NOTE: When optional parts are installed, the wei

nd power window are included in the C.W.

1-1 (SOA1] SPECIFICATIONS
E 1-DOOR SEDAN
MODEL FWD AWD
L LS L LS TURBO
ITEM 5MT*1 4AT*Y aAT*2 | SMT*3"5 | 4AT*4*5 | 4AT"2 BMT*2 4AT*2
1. DIMENSIONS
COverall langth mm {in) 4,545 {178.9)
Overall width mm {in} 1,690 (66.5)
Overall height mm [in} 1,360 {53.5)
Front
Leg Max.  ram fin) 1,095 {43.1)
room Rear
Com- Min.  mm {in) 885 (34.8)
PE""t Head Front mm {in} 965 {38.0) 925 {36.4) 965 {38.0} 925 [36.4) | 925 (36.4} | 965 [38.0)
e | room Rear mm {in} 915 (36.0) 910 {35.8) 910 {35.8) 910(35.8) | 910(35.8) | 815 {36.0)
Shoulder | Front  mm {in) 1,375 {54.1)
room Rear mm {in} 1,365 [53.7)
Wheelbase mm {in} 2,680 {101.6)
Trond Front mm [in} 1,485 {57.7) | 1,460 (57.5) | 1,465 (57.7)
1e3
Rear wmm (in) 1,450 {57.1)
Minimum road clearance mm {in} 140 (5.5) | 120 {4.7)
2. WEIGHT
|
N 705 (1,555} | 745 {1,640} | 795 (1,745} | 755 (1,665) | 780 (1,725) | 800 {1,775} | 805 {1,780) | 840 {1,855}
- Fromt kg (ib) 695 735 785 715 745 795 800 830
{1.535)"1 {1,620)*1 {1,725)*1 {1,680)*5 {1,640)*5 {1,755)"1 {1,760)"1 {1,835)"*1
540 {1,185} | 545 {1,200} | 565 (1,250 | 600 (1,320} 605 (1,330} | 6251{1,380) | 615 {1,360) | 620 (1,365)
Curb weight Rear kg (Ib} 530 540 560 595 600 620 610 815
{C.W.) (1170101 | (Laesim | (2357 | 1,3101°6 | (,3200%5 (1,365)*1 | (1,3a5)*1 | {1.350)"1
1,245 1,290 1,360 1,355 1,385 1,430 1,425 1,460
{2,740} {2,840} {2,995} {2,985) {3,055} {3,155} 13,140) {3,220)
Total kg (b} 1,225 1,275 1,345 1,310 1,345 1,415 1,410 1,445
{2,705)*1 {2,8085)*1 {2,960}*1 {2,890}*S (2,960)"% {3,120)*1 {3.1051M1 {3,185)*1
Front kg (Ib} 940 (2,065} -. 950 {2,095)
Gross vehicle =
welght {G.V.W.) Rear kg (ib) 845 {1,865) s 915 {2,015)
Total kg (lb) 1,785 [3,930) 1,885 (4,110}
*1: Models for Canada
#2: The weight of the power door lock, power window, air conditioner, cruise control, ABS, cassette player and sunroof are included inthe C.W.
*3: The weight of the power door lock, power window, air conditioner, cruise control and cassette player are included in the C.W.
*4: The waeight of the power door lock, power window and air conditioner are included in the C.W.
*5: Modsls for Canada, the weight of the power door lock a

ght indicated in the following table is added to Curb weight.

-

Power door lock Cruise control
and Air conditioner and ABS Sunroof AIRBAG
power window . casselte player
Fromt kg {Ib} 0{0) 25 (55} 5 {10} 14 (30} 9 {20) 510
Rear - kg (Ib} 215) " —2{-5) ¢ {0) 01{0) 14 (30) 2 (5}
Total kg {Ib) 2(5) 213 {50) 5 (10) 14 (30) 23 {50) 7 [15)
2




SPECIFICATIONS [s0A5] 1-1
MODEL FWD AWD
\ L ] s L LS TURBO
. SMT 4AT ‘ 4AT 5MT I 4AT 4AT sSMT 4AT
3. ENGINE
Engine type Horizontally opposed, liquid cooled, a-cylinder, 4-stroke gasoline angine
Valve arrangemaent Overhead camshaft type
Bore X Stroke mm {in} 96.9 x 75 (3.815 x 2.95)
Displacement em? {cu in) 2,212 {134.98)
Comprassion ratio 95 ] 8.0
Firing order 1—3-—2—4
. - 700+ 100 {No load)
Idling speed at N or P position pm 850 50 [Air conditioner ON)
Maximum output kW (PS)/rpm 130 at 5,400 160 at 5,600
Maximum torque 245 (25.0, 181) at
Nem (kg-m. flbYrpm 186 {19.0, 137} at 4,400 2,800
4. ELECTRICAL
Ignition timing at idling speed o o
BTDC/pm 20° at 700 15° at 700
Spark NGK;: BKRGE-11
plug Type and manufacturer NIPPONDENSOQ: K20EPR-V11
CHAMPION: RC7YC-4
Alternator 12V—T70A
Type EMT: 55D23L-MF/4AT: 75023L-MF
Battery Reserve r.a-pamtv min. 5MT: 99/4AT: 111
Cold cranking amperes SMT: 356/4AT: 490
S— amp.
@y TRANSMISSION
Clutch type DSPD TC TC DSPD TC TC DSPD TC
Transmission type - - 6 =7 *7 *8 *9 *9 *8 *9
1st 3545 .,.2.785 2.7685 3545 3.027 3.027 3.545 2.785
2nd 1.947 1.545 1.545 1.947 1.619 1.619 1.947 1,545
. 3rd 1.366 1.000 1.000 1.366 1.000 1.000 1.366 1.000
Gear ratio
4th 0,972 0.694 0.694 0.972 0.694 0.694 0.972 0.694
5th 0.738 — — 0.783 — — 0.783 —_
Revarse 3.416 2.272 2.272 3.416 2,272 2.272 3.4186 2.272
Reduction | 15t Type of gear — Helical Helical — Helical Helical — Halical
gear reduction | Gear ratio — 1.000 1.000 - 1.000 1.000 — 1.000
g!ont Final Typa of gear Hypoid Hypoid Hypoid Hypoid Hypoid Hypoid Hypoid Hypoid
riv .
el raduction | Gear ratio 3.700 3.700 3,700 a1 3.800 3.900 3.900 3.900
Reduction Transfar Type of gear -— Haelical — — Helical —
gear reduction | Gear ratio — 1.000 — — 1.000 —
g“?a’) Final Type of gear - Hypoid Hypoid Hypoid Hypoid Hypoid
rive . -
reduction | Gaear ratio — 4111 3.900 3.800 3.900 3.800

DSPD: Dry Single Plate Diaphragm

TC: Torque Converter

*6: 5-forward speads with synchromesh and 1-revarse .

*7: Electronically controlled fully-automatic, 4-forward speads and 1-reverse

*g: G.forward speeds with synchromesh and 1-reverse — with center differantial and viscous coupling

:9: Electronically controlled fully-automatic, A-forward spesds and 1-reverse — with hydraulically controlled transfer cluteh
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SPECIFICATIONS (soB2} 1-1
B: STATION WAGON \ e
MODEL FWD AWD
L 1 LS L LS
\TEM SMT aaT | aATR2 sMT | 9AT T aAT*2
1. DIMENSIONS
Overall length mm (in} 4,620 (181.9)
Overall width mm (in} 1,690 (66.5)
Cverall height mm {in} 1,380 (54.7) 1 1,430 {56.3)
Front
Leg Max. mm (in) 1,095 (43.1)
room Rear
Com- Min. mm {in} 890 (35.0)
l:;:"t Head Front mm {in} 975 (38.4) 940 {37.0) 975 {38.4) 940 {37.0)
room Rear mm {in) 960 |37.8) 925 {36.4} 960 (37.8) 925 {36.4)
Shoutder | Front  mm (in) 1,375 (54.1)
room Rear mm (in} 1,365 {63.7}
with 2
seals mm {in) 1,685 (66.3)
Length hE
wi
seats mm {in} 860 (33.9)
Cargo .
with 2
space . seats mm (in) 1,365 (53.7)
Width e
wil
. saats mm (in) 1.365 (53.7)
p ’ Height mm {in) 875 (34.4)
. Wheslbase mm (in} ‘ 2,580 [101.6)
Tread Front mm (in} 1,465 {57.7) ] 1,480 (57.5)
i Rear mm {in} 1,450 [57.1) 1,455 [57.3)
Minimum road clearance mm {in} . 135 (5.3) B l 156 {6.1) 165 [6.5)
2. WEIGHT
Front kg (Ib) 695 {1,535) 735 (1,620) 788 {1,725} 715 {1,580} 750 {1,650) 805 (1,770}
ron 9 690 (1,515)"1 725 (1,600}*1 775 (1,705)"4 690 (1,515)"1 740 {1,630)*1 795 {1,750)"4
;. Curb weight Rear kg (1b} 600 {1,325} 610 (1,340) 620 [1,370) 665 (1,4580) 665 {1,470} 680 (1,505)
: {C.W.) 9 595 (1,315)"1 606 (1,330)"1 615 {1,355)"4 595 {1,315)"1 660 {1,460)*1 675 (1,490y*4
Total kg (b 1,295 (2,860) 1,345 {2,960) 1,405 (3,095} 1,380 {3,040} 1,415 {3,120) 1,485 {3,275)
_ ota g (b} | 4 2g5 (2,830)*1 | 1,330 (2,930)*1 | 1,390 {3.060)"4 | 1,285 {2,830)*1 | 1,400 (3,000)*1 | 1,470 (3,240)*4
: Front kg (ib) 915 (2,015) 935 {2,065)
:— Gross vehicle
;-.. woight (G.V.W.) Rear kg (Ib) 960 {2,115) 990 (2,180}
: Total kg {Ib} 1,875 ({4,130) 1,925 (4,245)

#1: Models for Canada, the weight of the power door lock and power window are included in the C.W.

*2: The weight of the power door lock, power window, air conditiones, cruise control, ABS, cassetie player and sunroof araincluded in the C.W.
=3: The weight of the power window is included in the C.W.

*4: Models for Canada

NOTE: When optional parts are installed, the weight indicated in the following table is added 10 Curb weight.

B

. Power door lock Cruise control

H and Air conditioner and ABS Sunrool AIRBAG
: ;_ power window casselte player )

Front kg {Ib}) 0{0) 25 (55) 5(10) 14 (30} g {20) 5 (10)

) Rear kg (Ib) 2 (5) —2(-5) 0 {0) 0 10) 14 (30) 2 m
, Total kg (Ib} 21(8) 23 {50} 5 (10} 14 (30} 23 {50) 7 18]
Ak 5

L—__
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SPECIFICATIONS (sos10} 1-1

/ MODEL FWD \ AWD
L { Ls | L 1S
ITEM SMT | 9AT | aaT S [ T AT
6. STEERING
Type \ Rack and pinion
Turns, lock to lock \ 33
lMin‘lmum turning circle m (fﬂ\ gﬂ?g :g :l:ll‘:,':_111d?2‘335§:‘5))
7. SUSPENSION
X
i Front \ tMacpherson strut 1ype, Independent
i n
i ‘—_ Coil spring ‘ *9
i Re Dual link strut type. Independent
ar
7y Coil spring \ *g
: 8. BRAKE
Service brake system \ Dua! circuit hydraulic with vacuum suspended power unit
From l ventilated disc brake
Rear l Disc brake
Parking brake \ Mechanical on rear brakes
9. TIRE
Size l P185/70R14 87H
Type l Siee! belted radial, Tubeless
.
7 10. CAPACITY
Fuel tank ¢ (US gal, Imp gal} 60 {15.9, 13.2)
Uppar level 4514.8, 4.0
Engire | {US at, Imp at} 514.8,4.0
oil Lower level
s (US at, lmp al 35(37, 3.0 - --
Transmission gear oil 3.3 . _ 35 _ _
€ (US qu lmp at) (3.5, 2.9} 3.7, 3.1
Automatic transmission fluid _ 8.3 8.3 _ 8.3 8.3
¢ (US qt, Imp qt) (8.8, 7.3 (8.8, 7.3} 8.8, 7.3 18.8, 2.3)
AT differential gear oil _ 1.2 1.2 _ 1.2 1.2
2 {US qt, Imp at) (1.3, 1.1) 1.3, 1.1) (1.3, 1.1 1.3, 1.9
AWD rear differential gear oil _
£{Us qt, Imp at) 0.8 (0.8,0.7)
powaer steering fluid
¢ 1S at, fmp ai 0.7 |0.7, C.6)
Engine coolant £ (US qt Imp a1 5.9 (6.2, 5.2)

#g: Pnaumalic suspension with height control




¢ SUBARU.
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SERVICE MANUAL

FOREWORD

This service manual has been prepared to pro-
vide SUBARU service personnel with the neces-
sary information and data for the correct mainte-
nance and repair of SUBARU LEGACY.
This manual include the procedures for mainte-
nance disassembling, reassembiing, inspection
and adjustment of components and trouble-
—oting for guidance of both the fully qualified
«..d the less-experienced mechanics.
Please peruse and utilize this manual fully. to
ensure complete repair work for satisfying our
customers by keeping their vehicle in optimum
condition. When replacement of parts during re-
pair work is needed, be sure to use SUBARU
genuine parts.
All information, illustration and specifications
contained in this manual are based on the latest
product information available at the time of pub-
lication approval.

FUJI HEAVY INDUSTRIES LTD. .

All right reserved. This book may not be repro-
duced or copied, in whole or in part, without the
written permission of

FUJI HEAVY INDUSTRIES LTD., TOKYQ JAPAN.

SUBAHU,and o are trademarks of

FUJI HEAVY INDUSTRIES LTD.
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FUEL SYSTEM
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[3] TRANSMISSION AND
DIFFERENTIAL SECTION
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AWD SYSTEM | 3-4
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IMPORTANT SAFETY NOTICE

#Providing appropriate service and repair is a matter of great importance in the serviceman’s safety
maintenance and safe operation, function and performance which the SUBARU vehicle possesses.

In case the replacement of parts or replenishment of consumables is required, genuine SUBARU parts
whose parts numbers are designated or their equivalents must be utilized.

[t must be made well known that the safety of the serviceman and the safe operation of the vehicle would
be jecpardized if he used any service parts, consumables, special tools and work procedure manuals which
are not approved or designated by SUBARU.

How to use this manual

1. GENERAL

e This Service Manual is divided into six volumes by section so that it can be used with ease at work. Refer to the
Table of Contents, select and use the necessary section.

e Each chapter in the manual is basically made of the following five types of areas.

. M : Mechanism and function
ﬁ S : Specification and service data
C : Component parts
W : Service procedure
{X : Service procedure)
(Y : Service procedure)
T : Troubleshooting

s The description of each area is provided with four types of titles different in size as shown below. The Title No.
or Symbol prefixes each title in order that the construction of the article and the flow of explanation can be easily
understood.

[Example of each title]

Area title: W. SERVICE PROCEDURE (one of the five types of areas)

e Large title (Heading): 1. Oil Pump (to denote the main item of explanation)

¢ Medium title (Section): A, REMOVAL (to denote the type of work in principle)

e Small title (Sub-section): 1. INNER ROTATOR {to denote 2 derivative item of explanation)






® The Title index No. is indicated on the top left {or right) side of the page as the book is
(" opened. This is useful for retrieving the necessary portion.

(Example of usage)

Refert02 4[W1

B 1]
lul——— Small title (Sub-section)

Medium titie (Section)

Large titie (Heading)

Area title

Chapter No.

/——Example of title placement

A

210 (WT A 0] CLUTCH
area tile—+-W SERVICE PROCEDURE Small title
Large title——11.General 2.RELEASE LEVERJ/
= =arge e Check lever pivotl portion and the point of contact with
F holder for wear.
Medium title-—’[ A: PRECAUTION

When servicing clutch system, pay attention to the
following items,

1} Check the routing of clulch cable for smoothness, :
2) Excessive tighteness or looseness of clutch cable A: REMOVAL
have a bad influence upon the cable durability.

3} Apply grease sufficiently to the connecting ponion of
clutch pedal.

4) Apply grease sufficiently to the release lever portion,
5) Pesition clutch cabie through the center of toeboard
hole =~ ' Adinstment is done by

2.Release Bearing and Lever

2] Seat
A\m

@ [n this manuél. the following symbols are used.

:Should be lubricated with oil.
~ma | : Should be lubricated with grease.
- Sealing point

: Tightening torque
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2-1 [0100]

EMISSION CONTROL SYSTEM AND VACUUM FITTING

1. System Application

There are three emission control systems which are as

‘ollows:

kcase emission control system

C...dust emission control system

& Three-way catalyst system

e A/F control system

® ignition control system
3) Evaporative emission control system

ltem

Main components

Function

Crankcase emission control systam

PCV valve

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

Front

Catalyst systam
Rear

Three-way catalyst

Oxidizes HC and CO contained in exhaust gases as well as
reducing NOx.

A/F control system

Exhaust emission

E£CU (Electronic
Control Unit)

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

Q7 sensor

Detects density of oxygen contained in exhaust gases.

Air flow sensor

Detects amount of intake air.

Throttle sensor

Detects throttle valve position and idle-pdsilion signal.

control system

Ignition control system

ECU

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

Crank angle sensor

Detects engine’s revolution speed.

Cam angle sensor

Detects reference signal for combustion cylinder discrim-
ination. e

Water temperature
sensor

Emits a coolant temperature signal.

Knock sensor

Detects a knock signal and sends to ECU.

b; ‘ive emission control system

Canister

Adsorbs evaporative gas which occurs in fuel tank when
engine stops, and sends it to combustion chambers for a
complete burn when engine is started. This prevents HC
from being discharged into atmosphere.

Purgs control sole-
noid valve

Receives a signal from ECU and controls purge of evap-
orative gas adsorbed by canister.
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EMISSION CONTROL SYSTEM AND VACUUM FITTING

2. Schematic Drawing
1. MPFI Non-TURBO model
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EMISSION CONTROL SYSIEM AND VACUUM FII1ING

[0202]
MPFI TURBO model
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3. General Precautions

1) Know the importance of periodic maintenance ser-
vices.
(1) Every service item in the periodic maintenance
schedule must be performed.
{2) Failing to do even one item can cause the engine
to run poorly and increase exhaust emissions.
2) Determine if you have an engine or emission system
problem.
(1} Engine problems are usually not caused by the
emission control systems,
(2) When troubleshooting, always check the engine
and the MPF| system first,
3) Check hose and wiring connections first.
The most frequent cause of problems is simply a bad
connection in the wiring or vacuum hoses. Always make
sure that connections are secure and correct.
4} Avoid coasting with the ignition turned off and pro-
longed engine braking.

B} Do not damage parts.
(1) Todisconnect vacuum hoses, pull on the end, not
the middle of the hose.
(2) To pull apart electrical connectors, pull on the
connector itself, not the wire.
{3) Be careful not to drop electrical parts, such as
sensors, or relays.
If they are dropped on a hard floor, they should be
replaced and not reused.
{4) When checking continuity at the wire conneclor,
the test bar should be inserted carefully to prevent
terminals from bending.

6) Use SUBARU genuine parts.

7) Record how hoses are connected before discon-

necting.
(1) When disconnecting vacuum hoses, use tags tc
identify how they should be reconnected.
(2) After completing a job, double check to see tha
the vacuum hoses are properly connected. See the
*Vacuum connections label’’ under the hood.
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4. Crankcase Emission Control

Gl
[ ]

A: DESCRIPTION

The positive crankcase ventilation (PCV) system is em-
ployed to prevent 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, PCV valve
and an air intake duct,

At the part throttle, the blow-by gas in the crankcase
flows into the intake manifold through the connecting
hose of crank case and PCV valve by the strong vacuum
of the intake manifold. Under this condition, the fresh air
is introduced into the crankcase through connecting
hose of rocker cover.

At wide open throttle, a part of biow-by gas flows into
the air intake duct through the connecting hose and is
drawn to the throttle chamber, because under this
condition, the intake manifold vacuum is not so strong
as to introduce all blow-by gases increasing with engine
speed directly through the PCV valve.

