removes oil mist contained in blow-by gas.

ME-10



CRANKSHAFT

Mechanical

9. Crankshaft

The crankshaft is supported in the cylinder block by five bearings.Each corner formed by a journal
or pin and a web is finished by fillet-rolling method which increases strength of that area.The five
crankshaft bearings are made of aluminum alloy and the No. 5 bearing is provided with a flanged
metal to support thrust forces.

#5

ME-00319

ME-11



PISTON

Mechanical

10.Piston

e The pistons are of a slipper skirt design for reduced weight and friction.The oil control ring groove
utilizes a thermal design.

e The piston pin is offset either downward (Nos. 1 and 3 pistons) or upward (Nos. 2 and 4 pistons).

e The piston head has recesses to prevent interference with the intake and exhaust valves.lIt also
has engraved marks to identify the piston size and the direction of installation.All the pistons are
common in their design.

e Three piston rings are used for each piston — two compression rings and one oil control ring.The
top piston ring has inner bevels and the second piston ring has an interrupt (cut) on the bottom out-
side to reduce oil consumption.

ME-00432

(1) Location mark (engine front side) (A) Topring (a) Inner-bevel

(2) Identification mark (piston size) (B) Second ring (b) Cut

(3) Engine capacity (2500 cc) (C) OQilring (c¢) Upper rail
(d) Spacer

(e) Lower rall
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ENGINE MOUNTING

Mechanical

11.Engine Mounting
A: STANDARD TYPE (BRIGHTON AND L AT VEHICLES)

ME-00433

(1) Cushion rubber
(2) Bracket
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ENGINE MOUNTING

Mechanical

B: LIQUID-FILLED TYPE (EXCEPT BRIGHTON AND L AT VEHICLES)

ME-00434

(1) Cushion rubber
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Exhaust

GENERAL

1. General

The exhaust system consists of front exhaust pipes, catalytic converters, a center exhaust pipe, a
rear exhaust pipe and a muffler. The front catalytic converter and rear catalytic converter are incor-

porated in the center exhaust pipe.

The exhaust system features a sound suppression design; the two branches of the front exhaust
pipe join at a point almost equal in distance from the engines exhaust ports and the rear exhaust

pipe has resonance chambers in addition to a large capacity muffler.

Mm@ @) (6)

(1) Front exhaust pipe RH
(2) Front exhaust pipe LH

(3) Front catalytic converter
(4) Front oxygen (A/F) sensor
(5) Rear oxygen sensor
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EX-00054

Center exhaust pipe
Rear catalytic converter
Resonance chamber
Rear exhaust pipe
Muffler



GENERAL
Cooling

1. General

e The engine cooling system consists of a down-flow radiator which features high heat-dissipation
performance, an electric-motor-driven fan, a water pump, a thermostat, and an engine coolant tem-
perature sensor.

e The reservoir tank is made of translucent resin and enables easy confirmation of the coolant level.
Also, coolant should be added to the reservoir tank when replenishment is necessary.

e The ECM controls the operation of the radiator main fan and subfan depending on the signals
from the engine coolant temperature sensor, vehicle speed sensor and A/C switch.

CO-2



COOLING CIRCUITS
Cooling

2. Cooling Circuits

The cooling system operates in three different phases depending on the temperature of the engine
coolant.

e 1st phase (thermostat closed)
When the engine coolant temperature is below 76°C (169°F), the thermostat remains closed.The
coolant flows through the bypass and heater circuits. This permits the engine to warm up quickly.

e 2nd phase (thermostat open)
When the engine coolant temperature is above 76 — 80°C (169 — 176°F), the thermostat opens.The
coolant flows through the radiator where it is cooled.

e 3rd phase (thermostat open and radiator fan operating)
When the engine coolant temperature sensor sends a signal indicating a temperature above 95°C
(203°F) to the ECM, it causes the radiator fan (or fans) to operate.
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CO-00066
(1) Radiator (7) Cylinder head RH
(2) Water pump (8) Cylinder jacket RH
(3) Engine coolant reservoir tank (9) Cylinder block RH
(4) Thermostat (10) Cylinder block LH
(5) Throttle body (11) Cylinder jacket LH
(6) Heater core (12) Cylinder head LH
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WATER PUMP
Cooling

3. Water Pump

The water pump is located in the front portion of the left bank cylinder block and is driven by the
engine through the timing belt.The thermostat is fitted into the coolant inlet at the bottom of the
water pump.When the pump’s impeller rotates, the coolant is drawn into the pump from the lower
pipe (which is connected to the radiator hose) via the thermostat.It then flows along the perimeter
of the impeller and then is discharged for circulation through a circuit depending on the coolant tem-
perature.

(3)
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(6)
C0-00079

(A) From heater circuit Pulley

)
(B) From radiator 2) Ball bearing
) Mechanical seal
4) Impeller
Thermostat

Thermostat case
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MECHANICAL SEAL
Cooling

4. Mechanical Seal

The mechanical seal has its seat tightly fitted on the water pump shaft.Since it is a hermetic seal
forming an integral part of the water pump, the water pump cannot be disassembled.

C0O-00058

(1) Carbon seal
(2) Ceramics seat

(8) Water pump shaft
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THERMOSTAT
Cooling

5. Thermostat

The thermostat has a totally-enclosed wax pellet which expands as the coolant temperature in-
creases.|It opens and closes accurately at the preset temperatures and features high durability.

8) @)
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(6)
(9)
3)
CO-00059
(1) Valve (4) Piston (7) Stopring
(2) Spring (5) Guide (8) Wax element
(8) Stopper (6) Rubber packing (9) Jiggle valve
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RADIATOR FAN
Cooling

6. Radiator Fan
A: DESCRIPTION

Each radiator fan is made of plastic. It is driven by an electric motor which is retained on a shroud.

CO0-00103
(1) Radiator (7) Radiator main fan shroud
(2) Radiator subfan and subfun motor assembly (model with A/C) (8) Radiator main fan and fan motor assembly
(3) Radiator subfan shroud (model with A/C) (9) Lower cushion
(4) Overflow hose (10) Drain plug
(5) Reservoir tank cap (11) Upper bracket
(6) Reservoir tank (12) Upper cushion
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Cooling

RADIATOR FAN

B: FUNCTION

The operation of the radiator fan is controlled by the ECM. In a model equipped with an air condi-
tioning system (A/C), the ECM uses for the control the signals from the engine coolant temperature
sensor, vehicle speed sensor and A/C switch. The ECM on a model without an A/C performs the
control based on the signal from the engine coolant temperature and vehicle speed sensors.

1. MODEL WITH A/C

Vehicle speed A/C com- Engine coolant temperature
pressor Lower than 95°C Between 96 and 99°C Higher than 100°C
(203°F) (203 and 210°F) (212°F)
Operation of radiator fans | Operation of radiator fans | Operation of radiator fans
Main fan Sub fan Main fan Sub fan Main fan Subfan

19 km/h (12 MPH) or less OFF OFF OFF ON OFF ON ON
ON ON ON ON ON ON ON

Between 20 and 69 km/h OFF OFF OFF ON OFF ON ON
(12.and 43 MPH) ON ON ON ON ON ON ON
Between 70 and 105 km/h OFF OFF OFF OFF OFF ON ON
(43 and 65 MPH) ON ON OFF ON ON ON ON
Higher than 106 km/h OFF OFF OFF OFF OFF ON ON
(66 MPH) ON OFF OFF ON OFF ON ON

2. MODEL WITHOUT A/C

Vehicle speed

Engine coolant temperature

Lower than 95°C

Between 96 and 99°C

Higher than 100°C

(66 MPH)

(203°F) (203 and 210°F) (212°F)
Operation of radiator main fan | Operation of radiator main fan | Operation of radiator main fan

19 km/h (12 MPH) or less OFF ON ON
Between 20 and 69 km/h OFF ON ON
(12 and 43 MPH)

Between 70 and 105 km/h OFF OFF ON
(43 and 65 MPH)

Higher than 106 km/h OFF OFF ON
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GENERAL

Lubrication

1. General

e The lubrication system force-circulates engine oil throughout the engine using an oil pump. The
oil pressure is regulated by the relief valve built into the oil pump.

e The oil pump is a thin, large-diameter trochoid rotor type which can accommodate the engine’s
high output.The pump is directly driven by the crankshaft.

e The engine oil is cleaned by a full-flow, paper element type oil filter. The filter has a bypass valve
which allows the engine oil to flow bypassing the filter if it is clogged.

e The inside of the oil pan is fitted with a baffle plate which reduces changes in the oil level due to
movement of the vehicle, thus ensuring uninterrupted suction of oil.

e The engine oil discharged from the oil pump is delivered to the journal bearings, connecting rod
bearings, and other parts requiring lubrication and cooling via the vertical passage in the right bank
of the cylinder block, the oil filter, and the oil galleries in the right and left banks of the cylinder block.

e The engine oil is also distributed to each cylinder head valve mechanism at a proper flow rate
achieved by metering by the orifice provided in each oil gallery.
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GENERAL

Lubrication

@)

®)
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(6)

(1) OQilfilter
(2) QOil pump
(3) Oil strainer

(4) Camshaft

(5) Roller

LU-3

LU-00107

(6) Rocker arm
(7) Rocker shaft

(A) Bypass valve opening pressure:
157 kPa (1.6 kgf/cm?, 23 psi)

(B) Relief valve opening pressure:
490 kPa (5.0 kgf/cm?, 71 psi)



Lubrication

ENGINE OIL FLOW

2. Engine Oil Flow

LU-4

Intake cam Exhaust cam Exhaust cam Intake cam
and roller and roller and roller and roller
+ A A +
Intake valve Intake valve
stem end stem end
A A
Intake Exhaust Exhaust Intake
rocker arm rocker arm C?mSh?ﬂ Qamsha;ﬂ rocker arm rocker arm
journal journal journa Journa journal journal
Intake Exhaust Exhaust Intake
rocker shaft rocker shaft Camshaft Camshaft rocker shaft rocker shaft
A A A A A A
[ [

Camshaft cap Camshaft cap
A A
#1&#3 #2&#4
cylinder head cylinder head
(R.H.) (L.H.)
/ A
- > T 1 T )
#1 #4 #28&#3
connecting connecting connecting
rod bearing rod bearing rod bearing
A A A
# 1 journal # 4 journal # 5 journal # 2 journal # 3 journal
bearing bearing bearing bearing bearing
(Front) (Center) (Rear) (Center) (Center)
A A | f A
Oil pressure switch
A
Cylinder block . Cylinder block
main gallery R.H. | main gallery L.H.
: I-< """"""""""" 1 :
1 1
Oil filter : Qil filter element Bypass valve :
i i
1 1
1 1
1
1 1
1 1
Oil pump ! QOil pump rotor Relief valve !
1 1
: 'S I :
| — o —————————————— ]
Oil strainer
A
Oil pan -t
LU-00108



OIL PUMP

Lubrication

3. Oil Pump

e The oil pump is a trochoid rotor type consisting of an inner rotor and outer rotor assembled with
each other in a pump body. When the inner rotor is driven by the crankshaft, the outer rotor is ro-
tated, changing the space between it and the inner rotor. The change in the space occurs because
of the difference in the number of teeth between the rotors.

e Engine oil is drawn into the large space created near the inlet of the pump. It is then carried to the
discharge port. As the pump rotates, the space carrying the oil becomes smaller, thus the oil is
pressurized and discharged from the outlet port. Oil pressure is regulated by the relief valve built
into the pump. Excess oil is directly returned to the inlet port.

(1)

LU-00058
(1) Inner rotor (6) Plug
(2) Outer rotor (7) Gasket
(3) OQil seal (8) Relief valve spring
(4) Oil pump case (9) Relief valve
(

5) Oil pump cover
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OIL FILTER

Lubrication

4. Oil Filter

The oil filter is a full-flow filtering, cartridge type that utilizes a paper element.It also has a built-in
bypass valve.The filter element has a special pleat design to increase the effective filtering area.

LU-00059

Oil seal
Filter body
Bypass valve

a
@
&

(4) Pleated element

)
)
)
)
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OIL PAN AND OIL STRAINER

Lubrication

5. Oil Pan and Oil Strainer

e The oil pan is attached to the cylinder block using liquid gasket for sealing.The oil strainer is a
metal net type and removes large foreign particles from the engine oil.lt is located in the middle of
the oil pan.The pipe from the strainer is connected to the suction port of the oil pump in the left
bank of the cylinder block.

e There is a baffle plate in the oil pan, near the bottom of the cylinder block.It stabilizes the oil level
and reinforces the oil pan.

(4)

<

(b)

(c)

) (a) 5
LU-00060
(1) Oil strainer (a) LOW level
(2) Level gauge guide (b) FULL level (Engine HOT condition)
(3) Baffle plate (c) FULL level (Engine COLD condition)
(

4) Oil level gauge
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OIL PRESSURE SWITCH

Lubrication

6. Oil Pressure Switch

The oil pressure switch is located in the front upper portion of the right cylinder block bank. The
purpose of this switch is to monitor the operation of the oil pump as well as the lubricating oil pres-
sure when the engine is running.

LU-00061

(1) Contact point (4) Molded portion
(2) Diaphragm (5) Terminal
(3) Spring

1) When oil pressure does not build up (immediately after ignition switch is turned ON):

The diaphragm is pushed toward the cylinder block by the spring force (a force equivalent to the
specified oil pressure). This closes the contact points, causing the oil pressure warning light in the
combination meter to illuminate.

2) When oil pressure reaches the specified value (after engine starts):

After reaching the specified value of 14.7 kPa (0.15 kgf/cm=, 2.1 psi), the oil pressure pushes the
diaphragm overcoming the spring force. This opens the contact points and the oil pressure warning
light goes out.
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GENERAL
Speed Control System

1. General

The accelerator outer cable is secured to the accelerator pedal bracket rather than to the toeboard.
Securing the outer cable in this way has a merit of making the ratio of throttle valve movement to
cable stroke less variable. This arrangement is also effective to prevent unsmooth cable return
movement that may result from deformation of the toeboard or improper installation of the acceler-
ator pedal and, therefore, to improve safety.

(1)

SP-00020

1) Accelerator cable

N
-

Grommet
Toeboard
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Accelerator pedal
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Bracket
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IGNITION COIL

Ignition

1. Ignition Coil

Ignition coils are made integral with an ignitor. The ignition system is of a dual-ignition-coil design,
each coil causing two plugs to generate sparks simultaneously.In response to the signal from the
ECM, the ignitor supplies current to an ignition coil and the ignition coil supplies high-voltage current
to a pair of spark plugs (#1 and #2 or #3 and #4) simultaneously.

1G-00051

(1) Ignition coil and ignitor assembly
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IGNITION COIL

Ignition
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ECM

Ignitor
Ignition coll
Spark plug #1
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(8)

Spark plug #2
Spark plug #3
Spark plug #4
Ignition switch

1G-00034



SPARK PLUG

Ignition

2. Spark Plug

The spark plug’s thread diameter is 14 mm (0.551 in) and the gap is controlled to a value between
1.0 and 1.1 mm (0.039 and 0.043 in).

1 e

1G-00035

(1) Gap: 1.0 — 1.1 mm (0.039 — 0.043 in)
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STARTER
Starting/Charging

1. Starter
The starter is of a reduction type. Its outputis 1.0 kW on the MT model and 1.4 kW on the AT model.

A —

SC-00056

(1) Starter switch
(2) Magnet switch
(3) Starter

(4) Pinion
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GENERATOR
Starting/Charging

2. Generator

The generator has a built-in regulator which provides diagnostic functions in addition to a voltage
regulating function as follows:

1) Voltage regulation

The on-off operation of transistor Try connects and disconnects the field current circuit, providing a
constant level of output voltage.

2) Diagnosis warning
When any of the following problems occur, the charge lamp illuminates.

a.
b.

C.

No voltage generation

Brush wear exceeds specified wear limits, field coil circuit is broken, etc.

Excessive output

Output voltage is greater than 16 volts (approx.)

Terminal B disconnection

Harness is disconnected from alternator terminal B.

Terminal S disconnection

Harness is disconnected from alternator terminal S. In this case, voltage is slightly greater than
specified regulated voltage; however, voltage regulation is still controlled and the battery is pre-
vented from becoming overcharged.
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GENERATOR

Starting/Charging
(6)
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SC-00057
(1) Positive side diodes (3 pcs.) (7) Energizing circuit (A) Alternator terminal
(2) Additional diodes (2 pcs.) (8) Constant voltage circuit (B) Regulator terminal
(3) Stator coil (9) Diagnostic and warning circuit
(4) Field coll (10) Ignition switch
(5) Negative side diodes (3 pcs.) (11) Charge light
(6) Trio diodes (3 pcs.) (12) IC regulator
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BATTERY
Starting/Charging

3. Battery

The battery is located in the left front part of the engine compartment. It is held on a tray by the
battery holder.
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BATTERY
Starting/Charging
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GENERAL

Fuel Injection (Fuel System)

1. General

e The Multipoint Fuel Injection (MFI) system supplies optimum air-fuel mixture under every engine
operating condition through the use of the latest electronic control technology.

This system pressurizes the fuel to a constant pressure and injects it into each intake air port in the
cylinder head. The injection quantity of fuel is controlled by an intermittent injection system where
an electro-magnetic injection valve or injector opens for a short period that is precisely controlled
depending on the quantity of air appropriate for each condition of operation. In actual control, an
optimum fuel injection quantity is achieved by varying the duration of an electric pulse applied to the
injector. This way of control enables simple, yet highly precise metering of the fuel.

e The engine control module (ECM) that controls the fuel injection system corrects the fuel injection
amount depending on the vehicle speed, throttle opening, coolant temperature and other vehicle-
operation-related information. The ECM receives the information in the form of electric signals from
the corresponding sensors and switches.

The MFI system also has the following features:

e Reduced exhaust emissions

e Reduced fuel consumption

e Increased engine output

e Quick response to accelerator and brake pedal operation

e Superior startability and warm-up performance in cold weather due to corrective controls made
according to coolant and intake air temperatures

FU-2



AIR LINE

Fuel Injection (Fuel System)

2. Air Line
A: GENERAL

The air filtered by the air cleaner enters the throttle body where it is regulated in the volume by the
throttle valve and then enters the intake manifold. It is then distributed to each cylinder where the
air is mixed with fuel injected by the injector. During idling operation, air flows into the cylinder
through the idle air control solenoid valve, bypassing the throttle valve. This enables controlling the
engine idling speed properly.

B: INTAKE MANIFOLD PRESSURE SENSOR

The intake manifold pressure sensor is attached to the top of the throttle body, and continuously
sends to the engine control module (ECM) voltage signals that are proportional to intake manifold
absolute pressures. The ECM controls the fuel injection and ignition timing based on the intake
manifold absolute pressure signals in addition to other signals from many sensors and other control
modules.

(B) —

FU-00601

(A) Output voltage
(B) Absolute pressure

C: THROTTLE BODY

In response to operation of the accelerator pedal, the throttle valve in the throttle body opens/closes
to regulate the volume of the air drawn into the combustion chamber.

During idling, the throttle valve is almost fully closed and the volume of air passing through the throt-
tle body is less than that passing through the idle air control solenoid valve.

More than half of the air necessary for idling is supplied to the intake manifold via the idle air control
solenoid valve which controls properly the engine idling speed, so the idling speed needs not be
adjusted.
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AIR LINE

Fuel Injection (Fuel System)

D: THROTTLE POSITION SENSOR
e The throttle position sensor is mounted in the throttle body and linked to the throttle valve.

e The throttle position sensor sends the ECM voltage signal corresponding to the opening of the
throttle valve. When the sensor’s output voltage exceeds a predetermined level, the ECM interprets
it as complete closure of the throttle valve. When the output voltage is at another predetermined
level, the ECM recognizes that the throttle valve is at a wide open position. Since the output char-
acteristics of the sensor change over years, the ECM is provided with a learning function to be able
to interpret signals into throttle valve angles always correctly.

(B) —

FU-00602

(A) Output voltage

(B) Throttle opening

FU-4



AIR LINE

Fuel Injection (Fuel System)

E: IDLE AIR CONTROL SOLENOID VALVE

e The idle air control solenoid valve is located in the throttle body and regulates the amount of in-
take air that flows bypassing the throttle valve into the intake manifold during engine idling. It is ac-
tivated by a signal from the ECM in order to maintain the engine idling speed at a target speed.

e The idle air control solenoid valve is a solenoid-actuated rotary valve consisting of a coil, rotary
valve, spring and housing. The housing is an integral part of the throttle body and provided with a
bypass air port whose opening area is changed by the rotary valve.

FU-00603
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AIR LINE

Fuel Injection (Fuel System)

F: INTAKE AIR TEMPERATURE SENSOR

The intake air temperature sensor is located in the air cleaner case and detects the temperature of
the intake air introduced through the air intake duct. The ECM uses the resistance signal from the
sensor to correct the fuel injection amount.

(A)

(B)
FU-00214
(1) Terminal (3) Thermistor (A) Resistance (Q)
(2) Connector (4) Housing (B) Intake air temperature (°C)
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AIR LINE

Fuel Injection (Fuel System)

G:INDUCTION CONTROL SYSTEM

There is a butterfly valve on the partition between the intake manifolds right bank and left bank
chambers. This valve is operated by the induction valve actuator installed under the intake manifold.
During operation of the engine, pressure waves are generated in the intake manifold. The pressure
waves have an effect of improving air intake efficiency. To make the most of this effect, the direction
of the pressure wave is changed by opening and closing the induction valve in accordance with the
engine speed so that increased engine output torque is obtained in all speed ranges.
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(A) Mid-speed range (1) Induction valve (closed) (@) From air cleaner
(B) Low and high speed ranges (2) Induction valve (open)
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FUEL LINE

Fuel Injection (Fuel System)

3. Fuel Line
A: GENERAL

e The fuel pressurized by the fuel tank inside pump is delivered to each fuel injector by way of the
fuel pipe and fuel filter. Fuel injection pressure is regulated to an optimum level by the pressure reg-
ulator.

e Each injector injects fuel into the intake port of the corresponding cylinder where the fuel is mixed
with air. The mixture then enters the cylinder.

Fuel injection amount and timing are regulated by the ECM.
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FUEL LINE

Fuel Injection (Fuel System)
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(18)  (16) FU-00605
(1) Fuel gauge (10) Canister (19) Fuel tank
(2) Combination meter (11) ECM (20) Vent valve
(8) Fuel Injector (12) Pressure control solenoid valve (21) Shut-off valve
(4) Pressure regulator (13) Fuel tank pressure sensor (22) Drain filter
(5) Throttle body (14) Fuel temperature sensor (23) Fuel sub level sensor
(6) Intake manifold (15) Fuel level sensor (24) Pressure damper
(7) Fuelfilter (16) Fuel pump
(8) Purge control solenoid valve (17) Jet pump (A) Fuelline
(9) Drain valve (18) Fuel cut valve (B) Fuel evaporation line
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FUEL LINE

Fuel Injection (Fuel System)

B: PRESSURE REGULATOR

The pressure regulator is installed at the injector end of the fuel supply line. It has a fuel chamber
and spring chamber separated by a diaphragm. The fuel chamber is connected to the fuel supply
line and the spring chamber is connected to the intake manifold. Fuel chamber also has a relief
valve connected to the fuel return line through which fuel returns to the fuel tank. When the intake
manifold vacuum increases, the diaphragm is pulled and the relief valve opens to decrease the fuel
supply line pressure (or fuel injection pressure). When the intake manifold vacuum decreases, the
diaphragm is pushed by the spring to increase the fuel supply line pressure. Thus, the difference
between the fuel injection pressure and the intake manifold vacuum is kept at a constant level of
299.1 kPa (3.05 kgf/cm?, 43.4 psi) to precisely control the amount of injected fuel.

(A)

— I--»(C)

FU-00221

(1) Relief valve (A) To intake manifold
(2) Diaphragm (B) Fuel IN
(C) Fuel OUT
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FUEL LINE

Fuel Injection (Fuel System)

C: FUEL INJECTOR

e The MFI system employs top feed type fuel injectors with an air assist feature.

e Each injector is installed in the fuel pipe in such a way that the injector is cooled by fuel.
e The features of this type of fuel injector are as follows:

1) High heat resistance

2) Low driving noise

3) Easy to service

4) Small size

e The injector injects fuel according to the valve open signal from the ECM. The needle valve is
lifted by the solenoid which is energized on arrival of the valve open signal.

e Since the injector’s nozzle hole area, the lift of valve and the fuel pressure are kept constant, the
amount of fuel injected is controlled only by varying the duration of the valve open signal from the
ECM.

e Fuel atomization is enhanced using assist air supplied from the idle air control solenoid valve
passing through the passage formed in the intake manifold at the area in which each injector is in-
stalled. This contributes not only to higher combustion efficiency and higher output but also to clean-
er exhaust emissions.
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Fuel Injection (Fuel System)

FUEL LINE

(1)
@)
@)

O-ring
Filter
Plunger

FU-00606

(4) Seal
(5) O-ring
(6) Connector
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FUEL LINE

Fuel Injection (Fuel System)

D: FUEL TANK

The fuel tank utilizes a two-compartment design to ensure sufficient capacity without interfering with
the rear differential. It is provided with a suction jet pump (included in the fuel pump and fuel level
sensor assembly) which transfers fuel from one compartment to the other. Each compartment has
an individual fuel level sensor.

The fuel tank is located under the rear seat and secured with hold-down bands.

FU-00509
(1) Fuel pump and fuel level sensor assembly (5) Ventvalve
(2) Fuel cut valve (sub-compartment) (6) Fuel cut valve (main compartment)
(38) Fuel sub level sensor (7) Cushion
(4) Quick connector (8) Steel
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FUEL LINE

Fuel Injection (Fuel System)

E: FUEL PUMP AND FUEL LEVEL SENSOR ASSEMBLY
1. FUEL PUMP

The fuel pump consists of a motor, impeller, pump casing, pump cover, check valve and filter. It is
located in the fuel tank and combined with the fuel level sensor into a single unit. The operation of
this impeller type pump is very quiet.
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(1) Fuel level sensor (7) Fuel passage (A) To engine (delivery line)
(2) Fuel pump (8) Impeller (B) From engine (return line)
(8) Pump cover (9) Suction (C) From sub tank
(4) Filter (10) Motor armature
(5) Jet pump (11) Check valve
(6) Pump casing (12) Discharge
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e When the ignition switch is turned ON, fuel pump relay is activated. Then the motor operates to
rotate the impeller.

e As the impeller rotates, fuel in a vane groove of the impeller flows along the fuel passage into the
next vane groove by centrifugal force. When fuel flows from one groove to the next, a pressure dif-
ference occurs due to friction. This creates a pumping effect.

e The fuel pushed up by rotation of the impeller then passes through the clearance between the
armature and the magnet of the motor and is discharged through the check valve.

e When the fuel discharge pressure reaches the specified level, the relief valve opens and excess
fuel is released into the fuel tank. In this manner, the relief valve prevents an abnormal increase in
fuel pressure.

e When the engine and the fuel pump stop, spring force acts on the check valve to close the dis-
charge port, so that the fuel pressure in the fuel delivery line is retained.
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2. FUEL LEVEL SENSOR

The fuel level sensor forms part of the fuel pump and located in the fuel tank. The sensor outputs
an electric resistance signal that varies with movement of its float to indicate the level of the fuel

remaining in the tank.

FU-00511

(1) Fuel level sensor
(2) Float
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3. JET PUMP

e The jet pump utilizes the velocity of fuel returning from the engine to produce negative pressure
in it.

e Using the pumping effect produced by the negative pressure, the jet pump transfers fuel from the
sub-compartment to the main compartment of the fuel tank.

e When the return line nozzle is clogged, the fuel sent back through the return line flows back into
the fuel tank via the relief valve.

(A) (A)

(1)

@)
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(1) Relief valve (A) Return line
(2) Nozzle
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F: SUB-COMPARTMENT FUEL LEVEL SENSOR

This sensor detects the level of the fuel in the sub-compartment (the compartment in which the fuel
pump is not located) and acts as part of the fuel transfer line when the jet pump is in operation to
maintain the fuel in both compartments at the same level.

FU-00512

(1) Fuel level sensor (A) To jet pump
(2) Float
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G: FUEL FILTER

The fuel filter located in the engine compartment is a pressure-withstanding, cartridge type. It has
a filter element in a metal case. The fuel entering the filter flows from the perimeter of the element
to the center of the filter and goes out from there.

FU-00228
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4. Sensors and Switches
A: FRONT OXYGEN (A/F) SENSOR

e The front oxygen (A/F) sensor uses zirconium oxide (ZrO,) which is a solid electrolyte, at portions
exposed to exhaust gas.

e The zirconium oxide has the property of generating electromotive force when its both sides are
exposed to oxygen ions of different concentration and the magnitude of this electromotive force de-
pends on how much the difference is.

e The front oxygen (A/F) sensor detects the amount of oxygen in exhaust gases by making use of
this property of the zirconium oxide material.

e The zirconium oxide material is formed into a closed end tube and its external surface is exposed
to exhaust gases with smaller oxygen ion concentration, whereas its internal surface is exposed to
atmospheric air. The external surface has a porous platinum coating. The sensor housing is ground-
ed to the exhaust pipe and the inside is connected to the ECM through the harness to be able to
use the current output from the sensor.

e The sensor incorporates a ceramic heater to improve its performance at low temperatures.
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(1) Gasket
(2) Ceramic heater
(3) Sensor housing
(4) Protection tube
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e When rich air-fuel mixture is burnt in the cylinder, the oxygen in the exhaust gases is almost com-
pletely used in the catalytic reaction by the platinum coating on the external surface of the zirconia
tube. This results in a very large difference in the oxygen ion concentration between the inside and
outside of the tube, and the electromotive force generated is large.

e When a lean air-fuel mixture is burnt in the cylinder, relatively large amount of oxygen remains in
the exhaust gases even after the catalytic action, and this results in a small difference in the oxygen
ion concentration between the tube’s internal and external surfaces. The electromotive force in this
case is very small.

e The difference in oxygen concentration changes drastically in the vicinity of the stoichiometric air-
fuel ratio, and hence the change in the electromotive force is also large. By using this information,
the ECM can determine the air-fuel ratio of the supplied mixture easily. The front oxygen (A/F) sen-
sor does not generate much electromotive force when the temperature is low. The output charac-
teristics of the sensor stabilize at a temperature of approximately 700°C (1,292°F).
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(1) Atmospheric air (A) Electromotive force

(2) Exhaust gas (B) Air/fuel ratio

(3) Zro, (C) Lean

(4) Ceramic heater (D) Rich
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B: REAR OXYGEN SENSOR

e The rear oxygen sensor is used to sense oxygen concentration in the exhaust gas. If the air-fuel
ratio is leaner than the stoichiometric ratio in the mixture (i.e., excessive amount of air), the exhaust
gas contains more oxygen. To the contrary, if the fuel ratio is richer than the stoichiometric ratio, the
exhaust gas contains almost no oxygen.

e Detecting the oxygen concentration in exhaust gas using the oxygen sensor makes it possible to
determine whether the air-fuel ratio is leaner or richer than the stoichiometry.

e The rear oxygen sensor has a zirconia tube (ceramic) which generates voltage if there is a differ-
ence in oxygen ion concentration between the inside and outside of the tube. Platinum is coated on
the inside and outside of the zirconia tube as a catalysis and electrode material. The sensor housing
is grounded to the exhaust pipe and the inside is connected to the ECM through the harness.

e A ceramic heater is employed to improve performance at low temperatures.

