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Specifications

FORESTER

1. Forester
A: DIMENSIONS

Model 2.0L Non-turbo \ 2.0L Turbo ‘ 2.5L Non-turbo
Overall length mm (in) 4,450 (175.2)
Overall width mm (in) 1,735 (68.3)
Overall height (at C.W.) mm (in) 1,590 (62.6) ’ 1,585 (62.4) ‘ 1,590 (62.6)
Compartment Length mm (in) 1,795 (70.7)
Width mm (in) 1,455 (57.3)
Height mm (in) 1,245 (49.0), 1,210 (47.6) %
Wheelbase mm (in) 2,525 (99.4)
Tread Front mm (in) 1,495 (58.9)
Rear mm (in) 1,485 (58.5)
Minimum road clearance mm (in) 190 (7.5) \ 195 (7.7) \ 200 (7.9)
*: With sunroof
B: ENGINE
Model 2.0L Non-turbo \ 2.0L Turbo 2.5L Non-turbo
Engine type Horizontally opposed, liquid cooled, 4-cylinder, 4-stroke gasoline engine
Valve arrangement Overhead camshaft type
Bore x Stroke mm (in) 92 x 75 (3.62 x 2.95) 99.5 x 79 (3.92 x 3.11)
Displacement cm?® (cu in) 1,994 (121.67) 2,457 (149.94)
Compression ratio 10.0+£0.2 ‘ 8.0+0.2 10.0+£0.2
Firing order 1—3—2—4
Idle speed at Park/Neutral rpm 650 £ 100 700 =100 650+ 100

position

Maximum output kW (PS)/rpm

92 (125)/5,600

130 (177)/5,600

115 (156)/5,600

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

184 (18.8)/3,600

245 (25.0)/3,200

223 (22.7)/3,600

C: ELECTRICAL

Model 2.0L Non-turbo 2.0L Turbo 2.5L Non-turbo
Ignition timing at BTDC/rpm 10°+10°/650 12°+10°/700 MT: 10°+£10°/650
idling speed AT: 15°£10°/650
Spark plug Type and manufacturer CHAMPION: RC10YC4 NGK: PFR6G CHAMPION: RC10YC4
Alternate Alternate
CHAMPION: RC8YC4 CHAMPION: RC8YC4
NGK: BKR6E-11 NGK: BKR6E-11
DENSO: K20PR-U11 DENSO: K20PR-U11
Generator 12V—90A
Battery Type and capacity (5HR) MT: 12 V — 48 AH (55D23L) 12V —27 AH (34B19L)
AT: 12V — 52 AH (65D23L) 12V — 48 AH
(55D23L) %

*: For Australia model

SPC-2




FORESTER

Specifications
D: TRANSMISSION
Model 2.0L Non-turbo 2.0L Turbo 2.5L Non-turbo
Transmission type 5MT 4AT 5MT 4AT 5MT 4AT
Clutch type DSPD TCC DSPD TCC DSPD TCC
Gear ratio 1st 3.454 2.785 3.454 2.785 3.454 2.785
2nd 2.062 1.545 1.947 1.545 2.062 1.545
3rd 1.448 1.000 1.366 1.000 1.448 1.000
4th 1.088 0.694 0.972 0.694 1.088 0.694
5th 0.871 — 0.738 — 0.780 —
Reverse 3.333 2.272 3.333 2.272 3.333 2.272
Dual range 1.447 — — — 1.196 —
Reduction | 1st Type of gear — Helical — Helical — Helical
gfis;)(fm“t reduction 5t ratio — 1.000 — 1.000 — 1.000
Final Type of gear Hypoid Hypoid Hypoid Hypoid Hypoid Hypoid
reduction e ar ratio 4111 4.444 4.444 4111 4111 4.444
Reduction | Transfer re- | Type of gear Helical — Helical — Helical —
gﬁsg)(rear duction Gear ratio 1,000 — 1.081%, — 1.000 —
1.000
Final Type of gear Hypoid Hypoid Hypoid Hypoid Hypoid Hypoid
reduction " ar ratio 4111 4.444 4111, 4111 4111 4.444
4.444
5MT: 5 forward speeds with synchromesh and 1-reverse
4AT: Electronically controlled fully-automatic, 4-forward speeds and 1-reverse
DSPD: Dry Single Plate Diaphragm
TCC: Torque Converter Clutch
*: Europe spec vehicle
E: STEERING
Type Rack and pinion
Turns, lock to lock 3.0
Minimum turning circle m (ft) Curb to curb 10.6 (34.8)
Wall to wall 11.4 (37.4)
F: SUSPENSION
Front Macpherson strut type, independent, coil spring
Rear Dual-link type, independent, coil spring
G: BRAKE
Model 2.0L Non-turbo, 2.5L Non-turbo ‘ 2.0L Turbo, 2.5L Non-turbo*
Service brake system Dual circuit hydraulic with vacuum suspended power unit
Front Ventilated disc brake
Rear Drum brake ‘ Disc brake
Parking brake Mechanical on rear brakes
*: RHD model
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Specifications

FORESTER

H: TIRE
Rim size 15 x 6J 16 x 6'/,J
Tire size 205/70 R15 95H 215/60 R16 95V, P215/60 R16 94H
Type Steel belted radial, tubeless
I: CAPACITY
Model 2.0L Non-turbo 2.0L Turbo 2.5L Non-turbo
5MT ‘ 4AT 5MT ‘ 4AT 5MT ‘ 4AT
Fuel tank 2 (US gal, imp. 60 (15.9, 13.2)
gal)
Engine oll 0 (US qt, imp. qt) Approx. 4.0 (4.2, 3.5) Approx. 4.5 (4.8, 4.0) Approx. 4.0 (4.2, 3.5)
(When replacing)
Transmission gear oil 0 (US qt, imp. qt) 4.0 — 3.5 — 4.0 —
(4.2, 3.5) (3.7, 3.1) (4.2, 3.5)
3.9
(4.1,3.4)%1
Automatic transmis- 0 (US qt, imp. qt) — 8.4 — 9.3 — 9.3
sion fluid (8.9,7.4) (9.8, 8.2) (9.8, 8.2)
AT differential gear oil 0 (US qt, imp. qt) — 1.2 — 1.2 — 1.2
(1.3, 1.1) (1.3,1.1) (1.3, 1.1)
AWD rear differential 0 (US qt, imp. qt) 0.8 (0.8, 0.6)
gear oil
Power steering fluid 0 (US qt, imp. qt) 0.7 (0.7, 0.6)
Engine coolant 0 (US qt, imp. qt) 6.6 6.5 7.4 7.3 6.9 6.8
(7.0, 5.8) (6.9,5.7) (7.8,6.5) | (7.7,6.4)%2 | (7.3,6.1) (7.2, 6.0)

* 1: With oil pump

* 2: MT vehicles with oil cooler included
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FORESTER

Specifications
J: WEIGHT
1. LHD MODEL
Option code x EC K4 KS
Model 2.0L 2.5L
AWD
2.0X
5MT 4AT 5MT 4AT 5MT 4AT
Curb weight (C.W.) Front kgf (Ib) 760 775 775 790 780 800
(1,675) (1,710) (1,710) (1,740) (1,720) (1,765)
Rear kgf (Ib) 600 600 595 595 620 620
(1,325) (1,325) (1,310) (1,310) (1,365) (1,365)
Total kgf (Ib) 1,360 1,375 1,370 1,385 1,400 1,420
(3,000) (3,035) (3,020) (3,050) (3,085) (3,130)
Maximum permissible | Front kof (Ib) 1,010 1,010 1,010 1,010 1,010 1,010
axle weight (2,225) (2,225) (2,225) (2,225) (2,225) (2,225)
(M.PA.W.) Rear kgf (Ib) 1,035 1,035 1,035 1,035 1,035 1,035
(2,280) (2,280) (2,280) (2,280) (2,280) (2,280)
Maximum permissible | Total kof (Ib) 1,880 1,880 1,880 1,880 1,880 1,880
weight (M.P.W.) (4,140) (4,140) (4,140) (4,140) (4,140) (4,140)
Option Sport package base — — — — — —
Aluminum wheel O O O O O O
Front fog light — — — — O ©]
Cruise control — — — — O O
High-grade audio — — — — — —
Sport steering — — — — — —
Leather package base — — — — — —
Leather seat, Leatherdoor — — — — — —
trim
Air conditioner — — O O O O
Side airbag — — — — — —
Sunroof — — — — — —
Self-leveling function Rr O O — — — —
Cold area pack A O O — — — —
Cold area pack B — — — — — —
Cold area pack C — — — — — —
Security system — — — — — —
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FORESTER

Specifications

Option code EC ‘ K4
Model 2.0L
AWD
2.0XT
5MT 4AT 5MT 4AT
Curb weight (C.W.) Front kgf (Ib) 790 810 815 835
(1,740) (1,785) (1,795) (1,840)
Rear kof (Ib) 620 620 630 630
(1,365) (1,365) (1,390) (1,390)
Total kof (Ib) | 1,410 1,430 1,445 1,465
(3,105) (3,150) (3,185) (3,230)
Maximum permissible | Front kgf (Ib) 1,010 1,010 1,010 1,010
axle weight (2,225) (2,225) (2,225) (2,225)
(M.PA.W.) Rear kgf (Ib) 1,035 1,035 1,035 1,035
(2,280) (2,280) (2,280) (2,280)
Maximum permissible | Total kgf (Ib) 1,950 1,950 1,950 1,950
weight (M.P.W.) (4,295) (4,295) (4,295) (4,295)
Option Sport package base — — — —
Aluminum wheel O O O O
Front fog light O O — —
Cruise control — — O O
High-grade audio — — — —
Sport steering — — — —
Leather package base O O O O
Leather seat, leather door — — — —
trim
Air conditioner — — O O
Side airbag — — O O
Sunroof — — O O
Self-leveling function Rr O O] — —
Cold area pack A O @) — —