- .
‘ \
]

Intake manifold

)

/{

Alr intake duct

~=— — Fresh air

blow-by gas

Blow-by gas

Intake manitold

Mixture of air and

L

Turbocharger

" Air intake duct

===

-

PCV valve
e
Fresh air

1

- ———
Mixture of air
and blow-by gas

—fi
= Blow-by gas

=== ==

———
=

Ty
\

ot

Crankcase

L B2-236

19. 3 Non-Turbo model

B2-983

Fig. 4 Turbo model
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EMISSION CONTROL SYSTEM AND VACUUM FITTING

1. Crankcase Emission Control

ﬁm

A: DESCRIPTION

The positive crankcase ventilation (PCV) system is em-
sloyed to prevent 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, PCV vaive
and an air intake duct,

Al the part throttle, the blow-by gas in the crankcase
flows into the intake manifold through the connecting
hose of crank case and PCV valve by the strong vacuum
of the intake manifold. Under this condition, the fresh air
is introduced into the crankcase through connecting
hose of rocker cover.

At wide open throttle, a part of blow-by gas flows into
the air intake duct through the connecting hose and is
drawn to the throttle chamber, because under this
condition, the intake manifold vacuum is not so strong
as to introduce all blow-by gases increasing with engine
speed directly through the PCV valve.

«©

Air intake duct

Intake manifold

PCV valve
o
Fresh air

=

:, i Mixture of air
and blow-by gas

—p
=P Blow-by gas

-——
———r

————
=

Crankcase

Air intake duct

—— -~ Fresh air

blow-by gas
——— Blow-by gas

Mixture of air and

Turbocharger

Crank-

case

B2-983

S B2.236

Non-Turbo modef

Fig. 4 Turbo model
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B: INSPECTION

1) Check the positive crankcase ventilation hoses and
connections for leaks and clogging. The hoses may be
cleared with compressed air.
2) Check the oilfiller cap to insure that the gasket is not
damaged and the cap fits firmly on the filler cap end.
3} Check the PCV valve as the following procedure.
{1) Disconnect the hose from the PCV valve,
{2} With a finger attaching top of the valve, 1hen
lightly open and close the throttle valve (increase and
decrease the engine speed & little),
{3} The valve is in good condition if a vacuum is felt
by the finger. If not, replace the valve,
(4} The valve alone may be checked by shaking it. It
is normal when you hear it move. Replace it if it fails
to move.

PCV valve

To intake
B » manifold

B2-237

Fig. &

5, Three-way Catalyst

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

The catalyst is used to reduce HC, CO and NOx in
exhaust gases, and permits simultaneous oxidation and
reduction. To obtain an excellent purification efficiency
on all components HC, CO and NOx, a balance should
be kept among the concentrations of the components.
These concentrations vary with the air-fuel ratio.

The air-fuel ratio needs to be controlled to a value within
the very narrow range covering around the theoretical
{stoichiometric) air-fuel ratio to purify the components
efficiently.

6. A/F Control System

The air/ffuel control system compensates for the basic
amount of fuel injection in response to a signal sent
from the O, sensor to provide proper feedback conirol
of the mixture. Thus, the theoretical air-fuel ratio is
maintained to provide effective ocperation of the three-
way catalyst. The basic amount of fuel injection is preset
according to engine speed and loads, as well as the
amount of intake air.

This system also has a “learning” control function which
stores the corrected data in relation to the basic amount
of fuel injection in the memory map. A new air-fuel ratio
correction is automatically added for quick response to
the deviation of the air- fuel ratio. Thus, the air-fuel ratio
is optimally maintained under various canditions while
stabilizing exhaust gases, improving driving perfor-
mance and compensating for changes in sensors’ per-
formance quality with elapse of time.

Refer to 2-7 “FUEL INJECTION SYSTEM”,
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7. Ignition Control System

"_The ignition control system is controlled by the ECU.
<CU determines the optimal ignition timing accord-
.__.4 signals sent from various sensors (which monitor

the operating conditions of the engine), and sends a
signal to the igniters.

The ECU has a “learning” control function which pro-
vides superb transient characteristics for responsive
ignition timing control.

Refer to 2-7 “FUEL INJECTION SYSTEM™.

Battery
|
- Ignition-starter switch
-
e —— — ] pu "
r——- - | I
| 1] l |
1 l [ Crank angle sensor 1
QO Electronic | hy | |
control unit | I |
I |1 Ignition coil
igniter —F————— _JJ |
| mFT T T T — 1! Spark plug |
P JLBHem \ |
| : i Cam angle sensor [ |
L] \ ] [
EERA: 1
I |
Iy :
I |
I Q i
13 T |
| | | |
—_ i
! | / 1
O i/ —— | Air flow
' Knock sensor control valve : sensor
b | - Water
temperature sensor 82-239

Fig. 6
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8. Evaporative Emission Control
System

LA: DESCRIPTION

1. GENERAL

The evaporative emission control system is employed
to prevent evaporative fuel from being discharged into
ambient atmosphere. This system includes a canister,
purge control solenoid valve, a fuel separator, their
connecting lines etc.

Gasoline vapor evaporated from the fuel in the fuel tank
is introduced into the canister located in the engine
compartment through the evaporation line, and is ab-
sorbed on activated carbon in it. A fuel separator is also

‘incorporated on the tank fuel line.

The purge control solenoid valve is controlled by the
ECU and provides optimal purge control according 1o
the coolant temperature, engine speed and vehicle
speed.

M =

3

Sclenoid valva
{Canister purge control}

=
f

=

——

— 1o~

|

Canister

/— Throttle body

Roll over valve

Fuel filler cap
{Vacuum releiaf)

Fuel separatar
{4WD modal oniy)

Fuei tank

B2-240
Fig. 7
[TURBO] Turbocharger.
1
_—_j Throtile body Fuel filler cop
. {Vecuum realeief}
| I Fual separator
/‘ Roll over valve {4WD model only}
1 Solenoid valve
1 {Canister purge control}
Auxiliary -—
purge
control valve
l *
Canister -7
Fus! tank
B2-603

Fig. 8
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. FUEL SEPARATOR

"he fuel separator is to prevent liquid fuel from flowing

ﬂanister in case of abrupt cornering, etc.
3. Fecl CAP

he relief valve is adopted to prevent the development
>f vacuum in the fuel tank which may occur in case of
Touble in the fuel vapor line.

n normal condition, the filler pipe is sealed at @ and at
‘he packing pressed against the filler pipe end. As
vacuum develops in the fuel tank, atmospheric pressure
forces the spring down to open the valve; consequently
air is led into the fuel tank controlling the inside pres-
sure.

]

Seal

Spring

B2-389

P

B: INSPECTION

1) Remove fuel filler cap.

2} Disconnect evaporation hose from canister. Check
for unobstructed evaporation line by blowing air into
hose.

3) Disconnect purge hose from canister. Blow air
through hose to ensure that air does not leak.

Be careful not to suck on the hose as this causes fuel
evaporating gas to enter your mouth.

4) Check the exterior of the canister to ensure that it is
not cracked or scratched,

10
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9. Vacuum Fitting
1. Non-TURBO model

Throttle chamber

Pressure regulator

Purge control
solenoid valve

P

Front

B2-242

Fig. 10
2. gI'URBO model

Pressure regulator
Throule

chamber

To pressure sensor

Purge control
solanoid valve

B2-1016

Fig. 11

11
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1. Foreword

This_chapter describes major inspection and service
mres for the engine mounted on the body. For
prfcealires not found in this chapter, refer to the ser-
vice procedure section in the applicable chapter.

2. Ignition Timing

A: INSPECTION

1) Warm up the engine.

2} Confirm that the idle switch is ON.

3) To check the ignition timing, connect a timing light to
#1 cylinder spark plug cord, and illuminate the timing
mark with the timing light.

If the timing is not correct, check the ignition control
system. (Refer to “2-7 Fuel Injection System’'.)

Ignition timing [BTDC/rpm]:
Non-TURBO*
20°=8°/700
TURBO
15° = 8°/700

* To improve stability, ignition timing while engine is
idling is also controlled. For this reason specified igni-
tion timing range is increased somewhat, to +8°.

AN Al
ark plug cord /

3. Engine Idle Speed

A: INSPECTION

Fig. 7

1) Before checking idle speed, check the following:
(1} Ensure that air cleaner element is free from clog-
ging, ignition timing is correct, spark plugs are in
good condition, and that hoses are connected prop-
erly.
(2) Ensure that CHECK ENGINE light is off.
2) Warm up the engine.
3) Connect “Select Monitor” and measure engine rpm.
{Function mode ""F04"")
a. When Select Monitor is not used, attach the pickup
sensor on tachometer (Secondary pickup type) to #1
plug cord.
b. This ignition system provides simultaneous ignition
for #1 and #2 plugs. It must be noted that some
tachometers may register twice that of actual engine
speed.

/ SN i /a‘)

#1 plug cord 71
-~ WSt

Tachometer
{Secondary pickup type)

B2-209

Fig. 2

4) Check idle speed when unloaded {with headlights,
heater fan, rear defroster, radiator fan, air conditioner,
etc. OFF).

Idle speed {(No load and gears in neutral position}:
700+100 rpm

5) Check idle speed when joaded. (Turn air conditioner
switch “ON*" and operate compressor for at least one
minute before measurement.)

1dle speed (A/C switch “ON"):
850 =50 rpm

if idle speed is outside specifications, refer to General
Troubleshooting chart under “2-7 Fuel Injection
System”.

s Hs’::!‘
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: =
‘T*' Spark

4. Engine Compression

u; MEASUREMENT )>\

1) After warming up the engine, turn off the ignition-
starter switch. ’

2} Make sure that the battery is fully charged.

3) Remove all the spark plugs.

4) Disconnect connectors from fuel injector.

5} Fully open the throttle valve.

6) Check the starter motor for satisfactory performance
and operation,

7) Crank the engine by means of the starter motor, and
read the maximum value on the gauge when the pointer
is steady.

Hold the compression gauge tight against the spark
plug hole.

8) Perform at least two measurements per cylinder,
and make sure that the values are correct.

by plug hote —
= l =) [

B2-210

Compression {200 — 300 rpm and fully open throttle):
Non TURBO
Standard
1,079 — 1,275 kPa
(11.0 — 13.0 kg/cm?, 156 — 185 psi) v
Limit -
883 kPa (9.0 kg/cm?, 128 psi)
Difference between cylinders
196 kPa (2.0 kg/cm?, 2B psi)
TURBO
Standard
981 — 1,177 kPa
(10.0 — 12.0 kg/cm?, 142 — 171 psi)
Limit
785 kPa (8.0 kg/cm?, 114 psi)
Difference between cylinders
196 kPa (2.0 kg/em?, 2B psi)
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y. Intake Manifold Vacuum

@ =nsurement

} Warm up the engine.

)} Disconnect the vacuum hose and install the vacuum
lauge to the hose fitting on the manifold.

)} Keep the engine at the idle speed and read the
-acuum gauge indication,

ly observing the gauge needle movement, the internal
.ondition of the engine can be diagnosed as described
n Table below.

g
gg\

o,
Vacuum gauge \
[ Y —

N

Intake manifold

(|

~Z

B2-211

Vacuum pressure (at idling, A/C “OFF”):
Non-TURBO
More than —66.7 kPa
{—500 mmHg, —19.69 inHg)
TURBO
More than —65.3 kPa
{—490 mmHg, —19.29 inHg)

Diagnosis of engine condition by measurement of manifold vacuum

Vacuum gaugs indication

Possible engine condition

1. Needle is steady but lower than normal position. This tendency
becomes more evident as engine temperature rises.

Leakage around intake manifold gasket or throttle chamber gasket.

i 2. When engine speed is reduced slowly from higher speed, needle
stops temporarily when it is lowering or becornes steady above
normal position,

Back pressura too high, or exhaust muftler clogged.

3. Needle intermittently drops to position lower than normal posi-
tion.

Leakage around cylinder.

4, Neadle drops suddenly and intermittently from normal position.

Sticky valves.

5. When engine speed is gradually increased, needle begins 1o vi-
brate rapidly at certain speed, and then vibration increases as
engine speed increases.

Weak or broken valve springs.

6. Needle vibrates above and below normal position in narrow
range.

Defective ignition system or throttle chamber idle adjustment .
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6. Hydraulic Lash Adjuster

The hydraulic lash adjuster is built into each rocker arm
on the valve side. A total of sixteen lash adjusters are
employed.

While valves are open

Reaction force
of valve stem

/%

\\\\\\\\

7. Cam Shaft

The cam nose part is finished with “chill” treatment to
increase wear resistance and anti-scuffing property.
The right- hand camshaft is supported by three journals
inside the cylinder head while the left-hand camshaft is
supported by four journals. The flanges of these cam-

shafts are also supported by the camshaft support ends
1o receive thrust force.

B2-080
Fig. 5
Lett hand Journat
Cil passage
Portion sffected by thrust force
Right hand
[N
1
tod bt - —_—— -
\Journal i Journal Portion affected
’ Ofl passage by thrust force
B2-081
Fig. 6
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3. Cylinder Head

‘ombustion chambers in the cylinder head are com-
ter plug, pentroof types which feature a wide

__/ area for increased combustion efficiency.
‘our valves (two intake and two exhaust), which are
irranged in a cross-flow design, are used per cylinder.
rhe eylinder head gasket is made from carbon material
not asbestos). Its core is metal provided with metal

hooks to increase resistance to both heat and wear.
The inner side of grommets used in the cylinder bore
are reinforced with wire to withstand both high com-
bustion pressure and temperature.

The cylinder head of the turbocharged engine utilizes
the same basic design as that described above, except
that pipes to lubricate and cool the turbocharger are
provided.

Squish srea

Intake valve Intake port

Exhaust valve Exhaust port

Combustion chamber Intake part\ /I-lntake valve

Exhaust valve—//

Exhaust port
po B2-082

9. Cylinder Block

The cylinder block is made from aluminum die casting.
The cylinder perimeter has an open-deck design which
is lightweight, highly rigid and has superb cooling effi-
ciency.

The cylinder block of the turbocharged engine is a
closed deck type to increase rigidity.

The cylinder liners are made from cast iron and are dry
types which are totally cast with aluminum cylinder
biock. Five main journal block designs are employed to
increase stifiness and quiet operation. The oil pump is

located in the front center of the cylinder block and the
water pump is located at the front of the right-cylinder
bank. At the rear of the right-cylinder block is a separa-
tor which eliminates oil mist contained in the blow-by
gas.

4,-,,‘
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1 0. Cran kshaft are finished with fillet-roll work to increase stiffness. The

The crankshaft is supported by five bearings to provide five crankshaft beafing:.; are m'ade frt?m aluminum alloy
high rigidity and strength. The corners of the crankshaft 3nd the No. 3 bearing is provided with a flanged metal
journals and webs, as well as the erank pins and webs, 10 receive thrust force.

#1 #2

B2-084

Fig. 8

11. Piston The piston head is recessed for both the intake and
The piston skirt has a “slipper” design to reduce weight exhaust valves. It also has symbols used to identify the

and sliding. The oil control ring groove utilizes a slit 0¢ation and the direction of instaliation.
design. Three piston rings are used for each piston-two com-

The piston pin is located in an offset position. The Nos.  Pression rings and one oil ring. The top piston ring has
1:and 3 pistons are offset in the lower direction while the  an inner-bevel design and the second piston ring has an
Nos. 2 and 4 pistons are offset in the upper direction. interrupt design to reduce oil consumption.

Identification mark {Piston size)

Location mark {Engine front side) Location mark (Inner-bevel)
Identification mark {Engine front side) 19P ring
<<All»; AL Sm"diw
- LQ {Interrupt}

ldentificetion mark

{Piston size}
— Upper rail
@ U o Spacer
== oo
RH LM IR Lower raii

B2-991

Fig. 9
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M MECHANISM AND FUNCTION

mneral
The~_dbaru 2200cc engine is made from aluminum

alloy and is horizontally opposed. It is a 4-stroke cycle,
water-cooled, SOHC 16-valve engine. The fuel system
atilizes an MPF! {(multiple fuel injection) design.

A summary of the major construction and function
features is as.follows:

o The cylinder head is a center-plug type that utilizes
pentroof combustion chambers. The four-valve design
is provided with two intake valves and two exhaust
valves per cylinder. The intake and exhaust ports are
arranged in a cross-flow design.

e The valve rocker arm has a built-in hydraulic iash
adjuster which eliminates the need for valve clearance
adjustment.

® A single timing belt drives two camshafts on the left
and right banks and the oil pump on the right bank. Belt
tension is automatically adjusted to eliminate mainte-
nance.

¢ The crankshaft is supported by five bearings to pro-
vide high rigidity and strength.

¢ The cylinder block is made from aluminum die cast
which is integrated with cast-iron cylinder liners.

— T —
jntake valve rocket / kL_J 'L__J-/ \ .
Hydraulic lash édjustar SR ) /—\ 3
Inteke valve (Crankshaft t : Rocker shaft supporter
— <_ Connecting rod &,__F\/(,\b
T 5
—— =)
i —Q @
—— — [
)
' Rocker covar
Exhaust velve Sperk pl
rk plug
Camshaft
linder head
Exhaust valve rocker Cylinder hes
Aocker shaft @ Piston
v
B2-076
@
2

L2 2
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2. Timing Belt
A single timing belt drives two camshafts (one in the left
bank and one in the right bank}. The back of the belt also
drives the water pump.
The timing belt teeth have a specially designed round
profile to provide quiet operation. The timing belt is

composed of a strong and inflexible core wire, a wear-
resistant canvas and heat- resistant rubber material,

A hydraulic belt-tension adjuster constantly maintains
specified belt tension to properly drive the camshafts,
as well as to provide a “maintenance-free” advantage.

Timing indicator {For 1iming mark of crankshaft pulley)._

Alignment mark

\ Idler

Camshaft sprocln':e: RH 77

~

Idler

Timing belt ’

Crankshaft sprocket

*Piston
position mark

Belt tensioner

Tension adjuster

Alignment mark

Camshaft sprocket LH

Water pump pulley

vidler No. 2

o] ) NI I T T

e i R e s Y

: #1 piston is set st TDC when piston-pasition mark on
crankshaft sprocket is aligned with mark on cylinder block,

: #1 piston is sat at TDC on comprassion stroka when pizton-
position mark on camshaft sprocket is aligned with mark on

beit cover.

B82-077

Fig. 2
3. Belt Tension Adjuster

The belt tension adjuster provides a constant value of
tension for the timing belt. Proper belt tension is main-
tained using a rod to push the tension pulley. The
location of the tensioner pulley shaft center is offset in
relation to the center of the pulley’s outside diameter.
The tensioner adjuster rod provides a rotary movement
for the tensioner pulley by both tension of the spring
housed in the adjuster.

1) Belt tension action

The tensioner adjuster rod is moved to the left by the
force of the main spring. This causes silicon oil (which is
held to constant pressure by compression-spring ten-
sion inside the reservoir chamber) to push the check

ball so that silicon oil flows into the oil-pressure cham-
ber,

The momentum which forces the adjuster rod out acts
upon the tensioner arm so that the pulley is turned
counterclockwise. Thus, timing belt tension is properly
maintained.

2) Balance to belt tension

When the timing belt reaction force is balanced by the
main spring tension (to push the adjuster rod), the arm
is held staticnary to maintain constant belt tension.
When the timing belt reaction force increases to such an
extent that the belt will be too tight, a small quantity of
oil in the oil-pressure chamber gradually returns to the
reservoir chamber via the adjuster body-to-rod clear-
ance. This return of oil continually moves the rod until
the reaction force of the timing belt balances with main
spring force and oil pressure inside the oil-pressure
chamber. Thus, belt tension is constantly maintained.
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Tension arm

()Timing belt

Adjuster rod
xopper

Check ball

Pistan

Compression spring

Dil pressure chamber

Oil reservoir chamber
[Silicon oil)

Qil seal

B2-078

Fig. 3
4. Belt Cover

The belt cover is made of synthetic resin molding which
is lightweight and heat resistant. lthas a totally enclosed
design that utilizes rubber packing at the mating surface
of the cylinder block. This eliminates the chance of dust

and_water from entering the interior.
ﬁ\g design is utilized by placing rubber mounting

én the cylinder block and belt cover to prevent
the transmission of noise and vibration.
The front belt cover has a graduated line for ignition-
timing confirmation.

5. Valve Rocker ASSY

A metal bushing is press-fitted to the rocker arm at the
rocker shaft location and a sintered alloy chip casting is
used at the frictional surface of the cam.

The valve side of the rocker arm is provided with a
hydraulic lash adjuster to maintain a “zero” valve clear-
ance, as well as to provide quiet operation and eliminate
valve clearance adjustment.