FU-00608
(1) Zirconia tube (4) Harness
(2) Gasket (5) Protection tube
(3) Ceramic heater (6) Sensor housing
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e When rich air-fuel mixture is burnt in the cylinder, the oxygen in the exhaust gases is almost com-
pletely used in the catalytic reaction by the platinum coating on the external surface of the zirconia
tube. This results in a very large difference in the oxygen ion concentration between the inside and
outside of the tube, and the electromotive force generated is large.

e When a lean air-fuel mixture is burnt in the cylinder, relatively large amount of oxygen remains in
the exhaust gases even after the catalytic action, and this results in a small difference in the oxygen
ion concentration between the tube’s internal and external surfaces. The electromotive force in this
case is very small.

e The difference in oxygen concentration changes drastically in the vicinity of the stoichiometric air-
fuel ratio, and hence the change in the electromotive force is also large. By using this information,
the ECM can determine the air-fuel ratio of the supplied mixture easily. The rear oxygen sensor does
not generate much electromotive force when the temperature is low. The output characteristics of
the sensor stabilize at a temperature of approximately 300 to 400°C (572 to 752°F).
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(1) Atmospheric air (A) Electromotive force (D) Lean
(2) Exhaust gas (B) Air/fuel ratio (E) Stoichiometric ratio
(3) Electromotive force (C) Rich (F) Comparison voltage
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C: ENGINE COOLANT TEMPERATURE SENSOR

The engine coolant temperature sensor is located on the engine coolant pipe. The sensor uses a
thermistor whose resistance changes inversely with temperature. Resistance signals as engine
coolant temperature information are transmitted to the ECM to make fuel injection, ignition timing,
purge control solenoid valve and other controls.
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(1) Connector (5) Resistance (kQ)

(2) Thermistor element (6) Temperature °C (°F)
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D: CRANKSHAFT POSITION SENSOR

e The crankshaft position sensor is installed on the rear end of the cylinder block. The sensor gen-
erates a pulse when one of the teeth on the perimeter of the crankshaft plate (rotating together with
the crankshaft) passes in front of it. The ECM determines the crankshaft angular position by count-
ing the number of pulses.

e As the crankshaft rotates, each tooth of the crankshaft plate aligns with the crankshaft position
sensor so that the magnetic flux in the sensor’s coil changes since the air gap between the sensor
pickup and the crankshaft plate changes. This change in magnetic flux induces a voltage pulse in
the sensor and the pulse is transmitted to the ECM.
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(1) Crankshaft plate
(2) Crankshaft half rotation
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E: CAMSHAFT POSITION SENSOR

e The camshaft position sensor is located on the right-hand cylinder head. It detects the combus-
tion cylinder at any given moment.

e The sensor generates a pulse when one of the slots in the right-hand camshaft plate passes in
front of the sensor. The ECM detects the camshaft position by measuring the pulse.
Three slots are provided on the plate as shown below.

(©)

(4)

FU-00610

) Slot
(2) Camshaft plate
) Detection point
) Camshaft one rotation (crankshaft two rotations)
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F: KNOCK SENSOR

e The knock sensor is installed on the cylinder block, and senses knocking that occurs in the en-
gine.

e The sensor is a piezo-electric type which converts vibration resulting from knocking into electric
signals.

e In addition to a piezo-electric element, the sensor has a weight and case as its components. If
knocking occurs in the engine, the weight in the case moves causing the piezo-electric element to
generate a voltage.
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G: VEHICLE SPEED SENSOR
e The vehicle speed sensor is mounted on the transmission.

e The vehicle speed sensor generates a 16-pulse signal for every rotation of the front differential
and send it to the transmission control module (TCM). The signal sent to the TCM is converted there
into a 4-pulse signal, and then sent to the ECM and the combination meter.
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) Combination meter
) ECM
(3) TCM
) Vehicle speed sensor
)

Transmission
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5. Control System
A: GENERAL

The ECM receives signals from various sensors, switches, and other control modules. Using these
signals, it determines the engine operating conditions and if necessary, emits signals to one or more
systems to control them for optimum operation.

Major control items of the ECM are as follow:
e Fuel injection control

Ignition control
Idle air control

Canister purge control*’
|*2

Radiator fan contro

Fuel pump control
e On-board diagnosis function

*1: Canister purge control is described under “EC (H6) Emission Control (Aux. Emission Control
Devices) Evaporative Emission Control System”.

*2: Radiator fan control is described under “CO (H6) Cooling”.
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B: INPUT AND OUTPUT SIGNALS

Signal Unit

Function

Input signals Intake manifold pressure sensor

Detects the amount of intake air (measures the absolute pressure).

Intake air temperature sensor

Detects the temperature of intake air.

Throttle position sensor

Detects the throttle valve position.

Front oxygen (A/F) sensor

Detects the density of oxygen in exhaust gases at the upstream of the
front catalytic converter.

Rear oxygen sensor

Detects the density of oxygen in exhaust gases at the downstream of
the rear catalytic converter.

Crankshaft position sensor

Detects the crankshaft angular position.

Camshaft position sensor

Detects the combustion cylinder.

Engine coolant temperature sensor

Detects the engine coolant temperature.

Knock sensor

Detects engine knocking.

Front vehicle speed sensor

Detects the vehicle speed.

Ignition switch

Detects operation of the ignition switch.

Starter switch

Detects the condition of engine cranking.

Inhibitor switch

Detects shift positions.

Diagnostic of AT

Detects the self-diagnostics of AT

sensors

Heater circuit of front and rear oxygen

Detects abnormality in the heater circuit of the front and rear oxygen
Sensors.

A/C switch

Detects ON-OFF operation of the A/C switch.

Fuel temperature sensor

Detects the temperature of the fuel in the fuel tank.

Fuel level sensor

Detects the level of the fuel in the fuel tank.

Fuel tank pressure sensor

Detects the evaporation gas pressure in the fuel tank.

Small light switch

Detects ON-OFF operation of the small light switch.

Blower fan switch

Detects ON-OFF operation of the blower fan switch.

Rear defogger switch

Detects ON-OFF operation of the rear defogger switch.

Output signals | Fuel Injector

Activates an injector.

Ignition signal

Turns the primary ignition coil current ON or OFF.

Fuel pump relay

Turns the fuel pump relay ON or OFF.

Fuel pump controller

Controls the voltage supplied to the fuel pump.

A/C control relay

Turns the A/C control relay ON or OFF.

Radiator fan control relay

Turns the radiator fan control relay ON or OFF.

Idle air control solenoid valve

Adjusts the amount of air flowing through the bypass line in the throttle
body.

Induction control solenoid valve

Controls induction control valve.

EGR solenoid valve

Controls EGR valve.

Malfunction indicator lamp

Indicates existence of abnormality.

Purge control solenoid valve

Controls purge of evaporative gas absorbed by the canister.

Power supply

Controls ON/OFF of the main power supply relay.

Pressure control solenoid valve

Controls evaporation pressure in fuel tank.

Drain valve

Closes the evaporation line between the fuel tank and canister to detect
leakage of evaporation gases.
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C: FUEL INJECTION CONTROL

e The ECM receives signals from various sensors and based on them, it determines the amount of
fuel injected and the fuel injection timing. It performs the sequential fuel injection control over the
entire engine operating range except during start-up of the engine.

e The amount of fuel injected depends upon the length of time the injector stays open. The fuel in-
jection duration is determined according to varying operating condition of the engine. For the pur-
pose of achieving highly responsive and accurate fuel injection duration control, the ECM performs
a new feedback control that incorporates a learning feature as detailed later.

e The sequential fuel injection control is performed such that fuel is injected accurately at the time
when the maximum air intake efficiency can be achieved for each cylinder (i.e., fuel injection is com-
pleted just before the intake valve begins to open).

1. FUEL INJECTION DURATION
Fuel injection duration is basically determined as indicated below:

e During engine start-up:

The duration defined below is used.
e Duration of fuel injection during engine start-up ..... Determined according to the engine coolant
temperature detected by the engine coolant temperature sensor.

e During normal operation:
The duration is determined as follows:

Basic duration of fuel injection x Correction factors + Voltage correction time

e Basic duration of fuel injection ..... The basic length of time fuel is injected. This is determined
by two factors the amount of intake air detected by the manifold pressure sensor and the engine
speed monitored by the crankshaft position sensor.

e Correction factors ..... See the next section.

e \oltage correction time ..... This is added to compensate for the time lag before operation of
injector that results from variation in the battery voltage.
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2. CORRECTION FACTORS

The following factors are used to correct the basic duration of fuel injection in order to make the air-
fuel ratio meet the requirements of varying engine operating conditions:

e Air-fuel ratio feedback factor:
This factor is used to correct the basic duration of fuel injection in relation to the actual engine
speed. (See the next section for more details.)

e Start increment factor:
This factor is used to increase the fuel injection duration only while the engine is being cranked to
improve its startability.

e Coolant-temperature-dependent increment factor:
This factor is used to increase the fuel injection duration depending on engine coolant temperature
signals to facilitate cold starting. The lower the coolant temperature, the greater the increment.

e After-start increment factor:
e This factor is used to increase the fuel injection duration for a certain period immediately after
start of the engine to stabilize engine operation.
e The increment depends on the coolant temperature at the start of the engine.

e Wide-open-throttle increment factor:
This factor is used to increase the fuel injection duration depending on the relationship between the
throttle position sensor signal and manifold pressure sensor signal.

e Acceleration increment factor:

This factor is used to increase the fuel injection duration to compensate for a time lag between air
flow measurement and fuel injection control for better engine response to driver’s pedal operation
during acceleration.
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3. AIR-FUEL RATIO FEEDBACK FACTOR

The ECM creates this factor utilizing the front oxygen (A/F) sensor signal. When the signal current
is low, the air-fuel ratio is richer than the stoichiometric ratio. The ECM then makes the fuel injection
duration shorter by modifying the factor. When the current is high showing that the mixture is lean,
the ECM modifies the factor to make the injection duration longer. In this way, the air-fuel ratio is
maintained at a level close to the stoichiometric ratio at which the three-way catalyst acts most ef-
fectively.
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1) Front catalyst A) Injection duration increment signal
Y
(2) Exhaust gas (B) Injection duration decrement signal
(3) Front oxygen (A/F) sensor (C) High oxygen density
(4) Fuel Injector (D) Low oxygen density
(5) Combustion chamber (E) Lean signal
(6) ECM (F) Rich signal

4. LEARNING FEATURE

The air-fuel ratio feedback control includes a learning feature which contributes to more accurate
and responsive control.

e In the air-fuel ratio feedback control, the ECM calculates the necessary amount of correction
based on data from the oxygen sensor and adds the result to the basic duration (which is stored in
the ECM’s memory for each condition defined by the engine speed and various loads.)

e Without a learning feature, the ECM carries out the above-mentioned process every time. This
means that if the amount of necessary correction is large, the air-fuel ratio feedback control be-
comes less responsive and less accurate.

e The learning feature enables the ECM to store the amount of correction into memory and add it
to the basic fuel injection duration to create a new reference fuel injection duration. Using the refer-
ence duration as the basic duration for the injection a few times later, the ECM can reduce the
amount of correction and thus make its feedback control more accurate and responsive to changes
in the air-fuel ratio due to difference in driving condition and sensor/actuator characteristics that may
result from unit-to-unit variation or aging over time.
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D: IGNITION CONTROL SYSTEM

e The ECM determines operating condition of the engine based on signals from the pressure sen-
sor, engine coolant temperature sensor, intake air temperature sensor, crankshaft position sensor
and other sources. It then selects the ignition timing most appropriate for the condition thus deter-
mined from those stored in its memory and outputs at that timing a primary current OFF signal to
the ignitor to initiate ignition.

e This control uses a quick-to-response learning feature by which the data stored in the ECM mem-
ory is processed in comparison with information from various sensors and switches.

e Thus, the ECM can always perform optimum ignition timing taking into account the output, fuel
consumption, exhaust gas, and other factors for every engine operating condition.

e Ignition control during start-up

Engine speed fluctuates during start of the engine, so the ECM cannot control the ignition timing.
During that period, the ignition timing is fixed at 10° BTDC by using the 10° signal from the crank-
shaft position sensor.

Crankshaft position sensor " I r?lz?;r:f 1
Camshaft position sensor -

Spark

> plug #2
Engine coolant temperature sensor |———#»
— |
Intake manifold pressure sensor " Spark
o
plug #3
Ignition coil and

Intake air temperature sensor - ECM ignitor assembly

Spark
Knock sensor " plug #4

— |
Throttle position sensor - Spark
L plug #5

Park/Neutral position switch -

Spark
A/C switch " » plug #6
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e The ECM receives two types of crank angle signal pulse; one is generated every 10x of crank-
shaft rotation and the other, every 30x of crankshaft rotation. Using these two types of signal pulse,
the ECM determines the position of each piston as follows:

The ECM interprets the pulses of range (A) shown below as the No. 1 and No. 2 cylinder pistons
being at TDC, the pulses of range (B) as the No. 5 and No. 6 cylinder pistons being at TDC, and the
pulses of range (C) as the No. 3 and No. 4 cylinder pistons being at TDC.

e The ECM outputs an ignition signal for the No. 1, No. 3 or No. 5 cylinder when it receives a cam-
shaft angle pulse before a TDC signal and for the No. 2, No. 4 or No. 6 cylinder when it receives no
camshaft angle pulse before a TDC signal.
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(1) Cylinder number (TDC)
(2) Crank angle pulse
(3) Cam angle pulse
(4) Ignition timing
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E: IDLE AIR CONTROL

e The ECM activates the idle air control solenoid valve to control the bypass air flowing through the
bypass passage in the throttle body depending on signals from the crankshaft position sensor, en-
gine coolant temperature sensor, pressure sensor and A/C switch so that the proper idle speed for
each engine load is achieved.

e The idle air control solenoid valve uses a duty-ratio-controlled solenoid which can continuously
vary the opening area of the rotary valve. As the ECM increases the duty ratio, opening of the rotary
valve increases so that the bypass air flow increases, and the engine idling speed becomes higher
as a result.

e The bypass air control is necessary for:
e Increasing idling speed when the air conditioning system and/or electrical loads are turned on.
e Increasing idling speed during early stage of warm up period.
e Obtaining dashpot function when the throttle valve is quickly closed.
e Prevention of engine speed variation during idling.
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(1) Intake manifold pressure sensor (7) Front vehicle speed sensor
(2) Intake air temperature sensor (8) Ignition switch
(8) Crankshaft position sensor (9) A/C switch
(4) Camshaft position sensor (10) Inhibitor switch
(5) Throttle position sensor (11) ECM
(6) Engine coolant temperature sensor (12) Idle air control solenoid valve
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F: FUEL PUMP CONTROL

e Using the signal from the crankshaft position sensor, the ECM controls operation of the fuel pump
by turning its relay ON or OFF. To improve safety, the fuel pump is stopped if the engine stalls with
the ignition switch ON.

Ignition switch ON Fuel pump relay Fuel pump
A certain period of time after ignition switch is turned ON ON Operates
While cranking the engine ON Operates
While engine is operating ON Operates
When engine stops OFF Does not operate

e Also, by controlling the voltage supplied to the fuel pump with the fuel pump controller, the fuel
temperature is lowered and fuel consumption is reduced.
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6. On-board Diagnosis System
A: GENERAL

e The on-board diagnosis system detects and indicates a fault by generating a code corresponding
to each fault location. The malfunction indicator lamp (CHECK ENGINE light) on the combination
meter indicates occurrence of a fault or abnormality.

e When the malfunction indicator lamp comes on as a result of detection of a fault by the ECM, the
corresponding diagnostic trouble code (DTC) and freeze frame engine condition are stored in the
ECM.

e On the OBD-Il conformable car, it is necessary to connect the Subaru Select Monitor (SSM) or
General Scan Tool (GST) to the data link connector in order to check the DTC.

e The SSM and GST can read and erase DTCs. They can also read freeze frame data in addition
to other pieces of engine data.

e If there is a failure involving sensors which may affect drive control of the vehicle, the fail-safe
function ensures minimum level of driveability.

B: FAIL-SAFE FUNCTION

For a sensor or switch which has been judged faulty in the on-board diagnosis, the ECM, if appro-
priate, generates an associated pseudo signal to keep the vehicle operational. (The control be-
comes degraded.)
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1. System Overview
There are three emission control systems which are as follows:

e Crankcase emission control system

e Exhaust emission control system
e Three-way catalyst system
e Air/fuel (A/F) control system
e [gnition control system

e Evaporative emission control system
e On-board refueling vapor recovery (ORVR) system

ltem

Main components

Function

Crankcase emission control
system

Positive crankcase ventilation
(PCV) valve

Draws blow-by gas into intake manifold from crankcase and
burns it together with air-fuel mixture. Amount of blow-by gas to
be drawn in is controlled by intake manifold pressure.

Exhaust Three- | Front
emission way

control sys- | catalyst Rear
tem system

Three-way catalyst

Oxidizes HC and CO contained in exhaust gases as well as re-
ducing NOx.

Air/fuel (A/F)
control system

Engine control module (ECM)

Receives input signals from various sensors, compares signals
with stored data, and emits a signal for optimal control of air-fuel
mixture ratio.

Front oxygen (A/F) sensor

Detects quantity of oxygen contained exhaust gases.

Rear oxygen sensor

Detects density of oxygen contained in exhaust gases.

Throttle position sensor

Detects throttle opening.

Intake manifold pressure sen-
sor

Detects absolute pressure of intake manifold.

Intake air temperature sensor

Detects intake air temperature of air cleaner case.

Ignition control
system

ECM

Receives various signals, compares signals with basic data
stored in memory, and emits a signal for optimal control of igni-
tion timing.

Crankshaft position sensor

Detects engine speed (revolution).

Camshaft position sensor

Detects reference signal for combustion cylinder discrimination.

Engine coolant temperature
sensor

Detects coolant temperature.

Knock sensor

Detects engine knocking.

Evaporative emission control
system

Canister

Absorbs evaporative gas which occurs in fuel tank when engine
stops, and releases it to combustion chambers for a complete
burn when engine is started. This prevents HC from being dis-
charged into atmosphere.

Purge control solenoid valve

Receives a signal from ECM and controls purge of evaporative
gas absorbed by canister.

Pressure control solenoid
valve

Receives a signal from ECM and controls evaporative gas pres-
sure in fuel tank.

ORVR system

Vent valve

Controls evaporation pressure in fuel tank.

Drain valve

Closes the evaporation line by receiving a signal from ECM to
check the evaporation gas leak.
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SCHEMATIC DIAGRAMS

Emission Control (Aux. Emission Control Devices)

2. Schematic Diagrams

(32) (30)
o
(31)

; (45)
76) “ =

(1) —

(53)

EC-00116

EC-4



SCHEMATIC DIAGRAMS

Emission Control (Aux. Emission Control Devices)
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Engine control module (ECM)

Ignition coil and ignitor assembly

Crankshaft position sensor
Camshaft position sensor
Throttle position sensor
Fuel Injector

Pressure regulator

Engine coolant temperature sen-
sor

Intake air temperature sensor
Intake manifold pressure sensor
Idle air control solenoid valve
Purge control solenoid valve

Fuel pump

PCV valve

Air cleaner element
Canister

Main relay

Fuel pump relay
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(24)
(25)
(26)
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(31)

(32)
(33)
(34
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Fuel filter

Front catalytic converter LH

Front catalytic converter RH
Rear catalytic converter
Radiator fan

Radiator fan relay

Knock sensor

Front oxygen (A/F) sensor LH

Front oxygen (A/F) sensor RH
Rear oxygen sensor

A/C compressor

Inhibitor switch

CHECK ENGINE malfunction indi-
cator lamp (MIL)

Tachometer

A/C control relay

A/C control module
Ignition switch
Vehicle speed sensor
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Data link connector

Transmission  control  module

(TCM)

Fuel tank pressure sensor
Pressure control solenoid valve
Fuel temperature sensor

Fuel level sensor

Drain filter

Vent valve

Shut-off valve

Drain valve

Induction valve

Check valve

Induction valve control solenoid

Vacuum tank

EGR valve

Fuel damper

Atmospheric pressure sensor
Fuel pump controller



CRANKCASE EMISSION CONTROL SYSTEM

Emission Control (Aux. Emission Control Devices)

3. Crankcase Emission Control System

The positive crankcase ventilation (PCV) system prevents air pollution which will be caused by blow-
by gas being emitted from the crankcase.

The system consists of rocker covers with fresh air inlet, connecting hoses, a PCV valve and a
chamber.
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EC-00117
(1) Chamber (6) Crankcase (A) To intake manifold
(2) Throttle body (7) Rocker cover LH (B) Blow-by gas
(3) Connecting hose (8) Spring
(4) PCV valve (9) Valve

(5) Rocker cover RH
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THREE-WAY CATALYST

Emission Control (Aux. Emission Control Devices)

4. Three-way Catalyst

e The basic material of three-way catalyst is platinum (Pt), rhodium (Rh) and palladium (Pd), and a
thin coat of their mixture is applied onto honeycomb or porous ceramics of an oval or round shape
(carrier). To avoid damaging the catalyst, only unleaded gasoline should be used.

e The catalyst reduces HC, CO and NOx in exhaust gases through chemical reactions (oxidation
and reduction). These harmful components are reduced most efficiently when their concentrations
are in a certain balance. These concentrations vary with the air-fuel ratio. The ideal air-fuel ratio for
reduction of these components is the stoichiometric ratio.

e Therefore, the air-fuel ratio needs to be controlled to around the stoichiometric ratio to purify the
exhaust gases most efficiently.

EC-7



A/F CONTROL SYSTEM

Emission Control (Aux. Emission Control Devices)

5. A/F Control System

e The air/fuel (A/F) control system makes a correction to the basic fuel injection duration in accor-
dance with the signal from the front oxygen (A/F) sensor so that the stoichiometric ratio is main-
tained, thus ensuring most effective exhaust gas purification by the three-way catalyst. Different
basic fuel injection durations are preset for various engine speeds and loads, as well as the amount
of intake air.

e This system also has a “learning” control function which stores the corrected data in relation to
the basic fuel injection in the memory map. This allows an appropriate air-fuel ratio correction to be
added automatically in quick response to any situation that requires such an effect. Thus, the air-
fuel ratio is optimally maintained under various conditions while purifying exhaust gases most effec-
tively, improving driving performance and compensating for changes in sensors’ performance over
time.
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IGNITION CONTROL SYSTEM

Emission Control (Aux. Emission Control Devices)

6. Ignition Control System

e The ignition system is controlled by the ECM.

The ECM monitors the operating condition of the engine using the signals from the sensors and
switches shown below and determines the ignition timing most appropriate for each engine operat-
ing condition. Then it sends a signal to the ignitor, commanding generation of a spark at that timing.

e The ECM uses a preprogrammed map for a “closed-loop” control which provides its ignition timing
control with excellent transient characteristics, i.e., highly responsive ignition timing control.
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EC-00118
(1) ECM (9) Throttle position sensor
(2) #1 Ignition coll (10) #6 Ignition coil
(3) #3 Ignition coll (11) #4 Ignition coll
(4) #5 Ignition coll (12) #2 Ignition coil
(5) Camshaft position sensor (13) Engine coolant temperature sensor
(6) Pressure sensor (14) Knock sensor LH
(7) Intake air temperature sensor (15) Knock sensor RH
(8) Crankshaft position sensor

EC-9



EXHAUST GAS RECIRCULATION (EGR) SYSTEM

Emission Control (Aux. Emission Control Devices)

7. Exhaust Gas Recirculation (EGR) System
A: GENERAL

e The EGR system aims at reduction of NOx by lowering the combustion temperature through re-
circulation of a part of exhaust gas into cylinders via the intake manifold.

e The EGR valve is controlled by the ECM according to the engine operating condition.
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(®) EC-00119
(1) EGR valve (4) Exhaust port
(2) ECM (5) Cylinder head LH

(3) Intake manifold
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EVAPORATIVE EMISSION CONTROL SYSTEM

Emission Control (Aux. Emission Control Devices)

8. Evaporative Emission Control System

A: GENERAL

e The evaporative emission control system prevents fuel vapors from escaping into atmosphere.
This system includes a canister, purge control solenoid valve, fuel cut valve, and the lines connect-

ing them.

e Fuel vapors in the fuel tank is introduced into the canister through the evaporation line, and are

absorbed by activated carbon in it. The fuel cut valve is also incorporated in the fuel tank line.

e The purge control solenoid valve is controlled optimally by the ECM according to the engine con-

dition.

e The pressure control solenoid valve incorporated in the fuel tank evaporation line regulates the
pressure/vacuum in the fuel tank under the control of the ECM which uses the signal from the fuel

tank pressure sensor.
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EC-00105
Pressure control solenoid valve (18) Fuel tank
Drain valve (14) Fuel cut valve
Drain filter (15) Fuel tank pressure sensor
Shut-off valve (16) Vent valve

Fuel temperature sensor

Fuel level sensor
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EVAPORATIVE EMISSION CONTROL SYSTEM

Emission Control (Aux. Emission Control Devices)

B: FUEL CUT VALVE

The fuel cut valve is built onto the evaporation pipe of the fuel tank cap. The rising level of the fuel
in the fuel tank causes the float to move up and close the cap hole so that no fuel can flow to the
evaporation line.

A @

(B)

EC-00022

(1) Float (A) To canister
(B) Valve open
(C) Valve closed
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EVAPORATIVE EMISSION CONTROL SYSTEM

Emission Control (Aux. Emission Control Devices)

C: FUEL TANK CAP

The fuel tank cap has a relief valve which prevents development of vacuum in the fuel tank in the
event of a problem with the fuel vapor line.

When there is no problem with the fuel vapor line, the filler pipe is sealed at the portion (A) and by
the seal pressed against the filler pipe end. If vacuum develops in the fuel tank, the atmospheric
pressure forces the spring down to open the valve; consequently outside air flows into the fuel tank,
thus controlling the inside pressure.

EC-00023
(1) Seal (3) Valve
(2) Spring (4) Filter
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EVAPORATIVE EMISSION CONTROL SYSTEM

Emission Control (Aux. Emission Control Devices)

D: CANISTER

The charcoal filled in the canister temporarily stores fuel vapors. When the purge control solenoid
valve is opened by a signal from the ECM, the external fresh air entering the canister carries the
fuel vapors into the collector chamber.
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EC-00121
(1) Grid (A) To purge control solenoid valve
(2) Filter (B) From fuel tank
(3) Activated charcoal (C) Air

(4) Spring

E: PURGE CONTROL SOLENOID VALVE

The purge control solenoid valve is on the evaporation line between the canister and throttle body.
It is installed at the underside of intake manifold.

(B) (A)

| EC-00122

(A) To canister
(B) To throttle body
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EVAPORATIVE EMISSION CONTROL SYSTEM

Emission Control (Aux. Emission Control Devices)

F: PRESSURE CONTROL SOLENOID VALVE

The fuel tank pressure control solenoid valve is located in the evaporation line between the shut-off
valve on fuel filler pipe and the fuel tank. It adjusts the fuel tank inside pressure under the control of
the ECM.

When the tank inside pressure becomes higher than the atmospheric pressure, the valve is opened
allowing fuel vapors to be introduced into the canister.

On the other hand, when the tank inside pressure becomes lower than the atmospheric pressure,
external air is taken from the drain valve into the canister.

The pressure control solenoid valve can also be electrically closed for the system diagnosis purpos-
es.
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EC-00026
(1) Filter (A) Atmospheric pressure
(2) Call (B) From shut-off valve
(3) Connector terminal (C) To fuel tank
(4) Diaphragm
(5) Valve
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EVAPORATIVE EMISSION CONTROL SYSTEM

Emission Control (Aux. Emission Control Devices)

G: DRAIN FILTER

The drain filter is installed at the air inlet port of the drain valve. It cleans the air taken in the canister
through the drain valve.

(A) (B)
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EC-00027
(1) Cap (A) To drain valve
(2) Element (B) To atmosphere

(3) Case
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EVAPORATIVE EMISSION CONTROL SYSTEM

Emission Control (Aux. Emission Control Devices)

H: VENT VALVE

The vent valve is located on the fuel tank. During filling the fuel tank, fuel vapors are introduced into
the canister through the vent valve.

When the fuel vapor pressure becomes higher than the atmospheric pressure and overcomes the
spring force which is applied to the back side of the diaphragm, the port toward the canister is
opened. The vent valve also has a float which blocks the fuel vapor passage when the tank is filled
up. Increasing fuel level raises the float to close the port toward the canister.
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EC-00028
(1) Spring (A) To filler pipe
(2) Diaphragm (B) To canister
(3) Plate cover
(4) Packing
(5) Float
(6) Float spring
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EVAPORATIVE EMISSION CONTROL SYSTEM

Emission Control (Aux. Emission Control Devices)

I: SHUT-OFF VALVE

The shut-off valve is located at the top of the fuel filler pipe. When a filler gun is inserted into the
filler pipe, the shut-off valve closes the evaporation line.