Cold area pack B — — — —

Cold area pack C — —

Security system — — — —

* : For the option codes, refer to ID section. <Ref. to ID-6, Option code.>
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FORESTER

Specifications
2. RHD MODEL
Option code x EK KA EK
Model 2.0L 2.5L 2.0L
AWD
2.0X 2.5X 2.0XT
5MT 4AT 5MT 4AT 5MT 4AT
Curb weight (C.W.) Front kgf (Ib) 775 790 765 785 815 835
(1,705) (1,740) (1,685) (1,730) (1,795) (1,840)
Rear kgf (Ib) 600 600 625 625 635 635
(1,325) (1,325) (1,380) (1,380) (1,400) (1,400)
Total kgf (Ib) 1,375 1,390 1,390 1,410 1,450 1,470
(3,030) (3,065) (3,065) (3,110) (3,195) (3,240)
Maximum permissible | Front kgf (Ib) 1,010 1,010 1,010 1,010 1,010 1,010
axle weight (2,225) (2,225) (2,225) (2,225) (2,225) (2,225)
(M.PA.W.) Rear kgf (Ib) 1,035 1,035 1,035 1,035 1,035 1,035
(2,280) (2,280) (2,280) (2,280) (2,280) (2,280)
Maximum permissible | Total kgf (Ib) 1,880 1,880 1,950 1,950 1,950 1,950
weight (M.P.W.) (4,145) (4,145) (4,300) (4,300) (4,300) (4,300)
Option Sport package base — — — — — —
Aluminum wheel O O O O O O
Front fog light — — @) O O O
Cruise control — — O O O O
High-grade audio — — O ©] — —
Sport steering — — @) O — —
Leather package base — — O O O O
Leather seat, leather door — — @] O O O
trim
Air conditioner O O O O O O
Side airbag — — @) O O O
Sunroof — — ©] O O O
Self-leveling function Rr O ©) — — O O
Cold area pack A O O @) O — —
Cold area pack B — — — — — —
Cold area pack C — — — O O
Security system — — — — — —

*: For the option codes,

refer to ID section. <Ref. to ID-6, Option code.>
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Specifications

FORESTER

3. OPTION
Option Front kgf (Ib) Rear kgf (Ib) Total kgf (Ib)
Sport package base 0.1 (0.2) 0.4 (0.9) 0.5(1.1)
Aluminum wheel 15 1IN —6.5 (-14.3) -6.5 (-14.3) -13.0 (-28.6)
16 IN -7.3 (-16.1) -7.3 (-16.1) -14.6 (-32.2)
Front fog light 0.7 (1.5) -0.1 (-0.2) 0.6 (1.3)
Cruise control 1.5 (3.3) 0.2 (0.5) 1.7 (3.8)
High-grade audio 0.8 (1.8) 0.4 (0.9) 1.2 (2.7)
Sport steering 0.2 (0.5) 0.1 (0.2) 0.3(0.7)
Leather package base 0.0 (0.0) 0.0 (0.0) 0(0.0)
Leather seat, leather door trim 1.2 (2.6) 3.0 (6.6) 2(9.2)
Air conditioner 16.9 (37.3) -1.4 (-3.1) 15.5 (34.2)
Side airbag 2.0 (4.4) 2.4 (5.3) 4(9.7)
Sunroof 3.5(7.7) 13.2 (29.1) 16.7 (36.8)
Self-leveling function Rr 2.0X 0.1 (0.2) 3.0 (6.6) 3.1 (6.8)
2.0XT 0.1(0.2) 3.1(6.8) 3.2 (7.0)
Cold area pack A 0.1 (0.2) 0.2 (0.5) 0.3(0.7)
Cold area pack B 0.1(0.2) 0.3(0.7) 0.4 (0.9)
Cold area pack C 0.1 (0.2) 0.3(0.7) 0.4 (0.9)
Security system 0.3(0.7) 0.3(0.7) 6 (1.4)
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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

FU-3



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 (7) Thermistor (A) Resistance (Q2)
(2) Connector (8) Housing (B) Intake air temperature (°C)

FU-4



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 models).

(1) —|

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.

1
M 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.

(1)

@)

FU-00218

) Connector

) Permanent magnet
(3) Shaft

) Call

) Spring
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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.

#2]

ﬁﬂf
#4

t P —

(17)

(n

(13)

(18) FU-00338
(1) Purge control solenoid valve (11) Fuel filter
(2) Pressure regulator (12) Fuel pump
(3) Fuel injector (13) Fuel cut valve
(4) Throttle lever (14) Fuel tank
(5) Intake manifold (15) Fuel return line
(6) Two-way valve (16) Fuel delivery line
(7) Canister (17) Fuel evaporation line
(8) Filter cap (18) Jet pump
(9) Filter pipe (19) ECM
(10) Air vent valve
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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. 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.

ﬁ (B)

- - - - P (©)
M
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 INJECTORS

e The MFI system employs top feed type fuel injectors.
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.

(1)

@)

FU-00222
(1) Filter (4) Seal
(2) O-ring (5) O-ring
(3) Plunger (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-00689
(1) Fuel pump and fuel level sensor assembly (4) Cushion
(2) Fuel sub level sensor (5) Steel
(3) Band
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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.

FU-00340
(1) Fuel pump (7) Pump casing (A) From engine (return line)
(2) Fuel level sensor (8) Motor armature (B) From sub tank
(3) Jet pump (9) Suction (C) To engine (delivery line)
(4) Mesh filter (10) Discharge
(5) Impeller (11) Vane groove
(6) Check valve
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FUEL LINE

Fuel Injection (Fuel System)

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 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-00225

(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)

N

(1)

@)
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(1) Relief valve (A) Returnline
(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.

P (A)

—

1)

FU-00227

(1) Fuel level sensor (A) To jet pump

(2) Float

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.
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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.

(1 (@) ) 4
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Element cover (outer)
Element cover (inner)

Sensor element
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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).

@)

(A)
€ «—— (B) —— (D)
“) FU-00230
(1) Atmospheric air (A) Electromotive force
(2) Exhaust gases (B) Air-fuel ratio
@) zr0, (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.

(6)

FU-00231
(1) Protection tube (4) Gasket
(2) Ceramic heater (5) Sensor housing
(3) 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).

(E)

(A)

(C) (B) (D)

FU-00232
(1) Atmospheric air (A) Electromotive force
(2) Exhaust gases (B) Air-fuel ratio
(3) Electromotive force (C) Rich
(D) Lean

(E) Stoichiometric mixture 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.

25 20°C (68°F) 2.5kQ
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(B)
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(1) Connector (A) Resistance (kQ)
(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.

®) (6)

FU-00234
(1) Terminal (4) Cail
(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.

I
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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 bulkhead harness.

(1)

FU-00237
(1) Case (A) To knock sensor harness
(2) Weight
(3) Piezo-electric element
(4) Nut
(5) Resistor
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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)
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Combination meter
ECM
Vehicle speed sensor

Transmission
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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.

o M LY
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Combination meter
ECM

TCM

Vehicle speed sensor
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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:
Fuel injection control

Ignition system control

Idle air control

Fuel pump control

Canister purge control
Radiator fan control 2

e On-board diagnosis function

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

Signal Unit Function
Input signals Intake air pressure sensor Detects the pressure of intake air (measures the absolute pressure).
Intake air temperature sensor Detects the temperaure of intake air.
Atmospheric pressure sensor Detects the amount of intake air (measure the atmospheric pressure).
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 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.
Inhibitor switch (AT) Detects shift positions.
Torque control signal (AT) Controls engine torque.
Heater circuit of front and rear oxygen | Detects abnormality in the heater circuit of the front and rear oxygen
sensor sensors.
Diagnostics of TCM (AT) Detects the self-diagnostics of the TCM.
A/C switch Detects ON-OFF operation of the A/C switch.
Fuel level sensor Detects the level of the fuel 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 injectors Activates an injector.

Ignition signal

Turns the primary ignition current ON or OFF.

Fuel pump relay

Turns the fuel pump relay ON or OFF.

A/C 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

Control ON/OFF of the main power supply relay.
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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
(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 SYSTEM 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-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 us-
ing the 10° signal from the crankshaft position sensor.

Crankshaft position sensor - | Spark
=1 plug #1
Camshaft position sensor -
Engine coolant temperature sensor L
i - . .| Spark
Atmospheric pressure sensor - - ™ plug #2
Ignition coil and
ignitor assembly
Intake air temperature sensor - ECM
Pressure sensor -
. .| Spark
Knock sensor L ol = plug #3
Throttle position sensor -
Neutral position switch (MT) .
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.

97°65° 10° 97°65° 10° 97°65° 10° 97°65° 10°

s B e B I

11,2 i [3].4 [2],1 [41.3
- a | a4 |
—~|(
(8)
|
(6) | #4 | #1 | #3 | #2 |
FU-00242
(1) Cylinder number (5) Ignition timing at normal condition
(2) Crank angle pulse (BTDC) (6) Burning cylinder
(8) Cam angle pulse (ATDC) (7) Dwell set
(4) Ignition timing at starting (8) Ignite

FU-33



CONTROL SYSTEM

Fuel Injection (Fuel System)

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-II 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 |f 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 Three-way catalyst system
e Air/fuel (A/F) control system
e |gnition control system

e Evaporative emission control system

Item

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 | Catalyst | Front Three-way catalyst Oxidizes HC and CO contained in exhaust gases as well as re-
emis- system ducing NOx.

sion Rear

control | A/F control system | Engine control module (ECM) | Receives input signals from various sensors, compares signals
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 in exhaust gases.