The rocker arm on the exhaust valve side has a “Y"-
letter design and operates two exhaust valves.

The rocker shaft has an oil passage in it. Each shaft end
is provided with a built-in relief valve.

Flat portion Valve lash adjuster
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3. Hydraulic Lash Adjuster

A: INSPECTION

y Disconnect blow-by hose.
"} Remove plug cap.
)} Disconnect connectors from fuel injectors.

& o

Fuel injector connector

Rocker cover

>
5 2 N DA

Fig. 5

4) Remove left and right rocker covers.

Before removing left rocker cover, disconnect engine
harness connector, battery cables and alternator cable.
5) Manually push valve rocker (at lash adjuster location)
to check that there is no air in it,

When air is in lash adjuster, valve rocker moves when
pushed with fingers.

Valve rocker

B2-213

Fig. 6

6} If air is in lash adjuster, remove valve rocker ASSY
from engine and bleed air completely. B: BLEEDING
AlIR FROM VALVE LASH ADJUSTER

1) Remove valve rocker ASSY.

N

B2-214

Fig. 7

2} Manually remove tash adjusters where air is trapped.
i lash adjuster is difficult to remove manually, use
pliers. Be careful not to scratch [ash adjuster.

3) Insert lash adjuster into CIL SEAL GUIDE as shown,
and fill OIL SEAL GUIDE with engine oil.

Using @ 2 mm (0.08 in) dia rod, push check ball in,

Engine oil | v‘v Push check ball
_\‘\ -
OIL SEAL 4 — — 1= — —
GUIDE —_|[5eC
{499597000) o =
‘ Hydraulic 1ash adjuster
B2-215
Fig. 8

4) With check ball pushed in, push plunger at an inter-
val of one second.

5) Move plunger up and down until air bubbles are no
longer emitted from lash adjuster.

6) Remove the rod. Push plunger to ensure that air is
completely bled out.

If plunger does not properly lock {when pushed), re-
place lash adjuster with a new one,

7) Fill rocker arm’s oil reservoir with engine oil and
install lash adjuster.

Do not rotate lash adjuster during installation.

8} Temporarily and equally tighten bolts @through @.
Do not allow dowel pin to catch valve rocker ASSY.
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1} Tighten bolts ®through ®+to specified torque.

0) Tighten bolts @D through @+o specified torque.

1) Install rocker covers.

2} Connect harness connectors, hoses, etc. to their
)ositions.

7. Fuel Injector

A: REMOVAL AND INSTALLATION

|} Fuel pressure elimination
{1} Disconnect fuel pump connector.

art engine.
n engine until it stalls.

(4) After it stalls, crank starter for approximately 5
seconds and turn ignition switch to "OFF”.

2) Remove spark plug caps.

3) Disconnect connector from fuel injector.

1) Remove fuel injector cover.

Il
Fuel injector cover /

ﬁ
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B2-025

Fig. 10

5) Extract while turning fuel injectors,

Fig. 11

a. Do not attempt to pry injectors with 2 screwdriver
or similar tool. Do not pinch injector pin with pliers.
b. Be careful not to damage O-ring.

c. If injector is difficult to remove with your hand,
remove injector and fuel pipe as a unit, and push
injector out from the back side.

6) To install, reverse order of removal procedures.

8. Oxygen (O,) Sensor

A: REMOVAL

Oxygen (0,) sensor is one of the important emission
control parts. Therefore, replace it as follows only when
it is damaged by external force, or if it seems to be out
of order according to troubleshooting etc.

1. Non-TURBO MODEL

1) Disconnect O, sensor cord.

2) Apply SUBARU CRC (004301003} or its equivalent to
threaded portion of oxygen {Q,) sensor, and leave it for
one minute or more.

3) Loosen oxygen {O,) sensor by turning it 10 to 40
degrees with special tool {SOCKET: 499990110} and
wrench.

5
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4} Apply SUBARU CRC (004301003} to threaded por-
tion of oxygen (O,) sensor again, and leave it for one
minute of more.

5) Remove oxygen (0,) sensor by using SOCKET
(499980110} and wrench.

When removing, do not force oxygen (0,} sensor
especially when exhaust pipe is cold; otherwise it will
damage the exhaust pipe.

2. TURBO MODEL

1) Disconnect O, sensor cord.

2) Apply SUBARU CRC (004301003) or its equivalent to
threaded portion of oxygen {0,) sensor, and leave it for
one minute or more,

3) Loosen oxygen (O,} sensor by turning it 10 to 40
degrees.

Oxygen {0}
sensor

Fig. 13

4) Apply SUBARU CRC (004301003} to threaded por-
tion of oxygen (Q,) sensor again, and leave it for one
minute or more.

5) Remove oxygen (Q,) sensor.

When removing, do not force oxygen (0O,) sensor
especially when exhaust pipe is cold; otherwise it will
damage the exhaust pipe.

B2-657 | .

B: INSTALLATION

1. Non-TURBO MODEL

1) Apply anti-seize compound (“SS-30" made by JET-
LUBE Inc. in U.S.A. or its equivalent) only to threaded
portion of oxygen {O,) sensor to make the next removal
easier.

Never apply anti-seize compound to protector of oxy-
gen (0,) sensor.

2) By using SOCKET (499990110) and torque wrench,
install oxygen (O,} sensor onto front exhaust pipe by
tightening it to the specified torque.

Torque [oxygen {O,) sensor}:
25 — 34 N'm (2.6 — 3.5 kg-m, 18 — 25 ft-lb)

3} Securely connect oxygen (O,) sensor cord.

2, TURBO MODEL

1} Apply anti-seize compound {"$5-30" made by JET-
LUBE Inc. in U.S.A. or its equivalent) only to threaded
portion of oxygen(O,) sensor to make the next removal
easier,

Never apply anti-seize compound to protector of oxy-
gen {O,) serisor.

2} Install oxygen {O,) sensor onto center exhaust pipe
by tightening it to the specified torque,

Tightening torque Joxygen {0,) sensor]:
25 — 34 N*m (2.5 — 3.5 kg-m, 18 — 25 ft-Ib)

3) Securely connect oxygen {O,} sensor cord.
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3 SPECIFICATIONS AND SERVICE DATA
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Non-TURBO TURBO
Tvoa Horizontally opposed, liquid cooled, 4-cylinder, 4-stroke gaso-
yp line engine
Valve arrangement Belt driven, single over-head camshaft, 4-valve/cylinder
Bare x Stroke mm {in} 96.9 x 75 {3.815 x 2.95)
Piston displacernent cm 2 (cc, cuin) 2,212 (2,212, 134.98)
Compression ratio 9.5 8.0
Compression pressure 2 1,079 — 1,275 981 — 1,177
{at 200 - 300 rpm) kPa (kg/em”, psh | 44 9 13,0, 156 — 185) {10.0 — 12.0, 142 — 171)
ENGINE Number of piston rings : Pressure ring: 2, Qil ring: 1
o Opening 4° BTDC 6° BTDC
intake valve timing -
Closing 52° ABDC 52° ABDC
. Opening 48° BBDC 42° BBDC
Exhaust valve timing -
Closing 12° ATDC 10° ATDC
1dling speed [At neutral rom 700+ 100 {No load}
{on N) or position] P 850+ 50 {A/C switch ON)
Firing order 1—+3—+2-—-4
ignition timing BTDC/rpm Q‘ITI' 22%:3 g:‘?’%% 15°+ 8°%/700
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B: SERVICE DATA

elt
3nsion Protrusion of adjuster rod 15.4 — 16.4 mm {0.606 — 0.546 in)
djuster

Spacer O.D. 16 mm {0.63 in}

Tensioner bush 1.D. 16.16 mm {0.6362 in}
, . STD 0.117 — 0.180 — i
._elt ten Clearance between spacer and bush — L {0.0046 — 0.0071 in}
ioner Limnit 0.230 mm {0.0091 in)

STD 037 —054m — i

Side clearance of spacer — o (0.0146 — 0.0213 in)

Lirmit 0.8 mm {0.031 in)

STD 0.020 — 0.081 mm 0. -_— i
falve Clearance betwesn shaft and arm — {0.0008 — 0.0032 in)
ocker arm , Limit 0.10 mm (0.0039 in)

Bend limit 0.025 mm {0.0010 in}
5TD 0.030 — 0,260 mm (0.0012 — 0.0102 in}
Thrust clearance T
Limit 0.35 mm {0.0138 in)
STD 32.384 — 32,464 mm {1.2742 — 1.2781 in)
Non-Turbo [———
i Limit 32.11 mm {1.2642 in}
Cam lobe height
Turb STD 32.286 —— 32.386 mm [1.2711 — 1.2750 in}
uroo

Limit 32.04 mm (1,2614 in)

tarmshaft Front Rear 31,935 — 31.950 mm {1.2573 — 1.2579 in)
Camshaft journal OD RH Center LH Center 37.435 — 37450 mm  {1.4738 — 1.4744 in}
Rear Front 37,935 — 37.950 mm  {1.4935 — 1.4941 in}
Front Rear 32.005 — 32,025 mm  {1.2600 - - 1.2608 in)
]CDa"‘Sha“ journal hole | oy, Center LH Center 37505 — 37.625 mm (14766 — 1.4774 in)
Rear Front 38.005 — 38.025 mm  (1.4963 — 1.4970 in}
i STD 0.055 — 0.090 mm {0.0022 — 0.0035 in}
Oil clearance — -
Limit 0.10 mm (0.0039 in}
. Surface warpagse limit .05 mm {0.0020 in)
:;Zggder Surface grinding limit 0.1 mm {0.004 in}
Standard height 98.2 mm {3.870 in}
Refacing angle 90°
STD 0.7 mm {0.028 in)
Intake — -
valve set ° . ‘dth Limit 1.4 mm {0.055 in}
ontacting widt -
9wt sTD 1.0 mm {0.039 in)
Exhaust — N
Limit 1.8 mm {0.071 in)
Valve Inner diameter 6,000 — 6.012 mm [0.2362 — 0.2367 in)
Juide Protrusion above head 17.5 — 18.0 mm {0.689 — 0.709 n}
Intak STD 1.0 mm {0.039 in}
ntake -
Head edaa thick Lirnit 0.8 mm {0.031 in}
ea at -
ecge fhicknass STD 1.2 mm {0.047 in)
Exhaust — -
Limit 0.8 mm {0.031 in)
s Intake 5,850 — 5.965 mm (0.2343 — 0.2348 in)
+ .
Valve em diameter Exhaust  |5.945 — 5960 mm  (0.2341 — 0.2346 in)
ST Intake 0.035 — 0.062 mm (0.0014 — 0.0024 in)
Stem oil clearance Exhaust 0.040 — 0.067 mm {0.0016 — 0.0026 in}
Limit - 0.15 mm {0.0059 in}
Overall | h Intake 101.0 mm [(3.976 in}
B 1
refleng Exhaust | 101.2 mm (3.984 in)

TD: Standard

1D: Inner diameter OD: Outer diameter

-.‘;i
1
f!: ’
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Free length 46.16 mm {1.8173 in)
Squareness 2.5° 2.0 mm {0.079 in)

«©

Tensiorvspring height

190.3 — 219.7 N

{19.4 — 22.4 kg, 42.8 — 49.4 1b)/37.0 mm (1.457 in}

4011 — 461.9 N

{40.9 — 47.1 kg, 90.2 — 103.9 1b)/29.2 mm {1.150 i}

Surface warpage limit {mating with cylinder head) 0.05 mm {0.0020 in)
Surface grinding limit 0.1 mm {0.004 in})
A 96.905 — 96.915 mm {3.8151 — 3.8155 in)
Cylinder bore STD B 96.895 — 96.905 mm {3.8148 — 3.8151 in}
c 96,885 — 96.895 mm (3.8144 — 3.8148 in}
yinder |y S-TDI 0.016 mm {0.0006 in)
lock Limit 0.060 mm [0.0020 in}
STD 0.010 mm {0.0004 in)
Out-of-roundness Limit 0.050 mm . {0.0020 in)
STD 0.010 — 0.030 mm [0.0004 — 0.0012 in}
Piston clearance — -
Limit 0.060 mm {0.0024 in}
Enlarging [boring) limit 0.5 mm {0.020 in})
A 96.885 — 96.895 mm (3.8144 — 3.8148 in}
STD B 96.875 — 96.885 mm {3.8140 — 3.8144 in)
C 96.865 — 96.875 mm {3.8136 — 3.8140 in)
viston Outer diameter 0.25 mm (0.0098 1) | 97.125 — 97.135 mm (3.8238 — 3.8242 in)
Q.50 mm (0.0187 N }97.375 — 97.385 mm (3.8337 — 3.8340 in)

Standard inner diameter of piston pin hole

23.000 — 23.006 mm

{0.9055 — 0.9057 in)

©

Quter diameter

22.994 — 23.000 mm

{0.9053 — 0.9055 in}

Siandard clearance between piston pin and hole in piston

0.004 — 0.008 mMm

{0.0002 — 0.0003 in)

Piston pin must ba fitted into pasition with thumb at 20°C

begtee of fit (68°F).
Non- STD 0.20 — 0.35 mm {0.0079 — 0.0138 in)
| TJRBO Limnit 1.0 mm {0.039 in)
Top ring -
sSTD 0.20 — 0.25 mm {0.0079 — 0.0098 in}
TURBOC — T
Pi . Limit 0.9 mm {0.035 in)
ton ring ga
is g gap ‘ STD 0.37 — 0.52 mm {0.0146 — 0.0205 in)
Second ring — H
i . Lirnit 1.0 mm {0.039 in})
Piston ring -
oil 1i sSTD 0.20 — 0.70 mm {0.0079 — 0.0276 in}
N rn
9 Limit 15 mm {0.059 in)
] STD 0.040 — 0.080mm {0.0016 — 0.0031 in)
Top ring — -
Clearance between piston Limit 0.15 mm (0.0058 in)
ring and piston ring groove . STD 0.030 — 0.070 mm {0.0012 — 0.0028 in}
Second ring — -
Limit 0.15 mm {0.0059 in)
Bend twist per 100 mm {3.94 in} in length Limnit 0.10 mm {0.0039 In)
Connecting [ sTD 0.070 — 0.330 mm 10.0028 — 0.0130 in}
rod Side clearance — -
Lirnit 0.4 mm {0.016 in})

O
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Non- STD 0.0158 — 0.0438 mm {0.0006 — 0.0017 in)
TURBO | imit 0.05 mm i
Oil clearance STD 0.0258 — 0.0538 cone
TURBO i B - 0. mm (0-0010 — 0.0021 in)
Limit 0.06 mm {0.0024 in)
STD 1.492 — 1501 mm {0.0587 — 0.0591 in)
0.03 mm -
{0.0012 in) [ 1.510 — 1.513 mm {0.0594 — 0.0596 in}
us
Non- 0.05 mm
TURBO  |(0.0020 in) | 1.520 — 1.523 mm {0.0598 — 0.0600 in)
onnecting us
od bear- 0.25 mm
ng {0.0098 in) | 1.620 — 1.623 mm {0.0638 — 0,0639 in)
us
Thickness at center portion -
STD 1.487 — 1.496 mm {0.0585 — 0.0589 in)
0.03 mm
{0.0012 in) | 1.505 —~ 1.508 mm (0.0593 — 0.0594 in)
us
TURBo | 0.05 mm "
{0.0020 in) | 1.515 — 1.518 mm {0.0596 — 0.0598 in}
us
0.26 mm
(0.0098 in) | 1.615 — 1.618 rmm (0.0636 — 0.0637 in)
us
‘onnecting STD 0 — 0.022 mm {0 - 0.0009 in)
od bush- | Clearance between piston pin and bushing o
g Limit 0.030 mm {0.0012 in)

TD: Standard 0OS: Oversize

11
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. Bend limit 0.038 mm {0.0014 in)
‘ . Out-of-roundness 0.030 mm {0.0012 in) or less
Crankpin and crank journal — —
( Grinding limit 0.250 mm {0.0098 in})
g STD 51.984 — 52.000 mm (2.0466 — 2.0472 in}
0.03 mm
{0.0012 in} |51.954 — 51.970 mm (2.0454 — 2.0461 in)
us
kpin outer diamet 0.05 mm
Crankpin owter diameter (0.0020 in) |51.934 — 51.950 mm (2.0446 — 2.0453 ir)
us
0.25 mm
(0.0098 in) |51.734 — 51.750 mm {2.0368 — 2,0374 in)
us
STD 59.984 — 60.000 mm {2.3616 — 2,3622 in)
Crankshaft 0.03 mm
{0.0012 in} |59.954 — 59.970 mm {2.3604 — 2.3610 in}
us
Crank journal outer diameter 0.05 mm .
{0.0020 in} |59.934 — 59.950 mm (2.3586 — 2.3602 in)
us
0.25 mm
{0.0098 in} |59.734 — 59,750 mm {2.3517 — 2.3524 in}
us
STD 0.030 — 0.115 mm {0.0012 — 0.0045 in)
Thrust clearance —— -
Limit 0.25 mm {0.0098 in)
41 45 STD 0.010 — 0.030 mm {0.0004 — 0.0012 in)
oil cl ’ Limnit 0.040 mm (0.0016 in)
| clearance STD 0.010 — 0.030 mm {0.0004 — 0.0012 in)
#2, #3, #4 — -
Limit 0.035 mm {0.0014 in)
sSTD 1.998 — 2.011 mm {0.0787 — 0.0792 in)
0.03 mm
[0.0012in) |2.017 — 2.020 mm {0.0794 — 0.0795 in)
uUs
#1 #5 0.05 mm
’ {0.0020 in) |{2.027 — 2.030 mm (0.0798 — 0.0799 i)
us
0.25 mm
" T {0.0098 in} 12.127 — 2.130 mm {0.0837 — 0.0839 in}
Crankshaft . . us
kshaft b thickness
bearing® | Cr2"kshaft bearing thickn STD 2.000 — 2.013 mm (0.0787 — 0.0793 in)
0.02 mm
{0.0012 in) |2.019 — 2.022 mm {0.0795 — 0.0796 in)
us
#2, #3, #4 | 0.05 mm ,
{0.0020 in} | 2.029 — 2.032 mm {0.0799 — 0.0800 in}
us
0.25 mm
(0.0098 in} |2.128 — 2.132 mm (0.0838 — 0.0839 in)
us

STD: Standard US: Under Size

12
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C COMPONENT PARTS
1. Timing Belt

Crankshaft sprocket
Right-hand belt cover No, 2
Left-hand belt cover No. 2
Right-hand camshaft sprocket
Belt idler

Tensioner bracket

Belt idler

Belt tensioner

Tensioner adjuster

Belt idier No, 2

Left-hand camshaft sprocket
Timing belt

Right-hand belt cover

Front belt cover

Left-hand belt cover
Crankshaft pulley

Plate CP-belt cover

{TURBO maodel only)

Tightening torque: N-m (kg-m, ft-1b}
T1: 74 - 83 (7.5 - 8.5, 54 - 61)
T2: 35 -43 (3.6 — 4.4, 26 — 32)
T3: 23 -26 (2.3 — 2.7, 17 — 20}
T4: 5 {0.5, 3.6)
T5: 93_- 103 {9.5 — 10.5, 62 — 76)

B2-935

13
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:—(Eylinder Head and Camshaft

T2

1 Rocker cover (AH)
2 Rocker cover gasket
3 Camshaft support (RH)
4 O-ring

5 Camshaft (RH)
6 Intake valve guide

7 Exhaust valve guide

8 Oil seal

9 Cylinder head (RH)

30 Cylinder head gasket
11 Cylinder head {LH}

12 Plug

13 Camshait (LH} »

14 Q-ring

15 Camshaft support (LH)
16 Oil seal

17 Qil filler cap

18 Gasket

19 QOil filler pipe

20 O-ring

Rocker gasket

Rocker cover (LH)

: Refer to [W5E1]
T2: 16 (1.6,12)

T3: 10(1.0,7}

T4: 5{05, 3.6)

[TURBO]

B2-676

14
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3. Cylinder Head and Valve ASSY
@

Exhaust valve
Intake valve
Intake valve oil seal
Valve spring

Retwiner

Retainer key

Exhaust valve oit seal
Racker shaft support
Rocker shaft support

10 Rocker shaft support

11 Rocker shaft

12 Hydraulic lash adjuster
13 intake valve rocker arm
14 Exhaust valve rocker arm
15 Spring

Oo~-~Noum b=

Tightening torque: N-m (kg-m, ft-1b)
T1: 5(05, 3.6)
T2: 12{1.2,9)

B2-309
Fig. 12
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1.  Cylinder Block
-TURBO MODEL

1 Oil pressure switch 12 Cylinder block {LH}
2 Cylinder bjock (RH) 13 Water pump
3 Service hole plug 14 Baffle plate
4 Gasket 15 Qil strainer stay
5 Qil separator cover 16 Oil strainer
6 Water pipe 17 Gasket
7 Oil pump 18 0Qil pan
8 Front oil seal 19 0Oil drain plug
@ 9 Feasr oil seal 20 Gasket
@/ 10 O-ring 21 Oil filler pipe
. 11 Service hole cover

Tightening torque: N-m {kg-m, ft-Ib}

? T1: 44 —-50(45 —5.1,33 — 37)
T2: 23-26(23-27,17 —20)
@ T3: 6.4 (0.65,4.7)

T4: 5 {05, 3.6)

T5: 10 (1.0, 7}

T6: 62 — 76 (6.3 — 7.7, 46 — 56) _

T7: First 10-14{1.0 —-1.4,7 — 10)
Second 10—-14{1.0-1.4,7—10)

_ B2-089
ig. 13

16
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2. TURBO MODEL

.