EC-00029

(1) Pin (A) To canister
(2) Valve (B) To fuel tank
Spring

Plate

Shaft

Pin
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EVAPORATIVE EMISSION CONTROL SYSTEM

Emission Control (Aux. Emission Control Devices)

J: DRAIN VALVE

The drain valve is located on the line connecting the drain filter and canister, just below the drain
filter. The drain valve is forcibly closed by a signal from the ECM while the evaporation system di-
agnosis is being conducted.

M 2 )
4
(5)
_t _ 5 ,,,,, J—
(10) (6)
)
9) ! i (8)
EC-00030
(1) Magnetic plate (6) Valve
(2) Yoke (7) Plate
(3) Packing (8) Retainer
(4) Spring (9) Moving core
(5) Valve seat (10) Bobin
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ON-BOARD REFUELING VAPOR RECOVERY (ORVR) SYSTEM

Emission Control (Aux. Emission Control Devices)

9. On-board Refueling Vapor Recovery (ORVR) System
A: GENERAL

The on-board refueling vapor recovery system allows the fuel vapors in the fuel tank to be intro-
duced directly into the canister through the vent valve when the fuel tank inside pressure increases
as a result of refueling.

The diagnosis of the system is performed by monitoring the fuel tank inside pressure data from the
fuel tank pressure sensor while forcibly closing the drain valve.

B: OPERATION

e While driving

Since the back side of the diaphragm in the pressure control solenoid valve is open to the atmo-
sphere, the diaphragm is held pressed by the atmospheric pressure in the position where only the
external air is introduced into the canister. When the fuel vapor pressure acting on the other side of
the diaphragm increases and overcomes the atmospheric pressure, it pushes the diaphragm and
opens the port through which the fuel vapors make their way to the canister.
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EC-00123

(1) Canister (4) Intake manifold
(2) Pressure control solenoid valve (5) Shut-off valve: open
(3) Purge control solenoid valve
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ON-BOARD REFUELING VAPOR RECOVERY (ORVR) SYSTEM

Emission Control (Aux. Emission Control Devices)

e While refueling

As the fuel enters the fuel tank, the tank inside pressure increases. When the inside pressure be-
comes higher than the atmospheric pressure, the port of the vent valve opens, allowing the fuel va-
pors to be introduced into the canister through the vent line. The fuel vapors are absorbed by
charcoal in the canister, so the air discharged from the drain valve contains no fuel. When a filler
gun is inserted, the shut-off valve closes the evaporation line.

E:

EC-00124
(1) Canister (4) Shut-off valve: closed
(2) Pressure control solenoid valve (5) Filler gun
(3) Purge control solenoid valve (6) Ventvalve
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VACUUM CONNECTIONS

Emission Control (Aux. Emission Control Devices)

10.Vacuum Connections

The hose and pipe connections of the intake manifold, throttle body and other related parts are as
shown in the illustration.
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EC-00125
(1) Throttle body (A) Hose
(2) Pressure regulator (B) Pipe
(3) Induction valve (C) To fuel tank
(4) Purge control solenoid valve
(5) Check valve
(6) Induction valve control solenoid
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GENERAL

Intake (Induction)

1. General

The intake system consists of an air intake duct, two resonator chambers, an air cleaner case, and
a duct. The resonator chambers (one is located upstream of the air cleaner and the other down-
stream of the air cleaner) effectively reduce the intake noise level.

®)

IN-00075

(1) Intake duct (A) Fresh air
(2) Resonator chamber (B) To throttle body
(3) Aircleaner case

(4) Air cleaner element
(5) Duct
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GENERAL

Mechanical

1. General

The H6 engine is of a horizontally opposed, six-cylinder design. This four-stroke-cycle, water-
cooled, DOHC engine uses a total of 24 valves and its main components are made of aluminum
alloy. It is fueled by a multiple fuel injection system.

The engine’s major structural and functional features are as follows:

e A maintenance-free, chain-and-sprocket type camshaft drive mechanism is used which also con-
tributes to reduction in the overall length of the engine.

e The cylinder block is an aluminum die casting fitted with iron die-cast cylinder liners.
e Lightweight and compact design.

The cylinder bore pitch is 98.4 mm (3.874 in), which is much shorter than 113 mm (4.45 in) of the
H4 engine.

The cylinder bore and piston stroke dimensions have been selected optimally for sufficient output
and reduced size of the engine; they are 89.2 mm (3.512 in) and 80 mm (3.150 in) in contrast to
99.5 mm (3.917 in) and 79.0 mm (3.110 in) of the H4 engine.

The cylinder block is of a “triple siamese cylinder” design with the three cylinders of each bank cast
without coolant passages between cylinders, while ensuring adequate cooling by employing an
open-deck design.

The right bank camshafts and the left bank camshafts are driven by different timing chains, whereas
the accessories are driven through their own pulleys by a single serpentine belt (two belts were
used in the previous model’'s engine).

e Quiet operation

Unlike V6 engines, horizontally opposed six-cylinder engines do not generate secondary vibration
(which is caused by primary operational vibration in a V6 engine and has a frequency twice as large
as that of the primary vibration) although V6 engines have space saving merit. In addition to this
inherent quietness provided by complete dynamic balance, the H6 engine incorporates the following
quietly operating considerations:

The crankshaft is supported by seven bearings and has a diameter of 64.0 mm (2.52 in), which is
4.0 mm (0.157 in) larger than with the previous model’s engine.

The chains driving the camshafts are provided with hydraulic tension adjusters and covered by a
chain cover at the front of the engine.

An aluminum die-cast upper oil pan reinforces the joint of the right and left cylinder block banks,
while giving additional rigidity to the crankshaft bearing areas.

The engine is connected to the transmission more rigidity than with the previous model by using 11
bolts (eight bolts in the previous model).
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GENERAL

Mechanical

e Clean exhaust gas and high power

The H6 engine has enabled the Legacy to comply with US LEV standard without sacrificing output
power by adopting, among others, tumble flow generating intake ports and a variable length intake
manifold that creates a resonance ramcharging effect.
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TIMING CHAINS

Mechanical

2. Timing Chains

e Two timing chains are used to drive the camshafts, one each for driving the two camshafts on
each bank. Every camshatft is fitted with a sprocket through which it is driven by the corresponding
timing chain. The left bank timing chain transmits the power from the crankshaft sprocket directly to
the left bank camshaft sprockets, whereas the right bank timing chain transmits the crankshaft pow-
er via the lower idler sprocket which is driven by the left bank timing chain. (The lower idler gear has
two tooth rows; the left bank timing chain engages with the inner row teeth and the right bank chain
engages with the outer row teeth.)By this way, the right and left bank camshafts rotate in synchro-
nization with each other.

The left bank timing chain also drives the water pump.

e The hydro-mechanical automatic chain tension adjuster provided for each chain constantly main-
tains the specified chain tension necessary to properly drive the camshafts, as well as to provide
this chain and sprocket camshaft drive mechanism with a “maintenance-free” feature.
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TIMING CHAINS

Mechanical
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ME-00608
(1) Intake camshaft sprocket RH (7) Water pump sprocket (13) Tension adjuster LH
(2) Chain guide RH No.1 (8) Chain guide LH No.2 (14) Upper idler sprocket
(8) Exhaust camshaft sprocket RH (9) Exhaust camshaft sprocket LH (15) Crankshaft sprocket
(4) Chain tension adjuster RH (10) Chain guide LH No.1 (16) Center chain guide
(5) Chain tension adjuster lever RH (11) Intake camshaft sprocket LH (17) Chain guide RH No.2
(6) Lower idler sprocket (12) Tension adjuster lever LH
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AUTOMATIC CHAIN TENSION ADJUSTER

Mechanical

3. Automatic Chain Tension Adjuster

The right and left bank timing chains are provided with their own tensioners. The tensioners are of
a hydro-mechanical type that utilizes the engine oil pressure and can automatically keep the tension
of the chains at a proper level without need for manual adjustments.

The tensioner case has an oil port that aligns with the oil port in the cylinder block when it is installed
in position. The inside of the tensioner case is a high-pressure hydraulic chamber with a check ball.
The pressure of the oil in the chamber is adjusted by the relief valve. Featuring a plunger with ex-
ternal screw threads, the tensioner can keep the chain taut constantly even when the engine is sta-
tionary.
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(1) Tensioner case (4) Spring
(2) Spring (5) Adijuster rod
(3) Plunger (6) Plunger case
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TIMING CHAIN CASE

Mechanical

4. Timing Chain Case

e The timing chain case is formed by the front chain cover and rear chain cover, both made of alu-
minum die casting. This two-piece chain case design helps reduce noise.

e Sealing materials used between the engine block and rear chain cover are an O-ring, metal gas-
ket, and liquid gasket. Between the front and rear chain covers, liquid gasket is used to prevent oil
from leaking out.

e A fluorocarbon resin oil seal is used at the crankshaft opening in the front chain cover.

ME-00610

(1) Front chain cover
(2) Rear chain cover
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CAMSHAFT

Mechanical

5. Camshaft

e The camshafts are of a composite material type using sintered steel for cam lobes and carbon
steel for pipe part (first in Subaru).

The sintered steel cams are very high in the resistance to wear, which enables the cam lift to be
increased. In addition, use of the sintered steel cams contributes to reduction in weight.

e Each camshaft is supported at its four journals by the corresponding bearings. The front-most
bearing has flanges on its both ends to receive thrust loads that are generated during movement of
the camshatft.

e The bearings are lubricated by the oil that enters the passage in each camshaft from the port at
the front-end journal and flows out through the hole in each journal.

e The right intake camshaft has at its rear end a flange which is used as an angle sensing wheel
by the camshaft position sensor.

1 )
¢ (A)

(2) 3) ME-00611
(1) Journal (A) Right intake camshaft
(2) Oil passage (B) Right exhaust camshaft
(3) Shaft flange (C) Leftintake camshaft
(4) Camshaft position sensor flange (D) Left exhaust camshaft
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CYLINDER HEAD

Mechanical

6. Cylinder Head

e The cylinder heads are made of aluminum alloy which features light weight and high cooling effi-
ciency.

e Each cylinder head incorporates a DOHC mechanism which is adapted to the four valves per cyl-
inder arrangement. The two intake ports are designed to create tumble flow in the cylinder, whereas
the two exhaust ports join each other in the cylinder head to form a single oval port. These design
features contribute together to cleaner exhaust emissions and higher output.

e The combustion chamber is of a compact pentroof design with the spark plug located at its top
center. In combination with the tumble promoting intake ports, a squish area formed between the
piston top surface and combustion chamber helps improve mixing of air and fuel and thus combus-
tion efficiency.

e Coolant flows from the rear to the front of the cylinder head of each bank. This serial-flow coolant
line arrangement ensures highly efficient cooling of the engine.

e A metal gasket is used between the cylinder head and cylinder block. Tightening the cylinder
head bolts by the angle-tightening method ensures invariable sealing performance of this gasket.

ME-00612

(1) Intake port (4) Exhaust port
(2) Intake valve (5) Combustion chamber
(3) Exhaust valve
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CYLINDER BLOCK

Mechanical

7. Cylinder Block

e The cylinder block of this horizontally-opposed-cylinder engine is made of aluminum die casting.
It is split into right and left halves at its center where the crankshaft is supported. The cylinder liners
are made of cast iron and are embedded as integral part of the cylinder block body during the cast-
ing process.

e The coolant passages of the right and left banks are independent of each other (parallel-flow
type). The water jackets around the cylinder liners are open at the cylinder head side end of each
bank (open-deck design).

e The cylinder block supports the crankshafts journals through seven main bearings rigidly and qui-
etly. The #7 bearing is a flanged thrust bearing which controls the crankshafts end play.

e Rigid engine-to-transmission connection is ensured by 11 bolts (three more bolts than with the
four-cylinder engine).

e The aluminum die-cast upper oil pan located below the cylinder block reinforces connection be-
tween the cylinder block banks and its special form provides a baffle effect to suppress large fluc-
tuation of oil level. In addition, the upper oil pan constitutes part of the oil and cooling circuits as well
as the water pump volute chamber and thermostat chamber.

ME-00613
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CRANKSHAFT

Mechanical

8. Crankshaft

The crankshaft is supported in the cylinder block by seven bearings. Each corner formed by a jour-
nal or pin and a web is finished by fillet-rolling method which increases strength of that area. The
seven crankshaft bearings are made of aluminum alloy and the No. 7 bearing is provided with a
flanged metal to support thrust forces.

ME-00614
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PISTON

Mechanical

9. Piston

e The pistons are of a slipper skirt design for reduced weight and friction. The oil control ring groove
utilizes a thermal design.

e The piston pin is offset either downward (Nos. 1, 3 and 5 pistons) or upward (Nos. 2, 4 and 6 pis-
tons).

e The piston crown is spherically concaved and has no recesses for valve head clearance. All the
right and left bank pistons are the same in shape. Each piston has a location mark (mark indicating
the front of engine) on its top.

e Three piston rings are used for each piston; two compression rings and one oil control ring. The
top piston ring has inner bevels and the second piston ring has an interrupt (cut) on the bottom out-
side to reduce oil consumption.

1

ME-00615

(1) Location mark (engine front side) (A) Topring (a) Inner-bevel
(B) Second ring (b) Cut

(C) OQilring (¢) Upper rail

(d) Expander

(e) Lower rail
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ENGINE MOUNTING

Mechanical

10.Engine Mounting

The H6 engine is supported by liquid-filled elastic mounts specially developed for use with it. Each
mount is rigidly attached to the engine at three points. The mount can effectively reduce vibration
and noise thanks to presence of a membrane between the two liquid chambers. The membrane has
a function of reducing the spring constant of the mount.

(6)
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ME-00616
(1) Diaphragm (4) Orifice
(2) Air chamber (5) Membrane
(3) Liquid chamber (6) Rubber piece
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ENGINE MOUNTING

Mechanical

MEMO
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GENERAL

Exhaust

1. General

e The exhaust system consists of a front exhaust pipe assembly, a rear exhaust pipe with two res-
onance chambers, and a variable-flow muffler. The front exhaust pipe assembly consists of right
and left exhaust pipes each incorporating a front catalytic converter, and a rear catalytic converter
that is located at the joint of the two pipes.
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n (1)
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© EX-00068
(1) Front oxygen (A/F) sensor RH (7) Rear catalytic converter
(2) Front oxygen (A/F) sensor LH (8) Rear oxygen sensor
(8) Front exhaust pipe RH (9) Resonance chamber
(4) Front exhaust pipe LH (10) Rear exhaust pipe
(5) Front catalytic converter RH (11) Muffler

(6) Front catalytic converter LH

e The variable-flow muffler has a valve which opens when the exhaust pressure increases. This
helps reducing exhaust noise and increasing engine output simultaneously.
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(1) Low engine speed
(2) High engine speed
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GENERAL
Cooling

1. General

e The engine cooling system consists of a down-flow radiator which features high heat-dissipation
performance, an electric-motor-driven fan, a water pump, a thermostat, and an engine coolant tem-
perature sensor.

e The reservoir tank is designed to eliminate the need for replenishing coolant.

e The ECM controls the operation of the radiator main fan and subfan depending on the signals
from the engine coolant temperature sensor, vehicle speed sensor and A/C switch.

CO-2



COOLING CIRCUITS
Cooling

2. Cooling Circuits

The cooling system operates in three different phases depending on the temperature of the engine
coolant.

e 1st phase (thermostat closed)

When the engine coolant temperature is below 76°C (169°F), the thermostat remains closed. The
coolant flows through the bypass and heater circuits.

This permits the engine to warm up quickly.

e 2nd phase (thermostat open)
When the engine coolant temperature is above 76 80°C (169 176°F), the thermostat opens. The
coolant flows through the radiator where it is cooled.

e 3rd phase (thermostat open and radiator fan operating)
When the engine coolant temperature sensor sends a signal indicating a temperature above 91°C
(196°F) to the ECM, it causes the radiator fan (or fans) to operate.

C0O-00137

(1) Water pump (5) Cylinder head LH
(2) Oil cooler (6) Throttle body

(3) Cylinder head RH (7) Thermostat

(4) Cylinder block
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WATER PUMP
Cooling

3. Water Pump

The water pump is fitted in a housing formed in the rear chain cover using an O-ring as a seal be-
tween the pump case and the housing. The pump is driven by the timing chain through a sprocket
and rotation of the impeller in a volute chamber creates flow of coolant toward the cylinder block.
The pump case is made of aluminum die casting and the impeller is made of steel sheet. The im-
peller shaft is supported by a ball bearing and a roller bearing. Its end exposed to coolant is sealed
by a mechanical seal and the other end exposed to engine oil is sealed by an oil seal.

The volute chamber is formed by the rear chain cover and the upper oil pan. A metal gasket is used
at the joint between the chain cover and upper oil pan.

4
@) 4)

Q) C0-00138
(1) Pump case (4) Impeller

(2) Ball bearing (5) O-ring
(8) Mechanical seal
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MECHANICAL SEAL
Cooling

4. Mechanical Seal

The mechanical seal has its seat tightly fitted on the water pump shaft. Since it is a hermetic seal
forming an integral part of the water pump, the water pump cannot be disassembled.

C0O-00058

(1) Carbon seal
(2) Ceramics seat

(8) Water pump shaft
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THERMOSTAT
Cooling

5. Thermostat

The thermostat has a totally-enclosed wax pellet which expands as the coolant temperature in-
creases. It opens and closes accurately at the preset temperatures and features high durability.
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CO-00059
(1) Valve (4) Piston (7) Stopring
(2) Spring (5) Guide (8) Wax element
(8) Stopper (6) Rubber packing (9) Jiggle valve
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RADIATOR FAN
Cooling

6. Radiator Fan
A: DESCRIPTION

Each radiator fan is made of plastic. It is driven by an electric motor which is retained on a shroud.

(4)

®)

@)
(8)

CO-00139
(1) Radiator (8) Radiator main fan shroud
(2) Radiator subfan (9) Radiator main fan motor
(3) Radiator subfan motor (10) Radiator main fan
(4) Radiator subfan shroud (11) Lower cushion
(5) Overflow hose (12) Drain plug
(6) Reservoir tank cap (13) Upper bracket
(7) Reservoir tank (14) Upper cushion
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Cooling

RADIATOR FAN

B: FUNCTION

The operation of the radiator fan is controlled by the ECM, depending on the signals from the engine
coolant temperature sensor, vehicle speed sensor and A/C switch as shown below.

Vehicle speed A/C A/C Engine coolant temperature
com- pres- Lower than 95°C Between 96 and 99°C Higher than 100°C
PIESSOT ortch (203°F) (203 and 210°F) (212°F)
level | Operation of radiator fans | Operation of radiator fans | Operation of radiator fans
Main fan Sub fan Main fan Sub fan Main fan Sub fan
Lower than 19 km/h Off Off Off Low-speed | Low-speed | Mid-speed | Mid-speed
(12 MPH) On Low Low-speed | Low-speed | Mid-speed | Mid-speed | High-speed | High-speed
High Mid-speed | Mid-speed | High-speed | High-speed | High-speed | High-speed
Between 20 and 69 km/h Off Off Off Mid-speed | Mid-speed | High-speed | High-speed
(12 and 43 MPH) On Low | High-speed | High-speed | High-speed | High-speed | High-speed | High-speed
High | High-speed | High-speed | High-speed | High-speed | High-speed | High-speed
Between 70 and 105 km/h Off Off Off Mid-speed | Mid-speed | High-speed | High-speed
(43 and 65 MPH) On Low Mid-speed | Mid-speed | High-speed | High-speed | High-speed | High-speed
High | High-speed | High-speed | High-speed | High-speed | High-speed | High-speed
Higher than 106 km/h Off Off Off Mid-speed | Mid-speed | High-speed | High-speed
(66 MPH) On Low Off Off Mid-speed | Mid-speed | High-speed | High-speed
High Mid-speed | Mid-speed | Mid-speed | Mid-speed | High-speed | High-speed
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GENERAL

Lubrication

1. General

e The lubrication system force-circulates engine oil throughout the engine using an oil pump. The
oil pressure is regulated by the relief valve.

e The oil pump is a thin, large-diameter trochoid rotor type which can accommodate the engine’s
high output. The pump is directly driven by the crankshaft.

e The engine oil is cleaned by a full-flow, paper element type oil filter. The filter has a bypass valve
which allows the engine oil to flow bypassing the filter if it is clogged.

e The engine oil discharged from the oil pump is delivered to the journal bearings, connecting rod
bearings, and other parts requiring lubrication and cooling via an oil passage, oil filter, and oil gal-
leries.

e The engine oil is also distributed to each cylinder head valve mechanism at a proper flow rate
achieved by metering by the orifice provided in each cylinder head oil gallery.

LU-2



GENERAL

Lubrication

LU-00139
(1) Oil strainer (8) Camshaft

(2) Oil pump (9) Crankshaft

(3) Relief valve case (10) Lower idler sprocket

(4) Chain tension adjuster RH (11) Upper idler sprocket

(5) Oil cooler (12) Chain tension adjuster LH

(6) Oil filter (13) Orifice

(7) Oil pressure switch
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Lubrication

ENGINE OIL FLOW

2. Engine Oil Flow
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OIL PUMP AND RELIEF VALVE

Lubrication

3. Oil Pump and Relief Valve

e The oil pump is a thin, large-diameter trochoid roller pump directly driven by the crankshaft. Its
outer rotor and inner rotor are assembled with each other inside the rotor housing which is formed
in the rear chain cover. The rotor housing is closed by the oil pump cover. The outer rotor, inner rotor
and the oil pump cover are made of sintered metal.

e When the pump discharge pressure exceeds a certain level, the relief valve located at the outlet
port of the oil pump opens and allows excess oil to return to the inlet of the pump. The relief valve
is a single-spool type and housed in an aluminum die-cast case. It is mounted on the rear chain
cover with a metal gasket.

(1)
@)
i
®) ¥ @ N

LU-00141
(1) Inner rotor (5) Plug

(2) Outer rotor (6) Gasket

(3) Oil pump cover (7) Relief valve spring

(4) Relief valve case (8) Relief valve

LU-5



OIL FILTER

Lubrication

4. Oil Filter

The oil filter is a full-flow filtering, cartridge type that utilizes a paper element. It also has a built-in
bypass valve. The filter element has a special pleat design to increase the effective filtering area.

LU-00059

(1) Oil seal

(2) Filter body

(8) Bypass valve
(4) Pleated element
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OIL PAN AND OIL STRAINER

Lubrication

5. Oil Pan and Oil Strainer

e The oil pan consists of an upper oil pan (aluminum die-casting) and a lower oil pan (formed steel
plate). The upper oil pan has a baffle plate molded in it to improve stability of the oil level.

e The oil strainer has a stay whose end is attached to the upper oil pan. The strainer’s pipe is con-
nected to the oil pump using an O-ring. The strainer is located close to the bottom at the center of
the oil pan where the oil level changes the least.

LU-00142
(1) Upper oil pan (4) O-ring

(2) Strainer (5) Magnet
(3) Lower oil pan
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OIL PRESSURE SWITCH

Lubrication

6. Oil Pressure Switch

The oil pressure switch is located at the right of the upper oil pan. The purpose of this switch is to
monitor the operation of the oil pump as well as the lubricating oil pressure when the engine is run-
ning.

LU-00061
(1) Contact point (4) Molded portion
(2) Diaphragm (5) Terminal

(3) Spring

1) When oil pressure does not build up (immediately after ignition switch is turned ON):

The diaphragm is pushed toward the upper oil pan by the spring force (a force equivalent to the
specified oil pressure). This closes the contact points, causing the oil pressure warning light in the
combination meter to illuminate.

2) When oil pressure reaches the specified value (after engine starts):

After reaching the specified value of 14.7 kPa (0.15 kgf/cm=, 2.1 psi), the oil pressure pushes the
diaphragm overcoming the spring force. This opens the contact points and the oil pressure warning
light goes out.
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GENERAL
Speed Control System

1. General

The accelerator outer cable is secured to the accelerator pedal bracket rather than to the toeboard.
Securing the outer cable in this way has a merit of making the ratio of throttle valve movement to
cable stroke less variable. This arrangement is also effective to prevent unsmooth cable return
movement that may result from deformation of the toeboard or improper installation of the acceler-
ator pedal and, therefore, to improve safety.

In addition, the floating type casing cap through which the cable is attached to the bracket reduces
vibration of the pedal, thus improving quietness.
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1) Accelerator cable
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IGNITION COIL

Ignition

1. Ignition Coil

The engine uses a direct ignition system with one ignition coil mounted for each cylinder (or spark
plug).

The secondary terminal of the ignition coil is in contact with the spark plug terminal nut.

Since no spark plug cable is used, secondary voltage drop, leaks, or other problems that are inher-
ent in a system using spark plug cables do not occur. The result is high performance and high reli-
ability.

(2)

(1) (——————

IG-00066

(1) Connector
(2) Ignition coll
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SPARK PLUG

Ignition

2. Spark Plug

The spark plug has a platinum tipped electrode. The thread diameter is 14 mm (0.551 in) and the
gap is controlled to a value between 1.0 and 1.1 mm (0.039 and 0.043 in).

@)

o

1G-00067

(1) Platinum tipped electrode
(2) Gap:1.0-1.1 mm (0.039 — 0.043 in)
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SPARK PLUG

Ignition
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STARTER
Starting/Charging

1. Starter

The starter is of a reduction type. Its output is 1.4 kW.

A

SC-00056

(1) Starter switch
(2) Magnet switch
(3) Starter

(4) Pinion
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GENERATOR
Starting/Charging

2. Generator

The generator has a built-in regulator which provides diagnostic functions in addition to a voltage
regulating function as follows:

1) Voltage regulation

The on-off operation of transistor Try connects and disconnects the field current circuit, providing a
constant level of output voltage.
2) Diagnosis warning

When any of the following problems occur, the charge lamp illuminates.
a. No voltage generation
Brush wear exceeds specified wear limits, field coil circuit is broken, etc.
b. Excessive output
Output voltage is greater than 16 volts (approx.)
c. Terminal B disconnection
Harness is disconnected from alternator terminal B.

d. Terminal S disconnection

Harness is disconnected from alternator terminal S. In this case, voltage is slightly greater than
specified regulated voltage; however, voltage regulation is still controlled and the battery is
prevented from becoming overcharged.
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GENERATOR

Starting/Charging
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(1) Positive side diodes (3 pcs.) (7) Energizing circuit (A) Alternator terminal
(2) Additional diodes (2 pcs.) (8) Constant voltage circuit (B) Regulator terminal
(8) Stator coil (9) Diagnostic and warning circuit
(4) Field coll (10) Ignition switch
(5) Negative side diodes (3 pcs.) (11) Charge light
(6) Trio diodes (3 pcs.) (12) IC regulator
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BATTERY
Starting/Charging

3. Battery

The battery is located in the left front part of the engine compartment. It is held on a tray by the
battery holder.
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BATTERY
Starting/Charging
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GEAR SHIFT LEVER

Control System

1. Gear Shift Lever

The manual transmission’s gear shift lever system is a parallel link type whose stay is mounted
through a cushion rubber.

CS-00074

(1) Knob (5) Stay
(2) Gear shift lever (6) BushB
(3) Cushion rubber (7) Joint
(4) Boot (8) Rod
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SELECT LEVER

Control System

2. Select Lever
A: EXCEPT VEHICLES WITH SPORTS SHIFT
e The automatic transmission’s select lever moves through seven positions.

e The select lever makes shift direction (longitudinal) movements as well as select direction (lateral)
movements. The select lever is guided by a gate to make these movements.

e To transmit movements of the select lever to the transmission, a push-pull cable is used.

e The detent spring is a new addition to the select lever mechanism. It ensures more precise posi-
tioning of the select lever.

@)

CS-00158

(1) Detent spring

(2) Select lever
(3) Lateral spring
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SELECT LEVER

Control System

B: VEHICLES WITH SPORTS SHIFT

e The automatic transmission select lever can be moved to either of the 7 ranges (P, R, N, D, 3, 2,
or 1) and also enables switching to sports shift mode (manual mode) by moving the lever laterally
from the D range.

e To transmit movements of the select lever to the transmission, a push-pull cable is used.

e The select lever mechanism has a detent spring and a detent arm. It ensures more precise posi-
tioning of the select lever.

e In the sports shift mode, the transmission upshifts when the selector lever is moved forward (“+”
direction) and downshifts when the lever is moved rearward (“-” direction).

CS-00159
(1) Push-pull cable (6) Select lever assembly

(2) Detent spring (7) Arm

(3) Base plate (A) View A

(4) Detentarm

(5) Gate
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SHIFT LOCK AND KEY INTERLOCK SYSTEM

Control System

3. Shift Lock and Key Interlock System
A: GENERAL

To increase safety during standing start, the shift lock system prevents movement of the select lever
from the “P” position to any other position unless the brake pedal is depressed. This system is also
provided with a key interlock function which prevents removal of the ignition key from the key cylin-

der unless the selector lever is placed in the “P” position.
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(B)
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Shift lock system

Except vehicles with sports shift
“P” position switch

Key cylinder

Shift lock solenoid

Key lock solenoid

(6)

CS-00160

(B) Key interlock system

(D) Vehicles with sports shift
(5) Brake pedal switch

(6) Integrated module

(7) Inhibitor switch
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SHIFT LOCK AND KEY INTERLOCK SYSTEM

Control System

B: SHIFT LOCK SYSTEM OPERATION
1. EXCEPT VEHICLES WITH SPORTS SHIFT

The shift lock system has a solenoid-operated plunger (1). With the select lever in the “P” position,
the plunger remains extended, holding the lock arm (2) in its raised (locking) position. When the
brake pedal is depressed with the ignition switch in either the ON or START position, the solenoid
is energized and the plunger is retracted. This causes the lock arm to tilt forward to the select lever
release position. The select lever now can be moved to any other position. The “P” position of the
select lever is detected by the inhibitor switch (3).

)

(1)

CS-00161

(1) Solenoid
(2) Lock arm
(3) Inhibitor switch
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SHIFT LOCK AND KEY INTERLOCK SYSTEM

Control System

2. VEHICLES WITH SPORTS SHIFT

The shift lock system has a solenoid-operated plunger (1). With the select lever in the “P” position,
the plunger remains extended, holding the plate (2) in its raised (locking) position. When the brake
pedal is depressed with the ignition switch in either the ON or START position, the solenoid is en-
ergized and the plunger is retracted. This causes the plate to tilt downward to the select lever re-
lease position. The select lever now can be moved to any other position. The “P” position of the
select lever is detected by the inhibitor switch (3).