Rear oxygen sensor

Detects density of oxygen contained in exhaust gases.

Throttle position sensor

Detects throttle position.

Intake air pressure sensor

Detects absolute pressure of intake manifold.

Intake air temperature sensor

Detects intake air temperature at 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.
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Emission Control (Aux. Emission Control Devices)

SCHEMATIC DIAGRAMS

2. Schematic Diagrams
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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 injectors

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

(15)
(16)
(17)

(18)
(19)
(20)
(21)
(22)

(23)
(24)
(25)
(26)
@7)
(28)

Canister
Main relay
Fuel pump relay

Fuel filter

Front catalytic converter
Rear catalytic converter
Radiator fan

Radiator fan relay

Intake air temperature sensor
Knock sensor

Front oxygen (A/F) sensor
Rear oxygen sensor

EGR valve

A/C compressor
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(29)
(30)
(31)

(32)
(33)
(34)
(35)
(36)

(37)
(38)
(39)
(40)
(41)

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
Ignition switch

Transmission  control  module

(TCM) (AT vehicles only)
Vehicle speed sensor
Data link connector

Fuel cut valve

Two-way valve

Atmospheric pressure 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.

EC-6



CRANKCASE EMISSION CONTROL SYSTEM

Emission Control (Aux. Emission Control Devices)
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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
(3) 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 ceramics piece (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.
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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 signal from the front oxygen (A/F) sensor and rear oxygen sensor so that the stoichi-
ometric 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.

EC-9



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.

.........

i (©)
i

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: OUTLINE

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.

(3)
(1) (2)

(—

N

»
(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.
( [ | | ®)
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EC-00064
(1) Intake manifold (5) Canister
(2) Throttle body (6) Fuel tank
(3) Purge control solenoid valve (7) Fuel cut valve
(4) Engine control module (ECM) (8) Two-way valve
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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 flow through the

evaporation 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-00065

(1) Seal
(2) Spring
(3) Valve
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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 intake manifold.

(B)

(1) Filter
(2) Charcoal
(3) Spring
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(A) To purge control solenoid valve
(B) From fuel tank
(C) Air



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)
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EC-00025

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

Emission Control (Aux. Emission Control Devices)

F: TWO-WAY VALVE

The two-way valve is located in the evaporation line between the fuel tank and the canister.
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 into the canister.

(A) [> T -

()
EC-00067

(1) Valve (A) Atmospheric pressure
(B) To canister
(C) From fuel tank
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VACUUM CONNECTIONS

Emission Control (Aux. Emission Control Devices)

9. Vacuum Connections

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

(D)
EC-00068
(1) Pressure regulator (A) Hose
(2) Throttle body (B) Pipe
(3) Purge control solenoid valve (C) To canister

(D) Front of vehicle
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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.
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IN-00037

(1) Airintake duct (A) Fresh air

(2) Resonator chamber (B) To throttle body
(3) Airintake duct
4)

Air cleaner case
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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.

(1 (2) (3) 4 (5) (6)
(14)
¢) e
I/ O i —

(13) O@ O T il @
(12) ©) @

— (H— (—— ]
z - 2\ o
N, ]
(11) )
(10) ®)
(9)
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.

ME-00313

(1) Timing indicator (For timing mark of crankshaft pulley) (8) Water pump pulley

(2) *Piston position mark (9) Idler No. 2

(3) 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.
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AUTOMATIC BELT TENSION ADJUSTER

Mechanical

3. Automatic Belt Tension Adjuster

The automatic belt tension adjuster consists of a tensioner unit and a bracket. It maintains the timing
belt tension automatically at a specified level to enable the belt to transmit power correctly, reduce
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.

Tb
ME-00314

(1) Oil seal (8) Plunger spring
(2) Wear ring (9) Check ball
(3) Oil reservoir chamber (10) Timing belt
(4) Return spring (11) Belt tension pulley
(5) Adjuster rod (12) Tensioner bracket
(6) Plunger (13) Cylinder
(7) Oil pressure chamber
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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.

ME-5



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.
(1) @)

ME-00315

(1) Front belt cover
(2) Belt cover No. 2 (RH)
(3) Belt cover 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.

m @ O (™ 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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Mechanical

CAMSHAFT

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.

(A)

(B)

@) (1)

Q)

(A) RH
(B) LH

(1) Journal
(2) Oil passage
(3) Shaft flange

ME-8
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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 three layers of the stainless steel
sheets. It is highly resistant to heat and maintains high level of sealing performance for a long peri-
od.
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(1) Intake valve (5) Exhaust port
(2) Intake port (6) Exhaust valve
(8) 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
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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. It 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.
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PISTON

Mechanical

2L Model

ME-00347

2.5L Model

ME-00348

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

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

(3) Engine displacement (C) OQilring (c¢) Upper rail
(d) Spacer

(e) Lower rail
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ENGINE MOUNTING

Mechanical

11.Engine Mounting

ME-00321

(1) Bracket
(2) Cushion rubber
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GENERAL

Exhaust

1. General

e 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 in-
corporated in the center exhaust pipe.

e The exhaust system features an improved sound suppression design; the two branches of the
front exhaust pipe join at a point almost equal in distance from the engine’s exhaust ports. The ex-
haust system also has resonator chambers in addition to a large capacity muffler.

EX-2



COMPOSITION

Exhaust
2. Composition
2L model
(1) 4) (3) (6) (8) (9)
0 (10)
00 s
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EX-00067

2.5L model

(1) (4) (5)

Right front exhaust pipe

Left front exhaust pipe

)
)
(3) Front catalytic converter
) Front oxygen (A/F) sensor
)

Rear oxygen sensor
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EX-00034

(6) Center exhaust pipe
(7) Rear catalytic converter
(8) Resonance chamber
(9) Rear exhaust pipe

(10) Muffler
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COMPOSITION

Exhaust
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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 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 sub fan 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

A: NON-TURBO MODEL

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 80°C (176°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 80 — 84°C (176 — 183.2°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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(1) Radiator (7) Cylinder head RH
(2) Water pump (8) Cylinder jacket RH
(38) 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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COOLING CIRCUITS
Cooling

B: TURBO MODEL

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
(195.8°F) to the ECM, it causes the radiator fan (or fans) to operate. When the engine is stopped
after high-speed operation, vapor produced in the turbocharger cooling section flows from the cool-
ant filler tank to the reservoir tank where it condenses back into water. Water is then absorbed by
the coolant filler tank as the engine cools down.
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(1) Radiator (9) Cylinder head RH
(2) Engine coolant reservoir tank (10) Cylinder jacket RH
(3) Thermostat (11) Cylinder block RH
(4) Throttle body (12) Cylinder block LH
(5) Heater core (13) Cylinder jacket LH
(6) Coolant filler tank (14) Cylinder head LH
(7) Turbocharger (15) Water pump
(8) OQil cooler
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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 wa-
ter 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 tempera-
ture.

A: NON-TURBO MODEL

(®)

(6)

CO-00056

(A) From heater circuit (1) Pulley
(B) From radiator (2) Ball bearing
(8) Mechanical seal
(4) Impeller
(5) Thermostat
(6) Thermostat case
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WATER PUMP
Cooling

B: TURBO MODEL
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C0-00068
(A) From engine oil cooler (1) Pulley
(B) From water tank (2) Ball bearing
(C) From radiator (3) Mechanical seal
(D) From heater (4) Impeller

(5) Thermostat
(6) 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.
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(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.

@)

M
AN J
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CO-00059
(1) Valve (4) Piston (7) Stop ring
(2) Spring (5) Guide (8) Wax element
(3) Stopper (6) Rubber packing (9) Jiggle valve

CO-8



RADIATOR FAN
Cooling

6. Radiator Fan

A: DESCRIPTION
1. MODELS WITHOUT A/C

The radiator fan ON-OFF control is accomplished according to signals from the engine coolant tem-
perature sensor and the vehicle speed sensor.

(A) (B)
_
ol g
(5) it
(7)
3
(6) ©
(A) ——
(2) é\a
3.
= fhe
CO-00142
(1) Main fan relay (A) From ignition switch
(2) Fan mode relay (B) From battery
(3) Main fan motor
(4) Circuit shorting harness
(5) Low speed signal
(6) High speed signal
(7) ECM

CO-9



RADIATOR FAN
Cooling

2. MODELS WITH A/C

To reduce fan noise, the fan output can be switched to Low or High according to the load on A/C,
coolant temperature, and vehicle speed. This control is accomplished by a circuit as shown below;
the output is changed by switching the connection of two motors between serial and parallel instead
of using components such as resistors.

(A) (B) (A) (B)

]
o) 8:\0 @ ai\o

(6)
(8) '
% 4)
(A)—
o 3N

o

KO

C0O-00060
(1) Main fan relay (6) Low speed signal
(2) Sub fan relay (7) High speed signal
(3) Fan mode relay (8) ECM
(4) Main fan motor (A) From ignition switch
(5) Sub fan motor (B) From battery
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RADIATOR FAN

Cooling

B: FUNCTION

1. MODELS WITHOUT A/C

The ON-OFF control of the radiator fan is performed by the ECM which receives signals from the
engine coolant temperature sensor and the vehicle speed sensor.