2

3

4

5

]

7

8

9

10

1

12

13

14

15

16

Tightening torque: N-m (kg-m, ft-b} 17

T1: 44-50{45—-5.1,33-37) 18

T2: 23-26{23-27,17-20) 19

T3: 6.4(0.65, 4.7) 3‘1’
T4: 5 (0.5, 3.6)
T5: 10(1.0,7)

T6: 62 —76 (6.3 — 7.7, 46 — 56)
T7: First  10—-14{1.0—-1.4,7 —10)

Second 10-—14{1.0-1.4,7 —10)

17

Oil pressure switch
Cylinder block (RH]
Service hole plug
Gasket

il separator cover
Water pipe

Qil pump

Front oil seal

Rear oil seal
O-ring

Service hole cover
Cylinder block {LH})
Water pump
Bafile plate

Qil strainer stay
Oil strainer

Gasket

il pan

Oil drain plug
Gasket

Qil filler pipe

B2-1027
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;-,tCrankshaft and Piston

-3 [C500] ENGINE F
!f
r
*
¥

1 Drive plate
2 Reinforcement
3 Flywheel
4 Ball bearing
5 Topring
6 Second ring
7 Oilring
8 Piston
9 Piston pin
10 Circlip
11 Connecting rod bolt
12 Connecting rod
13 Connecting rod bearing
14 Connecting red cap
16 Crankshaft
17 Woodrulf key
18 Crankshaft bearing #1, #5
19 Crankshaft bearing #2, #4
20 Crankshaft bearing #3
21 Crankshaft

CTRFARAT, e

Tightening torque: N-m {kg-m, ft-Ib)
T1: 69 —-75{7.0 — 7.6,51 — 55} B2-090
T2: 43-46(4.4—- 47,32 — 34)

T S I I St

18
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W SERVICE PROCEDURE

1. General Precautions

1) Before disassembling engine, place it on ENGINE
STAND.

On turbocharged engine, remove exhaust manifolds,
turbo joint pipe and turbocharger before placing it on
ENGINE STAND.

ENGINE STAND ADAPTER
RH {498457000)
LH {458457100)

ENGINE STAND (499817000}

B2-091

Fig. 16

19

2) All parts should be thoroughly cleaned, paying spe-
cial attention to the engine oil passages, pistons and
bearings.

3) Rotating parts and sliding parts such as piston,
bearing and gear should be coated with oil prior to
assembily.

4} Be careful notto let oil, grease or coolant contact the
timing belt, clutch disc and flywheel.

5) All removed parts, if to be reused, should be rein-
stalled in the original positions and directions.

6) Gaskets and lock washers must be replaced with
new ones. Liquid gasket should be used where speci-
fied 1o prevent leakage.

7} Bolts, nuts and washers should be replaced with
new ones as required.

8} Even if necessary inspections have been made in
advance, proceed with assembly work while making
rechecks.




3 [W2A1] ENGINE

. Timing Belt

| ImovaL

CRANKSHAFT PULLEY AND BELT COVER

B2-679

Fig. 17

‘ ve V-belt.
! bve pulley bolt. To lock crankshaft, use Special

fool.

CRANKSHAFT PULLEY
WRENCH 1499977000)

B2-002

Fig. 18

3) Remove crankshaft pulley.
4) Remove left-hand belt cover.
5) Remove right-hand belt cover and plate CP-belt

cover (TURBO model).
6) Remove front belt cover.

20
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. TIMING BELT

B2-003
Fig. 19
) If alignment mark and/or arrow mark (which indi- sprockets with notches of belt cover and cylinder
ates rotation direction) on timing belt fade away, put block.

iew marks before removing timing belt as follows: ‘
(1) Turn crankshaft, and align alignment marks on Special tool: CRANKSHAFT SOCKET (499987500}

crankshaft sprocket, and left and right camshaft

Alignment

21
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(2) Using white paint, put alignment and/or arrow
marks on timing belts in relation to the sprockets.

B e+ e IR

B2-005

Fig. 21

2) Loosen tensioner adjuster mounting bolts.
3} Remove belt idler.

4) Remove belt idler No. 2

5) Remove timing belt.

JRUTIT S NS

AT TR S I R R TR T 4

ST,

=
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. BELT TENSIONER AND IDLER

B2-006

Fig. 22

) Remove belt idler.
) Remove belt tensioner and spacer.
) Remove belt tension adjuster.

23
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i 4. SPROCKET

B2-007

Fig. 23
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" 1) Remoave left-hand camshaft sprocket.

ML
W
)\

o
CAMSHAFT SPROCKET

WRENCH ({499207100) g5 gqg

Fig. 24

2) Remove right-hand camshaft sprocket. To lock cam-
shaft, use CAMSHAFT SPROCKET WRENCH.

3} Remove crankshaft sprocket.

4) Remove left-hand belt cover No. 2.

5) Remove right-hand belt cover No. 2.

6) Remove tensioner bracket.

B: INSPECTION

1. TIMING BELT .

1) Check timing belt teeth for breaks, cracks, and wear.
If any fault is found, replace belt.

2) Check the condition of back side of belt; if any crack
is found, replace belt.

a. Be careful not to let oil, grease or coolant contact
the belt. Remove quickly and thoroughly if this hap-
pens.

b. Do not bend the belt sharply. [The bending radius
must be greater than 60 mm {2.36 in).]

i,
B0 mm
[2.36 in) ’

B2-092

Fig. 25

25

2. BELT TENSION ADJUSTER

1} Visually check oil seals for leaks, and rod ends for
abnormal wear or scratches. If necessary, replace faulty
parts,

Slight traces of oil at rod’ oil seal does not indicate a
problem.

2) While holding tensioner with both hands, push the
rod section against floor or wall with a force of 147 to
490 N (15 to 50 kg, 33 to 110 Ib) to ensure that the rod
section does not move. If it moves, replace tension
adjuster with a new one,

3) Measure the extension of rod beyond the body. If it
is not within specifications, replace with a new one.

B2-093

Fig. 26

Rod extension H:
15.4 — 16.4 mm (0.606 — 0.646 in)

3. BELT TENSIONER

1} Check mating surfaces of timing belt and contact
point of tension adjuster rod for abnormal wear or
scratches. Replace belt tensioner if faulty.

2) Check spacer and tensioner bushing for wear.

4. BELT IDLER

Check idler for smooth rotation. Replace if noise or
excessive play is noted.
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C: INSTALLATION

CKET

T 23-26
(2.3 -2.7.17 —20)

. T 510.5, 3.6)
T 64-741(65— 75,47 —54)

T : N-m (kg-m, ft-1b)

Fig. 27

1} Install right-hand belt cover No. 2. To lock camshaft, use CAMSHAFT SPROCKET
2) Install left-hand belt cover No. 2. WRENCH.

3} Install tensioner bracket. 6) Install left-hand camshaft sprocket.

4) Install crankshaft sprocket. Do not confuse left- and right-hand camshatt sprockets

during installation. The left-hand camshaft sprocket is
identified by a projection used to monitor cam angie
sensor.

5} Instalt right-hand camshaft sprocket.
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». BELT TENSIONER AND IDLER

®

Beae | N | ,—;
Lo \
N Yl

T 35-43 ‘w
4 26 & T N kgm, e
{36 -44, 26-32) B2-010

Fig. 28

1} Installation of belt tensioner adjuster, 2} Install belt tensioner.

{1) Insert stopper pin 1.5 mm (0.059 in} dia. into 3} Install belt idler..»

place while pushing tension adjuster rod into body a. Do not allow press pressure to exceed 9,807 N

using a press. (1,000 kg, 2,205 Ib}.
b. Do not release press pressure until stopper pin is
completely inserted.
‘ c. Push tension adjuster rod vertically.

{2} Temporarily tighten bolts while tension adjuster

is pushed all the way to the right.

Push untill
thess holes
are eligned

Stopper pinf

Bz-011

ig. 29
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.. TIMING BELT

T 35—-43N-m f

(3.6 — 4.4 kg-m, 26 — 32 ft-lb

® B2-013

Fig. 31

1) Installation of timing belt.
{1) Using SPROCKET WRENCH, turn sprockets so
that their alignment marks come to top positions.

Alignment mark
A

Alignment mark

®) u;g;’@)l
-

> <
4| 2} Install belt idier No. 2.

Fig. 32 3} Install belt idler.
’ 4) Loosen tension adjuster attaching bolts and move
adjuster all the way to the left. Tighten the bolts.

S

{2} While aligning alignment mark on timing belt with
marks on sprockets, position timing belt properly.
Ensure belt's rotating direction is correct.

28
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Fig. 34

5) After ensuring that the marks on timing belt and

sprockets are aligned, remove stopper from tension
adjuster.

After properly installing timing belt, remove rocker

cover and ensure that the valve lash adjuster contains
no air.

28
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 CRANKSHAFT PULLEY AND BELT COVER

9.5 - 10.5, 6% — 76)

T : MN-m {kg-m, ft-Ib)

B2-680

B e e R O O A

Sig. 36

} Install front belt cover.

) Install right-hand belt cover and plate CP-belt cover
"URBQO).

) Install left-hand belt caver.

©

4} Install crankshatt puliey.
5} Install pulley bolt.
6) Install V-bell.

30

TIERSY



ENGINE [W3A0] 2-3

. Valve Rocker ASSY

A: REMOVAL

Knock pin

Knock pin

B2-017
Fig. 37
} Disconnect PCV hose and remove rocker cover. Locate valve rocker ASSY with air vent (on rocker arm}
'} Removal of valve rocker ASSY facing upward or dip it in engine oil after removal.
(1) Remove bolts @ through @in numerical se-

See Figure.
quence. See Figure.

.eave two or three threads of bolt (1) engaged to retain
‘alve rocker ASSY.

(2) Equally loosen bolts &)through @ all the way,
being careful that dowel pin is not gouged.
{3) Remove valve rocker ASSY.

B2-019

Fig. 39

B2-018
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B: DISASSEMBLY
:

Lock hole

L

B2-020

Fig. 40

1) Remove boits which secure rocker shaft.
2} Extract rocker shaft. Remove valve rocker arms,
springs and shaft supports from rocker shaft.

all removed parts in order so that they can be

d in their original positions.

Locate rocker arms with air vents facing upward.
3) Remove valve lash adjuster from valve rocker.
Do not remove valve lash adjuster unless it requires air
bleeding or replacement.
If valve lash adjuster is hard to remove by hand, use
pliers. Be careful not to scratch valve lash adjuster.
Dip lash adjuster in engine oil after removal.

C: INSPECTION

1. VALVE LASH ADJUSTER
1) Bleed air from valve lash adjuster as described be-
low:
(1) While dipping valve lash adjuster in engine oil, as
shown in Figure, push check ball in using a 2 mm
{0.08 in) dia. round bar.
{2) With check ball pushed in, manually move
plunger up and down at one-second intervals until air
bubbles disappear.
(3) After air bubbles disappear, remove round bar
and quickly push plunger in to ensure it is locked. If
lunger does not lock properly, replace valve lash
@ter.
L9ve lash adjuster (after air is bled) in engine oil until

it is ready for installation.

32

oil

‘r

s

B2-095

Fig. 41

2) Replace valve lash adjuster with a new one if valve
contact surface is scratched.

2. VALVE ROCKER ARM

1) Measure inside diameter of valve rocker arm and
outside diameter of valve rocker shaft, and determine
the difference between the two (= oil clearance).

Clearance between arm and shaft:
Standard
0.020 — 0.081 mm {0.0008 — 0.0032 in)
Limit
0.10 mm {0.0039 in)

if oil clearance exceeds specifications, replace valve
rocker arm or shaft,
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Jse the following table as a guide in determing a
.ombination rocker shaft, rocker arm and support.

Rocker shaft Rocker arm Support
Mark A or {No mark) Mark “—""* (No mark}
Mark B Mark “4 ** Mark B [csﬁt:?wp 3mm

)) If cam or valve contact su rface of valve rocker arm is
vorn or dented, repair by removing the minimum nec-

D: ASSEMBLY

essary amount. If worn heavily, replace valve rocker
arm.

3. VALVE ROCKER SHAFT

Visually check oil relief vaive of shaft end for any of the
following abnormalities.

® Breaks in check ball body

® Foreign particles caught in valve spring

¢ Qil leaks at check ball

Repair or replace valve rocker shaft as necessary.

T $N-m {05 kg-m, 3.6 fr-ib)

PN

B2-022

Fig. 42

) After bleeding air from valve lash adjuster, position
‘alve lash adjuster in valve rocker arm while dipping in
ingine oil. (Ref. to [W2C1])

'ill rocker arm oil reservoir chamber with engine oil.
nstall a new valve lash adjuster O-ring, being careful
ict to scratch it.

Jo not attempt to rotate valve lash adjuster during
1stallation.

33

2) Arrange valve rocker arms, springs and shaft sup-
ports in assembly order and insert valve rocker shaft.
Ensure that cutout portion of rocker shaft faces oil holes
in shaft supports.

Valve rocker arms, rocker shaft and shaft supports
have identification marks. Ensure parts with same
markings are properly assembled.

3) Install valve rocker shaft securing bolts while aligning
shaft “lock” holes with bolts.
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E: INSTALLATION

L)

Knpck pin

T -« Ne-m (kg-m, frlbl T 51{05,3.6)
B2-023

Fig. 43

} Instaliation of valve rocker ASSY
(1) Temporarily tighten bolts Dthrough @ equally
{as shown in Figure. Do not allow valve rocker ASSY
ge dowel pins.
ighten bolts ®) through ®) to specified torque.
(3) Tighten bolts () through @ 1to specified tarque.

Fig. 44

2) Instali rocker cover and connect PCV hose.

34




ENGINE [W4A3] 2-3

aft
Camsh 1. RELATED PARTS

1) Remove timing beit, camshaft sprockets and related

A: REMOVAL parts.
{Ref. to 2. Timing Belt [W2A0].)

2} Remove valve rocker ASSY.
(Ref. to 3. Valve Rocker ASSY [W3A0].)

CAMSHAFT LH

ig. 45
Remove cam-angle sensor. 5} Remove camshaft LH.
Remove oil level gauge guide attaching bolt. 68} Remove oil seal,
Remove camshaft support LH. Do not remove oil seal unless necessary.

Remove Q-ring.
CAMSHAFT RH

{Non-TURBQ]

B2-677

ig. 46

35
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1) Remove camshaft support RH.

emove O-ring.

ve camshaft.

_.(’)ve oil seal.

o not remove oil seal unless necessary.

B: INSPECTION

1. CAMSHAFT
1) Measure the bend, and repair or replace if neces-
sary.

Limnit:
0.025 mm {0.0010 in})

/ B2-097

Fig. 47

2) Check journal for damage and wear. Replace if
fauity. )

3) Measure outside diameter of camshaft journal and
inside diameter of cylinder head journal, and determine
the difference between the two (= oil clearance}. If oil
clearance exceeds specifications, replace camshaft or
cylinder head as necessary.

Unit: mm {in)

%o

" Right-hand camshaft Front Center Rear
em
Laft-hand camshaft Rear Center Front
A Standard 0,055 — 0.090 (0.0022 — 0.0035 )
ce at journal —
Limnit 0.10 {0.0039 )

i

Canighaft journal O.0.

31.935 — 31.950
(1.2573 — 1.2579 )

' 37.435 — 37.450
(1.4738 — 1.4744 )

37.935 — 37,950
{1.4935 — 1.4941 )

Journal hole 1.D.

32.005 — 32.025
{1.2600 — 1.2608 )

37.505 — 37.525
{1.47686 — 1.4774)

38.0056 — 38.025
{1.4963 — 1.4970 )

4) Check cam face condition; remove minor faults by
grinding with oil stone. Measure the cam height H;
replace if the limit has been exceeded.

Cam height: H

Standard
Non-TURBO
32.364 — 32.464 mm (1.2742 — 1.2781 in)
TURBO
32.286 — 32.386 mm (1.2711 — 1.2750 in)

Limit 28 mm {1.10 in)
Non-TURBO
32.11 mm (1.2642 in) B2-098
TURBO ;
Fig. 48
32.04 mm {1.2614 in} 9
36
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2. CAMSHAFT SUPPORT

Measure the thrust clearance of camshaft with dial
gauge. If the clearance exceeds the limit, replace cam-
shaft support.

Standard:

0.03 — 0.26 mm (0.0012 — 0.0102 in)
Limit:

0.35 mm {0.0138 in)

Fig. 49
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. INSTALLATION 3

)

SHAFT LH

- —.

T : N-m (kg-m, ftib}

T 10(1.0.7 B2-028

Fig. 50

1) Apply a coat of engine oil 1o camshaft journals and
install camshaft LH.

; [l O-ring to camshaft support.
3*,_,__1" camshaft support,
4) Apply a coat of grease to oil seal lips and install oil
seal an camshaft support.
Use a new oil seal.
OIL SEAL GUIDE
{499597000)

OIL SEAL INSTALLER
{499587100)

TR CR TN T L CARRELS

R

B2-100

Fig. 51

5) Install oil level gauge guide bolt.
6) Install cam-angle sensor.

. o m i ceag P LB e BRI R L TR T T
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2. CAMSHAFT RH

[TURBO]

T 10(1.0,7}

®

\T 16 11.6,12}

T :N-m {kg-m, ft-Ib) B2-678

Fig. 52

1) Apply a coat of engine cil to camshaft journals and
install camshaft RH.

2) Install O-ring to camshaft support.

3) Install camshaft support.

4) Install oil seal.

Use a new oil seal.

39

0Oil seal

OIL SEAL GUIDE
(499597000}

CIL SEAL INSTALLER
1489587100}

\

Fig. 53

3. RELATED PARTS

1) Install valve rocker ASSY,

{Ref. to 3. Valve Rocker ASSY [W3EQ].)

2) Install timing beit, camshaft sprockets and related
parts.

(Ref, to 2. Timing Belt [W2C0).)
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-3' lWSA‘Il

—_— der Head 5) Disconnect PCV h
P . er Hea ose.
B. Cyhn 6) Disconnect spark plug caps.

EMOVAL 7} Remove Connector bracket attaching bolt.
| ] 8) Remove crank angle sensor and cam angle sensor.
1 II\i:I'AKE MANIFOLD 9} Disconnect oil pressure switch connector.

1) Remove V-belt. 10) Remove knock sensor.

2) Remove power steering pump. 11} Disconnect blow-by hose.
3) Remove alternator and bracket. 12) Remove intake manifold and gasket.

4) Remove cover. 13) Remove water pipe.

2. CYLINDER HEAD

o Vo R T YR TR

B2-029

Fig. 54

1) Remove timing belt, camshaft sprocket and related
parts.

(Ref. to 2. Timing Belt [W2A0].)

2) Remove oil level gauge guide attaching bolt {left
hand only}.

3} Remove cylinder head bolts in numerical sequence
shown in Figure.

Leave bolts (1) and (3) engaged by three or four threads
to prevent cylinder head from falling.

e L e C

B2-031

Fig. 55

(\' ' 4) While tapping cylinder head with a plastic hammer,
) separate it from cylinder block.

Remove bolts (D and @)to remove cylinder head.

5) Remove cylinder head gasket.