CS-00077

(1) Solenoid
(2) Plate
(3) Inhibitor switch
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SHIFT LOCK AND KEY INTERLOCK SYSTEM

Control System

C: KEY INTERLOCK FUNCTION

e When the select lever is at any position other than “P”, the solenoid is energized and its pin is held
extended. Being caused to stay in its upright position by extension of the pin, the interlock lever in-
terferes with the stopper portion of the rotator which turns together with the ignition key. Thus, the
ignition key cannot be rotated to the “LOCK” position.

(13)

(18) (18)

CS-00078

(1) Column cover (12) Interlock position

(2) Key (13) Stopper

(8) Push button (14) ACC

(4) Extended (15) ON

(5) Solenoid pin (16) START

(6) Solenoid unit (17) View A

(7) Lever fulcrum (18) Rotator

(8) Lever spring (19) Key

(9) Interlock lever (20) Interlock lever
(10) Interlock activated (21) Solenoid
(11) Lock
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SHIFT LOCK AND KEY INTERLOCK SYSTEM

Control System

e When the select lever is moved to “P”, the inhibitor switch in the select lever assembly operates,
deenergizing the solenoid. As the push force of the solenoid pin is removed, the lever spring causes
the interlock lever to tilt and become clear of the rotator's stopper. Then the key can be rotated to

the “LOCK” position and removed from the ignition switch.

(1)

CS-00079

(1) Retracted
(2) Interlock deactivated

CS-9



SHIFT LOCK AND KEY INTERLOCK SYSTEM

Control System
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OIL PUMP

Automatic Transmission

1. Oil Pump
A: CONSTRUCTION

The pump consists of a parachoid rotor pair, a housing and a cover. The inner rotor has nine teeth
and the outer rotor has ten teeth.

AT-00461

(1) Qil pump housing (4) Gasket (7) Oil pump cover
(2) Hose (5) Inner rotor (8) Sealring
(8) Nipple (6) Outer rotor (9) Thrust bearing

B: FUNCTION

e The pump draws automatic transmission fluid (ATF) from the oil pan through the oil strainer locat-
ed under the hydraulic control valve assembly. The ATF then flows through a passage in the trans-
mission case, and after passing through the oil pump housing and oil pump cover, it enters the
suction port.

e As the inner rotor rotates, the outer rotor also rotates. This motion causes the ATF to be sucked
up through the suction port and discharged from the discharged port.

e The discharged ATF flows through a passage in the oil pump cover and then a passage in the oil
pump housing. It then goes through a passage in the transmission case to the pressure regulator
valve in the control valve assembly, from which the ATF is directed to various clutches, brakes, and
torque converter lock-up clutch for acting as hydraulic fluid and lubricating oil. Part of the ATF also
flows, directly and after passing through the regulator valve, to the manual valve, from where it is
distributed to the circuit corresponding to the range selected by the selector lever.

e As engine speed increases, the delivery rate of the oil pump also increases.
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OIL PUMP

Automatic Transmission
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To torque converter regulator valve (8) Oil pump housing
To manual valve (9) Outer rotor
From reverse clutch (10) Inner rotor
From pressure modifier valve (11) Suction port
Pressure regulator valve (12) Oil strainer
To manual valve (13) Oil pan
Delivery port (14) Line pressure
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REVERSE CLUTCH

Automatic Transmission

2. Reverse Clutch
A: CONSTRUCTION

AT-00463
(1) High clutch drum (7) Drive plate
(2) Lip seal (8) Retaining plate
(3) Lathe cut seal ring (9) Snapring
(4) Reverse clutch piston (10) Thrust needle bearing
(5) Dish plate (11) High clutch hub
(6) Driven plate
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REVERSE CLUTCH

Automatic Transmission

B: FUNCTION
1. WHEN REVERSE IS SELECTED

Hydraulic pressure from the hydraulic control valve is applied to the reverse clutch piston when a
shift is made into the reverse. The drive and driven plates are pressed together by this pressure, so

that the engine torque from the high clutch drum is transmitted to the front sun gear through the 2-
4 brake hub.
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(5) AT-00464

(1) High clutch drum (4) Drive plate
(2) Reverse clutch piston (5) Front sun gear

(3) Driven plate
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REVERSE CLUTCH

Automatic Transmission

2. WHEN REVERSE IS NOT SELECTED

When the selector lever is in any position other than the reverse, no pressure is applied to the re-
verse clutch piston. Hence the drive and driven plates are separated from each other, transmitting
no power to any element beyond them.

A check ball is built into the clutch piston. This check ball has a function of releasing the pressure
which may build up in the fluid remaining behind the piston by centrifugal force generated by the idly
rotating high clutch drum, thereby avoiding a half-engaged state of the clutch.
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AT-00465
(1) High clutch drum (5) Front sun gear
(2) Reverse clutch piston (6) Cover
(8) Driven plate (7) Check ball
(4) Drive plate
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HIGH CLUTCH

Automatic Transmission

3. High Clutch

When the 3rd or 4th gear is selected, hydraulic pressures are applied to the high clutch from the
shift valve and pressure regulator valve. The clutch’s drive and driven plates are pressed together,
thus transmitting the engine power from the input shaft to the front planetary carrier through the high
clutch hub.

A cover is placed inside the piston, and the space between the piston and the cover is filled with
ATF. When the high clutch is not in engagement, the centrifugal force generated in the ATF inside
the cover cancels out the centrifugal force generated in the ATF remaining behind the high clutch
piston, thus preventing incomplete disengagement of the clutch.

When the high clutch is engaged, the pressure pushing the clutch piston is much larger than the
counteracting force of the ATF in the cover, so the clutch remains engaged.

(10)

(16)

(12)

(1) AT-00466
(1) High clutch drum (7) High clutch piston (13) Retaining plate
(2) Lip seal (8) Return spring (14) Snap ring
(3) Lathe cut seal ring (9) Cover (15) Thrust needle bearing
(4) Reverse clutch piston (10) Snap ring (16) High clutch hub
(5) Lathe cut seal ring (outer) (11) Driven plate
(6) Lathe cut seal ring (inner) (12) Drive plate
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2-4 BRAKE

Automatic Transmission

4. 2-4 Brake

A: CONSTRUCTION

The 2-4 brake consists of a 2-4 brake piston, a return spring, a pressure plate, drive plates and driv-
en plates.

This brake is engaged by the hydraulic pressure from the transmission control valve and locks the
front sun gear when the 2nd gear is selected in the D, 3 or 2 range, or when the 4th gear is selected
in the D range.
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(8) AT-00467

(1) Leaf spring (6) Pressure rear plate (10) Lathe cut seal ring

(2) Snapring (7) Snapring (11) Lathe cut seal ring

(3) Retaining plate (8) Return spring (12) 2-4 brake piston seal

(4) Drive plate (9) 2-4 brake piston (13) 2-4 brake piston retainer

(5) Driven plate
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LOW & REVERSE BRAKE

Automatic Transmission

5. Low & Reverse Brake
A: CONSTRUCTION

The low & reverse brake consists of a piston, a dish plate, drive plates, driven plates, a retainer plate
and a snap ring that are placed in a housing formed in the transmission case.

(8)

(15)

AT-00468

(1) Thrust bearing (6) Bolt (11) Leaf spring

(2) Sealring (7) Spring retainer (12) Drive plate

(3) Needle bearing (8) Return spring (13) Driven plate

(4) One-way clutch inner race (9) Snapring (14) Dish plate

(5) Washer (10) Retaining plate (15) Low & reverse brake piston
B: FUNCTION

When the 1st gear is selected in the 1 range or the reverse is selected, the pressure from the pres-
sure regulator valve is applied to the low & reverse brake piston. The piston then presses the drive
and driven plates together and causes the low clutch to lock.
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LOW CLUTCH

Automatic Transmission

6. Low Clutch
A: CONSTRUCTION

The low clutch consists of a drum, a piston, return springs, a cover, drive plates, driven plates, a
one-way clutch, and other sealing and retaining elements.

The low clutch drum is made of a press-formed metal sheet. The drum’s outer race and sleeve are
welded together to the drum by an electron beam welding technique.

(1

(12) AT-00469
(1) Snapring (7) Cover (13) Needle bearing
(2) Retaining plate (8) Return spring (14) Snap ring
(8) Drive plate (9) Lathe cut seal ring (15) One-way clutch
(4) Driven plate (10) Low clutch piston (16) Snap ring
(5) Dish plate (11) Lathe cut seal ring
(6) Snapring (12) Low clutch drum
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LOW CLUTCH

Automatic Transmission

B: FUNCTION

The low clutch operates in the D range (1st, 2nd, and 3rd gears), 3 range (1st, 2nd, and 3rd gears),
2 range (2nd and 3rd gears), and 1 range (1st, 2nd, and 3rd gears).

This clutch engages when the hydraulic pressure from the transmission control valve is applied to
its piston, transmitting the power to the reduction drive shaft.

A cover is placed inside the piston, and the space between the piston and the cover is filled with
ATF. When the low clutch is not in engagement, the centrifugal force generated in the ATF inside
the cover cancels out the centrifugal force generated in the ATF remaining behind the low clutch
piston, thus preventing incomplete disengagement of the clutch.

When the low clutch is engaged, the pressure pushing the clutch piston is much larger than the
counteracting force of the ATF in the cover, so the clutch remains engaged.

(4) AT-00470
(1) Low clutch drum (8) Return spring
(2) Low clutch piston (4) Cover

AT-11



REDUCTION GEARS

Automatic Transmission

7. Reduction Gears

Engine torque is transmitted from the rear planetary carrier to the reduction drive shaft and the re-
duction drive gear. The torque is then transmitted to the front final gears through the reduction driv-
en gear and drive pinion. The torque is also transmitted to the rear wheels from the transfer clutch
hub (welded to the side of the reduction drive gear) through the transfer clutch and the following
path:

rear drive shaft — propeller shaft — rear differential.

@) @)

4)
(1) f
k - 1
\ - T
F— - - .
]
=
\ e
8
® H_/ I
\ \ ] o
(6) (5) AT-00471
(1) Sealring (4) Transfer clutch hub (7) Reduction drive shaft
(2) Ball bearing (5) Reduction driven gear (8) Drive pinion shaft
(3) Reduction drive gear (6) Ball bearing (9) Snapring

AT-12
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Automatic Transmission

MEMO
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HYDRAULIC CONTROL VALVE

Automatic Transmission

8. Hydraulic Control Valve

The hydraulic control system of the automatic transmission consists of an oil pump, valve bodies
containing valves, clutches, fluid passages and pipes. The operation of the system is initiated by
driver's manual inputs and electric inputs from the TCM.

A: CONSTRUCTION
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(C)
(29) ; (24)
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(28) (27) (26) (25)  AT-00711
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HYDRAULIC CONTROL VALVE

Automatic Transmission

W N
- —

o O
- =

~ o~ o~~~ o~~~
~ S
- =

(10)
(11)

High clutch accumulator piston B
2-4 brake accumulator piston B
Pressure regulator sleeve
Pressure regulator plug
Pressure regulator valve
Reverse inhibitor valve
Accumulator control valve B

2-4 brake timing plug A

2-4 brake timing sleeve A
2-4 brake timing valve A
2-4 brake timing valve B

(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)

(20)
(21)
(22)

Torque converter regulator valve
Pressure modifier valve
Accumulator control valve A
Low clutch timing valve A

Low clutch timing sleeve A

Low clutch timing plug A

Low clutch timing valve B

Shift valve B

Shift valve A
Manual valve

Throttle accumulator piston B

AT-15

1st reducing valve

Throttle accumulator piston A
Lock-up control sleeve
Lock-up control plug

Lock-up control valve
Modifier accumulator piston
Pilot valve

Sports shift control valve (vehicles
with sports shift)

Upper valve body
Middle valve body
Lower valve body



HYDRAULIC CONTROL VALVE

Automatic Transmission

B: FUNCTION

Name

Function

Pressure regulator valve

Regulates the pressure of ATF delivered from the oil pump to an optimum level (line
pressure) corresponding to vehicle running conditions.

Pressure modifier valve

Adjusts the pressure modifier output pressure depending on the driving condition to
keep the line pressure at the optimum level.

Pressure modifier accumulator piston

Cushions the pressure modifier valve output pressure to remove pulsation in line pres-
sure.

Line pressure relief valve

Prevents excessive rise of the line pressure.

Manual valve

Allows the line pressure to the circuit corresponding to the selected range.

Circuit | (1) | (2) [(3) | (4) .
Range Line pressure
P PRND321 X(4) ! Hﬁ)
R O ud |
: [l e
D 1o o = LAhH \
3 1o (1
2 O |0
1 OO0 |0
AT-00473

When the valve is placed in the position allowing the line pressure to go nowhere, the
pressure is released.

Pilot valve

Reduces the line pressure to create a constant pressure (pilot pressure) for use in con-
trolling the line pressure, lock-up pressure, and shifting and transfer clutch/brake pres-
sures.

Torque converter clutch regulator valve

Prevents excessive rise of torque converter clutch pressure.

Lock-up control valve

Engages or disengages the lock-up clutch.
Also regulates the lock-up clutch engaging pressure to prevent lock-up shocks.

Shift valve A Simultaneously changes three different ATF passages using shift solenoid 1 output
pressure which varies according to such operating condition factors as vehicle speed
and throttle position. In combination with shift valve B, this valve creates 1st, 2nd, 3rd,
and 4th speeds.

Shift valve B Simultaneously changes three different ATF passages using shift solenoid 2 output

pressure which varies according to such operating condition factors as vehicle speed
and throttle position. In combination with shift valve A, this valve creates 1st, 2nd, 3rd,
and 4th speeds.

Low clutch timing valve A

Switches the ATF passages when the 2-4 brake pressure rises to a certain level during
3rd-to-4th upshifting in order to drain the low clutch accumulator back-pressure and to
release the low clutch. This ensures smoother shifting.

Low clutch timing valve B

Returns the low clutch timing valve A to the original position after 3rd-to-4th upshifting.

2-4 brake timing valve A

Switches the ATF passages when the high clutch pressure rises to a certain level dur-
ing 2nd-to-3rd upshifting in order to drain the 2-4 brake accumulator A back-pressure
and to release the 2-4 brake. This ensures smoother shifting.

2-4 brake timing valve B

Returns the 2-4 brake timing valve A to the original position after 2nd-to-3rd upshifting.

Reverse inhibitor valve

Allows the ATF in the low & reverse brake circuit to drain during forward driving at a
speed higher than the predetermined value, preventing shifting into the reverse even
when R range is selected.

1st reducing valve

Reduces the low & reverse brake pressure so as to reduce engine braking shock when
changing from the 2nd to the 1st in the 2 range.

AT-16




HYDRAULIC CONTROL VALVE

Automatic Transmission

Name Function

Accumulator control valve A Regulates the accumulator control A pressure (low clutch accumulator A back-pres-
sure, high clutch accumulator A back-pressure, 2-4 brake timing control signal pres-
sure) depending upon driving conditions.

Accumulator control valve B Regulates the accumulator control B pressure (2-4 brake accumulator A back-pres-
sure, low clutch timing control signal pressure) depending upon driving conditions.

Low clutch accumulator Modulates the low clutch pressure gradually to damp shifting shocks when the low
clutch is engaged and disengaged.

2-4 brake accumulator A Modulates the 2-4 brake clutch pressure gradually to damp shifting shocks when the
2-4 brake clutch is engaged and disengaged.

2-4 brake accumulator B Slows down the 2-4 brake clutch pressure increase rate during 3rd-to-4th upshifting to
prevent timing variation which may occur when the low clutch timing valve A is switched
(to damp shifting shocks).

High clutch accumulator A Modulates the high clutch pressure gradually to damp shifting shocks when the high
clutch is engaged and disengaged.

High clutch accumulator B Slows down the high clutch pressure increase rate during 2nd-to-3rd upshifting to pre-
vent timing variation which may occur when the 2-4 brake clutch timing valve A is
switched (to damp shifting shocks).

Throttle accumulator A Cushions the output pressure of the line pressure duty solenoid valve to remove pul-
sation.
Throttle accumulator B Cushions the output pressure of the 2-4 brake duty solenoid valve to remove pulsation.

Sports shift control valve (vehicles with Engages the low & reverse brake when 1st speed is selected in sports shift mode.
sports shift)

AT-17



GEAR TRAIN

Automatic Transmission

9. Gear Train
A: CONSTRUCTION

The gear train consists of two sets of planetary gears, three sets of multi-plate clutches, two sets of
multi-plate brakes and one set of one-way clutch.

/
() @I T
)
(9)
(10)
(1
(17)
(11)
(16) (13)  (12)
AT-00474
(1) Input shaft (7) One-way clutch (13) Rear sun gear
(2) High clutch (Operates in 3rd and 4th speeds) (8) Free/Locked (14) Front planetary carrier
(3) Reverse clutch (Operates while moving in reverse)  (9) Rear planetary carrier (15) Front internal gear
(4) 2-4 brake (10) MPT models: Reduction (16) Front pinion gear
drive shaft
VTD models: Intermediate
shaft
(5) Low clutch (11) Rear internal gear (17) Front sun gear
(6) Low & reverse brake (12) Rear pinion gear

AT-18



GEAR TRAIN

Automatic Transmission

B: OPERATION
1. OPERATION TABLE

Reverse|
clutch

2-4
brake

High Low
clutch | clutch

Low &
reverse
brake

One-
way
clutch

Selector lever operation

O

+1@®®

3RD

OO0

010

0|00

OO0

OO

O 0] 1O O O O

OO0

O

0|00

OO

Sports shift

0|00

0|0

AT-19
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GEAR TRAIN

Automatic Transmission

2. N RANGE

Since the rear sun gear and the high clutch drum are in mesh with the input shaft, they rotate to-
gether with the input shaft.

The high clutch drum does not transmit the torque to the planetary unit since the reverse clutch and
the high clutch are not engaged.

The torque of the rear sun gear is transmitted to the rear internal gear through the pinion gear.
However, the torque of the rear sun gear is not transmitted to the rear planetary carrier since the
low clutch is disengaged and, therefore, the rear internal gear is freewheeling.

As a result, the torque of the input shaft is not transmitted to the reduction drive shaft.

Operating condition of components Power flow (in acceleration)

All clutches and brakes : disengaged

Input shaft

Y
Rear sun gear

y
Rear pinion gear

y
Rear internal gear

Y
Low clutch (free)

AT-00476

AT-20



GEAR TRAIN

Automatic Transmission

Input shaft
High clutch
Reverse clutch
2-4 brake

Low clutch

Low & reverse brake

@)
(8)
9)
(10)

(11)

(12)

(13) (11)

One-way clutch
No effect
Rear planetary carrier

MPT models: Reduction drive shaft
VTD models: Intermediate shaft
Rear internal gear

Rear pinion gear

AT-21

(13)
(14)
(15)
(16)

a7

AT-00477

Rear sun gear
Input

Output
Locked

Planetary gear components
involved in power transmission



GEAR TRAIN

Automatic Transmission

3. P RANGE

All the clutches and brakes are free, just as in the N range. The parking pawl engages with the park-
ing gear which forms an integral part of the reduction drive gear, preventing the gear from rotating.

Operating condition of components Power flow (in acceleration)

All clutches and brakes : disengaged

Input shaft

Y
Rear sun gear

y
Rear pinion gear

y
Rear internal gear

Y
Low clutch (free)

AT-00476
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GEAR TRAIN

Automatic Transmission

Input shaft
High clutch
Reverse clutch
2-4 brake

Low clutch

Low & reverse brake

@)
(8)
9)
(10)

(11)

(12)

(13) (11)

One-way clutch
No effect
Rear planetary carrier

MPT models: Reduction drive shaft
VTD models: Intermediate shaft
Rear internal gear

Rear pinion gear

AT-23

(13)
(14)
(15)
(16)

a7

AT-00477

Rear sun gear
Input

Output
Locked

Planetary gear components
involved in power transmission



GEAR TRAIN

Automatic Transmission

4. 1ST GEAR OF D OR 3 RANGE (D4, 34)

When the 1st gear is selected in the D or 3 range, only the low clutch is engaged. In this state, the
rear internal gear attempts to rotate counterclockwise but it is impossible by the action of the one-
way clutch which locks the internal gear to the transmission case. As a result, rotation of the rear
sun gear causes the pinion gears to rotate around the sun gear. This causes the planetary carrier
to rotate. In this way, rotation of the input shaft is transmitted to the reduction drive shaft” after being
subjected to speed reduction by the planetary gear train.

On the other hand, the rear internal gear rotates clockwise if the reverse driving force is applied to
it by the reduction drive shaft” during coasting. This clockwise rotation of the internal gear causes
the one- way clutch to freewheel. Since the power path between the reduction drive shaft” and the
input shaft is lost as a result, no engine braking effect is available.

" MPT models only. VTD models are equipped with an intermediate shaft.

Operating condition of components

Low clutch : engaged
One-way clutch : locked

Power flow (in acceleration)
MPT models VTD models

Input shaft

Input shaft !
Rear sun gear

y
Rear sun gear y
Rear pinion gear
y
Rear pinion gear y
Rear planetary carrier
y
Rear planetary carrier y
Intermediate shaft

y
Reduction gear ¥

| Center differential assembly

" ' '

Drive pinion Transfer clutch i l
l l Reduction gear -«— LSD—» Rear drive shaft
Front differential Rear differential l l
Drive pinion Rear differential
AT-00480 Front differential AT-00713

AT-24
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Automatic Transmission

S (14)

Input shaft
High clutch
Reverse clutch
2-4 brake

Low clutch

Low & reverse brake

@)
(8)
9)
(10)

(11)

(12)

(12)

One-way clutch
Locked
Rear planetary carrier

MPT models: Reduction drive shaft
VTD models: Intermediate shaft
Rear internal gear

Rear pinion gear

AT-25

(13)
(14)
(15)
(16)

a7

AT-00481

Rear sun gear
Input

Output
Locked

Planetary gear components
involved in power transmission



GEAR TRAIN

Automatic Transmission

5. 2ND GEAR OF D, 3, 2 RANGE OR IN SPORTS SHIFT MODE (D,, 3,, 2,, S,)

When the 2nd gear is selected in D, 3, 2 range or in sports shift mode, the 2-4 brake and the low
clutch are engaged. The front sun gear is now locked to the transmission case due to engagement
of the 2-4 brake. In this state, the torque of the rear sun gear is transmitted to the rear internal gear
through the path of the front internal gear, front pinion gears, low clutch drum and low clutch. At this
time, the one-way clutch is freewheeling since the low clutch drum is rotating clockwise.

In this power flow configuration, the rear pinion gears are rotated by the rear internal gear at a speed
faster than that available from the configuration for the 1st gear, so the rotation speed of the reduc-
tion drive shaft is higher than that of the 1st gear.

Since the drive power is transmitted without passing through the one-way clutch in the 2nd gear, the
backward driving force from the wheels is transmitted through the reduction drive shaft to the input
shaft; this makes the engine braking effect available.

"* MPT models only. VTD models are equipped with an intermediate shaft.

Operating condition of components

Low clutch : engaged
2-4 brake : engaged

Power flow (in acceleration)
VTD models

MPT models

Input shaft

|

Rear sun gear

|

Rear pinion gear =

!

Rear planetary carrier

|
¢ ¢

Reduction drive shaft Front internal

| gear
| l |
Reduction drive Transfer clutch Front pinion
gear gear
l l A
Front differential Rear differential Low clutch
y

Rear internal |

AT-00482

gear

Input shaft

y
Rear sun gear

A

Rear pinion gear =

¥
Rear planetary carrier

y '

Intermediate shaft Front internal

gear
Center differential l
assembly Front pinion
l | l gear
Reduction drive Rear drive shaft Low clutch

gear l
l l Rear internal

Front differential Rear differential ge

AT-26
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GEAR TRAIN

Automatic Transmission

(1)
@)
®)

(4)
®)
(6)

@)

Input shaft
High clutch
Reverse clutch

2-4 brake
Low clutch
Low & reverse clutch

One-way clutch

Free
Rear planetary carrier

MPT models: Reduction drive shaft
VTD models: Intermediate shaft

Rear internal gear
Rear pinion gear
Rear sun gear

Front internal gear

AT-27

(15)
(16)
(17)

(18)
(19)
(20)

AT-00483

Front pinion gear
Front sun gear

Input

Output
Locked

Planetary gear components
involved in power transmission



GEAR TRAIN

Automatic Transmission

6. 3RD GEAR OF D, 3, RANGE OR IN SPORTS SHIFT MODE (D, 33, S3)

When the 3rd gear is selected in the D or 3 range or in sports shift mode, the low clutch and the
high clutch are engaged. The engaged high clutch rotates through its drum the front planetary car-
rier, and rotation of the carrier is transmitted to the rear internal gear through the engaged low
clutch. In this power flow configuration, the rear sun gear and the rear internal gear rotate at the
same speed since the rear pinion gears are solid on their axes and the whole planetary gear train
rotates as a unit at the same speed as its sun gear. As a result, the input shaft and the reduction
drive shaft rotate at the same speed.

In the 3rd gear, the one-way clutch is freewheeling because the low clutch is rotating clockwise.
Since the drive power is transmitted without passing through the one-way clutch, the backward driv-
ing force from the wheels is transmitted through the reduction drive shaft to the input shaft; this
makes the engine braking effect available.

"* MPT models only. VTD models are equipped with an intermediate shaft.

AT-28
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Automatic Transmission

Operating condition of components

High clutch : engaged
Low clutch : engaged

Power flow (in acceleration)

MPT models

Input shaft

l l

High clutch Rear sun gear

|

Front planetary carrier

|

Low clutch

!

Rear internal gear

l

Rear pinion gear

l

Rear planetary carrier

l

Reduction drive shaft
|

' ¢

Reduction drive gear Transfer clutch

! l

Front differential Rear differential

AT-00484

VTD models

Input

shaft

l

High clutch

y
Front planetary carrier

y
Low clutch

¥
Rear internal gear

l

Rear sun gear

Rear pin

A
Rear plane

y

y

:

ion gear

tary carrier

Intermediate shaft

Center differential assembly

gear

;

Front differential

|

Reduction drive -«—— LSD — Rear drive shaft

l

Rear differential

AT-00715

AT-29
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Automatic Transmission

AT-00485

(1) Input shaft (8) One-way clutch (15) Front internal gear
(2) High clutch (9) Free (16) Front pinion gear
(3) Reverse clutch (10) Rear planetary carrier (17) Front sun gear
(4) 2-4 brake (11) MPT models: Reduction drive shaft  (18) Input

VTD models: Intermediate shaft
(5) Front planetary carrier (12) Rear internal gear (19) Output
(6) Low clutch (13) Rear pinion gear (20) Locked
(7) Low & reverse brake (14) Rear sun gear (21) Planetary gear components

involved in power transmission

AT-30
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Automatic Transmission

7. 4TH GEAR OF D RANGE OR IN SPORTS SHIFT MODE (D4, S,)

When the 4th gear is selected in the D range or in sports shift mode, the high clutch and the 2-4
brake are engaged. The engaged high clutch causes the front planetary carrier to rotate, whereas
the engaged 2-4 brake causes the front sun gear to be locked to the transmission case.

The front planetary carrier rotates at the same speed as the input shaft. The rotation of the front
planetary carrier causes the front pinion gears to revolve around the stationary front sun gear, which
causes the front internal gear to rotate faster than the input shaft.

As a result, the reduction drive shaft is driven at a higher speed than the |nput shaft.

In the 4th gear, the one-way clutch is freewheeling because the low clutch is rotating clockwise.
Since the drive power is transmitted without passing through the one-way clutch, the backward driv-
ing force from the wheels is transmitted through the reduction drive shaft” to the input shaft; this
makes the engine braking effect available.

" MPT models only. VTD models are equipped with an intermediate shaft.

Operating condition of components

2-4 brake : engaged
High clutch : engaged

Power flow (in acceleration)

MPT models VTD models
Input shaft Input shaft
A
High clutch High clutch
, :
Front planetary carrier
Front planetary carrier l

\ Front pinion gear
Front pinion gear

Front internal gear
A

Front internal gear )
Rear planetary carrier

A

Rear planetary carrier Intermediate shaft
‘ :

Reduction drive shaft Center differential assembly

! | ' ' | '
Reduction drive gear Transfer clutch Reduction drive -«— LSD— Rear drive shaft
l l gear l
Front differential Rear differential Front differential Rear differential
AT-00486 AT-00716
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(18) (14) (13)
(18)
21 (19)
(20)
]:(21)

AT-00487

(1) Input shaft (8) One-way clutch (15) Front internal gear
(2) High clutch (9) Free (16) Front pinion gear
(3) Reverse clutch (10) Rear planetary carrier (17) Front sun gear
(4) 2-4 brake (11) MPT models: Reduction drive shaft  (18) Input

VTD models: Intermediate shaft
(5) Front planetary carrier (12) Rear internal gear (19) Output
(6) Low clutch (13) Rear pinion gear (20) Locked
(7) Low & reverse brake (14) Rear sun gear (21) Planetary gear components

involved in power transmission

AT-32
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Automatic Transmission

8. 1ST GEAR OF 1 RANGE OR IN SPORTS SHIFT MODE (14, S4)

When the 1st gear is selected in the 1 range or in sports shift mode, both the low clutch and the low
& reverse brake are engaged. Although the power flow configuration is the same as that with the 1st
gear in the D or 3 range, the one-way clutch produces no freewheeling effect because the low &
reverse brake is locking the rear internal gear always to the transmission case.

During coasting, therefore, the backward driving force from the wheels is transmitted through the
reduction drive gear to the input shaft. This means, unlike the 1st gear in D or 3 range, that the
engine braking effect is available in this range.

" MPT models only. VTD models are equipped with an intermediate shaft.