Vehicle speed

Engine coolant temperature

Lower than 95°C (203°F)

96 —99°C (203 — 210°F)

Higher than 100°C (212°F)

Operation of radiator fan

Operation of radiator fan

Operation of radiator fan

(66 MPH)

Lower than 19 km/h (12 MPH) OFF ON ON
20 — 69 km/h (12 — 43 MPH) OFF ON ON
70 — 105 km/h (43 — 65 MPH) OFF ON ON
Higher than 106 km/h OFF OFF ON

2. MODELS WITH A/C

On models equipped with an air conditioning system, the ECM receives signals from the engine
coolant temperature sensor, vehicle speed sensor and A/C switch, and based on these signals, the

ECM controls the fan speed to Hi or Low.

Vehicle speed

A/C

compressor load

Engine coolant temperature

Lower than 95°C (203°F) 96 —99°C Higher than 100°C
(203 — 210°F) (212°F)

Operation of Operation of Operation of

radiator fans radiator fans radiator fans

Lower than 19 km/h OFF OFF Low-Speed High-Speed
(12 MPH) Low Low-speed Low-speed High-speed
High High-speed High-speed High-speed

20 - 69 km/h OFF OFF Low-speed High-Speed
(12 - 43 MPH) Low High-speed High-speed High-speed
High High-speed High-speed High-speed

70 — 105 km/h OFF OFF Low-Speed High-Speed
(43 - 65 MPH) Low OFF Low-speed High-speed
High Low-speed High-speed High-speed

Higher than 106 km/h OFF OFF OFF High-Speed
(66 MPH) Low OFF Low-speed High-speed
High OFF Low-speed High-speed
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RADIATOR FAN
Cooling
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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 crankshatft.

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.

e A water-cooled oil cooler is located between the oil filter and cylinder block to keep the engine oil
in an optimum temperature range and prevent degradation of lubrication performance (turbo mod-
el).

LU-2



GENERAL

Lubrication

A: NON-TURBO MODEL

(1
(2
(3
(4

)
)
)
)

Qil filter
Oil pump
Oil strainer
Camshaft

LU-3

(5)
(6)
@)

(@)

(b)

LU-00143

Roller
Rocker arm
Rocker shaft

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

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



GENERAL

Lubrication

B: TURBO MODEL

(6)

LU-00066
(1) Oil filter (4) Oil strainer
(2) Oil cooler (5) Intake gallery
(3) Qil pump (6) Exhaust gallery

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

(b) Relief valve opening pressure:
588 kPa (6.0 kgf/cm?, 85 psi)

LU-4



ENGINE OIL FLOW

Lubrication
2. Engine Oil Flow
Intake cam Exhaust cam Exhaust cam Intake cam
and roller and roller and roller and roller
+ i ) f
Intake valve Intake valve
stem end stem end
Intake Exhaust Exhaust Intake
rocker arm rocker arm C_amshallft C_amshellft rocker arm rocker arm
journal journal Journa Journa journal journal
Intake Exhaust c haft c haft Exhaust Intake
rocker shaft rocker shaft amsha amsha rocker shaft rocker shaft
A /'3 A I /
| |
Camshaft cap Camshaft cap
#1&#3 #28&#4
cylinder head cylinder head
(R.H.) (L.H.)
- > I 1 T 7 -
#1 #4 #2&#3
connecting connecting connecting
rod bearing rod bearing rod bearing
A
# 1 journal # 4 journal # 5 journal # 2 journal # 3 journal
bearing bearing bearing bearing bearing
(front) (center) (rear) (center) (center)
A A A / A
Oil pressure switch
| A
Cylinder block | Cylinder block
main gallery R.H. main gallery L.H.
i
1
Qil filter |
i
1
1
1
1
QOil pump ,
i
1
> Oil pan -
LU-00144
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Lubrication

ENGINE OIL FLOW

B: TURBO MODEL

LU-6

A A A A A
Camshaft Camshaft Camshaft Camshaft
journal journal journal journal
A A A A

Intake Exhaust Intake Exhaust
gallery gallery gallery gallery
Turbo-
A A charger A A
Orifice Orifice
A )
#1&#3 #28&#4
cylinder head cylinder head
(R.H.) (L.H.)
/ A
-t > T 1 T —
#1 #4 #28&#3
connecting connecting connecting
rod bearing rod bearing rod bearing
| A
# 1 journal # 4 journal # 5 journal # 2 journal # 3 journal
bearing bearing bearing bearing bearing
(front) (center) (rear) (center) (center)
A A A \
Oil pressure
| switch |
|
Cylinder block . Cylinder block
main gallery R.H. *> | main gallery L.H.
pe——————— ----------------------------I
: B Sttt 1 1
1 1
Qil filter } Qil filter element Bypass valve i
1 1
1 1
: A :
[ R [ i g J
Qil cooler
A S
1 1
1
QOil pump H QOil pump rotor Relief valve !
1
1
i A i
1 -l 1
bemmmmmeed e c e e e e e mmmmmm———————— 1
Oil strainer
A
- Oil pan -

LU-00068




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 rotat-
ed, 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 pres-
surized 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.

@)

as @)
LU-00058
(1) Inner rotor (6) Plug
(2) Outer rotor (7) Gasket
(3) Oil 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.

(4)

LU-00059

(1) Oil seal

(2) Filter body
(3) Bypass valve
(

4) Pleated element

LU-8



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. It 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

LU-9



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 pur-
pose of this switch is to monitor the operation of the oil pump as well as the lubricating oil pressure
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 en% ne starts)
After reaching the specmed 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.

LU-10



OIL COOLER (TURBO MODEL ONLY)

Lubrication

7. Oil Cooler (Turbo Model Only)

The oil cooler used in turbo models is of a water cooled type. It serves to maintain engine oil in prop-
er temperature range and so prevent degradation of lubricating oil performance.

LU-00067
(1) OQil cooler (3) Water pipe
(2) Connector (4) OQil filter

LU-11



OIL COOLER (TURBO MODEL ONLY)

Lubrication
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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 uneven cable return move-
ment that may result from deformation of the toeboard or improper installation of the accelerator
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.

M

SP-00029

Accelerator cable
Grommet

Toeboard

Casing cap (floating type)
Accelerator pedal
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.
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1G-00068

(1) Ignition coil and ignitor assembly
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IGNITION COIL

Ignition

@)

ECM

Ignitor
Ignition coll
Spark plug #1

I\

— (3)

g

IG-3

(6)
(7)
®)

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).

— ()

IR 1T e

1G-00035

(1) Gap: 1.0 — 1.1 mm (0.039 — 0.043 in)

1G-4



STARTING/CHARGING SC (SOHC)
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STARTER
Starting/Charging

1. Starter
The starter is of a reduction type. Its output is 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

SC-2



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 Tr; 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 pre-
vented from becoming overcharged.

SC-3



GENERATOR

Starting/Charging
(6)
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SC-00057
(1) Positive side diode (3 pcs.) (7) Energizing circuit (A) Alternator terminal
(2) Additional diode (2 pcs.) (8) Constant voltage circuit (B) Regulator terminal
(3) Stator coil (9) Diagnostic & warning circuit
(4) Field coil (10) IG switch
(5) Negative side diode (3 pcs.) (11) Charge light
(6) Trio diode (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 bat-
tery holder.
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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: PRESSURE SENSOR

The 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 pres-
sure signals in addition to other signals from many sensors and other control modules.

()
O

O 3 /@ | ®)

N

FU-00343
(1) Connector (A) Output voltage
(2) Terminal (B) Absolute pressure
(8) O-ring

C: 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.

FU-3



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.

FU-00344

(1) Connector (4) Return spring
(2) Terminal (5) Terminal

(3) Wave washer
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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-00345

(1) Connector (3) Airinlet port
(2) Air outlet port (4) Terminal
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AIR LINE

Fuel Injection (Fuel System)

F: MASS AIR FLOW AND INTAKE AIR TEMPERATURE SENSOR

The mass air flow and the intake air temperature sensors are integrated into a single unit. The unit
is mounted on the air cleaner case and measures the amount as well as the temperature of the in-

take air.
The measured amount and temperature are converted into electrical signals and sent to the ECM.

The ECM uses these signals to control injection and ignition timing as well as the fuel injection
amount.

®)

FU-00346
(1) Mass air flow and intake air temperature sensor (A) Air

(2) Mass air flow sensor
(3) Intake air temperature sensor
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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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FU-00348

(1) Purge control solenoid valve (8) Jet pump
(2) Purge valve (9) Fuel cut valve
(3) Pressure regulator (10) Canister
(4) Throttle body (11) Two-way valve
(5) Fuel filter (12) ECM
(6) Intake manifold (A) Fuelline
(7) Fuel pump (B) 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. 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
294 kPa (3.00 kgf/cm?, 43.0 psi) to precisely control the amount of injected fuel.

(A)

(C) FU-00349
(A) To intake manifold (1) Relief valve
(B) Fuel IN (2) Diaphragm

(C) Fuel OUT

FU-8



FUEL LINE

Fuel Injection (Fuel System)

C: FUEL INJECTORS

e The MFI system employs top feed type fuel injectors.

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 The multi-hole nozzle makes it possible for the injector to produce fire fuel particles, which en-
hances the combustion efficiency and output performance of the engine.
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FU-00350
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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-00689
(1) Fuel pump and fuel level sensor assembly (4) Cushion
(2) Fuel sub level sensor (5) Steel
(3) Band

FU-10



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.

&
FU-00340
(1) Fuel pump (7) Pump casing (A) From engine (return line)
(2) Fuel level sensor (8) Motor armature (B) From sub tank
(8) Jet pump (9) Suction (C) To engine (delivery line)
(4) Mesh filter (10) Discharge
(5) Impeller (11) Vane groove

(6) Check valve

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.