40
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6) Similarly, remove right-hand cylinder head.

B: DISASSEMBLY

L.

B2-033

Fig. 56

1) Remove rocker cover.

2) Remove valve rocker ASSY.

(Ref. to 3. Valve Rocker ASSY [W3A0].)

3) Remove camshaft and support

{Ref. to 4. Camshaft [W4AQ]}

4} Compress the valve spring and remove the valve
spring retainer key. Remove each valve and valve
spring.

a. Mark each valve to prevent confusion.

b. Use extreme care not to damage the lips of the
intake valve oil seals and exhaust valve oil seals.

41

VALVE SPRING
REMOVER {499718000}

Fig. 57

5} Removal of plug {cylinder head LHJ.
Do not remove plug unless necessary.
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b_.-).INDER HEAD

1} Make sure that no crack or other damage exists. In
addition to visual inspection, inspect important areas by
means of red check.

2} Measure the warping of the cylinder head surface
that mates with crankcase by using a straight edge and
thickness gauge.

If the warping exceeds 0.05 mm (0.0020 in), regrind the
surface with a surface grinder.

Warping limit:
0.05 mm (0.0020 in)

Grinding limit:
0.1 mm (0.004 in)

Standard height of cylinder head:
98.3 mm (3.870 in)

Uneven torque for the cylinder head nuts can cause
warping. When reassembling, pay special attention to
the torque so as to tighten evenly.

TABLE {498267200)

Fig. 58

2. VALVE SEAT

Inspect intake and exhaust valve seats, and correct the
contact surfaces with valve seat cutter if they are defec-
tive or when valve guides are replaced.

-

W:
Intake
Standard
0.7 mm {0.028 in)
Limit
1.4 mm {0.055 in)
Exhaust
Standard
1.0 mm (0.039 in)
Limit
1.8 mm {0.071 in)

el

Fig. 59

3. VALVE GUIDE

1) Check the clearance between valve guide and stem.
The clearance can be checked by measuring the outside
diameter of valve stem and the inside diameter of valve
guide with outside and inside micrometers respectively.

Clearance between the valve guide and valve stem:
Standard
Intake .
0.035 — 0.062 mm (0.0014 — 0.0024 in)
Exhaust
0.040 — 0.067 mm {0.0016 — 0.0026 in)
Limit
0.15 mm (0.0059 in}
Valve guide inner diameters:
6.00 — 6.012 mm (0.2362 — 0.2367 in)
Valve stemn outer diameter:
Intake
5.950 — 5.965 mm (0.2343 — 0.2348 in)
Exhaust
5.945 — 5,960 mm {0.2341 — 0.2346 in)
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2) If the clearance between valve guide and stem ex-
ceeds the specification, replace guide as follows:
(1) Place cylinder head on CYLINDER HEAD TABLE
: with the combustion chamber upward so that valve
' guides enter the holes in CYLINDER HEAD TABLE.
{2) Insert VALVE GUIDE REMOVER into valve guide
and press it down to remove valve guide.

VALVE GUIDE

KREMOVER {499767200)

CYLINDER HEAD
T ABLE {498267200)

C’ B2-103

Fig. 60

{3) Turn cylinder head upside down and place
VALVE GUIDE ADJUSTER as shown in the figure.

Valve guide protrusion: L

e 4

VALVE GUIDE
ADJUSTER (499767000)

Valve guide

B2-104

Fig. 61

{4) Before installing new valve guide, make sure that
neither scratches nor damages exist on the inside
surface of the valve guide holes in cylinder head.

(5) Put new valve guide, coated with sufficient oil, in
cylinder, and insert VALVE GUIDE REMOVER into
valve guide. Press in until the valve guide upper end

is flush with the upper surface of VALVE GUIDE
ADJUSTER.

VALVE GUIDE

— REMOVER {499767200}
Q

VALVE GUIDE
ADJUSTER (499767000}

CYLINDER HEAD
TABLE (458267200}

Fig. 62

(6) Check the valve guide protrusion.

Valve guide protrusion: L _
17.56 — 18.0 mm (0.689 — 0.709 in)

(7) Ream the inside of valve guide with VALVE
GUIDE REAMER (499767400}). Gently rotate the
reamer clockwise while pressing it lightly into valve
guide, and return it also rotating clockwise. After
reaming, clean valve guide to remove chips,

a. Apply engine oil to the reamer when reaming.

b. If the inner surface of the valve guide is torn, the

edge of the reamer should be slightly ground with an -

oil stone.
¢. If the inner surface of the valve guide becomes
lustrous and the reamer does not chips, use a new
reamer or remedy the reamer.
{8} Recheckthe contact condition between valve and
valve seat after replacing valve guide.

4. INTAKE AND EXHAUST VALVE

1) Inspect the flange and stem of valve, and replace if
damaged, worn, or deformed, or if “H" is less than the
specified limit.

H:
Intake
Standard
1.0 mm (0.039 in)
Limit
0.8 mm (0.031 in)
Exhaust
Standard
1.2 mm (0.047 in)
Limit
0.8 mm (0.031 in)
Valve overall length:
Intake 101.0 mm {3.976 in)
Exhaust 101.2 mm (3.984 in)
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B2-106

Valve spring

Frea length 46.16 mm {1.8173 in)

190.3 — 219.7 N
{19.4 — 22.4 kg, 42.8 — 49.4 b}/ 37.0 mm

Tension/spring (1.457 in)

height 401.1 — 4619 N
{40.9 — 47.1 kg, 90.2 — 103.9 Ib)y/
2.2 mm (1.150 in)

Squareness 2.5°, 2.0 mm {0.079 in)

6. INTAKE AND EXHAUST VALVE OIL SEAL
Replace oil seal with new one, if lip is damaged or
spring out of place, or when the surfaces of intake valve
and valve seat are reconditioned or intake valve guide is
replaced. '

Press in oil seal to the specified dimension indicated in
the figure, using VALVE OIL SEAL GUIDE.

a. Apply engine oil to oil seal before force-fitting.

b. Differentiate between intake valve oil seal and ex-
haust valve oil seal by noting their difference in color.

Color of rubber part:
Intake [Black]" -
Exhaust [Brown]

Color of spring part:
Intake [White]
Exhaust [White]

2} Put a smali amount of grinding compound on the
seat surface and lap the valve and seat surface. Also

refer to Cylinder Head 3) at this time. Install a new
intake valve oil seal after lapping.

5. VALVE SPRINGS

1} Check valve springs for damage, free length, and
tension. Replace valve spring if it is not to the specifi-
cations presented below.

2) To measure the squareness of the valve spring,
stand the spring on a surface plate and measure its
deflection at the top using a try square.

B2-108

VALVE OIL SEAL
GUIDE {49885710Q)

CYLINDER
HEAD TABLE
(498267200}

Fig. 65
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D: ASSEMBLY

= e T I

poom

Rt 4

T 16{1.6,12]

T 10107}

T : N-m (kgm, fr-Ib)

e

e e A T et 18

B2-036

Fig. 66
1) Install plug (cylinder head LH).

Special tool:
OIL SEAL INSTALLER (499587100)

2) Installation of valve spring and valve.
{1} Coat stem of each valve with engine oil and insert
valve into valve guide.
When inserting valve into valve guide, use special care
not to damage the oil seal lip.
{2) Install valve spring and retainer.
Be sure to install the valve springs with their close-
coiled end facing the seat on the cylinder head.
{(3) Compress valve spring and fit valve spring re-
tainer key,

VALVE SPRING
REMOVER (499718000}

Bz2-032

Fig. 67

{4) After installing, 1ap valve spring retainers lightly
with wooden hammer for better seating.

3) Install camshaft and support.

{Ref. to 4. Camshaft [WA4C0].}

4) Install valve rocker ASSY.

(Ref. to 3. Valve Rocker ASSY [W3EO0].)

5) Install rocker cover.
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B2-040

Fig. 68

1} Install cylinder head and gaskets on cylinder block.
Use new cylinder head gaskets.
2)Tighten cylinder head bolts.
{1} Apply a coat of engine oil to washers and bolt
threads.
{2) Tighten all bolts to 29 N*m (3.0 kg-m, 22 ft-Ib} in
numerical order shown in Figure 29.
Then tighten all bolts to 69 N*m (7.0 kg-m, 51 ft-Ib} in
numerical order.
{3) Back off all bolts by 180° first; back them off by
180° again.
{4) Tighten bolts (@ and @ for non-TURBO engines
to 34 N*m {3.6 kg-m, 25 ft-lb) and those for TURBO
engines to 36.8 N*m (3.75 kg-m, 27.1 ft-lb).
(5) Tighten bolts @, @, ® and @ for non-TURBO
engines to 15 N*m (1.5 kg-m, 11 ft-lb) and those for
TURBO engines tc 20 N*m (2.0 kg-m, 14 fi-1b}.

3) Install oil level gauge guide attaching blolt {left hand

. o . only). i
;Bu)e::ihten all boits by 80 to 80° in numerical se- 4) Install timing belt, camshaft sprocket and related
) parts.

Do not tighten bolts more than 90°.
(7} Further tighten all bolts by 80 to 90° in numericai

U ence.
5 that the total “re-tightening angle” [steps {6)
and {7) above] do not exceed 180°.
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(Ref. to 2. Timing Belt [W2C0].}
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2. INTAKE MANIFOLD

1) Install water pipe.

Use dry compressed air to remove foreigh particles
before installing sensors.

2} Install intake manifold.

Use dry compressed air to remove foreign particles
before installing sensors.

3) Connect blow-by hose.

4) Install knock sensor.

5} Connect oil pressure switch connector.

6} Install crank angle sensor and cam angle sensor.
Use dry compressed air to remove foreign particles
before installing sensors.
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7} Install connector bracket attaching bolt.
8} Connect spark plug caps.

9) Connect PCV hose.

10} Install cover.

11} Install alternator and bracket.

12) Install power steering pump.

13) Install V-belt.

14) Remove ENGINE STAND.

15) Install exhaust manifolds and turbo joint pipe.
(TURBO)

16} Install turbocharger. (TURBO)

17) Connect water hose, oil pipe and vacuum hose.
(TURBOQ)




s weool ENGINE

inder Block
6. Cyl 1. RELATED PARTS

- 1} Remove timing belt, camshaft sprocket and related
@ =vovaL Iy

(Ref. to 2. Timing Beit [W2A0].)
2) Remove intake manifold and cylinder head.
{Ref. to 5. Cylinder Head [W5AO0].)

2. OIL PUMP AND WATER PUMP

[TURBO]
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1) Remove housing cover.
2} Remove flywheel or drive plate.
To lock crankshaft, use CRANKSHAFT STOPPER.

CRANKSHAFT STOPPER
498497100}

3} Remove oil separator cover.

4} Remove water pipes.

5} Remove water pump.

6) Remove oil pump from cylinder block.

Use a standard screwdriver as shown in Figure when
removing oil pump.

Be careful not to scratch the mating surface of cylinder
block and oil pump.

49

Fig. 72

7} Removal of oil pan.
{1) Turn cylinder block with #2 and #4 piston sides
facing upward. _
{2) Remove bolts which secure oil pan to cylinder
block.
(3) Insert a cil-pan cutter blade between cylinder
block-t0-0il pan clearance and remove oil pan.
Do not use a screwdriver or similar too! in place of
oil-pan cutter blade.

Fig. 73

8) Remove oil strainer stay.
9) Remove oil strainer.

10} Remove baffle plate.
11} Remove oil filter.
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f—

: DJSASSEMBLY )
i ";
tdl\l PIN AND CYLINDER BLOCK CON-

ECTING BOLT

B82-047

Fig. 74

1) Remove service hole cover and service hole plugs
Jsing hexagon wrench {14 mmy.

2) Rotate crankshaft to bring #1 and #2 pistons to BDC
position, then remove piston circlip through service
hole of #1 and #2 cylinders.

Be careful not to confuse original combination of pis-
ton, piston pin and cylinder.

PISTON PIN REMOVER
0 (499097500}

N Uy

B2-050

Fig. 76

4) Similarly remove piston pins from #3 and #4 pis-
tons.

5) Remove bolts which connect cylinder block on the
side of #2 and #4 cylinders.

6) Back off bolts which connect cylinder block on the
side of #1 and #3 cylinders two or three turns.

50
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2. CYLINDER BLOCK

Fig, 77

51

1) Setup cylinder block so that #1 and #3 cylinders are
on the upper side, then remove cylinder block connect-
ing bolts.

2) Separate left-hand and right-hand cylinder blocks.
When separating cylinder block, do not allow the
connecting rod to fall and damage the cylinder block.
3) Remove rear oil seal.

4) Remove crankshaft together with connecting rod.
5) Remove crankshaft bearings from cylinder block
using hammer handle.

Do not confuse combination of crankshaft bearings.
Press bearing at the end opposite to locking lip.

6) Draw out each piston from cylinder block using
wooden bar or hammer handle.

Do not confuse combination of piston and cylinder.




S

3. CRANKSHAFT AND PISTON
:

B2-123

Fig. 78

1) Remove connecting rod cap. {2) When piston is to be replaced due to general or

2) Remove connecting rod bearing. ' cylinder wear, determine a suitable sized piston by

Arrange removed connecting rod, connecting rod cap measuring the piston clearance.

and bearing in order to prevent confusion.
3) Remove the piston rings using the piston ring ex-

r.
9‘ ~ hove the oil ring by hand.
rrange the removed piston rings in good order to

prevent confusion.
5) Remove circlip.

TRSTARNA I HELE e &

C: INSPECTION

;'.'-

1. CYLINDER BLOCK
1) Check for cracks and damage visually. Especially,
inspect important parts by means of red check.

)
4 Wq‘,iﬁ‘d.ﬁ-‘_—‘_ﬁ‘,‘jﬁ NI ITIL A R

2) Check the oil passages for clogging. Main journal size mark Cylinder block RH-LH
3) Inspect crankcase surface that mates with cylinder l combination mark
head for warping by using a straight edge, and correct [ rr:' 1
by grinding if necessary. L E’i
#M—Td L
Warping limit: 5 —
0.05 mm (0.0020 in) 3 |
Grinding limit: L.'I:-_J‘ I"L_:;: oo t 7
0.1 mm (0.004 in) b .LC-E L--r_‘]. #4 cylinder bore size mark
l #2 cyllnder bore size mark 4‘
N AND PISTON #1 cylinder bore size mark g
2. CYLI DER #3 cylinder bore slze mark L
1) The cylinder bore size is stamped on the cylinder ¢
block's front upper surface.
' 1 Standard sized pistons are classified into three .
‘\,.ades, “A” “B"” and “C"”. These grades should be 82:310
used as a guideline in selecting a standard piston. Fig. 79
52
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{3} Proper combination of pistons and cylinders

. . L}
Cylinder Piston Piston clearance
Bore size symbol Cylinder bore dia. Piston grade symbol Standard piston dia. 20°C (68° F)
A 96.906 — 96.915 mm A 96.885 — 96.895 mm
(3.8151 — 3.8155 in) (3.8144 — 3 8148 in)
B 96.895 —96.905 mm B 96.876 — 96.885 mm 0.01 — 0.02 mm
(3.8148 — 3.8151 in) (3.8140 — 3.8744 in} {0.0004 — 0.0012 in)
c 96,885 — 96.895 mm c 96.865 — 96.875 mm
(3.8144 — 3.8148 in) {3.8138 — 3.8140 in)

2) Measure the inner diameter of each cylinder in both 3} Boring and honing
the thrust and piston pin directions at the heights shown {1} if the value of taper, out-of-roundness, or
in the figure, using a cylinder bore gauge. cylinder-to-piston clearance measured exceeds the
Measurement should be performed at a temperature specified limit or if there is any damage on the
20°C {68°F). cylinder wall, rebore it to use an oversize piston.
When any of the cylinders needs reboring, all other
cylinders must be bored at the same time, and use
oversize pistons. Do not perform boring on one cylin-
der only, nor use an oversize piston for one cylinder
only,
{2) Get four of the oversize pistons and measure the
outer diameter of each piston at the height shown in
the figure. {Thrust direction)

A: Thewm direttion
B: Pinon pis dusction

Brdw hasd maiing turiecd
o 1 10 10,39
i (]
- k|
1 ]

s Measurement should be performed at a temperature of
£ ‘;" 20°C (68°F).
13181
o Piston outer diameter:
; e th Standard

82111 A 96.885 — 96.895 mm

Fig. 80 (3.8144 — 3.8148 in)

B 96.875 — 96.885 mm

(3.8140 — 3.8144 in)

Taper: C 96.865 — 96.875 mm-

Standard (3.8136 — 3.8140 in)

0.015 mm (0.0006 in) 0.25 mm (0.0098 in} oversize

Limit

97.125 — 97.135 mm (3.8238 — 3.8242 in)
0.50 mm {0.0197 in) oversize
97.375 — 97.385 mm (3.8337 — 3.8340 in)

0.050 mm (0.0020 in)
Out-of-roundness:
Standard
0.010 mm {0.0004 in)
Limit
0.050 mm (0.0020 in)
Cylinder to piston clearance at 20°C {68°F):
Standard
0.010 — 0.030 mm (0.0004 — 0.0012 in)
Limit °
0.060 mm (0.0024 in)
Standard diameter:
A 96.905 — 96.915 mm
{3.8151 — 3.8155 in)
B 96.895 — 96.905 mm
(3.8148 — 3.8151 in)
C 96.885 — 96,895 mm
(3.8144 — 3.8148 in)

h: 52.0 mm
{2.047 in}

53



[W6C3]

ENGINE

3) If the cylinder inner diameter exceeds the limit
' tter boring and honing, replace the crankcase.
f “tely after reboring, the eylinder diameter may
{Me, ..om its real diameter due to temperature rise.
[hus, pay attention to this when measuring the cylin-
jer diameter.

_imit of cylinder enlarging (boring):
0.5 mm (0.020 in}

3. PISTON AND PISTON PIN

1) Check pistons and piston pins for damage, cracks,
and wear and the piston ring grooves for wear and
damage. Replace if defective.

2) Measure the piston-to-cylinder clearance at each
cylinder as instructed in CYLINDER AND PISTON. If any
of the clearances is not to specification, replace the
piston or bore the cylinder to use an oversize piston.
3) Make sure that piston pin can be inserted into the
piston pin hole with a thumb at 20°C {68°F). Replace if
defective.

Standard clearance between piston pin and hole in
piston:

0.001 — 0.013 mm (0.00004 — 0.00051 in)
Standard clearance between piston pin and hole in

ing rod:
0.022 mm (0 — 0.0009 in)

4. PISTON RING

1) If piston ring is broken, damaged, or worn, or if its
tension is insufficient, or when the piston is replaced,
replace piston ring with a new one of the same size as
the piston.

“R* or “N" is marked on the end of the top and second
rings. When installing the rings to the piston, face this
mark upward.

B2-114

(&
The oil ring is a combined ring consisting of two rails

and a spacer in between. When installing, be careful to
assemble correctly.

- R or N mark
R or N mark
Second ringm

Oil ring

B2-115

Fig. 83

2) Squarely place piston ring and oil ring in cylinder,
and measure the piston ring gap with a thickness gauge.

Unit: mm {in)

Standard Limit
Non-TURBO | TURBO m
0.20 — Q.35 | 0.20 — 0.25
Top ring {0.0079 — | (0.0079 — | 1.0(0.039)
Piston 0.0138) 0.0098)
ring . 0.37 — 0.52
gap Second ring (0.0146 — 0.0205) 1.0 {0.039}
- . 0,20 — 0.70
Qil ring rail (0.0076 — 0.0276) 1.5 {0.059}
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3) Measure the clearance between piston ring and
piston ring groove with a thickness gauge.

Before measuring the clearance, clean the piston ring
groove and piston ring.

Unit:zmm {in)

Standard ~ Limit
0.04 — .08
Clearance be- | TOP ring {0.0016 — 0.15 (0.0059)
tween piston 0.0031)
ring and piston 0.03 — 0.07
ring groove Second ring {0.0012 — 0.15 {0.0059)
0.0028)
1 Thicknesst gauge

2 Connecting rod

; 1 Connecting rod

Fig. 85 2 Thickness gauge B2-118
Fig. 86

. CONNECTING BOD d. if th | 3) Install connecting rod fitted with bearing to crank-

1) Replace connecting rod, if the large or small end g} .6 2nd measure the side clearance (thrust clearance).

thrust surface is damaged.