Operating condition of components
Low clutch : engaged
Low & reverse brake : engaged
One-way clutch : no effect
Power flow (in acceleration)
MPT models VTD models
Input shaft
Input shaft l
l Rear sun gear
Rear sun gear l
l Rear pinion gear
Rear pinion gear l
l Rear planetary carrier
Rear planetary carrier l
l Intermediate shaft
Reduction drive shaft l
I
¢ l Center differential assembly
Reduction drive gear Transfer clutch ¢ l ¢
l l Reduction drive-«— LSD—» Rear drive shaft
ea
Front differential Rear differential g¢ ' l
Front differential Rear differential
AT-00488 AT-00717

AT-33
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Automatic Transmission

AT-00489

(1) Input shaft (8) One-way clutch (15) Front internal gear
(2) High clutch (9) No effect (16) Front pinion gear
(3) Reverse clutch (10) Rear planetary carrier (17) Front sun gear
(4) 2-4 brake (11) MPT models: Reduction drive shaft  (18) Input

VTD models: Intermediate shaft
(5) Front planetary carrier (12) Rear internal gear (19) Output
(6) Low clutch (13) Rear pinion gear (20) Locked
(7) Low & reverse brake (14) Rear sun gear (21) Planetary gear components

involved in power transmission

AT-34
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Automatic Transmission

9. RRANGE

When the selector lever is placed in the R position, the reverse clutch and the low & reverse brake
are engaged. The reverse clutch allows the input shaft torque to be transmitted to the front sun gear,
while the low & reverse brake allows the low clutch drum to be interlocked with the transmission
case.

The rotation of the front sun gear causes the front pinion gear to rotate in the opposite direction and
therefore the front internal gear rotates in the same direction.

At this time, the rotation speed transmitted to the front internal gear is reduced through gearing be-
tween the front sun gear and the front pinion gears.

The one-way clutch produces no freewheeling effect because the low & reverse brake is in engage-
ment.

In this range, since the power transmission is made without passing through the one-way clutch, the
driving force from the wheels is transmitted through the reduction drive shaft to the input shaft; this
makes the engine braking effect available.

" MPT models only. VTD models are equipped with an intermediate shaft.

Operating condition of components

Reverse clutch : engaged
Low & reverse brake : engaged

Power flow (in acceleration)
MPT models VTD models

Input shaft Input shaft

l

Reverse clutch

l

Front sun gear

Reverse clutch
Front sun gear

l Front pinion gear
Front pinion gear

l Front internal gear

Front internal gear
l Rear planetary carrier

;

Rear planetary carrier Intermediate shaft

: :

Reduction drive shaft Center differential assembly

i | i ¢ ' ¢

Reduction drive gear Transfer clutch

Reduction drive -«— LSD —» Rear drive shaft
l l gear l

Front differential Rear differential Front differential Rear differential

AT-00490 AT-00718
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(14)
(12)
(17 15 (13
(16)

AT-00491

(1) Input shaft (8) One-way clutch (15) Front internal gear
(2) High clutch (9) No effect (16) Front pinion gear
(3) Reverse clutch (10) Rear planetary carrier (17) Front sun gear
(4) 2-4 brake (11) MPT models: Reduction drive shaft  (18) Input

VTD models: Intermediate shaft
(5) Front planetary carrier (12) Rear internal gear (19) Output
(6) Low clutch (13) Rear pinion gear (20) Locked
(7) Low & reverse brake (14) Rear sun gear (21) Planetary gear components

involved in power transmission

AT-36
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MEMO

AT-37



g Joje|nwinooe ayelq y-g

[=ul

Joje|nwnooe
elq y-¢

x%<u

g Joje|nwinooe
Yoo ybiH

@

—— |

Joje|nwnooe Y Joje|nwnooe
oo Mo 4o YBIH

ey | (e -

/! e
[E anlen josuoo

Jajsuel|

plousajos Ajnp Jaysuel]

= TS ‘ T

T yojnjo Jaysuel |

oyeuq 8sI9A8l 3 MO

20O ——
uelg  x
=O=

Aluo apis Yya| 0} abessed |10 s}00|q :|leq Aeem-suQ —O—

alnssaid 19|00 ~

Q:wwmacozmo_‘ﬁ:._
aJnssaid yon[o JopeAU0D anbio|

alnssald yon|o Jajsuel | ==
ainssald Bujonpal is| vty

yono mo
aelq -2

UoIn|o asionay

yon|o ybiH

m_o._:wmm._a_o:coo._Qm_:E:oo,q
V ainssaud [04JU0d JoJe|NWNIdY

ainssaid Anp Jsjsuel|
ainssaid Anp axelq -z o
ainssaid Anp (ainssaid aur) 1d

alnssald 10|14 B2
A SIONVHNANVd I

alnssalid aul 3
! 14IHS S140dS HL1IM S3TOIH3A 1d30X3 'V
sbuimeaq snewayssol




¢6v00-1V
JONVH d

il

piousjos Buiwi piousjos Anp
axelq g Melq y-¢

[Siay
I d SAleA [enuely JONVY N

Agps) i = H_

I

I
ip
|

aAjeA
J03e|nba.
alnssald

Oje|nwindoe
JoLIPON

==

g aAjeA Buiwn

: TT
' 9AjeA Bujwiy B aAJeA JIqIyul | IR
oyelq p-g 7 : aslanay
axelq y-¢ L | — | _
HHE Llﬂ ™ J10}eINWN2OY| OE j SAleA 10l
g Joje|nwnooe ajjoly | iR _M 7 :
X ini | Jouiens
1 & = o
I é =
E e— e E— \_ }
\\\\\\ 5 g L
¢ § SABA JalIjal ayew|
’ ainssaid aul
)sneyx3
plousjos Anp
\\\\\\\\\ dn-007
|_L|r_|_L|,I_m _ J |
]
T
d =
d 5
1
.
X
i |
T h :
: X
\/ OAIBA g onea «m—w_\_,__hﬂ\, ’ x
IS s YOI MO B )
. . r T 2 ENEN 3
I0UB|0S [ Jeuipow : QA[BA :
n.mc_E__z : £ g ainssald [+ _%::8 8 SN
y et | [ATTIA) prousjos Anp B n-%907 | JojeinBas yan
V plousjos g v%hm_ow rﬂ_zog:_o Mo . aunssaud aur : == JaaAuoo enbio]
Hus : g '
o 3 . = m




g Joje|nwinooe ayelq y-g

\.H

Il

V Joje|nwnooe

yaInjo YbiH

i
41V

g Joje|nwinaoe
Yoo ybiH

Aluo apis Yya)| 0} abessed |10 s}20|q :|leq Aeem-sauQ —O—

ainssaid uoneolgn

ainssaud Jsj00) -

ainssaid yon|o JaldAu09 anbio |
ainssaid yonp Joysues]
ainssaud Bunpalis,

ofi h b= i
L — L ==
V loje|ninooe 10)g|NWNooe
elq y-¢ 4o Mo
/181000
: 41V
Hanjen jo5u0d :
Jjsuel) :
plous|os Ainp Jeysuel |
= -W
: i
IF
I =
 n— =
—
yan|d Jsjsuel |
9)elq 9siaAal @ MO <
ya1njd Mo7
9Xeuq y-¢
So4lI0 UaINn|O asIoADy
uelq  x P

m_m._:mww.a_o.;coohoum_:Esoo,q
V @inssald |0J)u0D J0Je|NWNJ0Y

ainssaud Anp Jajsuel|
alnssaid Ainp ayeuq y-g
ainssaud Anp (ainssaud auiq) 1d

ainssaid jo|id
Jalipow ainssald
ainssaid aul

JONVH H



€6700-1V

piousjos Buiwi
aelq vz

plousajos Anp
Melq y-g

]

g anea Bujwn

send K f

=<

Melq y-g

g Jojye|nwnoode SjioIY L

' 9A[eA Bujwiy B
elq y-¢

| — |

i

SA[BA JIqIyul
asianey

i

Ut

IR

aneA joiid

SA[EA JoI[a1

ainssaid aul

] Joye|nwinooe
| eIpON

Joye|nbau
ainssaid

aA[eA

Jauless
o

axe|

Jsneyx3
plousjos Anp

-

V plousjos
Hus

\/ OAlBA
Hus

g plous|os
Hus

o
Rx&:
R RRTTRRARRA

EENEN
Hiys

plousjos
Buiuwy
_yono mo1

Y 9AjeA
Buy
4oinjo mo

\f SAeA
04u0o

Jojeinunooy

:< ._Sm_::E:oom smoayy |/

egd

plousjos Ajnp
ainssaid aul

dn-)007
q r
1]
h
X
X
X
\
OAlBA
a A Jaupow ENER
ainssalid |104u00 aA_A
dn-007] F{ JojeinBai yonp |-
~ J16}9Au09 anbio]




g Joje|nwnooe ayelq p-g

g Jojejnwnooe
Yo ybiH

\/ J0je|nwnooe L [ oenuwnooe V Jojejnwinooe
a%elq -z yowno mo] 4o YBIH
18]000 I3y
div 41V
SAJBA [0JJU0D
Jejsuel] 8 1 e s
plous|os Anp Jaysuel |
Il < 1
A T
\ : =
1 w
. -
= | — ®
f— L =
—i
. yoin|o Jajsuel| _m
9)elq 9SI8A8I ' MO <
Melq 3 MO
yon|o Mo
o)elq y-¢ o
YUO —— yolnjo asiensy
ueilg x yoinpo ybiH @
AJuo epis 18| 01 ebessed |10 sy00(q :|jeq Aem-auQ =O= N

ainssaid uoeouqgn

ainssaud J8j00)

ainssald yon|o JauaAuod anbio|
ainssaid yonjo Jajsuel ]
ainssaid Buonpal 1s|

mo_swm@_a_o‘_Eook_Sm_sE:oo,q
Vv @inssald |043u09 JOJe|NWNOOY

ainssaid Ainp Jajsuel ]
ainssaid Anp ayelq -z
ainssaud Anp (ainssaud auiq) 1d

ainssaud 10|id
Jaljipow ainssald
ainssalid aui

ol
\
\

(440 dN-X207) 3DNVH A 40 HVID A33dS H1Y €



¥6700-1V

piousjos Buiwy piousjos Ajnp

- a)elq y-¢
aelq -2
=Ho X
5 . OA[BA [enuepy 7I\
o d 3
o4 T
h : ; -
feesee & TT : ] JojeINWINooe m>_mm
& J01e|nbBa.
v onen Bu f |, aAlEA IqIUl ol Selat Fh
g anjeA Bujwiy oyelq p-Z aslonay =
aelq vz / _
2co]o OE j aAleA Jolld
7 —
.. X | Jaulesls
- g 1 I J i no
M : 5 _
= = [ I I cccconoond ] i
1 = 3

: : # H BARA JoI[el ayeju|
; L . ainssaud aur

1sneyx3

plouajos Ainp
dn-007

ELEN
Buuy
oo Mo

\f anfeA
|04u00
Jojenunooy

) J« ._Ew_sm_:oow SOy L

=T ) )

V 9njeA g anea
Hus Hus

' Jeyipow

pious|os ainssald

: cowkw:»_no._m 1 [ATTA] prousios Anp

aAleA
JojejnBai yoynjo
JalsAu0d m:_Eo._.

g plous|os

v plovslos Wus =1 :

T T

ainssaud aul




IR ]

g Joje|nwinooe ayelq y-g

I

V Joje|nuwinooe
dxelq y-¢

L —
Joje|nwnNooe
4oIn|o Mo

g Joje|nwinaoe
Yoo ybiH

Mg

V Joje|nwinooe [
yaInjo YbiH

plousajos Anp Jaysuel]

0 S I
|5 anjen jonuoo

Jajsuel|

—)

W

yojnjo Jaysuel]

oyeiq 8SI9A8l @ MO

20O ——
uelg  x

0=

Aluo apis Yya| 0} abessed |10 s}20|q :|leq Aeem-auQ —O—

ainssaid uoneolgn

ainssaid 18|00) - [N

ainssaid yoInjo JeusAUoD anblio |
ainssaid yojnp usjsuel]  E—
ainssaud Bunpalis, g

yono mo
aelq -2
UoIn|o asionay
yon|o ybiH

g aJnssaid [0J3U0D I0}e[NWNODY
v @inssaJd |043u00 JoJe|NWNOoY

ainssaid Anp Jajsuel|

ainssaud Anp axeuq -z
ainssaid Anp (ainssaud aur) 1d
alnssaud 10|14

Jalipow ainssald

alnssaid aul

;

(NO dN-X2071) IDNVH A 40 V3D A33dS H1v ¥



G6¥00-LV

piousjos Buiwy
oeiq -z

plousajos Anp
Melq y-g

]

SA|BA |enuel

X
7L JONVd d

g aAjeA Buiwn
aelq p-g

g Jojye|nwnoode SjioIY L

' 9A[eA Bujwiy
elq y-¢

| — |

Hr

i

I
SABA JqIyul
: : aslanay
ol H
x
i S : \\_:Hm__

Bpit

WL e

anjen jolid

Oje|nwindoe
JoLIPON

aAeA Jaljal
ainssaid aul

5

ELEN
Buiwny

Yoo moT

plousjos Anp

-

L
s

\/ OAlBA
Hus

V plousjos
Hus

EENEN
Hiys

|l [

g plous|os
Hus

plousj|os
Buiwy
yojnjo Mo

Jautens
o

ENE

isneyxgy

dn-007
11 NN
gl b
i L
Bl ~
\/ 9AA Bl
10402 ]I
Joje|nuwna2y E
voner | — — £ o :
Buiwy | LH v Jopeinwnode epolyy |1 f
yonjo mo L =7 =T = Bing v{]
T aneA
[ Jeyipow ———] aAeA
ainssaid |0J)uod
NTT| prousjos Ainp dn-y007
r,IL ainssaud aur

= JoHaAu00 anbio]

anen
Jojejnbal yoynjo




g Joje|nwinooe eyelq p-g

= |

:

I

L [y ioenwnooe
a)elq y-¢

yonjo Mo

151000

Joje|nwunooe Y Joje|nwnooe

g Joje|nwinooe
Yoo ybiH

Yo ybiH

8
41v

Aluo apis Yo 0} abessed |10 s}00|q :|leq Aem-auQ =O—

ainssaid uoneolgn
ainssaid J8j00)
ainssaid yonjo JopsAU0D anbio|

ainssaid yojnio Jaysuel |
ainssaid Buionpal js|

i
\
\

41v
................... e
Y}
AAJeA [0JJU0D
Jajsuel )
plousjos Ajnp Jajsuel |
S ol
i I=::
“ =
5 =
—
—
yojnio Jajsuel |
oy elq 9SI9A8I % MO 1Bl
yonjo mo
aelq y-¢
Callltle} Yoln|o asianay
ueig x yono ybiy

m_w._swmwa_o:coohogm_:c(_:oo,q
V @inssald [0J]U0D J0Je|NWNIDY

alnssaid Ainp Jajsuel ]
ainssaid Anp axelq y-g
ainssald Ainp (aunssaud auiq) 1d

alnssaud 10|14
Jaljipow ainssald
ainssaud aun

SIAONVH € ANV 4 40 Hv3O ad33dS ad€ 'S



96100-1V

piousjos Buiwry

oelq y-¢

aelq g

plousjos Ainp

Lx_t JONVY €

il

-

X

7L JONvVd d

il

g aAjeA Buiwiy
aelq y-¢

g Joje|nwindoe 8304y |

Y 9A[eA Buiwiy
elq p-g

28 Joje|ni

ki

—

1914

SA[eA JOlid

| Joyeinwnooe
JalIpolN

g TT
SABA JIqIyul | |
9SJI9ADY

g eAeA

1043U02 .

ioaieo of 3

X
_ . \\\\\\\\\\\\ . \— —_

ENEINEIEN

aunssaud aur

OAlEA
Joye|nbau
ainssald

i Jauless

iono

plousjos Ainp

V 9Al_A
Hus

V plouajos
Huys

g plous|os
Hus

dn-y007
A y
g aneA
Buiwy
yonp Mo
X
VENTLY
o 104u00
THL Joje|nuwnaoy
\/ 9AeA T
Buiwny H '/ Joje|nwindoe apoIy] |- a
Yono Mo g g w
' EINEIN
A Jauipow ENEN
u_%&m_mw . ainssaid _%::8
I plous|os Ainp L 1]
UoInjo mo7 _E,mE_ ainssaud aur

aye|

F| 1oembas yoynp

}sneyxy

PN

Ja)JaAu02 anbuo




g Joje|nwinooe axelq y-g

g Joje|nwinooe
Yo ybiH

A

V Joje|nwnooe

10JeNWNooe v Jojejnuwinooe | ————
oino mo| oI yBbiH

ofelq -z
o ity ity
UHHY mw,u_mw\,, |0uod
- Jajsuel]
\ T
©
s B IR N 20000000000000000000000000000000000N00 =
—1
T—1 yoIno Jaysues| _m
oyelq 8SI8A8) ) MO 5
yoJnN|o Mo @
ayelq y-g o
VYO yoin|o esisnay
uelq  x yonjo YbIH O

Ajuo apis Yya| 0} abessed |10 s300|q :|jeq Aem-auQ —O—

ainssaid uopeougn]

alnssald 19]00)

ainssaid yon|o Jopuaauoo anblio|
ainssaid yon|o Jsjsuel ]
ainssaud Buionpai 1s|

i
\
\

m_m‘_:mmwa_o._Eoo_Qm_:Esoo,q
V @Inssald [0U02 J0Je|NWNdY

ainssaud Anp Jajsues |
ainssalid Ainp ayeuq y-g
ainssaud Anp (ainssaud auiq) 1d

ainssald 10|1d
Jayipow ainssald
ainssaud aun

SIDNVH ¢ ANV € ‘d 40 HvID @33dS ANZ 9



16V¥00-1V

plousjos Anp
axelq y-¢

]

piousjos Buiwiy
axelq vz

JLuoz<mN

B =

[l 3onvde

- ]

[

SA[EA [ENUBN

e
X

g aneA Bujwi
aelq y-¢

send K =

V 9AjeA Bujwiy
aelq y-¢

b
_M

LI

g aAeA
101JU0D
J10}eINWNODY

=

| I
aneA JqIyul
asionay
&u _j
X
\_ f

] J0jeINWINDOER

NI T
ainssaid aur

g oneA

oZe0%0
BAlBA BA|IBA Y SAEA
v oAl gon| BuIL
s Biiie wus YoM Mo
plous|os
Buiwy
I0uU8|0S o [0)IN[0 MO’
v Plousios g J.Em_ . lﬂ; I Mo

Hus

\

<‘_8m_:Esoow smoayl |/

JaLIPON

OA[BA
Joyeinbal
aInssald

1 Joulens
L[e]

plousjos Anp
dn-007

TV S W LW A ST |

TT| prousios Ainp
_|,T_\|_ ainssaid aul

SA[BA
Jalyipow
alnssald

axe|

= JoManu0d anblo] |

)sneyx3

anjen
JojejnBai yoynjo




g Joje|nwnooe
Yo ybiH

g Joje|nwnooe eyelq g

[

5
=

i}

==k

L — 5
B V Joje|nwinooe J0jE|NWNooe v Jojejnwnooe | ——
g ez | 4o MO yoInpo ybiH
sy {lH | L : 101000
E 3 @ = @
E W

{5 anen jonuoo
Jajsuel]

piousjos Anp Jajsues |

—F N i

yon|o Jaysuel |
9)BIq 9SI8ABI @ MO
yon|o Mo

oelq g
Eh]Nlie) Uon|o 9sIaAay
uelq  x yono ybIH

—~—

Ajuo apis Yya| 0} abessed |10 s}20|q :|leq Aeem-auQ —O—

m_wSmmoa_ob:oo._oum_:E:oo,q
V @inssald |04ju0D JoJe|NWNOoY

ainssalid Ainp Jajsuel ]
ainssaid Anp axeuq -z

ainssaid uoneougn
ainssald 19j000 ainssaid Anp (ainssaud aur) 1d

alnssaid yon[o JIeuaAu09 anbio |

ainssaud j0|id
Jaljipow ainssald
alnssald aul

ainssaid yonjo Jaysuel ]
ainssaud Buionpal is|

i
\
\

S3ONVH € ANV d 40 V3O ad33dS 1St L



86700-1V

piousjos Buiwry
aelq -2

plousjos Anp
aelq y-¢

x_L IONVYYH 2

CH e =

[ Fonwde

al

U+

ERIE]

g aAjeA Bujwiy
Melq y-¢

g Jojenwinooe oIy |

AT

anjeA Bupnpas X

\ @AjeA Bujwiy B

9elq y-¢

LT u

Jautels
l[e]

V plouajos
Hys

v oAleA
Huys

g plousjos
Hius

g oAleA
Hys

ainssaud aur

8 IT | Jojejnwinooe o>_mm,
- Jo3e|nfas
I QAleA JIqIyUL [IEsERlE Jo4iPonN ohw._m_mm_n_
9SI9Nd
» ; =
= |
Om j anleA 10]1d -
X H
- & il
: a: )
! d
L
e
H EINEIYETET
ainssaud aur
plousjos Ainp
dn-x007
h y
f
g aneA
Buiuy
Yo mo
X
J0jEINWNYAY 4 g
/A ~ T /A \ .
Buiwn 7 JOJB[NWINDJE 90y |- % X
Yyaono mo V=T V=T V=T e 9 =T .;h.
5 anen
Jaiipow ENEN
v% L) ainssaid |0u0d
:E:r__wE\,wo._ NTTA| prousios Ainp dn-jo0]

ayeju|

1sneyxy

anjen
Joje|nBas yayn

= J}aAu0o anbio] |




g Jojejnwnooe
yanjo ybiH

g Joje|nwinooe axelq y-g

(]

L —
Vv Joje|nwnooe
aelq y-g

[nwnaoe Y Joje|jnwnaoe
Yoo Mo o[ YBIH

191000
&) (51

Jajsuel|

piousjos Anp saysues )

—F

I
o yojnjo Jaysuel ]
o)elq 9SIBAB] ' MO
yonjo moT
9elq y-¢
YU —— yolnjo asionay
uelg x yoynio ybiH

Kjuo apis ya| 0} abessed |10 sy00(q :|jeq Aem-auQ =O=

mm::mwma_otcookoum_:E:oo,q
v @inssaud [0J3U0D J0Je|NWNDY

ainssald Ainp Jajsuel ]

ainssaid uoneougnT ainssaid Anp oxeld - | [T7ig
ainssaid 18000 ainssaud Ainp (aunssaud sui) 1d

ainssald yojn|o JauaAuod anbio| ainssaud 10|14
Jayipowl ainssald

ainssald aul

B
ainssaid yojn|o Jsjsues .
ainssaid Buionpal is|,

in
\
\

JONVH | 40 V3O d33dS 1SI '8



66700-1V

plousajos Ainp

plousjos Buiwiy VRN b7

aelq vz

@ 1 [
o

X
SAleA [enuey 7Lm_wz<m ad

Jon K

g aAjeA Bujwn
axeiq y-g

*| Joje|NWINdoe

V aAjeA Bujw "
aeiq y-¢

19IPON

AAJeA JqIyul W e
ESEYEN]

ca
FEED
|0jU0d

anjeA joiid

OAlEA
Joye|nbau
ainssald

OAeA Jollal
ainssaud aur

Jsulesns
[Lle]

ayeju|

plousjos Anp
dn-y007

g oAeA
Bujuy
YoInjo Mo

=

\/ OAlBA
Hus

T T
V plousjos
HUsS

g plous|os

Hius

EENED
Hus

L H (hoam_:m_:ow.m smoayl |-

TS A ST ARSI 9 X

Buwy [
yonp mo | £

Jalyipow
ainssald

pious|os

BATIL
o
posn
$ata% !

5
i
4
g

|043u0d

dn-y007

Buiwy

AT prousios Anp
_I.II_ ainssaud aul

4oIn|o Mo

~ Ja}1aAu09 anbuo] |

jsneyx3

anleA
JojeinBas yoynjo




g Joje|nwinooe eyelq y-g

L — L =
V Jojejnwinooe J10)e|NWNooe V Jojejnwnooe
a¥elq p-z Yoo Mo yanjo ybiH

g Joje|nwinaoe
Yoo ybiH

1)y
41v

41V,
K BT oajen jonuoo
Jajsuel]
plousjos Ainp Jojsuel]
A
5 ) A
——
(@s) yonpo syeid-piny
o9yelq 8SI8A8I @ MO |
yonjo moT
a%elq y-¢
90O Uon|o 9sIanay

ueig  x yonjo ybiH

Ajuo apis o] 0} abessed |10 syo0|q :|[eq Aem-suQ =O=

alnssaid uoneougnT

ainssaud 18|00)

ainssaid yoyn|o Jauaauod anblio|
ainssaid yon|o Jaysuel]
ainssaid Buonpal is|

lin
\
\

m_w_:mwoa_obcoohoum_:Esoo,q
V @Inssaud |0J3u09 Joje|NWNIdY W
ainssalid Ainp Jajsuel ]
ainssald Ainp ayeuq -z
ainssalid Anp (ainssaid aur) 1d
ainssaid joIld  EEEER
Jalipow ainssald
ainssald au

AW TT

SAONVH NANV d I
14IHS S140dS H1IM S3710IH3IA 9



61.00-1V

] _1 JONVH d

—

plousjos plousajos Buiwin piousjos Ajnp
wys pods oeIq -7 e vz

X
%«> [enuepy L.r:L JONVH N
n

IDTERS |

k &

L
Il
T

Joje|nwnaoe SAEA
'V 9A[eA Buiw SAleA JIqIyul 184IPOI Jojenbai
g anjeA Buiwy EREIEN : ainssald

Melq y-g

3

Jautens
o

UL

SA[BA JoI[aI

a¥ej|
ainssaid aul

BAleA [043u09 i i
Wys pods

1sneyx3

plousajos Ainp
dn-y007

LN
Bujuy
YN Mo

o Y/ SAleA
04u02
_ — _ Jojeinunaoy
\ OAeA — - y
V 9A_A 4 LY Buiwiy \/ JOJE|NWINDOE 9[}30Jy ] |
Hus Yoo Mo g 12
i ' aneA
A [ Jeylpow
v_%__.uw._mw ‘ ] wroustos e ] ainssald mm>_m>
9)N|O MO 2 ! 1 J0je[nBal Yoy
v Diouaios a Jﬁ—m_om 1 Ms n| ) : I ainssaid aup ] B oonoo0000000cao0NooRe aeRREC00000 : ‘_wcuo_éoo uswzh#
Hus : — ’




g Joje|nwnooe ayelq p-g

g Joje|nwnooe
Yo ybiH

L L —
v Jojejnwnooe J0}e|NWNooe
a¥elq vz Yo Mo

Yoo ybiH

............................................................ 181000 9y
: 41V 41V
i\ = 1l X
H: 1= anteA j01u0o
S Jajsuel]
plousjos Ainp Jajsuel]
T—F— ) T
[ g - =
= djemls ﬁrmt.
._Hw/_| U B — ! @)
(@s) yano sjeid-niny _”
oyelq 9SI9A8] g MO ——
yonjo Mo @
ayelq v-g o
0YUO = UoINn|o asIanay
ueig x Yoo ybiy @

0=

Ajuo apis yo| 0} abessed |10 s¥20(q :||leq Aem-auQ =O=

ainssaid uoneolgn

ainssaid J8j00)

ainssaid yon[o JepsAU0D anbio|
ainssaid yojno Jajsuel |
ainssald Buionpal is|

Ul
\
\

m_m:_wwma_o:cookoﬂm_:E:oo«\
v a@inssald |0J3uod Loﬂm_:E:oo,qu
ainssaid Anp Jajsues|
ainssald Ainp ayelq -z
ainssaid Anp (ainssaud aur) 1d
alnssaud 10|14
Jaljipow ainssald
ainssaid aul

JONVH H ¢



022001V

plouajos
Wlys pods

plousajos Bujwiy

plousjos Aynp
a¥elq y-g

aeld vz

ol |

g aAjeA Buiwp
axelq y-g

V @AjeA Buiw
elq ¢

| Butonpau |

anea wm )

BAJBA [OJJUOD i [

1Iys Jodg

8L

SAIEA Jiqiyul
oslaney

OAlBA Jollal
ainssaud aul

g onjeA
Bujuy
4oInjo Mo

e

Joje|nwnooe
Jalipo

| 10ye|nBoas
-1 aunssald

SAlBA

Jsuens
lle}

ayeju|

plousjos Anp
dn-3007

Hus

| v piousjos
17 wus

ENCD

g plous|os
Hiys

plousjos
Buwn
Uon|d Mo

plousajos Anp
ainssaud aur

Jdslipow
nssald

OA[EA
|01Ju0d
dn-3007

jsneyx3y

N

I JojeinBal yajnjo

Ja[aAU0D anbio




g Jojejnwnooe
Yo ybiH

g Joje|nwinooe axelq y-g

Vv Jojejnwnooe J0je|nwINooe V Jojejnwinooe 0000003
o%elq p-z 4o Mo Yoo YbIH
@ 19y
41V, 41V

ERIE]

|5 anlen josuoo
Jaysuel ]

plousajos Aynp Jajsuel]

(as1) yon syeld-piniA
9)BIq 9SI8ABI @ MO

yonjo Mo ©
9xeuq y-¢ o
VPO —— UoIn|o 8SIaAY
uelq x yoynio ybiy @
Ajuo apis ya| 0} abessed |10 syo0|q :|jeq Aem-sauQ =O= 0

mo_:wmm‘a_o._Eoo_oum_sE:oo,q
V @Jnssald |0Jju09 Joje|nWINddY Mw
ainssald Ainp Jajsuel]

ainssalid uoneougn alnssaid Ainp ayeuq -z A
ainssalid Ainp (ainssaud auiq) 1d

alnssauid 10|14 BR222

Jayipow ainssald [ ]

ainssaud aul EEEA

(440 dN-2071) A0 L4IHS S1HOdS ANV I9NVH A 40 HV3D A33dS H1v €

ainssald 18]009)

ainssald yojn|o JauaAuod anbio|
ainssaid yoyn|o Jaysuel
alnssaid Buionpal is|

in
\
\



1¢/00-1V

plousjos plousjos Bujwiy
Bys podg oelq -z

plousajos Ainp
8elq y-¢

sk

SA[EA [ENUB

apow Jiys pods

& 10
j|:L JONVd d

g aAjeA Bujwn

FE

aeiq vz

V aAjeA Bujwi

oYeuq y-¢

AAeA
Buronpa.
sl

anjen jonuod i [f
Ylys podg

104u0d

]
onen [ 1

AlBA HQIYUI
asionsy

i

EINVEIEN
ainssaid aul

-1 J03e|nWNooe
JaljIpoN

anjeA
Joyenba.
ainssald

g 9AeA
Bujuy
Yoinjo mo1 f

\/ OAlBA
Hus

V plousjos
HUsS

g plous|os
Hys

plousjos
Buwn
yojnjo Mo

Y SABA
Buwy
4yonjo mo

plousjos Anp

dn-y007

A,w‘._o%_za_._‘o% smolyl |
T Im T Im

TT| prousios Ainp
_|.I|_ ainssaid aul

anen
Jaypow
ainssald

1 Joulens
o

axe|

Jsneyx3

aAleA
| JojenBal yojnjo
JO}BAU0D anbio |




g Joje|nwinaoe
Yoo ybiH

[t

g Joje|nwinooe eyelq y-z

L — -
 Joje|nwinooe J0)e|nwinooe V Joje|nwnooe
oxelq vz 4oInge Mo YoIngo YBIH

SO o) é
41V 41v

= T Mx SA[BA |0J)U0D

JBysuel |

plousjos Anp Jeysued) |

il \ £ gl
w 8n 1\ — LI
= — ——
(@s) yono syerd-BIn
9)eiq 8SI8A3] R MO
Yoo Mo @
a%elq y-¢ 0
2010 —— yoinjo asianay
ueig x Yoo ybiH