FU-11



FUEL LINE

Fuel Injection (Fuel System)

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-00351

(1) Fuel level sensor
(2) Float
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FUEL LINE

Fuel Injection (Fuel System)

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)

FU-00226

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

P (A)

FU-00227

(1) Fuel level sensor (A) To jet pump
(2) Float

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.

O |
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SENSORS AND SWITCHES

Fuel Injection (Fuel System)

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.

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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Protection tube
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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 sensor
does not generate much electromotive force when the temperature is low. The output characteristics
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 gases (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.

O @
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(1) Protection tube (4) Ceramic heater
(2) Gasket (5) Zirconia tube
(3) 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).

(E)

(A)

(C) (B) (D)

FU-00232
(1) Atmospheric air (A) Electromotive force
(2) Exhaust gases (B) Air-fuel ratio
(3) Electromotive force (C) Lean
(D) Rich

(E) Stoichiometric mixture ratio
(F) Comparison voltage
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Fuel Injection (Fuel System)

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.

25
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(1) Connector (A) Resistance (kQ)
(2) Thermistor element (B) Temperature °C (°F)

D: EXHAUST GAS TEMPERATURE SENSOR

The exhaust gas temperature sensor is located on the joint pipe and used to monitor the condition

of the precatalytic converter.
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E: 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) Coall
(2) Yoke core (5) Core
(3) Magnet (6) Cover

FU-20



SENSORS AND SWITCHES

Fuel Injection (Fuel System)

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.

T

(1)
/
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(1) Crankshaft position sensor
(2) Crankshaft sprocket
(3) Crankshaft half rotation
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F: 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. Two bosses are provided on
the sprocket as shown below.

"\

FU-00355
(1) Boss (4) Camshaft position sensor
(2) Camshaft sprocket (5) Camshaft one rotation (crankshaft two rotations)
(3) Airgap
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G: 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 bulkhead harness.

@—_|

@ —

(4) FU-00356

) Nut

) Weight

(38) Piezo-electric element
) Housing

) Resistor

FU-23



SENSORS AND SWITCHES

Fuel Injection (Fuel System)

H: 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.

(©)

(4) )
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Combination meter
ECM
Vehicle speed sensor

Transmission
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Fuel Injection (Fuel System)

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.

(4)

FU-00239

) Combination meter
) ECM
(3) TCM
) Vehicle speed sensor
)

Transmission
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Fuel Injection (Fuel System)

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:
Fuel injection control

Ignition system control

Idle air control

Fuel pump control

Canister purge control "'
Radiator fan control 2

e On-board diagnosis function

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

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

Signal Unit Function
Input signals Pressure sensor Detects the amount of intake air (Measures the absolute pressure).
Mass air flow and intake air tempera- | Detects the temperature and amount of intake air.
ture sensor
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.
Exhaust gas temperature sensor Detects the exhaust gas temperature.
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 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.
Inhibitor switch (AT) Detects shift positions.
Heater circuit of front and rear oxygen | Detects abnormality in the heater circuit of the front and rear oxygen
sensor sensors.
Diagnostics of TCM (AT) Detects the self-diagnostics of the TCM.
Torque control signal (AT) Controls engine torque.
A/C switch Detects ON-OFF operation of the A/C switch.
Fuel level sensor Detects the level of the fuel 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 injectors Activates an injector.

Ignition signal

Turns the primary ignition current ON or OFF.

Fuel pump controller

Controls the fuel pump.

A/C 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.

Wastegate control solenoid valve

Controls supercharging pressure.

Malfunction indicator lamp

Indicates existence of abnormality.

Purge control solenoid valve

Controls purge of evaporative gas absorbed by the canister.

Power supply

Control ON/OFF of the main power supply relay.
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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 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 voltage 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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Injection duration increment signal

(1)

(2) Exhaust gas (B) Injection duration decrement signal
(3) Front oxygen (A/F) sensor (C) High oxygen density

(4) Fuel injectors (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 SYSTEM 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. The ECM then selects the ignition timing most appropriate for the condition thus
determined 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 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 > o | Spark
| plug #1
Camshaft position sensor -
Engine coolant temperature sensor -
. | Spark
Pressure sensor - plug #2
Ignition coil
Mass air flow and intake air temperature sensor » ECM and ignitor
assembly
Knock sensor - . | spark
o | plug #3
Throttle position sensor -
* Neutral position switch (MT) o
« Inhibitor switch (AT) o
Spark
A/C switch - plug #4
FU-00357
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e The ECM identifies cylinders at TDC and determines ignition timing as follows:
e Within the range (A), the crank angle signal is input every 10° rotation of the crankshaft.

e The ECM discriminates a TDC cylinder group from the other by detecting the ranges (B) and
(C) where no signals are input.

e The ECM judges that the No. 1 and No. 2 cylinders are at TDC when it detects the range (B),
and that the No. 3 and No. 4 cylinders are at TDC when it detects the range (C).

#4 #1 #3 #2 #4
 —1 ! ! ! !
J (A) (B) | (A) (C) | (A) (B) | (A) (©) |
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Cylinder number (TDC)
Crank angle pulse

~ ~

Ignition timing at starting

N
~

Ignition timing at normal condition

~ e~~~ —~
W
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o

Burning cylinder
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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.

M
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(1) Crankshaft position sensor (6) Ignition switch
(2) Camshaft position sensor (7) AJC switch
(3) Throttle position sensor (8) Neutral position switch (MT)
Inhibitor switch (AT)
(4) Engine coolant temperature sensor (9) ECM
(5) Vehicle speed sensor (10) 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-II 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 Three-way catalyst system

e A/F control system

e |gnition control system

e Evaporative emission control system

Item

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.

A/F control system

Engine control module (ECM)

Exhaust | Catalyst | Pre Three-way catalyst Oxidizes HC and CO contained in exhaust gases as well as re-
emis- system ducing NOx.

sion Front

control Rear

system

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 exhaust gases.

Throttle position sensor

Detects throttle position.

Pressure sensor

Detects absolute pressure of intake manifold.

Mass air flow and intake air
temperature sensor

Detects amount of intake air.

Detects intake air temperature in the 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.
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SCHEMATIC DIAGRAMS
Emission Control (Aux. Emission Control Devices)

2. Schematic Diagrams
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Engine control module (ECM)
Ignition coil and ignitor assembly
Crankshaft position sensor
Camshaft position sensor
Throttle position sensor

Fuel injectors

Pressure regulator

Engine coolant temperature sen-
sor

Pressure sensor

Idle air control solenoid valve
Purge control solenoid valve
Fuel pump

Mass air flow and intake air tem-
perature sensor

Air cleaner element

Canister

Main relay

Fuel pump relay

Fuel filter

Fuel pump controller
Two-way valve

Front catalytic converter
Exhaust temperature sensor
Precatalytic converter

Front oxygen (A/F) sensor

Rear oxygen sensor
Rear catalytic converter
Radiator fan

Radiator fan relay
Knock sensor

A/C compressor
Neutral switch (MT vehicles only)

CHECK ENGINE malfunction indi-
cator lamp (MIL)

EC-5

(33)
(34)
(35)
(36)
(37)
(38)
(39)

Tachometer

A/C relay

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

Waste gate controller

Waste gate controller
Purge valve

Air bypass valve
Turbocharger

Intercooler

Inhibitor switch (AT vehicles only)

Transmission  control  module

(TCM) (AT vehicles only)



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 In 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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(1) Airintake duct (5) Case (A) To intake manifold
(2) PCV valve (6) Valve
(3) Intake manifold (7) Spring
(4) Crankcase (8) PCV valve
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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 ceramics piece (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 and rear oxygen sensor so that the stoichi-
ometric 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.
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®) EC-00072
(1) Battery (6) Ignition coil and ignitor assembly
(2) Ignition switch (7) Knock sensor
(3) ECM (8) Mass air flow and intake air temperature sensor
(4) Camshaft position sensor (9) Engine coolant temperature sensor
(5) Crankshaft position sensor
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EVAPORATIVE EMISSION CONTROL SYSTEM

Emission Control (Aux. Emission Control Devices)

7. 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.
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(1) Intake manifold (6) Two-way valve
(2) Throttle body (7) Purge valve
(3) Purge control solenoid valve (8) Fuel cut valve
(4) ECM (9) Fuel tank
(5) Canister

EC-10



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 flow through the

evaporation line.
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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-00065

(1) Seal
(2) Spring
(3) Valve
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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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(1) Filter
(2) Charcoal
(3) Spring
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(A) To purge control solenoid valve
(B) From fuel tank
(C) Air



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

Emission Control (Aux. Emission Control Devices)

F: TWO-WAY VALVE

The two-way valve is located in the evaporation line between the fuel tank and the canister.
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 into the canister.
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(1) Valve (A) Atmospheric pressure
(B) To canister
(C) From fuel tank
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VACUUM CONNECTIONS

Emission Control (Aux. Emission Control Devices)

8. 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-00075
(1) Pressure regulator (A) Delivery valve
(2) Purge control solenoid valve (B) Return pipe
(3) Hose (C) Evaporation pipe
(4) Pipe (D) Front of vehicle
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INTAKE SYSTEM

Intake (Induction)

1. Intake System
A: 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.

@)

IN-00110

Air intake duct (A) Fresh air
Resonator chamber (B) To turbocharger
Air cleaner case

w

Mass air flow/intake air temperature sensor
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Intake boot
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Intake duct
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TURBOCHARGER SYSTEM

Intake (Induction)

2. Turbocharger System
A: GENERAL

e The turbocharger system consists of a water-cooled turbocharger, air-cooled intercooler, waste-

gate control solenoid valve, etc.

e The outlet side turbine, rotated by exhaust gas pressure, rotates the inlet side turbine.

e As aresult, the inlet side turbine compresses the intake air before it is delivered to the intake man-

ifold.

e This turbocharger system controls the supercharging pressure according to changes in the atmo-
spheric pressure. Even at a high altitude, therefore, the system offers stable performance without

being affected by variations in atmospheric pressure.
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Pressure sensor

Crankshaft position sensor
Camshaft position sensor

Throttle position sensor

Engine coolant temperature sensor

(10)

Mass air flow/intake air temperature sensor

Wastegate valve
Turbocharger unit
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IN-00046

Wastegate controller

Wastegate control solenoid valve
Air bypass valve

Intercooler

Throttle body

Intake manifold
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TURBOCHARGER SYSTEM

Intake (Induction)

B: TURBOCHARGER UNIT

The turbocharger is water-cooled. It utilizes a wastegate valve to adjust its supercharging pressure
to an optimum level. The turbine is housed in a lightweight, thin-wall, heat-resistant casting. The
compressor housing is made of thin-wall, aluminum alloy casting. The shaft for turbine and com-
pressor is supported by a full-floating metal bearing system.