Replace connecting rod if the side clearance exceeds

2} Check for bend or twist using a connecting rod 4o specified limit.

aligner. Replace connecting rod if the bend or twist
exceeds the limit. Connecting rod side clearance:
Standard

0.070 — 0.330 mm (0.0028 — 0.0130 in)
Limit

0.4 mm {0.016 in)

Limit of bend or twist per 100 mm (3.94 in) in length:
0.10 mm (0.0039 in)

b5
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) Insﬁéét::connecting

rod bearing for scar, peeling,

- J}ings by means of plastigauge. If any oil clear-

eizyre, melting, wear, etc. - -
t\ure the oil clearance on individual connecting
o

ince is not wi

thin specification, replace the defective
,earing with a new one of standard size or undersize as
,ecessary, necessary. (See the table below.)

*chnecting rod oil clearance:

Standard

Non-TURBO

0.0158 — 0.0438 mm (0.0006 — 0.0017 in)

TURBO

0.0258 — 0.0538 mm (0.0010— 0.0021 in)

Limit

Non-TURBO

0.05 mm {0.0020 in)

TURBO

0.06 mm (0.0024 in)

Unit: mm {in)

Bearing size {Thick-

Outer diameter of

Bearing ness at center) crank pin

Standard 1.492 — 1,501 51,884 — 52.000
{0.0587 — 0.0591} {2.0466 — 2.0472)

0.03 {0.0012) 1510 — 1.513 51.954 — 51.970
. ndersize {0.0594 — 0.0596) {2.0454 — 2.0461}
6{0.0020} 1.520 — 1523 51.934 — 51.950
dersize {0.0598 — 0.0600} (2.0446 —— 2.0453)

0.25 {0.0098}) 1.620 — 1.623 51.734 — 51.750

undersize

(0.0638 — 0.0639)

{2.0368 — 2.0374)

6) Inspect bushing at connecting rod small end, and !,
replace if worn or damaged. Also measure the piston ;
pin clearance at the connecting rod small end.

Clearance between piston pin and bushing:
Standard
0 — 0.022 mm (0 — 0.0009 in)
Limit
0.030 mm {0.0012 in)

Replacement procedure is as follows. 7
(1} Remove bushing from connecting rod with RE- :

MOVER & REPLACER and press.
(2) Press bushing with REMOVER & REPLACER after

applying oil on the periphery of bushing.
N

CONNECTING ROD
BUSHING REMOVER
& REPLACER

{499037100]

B2-113

Fig. 88

(3) Make two 3 mm {0.12in} holes in bushing. Ream the

inside of bushing.
{4) After completion of reaming, clean bushing to re-

move chips.
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6. CRANKSHAFT AND CRANKSHAFT BEARING
1) Clean crankshaft completely and check for cracks by
means of red check etc., and replace if defective.

2) Measure the crankshaft bend, and correct or replace
if it exceeds the limit,

If a suitable V-block is not available, install #1 and #5
crankshaft bearing on cylinder block, position crank-
shaft on these bearings and measure crankshaft bend
using a dial gauge.

Crankshaft bend limit:
0.035 mm (0.0014 in)

Dial gauge
2]

B2-120
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3) Inspectthe crank journal and crankpin for wear. If not
to specifications, replace bearing with an undersize one,
and replace or recondition crankshaft as necessary.
When grinding crank journal or crankpin, finish them to
the specified dimensions according to the undersize
bearing to be used.

Crankpin and crank journal:
Out-of-roundness
0.03 mm (0.0012 in} or less
Taper limit
0.07 mm (0.0028 in)
Grinding limit
0.25 mm (0.0098 in)
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Unit: mm {in)
Crank journal .
Crank pin O.D.
t\, #1, #5 #2, #4 #3
. 0.0 59.984 — 60.000 59.984 — 60.000 59.984 — 60.000 51.984 — 52.000
- Journal ©.D. {2.3616 — 2.3622) (2.3616 — 2.3622) {2.3616 — 2.3622) {2.0466 — 2.0472)
Standard Bearing size 1.998 — 2.011 2.000 — 2.013 2,000 — 2.013 1.492 — 1.510
(Thickness at center} | {0.0787 —0.0782) | (0.0787 — 0.0793} | (0.0787 — 0.0793} | {0.0587 — 0.0594)
5 L0 59.954 — 59.970 . - 51.954 — 51.970
0.03 (0.0012) ournal &5 {2.3604 — 2.3610) (2.0854 — 2.0461)
undersize Bearing size 2.017 — 2.020 2.019 — 2.022 2.019 — 2.022 1510 — 1.513
{Thickness at center) | (0.0794 — 0.0795) | {0.0795 — 0.0796) | (0.0795 — 0.0796) | {0.0594 — 0.0596}
J R 59.934 — 59.950 . . 51.934 — 51.950
0.05 (0.0020} ournal =5 {2.3596 — 2.3602) 12,0446 — 2.0453)
undersize Bearing size 2.027 — 2.030 2.029 — 2.032 2.029 — 2.032 1.520 — 1.523
{Thickness at center) | (0.0798 — 0.0799) | (0.0799 — 0.0800) | (0.0799 — 0.0800) | {0.0598 - 0.0600)
59.734 — 59.750 51.734 — 51,750
0.25 10.0098) Journal O.D. (2.3517 — 2.3524) - {2.0368 — 2.0374)
undersize Bearing size 2.127 — 2.130 2.129 — 2.132 2.129 - 2,132 1.620 — 1.623
(Thickness at center) | (0.0837 — 0.0839) | (0.0838 — 0.0839) | (0.0838 — 0.0839) | (0.0638 — 0.0639)

B2-121

Jg. 90

l} Measure the thrust clearance of crankshaft at center
rearing. If the clearance exceeds the limit, replace
yearing.

~rankshaft thrust clearance:
Standard
0.030 — 0.115 mm (0.0012 — 0.0045 in)
Limit
0.25 mm (0.0098 in)

Fig. 9171

5} Inspect individual crankshaft bearings for signs of

flaking, seizure, melting, and wear.

6} Measure the oil clearance on each crankshaft bear-
ing by means of plastigauge. i the measurement is not
within the specification, replace defective bearing with
an undersize one, and replace or recondition crankshaft

as necessary.

Unit: mm {in}

Crankshaft oil clearance

0.010 — 0.030
#1, #5 {0.0004 — 0.0012)
Standard 0.010 — 0.030
#2, #3, #4 {0.0004 — 0.0012)
. #1, #5 0.040 (0.0016)
Lirnit
#2, #3, #4 0.035 (0.0014)
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LD: ASSEMBLY
1. CRANKSHAFT AND PISTON

T 43 - 46 N-m
(4.4 — 4.7 kg-m,
32 — 34 ft-lb}

B2-055

Fig. 82

1) Install connecting rod bearings on connecting rods
and connecting rod caps.
Apply oil to the surfaces of the connecting rod bear-
ings.
2) Install connecting rod on crankshaft.
Position each connecting rod with the side marked
facing forward.
3) Install connecting rod cap with connecting rod nut.
Ensure the arrow on connecting rod cap faces the front
during installation.
a. Easch connecting rod has its own mating cap. Make
sure that they are assembled correctly by checking
their matching number.
b. When tightening the connecting rod nuts, apply oil
oh the threads.
4} Installation of piston rings and oil ring.
{1) Install oil ring spacer, upper rail and lower rail in
this order by hand. Then instali second ring and top
ring with a piston ring expander.
{2) Position the gaps of the piston rings and oil ring
as shown in the figure.

Identification mark
{RH or LH)

il ring

- . lower rail
Oil ring upper rail

o
o 35 \
Bend over pawl
of upper rail and\ / f
attach to hole. 30° an°

Top ring Second ring

oil ring spacer

B2-056

Fig. 93

5) Install circlip.

Install circlips in piston holes located opposite service
holes in cylinder block, when positioning all pistons in
the corresponding cylinders.

Froni side

B2-057

Fig. 94
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2. CYLINDER BLOCK

€

T 23-26
123 -2.7,17 - 20

®

T 23-26
(2.3 —2.7,17 - 20}

T 44 —50 : N-m (kg-m, {1-Ib)

W
| !
||
O,
T
145 -5.1,33-37)

B2-415
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1) Install ENGINE STAND to cylinder block, then install
crankshaft bearings.

Remove oil the mating surface of bearing and cylinder
block before installation. Also apply a coat of engine oil
to crankshaft pins.

2) Position crankshaft on the #2 & #4 cylinder block.
3) Apply fluid-packing to the mating surface of #1 & #3
cylinder block, and position iton #2 & #4 cylinder block.

Fluid packing:
Three-bond 1215 or equivalent

Do not allow fluid packing to jut into O-ring grooves,
oil passages, bearing grooves, etc.

Fluid packing \ I )
— — o]
N >
o]

@ =

B2-059

Fig. 96

4) Temporarily tighten #1 & #3 cylinder block side
connecting bolts to 20 to 29 N*m {2 to 3 kg-m, 14 to 22
ft-Ib).

5) Turn cylinder block so that it is horizontal. Tighten all
cylinder block connecting bolts to specified torque,
starting with bolts on the #1 & #3 cylinder block side.
6) Install rear oil seal.

\
Flywheel attaching bolt.—
OlL SEAL INSTA\LLE

[ 5

Yo

QIL SEAL GUIDE
(499597100)

Fig. 97

]

b
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3. PISTON AND PISTON PIN (#1 and #2)

T 62— 76 N'm (6.3 — 7.7 kp-m_ 48 — 58 f1-Ib)

B2-061

Fig. 98

1} Installing pifston - CRANKSHAFT
{1} Turn cylinder block so that #1 and #2 cylinders SOCKET
face upward. {499987500)
(2} Turn crankshaft so that #1 and #2 connecting
rods are set at bottom dead center,

(3} Apply a coat of engine oil to pistons and cylinders
and insert pistons in their cylinders.

—~—TGY CRANKSHAFT SOCKET
3 h
— =

PISTON PIN GUIDE
(499017100)

(499987500}

B2-063

Fig. 100

{2) Apply a coat of engine oil to piston pin and insert
piston pin into piston and connecting rod through
service hole.

{3) Install circlip.

g <
vl s
/Pasro'm GUID

\_(4937471 00)
NN

B2-062

Fig. 99

-
2} Installing piston pin Y/ v \“'/ ‘
{1) Insert the PISTON PIN GUIDE into service hale to ) . T =
align piston pin hole with connecting rod small end. @ c'":"p/r)/—\—\

Apply a coat of engine oil to PISTON PIN GUIDE before
insertion.
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Use a

ENGINE

(4) install service hole plug and gasket.
new gasket and apply a coat of fluid packing to

me installation.

4. PISTON AND PISTON PIN (#3 and #4)

Fluid packing:

Three-bond 1105

T

62 — 76 16.3 — 7.7, 46 — 56)

T 6.41(0.65,4.7)

T

: N-m {kg-m, f1-Ib}

B2-065

Fig. 102

Turn cylinder block so that #3 and #4 cylinders face
upward. Using the same procedures as used for #1 and
#2 cylinders, install pistons and piston pins.
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E: INSTALLATION
1. OlL PUMP AND WATER PUMP

T 69—76(7.0-7.6.51 —55)

T 6.41(0.65,4.7) 2 \ﬁ
N\

[Non-TURBO]

[TURBO]

T First
10 - 14

{1.0-1.4,7 10

Second

10—~ 14 T : N-m {kg-m, ft-lb)

{18-1.4,7 _ 1 B2-1045
Fig. 103 install

4) Apply fluid packing to matching surfaces and inst

1) Install baffle plate. il pan
2) Install oil strainer and O-ring ofl pan.

3) Install oil strainer stay.

63
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Jid packing:
Three-bond 1207C or equivalent

OIL SEAL INSTALLER
(459587100)

B2-069

Fig. 106

(2] Apply fluid packing to matching surface of oil
B2-067 pump.

A

Fluid packing:

Apply fluid packing to matching surfaces and install Three-bond 1215 or equivalent

| separator cover.

uid packing:
Three-bond 1215 or equivalent

Fluid packing

B2-068

(3} Install oil pump on cylinder block. Be careful not

L
[
b
e
3
&
I3

£

B2-037 to damage oil seal during installation,
ig. 105 a. Do not forget to install O-ring and seal when install-
ing oil pump.
| Install fiywheel or drive plate. b. Align flat surface of oil pump’s inner rotor with
| Instail housing cover. crankshaft before installation.

| Instaliation of cil pump.
{1) Discard front oil seal after removal. Replace with
a new one.

o
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9) Install water pump and gasket.

a. Be sure to use a new gasket.

b. When installing water pump, tighten bolts in two
stages in numerical sequence as shown in figure.

B2-990

Fig. 108

10) Install water pipes.
11} Install oil filter.

2. RELATED PARTS

1) Install eylinder head and intake manifold.

(Ref. to 5. Cylinder Head [W5EO0].)

2) Install timing belt, camshaft sprocket and related
parts.

(Ref. to 2. Timing Belt [W2C0).)
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] TROUBLESHOOTlNG
r‘)gine Trouble in General

symbols shown in the chart refer to
the possibility of reason for
‘he trouble in order {"Very often” to “Rarely”}

S— Very often
J— Sometimes
A-— Rarely
//
///
1’///

No. TROUBLE
Starter does not turn.
2 . _ | initiat combustion does not occur.
Engine will — -
3 | not start. Initial combustion oceurs.

Engine stalls after initial combus-
tion.

Rough idle and engine stall.

Surging.

Engine does not return to idle.

4

5

6 | Low output, hesitation and poor acceleration.
7

8

9

Dieseling {(Run-on).

10 | Aftarburning in exhaust system.

11 | Knocking.

12 | Excessive engine oil consumption.

13 | Excessive fuel consumption.

TROUBLE No.

2 3 4 <] 6 7 8 9 10

11 12 13

POSSIBLE CAUSE

STARTER © '

e Defective Dattery-to-starter harness.

® Defective starter switch.

e Defective inhibitor switch.

» Defective starter.

BATTERY

# Poor terminal connection.

# Fun-down battery.

e Defective charging systerm.

©
O]
o
©
©
O]
©
0]
O]

MPFI SYSTEM (See Chap. 2-7.)

IGNITION SYSTEM

& Incorrect ignition timing.

e Disconnection of spark plug cord.

« Defective distributor.

® Delective ignition coil.

® Defective cord or wiring.

olololo|olo

® Loakage of spark plug cord.

e Defactive spark plug.

O
O|O10

® lpcorrect cam timing.

*lellelle

oleololpi|> |00
olo|lolo|>|OlO|C|O
<~ |olo|e|e|0|C|0|o
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TROUBLE No.

o

(4]

6

7

8

12

13

POSSIBLE CAUSE

INTAKE SYSTEM

©

® improper idle adjusimert.

® Loosenaed or cracked intake boot.

® Loosened or cracked intake duct.

O |C

e Loosened or cracked blow-by hose.

® Loosened or cracked vacuum hose.

e Defactive air cleaner gasket.

o Defactive intake manifold gasket.

olo|e|p k|00

# Defactive throttle body gasket.

e Defactive PCV valve.

e Loosened oil filler cap.

>lolr|o|ojo|e|0|o|ao

ololololo|o|cle|e|e|O

olo|o|o|o|o|e|eje|e|C

ofolo|e|o|o|o|10|0|©

® Dirty air cleaner element.

FUEL LINE

o]

® Defsctive fuel pump.

>

>

olle;

oo

@ Clogged fuel line.

® Lack of or insufficient fuel.

BELT

e Defoctive.

& Defective timing.

FRICTION

@ Saizure of crankshaft and connecting-rod bearing.

e Seized camshaft.

® Spizad or stuck piston and cylinder.

COMPRESSION

* Incorrect valve clearance.

e Loosened spark plugs or defective gasket.

e Loosened cylinder head nuts or defective gasket.

= Improper valve seating.

e Dofective valve stem.

& Worn or brokan valve spring.

e Worn or stuck piston rings, cylinder and piston.

Q|10 |0

ool | |O|P |0

e Incorrect valve timing.

* Improper engine oil {low viscosity).

v|olo|e|olp | |Bi D

wiolo|r|o|>|B (b ||

s|O|Oo|>|Oolp|E ||| P

alol|lelolo|(|[O|O0|C|O

o |C|e|b OB [O|0|0|0

~{ojo|e (||| |>|O

-
(=]
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ENGINE

- TROUBLE No.
POSSIBLE CAUSE
3 4 5 6 7 8 1l 11112113
L] LUBRICATION SYSTEM
B e O O A A | e Incorrect oil pressure.
| 0O ® Loosened oil pump attaching bolts and defeclive gasket.
] o e Dofective oil filter seal.
O e Defective crankshaft oil seal.
A 0 ® Defective rocker cover gasket.
O ¢ Loosened il drain plug or defective gaskel.
0 e Loosened oil pan fitting bolts or defective oil pan.
COOLING SYSTEM
Al Al O 0] & Overheating.
A Fay A | ® Over cooling.
TURBOCHARGER
AO| O O | » Malfunction of turbocharger.
[OT O] © O | e Malunction of waste gate valve.
O & Defactive oil pipe and hoss.
OTHERS
o o) A A ;hh:;llf;-r;cjion of Evaporative Emission Control System. {See
] o ® Stuck or damaged throtile valve.
Fay 0 QO | @ Accelerator cable out of adjustment.
1 2 3 4 5 [ 7 B 101 11 12 |1 13
&
g
68
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v

2. Engine Noise

valve lash adjusters may make clicking noise once engine starts. It is normal if clicking noise ceases after a few
minutes.

el et RN A

If clicking noise continues after a few minutes, check engine oil level and add oil if necessary. Warm up engine for 5‘
five minutes, then operate it at approximately 3,000 rpm for twenty minutes. If noise still exists, conduct 1! ,
troubleshooting procedures in accordance with the following table. il §
For MPFI system engines, do not disconnect spark plug cord while engine is running. iy

Type of sound Condition Possible cause

Valve mechenism is defactive
® Broken lash adjuster.
Sound increases as engine spead | ® Worn valve rocker.
increases. & Worn camshaft.

* Broken valve spring.

® Worn valve lifter hole.

Regular clicking sound.

s Worn crankshaft main bearing.
® Worn connecting rod bearing (big end).

® | oose flywheel mounting bolts.
¢ Damaged engine mounting.

Oil pressure is low.

Heavy and dull metallic knock.
Qil pressure is normal

& |gnition timing advanced.

High-pitched metallic knock. (En- | Sound is noticeable when acceler- | ® Accumulation of carbon inside combustion chamber.
gine knocking) ating with an overload. ® Wrong spark plug.

 |mproper gasoline.

Sound is reduced when fuel injec-
tor connector of notsy cylinder is
disconnectad.

Metallic knock when engine speed
is medium {1,000 to 2,000 rpm).

& Worn crankshaft main bearing.
® Worn bearing at crankshaft end of connecting rod.

Sound is reduced when fuel injec- | ® Worn cylinder liner and piston ring.
tor connector of noisy cylinder is | ® Broken or stuck piston ring.

Knocking sound when engine is | disconnected. ® Worn piston pin and hole at piston end of connecting rod.
operating under idling speed and

engine is warm, Sound is not reduced if each fuel | ® Unusually worn valve lifter.

. injector connector is disconnected | ® Worn cam gear.

in turn. ® Worn camshaft journal bore in crankcase.
Squeaky sound. — ® Insufficiert alternator lubrication.
Rubbing sound. — e Defective alternator brush and rotor comtact.
Type of sound Condition Possibla cause

Gear scream when starting en- _ » Defective ignition starter switch.
gine. *® Worn gear and starter pinion,
Sound like polishing glass with a _ & Loose drive betlt.
dry cloth. » Defective water pump shaft.

® Loss of compression.

Hissin — i in air i i i
g sound. & Air leakage in air intake system, hoses, connections or manifolds.

® Loose timing belt.

Timing belt noise. - * Belt contacting case/adjacent part.

Distributor gear noise. — * Worn gear,
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ENGINE LUBRICATION SYSTEM

VI MECHANISM AND FUNCTION

wneral
. fication system is a fuli-flow, filtering type. The

sil pump utilizes a thin, large-diameter trochoid design
o accommodate the high engine output. It is directly
iriven by the crankshaft.

Zngine oil flow is regulated by the relief valve built into
‘he oil pump. It is then delivered to the journal bearings,
-onnecting rod bearings, elc., via the oil passage (on the
ower right side of the cylinder block), oil filter, and the
ail gallery (on the right of the cylinder block) to provide
oroper lubrication.