=

Aluo apis Yya)] 0} abessed |10 s}20|q :|leq Aeem-auQ —O—

m_E:mwoa_obcoo._oam_:E:oo,q
V @Jnssaud |0J3u09 Joje|NWNIdY HV
ainssaud Ainp Jajsuel ]
alnssaid uoneougn ainssalid Ainp ayeuq -z
ainssaud Anp (aunssalid aui) 14
alnssald 10|1d B
Jalipow ainssald I
ainssalid aul s

(NO dN-)207) 3AOIN 1LdIHS S1HOdS ANV 3DNVH @ 40 HV3D A33dS HLV 't

ainssald 18j009
ainssald yon|o JssAU0D anbio |
ainssald yon|o Jajsuel |

Wl
\
\

ainssaud Buonpal 1s|



¢¢L00-1V

plous|os  piousjos Buiwy piousjos Anp
JiYs pods peviyidies oXelq p-g
e e

X
BA|BA |enuey L 7’\

apow Jiys pods
10
JONVH d

seny |

il

g aAjeA Buiwny
elq p-g

=

~

v aAjeA Buiwy
elq y-¢

SA[BA |0JJUOD
ys Hodg

SAlBA JIqIyul
as1oney

1

#

-1 J0je|NWwINooe
J31IpoN

QA[BA Jol1jal
ainssaid aul

g onen

EINEIN
Joje|nbal
ainssald

plousajos Ainp
dn-yo07

v OAl_A
Hiys

Y plousjos

Hus

g plous|os
Hus

Buiwn

-

yoInjo Mo

pious|os

yoIn|o Mo

£

|
lig

e

\ OAjeA

T="Tonuoo

Jojeinuwnooy

Buwy

NTTIA| prousios Ainp
ainssaid aul

Jayipow

—— aAea
Ujonuoo
dn-y007

| Jauless
l[e]

oXe|

isneyxgy

18}8AU0D 8Nbi0 |

ENE
Jojejnbal yoynjo




g Joje|nwinooe axelq y-g

g Joje|nwnooe
Yo ybiH

L —
V Jojejnwnooe
aelq -2

Joje|nwnooe Y Joje|nwindoe

=

Ajuo apis Ya| 0} abessed |10 s)00|q :|leq Aem-auQ =O—

ainssaid uopesugn

ainssald 18]009)

ainssald yon|o JapaAuod anbio|
ainssaid yoin|o Jajsuel
alnssaid Buionpal is|

A

yoInjo Mo Yoo YbIH
Joy4 18|002 191
41V 41V
- m>_‘m> |0Ju00
»_thcm\_._l ...............................................................................................
plousjos Ajnp Jajsuel] _
|l g
f — A} = T1
[ g : -
) \_W B _ll_ﬂL
R — ®
(@s1) yownio axerd-niny
oayelq 9SI9A8l % MO W
yojnjo Mo @
ayeuq -2 o
9VUHO yoln|o asianay
uelg  x yonjo ybiH @

m_w_smwwa_obcoo._oum_:E:oo,@
v @Jnssald |0J3u09 Joje|nwNooYy v
ainssald Ainp Jajsuel ]
alnssald Ainp ayelq -z
ainssald Ainp (ainssaud auiq) 1d
ainssaud 10|14
Jayipowl ainssald
alnssaid aur

JAOI L4IHS SLHOdS ANV SIONVH € ‘d 40 HV3D a33dS @€ 'S




€¢.00-1V

plous|os
Bus pods

piousjos Buiwy
oxelq y-¢

plousjos Ajnp
8xeiq y-g

[ 3oNwe

[ H

=

X
AlEA [eNUBI L 71\ JONVH d
I

—

apow Yiys yods
10

SAleA [0)UO0 ]
Bys Hodg

ul

i)

\ @AjeA Buiwiy

o¥elq v-¢

L

m 11

: anl_A JqIyul

BSIoNDY

ﬁ E
; ]

| Jojeinwinooe

J3yIpoN

EINEIYETE
ainssaud aur

g aAeA
Bujuy
Yoo Mo

|

OAlEA
Joye|nbau
ainssald

plousjos Ainp
dn-3007

V plousjos
Hys

\ 9AleA
Hus

g plousjos
HUs

plousjos
Buiwn
Uojnjd Mo

Iﬂ—ﬂ._

o | ~
xw_ “
i |

V OA[BA

| VEEN
04u00
Jojeinwnooy |

Buiwy

yoIn|d mo-

C,_hoﬂm“_:_.m:“oo.m SOy |

h
_E.mm_ alnssaid aul

plousjos Ainp

aneA
Jalpow
ainsseld

ENC

Jsulens
l[e]

axe|

1sneyxy

i
!
||

SAeA
Jojejnbal yanpo

5 JajI0AU00 aNbio) |




g Joje|jnwndde
Yoo ybiH

il

'V JO}e|nwinooe .............. Joje|nwnooe V Jojejnwinooe
aeiq vz | = Yoo Mo Yo ybiH
JE 2 @ FN
41V 41v
; X
N - w»_m> |0u0
& J1ajsuel) :
plousjos Ajnp sejsues)
|l — a
mn o AW — T
T
: : ‘
i —— Q@
(@s7) yono eperd-piny
9)eiq 8sIaAal g MO g
yonjo Mo @
axelq y-¢ o
VYUO —— yojn|o asianay
ueig x yon|o ybiH @
Ajuo epis 8| 0} ebessed |10 sy00|q :|[eq Aem-suQ =O= H

m_m._:wwoa_o:coo._ogm_:E:oo/\
V ainssaud |0J3u09 Jojejnwindoy HV
ainssaid Ainp Jajsuel|
alnssaid uoneouqgnT ainssalid Ainp ayeuq -z
ainssaid Ainp (ainssaud auiq) 1d
aunssaud 10]1d
Jalipow ainssald
ainssaud aun

JAOIW L4IHS S1HOdS ANV STFONVH 2 ‘ € ‘d 40 Hv3D a33dS ANZ 9

alnssald 19]00)

alnssald yon[o J8udsAU0D anbio |
ainssald yono Jajsuel |
ainssalid Buonpal 1s|,

[N



0v.00-1V

plousjos piousjos Buii plousjos Anp
Jiys Hods oelq p-7 aelq y-¢ apow Ylys Hods
il )
X IONVH a
i} i} i 1 q H_
son (il ﬁ = _JLil_
& = &
" V @AleA Bulwy SABA Jiqlyul
g aAjen Buiwiny o¥eIq p-g N4y asIanay
ayelq p-g g onen
HH = |0.)u00 - Kl
o

J0}eNWINYDY

I

K
o
K
Kl

IR

%a%%e"

=

| Jojeinwnooe SAleA
J3YIPOIN Jojejnbau
d ainssald

Hus

L x | soutens
T ~r ||| —l& ] | = ! L[e)
X
H SA[BA JaI[8I e
OABA | OA[BA [0JJUOD F7 [l ainssaud aur
Buronpauf; s Jodg
s
[
}sneyx3
u_o%m_.um Anp
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ - n-}00
faf=| %007
................................. ; .
g anen %]
Buiwy ki
I Mo k]
Zoeie
V SNEA JOIRINWNGoE ooy L |
wus wus oL
1) q [ | =
plousjos N Jaljipow
Buiuiy NTTIA| prousios Ainp S mm>_m>
4ojn[o Mo ! -] JojenBes yoynpo
\ plous|os q J%U_M_om =) ainssaud aur JapiaAuo anbio




g Joje|nwnooe axelq p-g

L =
V Joje|nwinooe
aelq -z

Joje|nwnooe

—— |
V Joje|nwinooe

yaInio ybIH

g Joje|nwinaoe
Yo ybiH

o
41V

yoIn|o Mo
191002
41V
E oA josuoo
Jajsuel]
plousajos Aynp Jajsuel]
< B
5 1 S
g P —
—
(@s1) yownio axerd-niny
o)elq 9SI9A8I @ MO 1]
yoinjo mo
aelq y-¢
Sellltle] Uoln|o asianay
uelg  x yoinpo ybiH
AJuo epis 18] 01 ebessed |10 sy00(q :|jeq Aem-sauQ =O=

alnssaid yon|o JoPBAU0D Bnbio |

ainssald uoneougn
ainssald 19]009

ainssalid yono Jsysuel |
ainssaid Buionpai js|

in
N
§

m_m_:mmm.a_obcool_oum_:E:oo,q
V @Inssald |0J3u09 Joje|NWNIdY Mw
ainssaid Aynp Jaysuel ]
ainssaid Anp axeuq -z
ainssaid Anp (ainssaud aur) 1d
alnssald 10|14

Jallpow ainssald
alnssalid aul

SIODNVH € ‘a 40 Hv3AD A33dS 1S}t L



L¥7200-1V

pious|os

Hlys podg

plousjos Buiwiy
8xeiq y-g

plousjos Anp
elq y-g

g aneA Bujwiy

I8y

oelq y-¢

V 9AjeA Bujwiy
aelq y-¢

g onea
10JJU00

LI

SAeA NqIyul
BSIaASY

1

e

T

X

XXX

T

RRIILL

ozezes

0}e|nwindoe
JaLIPON

OAlBA
J0yenba.
ainssald

plousjos Anp
dn-3007

ENEIWETET
OAlBA anjea josuodfi i E:m_wohr ._oc_._
Buronpe. ylys pods =
SV Ve et S nrns
I
LD
1] i X
= g onen
Bunuy
Yo Mo
b FENEN o q «wm_\_,h_ﬂ, :
Huus Huus Yo Mo b
5] q 7 -
u_%cw_ow 4 N
uiwn
oI MO plousjos Anp
v plous|os 8 u%h_m_ow tﬂ_; 1o me S0 sinssed aun
Hus : =

salpou
ainssald

ENE

)sneyx3

aner
Jojejnbal yoynjo
19}BAU0Y anbio |




1914

g Joje|nwinooe eyelq y-g

V)\\fu i

L [y ioenwnooe
aelq -2

/ —
BAJeA [01}U0D
Jaysuel )

plousjos Anp Jajsuel |

l

U

15000
41V

J0}e|nWNooe
Yoo Mo

V Joje|nwinooe
Yoo ybiH

Jay
41v

g Joje|nwnooe
yaInjo ybIH

__[
L —w :
dlets i
1Y -
prmn )
(@s) yonjo ereid-niny
9yelq 9SI9A8I @ MO
yon|o Mo
aelq y-¢
20110 yoIn|o asIonay
uelq  x Yo ybiH
Ajuo apis Yo 0} abessed |10 s)00|q :||eq Aem- —O=

ainssaid uopeougn]
alnssald 19|00
ainssaid yoyn|o JopsAuoo anblio|

ainssaid yon|o Jaysuel ]
ainssaud Buionpai 1s|

lim
\
\

i —

g @inssaid |0U09 10}B|NWNO0Y
Vv @inssald [04]U0D J0Je|NWINDY

ainssaid Ajnp Jaysuel ]

ainssaud Ainp ayeuq -

4

ainssaid Anp (ainssauid auiq) 1d

aunssaud 10|id
Jayipow ainssald
ainssaud aur

;

JONVH | 40 HV3O d33dS 1SI '8



¢v.00-1V

plousjos
Wys pods

piousjos Buiwi
axelq y-¢

plousjos Anp
8elq y-g

ik

i

g aAjeA Buiwg
elq ¥

g Joje|nwinooe ajoIy |

L

 9AjeA Buiwy

elq -¢

piousjos | [i

1ys yodg =

SAjeA NqIyuI
BSsIoNayY

J0je|NwINooe
| Jampo

ETN=IN
Joye|nbai
ainssaid

aunssaid aur

AN\

EELED
Buiwy
4oINjo Mo

[ R

Jauless
Lle)

plousjos Ainp
dn-3007

V OA_A
Hus

V plous|os
Hus

g 9AeA
Hus

g plous|os
Huys

plousjos
Buwy
4oinjo mo

V oAleA

Buwy [
Yoo mo [

\/ oA
[04u00

Jojejnunooy [

L L

I

I J ’
7 J0Je[nwindoe a[Roly] |- X
T T T

: Tk

ET

g plousajos Ainp
g _Em_\m_ ainssaud aur

f EINEETN
Jaiipow
ainssald

axe|

d/o

jsneyxgy

NN
JojejnBal yajnpo
Ja}aAuod anbio |




g Jojejnwinooe

g Jojenwinooe ayelq -z
Yoo ybiH

|
L —

Y Joje|nwinooe

oxelq p-g

Joje|nwNooe
4oIn|o Mo

yaInjo ybiH

I @ FENTT
3 d1v, 41v

ET aaeA jou0o
Jajsuel]

plousajos Anp Jaysuel]

N

(as) yownpo syeid-niny

9)euq 9SI9Aa1 @ MO
yon|o Mo H @
axelq y-¢ o
NVYUO —— Yon|o 9sianay
ueig  x yoinjo ybiH @
Ajuo apis o] 0} ebessed |10 sy00|q :|[eq Aem-suQ =O= 0

m_oSmwm._Q_o:coo‘_oﬂm_:rc:uo,q
V @Inssaud |0J3u09 Joje|NWNIdY HV
ainssalid Ainp Jajsuel ]
ainssaid uoneougn ainssald Ainp ayeuq -z
alnssald 19|00) ainssauid Ainp (ainssaud aurq) 14
alnssaid yon|o JeusAu0d anbuo | ainssald 10|1d
ainssaid yon|o Jaysuel] Jalipow ainssald
ainssald Buonpal is|, ainssald au

i
\
\

JAON L4IHS S140dS 40 "4v3O d33dS 1SI "6



€v.00-1V

plousjos piousjos Buiwy plousjos Anp
1Iys Hodg oelq y-g a)elq y-¢

X
apow
anleA [enuey L 7L Jys podg

i il 2 IR R L e o
A : e L/

ERIE] r

-1 J0je|nwNooe
J8IpON

V aAjeA Buiwiy
Melq ¥

aneA HqIyul
osionsy

g aAjeA Bujwiy
elq ¥

%%

g onenA |
|0JJu0d
Jo)ennooyd

%o

%

2

%o

TRL

g Joje|nwnode ajRoIY L z k]
m" i Joulens
i e Y85 | === 8 1o
2
H SA[BA JoI[a1 NS
EIVEI onenonuoo|U] | H  HE=EA =l = Sl St
Buionpa. Yys podsg
[l “cooacn/ maaccassatannaadiiinn | aaaaonan § aaaos
7
17
Jsneyx3
O O plousjos Anp
] [
] KA
R
i L L
ELED
Buiuy
yoMnp Mo
\f SAeA
04u0o
10jEINWNaY fi
\ SAeA = g
V OA_A g dneA T Buiwn ,Q._Sum_:Ev_oom amouyl |
Hys Hys yonjo mo m m m g
plousjos ¥
cow“."wE\,_\woj_ H\ T prousios Ainp Bum_:w%._mvos_o
\/ plous|os g UH_LwFF__M_ow = B _I,IL ainssaud aur = JoMBAU0D anbio |
IS : 85000 x N -




AWD TRANSFER SYSTEM

Automatic Transmission

11.AWD Transfer System

A: MPT MODELS
1. GENERAL

This all-wheel-drive (AWD) transfer system uses an electronically controlled multi-plate type trans-
fer clutch. The clutch is controlled by the TCM through the transfer hydraulic pressure control unit
which consists of a duty-cycle-controlled solenoid valve and is located at the rear of the automatic
transmission section together with the vehicle speed sensor.

The TCM has in its memory a set of duty ratio data, each defining at what ratio the transfer clutch
should transmit the torque for a particular driving condition. Based on the driving condition informa-
tion it receives from the corresponding sensors (vehicle speed, throttle opening, gear range, slip of
wheels, etc.), the TCM selects an appropriate duty ratio from the memory and uses it to control the
solenoid valve. The solenoid valve then regulates the pilot pressure of the transfer control valve
which creates the pressure to the clutch from the line pressure. The clutch is engaged to a degree
determined by the transfer clutch pressure thus created. Through this process, the torque from the
engine is distributed to the rear wheels optimally according to driving conditions.
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AWD TRANSFER SYSTEM

Automatic Transmission

~ o~ o~ o~ o~ o~ o~ o~ o~

AT-00500

1) Thrust bearing (10) Return spring (19) Plug

2) Needle bearing (11) Transfer clutch piston (20) Oil seal

3) Snap ring (12) Rear drive shaft (21) Dust cover

4) Pressure plate (13) Ball bearing (22) Transfer clutch seal
5) Drive plate (14) Sealring (23) Transfer control valve
6) Driven plate (15) Gasket (24) Transfer valve plate
7) Pressure plate (16) Transfer clutch pipe (25) Transfer duty solenoid
8) Snap ring (17) Extension case (26) Inlet filter

9) Transfer piston seal (18) O-ring
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AWD TRANSFER SYSTEM

Automatic Transmission

2. CONSTRUCTION

e Transfer clutch

The transfer clutch drum and rear drive shaft are joined to each other by welding. The rear drive
shaft has drilled oil passages for transfer clutch control and also for lubrication of extension bushing
and ball bearing in it.

RO At
S ) T

(13)

/(3 (10)
@\(8) ©) AT-00501

(1) Thrust bearing (6) Driven plate (11) Transfer clutch piston
(2) Needle bearing (7) Pressure plate (12) Rear drive shaft

(3) Snapring (8) Snap ring (13) Ball bearing

(4) Pressure plate (9) Transfer piston seal (14) Sealring

(5) Drive plate (10) Return spring
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Automatic Transmission

e Transfer hydraulic pressure control unit

The transfer hydraulic pressure control unit is bolted at the rear end of transmission case through
the transfer valve plate.

The hydraulic pressures used for the transfer hydraulic pressure control unit (line pressure and pilot
pressure) are supplied from the transmission’s hydraulic control valve assembly through the pas-
sages formed in the transmission case.

The transfer duty solenoid adjusts the pilot pressure of the transfer clutch valve depending on the
signals from the TCM. The transfer clutch valve in turn modulates the line pressure into the transfer
clutch pressure before it is applied to the clutch piston.

The transfer clutch pressure adjusted in this way engages the clutch to different degrees according
to driving conditions so that the optimum torque is distributed to the rear wheels.

U
T
T

o

5
3

8)

(9) AT-00502
(1) Transfer control valve (4) Transfer pressure (7) Line pressure
(2) Transfer clutch pressure (5) Filter (8) Oil pump
(8) Transfer duty solenoid (6) Pilot pressure (9) Transmission hydraulic control

valve assembly
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AWD TRANSFER SYSTEM

Automatic Transmission

B: VTD MODELS
1. GENERAL

Used in the transfer of the VTD models is the SUBARU drive power distribution system which com-
bines a compound planetary gear type center differential installed in the transfer case behind the
transmission and a hydraulically operated multi-plate differential action limiting device (LSD) located
between the output components of the center differential. Differential action limiting control is per-
formed by the TCM according to driving and road surface conditions. This system allows combining
stability provided by the AWD design with good operability.

The input torque is transmitted to the 1st sun gear of the center differential through the intermediate
shaft. From the 1st sun gear, the torque is transmitted through the 1st pinion to the output carrier
in the front wheel output components, and through the 2nd pinion to the 2nd sun gear in the rear
wheel output components.

The center differential performs the differential functions of absorbing the speed difference between
the front and rear wheels and also distributes drive forces to the front and rear wheels at a prede-
termined ratio. In normal conditions (when there is almost no difference in the speed between the
front and rear wheels), the drive force distribution ratio is 45.5 % to the front wheels and 54.5 % to
the rear wheels. The hydraulic multi-plate clutch connected in parallel with the center differential
between the carrier and 2nd sun gear functions as a differential action limiting device (LSD) and
also as a device that controls torque distribution according to driving conditions.

The differential action limiting control is based on the parameters that include the throttle angle, en-
gine speed, vehicle speed, and speed ratio of front and rear wheels. The LSD clutch piston is op-
erated by the fluid whose pressure is adjusted by the duty solenoid and the transfer control valve in
the transfer case. According to the pressure applied to the piston, the torque distribution ratio
changes from the ratio set for the center differential to the direct AWD ratio.

The speed of the front and rear wheels determine the basic signals for the differential action limiting
control. The rear wheel speed is detected by sensor installed above the rear drive shaft and the
front wheel speed is detected by the sensor on the parking gear above the reduction drive shaft
gear.
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Automatic Transmission

®)

(6)

9) AT-00730
(1) Transfer control valve (4) Transfer pressure (7) Line pressure
(2) Transfer clutch pressure (5) Filter (8) Oil pump
(3) Transfer duty solenoid (6) Pilot pressure (9) Transmission hydraulic control

valve assembly
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Automatic Transmission

2. VARIABLE TORQUE DISTRIBUTION CENTER DIFFERENTIAL

The front-rear torque distribution ratio is basically determined by the gear tooth ratio of center dif-
ferential’'s compound planetary gears and varied by changing the degree of engagement of the hy-
draulically operated multi-plate clutch that connects the center differential output elements
according to driving conditions and road surface conditions. The torque distribution ratio is calcu-
lated using the following equations which include torque distribution coefficients (determined by
number of gear teeth), input torque to the center differential, and torque capacity of the multi-plate

clutch as factors.

1) When the front wheel speed is higher than the rear wheel speed:
TR = 0.545 x Ti + TC

TF = 0455 X Ti = TC

where

Tg: Rear wheel output torque

T;: Input torque to center differential

T¢: Torque capacity of multi-plate clutch

Tg: Front wheel output torque

0.545: Coefficient of rear wheel torque determined by number of gear teeth
0.455: Coefficient of front wheel torque determined by number of gear teeth

Power flow

Input shaft

l

Intermediate shaft

l

1st sun gear

|

Pinion
|

' ;

Carrier — LSD — 2nd sun gear

l l

Reduction gear Rear drive shaft
Front differential Rear differential ~ AT-00724
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2) When the rear wheel speed is higher than the front wheel speed:
TR = 0545 X Ti = TC
TF = 0.455 x Ti + TC

Power flow

Input shaft

y
Intermediate shaft

A
1st sun gear

y
Pinion
|

; l

Carrier -+—— |LSD -=— 2nd sun gear

! !

Reduction gear Rear drive shaft
Front differential Rear differential  AT-00726
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Calculation of front and rear wheel torques

If the frictional resistance resulting from meshing of the planetary gears and sliding of rotational
components are ignored, the torques distributed to the front and rear wheels are expressed by the
following equations:

TR =[(Zp1 x Zgp) + (Zg1 x Zpp)] x T;
Te=[1-(Zp1 xZgp) + (Zg1 x Zp)] x T

where

Zp1: Number of teeth of 1st planetary gear
Zp,: Number of teeth of 2nd planetary gear
Zs1: Number of teeth of 1st sun gear

Zso: Number of teeth of 2nd sun gear

T;: Input torque

If the number of teeth in each component is the same as that assumed in the equations on the pre-
vious page, the following ratios are the calculation results of the equations shown above.

TR = 0545 X Ti
TF = 0455 X Ti

As a result, the front-rear torque distribution ratio of the compound planetary gear set without an
adjustment by the multi-plate clutch is 45.5 : 54.5.
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3. CENTER DIFFERENTIAL ASSEMBLY

The center differential is a compound planetary gear set without internally-toothed gears. The input
torque from the automatic transmission is transmitted to the input element of the center differential
(1st sun gear). The front wheel output elements of the center differential are connected to the car-
rier and the rear wheel output elements are connected to the 2nd sun gear.

The compound planetary gears uses helical gears for quiet operation and strength. The three pin-
ions are arranged to ensure the best motion balance during operation.
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AT-00728
Ball bearing (7) Snap ring (13) Ball bearing
Reduction drive gear (8) Sealring (14) Multi-plate clutch hub
Washer (9) Thrust needle bearing (15) Ball bearing
Needle bearing (10) Intermediate shaft (16) Revolution gear
Pinion gear (11) Thrust washer (17) Rear drive shaft shim
Carrier (12) Rear drive shaft
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4. MULTI-PLATE CLUTCH (LSD)

The transfer’s differential action limiting device (LSD) consists of a multi-plate clutch and a transfer
hydraulic pressure control unit incorporating a transfer duty solenoid.

The transfer duty solenoid is an electromagnetic valve which is controlled by the TCM using various
duty ratios stored in its memory as explained in “1. GENERAL”.

The rear drive shaft has drilled oil passages for lubrication of multi-plate clutch and extension bush-
ing and ball bearing in it.
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1) Thrust washer (7) Driven plate (thicker) (13) Snapring
2) Rear drive shaft (8) Drive plate (14) Spring retainer
3) Ball bearing (9) Driven plate (thinner) (15) Plate
4) Multi-plate clutch hub (10) Driven plate (thicker) (16) Lathe cut seal ring
5) Ball bearing (11) Adjust plate (17) Multi-plate clutch piston
6) Revolution gear (12) Rear drive shaft shim (18) Lathe cut seal ring
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5. TRANSFER HYDRAULIC PRESSURE CONTROL UNIT

The transfer hydraulic pressure control unit is bolted at the rear end of transmission case through
the transfer valve plate.

The hydraulic pressures used for the transfer hydraulic pressure control unit (line pressure and pilot
pressure) are supplied from the transmission’s hydraulic control valve assembly through the pas-
sages formed in the transmission case.

The transfer duty solenoid adjusts the pilot pressure of the transfer control valve depending on the
signals from the TCM. The transfer control valve in turn modulates the line pressure into the transfer
clutch pressure before it is applied to the clutch piston.

The transfer clutch pressure adjusted in this way engages the clutch to different degrees according
to driving conditions so that the optimum torque is distributed to the rear wheels.

=1
o F=

X
(8)
9) AT-00730
(1) Transfer control valve (4) Transfer pressure (7) Line pressure
(2) Transfer clutch pressure (5) Filter (8) Oil pump
(8) Transfer duty solenoid (6) Pilot pressure (9) Transmission hydraulic control

valve assembly
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12.Electrohydraulic Control System

A: DESCRIPTION
1. VEHICLES WITHOUT VDC SYSTEM AND SPORTS SHIFT

The electrohydraulic control system for the transmission and transfer consists of various sensors
and switches, a transmission control module (TCM) and the hydraulic controlling units including so-
lenoid valves.The system controls the automatic transmission operation, including gear shifting,
lock-up clutch operation, line pressure, automatic control pattern selection (“Base” and “Power”),
and gear-shift timing.It also controls the operation of the transfer clutch.The TCM determines ve-
hicle operating conditions from various input signals and controls a total of eight solenoids (shift so-
lenoids 1 and 2, low clutch timing solenoid, 2-4 brake timing solenoid, line pressure duty solenoid,
lock-up duty solenoid, transfer duty solenoid, and 2-4 brake duty solenoid) by sending appropriate
signals to them.

INPUT OUTPUT
ON-OFF

Throttle position sensor »|  Shift solenoid 1

ON-OFF

»|  Shift solenoid 2

Rear vehicle speed sensor

» Line pressure duty solenoid

)

»| Dropping register A

Front vehicle speed sensor

ECM

Engine speed signal

»| Lock-up duty solenoid

ATF temperature sensor

»| Transfer duty solenoid

Inhibitor switch

»| 2-4 brake duty solenoid

)

»| Dropping register B

ECM

Intake manifold prassure signal

TCM

FWD switch »| 2-4 brake timing solenoid

»| Torque control signal 1

| ABS signal ECM

» Torque control signal 2

ECM

Brake switch

»| AT diagnosis signal

Torque converter turbine speed
sensor

ECM

Throttle control cut signal

Combination meter

—————L»| FWD indicator light

»| Low clutch timing solenoid
| Battery voltage }—>
ECM

1
I
I
1
:
I
»| AT OIL TEMP light :
1
1
1
I
I
I

Cruise control signal = Speedometer circuit

AT-00412
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2. VEHICLES WITH VDC SYSTEM

The electrohydraulic control system for the transmission and transfer consists of various sensors
and switches, a transmission control module (TCM) and the hydraulic controlling units including so-
lenoid valves.The system controls the automatic transmission operation, including gear shifting,
lock-up clutch operation, line pressure, automatic control pattern selection (“Base” and “Power”),
and gear-shift timing.It also controls operation of the transfer multi-plate clutch (LSD).The TCM
determines vehicle operating conditions from various input signals and controls a total of eight so-
lenoids (shift solenoids 1 and 2, low clutch timing solenoid, 2-4 brake timing solenoid, line pressure
duty solenoid, lock-up duty solenoid, transfer duty solenoid, and 2-4 brake duty solenoid) by sending
appropriate signals to them.