(A) IN-00047
(1) Wastegate controller (A) Lubricating oil outlet (E) Lubricating oil inlet
(2) Compressor housing (B) Exhaust gas outlet (F) Airinlet
(3) Turbine housing (C) Airoutlet (G) Wastegate valve operating pres-

sure

(D) Engine coolant inlet
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TURBOCHARGER SYSTEM

Intake (Induction)

C: LUBRICATION OF TURBOCHARGER

The turbocharger is lubricated by engine oil branched out from the oil pump. To cope with very high
speed of the turbocharger turbine and the compressor shaft which may reach a maximum of several
hundred thousands of rpm, full-floating type bearings are used which can form adequate oil films
on their inside and outside during running.

Further the oil supplied to the turbocharger also plays a role of cooling the turbine so that heat from
exhaust gas does not transmitted to the bearings.

(™

(4)
IN-00048
(1) Compressor housing (3) Turbine housing
(2) Turbine wheel (4) Compressor impeller

D: COOLING OF TURBOCHARGER

The turbocharger unit is cooled by engine coolant, which enhances the reliability and durability of
the unit. The engine coolant from the coolant drain hose located under the cylinder head is led by
a pipe to the coolant passage provided in the turbocharger bearing housing. After cooling the bear-
ing housing, the engine coolant is led into the coolant filler tank through a pipe.
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TURBOCHARGER SYSTEM

Intake (Induction)

E: WASTEGATE CONTROL SOLENOID VALVE

The wastegate control solenoid valve switches the intake air pressure passages to the wastegate
controller in response to signals from the ECM. When the solenoid valve is closed, the intake air
pressure upstream of the turbocharger unit is applied to the wastegate controller. When the sole-
noid valve is opened, the intake air pressure downstream of the turbocharger unit (supercharged air
pressure) is applied to the wastegate controller.
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(1) Coil

IN-6



TURBOCHARGER SYSTEM

Intake (Induction)

F: REGULATION OF SUPERCHARGING PRESSURE
1. BASIC FUNCTION OF THE WASTEGATE VALVE

When the engine speed increases as the throttle valve opens, the amount of exhaust gas increases.
This increases the speed of the turbine (approx. 20,000 to 150,000 rpm), the supercharging pres-
sure and the engine output.

If the resultant supercharging pressure is extremely high, however, it may cause knocking and an
excessively high thermal load on such engine components as pistons. In the worst case, the engine
may be damaged or broken. To prevent this, the wastegate valve and its controller are provided. By
sensing the supercharging pressure, the wastegate valve controller controls the operation of the
wastegate valve to maintain the supercharging pressure below a predetermined level.

aemm

IN-00049

(1) Wastegate valve
(2) Turbocharger
(8) Wastegate valve controller
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TURBOCHARGER SYSTEM

Intake (Induction)

While the supercharging pressure is lower than the predetermined level, the wastegate valve is
closed so that entire exhaust gas is directed to the turbine.

e

v

:

i

&

N

IN-00050

When the supercharging pressure reaches the predetermined level, the wastegate controller lets
the supercharging pressure press the diaphragm. This causes the wastegate valve to open through
a linkage. With the wastegate valve open, part of the exhaust gas is allowed to flow into the exhaust
gas pipe that bypasses the passage to the turbine.

This decreases the exhaust gas pressure that rotates the turbine and keeps the supercharging
pressure constant.

e |t means P, — P, = constant.

P,: Atmospheric pressure
P,: Supercharging pressure
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TURBOCHARGER SYSTEM

Intake (Induction)

2. CONCEPT OF THE WASTEGATE VALVE CONTROL

At high altitudes, the atmospheric pressure (P4) is low, so that the supercharging pressure (P,) is
also low in a conventional system. The wastegate solenoid valve operates in such a way that a con-

stant supercharging pressure (P,) is maintained by acting in response to change in the atmospheric
pressure.
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TURBOCHARGER SYSTEM

Intake (Induction)

G:INTERCOOLER

e Since the intake air having passed through the turbocharger unit is heated to a very high temper-
ature, the air itself is expanded, resulting in a lower supercharging charging efficiency. The inter-
cooler is provided just before the throttle body to cool down the intake air and improve the
supercharging efficiency.

e The intercooler is an air cooled type. The air delivered from the air duct provided at the engine
hood flows through the core and cools the intake air passing through the intercooler.

IN-00053

(1) Intercooler (A) From turbocharger
(2) Air bypass valve (B) To throttle body
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TURBOCHARGER SYSTEM

Intake (Induction)

H: AIR BYPASS VALVE

When a throttle valve is suddenly closed, low air suction noise may occur due to a sudden rise of
the air pressure in the passage between the turbocharger and throttle body. To prevent this, an air
bypass valve and air passage are provided. The air bypass valve, actuated by the vacuum created
by a sudden closure of the throttle valve, allows the suction air to bypass the turbocharger and flow
directly upstream, thus lowering the pressure in the air passage.
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(B) IN-00054

(A) To intake manifold
(B) To turbocharger inlet duct

(C) From intercooler
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TURBOCHARGER SYSTEM

Intake (Induction)

MEMO
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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, DOHC turbocharged 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 A single timing belt drives four 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-00341
(1) Intake camshaft (5) Crankshaft (9) Cylinder head
(2) Intake valve (6) Connecting rod (10) Oil pan
(3) Piston (7) Spark plug (11) Exhaust valve
(4) Cylinder block (8) Valve rocker cover (12) Exhaust camshaft
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TIMING BELT

Mechanical

2. Timing Belt

e A single timing belt drives four camshafts (intake and exhaust camshafts on each 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.
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N— -- ME-00342
(1) Timing indicator (For timing mark of crankshaft pul- (9) Water pump pulley
ley)
(2) *Piston position mark (10) Idler No. 2
(3) Belt tension pulley (11) Timing Belt
(4) Automatic belt tension adjuster assembly (12) Crankshaft sprocket
(5) Alignment mark (13) Idler
(6) **Piston position mark (14) Exhaust camshaft sprocket RH
(7) Intake camshaft sprocket LH (15) Intake camshaft sprocket RH
(8) Exhaust camshaft sprocket LH

NOTE:

*: The #1 piston is set at the top dead center (TDC) when the piston-position mark on the crankshaft
sprocket is aligned with the mark on cylinder block.

**: The #1 piston is set at TDC on the compression stroke when the piston-position mark on the
camshaft sprocket is facing directly upward.
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AUTOMATIC BELT TENSION ADJUSTER

Mechanical

3. Automatic Belt Tension Adjuster

The automatic belt tension adjuster consists of a tensioner unit and a bracket. It maintains the timing
belt tension automatically at a specified level to enable the belt to transmit power correctly, reduce
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.

Tb
ME-00314

(1) Oil seal (8) Plunger spring
(2) Wear ring (9) Check ball
(3) Oil reservoir chamber (10) Timing belt
(4) Return spring (11) Belt tension pulley
(5) Adjuster rod (12) Tensioner bracket
(6) Plunger (13) Cylinder
(7) Oil pressure chamber
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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-00343
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CAM SHAFT

Mechanical

5. Cam shaft

The DOHC engine uses four camshafts in all; intake and exhaust camshafts on each of the right
and left banks.

The cam lobe noses are finished by “chill” treatment to increase wear resistance and anti-scuffing
properties.

Each camshaft is supported at its three journals and held in position by three camshaft caps. Each
camshaft has a flange which fits in the corresponding groove in the cylinder head to receive thrust
forces generated in the camshaft.

ME-7



CAM SHAFT

Mechanical
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(1) Left intake camshaft
(2) Journal
(3) Flange

R EX

(4) Left exhaust camshaft
(5) Right intake camshaft
(6) Right exhaust camshaft
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CYLINDER HEAD

Mechanical

6. Cylinder head

e The cylinder head is made of aluminium 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 three layers of the stainless steel
sheets. It is highly resistant to heat and maintains high level of sealing performance for a long peri-
od.

(6) ®)
ME-00345
(1) Intake valve (5) Exhaust port
(2) Intake port (6) Exhaust valve
(8) Squish area (7) Spark plug
(4) Combustion chamber
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CYLINDER BLOCK

Mechanical

7. Cylinder block

e The cylinder block is made of aluminium die casting. lts 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.
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CRANKSHAFT

Mechanical

8. 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
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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 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. It 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 a cut on the bottom outside to reduce
oil consumption.