Engine oil is also fed under pressure to the cyling
head valve mechanism after the flow is regulated by thg
orifice provided in the oil gallery. The rocker shaft has 3
built-in relief valve on the end so proper oil pressure j3
delivered to the hydraulic lash adjusters. _
The oil pan is provided with baffle plates to eliminatg
the effect of oil suction caused by oil level variationg
during operation.

Qil filter
By-pass valve 157 {1.6, 23)
Qil pump
Relief valve
Turbo: 588 (6.0, 85}
Non-Turbo: 490 (5.0, 71)

Unit: kPa tkg/em?, psi)

Relief valve 69 (0.7, 10)

p2-1021

o 1
| ?
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ENGINE LUBRICATION SYSTEM

. Lubrication Lines
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ENGINE LUBRICATION SYSTEM

———

. Oil Pump

Inner rotor

Quter rotor

Front oil seal

Quter rotor

Pump case {nner rotor

Pump cover

Reliaf valve

Relief spring Plug
Washer

B2-143

~
The trochoid oil pump utilizes an internal oil circulation
lesign which is accomplished by an inner rotor and
Juter rotor built into the pump body. When the inner
otor is driven by the crankshaft, the outer rotor is
-otated, changing the size of the space between the two
-otors {because of the different number of teeth used on
‘he rotors).

Engine oil is sucked into the large space created near
the inlet side. It is then carried over to the discharge port
and discharged due to it being gradually pressurized as
the space carrying it becomes smaller. Qil pressure is
regulated by the relief valve located on the discharge
side. Excess oil is directly returned to the suction port.

e
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4. Oil Filter
_‘
Pleat designed slement
By-pass valve
B2-144

Fig. 4

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

5. Oil Pan & Oil Strainer

The oil pan is joined to the cylinder block via liquid
gasket. The oil strainer is a metal net type and removes
large foreign particles from the engine oil. Itis located in
the middle of the oil pan. The pipe from the strainer is
connected to the suction port on the left side of the
eylinder block.

Baffle plates are placed in the oil pan and the lower side
of the cylinder block to stabilize the oil level and
strengthen the oil pan.

6. Qil Pressure Switch

LA: CONSTRUCTION

The oif pressure switch is located on the front right
upper portion of the cylinder block. The purpose of this
switch is to monitor the operation of the oil pump as

well as the lubricating oil pressure when the engine is
running.

B: FUNCTION

ONONONONO,

4 Molded portion
5 Terminal

1 Comacts
2 Diaphragm
3 Spring

B2-146

Fig. 5

1) When oil pressure does not build up {with ignition
switch “ON"):

The diaphragm is pushed toward the cylinder block by
spring force (equivalent to the specified oil pressure).
This closes the contact point to illuminate the oil pilot
lamp on the instrument panel.

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

After oil pressure reaches the specified value of [14.7
kPa{0.15 kg/cm?, 2.1 psi)), the diaphragm, pushed by oil
pressure, overcomes the spring force. This opens the
contact point to turn the oil pilot lamp off.
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ENGINE LUBRICATION SYSTEM

S SPECIFICATIONS AND SERVICE DATA

‘{ JPECIFICATIONS
Tem MODEL Non-TURBO TURBO
Lubrication method Forcad lubrication
Pump type Trochoid type
inner rotor 9
Number of teeth
Quter rotor 10
QOuter rotor diametsr x thickness mm {in} 78 x 9 {3.07 x 0.35) | 78 x 10 {3.07 x 0.39)
Tip clearance between inner and outer STD 0.04 — 0.14 {0.0016 — 0.0055)
rotor mm {in} | LIM 0.18 {0.0071)
Side clearance between inner rotor and | ST0 0.02 — 0.07 {0.0008 — 0.0028)
Oil purp pump case mm {in} | LM 0.12 (0.0047)
Case clearance between outer rotor and | STD 0.10 — 0.175 {0.0039 — 0.00689)
pumnp case mm {in} [ LM 0.20 {0.0079)
) - pressure 98 kPa (1.0 kg/cm?Z, 14 psi)
600 rpm Discharge - - -
Capacity at - quantity 4,2 €444 US qt, 3.7 1mp qt)/mln.l4.6 { (4.9 US qt, 4.0 Imp qt)/min.
80°C (176°F) - pressure 294 kPa (3.0 kg/cm?, 43 psi)
5,000 rpm | Discharge . 42.0 £{11.10 US gal, 47.0 € (12.42 US gal,
- Quantity 9,24 Imp gal)/min. 10.34 bmp galymin.
Relief valve operation pressure 490 kPa (5.0 ka/cm?, 71 psi) 538 kPa (6.0 ka/cm?, 85 psi)
Type Full-flow filter type
Filtration area 1,000 cm® (155 sq in)
Oi filter By-pass valve opening pressure 156 kPa (1.6 kg/em?, 23 psi)
— Quter diameter x width mm {in) 80 x 70 {3.15 x 2.76)
' Ot filter 1o engine thread size M20x1.5
Relief valve {on rocker shaft) operation pressure 69 kPa {0.7ka/em?, 10 psi)
Type iImmersed contact point type
Oil pressure | Working voltage — wattage 12V —34Worless
switch Warning light activation pressure 14.7 kPa {0.15 kg/cm?, 2.1 psi)
Proof pressure More than 981 kPa {10 kg/cm?, 142 psi)
Qil capacity (at replacement) 45 €£{4.8 US qt, 4.0 Imp qY}
 §
6

e ik Ttk

oy

Lk

|
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C COMPONENT PARTS
1. Oil Pump

Qil pump ASSY
O-ring
QOil filler ducy
Baffle plate
Qil strainer stay
Oil sirainer
Oil level gauge guide
QOil level gauge
Qit filter
10 Pump case
11 lnner rowor
Tightening torque: N-m {kg-m, ft-Ib) 12 Quter rotor

T1: 6.4 (0.65, 4.7) 13 Pump cover

T2: 5105, 3.6) 14 Relief valve
- 10 - ) 15 Relief spring
T3: 10{1.0,7) 16 Washer
17 Plug
18 Front oil seal

O o~ O b WK =

B2-1019
Fig. 6
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ENGINE LUBRICATION SYSTEM

W SERVICE PROCEDURE

ﬂl Pump

A: REMOVAL

1} Drain engine oil

2} Drain coolant

3) Remove belt covers, drive belt and related parts.
Refer to “2- 3 ENGINE")

1} Remove belt tensioner bracket.

3} Remove water pump.

5) Remove oil pump.

nsert a standard screwdriver as shown in Figure 8.

3e careful not to scratch mating surfaces of cylinder
slock and oil pump.

Flat-bladed

edriver

kig. 7

B2-045

B: DISASSEMBLY

T 5—61(0.5—-06,36-4.3)

Pump cover S

e

Outer rater

inner rotor

Purmp-case

Relief valve

Relief spring

T 40.7 — 47.6
{4.15 — 4.85,
30.0 - 35.1)

Plug
[

Washer

{ Front oil seal

T : N-m {kg-m, ft-1b}

B2-148

Fig. 8

Remove screws which secure oil pump cover and
disassemble oil pump.

Inscribe alignment marks on inner and outer rotors so
that they can be replaced in their criginal positions
during reassembly.

Before removing relief valve, loosen plug when remov-
ing oil pump from cylinder block.

R IR o pa e | 2 TRE o E———
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C: INSPECTION

1. TIP.CLEARANCE

Measure the tip clearance of rotors. If the clearance

exceeds the limit, replace rotors as a matched set.

Tip clearance:
Standard
0.04 — 0.14 mm (0.0016 — 0.0055 in}
Limit
0.18 mm {0.0071 in)

Thickness gauge

B2-954

Fig. 9

2. CASE CLEARANCE

Measure the clearance between the outer rotor and the
cylinder biock rotor housing. If the ciearance exceeds
the limit, replace the rotor.

Case clearance:
Standard
0.10 — 0.175 mm (0.0039 — 0.0069 in)
Limit
0.20 mm (0.0079 in)

B2-150

3. SIDE CLEARANCE

Measure clearance between oil pump inner rotor and

pump cover. If the clearance exceeds the limit, replace
rotor or pump body.

Side clearance:
Standard
0.02 — 0.07 mm (0.0008 — 0.0028 in}
Limit
0.12 mm {0.0047 in)

B2-953

4. OIL RELIEF VALVE
Check the valve for fitting condition and damage, and
the relief valve spring for damage and deterioration.
Replace the parts if defective.

Relief valve spring:
Non-TURBO
Free length: 71.8 mm (2.827 in)
Installed length: 54.7 mm (2.154 in)
Load when installed: 77.08 N {7.86 kg, 17.33 Ib)
TURBO
Free length: 73.7 mm {2.902 in)
Installed length: 54.7 mm (2.154 in)
Load when installed: 93.2 N (9.5 kg, 20.9 1b)

5. OIL PUMP CASE

Check the oil pump case for worn shaft hole, clogged oil
passage, worn rotor chamber, cracks, and other faults.
6. OIL SEAL

Check the oil seal lips for deformation, hardening, wear,
etc. and replace if defective.
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4 [wW1DO0] ENGINE LUBRICATION SYSTEM
D: ASSEMBLY E: INSTALLATION ‘
Insltasl %rom oil seal. installation is in the_ reverse order of removal.
i ew oil seal Observe the following:
ean ) 1} Apply fluid packing to matching surfaces of oil
pump.
Fluid packing:
Three bond 1215 or equivalent 3
OIL SEAL INSTALLER
{499587100) ;
B2-069 Fluid packing !
g. 12
Install inner and outer rotors in their original posi-
s,
Install oil relief valve and relief spring. f2.068
Install oil pump cover.

©

10

IR

2} Replace O-ring with a new one.

3) Be careful not 1o scratch oil seal when installing oil
pump on cylinder block.
Apply liquid packing to oil pressure switch threads !
before installation.
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T TROUBLESHOOTING

Before troubleshooting, make sure that the engine oil level is correct and no oil leakage exists.

Trouble

Possible cause

Corrective action

1. Warning light remains
on.

1) Oil pressure switch fail- Cracked diaphragm or oil leakage within switch Replace.
ure Broken spring or seized contacts Replace.
Clogged oil filter Replace.

Malfunction of oil by-pass valve of ail filter

Clean or replace.

Malfunction of oil relief valve of cil pump

Clean or replace.

2) Low oil pressure

Clogged oil passage

Clean.

Excessive tip clearance and side clearance of oil
pump rotor and gear

Replace.

Clogged oil strainer or broken pips

Clean or replace.

3. Warning light flickers
momentarily.

Insufficient engine oil Replenish.

3) No oil pressure Broken pipe of oil strainer Replace.

Stuck oil pump rotor Replace.

) 1) Burn-out bulb Replace.,

S.OV(\;?‘rning light does not 2) Poor contact of switch contact points Replace.
3) Disconnection of wiring Repair.
1) Poor contact at terminals Repair.
2) Defective wiring hainess Repair.

3) Low oil pressure

Check for the same possi-
bie causes as listed in
1.—2)

11




ENGINE COOLING SYSTEM
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SERVICE
MANUAL
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6. Coolant Filler Tank

S SPECIFICATIONS AND SERVICE DATA

A: SPECIFICATIONS
B: SERVICE DATA ..
C COMPONENT PARTS

1. Water Pump  .........

General .....occoemeeeeees
Cooling Lines ........
Water Pump ...,
Mechanical Seal ...
Thermostat ............

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

2. Radiator and Radiator Fan ... e ‘

3. Water Pipe ............

W SERVICE PROCEDURE ..o '

. Water Pump .........
. Thermostat ............
. Radiator ......c.eeenn.

. Radiator Fan and Fan Motor ..cicceiiicreeciennnn

Coolant Filler Tank

1
2
3
4. Radiator Cap (Filler Tank Cap on Turbo Model} ...
5
6
T

T TROUBLESHOCTING
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ENGINE COOLING SYSTEM

1 MECHANISM AND FUNCTION

@ neral

he engine cooling system consists of a cross-flow
diator which features high heat-dissipation perfor-
\ance, an electric motor fan, a water pump, a thermo-
-at, and a radiator fan switch. The reserve tank is
esigned to eliminate the need for replenishing coolant.

Radiator fan switch

On models without an air conditioner, the ECU sends an
ON or OFF switch signal to the radiator fan in response

to signals from the thermometer and speed sensor. On

models with an air conditioner, the ECU sends ON or
OFF, and Lo {low} or Hi (high) switch signals to the
radiator main fan and sub fan in response to signals
from the thermomerter, vehicle speed sensor 2 and A/C
switch. {As to A/C fan, refer to chapter 4-7.)

Radiator main fan

Vehicle speed sensor 2 ECU

A/C swich

. Cooling Lines

. MPFI Non-TURBO MODEL

“his cooling system operates in three steps depending

n the temperature of the coolant flowing through the

:ooling circuit.

.} 1st.step ... With thermostat closed

t—‘,nt temperature of below 76°C (169°F), the ther-
wcTemains closed and the coolant flows through

he bypass and heater circuits.

Mhis permits the engine to warm up quickly.

Radiator sub fan

2) 2nd step ... With thermostat opened

When the coolant temperature is above 76 — 80°C (169
— 176°F), the thermostat opens and the coolant flows
through the radiator where it is cooled.

3) 3rd step ... With radiator fan operating

When the coolant temperature rises above 95°C {203°F),
the radiator fan switch is turned on and the radiator fan
rotates.

[ = —
Cylinder block [Right) == Cylinder head
Cylinder jacket {Right) (Right}
[
Rediator [— l
Water pump —— -Jl
[7[ Air control
Cylinder block {Left) T=—{ Cylinder head [ valve l
L J - {Lef1)
Thermostat Cytinder jacket {Left) l
L
I
Heater Throttle body
B2-361
Fig. 1
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2. TURBO MODEL

1} 1st step ... With thermostat closed

At coolant temperature of below 76°C {169°F), the ther-
mostat remains closed and the coolant flows through
the bypass and heater circuits.

This permits the engine to warm up quickly.

2) 2nd step ... With thermostat opened

When the coolant temperature is above 76 — 80°C (169
— 176°F), the thermostat opens and the coolant flows
through the radiator where it is cooled.

3} 3rd step ... With radiator fan operating

When the coolant temperature rises above 95°C (203°F),
the radiator fan switch is turned on and the radiator fan
rotates.

4) When the engine is stopped after high-speed oper-
ations, vapor produced in the turbocharger cooling
section is delivered from the coolant 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.

1{

| Turbocharger

E{gﬁnder head RH |

—— Coolant [
"‘ filler tank
T E ‘ Cylinder block RH
' Reservoir Cvlinder jacket RH
tank

Radiator

I

—

]

Air Control

‘ Water pump r

%

valve

Cylinder block LH

=)

e
j—-—-— Cylinder head LH—I I

Thermaosiat

Cylinder jacket LH

‘ Heater —I Drottle bod7|

[

—_—

—) =

Bz-1017

Fig. 2
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e
} Water Pump rotates, engine Cf)olant i§ dr.awing into the water pump
& otor pump is located on the left front portion of from thf—:' lower pipe {(which is connected to the radiator
ﬁy “ler block and is driven by the back of the timing hose) via the thermostat. It then flows along the perim-
WP . thermostat is built into the water inlet Jocated eter of the impeller and is delivered to the engine’s
n the lower side of the water pump. When the impeller Water passage.

Pulley -,
Pulley g?_.; :
Bal bearing :

=
B

Mechanical seal

impeller n
4B {5m heater

h {rom radiator

Thermostat
Thermostat case B2-220

Ball beartng

Pulley

_— Impeller

Mechanical
seal

! A\,

e

From 1
radiator h——

{
[}
1
.
L

gro

Thermostat case Thermostat
B2-989

Fig. 4 MPFI Turbo mode/

C
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4. Mechanical Seal
The mechanical seal has its seat pressed into the water
pump shaft to form the seal and water pump as a single
unit. With this design, the water pump cannot be disas-
sembled.
Carbon seal
Ceramics sear
Water purnp shaft B2.231
Fig. 5
h. Thermostat creased temperature. It provides the sure open-close

The thermostat is powered to open the valve by a operation of the valve and features high durability.

totally- enclosed wax pellet which expands with in-

Valve

Spring
Stopper
Piston

Guide

Gum packing
Stop ring
Wax element
Jiggle valve

VOO sNN -

B2-222

Fig. 6
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6. Coolant Filler Tank
0. TURBO models, the radiator is not equipped with a

P filler cap. The coolant filler tank, located above
& linder, not only delivers coolant to the turbo-

charger, but also sends vapor produced in the turbe.
charger cooling section to the reservoir tank. This vapor
condenses into water inside the reservoir tank and is
then absorbed by the coolant filler tank.

[ Rhiiad it
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ENGINE COOLING SYSTEM

[SoBO] 2-5
S SPECIFICATIONS AND SERVICE DATA
A: SPECIFICATIONS
ITEM MODEL Non-TURBO TURBO
Cooling system Electric fan + Forced cooling water circulation
system
Total coolant capacity ¢{US gt, Imp qt) ;ﬂ: :345(:56875566)) :; :32 22;
Type Centrifugal impeller type
Discharge 20 £{5.3 US gal, 4.4 Imp gal}/min.

Pump speed—total water

Discharge performance | head

760 rpm — 0.3 mAq {1.0 ftAq)

Waler temperature

85°C (185°F)

Discharge

100 € {26.4 US gal, 22.0 Imp gal)ymin,

Pump speed—total water

Discharge performance Il head

3,000 rpm — 5.0 mAg (16.4 ftAq)

Water pump Water temperature 85°C (185°F)
Discharge 200 £ {52.8 US gal, 44.0 Imp galy/min.
Discharge periormance Il i:;:jp speed—total water 6,000 rpm — 23.0 mAqg (75.5 ftAq)
Water temperature 85°C (185°F)
Impeller diameter 76 mm {2.99 in}
Number of impeller vanes 8
Pump pulley diameter 60 mm {2.36 in)
Type Wax pellet type
Starts to open 76 — B0°C (169 — 176°F)
Thermostat Fully opened 91°C (196°F)
Valve lift 9.0 mm (0.3%4 in) or more
Valve bore 35 mm {1.38 in}
Radiator fan Motor 120 W ] 140 W
Fan dia. 340 mm {13.39 in), 350 mm {13.78 in)*
- Type Cross flow, pressure type

Core dimensions

670 x 361 x 16 mm
(26.38 x 14.21 X 0.63 in}

670 x 384 x 26 mm
{26.38 x 15.51 x 0.98 in}

Radiator Above: 882 10 kPa (0.9 0.1 kg/em?, 12.8% 1.4 psi)
Pressure range in which cap valve is open Below: — 4.9 to — 9.8 kPa (— 0.05 to — 0.1 kgfcm?,
- 0.7 to — 1.4 psi}
A Fins Corrugated fin type
Reservoir Capacity 0.55 ¢ (0.6 US qt, 0.5 Imp qt}

*! AJC equipped model

B: SERVICE DATA

Water pump

Unit: mm {in)
. Standard 0.5 — 0.7 {0.020 — 0.028)
Clearance between impeller and case Limit 1.0 {0.039)
"Thrust” runout of impeller end 0.5 {0.020)
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5.5 [C107] ENGINE COOLING SYSTEM

c COMPONENT PARTS

( Alater Pump
1. i1 Non-TURBO MODEL

= . Replacement part

Water pump ASSY
Gasket

Heater hose )
Tharmostat E.
Gasket
Thermostat case

- .
oUW

Tightening torque: N-.m (kg-m, ft-1b}
T1: First 10 — 14 (1.0 — 1.4, 7 — 10)
Second 10 — 14 (1.0 — 14,7 — 10)

T2: 6 — 7 {0.6 — 0.7, 4.3 — 51)

( : B2-223
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ENGINE COOLING SYSTEM

2. TURBO MODEL

[c102} 2-5

"+ Replacement part

Water pump ASSY
Gasket

Clip

Weater hose

Heater hose
Thermostat
Gasket
Therrmostat case
Water purnp seal

-bul:-‘—'

Tightening torque: N-m (kg-m, ft-lb)
T1: First 10 — 14 (10 — 14,7 — 10)
Second 10 — 14 (1.0 — 1.4, 7 — 10)

T2: 6 — 7 (0.6 — 0.7, 43 — 5.1)

-
o ~No;m

ng' . B2-974
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» Radiator and Radiator Fan