INPUT OUTPUT
ON-OFF
| Throttle position sensor |—> —>| Shift solenoid 1 |
ON-OFF
| Rear vehicle speed sensor |—> | Shift solenoid 2 |
| Front vehicle speed sensor |—>
—>| Line pressure duty solenoid |
ECM
| Engine speed signal |—>
—>| Lock-up duty solenoid |
| ATF temperature sensor |—>
—>| Transfer duty solenoid |
| Inhibitor switch —
ECM
. . —>| 2-4 brake duty solenoid |
| Intake manifold pressure signal |—>
| Battery voltage |—> —>| 2-4 brake timing solenoid |
TCM
VDC communication —>| Low clutch timing solenoid |
» ABS signal
» TCS signal
» VDC signal - ECM
» Steering angle —>| Torque control signal 1 |
* Yaw-rate and lateral G signal
etc. ECM
—>| Torque control signal 2 |
| Brake switch |—>
ECM
—>| AT diagnosis signal |
| Torque converter turbine speed sensor |—>
ECM L — ——
- —l—>| AT OIL TEMP light | | Combination meter
Torque control cut signal | |
! |
|
|
| Cruise control signal |—> —'—>| Speedometer circuit | |
e —————r | AT-00745
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3. VEHICLES WITH SPORTS SHIFT

The electrohydraulic control system for the transmission and transfer consists of various sensors
and switches, a transmission control module (TCM) and the hydraulic controlling units including so-
lenoid valves.The system controls the automatic transmission operation, including gear shifting,
lock-up clutch operation, line pressure, automatic shift pattern selection (“Base” and “Power”), and
gear-shift timing.It also controls the operation of the transfer clutch.The TCM determines vehicle
operating conditions from various input signals and controls a total of eight solenoids (shift sole-
noids 1 and 2, low clutch timing solenoid, 2-4 brake timing solenoid, line pressure duty solenoid,
lock-up duty solenoid, transfer duty solenoid, and 2-4 brake duty solenoid) by sending appropriate
signals to them.A sports shift solenoid is also equipped to make engine braking effect available
when 1st speed gear is selected in sports shift mode.

INPUT OUTPUT
ON-OFF
| Throttle position sensor |—> —>| Shift solenoid 1 |
ON-OFF
| Rear vehicle speed sensor |—> —>| Shift solenoid 2 |
| Front vehicle speed sensor |—> —>| Line pressure duty solenoid |
ECM
| Engine speed signal |—> —>| Lock-up duty solenoid |
| ATF temperature sensor |—> —>| Transfer duty solenoid |
| Inhibitor switch |—> —>| 2-4 brake duty solenoid |
ECM
| Intake manifold pressure signal |—> —>| 2-4 brake timing solenoid |
| Battery voltage l—» —>| Low clutch timing solenoid |
TCM
| Sport shift mode switch |—> —>| Sport shift solenoid |
ECM
| Up shift switch |—> —>| Torque control signal 1 |
ECM
| Down shift switch |—> —>| Torque control signal 2 |
ECM
| Brake switch l—» —>| AT diagnosis signal |
I___________________1
| Torque converter turbine speed sensor |—> —:>| AT OIL TEMP light | I
|
ECM : |
| Torque control cut signal |—> ——+»| Sport shift indicator | : Combination meter
|
| |
| Cruise control signal |—> —:>| Speedometer circuit | |
PR ———— I AT-00731
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B: INPUT SIGNALS

Signal name

Major function

Throttle position sensor

Indicates the throttle valve position.This signal is used to determine shift point, line pres-
sure, and lock-up engaging vehicle speed, which vary with engine load.

Front vehicle speed sensor
(located on transmission case)

Indicates the vehicle speed.This signal is used for control of gear shifting, lock-up en-
gaging, line pressure, and transfer clutch operation.

Rear vehicle speed sensor (located on
extension case)

Used to control transfer clutch, and also as backup signal in case of failure of front vehicle
speed sensor.

Engine speed signal

Indicates the engine speed.This signal is used for control of lock-up clutch to ensure
smooth engagement.

Inhibitor switch

Used to determine gears and line pressures in each of ranges “P”, “R”, “N”, “D”, “3”, “2”
and “1”.

ATF temperature sensor

Indicates the ATF temperature.This signal is used for inhibition of lock-up, release of OD
and determination of ATF temperature.

FWD switch (vehicles without VDC sys-
tem and sports shift)

Used to change the mode from AWD to FWD.Also used to adapt the vehicle to FWD
tester roller.Changeover from AWD to FWD can be made by inserting a fuse into the
fuse holder.

ABS signal

Used when ABS is operating to optimize ABS control. In this control, transfer clutch
torque load capacity is adjusted to eliminate the influence of engine braking and reduce
the degree of coupling between front and rear wheels.

Cruise control signal

Indicates operation of cruise control system.lt is used to expand “4th” operating range.

Torque convertor turbine speed sensor

Tells the rotation speed of the input shaft.The proportion of this speed to the vehicle
speed determines whether shifting should be made or not.

Torque control cut signal

Sent from engine control module (ECM) to TCM to temporarily inhibit the torque control
when starting off with low coolant temperature.

Intake manifold pressure signal

Used to determine line pressure of gear shifting.

Brake switch

If this signal is issued during downhill driving, TCM makes downshift control, causing the
vehicle speed to be reduced.

Sports shift mode switch (vehicles with
sports shift)

Used to switch between normal shift mode and sports shift mode.

Upshift switch (vehicles with sports
shift)

The TCM makes upshift control when a signal is input while driving in sports shift mode.

Downshift switch (vehicles with sports
shift)

The TCM makes downshift control when a signal is input while driving in sports shift
mode.

TCS signal (vehicles with VDC system)

Used when TCS is operating to optimize TCS control. In this control, transfer clutch
torque is controlled to eliminate the influence of engine braking and reduce the degree of
coupling between front and rear wheels.

VDC signal (vehicles with VDC system)

Used when VDC is operating to optimize VDC control. In this control, transfer clutch
torque is controlled to eliminate the influence of engine braking and reduce the degree of
coupling between front and rear wheels.

Steering angle sensor (vehicles with
VDC system)

Used to monitor the vehicle behavior and send signals for transfer control.

Yaw-rate and lateral G sensor (vehicles
with VDC system)

Used to monitor the vehicle behavior and send signals for transfer control.
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C: OUTPUT SIGNALS

Signal name

Function

Shift solenoid 1 and 2

Each of these signals controls gear speed by turning the corresponding solenoid ON/
OFF.Activating timing is controlled for each solenoid to reduce shift shock.

Line pressure duty solenoid

Regulates the line pressure according to driving conditions.

Lock-up duty solenoid

Regulates the hydraulic pressure of the lock-up clutch to operate it in three modes (open,
smooth and lock-up).

Transfer duty solenoid

Regulates the hydraulic pressure of the transfer clutch to control the driving force to the
rear drive shaft.

AT OIL TEMP light

Causes the light to illuminate when ATF becomes excessively hot (exceeds a set temper-
ature level).This light is also used for on-board diagnostics.

2-4 brake duty solenoid

Regulates 2-4 brake operating pressure to reduce shifting shocks.

2-4 brake timing solenoid

Switches on or off the pressure acting on 2-4 brake timing valve B to control the release
timing of the 2-4 brake.

Low-clutch timing solenoid

Switches on or off the pressure acting on the low clutch timing valve B to control the re-
lease timing of the low clutch. Also switches on or off the pressure acting on the reverse
inhibit valve to control the reverse inhibit function.

Torque control signal 1

Reduces engine torque during range selection and gear change.

Torque control signal 2

Reduces engine torque during range selection and gear change.

Sports shift solenoid (vehicles with
sports shift)

Turns the hydraulic pressure to the low & reverse brake ON or OFF to make engine brak-
ing effect available when 1st speed gear is selected in sports shift mode.

Buzzer (vehicles with sports shift)

Operates when the ATF temperature is low or high, switched to sports shift mode, or to
prevent engine over-revving when a downshift operation is tempted at a speed higher
than the specified limit.
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D: CONTROL ITEMS
1. MPT MODELS

Control items

Description of control

Transmission con-
trol

Shifting con-
trol

Base shift control
e Base pattern
e Power pattern

Upshifting and downshifting are set for each range, gear and pattern ac-
cording to throttle position and vehicle speed.

ABS-in-operation
control

Gear is locked in 3rd when ABS signal enters.

ATF low tempera-
ture control

Shifting into 4th gear is prevented when ATF temperature is below the
preset value.

Automatic pat-
tern select
control

Power pattern con-
trol

Power pattern is selected when throttle opening is changed at a speed
exceeding the preset value.

Base pattern con-
trol

When throttle opening is changed at a speed less than the preset value,
Base pattern is resumed.

Lock-up oper-
ation

Base lock-up con-
trol

Lock-up ON is set for D-range 4th gear; ON/OFF is set for all gears (ex-
cept D-range 4th) and patterns.Lock-up control is performed according
to throttle position and vehicle speed.(Basically lock-up is OFF during
gear shifting.)j

Smooth control

Smooth lock-up is performed when lock-up is switched on.

Line-pressure
control

Ordinary control

Line pressure is regulated according to throttle position, vehicle speed
and range signals.

Shifting control

Line pressure is regulated when shifting to lessen shifting shock.

Starting control

Line pressure is lowered to a minimum so as to reduce engine cranking
load.

Shift
control

timing

Gear speed control

ON/OFF timing for shift solenoid is controlled.

Lock-up operation

When shifting, the lock-up clutch is temporarily released.

Line-pressure con-
trol

When shifting, line pressure is controlled to the optimum level so as to
reduce shifting shock.

AWD transfer
clutch control

Ordinary transfer control

Transfer clutch pressure is regulated according to the throttle valve an-
gle and vehicle speed.

1 range control

Transfer clutch pressure is increased.

Slip control

Immediately after detecting a slip, transfer clutch pressure is controlled
to the same pressure as 1 range.(This control is canceled if V = 60 km/
h (37 MPH), or when throttle valve is closed fully.)

Turning control

Transfer clutch pressure is reduced after detecting a turn.

ABS-in-operation control

Transfer clutch pressure is adjusted to a set level immediately after re-
ception of ABS signal.
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2. VTD MODELS

CONTROL ITEMS

Description of control

Transmission con-
trol

Shifting con-
trol

Base shift control
e Base pattern
e Power pattern

Upshifting and downshifting are set for each range, gear and pattern ac-
cording to throttle position and vehicle speed.

ABS-in-operation
control

Gear is locked in 3rd when ABS signal enters.

ATF low tempera-
ture control

Shifting into 4th gear is prevented when ATF temperature is below the
preset value.

Automatic pat-
tern select
control

Power pattern con-
trol

Power pattern is selected when throttle opening is changed at a speed
exceeding the preset value.

Base pattern con-
trol

When throttle opening is changed at a speed less than the preset value,
Base pattern is resumed.

Lock-up oper-
ation

Base lock-up con-
trol

Lock-up ON is set for D-range 4th gear; ON/OFF is set for all gears (ex-
cept D-range 4th) and patterns.Lock-up control is performed according
to throttle position and vehicle speed.(Basically lock-up is OFF during
gear shifting.)

Smooth control

Smooth lock-up is performed when lock-up is switched on.

Line-pressure
control

Ordinary control

Line pressure is regulated according to throttle position, vehicle speed
and range signals.

Shifting control

Line pressure is regulated when shifting to lessen shifting shock.

Starting control

Line pressure is lowered to a minimum so as to reduce engine cranking
load.

Shift
control

timing

Gear speed control

ON/OFF timing for shift solenoid is controlled.

Lock-up operation

When shifting, the lock-up clutch is temporarily released.

Line-pressure con-
trol

When shifting, line pressure is controlled to the optimum level so as to
reduce shifting shock.

AWD multi-plate
clutch (LSD) con-
trol

Ordinary transfer control

Multi-plate clutch (LSD) pressure is regulated according to the torque
input to the transfer and the driving condition.

Start control

When starting, the LSD pressure is adjusted proportionately to the
throttle value angle.

Turning control

When the front and rear wheel speed ratio is less than the set value for
a vehicle speed, the LSD pressure is decreased.

Slip control

When a front or rear wheel starts slipping, the LSD pressure is de-
creased.

ABS-in-operation control

The LSD pressure is adjusted to the set level immediately after recep-
tion of ABS signal.

Base brake control

When the brake switch is ON and throttle valve is fully closed, the LSD
pressure is lowered.

1 range control

The LSD pressure is increased to improve driveability.

E: THROTTLE POSITION SENSOR

The throttle position sensor provides electrical signals corresponding to throttle valve positions.The
throttle valve angular position and accelerator depressing speed are detected by this throttle posi-

tion sensor.
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F: REAR VEHICLE SPEED SENSOR
1. MPT MODELS

This vehicle speed sensor (output shaft speed sensor) is externally mounted on the extension case.
It detects the rear wheel speed in terms of the peripheral speed of the transfer clutch drum and
sends sine wave signals (30 pulses per rotation) to the TCM.

AT-00413

(1) Rear vehicle speed sensor

2. VTD MODELS

This vehicle speed sensor (output shaft speed sensor) is externally mounted on the extension case.
It detects the rear wheel speed in terms of the peripheral speed of the rear drive shaft and sends
sine wave signals (22 pulses per rotation) to the TCM.

AT-00732

(1) Rear vehicle speed sensor
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G: FRONT VEHICLE SPEED SENSOR

This vehicle speed sensor (output shaft speed sensor) is externally mounted on the transmission
case.lt detects the front wheel speed and sends sine wave signals (16 pulses per rotation) to the
TCM.

The TCM converts the signals into pulse signals and outputs them to both the engine control module
(ECM) and the combination meter.

e MPT models

AT-00414

(1) Front vehicle speed sensor

e VTD models

AT-00733

(1) Front vehicle speed sensor
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H: ATF TEMPERATURE SENSOR

This sensor is mounted on the hydraulic control valve body of the transmission.It detects the tem-
perature of ATF and outputs it as an electrical resistance signal.The output characteristics of the
sensor are shown below.

(1) AT-00415

(1) ATF temperature sensor (A) Resistance (B) Temperature

I: TORQUE CONVERTER TURBINE SPEED SENSOR

The torque converter turbine speed sensor (output shaft speed sensor) is externally mounted on
the transmission case.

The sensor detects the torque converter turbine speed in terms of the rotation speed of the periph-
ery of the high clutch drum coupled to the input shaft, and sends sine wave signals (32 pulses per
rotation) to the TCM.The TCM calculates the proportion of the input shaft speed to the vehicle
speed and determines whether the shifting is to be made or not.

AT-00416

(1) Torque converter turbine speed sensor
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J: INHIBITOR SWITCH

The inhibitor switch assures safety when starting the engine.This switch is mounted on the right
side of the transmission case, and is operated by the selector lever.

When the selector lever is set to P or N, the electrical circuit in the inhibitor switch is closed and the
starter circuit is completed for cranking the engine.

When the selector lever is in the R, D, 3, 2 or 1 range, the electrical circuit in the inhibitor switch is
open.Hence engine cranking is disabled.In the R range, the backup light circuit is completed in
the switch, and the backup lights come on.

In addition to the above function, the inhibitor switch incorporates a circuit for detecting the selected
range position and sending the range signal to the TCM.

Inhibitor switch side connector

Beny

Qe
HHAT

A

AT-00417
Range position Pin No.
P (4)-(3)
(12) - (11)
R (4)-()
(10) - (9)
N (4)-(1)
(12)-(11)
D (4)—-(8)
3 4)-()
2 (4)-(6)
1 (4)-(5)
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K: SHIFT SOLENOIDS 1 AND 2

These solenoids are mounted on the transmission hydraulic control valve body.They are turned
ON or OFF according to signals from the TCM.The gear positions are changed according to the
ON and OFF condition of these solenoids.

AT-00418

(1) Shift solenoid 2
(2) Shift solenoid 1

L: LOW-CLUTCH TIMING SOLENOID

This solenoid is mounted on the transmission hydraulic control valve body.lt is turned ON or OFF
according to signals from the TCM.It then controls the low clutch timing valve B and reverse inhib-
itor valve.

AT-00419

(1) Low-clutch timing solenoid
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M:2-4 BRAKE TIMING SOLENOID

This solenoid is mounted on the transmission hydraulic control valve body.lt is turned ON or OFF
according to signals from the TCM.It then controls the 2-4 brake timing valve B to decrease the

change gear shock.

AT-00420

(1) 2-4 brake timing solenoid

N: LINE PRESSURE DUTY SOLENOID

This solenoid is mounted on the transmission hydraulic control valve body.lts duty ratio is controlled
by signals from the TCM.This solenoid then controls the pressure modifier valve and accumulator
control valve A to adjust the line pressure to an optimum pressure level suitable for operating con-

ditions.

AT-00421

(1) Line pressure duty solenoid
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O: LOCK-UP DUTY SOLENOID

This solenoid is mounted on the transmission hydraulic control valve body.Its duty ratio is controlled
by signals from the TCM.It then controls the lock-up control valve to provide smooth engagement
and disengagement of the lock-up clutch.

AT-00422

(1) Lock-up duty solenoid

P: 2-4 BRAKE DUTY SOLENOID

This solenoid is mounted on the transmission hydraulic control valve body.lts duty ratio is controlled
by signals from the TCM.It modulates the 2-4 brake pressure when the 2-4 brake is operated, re-
ducing shifting shocks.

(1 AT-00423

(1) 2-4 brake duty solenoid
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Q: TRANSFER DUTY SOLENOID

This solenoid is mounted on the transfer hydraulic pressure control unit on the rear end of transmis-
sion case.lts duty ratio is controlled by signals from the TCM.It then controls the transfer clutch/
control valve to control the pressure applied to the transfer clutch.

e MPT models

AT-00424

(1) Transfer duty solenoid

e VTD models

(1) AT-00734

(1) Transfer duty solenoid
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R: SPORTS SHIFT SOLENOID

This solenoid is mounted on the transfer hydraulic control valve body on the rear end of transmission
case.ltis turned ON or OFF according to signals from the TCM.Thus the sports shift control valve
is controlled when 1st speed gear is selected in sports shift mode.

AT-00735

(1) Sports shift solenoid
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13.Transmission Control Module (TCM)

The TCM receives various sensor signals and determines the running conditions of the vehicle. It
then sends control signals to each solenoid according to the preset gearshift characteristic data,

lock-up operation data, and transfer clutch torque data (duty ratios).

A: CONTROL SYSTEM
1. MPT MODELS

Control items

Input signals

Shifting control Ordinary shift control

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Engine speed rpm
Inhibitor switch

ABS-in-operation control

ABS signal

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Brake switch

Hydraulic oil temperature control

ATF temperature sensor

Reverse inhibition control

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Inhibitor switch

Shift pattern (Base/Power) select control

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Inhibitor switch

Grade control

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Brake switch

Inhibitor switch

Engine speed rpm

Intake manifold pressure

Lock-up operation Ordinary lock-up control

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Engine speed rpm
Inhibitor switch

Smooth control

Throttle position sensor

Hydraulic oil temperature control

ATF temperature sensor
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TRANSMISSION CONTROL MODULE (TCM)

Control items

Input signals

Oil pressure control

Ordinary pressure control

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Engine speed rpm
Inhibitor switch

ATF temperature sensor

Shifting control

Throttle position sensor

Rear vehicle speed sensor

Front vehicle speed sensor

Engine speed rpm

Torque converter turbine speed sensor
Inhibitor switch

ATF temperature sensor

Starting control

Engine speed rpm
ATF temperature sensor
Inhibitor switch

Learning control

Shift solenoid A

Shift solenoid B

Rear vehicle speed sensor

Front vehicle speed sensor

Throttle position sensor

Torque converter turbine speed sensor
ATF temperature sensor

AWD transfer clutch control

Ordinary transfer control

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Inhibitor switch

ATF temperature sensor
FWD switch

1 range control

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Inhibitor switch

Slip detection control

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor

Steering control

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor

ABS-in-operation control

ABS signal

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Brake switch
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2. VTD MODELS

Control items

Input signals

Shifting control

Ordinary shift control

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Engine speed rpm
Inhibitor switch

ABS-in-operation control

ABS signal

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Brake switch

Hydraulic oil temperature control

ATF temperature sensor

Reverse inhibition control

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Inhibitor switch

Shift pattern (Base/Power) select control

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Inhibitor switch

Grade control

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Brake switch

Inhibitor switch

Engine speed rpm

Intake manifold pressure

Sports shift control (vehicles with sports shift)

Sports shift mode switch
Upshift switch

Downshift switch

Front vehicle speed sensor
Rear vehicle speed sensor
Engine speed rpm

ATF temperature sensor
Inhibitor switch

Lock-up operation

Ordinary lock-up control

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Engine speed rpm
Inhibitor switch

Smooth control

Throttle position sensor

Hydraulic oil temperature control

ATF temperature sensor
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TRANSMISSION CONTROL MODULE (TCM)

Control items

Input signals

Oil pressure control

Ordinary pressure control

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Engine speed rpm
Inhibitor switch

ATF temperature sensor

Shifting control

Throttle position sensor

Rear vehicle speed sensor

Front vehicle speed sensor

Engine speed rpm

Torque converter turbine speed sensor
Inhibitor switch

ATF temperature sensor

Starting control

Engine speed rpm
ATF temperature sensor
Inhibitor switch

Learning control

Shift solenoid A

Shift solenoid B

Rear vehicle speed sensor

Front vehicle speed sensor

Throttle position sensor

Torque converter turbine speed sensor
ATF temperature sensor
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Control items

Input signals

AWD multi-plate clutch (LSD)
control

Ordinary transfer control

Throttle position sensor

Rear vehicle speed sensor
Front vehicle speed sensor
Inhibitor switch

ATF temperature sensor
Steering angle sensor
Yaw-rate and lateral G sensor

1 range control

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Inhibitor switch

Slip detection control

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor

Steering control

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor

ABS-in-operation control

ABS signal

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Brake switch

Base brake control

Throttle position sensor
Front vehicle speed sensor
Brake switch

TCS-in-operation signal (vehicles with VDC
system)

TCS signal (VDC communication signal)
Throttle position sensor

Rear vehicle speed sensor

Front vehicle speed sensor

VDC-in-operation signal (vehicles with VDC
system)

VDC signal (VDC communication signal)
Rear vehicle speed sensor
Front vehicle speed sensor
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SYSTEM DIAGRAM
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Automatic Transmission

C: SHIFTING CONTROL

The TCM performs gear shifting control according to driving conditions by using the shift point char-
acteristic data stored in its memory. Appropriate solenoids are operated at the proper timing corre-
sponding to the shift pattern, throttle position, and vehicle speed for smooth shifting.

NOTE:
When the ATF temperature is below approximately 10 °C (50 °F), the gear cannot be shifted to the

4th speed.

Solenoid 1 Solenoid 2
1st speed ON ON
2nd speed OFF ON
3rd speed OFF OFF
4th speed ON OFF

(6)

(4)

AT-00426
(1) Throttle opening (4) Vehicle speed
(2) Small (5) Low
(3) Large (6) High

e The TCM activates both solenoids 1 and 2 in response to throttle and vehicle speed signals.

e Shift valves move in response to operation of the solenoids, supplying or interrupting the line
pressure to each clutch.

e A shiftto each gear takes place according to ON-OFF operation of both the solenoids as indicated
in the table above.
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(1)

AT-00427

(1) Clutch fluid (8) TCM

(2) Solenoid 1 (9) Determination of optimum gear position (including
selection of shift pattern)

(3) Solenoid 2 (10) Throttle opening

(4) Shift valve A (11) Vehicle speed

(5) Shift valve B (12) Sensor

(6) Shift clutch (13) Vehicle speed sensor
(7) Shift command signal (14) Throttle position sensor
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D: LOCK-UP CONTROL

e The TCM has pre-programmed lock-up clutch engagement and disengagement conditions for
each gear and shift pattern.In addition, it specifies engagement of the clutch whenever the 4th gear
is selected in the D range.The engagement and disengagement conditions are defined in terms of
the throttle valve position and vehicle speed.

e The TCM controls the operation of the lock-up clutch by means of the duty solenoid which in turn
controls the lock-up control valve as described below:

1. NON-LOCK-UP OPERATION

The duty solenoid allows the pilot pressure (supplied from the pilot valve) to be applied to the “dis-
engaging” end of the lock-up control valve spool.The lock-up control valve then opens the clutch
disengaging circuit port to allow the lock-up operating pressure (torque converter clutch regular
pressure) to build up in the circuit.On the other hand, the valve opens the clutch engaging circuit’s
port and allows the fluid in the circuit to flow to the ATF cooler, thus lowering the pressure in the
circuit.As a result, the lock-up clutch is disengaged due to difference in pressure between both cir-
cuits.

This operation is performed for all the speed gears except the 4th gear of the D range.
2. LOCK-UP OPERATION

The duty solenoid allows the pilot pressure to be applied to the “engaging” end of the lock-up control
valve spool.The lock-up control valve then opens the clutch engaging circuit’s port that communi-
cates to the torque converter’s impeller chamber, allowing high pressure fluid to flow to the lock-up
clutch.The clutch then engages.

e The TCM controls the current to the duty solenoid by gradually changing the current.As a result,
the lock-up control valve also moves gradually, so the clutch engagement pressure increases
smoothly.This causes the lock-up clutch to become initially in a half-engaged state and then in a
fully engaged state, thus preventing shock during engagement.

This operation is performed for all the speed gears and always when the 4th gear is selected in the
D range.
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E: LINE-PRESSURE CONTROL

e The oil pump delivery pressure (line pressure) is regulated to a constant pressure by the pilot
valve.This pressure is used as the pilot pressure for controlling spool valves.

e The pilot pressure applied to the pressure modifier valve is modulated into pressure modifier
pressure at the line pressure duty solenoid by activating the pressure modifier valve.

e The pressure modifier valve is an auxiliary valve for the pressure regulator valve, and it creates a
signal pressure (pressure modifier pressure).The pressure modifier pressure is used to regulate
the line pressure to a level optimum for a particular driving condition.

e This pressure modifier pressure is applied to the pressure regulator valve which controls the oil
pump delivery pressure.

e The pressure modifier pressure from the pressure modifier valve is cushioned by the pressure
modifier accumulator to remove pulsation of the pressure.
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Relief valve (7) Filter (13) Pressure regulator valve
Pilot valve (8) Accumulator (14) Oil pump
Line pressure (9) Pressure modifier valve (15) ON
Pilot pressure (10) To ATF cooler circuit (16) OFF
Filter (11) Pressure modifier accumulator (17) Pressure modifier pressure

Line pressure duty solenoid (12) From R range pressure circuit
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F: LINE-PRESSURE CONTROL DURING SHIFTING

The line pressure which engages shift clutches to create 1st to 4th speeds is controlled by the TCM
to meet varying operating conditions.

During gear shifting, the TCM decreases the line pressure to a level that matches the selected gear
in order to minimize shifting shock loads.
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Shift clutch (11) Oil pan (21) TCM
Transient oil pressure to operate (12) Suction (22) Throttle position, accelerator pedal

clutches

Shift valve

Shift select valve
Manual valve

Manual shift valve
through selector lever

operated

Pressure regulator valve

Line pressure optimally regulated
for clutch operation

Oil pump
Line pressure built up by oil pump

Low clutch accumulator
Low clutch timing valve A

Accumulator control valve A

Pressure modifier valve

Pilot valve

8) Shift solenoids 1 and 2

Line pressure duty solenoid

Output signals
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depressing speed, etc.

Line pressure
Pilot pressure
Line pressure duty pressure

Modifier pressure

Accumulator control
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During gear shifting, the TCM controls the line pressure as follows:

e The TCM receives signals such as throttle position signal and accelerator pedal speed signal.
Based on these input signals, it issues a control signal to the line pressure duty solenoid.

e The pressure from the line pressure duty solenoid (line pressure duty pressure) is converted by
the pressure modifier valve into a modifier pressure, and the modifier pressure is applied to the
pressure regulator valve.

e The pressure regulator valve adjusts the oil-pump-generated line pressure according to the mod-
ifier pressure to make the line pressure matched to the driving condition.

G: SHIFT PATTERN SELECTION CONTROL

The TCM changes its gear shift control pattern automatically between the Base pattern suitable for
ordinary economy driving and the Power pattern suitable for climbing uphill or rapid acceleration.

In the Power pattern, the downshift point and upshift point are set higher than those of the Base
pattern.

Selector lever position Changeover from Base to Power pattern

D and 3 ranges Performed automatically according to accelerator pedal depression speed.

@)

6) 6)

AT-00430
(A) D range (Base pattern) (B) D range (Power pattern)

(1) Throttle opening (4) Vehicle speed

(2) Small (5) Low

(3) Large (6) High
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H: GRADE CONTROL

While the vehicle is driving up a hill, the gear is fixed to the 3rd to avoid repeated gear shift between

the 3rd and 4th gears.

When the vehicle is descending a steep slope at a speed of approximately 80 km/h (50 MPH), a 4th
to 3rd downshift occurs automatically when the brake pedal is depressed. This gearshift control is

cancelled when the accelerator pedal is depressed.

The TCM performs these controls based mainly on the throttle opening, engine speed and vehicle

speed.
lo lo
) D4 | D4 ~— D3 D4 { -
) D4 - D3 D4 _ D3 J D4,
(3) 4)
AT-00431

(1) Without grade control
(2) With grade control

(A) D range (Base pattern)
(1) Throttle opening

@)

(3) Brake pedal ON
(4) Re-acceleration

2
AT-00432

(B) D range (grade control pattern)
(2) Vehicle speed
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I: LEARNING CONTROL

The TCM has a learning control function with which it can adapt gear shift timing optimally to the
current vehicle conditions by updating correction factors in the memory.

For this reason, gear shift shock may become larger after the power supply is interrupted (discon-
nection of battery, flat battery, etc.) or immediately after the ATF is replaced.

Larger gear shift shock after power supply interruption occurs because the correction data is reset
to those for the new vehicle condition.

The TCM starts learning function again as soon as the power supply is restored.After driving for a
while, therefore, the transmission will become able to make gear shifts at the optimum timing.Larg-
er shift shock immediately after ATF change is caused by change in friction characteristics of the
transmission internal parts.Also in this case, the transmission recovers shockless gear shifting af-
ter driving for a while.
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J: REVERSE INHIBITION CONTROL

This control prevents the transmission from shifting into the reverse gear when the select lever is
accidentally placed in the R position, thus protecting the components such as reverse clutch from
being damaged.

If the selector lever is moved to the R position during driving at a speed faster than the predeter-
mined speed, the low clutch timing solenoid is energized.Then, the pilot pressure is supplied to the
reverse inhibitor valve.This causes the reverse inhibitor valve to move downward, closing the low
& reverse brake port.

In this condition, the low & reverse brake does not engage since the ATF flowing from the manual
valve is blocked by the reverse inhibitor valve.

As a result, the transmission is put into the neutral state, and the shifting into the reverse gear is
inhibited.