)

ME-00346

(1) Identification mark (A) Topring (a) Inner-bevel
(2) Location mark (Engine front side) (B) Second ring (b) Cut
(C) OQilring (¢) Upper rail
(d) Spacer
(e) Lower rail
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ENGINE MOUNTING

Mechanical

10.Engine Mounting

ME-00321

(1) Bracket
(2) Cushion rubber
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ENGINE MOUNTING

Mechanical
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GENERAL

Exhaust

1. General

e The exhaust system consists of left and right exhaust manifolds, a front joint pipe, a turbocharger
joint pipe, a center exhaust pipe, a rear exhaust pipe and a muffler. The turbocharger joint pipe in-
corporates the precatalytic converter, the center exhaust pipe incorporates the front catalytic con-
verter, and the rear exhaust pipe incorporates the rear catalytic converter.

e The exhaust system features an improved sound suppression design and has a resonator cham-
ber in addition to a large capacity muffler.

EX-2



CONSTRUCTION

Exhaust

2. Construction

)

(13) (5 ()

Left exhaust manifold

Front oxygen (A/F) sensor
Exhaust temperature sensor
Right exhaust manifold
Precatalytic converter

Front catalytic converter
Center exhaust pipe

EX-3
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(10)
(11)
(12)
(13)

Rear catalytic converter
Rear oxygen sensor
Chamber

Rear exhaust pipe
Muffler

Turbocharger joint pipe

(12)
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CONSTRUCTION

Exhaust

MEMO
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GENERAL
Cooling

1. General

Specifications for the turbo models are included in section “CO (SOHC) — COOLING”. Refer to sec-
tion “CO (SOHC) — COOLING”.
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LUBRICATION L U (TURBO)
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GENERAL

Lubrication

1. General

Specifications for the turbo models are included in section “LU (SOHC) — LUBRICATION”. Refer to
section “LU (SOHC) — LUBRICATION”.
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GENERAL
Speed Control System

1. General

Specifications for the turbo models are the same as those for the non-turbo models. Refer to section
“SP (SOHC) — SPEED CONTROL SYSTEM”.
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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.

1G-00040

(1) Connector (2) Ignition coil
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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 0.7 and 0.8 mm (0.028 and 0.031 in).

_%HEH}]_

A
|

(A)

1G-00041

(A) Gap: 0.7 —0.8 mm (0.028 — 0.031 in)

IG-3



SPARK PLUG

Ignition

MEMO
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STARTING/CHARGING S C (TURBO)




GENERAL
Starting/Charging

1. General

Specifications for the turbo models are the same as those for the non-turbo models. Refer to section
“SC (SOHC) — STARTING/CHARGING”.

SC-2
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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) Lever (6) BushB
(3) Cushion rubber (7) Joint
(4) Boot (8) Rod

CS-2



SELECT LEVER

Control System

2. Select Lever

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 select lever mechanism has a detent spring and a detent arm. It ensures more precise posi-

tioning of the select lever.

Push-pull cable
Detent spring
Base plate
Detent arm
Gate

s

)

(A)
CS-00075
(6) Select lever assembly

(7) Arm
(A) View A

CS-3



DUAL RANGE SELECTOR LEVER

Control System

3. Dual Range Selector Lever

The dual range selector lever is provided behind the transmission shift lever. Moving the range se-
lector lever up and down shifts the Hi-Lo coupling sleeve of the auxiliary transmission gear mecha-
nism via a cable, thereby selecting the low range and high range, respectively.

CS-00117

(1) Cable
(2) Grommet
(3) Dual range selector lever assembly

CS-4
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OIL PUMP

Automatic Transmission

1. Oil Pump

A: CONSTRUCTION

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

9)

AT-00461

(1) Oil pump housing (4) Gasket (7) Oil pump cover
(2) Hose (5) Inner rotor (8) Sealring
(3) 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 oll
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.

AT-2



OIL PUMP

Automatic Transmission

(6)

—

,,,,,,,

(1)

To torque converter regulator valve
To manual valve

From reverse clutch

From pressure modifier valve
Pressure regulator valve

To manual valve

Delivery port

(13)
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AT-00462
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Oil pump housing
Outer rotor

Inner rotor
Suction port

Qil strainer

Oil pan

Line pressure



REVERSE CLUTCH

Automatic Transmission

2. Reverse Clutch
A: CONSTRUCTION

@3@@ o

<

V)

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

AT-4



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.

(1) ) @ @
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|
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(3) AT-00464

(1) High clutch drum (4) Drive plate
(2) Reverse clutch piston (5) Frontsun 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.

) (2) 3 4
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AT-00465
(1) High clutch drum (5) Front sun gear
(2) Reverse clutch piston (6) Cover
(3) 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)

AT-00466

(1) High clutch drum (7) High clutch piston (13) Retaining plate

(2) Lip seal (8) Return spring (14) Snapring

(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

AT-7



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.

™)

3) ‘

(1)

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

AT-8



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 retaining
plate and a snap ring that are placed in a housing formed in the transmission case.

(15)

(9) AT-00468
(1) Thrust bearing (6) Bolt (11) Leaf spring
(2) Sealring (7) Spring retainer (12) Drive plate
(38) 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.

AT-9



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.

AT-00469

(1) Snapring (7) Cover (18) Needle bearing
(2) Retaining plate (8) Return spring (14) Snapring

(3) 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) Snap ring (12) Low clutch drum

AT-10



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.

) AT-00470
(1) Low clutch drum (3) 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.

_f

— 1

S

(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) Snap ring

AT-12



REDUCTION GEARS

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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HYDRAULIC CONTROL VALVE

Automatic Transmission
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High clutch accumulator piston B
2-4 brake accumulator piston B
Pressure regulator sleeve
Pressure regulator plug
Pressure regulator valve
Reverse inhibit 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

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

(A)
(B)
©

1st reducing valve

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

Lock-up control valve
Modifier accumulator piston
Pilot valve

Upper valve body
Middle valve body
Lower valve body



Automatic Transmission

HYDRAULIC CONTROL VALVE

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) ' HS)%J
R o o
. ==
5 o o
3 1o M @
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 inhibit 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.

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.
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(16)

AT-00474
(1) Input shaft (7) One-way clutch (13) Rear sun gear
(2) High clutch (Operates at 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) Reduction drive shaft (16) Front pinion gear
(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

Low & | One-
reverse | way
brake | clutch

High Low
clutch | clutch

Selector lever operation

O

O

3RD

0100

ATH

010

OO0

OO0

O10|0

0|0

01010

OO0

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 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
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GEAR TRAIN

Automatic Transmission

CECECECESS
Eep

¢
-

Input shaft
High clutch
Reverse clutch
2-4 brake

Low clutch

Low & reverse brake

One-way clutch

No effect

Rear planetary carrier
Reduction drive shaft
Rear internal gear

Rear pinion gear

AT-21
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AT-00477

Rear sun gear
Input

Output
Locked

Planetary gear component
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

CECECECESS
Eep

¢
-

Input shaft
High clutch
Reverse clutch
2-4 brake

Low clutch

Low & reverse brake

One-way clutch

No effect

Rear planetary carrier
Reduction drive shaft
Rear internal gear

Rear pinion gear

AT-23
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Rear sun gear
Input

Output
Locked

Planetary gear component
involved in power transmission



GEAR TRAIN

Automatic Transmission

4. 1ST GEAR OF D, 3, OR 2 RANGES (D4, 3;, 2)

When the 1st gear is selected in the D, 3, or 2 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 car-
rier 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.

Operating condition of components

Low clutch : Engaged
One-way clutch : Locked

Power flow (in acceleration)

Input shaft

|

Rear sun gear

!

Rear pinion gear

|

Rear planetary carrier

l

Reduction gear

’ '

Drive pinion Transfer clutch
Front differential Rear differential
AT-00480
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GEAR TRAIN

Automatic Transmission

CEECECESS
Eep
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Input shaft
High clutch
Reverse clutch
2-4 brake

Low clutch

Low & reverse brake

(12)

One-way clutch
Locked

Rear planetary carrier
Reduction drive shaft
Rear internal gear

Rear pinion gear

AT-25
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Rear sun gear
Input

Output

Locked

Planetary gear component
involved in power transmission



GEAR TRAIN

Automatic Transmission

5. 2ND GEAR OF D, 3 OR 2 RANGE (D,, 3,, 2,)

When the 2nd gear is selected in the D, 3 or 2 range, 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.

Operating condition of components

Low clutch : Engaged
2-4 brake : Engaged

Power flow (in acceleration)

Input shaft

y
Rear sun gear

A
Rear pinion gear =

y
Rear planetary carrier

’ '

Reduction drive shaft Front internal
| gear
Reduction drive Transfer clutch Front pinion
gear gear
Front differential Rear differential Low clutch

!

Rear internal

gear T
AT-00482
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GEAR TRAIN

Automatic Transmission
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Input shaft

High clutch

Reverse clutch

2-4 brake

Low clutch

Low & reverse clutch

One-way clutch

Free

Rear planetary carrier
Reduction drive 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 component
involved in power transmission



GEAR TRAIN

Automatic Transmission

6. 3RD GEAR OF D OR 3 RANGE (D3, 33)

When the 3rd gear is selected in the D or 3 range, the low clutch and the high clutch are engaged.
The engaged high clutch rotates through its drum the front planetary carrier, and rotation of the car-
rier is transmitted to the rear internal gear through the engaged low clutch. In this power flow con-
figuration, 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.