AT-00433

(1) Line pressure (6) Manual valve (P range) (11) Low & reverse brake (released)
(2) Pilot pressure (7) Drain (12) Low clutch

(3) 1st reducing valve (8) Shift valve B (13) 2-4 brake

(4) Shift valve A (9) Low-clutch timing solenoid (14) Reverse clutch

(5) ON (10) Reverse inhibitor valve (15) High clutch
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K: AWD TRANSFER CLUTCH CONTROL (MPT MODELS)
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(A) Sensor (B) TCM (C) Actuator
(1) Battery pressure (7) FWD switch (13) CPU
(2) Throttle position sensor (8) Brake switch (14) Memory
(3) ATF temperature sensor (9) ABS signal (15) Constant voltage power source
(4) Rear vehicle speed sensor (rear (10) Input interface circuit (16) Output interface circuit
wheel rpm)
(5) Front vehicle speed sensor (front  (11) Input interface circuit (17) Transfer duty solenoid
wheel rpm)
(6) Inhibitor switch (12) A/D converter (18) Transfer clutch
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1. BASIC CONTROL

Type of control Regulates transfer clutch pressure in response to throttle position and vehicle speed.
Gear position 1st thru 4th and reverse
Remarks
(1
(2)
0 50 100 %
(3)
AT-00435

(1) Ordinary control
(2) Transfer clutch capacity
(3) Duty-ratio

2. 1 RANGE CONTROL

Type of control Increases transfer clutch pressure above basic control pressure
Gear position 1st speed
Remarks —

3. SLIP CONTROL

Type of control Increases transfer clutch pressure to the same level as in the 1 range immediately after a slip is de-
tected.
Gear position 1st thru 4th and reverse
Remarks Release:The transfer clutch pressure is lowered when a turn under turning control is detected while

running faster than the set vehicle speed with fully closed throttle.

4. TURNING CONTROL

Type of control Decreases transfer clutch pressure upon detection of a turn.
Gear position 1st thru 4th and reverse
Remarks —

5. ABS CONTROL

Type of control Regulates to the specified transfer clutch pressure quickly when the ABS signal is input.
Gear position 1st thru 4th and reverse
Remarks —

6. P AND N RANGE CONTROL

Type of control Regulates to the specified transfer clutch pressure immediately after a P or N range signal is input.
Gear position Pand N
Remarks —
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L: AWD CENTER DIFFERENTIAL CONTROL (VTD MODELS)
1. CONTROL DESCRIPTION

The TCM controls the engagement of the center differential’s multi-plate clutch (LSD) using maps
that are pre-programmed based on the throttle opening and engine speed.It selects a map accord-
ing to driving conditions and use it as the control basis.

2. ORDINARY CONTROL

The torque input to the multi-plate clutch is calculated according to various factors such as intake
manifold pressure, torque converter turbine speed and selected speed gear.Based on the calcu-
lation result, the basic coupling force of the clutch is determined.

The basic coupling force thus obtained is then corrected according to the road slipperiness (which
is determined based on steering angle, yaw rate, lateral G signals from the VDC control module)
and the feedback correction factor which is used for making the actual yaw rate agree with the yaw
rate estimated from the steering angle sensor signals.

3. START CONTROL

When the vehicle speed is 0 km/h (0 MPH), the TCM makes control to generate differential action
limiting torque that is proportional to the throttle angle.
This enables the vehicle to start smoothly without swerving even on a slippery road.

4. TURNING CONTROL

The TCM makes a correction such that the input torque to the multi-plate clutch is reduced as the
steering angle increases.
This function is performed to improves turning performance at certain vehicle speed range.
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5. SLIP CONTROL

When front or rear wheels start slipping with the vehicle running slower than the predetermined
speed, the TCM makes control to increase the differential action limiting torque.
This function maintains traction and improves driving stability.

(B) @) (3)

(A)

(C)
(1) \\Né

AT-00737

1
2

(A) Front and rear wheel speed ratio Slip control

(B) Front wheel slip Turning control

(
(
(
(

T = — ~—

(C) Rear wheel slip 3) Ordinary control
(D) Low 4) Start control
(E) Vehicle speed

(F) High

6. ABS CONTROL

When the TCM receives an ABS operation signal from the ABS unit, it adjusts the differential action
limiting torque to the predetermined level and selects the 3rd gear in which the one-way clutch is
freewheeling.

This function improves ABS control.

7. BASE BRAKE CONTROL

When the brake switch is ON and the throttle valve is fully closed, the TCM makes control to de-
crease the differential action limiting torque.The ABS control has priority over this control.
This function improves stability during braking.

8. 1 RANGE CONTROL

When the 1 range is selected, the TCM makes control to increase the differential action limiting
torque.
This function improves driving performance and traction.
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9. CONTROL SYSTEM

The TCM is constantly monitoring the driving conditions of the vehicle using the eleven input sig-
nals.Based on the conditions it has determined, the TCM adjusts the duty ratio of current to the
transfer duty solenoid thus changing the engagement of the multi-plate clutch.The input signals
are used also for automatic transmission control.

- -

| " - - - - - - - -
! Actuator

[ Sensor
1

Battery voltage

Throttle position sensor

ATF temperature sensor

Rear vehicle speed sensor

Input
interface
circuit

AD

\

converter K——

—

| (rear wheel rpm)

Front vehicle speed sensor

(front wheel rpm)

Inhibitor switch

Brake switch

VDC communication signal
+ ABS/TCS/VDC

« Steering angle
* Yaw-rate
« Lateral acceleration

L _ - - - -

Input
interface
circuit

Qutput
interface
circuit

CPU

i

Constant
voltage source
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Transfer
duty
solenoid

L

Y

Multi-plate
clutch (LSD)
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M: TRANSFER CONTROL
1. MPT MODELS

The transfer hydraulic pressure control unit includes a valve body attached to the side of the exten-
sion case through a gasket and separator plate.

The pressurized fluids for the transfer hydraulic pressure control (line pressure and pilot pressure)
are supplied from the oil pump by way of the passages formed in the transmission case and then
the passages in the extension case that lead to the hydraulic circuit in the transfer valve body.

The line pressure is regulated by the transfer control valve whose opening is controlled by the trans-
fer pressure created by the transfer duty solenoid.

e The transfer duty solenoid is controlled by the TCM.The TCM changes the solenoid controlling
duty ratio according to driving conditions.

e The transfer duty solenoid creates the transfer pressure from the pilot pressure. The transfer
pressure is applied to the transfer control valve and adjusts the valve’s opening.

e The line pressure directly led to the transfer control valve, on the other hand, is regulated by the
transfer control valve and becomes the transfer clutch pressure.

e The transfer clutch pressure is applied to the transfer clutch and engages the clutch to a con-
trolled degree.

In this way, the degree of transfer clutch engagement is varied so that optimum torque is distributed
to the rear wheels according to vehicle driving conditions.
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(1) Transfer control valve (4) Transfer pressure (7) Line pressure
(2) Transfer clutch pressure (5) Filter (8) Oil pump
(3) Transfer duty solenoid (6) Pilot pressure (9) Control valve
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2. VTD MODELS

The drive power distribution system includes a valve body attached to the side of the extension case
through a gasket and separator plate.

The pressurized fluids for the drive power distribution system (line pressure and pilot pressure) are
supplied from the oil pump by way of the passages formed in the transmission case and then the
passages in the extension case that lead to the hydraulic circuit in the transfer valve body.

The line pressure is regulated by the transfer control valve whose opening is controlled by the trans-
fer pressure created by the transfer duty solenoid.

e The pilot pressure created by passing through the pilot valve in the transmission’s hydraulic con-
trol assembly is further regulated into the transfer pressure by the transfer duty solenoid.

e The transfer duty solenoid is controlled by the TCM.The TCM changes the solenoid controlling
duty ratio according to driving conditions.

e The transfer pressure thus created is applied to the transfer control valve and adjusts the valve’s
opening.

e The line pressure directly led to the transfer control valve, on the other hand, is regulated by the
transfer control valve and becomes the transfer clutch pressure.

e The transfer clutch pressure is applied to the multi-plate clutch (LSD) and engages the clutch to
a controlled degree.

In this way, the degree of multi-plate clutch engagement is varied so that optimum torque is distrib-
uted to the rear wheels.
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(6)

©) AT-00730
(1) Transfer control valve (4) Transfer pressure (7) Line pressure
(2) Transfer clutch pressure (5) Filter (8) Oil pump
(3) Transfer duty solenoid (6) Pilot pressure (9) Control valve
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N: SPORTS SHIFT CONTROL

When the select lever is moved to the sports shift gate side, the TCM interprets this as the shift pat-
tern is switched to the sports shift mode.In this state, moving the select lever forward (“+” direction)
will cause an upshift and moving the lever rearward (“-” direction) will cause a downshift to occur.
However, if there is a possibility of the engine speed to go out of the preset shifting range, the fol-
lowing control is performed.

e Upshift inhibiting and auto downshift control

The gear upshifts from 1st to 4th speed, one by one for each time the select lever is moved forward
(“+” direction).However, when the vehicle speed is too low for the gear speed, the TCM inhibits
further upshifting.If the vehicle speed becomes even slower, a downshift will be made to prevent
engine stall. When the vehicle comes to a stop, the transmission will always be controlled to shift
to 1st speed.

e Downshift inhibiting control

The gear downshifts from 4th to 1st speed, one by one for each time the select lever is moved rear-
ward (“-” direction).However, when the vehicle speed is too high for the gear speed, the TCM in-
hibits further downshifting.A buzzer will sound to warn the driver.

e If the engine speed exceeds the preset value during accelerating, the fuel supply is cut to prevent
over-revving of the engine.
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14.0n-board Diagnostics System

A: FUNCTION

The on-board diagnostics system detects and stores in the form of a code a fault that has occurred

in any of the following input and output signal systems.

Rear vehicle speed sensor

Transfer duty solenoid

Low-clutch timing solenoid

Front vehicle speed sensor

ATF temperature sensor

Torque converter turbine speed sensor

Throttle position sensor

Engine speed signal circuit

Sports shift solenoid

Shift solenoid 1

Line pressure duty solenoid

VDC communication system

Shift solenoid 2

AT load signal circuit

2-4 brake timing solenoid

Torque control signal circuit

Lock-up duty solenoid

2-4 brake duty solenoid

If a fault has been detected, the system tells the fault by causing the AT OIL TEMP warning light to

operate as follows:

e Repeated flashing at 4 Hz frequency ...Errors such as battery trouble

e Repeated flashing at 2 Hz frequency ...No faults in the system

e Flashing at different intervals and frequencies ...Diagnostic trouble codes of corresponding faults
e Continued illumination of light ...Fault in inhibitor switch, idle switch, or wiring
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ON-BOARD DIAGNOSTICS SYSTEM

Automatic Transmission

B: OPERATION OF AT OIL TEMP WARNING LIGHT

On starting the engine, the AT OIL TEMP warning light illuminates and then goes out as shown in
the “Normal” diagram below. If any problem exists, the warning light continues flashing as shown in
the Abnormal diagram below.

(A)
ON

OFF

(B)

ON

OFF

(€) .

) e fﬂﬂﬂﬂ

OFF —M8M— —————|———— — —

AT-00437

(A) Ignition switch ON (engine OFF) (1)

(B) Normal (2) Blink

(C) Abnormal (3) 2seconds
(4) 0.3 seconds

Engine cranking
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ON-BOARD DIAGNOSTICS SYSTEM

Automatic Transmission

C: DIAGNOSTIC TROUBLE CODES

DTC Faulty component
11 Engine speed signal circuit
27 ATF temperature sensor
31 Throttle position sensor
33 Front vehicle speed sensor
36 Torque converter turbine speed sensor
38 Torque control signal circuit
45 Intake manifold pressure signal circuit
71 Shift solenoid 1
72 Shift solenoid 2
73 Low-clutch timing solenoid
74 2-4 brake timing solenoid
75 Line pressure duty solenoid
76 2-4 brake duty solenoid
77 Lock-up duty solenoid
78 Sports shift solenoid
79 Transfer duty solenoid
86 VDC communication
93 Rear vehicle speed sensor
D: SELECT MONITOR

Various sensor and switch data as well as diagnostic trouble codes for faults that are currently
present and occurred in the past can be monitored by connecting the select monitor to the select
monitor terminal located under the instrument panel.
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FAIL-SAFE FUNCTION

Automatic Transmission

15.Fail-safe Function

The fail-safe control function ensures minimum level of driveability even if a fault should occur in the
vehicle speed sensors, throttle position sensor, inhibitor switch, or any of the solenoids.

e Front and rear vehicle speed sensors

A dual speed-sensing system is used. The speed signal is taken from the transmission (by the out-
put shaft speed sensor). Even if one sensor system fails, the vehicle can be controlled normally
with the other normally operating sensor system.

If both the front and rear vehicle speed sensors become faulty, the vehicle is made to operate only
in the 1st and 3rd speeds.

e Throttle position sensor

If the throttle position sensor becomes faulty, the throttle opening is fixed at the predetermined an-
gle.

e Inhibitor switch

If the TCM receives different signals simultaneously from a faulty inhibitor switch, it selects a range
in the following priority:

D>N(P)>R>3>2>1>
e Shift solenoid 1 and 2

If a fault occurs in either of solenoids 1 and 2, both the solenoids are de-energized, and the gear is
held in the 3rd. If both the solenoids should fail, the TCM invariably selects and keeps the 3rd gear.

e Line pressure duty solenoid

If the line pressure duty solenoid fails, the solenoid is de-energized and the line pressure is raised
to the maximum to enable the vehicle to operate.

In this condition, the usable gears are limited to the 1st and 3rd.

e Lock-up duty solenoid

If the lock-up duty solenoid fails, the solenoid is de-energized and the lock-up clutch is disengaged.
e Transfer duty solenoid

When the transfer duty solenoid becomes faulty, it is de-energized. This causes maximum oil pres-
sure to be applied to the transfer clutch so that the power is always transmitted to the rear axle (di-
rect-coupled AWD condition).

e 2-4 brake duty solenoid

If a fault occurs in the 2-4 brake duty solenoid, the solenoid is de-energized and the usable gears
are limited to the 1st and 3rd.

e Low-clutch timing solenoid
If a fault occurs in the low clutch timing solenoid, the solenoid is de-energized and the usable gears
are limited to the 1st and 3rd.
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FAIL-SAFE FUNCTION

Automatic Transmission

e 2-4 brake timing solenoid

If a fault occurs in the 2-4 brake timing solenoid, the solenoid is de-energized and the usable gears
are limited to the 1st and 3rd.

e Torque converter turbine speed sensor
If a fault occurs in the torque converter turbine speed sensor, the usable gears are limited to the 1st

and 3rd.
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TRANSMISSION MOUNTING

Automatic Transmission

16.Transmission Mounting
A: GENERAL

The transmission mounting consists of a pitching stopper, cushion rubber, and a cross member.

In addition to support the transmission, these components absorb noise and vibration caused by
the transmission.

@)

AT-00438

(1) Pitching stopper
(2) Cushion rubber
(8) Cross member
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GENERAL

Manual Transmission and Differential

1. General

The single-range manual transmission is of a full-time all-wheel-drive design integrating a transmis-
sion assembly, front differential, and transfer gear assembly with center differential into a single unit.
The transmission creates five forward speeds and one reverse using the corresponding gears all
provided with inertia lock-key type synchronizers.

The transmission and front differential are housed in an aluminum case which is split into right and
left halves and constitutes also a clutch housing.Located at the rear and joined each other are the
transfer case and extension case which house the transfer gears and center differential as well as
part of the transmission assembly.

The major features of the transmission are as follows:

e The forward speed gears are helical gears featuring high tooth face strength, large tooth contact
areas, and quiet operation.

e Reversing rotation is achieved by making a slidable reverse idler gear engage with both the re-
verse drive gear on the main shaft and the reverse driven gear integral with the 1st-2nd synchronizer
hub on the drive pinion shaft.

The center differential compensates for the difference in front and rear axle speeds.It consists of
a bevel gear set and a viscous coupling located at its rear end which are housed in a single case.
The center differential, together with a pair of transfer gears, transmits the power from the transmis-
sion to the drive pinion shaft (front wheel drive shaft) and the rear drive shaft.The viscous coupling
functions as a differential-action-control element.
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GENERAL

Manual Transmission and Differential
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MT-00320
Main shaft (7) Extension case (13) 1st driven gear
3rd drive gear (8) Transfer drive gear (14) Drive pinion shaft
4th drive gear (9) Viscous coupling (15) Front differential assembly
5th drive gear (10) Center differential assembly
Transfer case (11) Driven shaft (countershaft)
Transfer driven gear (12) 2nd driven gear
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REVERSE CHECK MECHANISM

Manual Transmission and Differential

2. Reverse Check Mechanism

Located in the transfer case, the reverse check mechanism prevents a direct 5th-to-reverse shift by
using a selector arm and cam combination which allows the gear to be shifted into the reverse only
after it has been returned once into the neutral.

A: CONSTRUCTION
The construction of the reverse check mechanism is as shown in the drawing on the opposing page.

The reverse check sleeve is bolted to the transfer case and houses the mechanism’s main compo-
nents.

The reverse accent shaft is slidable inside the reverse check sleeve and its smaller-diameter end is
fitted with the reverse check cam.The cam is rotatable and axially movable on the shaft but its left-
ward movement is restricted by a step formed on the sleeve’s inner wall.

The reverse accent shaft has hollows in both ends.In the left end hollow are the 1st return spring
and its cap and in the right end hollow is the reverse return spring which pushes the shaft leftward.

Around the check cam is the reverse check spring whose left end applies simultaneous leftward and
rotational forces to the cam.

Both the reverse check spring and reverse return spring are retained at their right ends by the re-
verse check plate which is held in place by the snap ring.

The reverse accent shaft has a V-groove in which the detent ball is pressed by the reverse accent
spring fitted through the hole in the reverse check sleeve.

The reverse check sleeve and reverse accent shaft have a slot and a notch at their bottoms, respec-
tively, and the selector arm is inserted in the notch through the slot.
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Select adjust shim (6) Reverse check cam (11) Selector arm
Detent ball (7) Reverse return spring (12) Spring cap
Reverse accent spring (8) Reverse check spring (13) 1st return spring
Reverse check sleeve (9) Snapring (14) O-ring
Reverse accent shaft (10) Reverse check plate
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REVERSE CHECK MECHANISM

Manual Transmission and Differential

B: OPERATION

The drawing below shows the state of the reverse check mechanism when the selector arm is in the
neutral position.The 1st and 2nd gears will be selected if the selector arm is moved leftward from
this point to a stop and then turned in either way.A rightward movement of the arm to a stop will
enable selection of the 5th and reverse gears.In the neutral position, the selector arm receives a
rightward force (force toward the 5th and reverse gear side) from the 1st return spring and a leftward
force (force toward the 1st and 2nd gear side) from the reverse return spring to stay in that position.

The following explanation describes how the selector arm and reverse check mechanism operate
when the driver selects the 5th gear and then selects the reverse gear.

(1) ) @)

// (5) (4)
) MT-00322
(1) 1streturn spring (8) Reverse accent shaft (5) 5th and reverse gear side
(2) Reverse check sleeve (4) Reverse return spring (6) 1stand 2nd gear side
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REVERSE CHECK MECHANISM

Manual Transmission and Differential

1. WHEN SELECTOR ARM IS MOVED TOWARD 5TH AND REVERSE GEAR SIDE

The selector arm moves rightward while pushing both the reverse accent shaft and reverse check
cam simultaneously.

(1) () @) (1) ®) @)

\
‘ |
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‘ |

A-A (5

4)
MT-00323

(1) Reverse check sleeve (3) Reverse check cam (5) Neutral position
(2) Reverse accent shaft (4) Selector arm
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REVERSE CHECK MECHANISM

Manual Transmission and Differential

2. WHEN SHIFT IS MADE TO 5TH GEAR

The selector arm is turned toward the 5th gear selection direction.When the arm clears the edge
of the reverse check cam as it turns, the cam becomes free of the selector arm’s pressure and re-
turns to its original position by the force of the reverse check spring.

(1) 2 @ (1) @) @)

\ VA=A

@ MT-00324

(1) Reverse check sleeve (3) Reverse check cam (5) Reverse check spring

(2) Reverse accent shaft (4) Selector arm
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REVERSE CHECK MECHANISM

Manual Transmission and Differential

3. WHEN A SHIFT FROM 5TH TO REVERSE IS ATTEMPTED

The selector arm turns toward the reverse gear while pushing the reverse accent shaft rightward
and the reverse check cam counterclockwise (as viewed in the direction of arrows A).

The reverse check cam, however, stops to rotate at a point where its stopper hits against the reverse
check plate (this point corresponds to the neutral position in terms of the angle) and prevents the
selector arm from moving toward the reverse gear selection direction. The selector arm is then ax-
ially pushed to the neutral position by the reverse accent shaft which is given a leftward force by the
reverse return spring.

(M 2) (3)4) (5) (1 ) 3)

Position at
“5th — Neutral position”
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‘ /'P\' 77777 7}
v
[
-
/ | 6 .
A @ (6) A-A \ @
5th - Neutral position
MT-00325
(1) Reverse check sleeve (5) Reverse check plate
(2) Reverse accent shaft (6) Snap ring
(38) Reverse check cam (7) Selector arm
(4) Reverse return spring
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REVERSE CHECK MECHANISM

Manual Transmission and Differential

4. WHEN A SHIFT TO REVERSE IS MADE AFTER RETURN OF SELECTOR ARM TO NEU-
TRAL

As the ends of the reverse accent shaft and the reverse check cam are on the same plane, the se-

lector arm now can turn toward the reverse gear selection direction after pushing leftward both the
shaft and cam simultaneously.

(1) @ @) ) (3)

3

\
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(1) Reverse check sleeve (38) Reverse check cam
(2) Reverse accent shaft (4) Selector arm
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CENTER DIFFERENTIAL

Manual Transmission and Differential

3. Center Differential
A: CONSTRUCTION

The center differential consists of a set of bevel gears and a viscous coupling.

The center differential has the following two functions: distributing the engine torque to the front and
rear wheel drive shafts and absorbing the difference in rotating speed between the front and rear
wheels.

The engine torque enters the center differential case from the transmission’s driven shaft.The en-
gine torque is then distributed through the bevel gear set directly to the drive pinion shaft and via
the transfer drive and driven gears to the rear drive shaft.

The viscous coupling limits the bevel gear set’s differential action when either front or rear wheels
spin so that adequate torques are transmitted to the front and rear wheels and proper traction is
obtained.

(6) ®) 4 @) () MT-00327
(1) Transfer driven gear (4) Center differential (with viscous coupling)
(2) Transfer drive gear (5) Drive pinion shaft
(3) Viscous coupling (6) Driven shaft
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CENTER DIFFERENTIAL

Manual Transmission and Differential

B: MECHANISM OF VISCOUS COUPLING

The viscous coupling consists of a number of alternately arranged inner and outer plates and air-
and-silicone oil mixture filled into a sealed space that is formed by the center differential case and
the rear side gear of the differential gear set.The inner plates have their inner perimeters splined
to the side gear and the outer plates have their outer perimeters splined to the center differential
case.The outer plates are held apart by spacer rings.There are no spacer rings between the inner
rings, so the inner plates are movable slightly in axial directions.X-section rings are used to prevent
leakage of silicone oil which would otherwise occur if the oil is heat expanded and pressurized due
to large difference in front and rear axle speeds.

() 2 ®) (4)
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@) MT-00328
(1) X-section ring (5) Inner plate
(2) O-ring (6) X-section ring
(3) Spacer ring (7) Side gear (rear)

(4) Outer plate
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CENTER DIFFERENTIAL

Manual Transmission and Differential

1. TORQUE CHARACTERISTICS

When a speed difference occurs between the center differential case and the rear side gear, a vis-
cosity shearing force is generated in the silicone oil placed between the outer and inner plates.The
torque is then transmitted by the silicone oil between the center differential case and the rear side
gear.

The greater the speed difference, the greater the viscosity shearing force generated in the silicone
oil.The relationship between the torque transmission and the speed difference is shown in the fig-
ure below.As can be seen from the figure, the smaller the speed difference, the smaller the torque
transmission and the differential action.

A

(A)

(B)

MT-00329

(A) Driving torque (B) Speed difference

2. HUMP PHENOMENON

Silicone oil is heated and expanded as differential action continues.This causes the pressure of air
inside the viscous coupling to increase and the pressure of oil between plates to decrease.As a
result, the inner and outer plates are pushed together.This direct plate-to-plate contact causes a
non-viscous operation to occur.This phenomenon is called “hump”.

The hump eliminates the rotating speed difference between the center differential case and the rear
side gear (or locks the differential), so soon after it has occurred, the internal pressure and temper-
ature drop.The viscous coupling then returns to the normal viscosity shearing torque transmitting
operation.(The hump phenomenon does not occur under normal operating conditions.)
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CENTER DIFFERENTIAL

Manual Transmission and Differential

C: FUNCTION

When there is no speed difference between the front and rear wheels, the center differential delivers
the engine torque to the front and rear wheels at a ratio of 50:50.

When a rotating speed difference occurs between the front and rear wheels, the center differential
operates to absorb it in a controlled way by the function of the viscous coupling.

1. DURING NORMAL DRIVING

During straight-line driving on a flat road at a constant speed, all the four wheels rotate at the same
speed.The center differential delivers engine torque evenly to the front and rear wheels.The vis-
cous coupling does not generate viscosity shearing torque because there is no relative movements
between the inner and outer plates.

(B)
A

UJ

——C
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(1) Engine torque (A) To front differential (B) To rear differential
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CENTER DIFFERENTIAL

Manual Transmission and Differential

2. DURING TURNS AT LOW SPEEDS

During turns at low speeds, rotating speed difference occurs between the front and rear wheels, as
well as between the left and right wheels.More particularly, the front wheels rotate faster than the
rear wheels.The center differential then acts to absorb the speed difference to enable smooth driv-
ing.

Although the speed difference is small under this condition, operation of the viscous coupling caus-
es more torque to be transmitted to the rear than to the front.
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CENTER DIFFERENTIAL

Manual Transmission and Differential

3. DRIVING ON ROUGH OR SLIPPERY ROADS

e When front wheels are on a slippery surface

When the front wheels begin to spin, the resulting speed difference between the front and rear drive
shafts causes the viscous coupling to generate significant amount of viscosity shearing torque.As
a result, the torque distributed to the rear wheels becomes much larger than that distributed to the
spinning front wheels.The traction and driving stability are thus ensured on a rough or slippery
road.

Sl A

MT-00332

e When rear wheels are on a slippery surface

When the vehicle is accelerated quickly from a standing start with the rear wheels on a slippery sur-
face, the distribution of the vehicle weight on the front and rear wheels changes and the rear wheels
start spinning.Due to the resulting speed difference between the front and rear drive shafts, the
viscous coupling generates a significant amount of viscosity shearing torque, now in the direction
opposite to that generated when the front wheels are on a slippery surface.As a result, the torque
distributed to the front wheels becomes much larger than that distributed to the rear wheels.

t
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TRANSMISSION MOUNTING

Manual Transmission and Differential

4. Transmission Mounting
A: GENERAL

The transmission mounting consists of a pitching stopper, cushion rubber, and a cross member.
In addition to support the transmission, these components absorb noise and vibration caused by
the transmission.

MT-00334

(1) Pitching stopper (2) Cushion rubber (3) Cross member
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GENERAL
Clutch

1. General

e The clutch control operates the release fork using the hydraulic pressure generated in the master
cylinder when the pedal is depressed.

e The clutch itself is a push type clutch. When the clutch pedal is depressed, the self-aligning re-
lease bearing is caused to slide on a guide pressing the center of the diaphragm spring. The
warped diaphragm spring disengages the pressure plate from the clutch disc.

e The clutch has a clutch disc between the flywheel and the pressure plate.

e Inside the clutch cover, there is a cover and a pressure plate combined with each other by means
of strap plates, which also serve to prevent the pressure plate from relatively turning.
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OPERATION
Clutch

2. Operation

Applying foot pressure to the clutch pedal moves the release lever. This causes the release bearing
to slide on the guide, pressing the center of the diaphragm spring. The diaphragm spring is warped
and the force having pressed the pressure plate is released. As a result, the flywheel, clutch disc
and pressure plate are disengaged, disconnecting the driving power.

The push type clutch has the point of action at the peripheral tips of the diaphragm spring fingers,
through which the pressure plate is pressed to the clutch disc. When the power transmission is to
be interrupted, the diaphragm spring is forced to warp using the pivots established on the inward
side of the spring finger tips (on the principle of the lever and fulcrum) to disengage the pressure
plate from the clutch disc.
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CROSS SECTIONAL VIEW
Clutch

3. Cross Sectional View

CL-00085
(1) Operating cylinder (4) Clutch cover (7) Pilot bearing
(2) Release lever (5) Transmission main shaft (8) Flywheel

(3) Release bearing (6) Clutch disc
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FLYWHEEL
Clutch

4. Flywheel
A: GENERAL

The flywheel is of a flexible type, consisting of a drive plate, reinforcement and mass flywheel.

This type of flywheel is characterized by less vibration and less noise, since it transmits the engine
power from the crankshaft through the drive plate and mass flywheel to the clutch disc.
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HYDRAULIC CLUTCH PEDAL SYSTEM
Clutch

5. Hydraulic Clutch Pedal System

A: CONSTRUCTION

e The hydraulic clutch pedal is connected to the master cylinder via a rod.
e The clutch pedal and brake pedal are mounted on the same bracket.

e The clutch pedal has a mechanism that reduces (assists) the force required to depress the clutch
pedal and reduce the initial pedal depressing force.

e A starter interlock mechanism is provided to prevent the engine from starting unless the clutch

pedal is pressed.
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(1) Clutch pedal (4) Rod
(2) Brake pedal (5) Lever
(8) Brake and clutch pedal bracket
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HYDRAULIC CLUTCH PEDAL SYSTEM
Clutch

B: OPERATION
1. STARTER INTERLOCK MECHANISM

When the clutch pedal is fully depressed, the stopper on the pedal pushes the clutch switch pushrod

inwards.
When the pushrod is pressed in, the switch turns ON and connects the ignition switch to the starter

circuit enabling engine start.

(B) ®3)

(A)

CL-00138
(A) When clutch switch is OFF (B) When clutch switch is ON
(1) Clutch switch (3) Clutch pedal
(2) Stopper (4) Pushrod
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HYDRAULIC CLUTCH PEDAL SYSTEM
Clutch

e CIRCUIT DIAGRAM
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(1) Ignition swit