AT-28



GEAR TRAIN

Automatic Transmission

Operating condition of components

High clutch : Engaged
Low clutch : Engaged

Power flow (in acceleration)

Input shaft

l l

High clutch Rear sun gear

¥
Front planetary carrier

y
Low clutch

y
Rear internal gear

:

Rear pinion gear

l

Rear planetary carrier

l

Reduction drive shaft
|

l '

Reduction drive gear Transfer clutch
Front differential Rear differential
AT-00484
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Automatic Transmission

GEAR TRAIN

)
@)
(4)
(5)
(6)

Input shaft

High clutch

Reverse clutch

2-4 brake

Front planetary carrier
Low clutch

Low & reverse brake

(8)

9)
(10)
(11)
(12)
(13)
(14)

One-way clutch

Free

Rear planetary carrier
Reduction drive shaft
Rear internal gear
Rear pinion gear
Rear sun gear

AT-30

15)

AT-00485

Front internal gear
Front pinion gear
Front sun gear
Input

Output

Locked

Planetary gear component
involved in power transmission



GEAR TRAIN

7. 4TH GEAR OF D RANGE (D,)

When the 4th gear is selected in the D range, 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 input 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.

Operating condition of components

2-4 brake : Engaged
High clutch : Engaged

Power flow (in acceleration)

Input shaft

'

High clutch

'

Front planetary carrier

'

Front pinion gear

l

Front internal gear

l

Rear planetary carrier

l

Reduction drive shaft

: '

Reduction drive gear Transfer clutch
Front differential Rear differential
AT-00486

AT-31

Automatic Transmission




GEAR TRAIN

Automatic Transmission

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) Reduction drive shaft (18) Input
(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



GEAR TRAIN

Automatic Transmission

8. 1ST GEAR OF 1 RANGE (14)

When the 1st gear is selected in the 1 range, 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 lock-
ing 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 en-
gine braking effect is available in this range.

Operating condition of components

Low clutch : Engaged
Low & reverse brake : Engaged

Power flow (in acceleration)

Input shaft

A
Rear sun gear

A
Rear pinion gear

A
Rear planetary carrier

¥
Reduction drive shaft

' '

Reduction drive gear Transfer clutch
Front differential Rear differential
AT-00488

AT-33



Automatic Transmission

GEAR TRAIN

@)
@)
(4)
(5)
(6)

1(18

Input shaft

High clutch

Reverse clutch

2-4 brake

Front planetary carrier
Low clutch

Low & reverse brake

(8)

9)
(10)
(11)
(12)
(13)
(14)

One-way clutch

No effect

Rear planetary carrier
Reduction drive shaft
Rear internal gear
Rear pinion gear
Rear sun gear

AT-34

AT-00489

Front internal gear
Front pinion gear
Front sun gear
Input

Output

Locked

Planetary gear component
involved in power transmission



GEAR TRAIN

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.

Rotation of the front sun gear causes the front pinion gears to rotate in the reverse driving 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.

Operating condition of components

Reverse clutch : Engaged
Low & reverse brake : Engaged

Power flow (in acceleration)

Input shaft

l

Reverse clutch

l

Front sun gear

l

Front pinion gear

l

Front internal gear

l

Rear planetary carrier

l

Reduction drive shaft

’ '

Reduction drive gear Transfer clutch
Front differential Rear differential
AT-00490

AT-35



Automatic Transmission

GEAR TRAIN

@)
@)
(4)
(5)
(6)

(7

Input shaft

High clutch

Reverse clutch

2-4 brake

Front planetary carrier
Low clutch

Low & reverse brake

(14)

(12)

(15) (13)

(16)

(8)

9)
(10)
(11)
(12)
(13)
(14)

One-way clutch

No effect

Rear planetary carrier
Reduction drive shaft
Rear internal gear
Rear pinion gear
Rear sun gear

AT-36

15)
16)
17)
18)
(19)
(20)
(21)

— o~ o~ -

AT-00491

Front internal gear
Front pinion gear
Front sun gear
Input

Output

Locked

Planetary gear component
involved in power transmission



GEAR TRAIN

Automatic Transmission

MEMO

AT-37
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AWD TRANSFER SYSTEM

Automatic Transmission

11.AWD Transfer System

A: OUTLINE

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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Thrust bearing
Needle bearing
Snap ring
Pressure plate
Drive plate

Driven plate
Pressure plate
Snap ring

Transfer piston seal

Return spring

Transfer clutch piston
Rear drive shaft

Ball bearing

Seal ring

Gasket

Transfer clutch pipe
Extension case

O-ring
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Plug

Oil seal

Dust cover

Transfer clutch seal
Transfer control valve
Transfer valve plate
Transfer duty solenoid
Inlet filter
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Automatic Transmission

B: CONSTRUCTION
1. 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.

AN

(2) -
1 : (14)
™~ <\ /
® A

(10)
Q\(s) (9) 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) Snapring (13) Ball bearing

(4) Pressure plate (9) Transfer piston seal (14) Sealring

(5) Drive plate (10) Return spring
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2. 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.

g
D

(1)

X
(8)
I (6)
(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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12.Electrohydraulic Control System
A: GENERAL

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, selection (Base, Hold, 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 solenoids 1 and 2, low clutch
timing solenoid, 2-4 brake timing solenoid, line pressure duty solenoid, lock-up duty solenoid, trans-
fer duty solenoid, and 2-4 brake duty solenoid) by sending appropriate signals to them.

INPUT OUTPUT
ON-OFF
| Throttle position sensor |—> —>| Shift solenoid 1 |
R el ON-OFF
| ear vehicle speed sensor |—> |Shift solenoid 2
| Front vehicle speed sensor |—>
ECM —>| Line pressure duty solenoid |
| Engine speed signal |—>
—>| Lock-up duty solenoid |
| ATF temperature sensor |—>
| Inhibitor switch —>| Transfer duty solenoid |
HOLD switch |—> —>| 2-4 brake duty solenoid |
ECM (Non-turbo model)
| Intake manifold pressure signal |—> -2 brake timi onoid
ECM (Turbo model) | -4 brake timing solenoi |
| Mass air flow signal |—>
—>| Low clutch timing solenoid |
i TCM
| FWD switch |—> —
—>| Torque control signal 1 |
| Battery voltage l—»
ECM
| ABS signal |—> —>| Torque control signal 2 |
ECM
| Brake switch > —>| AT diagnosis signal |
| Torque converter turbine speed sensor |—> | 1
ECM —|—>| FWD indicator light | :Combination meter
| Torque control cut signal |—> : |
|
—'—>| AT OIL TEMP light | |
| Cruise control signal |—> : |
|
|
: —.->| POWER indicator light | !
| POWER switch |—> ! |
|
|
| Kickdown switch l—» —:—>| Speedometer circuit | |
——————————————————————— 4 AT-00558
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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 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. It is used to expand “4th” operating range.

Torque converter 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 tempararily inhibit the torque control
when starting off with low coolant temperature.

Intake manifold pressure signal (non-
turbo model)

Used to determine line pressure of gear shifting.

Brake switch

If this signal is issued during downhill driving, TCM makes shift down control, causing the
vehicle speed to be reduced.

Mass air flow signal

Used to determine line pressure of gear shifting.

HOLD switch With this switch ON, the vehicle starts in 2nd gear (if the D, 3, or 2 range is selected),
which facilitates drive away on a slippery road.
POWER switch With this switch ON, the TCM controls gear shifting in the Power mode which is conve-

nient when rapid acceleration or great power is required.

Kickdown switch

Indicates full throttle opening. TCM uses this signal to make kickdown control.
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C: OUTPUT SIGNALS

Signal name

Function

Shift solenoid 1 and 2

Each of these signals controls shift step 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).

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.

POWER indicator light

Indicates whether the shift pattern is Base or Power. The indicator lights in the Power
mode. This light is also used to display diagnostic trouble codes for the on-board diag-
nostics function.

HOLD indicator light

Indicates whether the shift pattern is Base or Hold. The indicator lights in the Power
mode.
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D: CONTROL ITEM

pattern select
control

Control item Description of control
Transmission Shift control Base shift control Upshifting and downshifting are set for each range, gear and pattern ac-
control e Base pattern cording to throttle position and vehicle speed.
e  Power pattern
ABS-in-operation Gear speed is determined according to vehicle speed etc. when ABS
control signal is input.
ATF low tempera- | Shifting into 4th gear is prevented when ATF temperature is below the
ture control preset value.
Hold control With HOLD switch ON, vehicle starts in 2nd gear (if the D, 3 or 2 range
is selected).
Power pattern con- | Power pattern is selected when POWER switch is ON.
trol (POWER light
ON)
Base pattern con- | Base pattern is selected when POWER switch is OFF.
trol (POWER light
OFF)
Automatic Power pattern Power pattern is selected when throttle opening is changed at a speed

control

exceeding the preset value.

Base pattern

When throttle opening is changed at a speed less than the preset value,

control Base pattern is resumed.
Lock-up con- | Base lock-up Lock-up ON is set for D-range 4th gear; ON/OFF is set for all gears (ex-
trol control 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.

Shift 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 timing
control

Shift step control

ON/OFF timing for shift solenoid is controlled.

Lock-up control

When shifting, the lock-up clutch is temporarily released.

Line pressure
control

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.

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: POWER INDICATOR LIGHT

The automatic transmission equipped vehicle is capable of selecting two driving patterns; “Base”
pattern for ordinary driving and “Power” pattern for uphill driving or rapid acceleration. The POWER
indicator light lights when the Power pattern is selected. See the table below:

Selector lever position Change of pattern POWER indicator light
D, 3, 2 range Pattern is changed when POWER switch | ¢ Base pattern: OFF
is turned ON. e  Power pattern: ON

G: REAR VEHICLE SPEED SENSOR

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

H: FRONT VEHICLE SPEED SENSOR

This vehicle speed sensor (output shaft speed sensor) is externally mounted on the transmission
case. It 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.

AT-00414

(1) Front vehicle speed sensor
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I: 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.

AT-00415

(1) ATF temperature sensor (A) Resistance (B) Temperature

J: 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