‘F"‘B Non-TURBO MODEL

TN

Shroud

Fan and motor
Reservoir tank cap
Overfiow hose
Reservoir tank bracket
Reservoir tank

— AT equipped motlel —

@

Hose clamp
Radiator inlet hose
Radiator outlet hose
10 Radiator bracket

11 Upper cushion

12 Air vent plug

13 Radiator

14 Radiator cover

16 Lower cushion

(o T R I R IR IS ]

— AT equipped model —
16 Radiator

17 ATF inlet hose A
18 ATF outlet hose A
19 Hose clip

20 ATF pipe

21 ATF inlet hose B
22 ATF outlet hose B

B2-1018




ENGINE COOLING SYSTEM [c202] 2-5

2. MPFI TURBO MODEL

Shroud
Aadiator main fan ASSY
Water hose (1o filler tank}
Overflow hose A
Reservoir lank cap
Reservoir tank bracket
Overflow hose B
Reservoir tank
] Drain cock

‘10 Packing

11 Drain guide

12 Drain tube

13 Hose clamp

14 Radiator outlet hose

15 Radiator inlet hose

16 Upper cushion

17 Radiator bracket

18 Radiator

19 Lower cushion

— AT sguipped model —

20 Radiator

21 ATF inlet hose A

22 ATF outlet hose A

23 Hose clip

24 ATF pipe ASSY

o2 25 ATF inlet hose B
26 ATF outlet hose B
. ! ; B2-986
Fig. 10 @ ’

rr — AT equipped model —

oo~k 0N =

11
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5.5 [C301] ENGINE COOLING SYSTEM

3. Water Pipe

‘l"“?] Non-TURBO MODEL
]
3

/

1.
i
/_'..;_\Replacernenl part
1 Waler temperature sensor
2 Waler lemperalure gauge ‘
3 Waier pipe CP
"4 O-ring ;.
5 By-pass hose 3
i
I .
I .
i ] .
1 1 .
| | 3
j\ | I X
] i -
\gﬁ ] ! 1 "
| -
Lo / :
P! ;
1 ;‘
Do
b

1

1

1

e

i

Tightening torque: N-m (kg-m, ft-1b)
T:6 —7 (06— 07,43 —51)

B2-987
Fig. 11

12




ENGINE COOLING SYSTEM

2. MPFI TURBO MODEL

*: Replacement part

SwewNona v

"1
12

Fig. 12

Water pipe A (To water pump)}
Water hose A (To coolant filler tank)
Water hose B (To turbocharger)
Tank cap

Coolant filler 12nk
Water hose C {To reservoir 1lank} e
Water pipe C (To reserveir 1ank)
Water lemperalure sensor
Water temperaiure gauge
Water pipe CP
O-ring

By-pass hose

T2: 6 — 7 (0.6 — 0.7, 43 — 5.1)

Tightening torque: N-m (kg-m, ft-lb) 1
T1: 17 — 21 (1.7 — 2.1, 12 — 15) @
=

[C302] 2-5

B2-988
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5.5 [W1AO) ENGINE COOLING SYSTEM
‘,‘-Mater Pump 10) Remove left side camshaft pulley.
. 7 i
A: REMOVAL i =4
g ! \‘. 2 A
1} Open the front hood. == N s eI SPROCKET =
Z .
2} Disconnect the ground cable from the battery. ‘ /WRENCH ); 2
3) Drain the coolant completely. \ ——':/(499207’@,'__// r
4) Disconnect the radiator outlet hose. > 3 %5&9% 3
%
///) B
/@/\ N 20
: \ ’ 82-227 :
Fig. 15 :
11) Remove left side rear timing belt cover. :
v - \\ B’
Rear timing belt cov_es‘ g \ih‘-'
7 ()~
1\ ol ]
VS s ~ ~
&y et/ -\‘
=S )i~
5) Remove radiator fan motor ASSY. M "@ =
{ w NS e ©
/‘ Va s ey a ¥
| ' [( 4 f
B2-228 b
Fig. 16 o \ _

12) Remove tensioner bracket.

13) Disconnect radiator hose and heater hose from
water pump. 1
14) Remove water pump. i

~ = Y3 =
. AN AN
| - =) ol
6} Remove V-belt(s). ““ P \

{Refer to “Chapter 1-5 section 1”.)

emove timi elt. C‘_)‘\ Tz @
7) R timing belt ﬁQ %" \(‘H‘

{Refer to “Chapter 1-6 section 2”.)

8) Remove tensioner adjuster. Water pump pu”({ %
9) Remove cam angle sensor. S ﬁ
N\a\’s \\W ;

' B2-229 :

Fig. 17

14 1




ENGINE COOLING SYSTEM

[W2A0] 2-5

B: INSPECTION

C: INSTALLATION

1} Check water pump bearing for smooth rotation.

2) Check water pump pulley for abnormalities.

3) Using a dial gauge, measure impeller runout in thrust
direction while rotating the pulley.

Instaliation is in the reverse order of removal.
a. Always use a new gasket.

b. When installing water pump, tighten bolts in two - e

stages in numerical sequence as shown in figure.

“Thrust” runout limit:
0.5 mm {0.020 in)

82-358

Fig. 18

4) Check clearance between impeller and pump case.

Clearance between impeller and pump case:
Standard
0.5 — 0.7 mm {0.020 — 0.028 in)
Limit
1.0 mm {0.039 in)

B2-359

Fig. 19

5) After water pump installation, check pulley shaft for

water leaks. If leaks are noted, replace water pump
ASSY,

15

B2-990

Fig. 20

c. After reinstalling the water pump, run the engine to
make sure that neither water leakage nor abnormal
noise exists.

2. Thermostat

A: REMOVAL AND INSTALLATION

1) Remove the thermostat case cover and gasket, and
pull out the thermostat.

2) Install the thermostat in the intake manifold, and
install the thermostat cover together with a gasket.

a. When reinstalling the thermostat, use a new gasket.
b. The thermostat must be installed with the jiggle pin
upward.

¢. Inthis time, set the jiggle pin of thermostat for front
side.
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B: INSPECTION

4 the thermostat if the valve does not close
:om).._.ely at an ambient temperature or if the follow-
ng test shows unsatisfactory results.
mmerse the thermostat and a thermometer in water.
laise water temperature gradually, and measure the
emperature and vaive lift when the valve begins to
spen and when the valve is fully opened. During the
est, agitate the water for even temperature distribution.
The measurement should be to the specification.

Starts to open:
76.0 — 80.0°C {169 — 176°F})
Fully opens:
91°C {196°F)

S T = e ———

B A rad

1 Thermometer H
2 Thermasiat [

B2-230




ENGINE COOLING SYSTEM

[W3B0] 2-b

3. Radiator

A: ON CAR SERVICE

1) Remove radiator cap, top off radiator, and attach
tester to radiator in place of cap.
On turbo model, check at coolant filler tank cap.
2) Apply a pressure of 157 kPa (1.6 kg/cm?, 23 psi) 1o
radiator to check if:

(1) Water leaks at/around radiator.

{(2) Water leaks at/around hoses or connections.

Cap tester

B1-066

Fig. 22

a. Engine should be off,

b. Wipe water from check points in advance.

c. Be careful to prevent cooling water from spurting
out when removing tester.

d. Be careful also not to deform filler neck of radiator
when installing or removing tester.

LB: REMOVAL

1) Disconnect battery cables and remove battery from
body.

2) Drain coolant.

3) Disconnect inlet and outlet hoses from engine.
Drain coolant into container.

4) Remove V-belt cover.

5} Remove reservoir tank and over-flow hose.

. Lo}
6) Disconnect connectors of radiator main fan and sub
fan motor.

7) Remove radiator brackets.

Radiator bracket

~

Fig. 24

8) While slightly lifting radiator, slide it to left.
9) Disconnect ATF cooler hoses from radiator.
Drain ATF into container.

A
=Y /%;
Y ina/
> 0’ ;ﬁ\\s_&/ /—I:‘\TF coc/nerhose
60 < ‘ NN =
v\

Bz2-163

Fig. 25

10) Lift radiator up and away from vehicle.

17
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C: INSTALLATION

4 radiator mounting cushions to pins on the
swer-wide of radiator.

Mounting cushion

B82-360

g, 27

?) Fit cushions, on iower side of radiator, into holes on
rody side and install radiator.

3) Install radiator brackets and tighten bolts.
4} Connect radiator main fan motor and sub fan motor
connectors.
5) Connect radiator hoses (inlet and outlet).
8} Install reservoir tank and over-flow hose.
7) Install V-belt.
8) Pour coolant.
{1) Remove air vent plug on radiator. {(Non-turbo
model only)
(2) Pour cooclant into radiator up to filler neck posi-
tion.
On turbo models, always pour coolant into coolant
filler tank.

C

(3) Pour coolant into reservoir tank up to upper level,
(4) Attach radiator cap, air vent plug and reservoir
tank cap properly.
{(5) Warm up engine completely. (For more than 5
minutes at 2,000 to 3,000 rpm.)
(6) Stop engine and wait until temperature dropsto a
safe level.
{7} Remove air vent plug and radiator cap.
{8) i coolant level drops in radiator, add coolant to
filler neck position.
(9) If coolant level drops from upper level of reser-
voir tank, add coolant to upper level.
{10} Attach radiator cap, air vent plug and reservoir
tank cap properly.

9} Connect ground cable to battery terminal.

4. Radiator Cap
(Filler Tank Cap on Turbo Model}

A: INSPECTION

1} Attach radiator cap to tester.

2) Increase pressure until tester gauge pointer stops.
Radiator cap is functioning properly if it holds the
service limit pressure for five to six seconds,

B1-065

Fig. 29

Standard pressure:

78 — 98 kPa (0.8 — 1.0 kg/cm?, 11 — 14 psi)
Service limit pressure:

69 kPa {0.7 kg/cm?, 10 psi)

Be sure to remove foreign matter and rust from the cap
in advance; otherwise, results of pressure test will be
incorrect.

18
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ENGINE COOLING SYSTEM (weB0] 2-b
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5. Radiator Fan and Fan Motor 6. Coolant Filler Tank

A: REMOVAL A: REMOVAL

1) Disconnect ground cable from battery terminal. 1) Remove hoses from coolant filler tank.

2) Disconnect connector from fan motor. 2) Remove the two bolts, and remove coolant filler
3) Remove reservoir tank. tank.

4) Loosen two bolts holding shroud to radiator under-

side. -
5) Remove two bolts holding shroud to radiator upper

side.
6) Remove radiator fan motor ASSY.

A=

J\L ) AN ' Fan end motor ASSY
) 1%
/] N2
27

> "j'e% CQ?} Fig. 31 B2:976
%\ '%' f\

B2-226 LB: INSTALLATION

Installation is in the reverse order of removal proce-
7} Remove fan motor ASSY from shroud. dures.

B: INSTALLATION

Installation is in the reverse order of removal proce-
dures,

Cbserve the following: .
1) Before installing radiator fan motor, apply a coat of
seatant to threads and tighten nuts.

2) Make sure radiator fan does not come into contact
with shroud when installed.

3) After installation, make sure there is no unusual
noise or vibration when fan is rotated.

19
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SUBARU.
1992

SERVICE
MANUAL

Precaution for Supplemental Restraint System

"Airbag”

The Supplemental Restraint System “Airbag”

helps to reduce the risk or severity of injury to the

driver in a frontal collision.

The Supplemental Restraint System consists of

an airbag module (located in the center of the

steering wheel), sensors, a control unit, warning
light, wiring harness and spiral ca ble.

Information necessary to service the safety is

included in the “5-5. SUPPLEMENTAL RE-

STHAINTGSYSTEM“ of this Service Manual.

ING:

l /avoid rendering the Airbag system inoper-
ative, which could lead to personal injury or
death in the event of a severe frontal collision,
all maintenance must be performed by an
authorized SUBARU dealer. ‘
Improper maintenance, including incorrect re-

. moval and installation of the Airbag system,

can lead to personal injury caused by uninten-
tional activation of the Airbag system.
All Airbag system electrical wiring harnesses
and connectors are covered with yellow outer
insulation. Do not use electrical test equipment
on any circuit related to the Supplemental
Restraint System “Airbag”.

M MECHANISM AND FUNCTION
General
Air Line
FUEL LIME  iireeessereriesseserssessimatnnneisseiniisssnsesessastinssasssnsnseenin
Sensor and Switch
Control SYSIEM ity
Self-diagnosis System
. Turbocharger System
C COMPONENT PARTS
1. Intake Manifold ...
2. Air Intake Duct and Throttle Body
. AT ClEAMET  oeieerreereeereesrree s s et e
4. Turbocharger Unit ...y,
W SERVICE PROCEDURE
1. Turbocharger SYStem ...
T TROUBLESHOOTING
Supplemental Restraint System “Airbag”
PrECAULIONS  1ivverrrereriiisesserssesssbtssmnissrastusmaniinssas
Pre-inSpection .
Troubleshooting Chart for Self-diagnosis
SYSTEIM et i b
Output Mcdes of Select Monitor
Control Unit /O Signal ..o,
Troubleshooting for Engine Starting Failure
Troubleshooting Chart with Trouble Code
. Troubleshooting Chart with Select Monitor
0. General Troubleshooting Table

NOORWN S

......................................................

Bwn=
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>5 [T000] ENGINE COOLING SYSTEM

T TROUBLESHOOTING

Trouble Possible cause Corrective action
a. Insufficient coolant. Replenish coolant, inspect for leakage, and repair.
b. Loose timing belt. Repair or replace timing beit tensioner.
c. Qil on drive bali. Replace.
d. Malfunction of thermostat. Replace.
e. Malfunction of water pump. Replace.
f. Clogged coolant passage. Clean.
g. lmproper ignition timing. Adjust.
h. Clogged or leaking radiator. Clean or repair, or replace.
Over-heating i. lmproper engine oil. Replace.
j. Air-fuel mixture too thin. Inspect and repair fuel systemn.
k. Excessive back pressure in exhaust system. Clean or replace.
|. Insufficient clearance between piston and cylinder. Adjust or replace.
m. Slipping clutch. Repair or replace.
n. Dragging brake. Adjust.
o. Improper transmission oil. Repiace.
p. Defective thermostat. Replace.
qQ. Malfuncti-on of electric fan. quoﬁgﬁtgzgif;::;(?: tr:;ar:.' water lemperature sensor of
a. Atmospheric temperature extremely low. Partly cover radiator front area.
Over-cooling -
b. Defective thermostat. Replace.
a. Loosened or damaged connecting units on hoses. Repair or replace.
b. Leakage from water pump. Replace.
¢. Leakage from intake manifold. Repair or replace,
Coolant leaks d. Leakage around cylinder head gasket. Retighten cylinder head nuts or replace gasket.
e. Damaged or cracked cylinder head and crankcase. Repair or replace.
f. Damaged or cracked thermostat case. Repair or replace.
g. Leakage from radiator. Repair or raplace.
a. Defective drive belt. Replace,
Noise b. Defective radiator fan. Replace.
c. Defective water pump bearing. Replace water pump.
d. Defective water pump mechanical seal. | Replace water pump.

20
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FUEL INJECTION SYSTEM

1 MECHANISM AND FUNCTION

" “neral

1e I\:’Iulti Point Fuel injection (MPFl} system is a system
.at supplies the optimum air-fuel mixture to the engine
-r all the various operating conditions through the use
f the latest electronic technology.

/ith this system fuel, which is pressurized at a constant
ressure, is injected into the intake air passage of the
ylinder head. The injection quantity of fuel is controlled
y an intermittent injection system where the electro-
ragnetic injection valve (fuel injector} opens only for a
hort period of time, depending on the quantity of air
squired for one cycle of operation. In actual operation,
1e injection quantity is determined by the duration of
n electric puise applied to the fuel injector and this

permits simple, yet highly precise metering of the fuel,
Further, all the operating conditions of the engine are
converted into electric signals, and this results in addi-
tional features of the system, such as large improved
adaptability, easier addition of compensating element,
etc. The MPF! system also has the following features:
1) Reduced emission of harmful exhaust gases.

2) Reduced in fuel consumption.

3} Increased engine output.

4) Superior acceleration and deceleration.

5) Superior startability and warm-up performance in
cold weather since compensation is made for coolant
and intake air temperature.

6) Good matching with turbocharger.
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FUEL INJECTION SYSTEM

1.7 [M201]
2. Air Line
pe NERAL

1 is drawn in and filtered by the air cleaner is
netéred and sent to the throttle body via the air intake
soot. In a TURBO model, air is filtered by the air cleaner
ind metered by the air flow sensor. Air is then super-
sharged by the turbocharger, and sent to the throttle
yody via the air intake boot. From the throttle body, the

air is regulated by the open-close operation of the
throttle valve and is delivered to the intake manifold. Itis
then distributed to the respective cylinders to mix with
fuel injected by the fuel injectors, Thus, the air-fuel
mixture is delivered into the cylinder. Part of the air
branched at the upstream of the throttle body is sent to
the by-pass air control valve which regulates engine idie
speed. '

Non-TURBO

(A —_  »| Air cleaner J___}lﬂr flow sensor lﬂonle body J—>I Intake manifold 1
By-pass air
control solenoid -
valve l Cylinder

TURBO

Bl A
(Air) Air cleaner

l_yrAir flow sensor J

Frurbecharger J._—}| Throttle body ]

e FLOW SENSOR

~...°Fl system employs a hot-film type (Non-TURBO)
or hot-wire type (TURBO]) air flow sensor. '
These air flow sensors convert the amount of air taken
into the engine into an electric signal by utilizing the
heat transfer phenomenon between the incoming air
and a heating resistor (hot film or hot wire) located in
the air intake.

The features of these flow sensor types are as follows:
1} High-altitude compensation is made automatically.
2) Quick response.

3) There are no moving parts.

4} They are compact.

By-pass air
contrel solenoid
valve

—>

l Intake manitold |

Y

|7Cylinder l

[Non-TURBO]
/-— Resin bady
L. —e el e =EH - FLOW .
Air flow D => B0 mm
{3.15in}
. R
Hot film | coid wire
Q-ring
Wire net
Alumni
[TURBO] luminum body
PASSAGE — —
\ &8
7
1] 80 mm
Air flow ) — s (3.15 in)
Hot wire
[O-ring Cold wire
Wire net
B2-278
Fig. 3
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3. THROTTLE BODY

In response to the depressing stroke of the throttle
pedal, the throttle body opens/closes its valve to regu-
late the air volume to be taken in the combustion
chamber.

During idling, the throttle valve is almost fully closed
and the air flow through the throttle body is less than
that passing through the carburetor.

More than half of the air necessary for idling is supplied
to the intake manifold via the by-pass air control valve.
And the by-pass air control valve properly controls the
number of revolutions in idling, so it does not need to
be adjusted.

4. THROTTLE SENSOR

A throttle position sensor is provided with a potentiom-
eter and idle switch interlockeéd with the throttle valve
shaft is utilized.

This throttle position sensor sends the MPF| control unit
a potentiometer output signal corresponding to the
opening of the throttle valve and an idle switch signal
that turns ON only when the throttle is opened nearly to
the idle position.

Using these signals, the MPFI control unit precisely
controls the air-fuel ratio during acceleration and decel-
eration as well as idling.

j)j) Oe@@

Connector

\-Thronle shaft

B2-281C

Fig. 4

5. BY-PASS AIR CONTROL SOLENOQID VALVE
The by-pass air control solenoid valve consists of an air
cut valve, duty control valve, intake air passage and a
coolant passage.

The air cut valve contains a bimetallic substance which
responds to coolant temperature, and a duty control
valve which is operated by a signal sent from the ECU.
When the coolant temperature is low, the air cut valve is
fully opened by the action of the bimetallic substance so
that the air flow required for low coolant temperatures is
maintained.

The ECU controls the duty control valve to bring the
operating engine speed as close to preset idle speed as
possible.

Shaft of duty

s contral valve

v

4

Connector -

— Coil

Ball bearing
. ] To intake

ront air E
:> manifold

intake boot =
e Duty conuol valve
== —= Water passage
Air cut valve =41 el
]
Shaft of air cut valve —~ JEATE Bimetal

Fig. 5
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3. Fuel Line

ERAL
r  ssurized by the fuel pump built into the fuel tank
s delivered to fuel injectors by way of the fuel pipe and
fuel filter. Fuel is regulated to the optimum pressure

l Fuel tank
i {Fusl)

Fuel pump

- |

| Fuel filter —p-| Fuel injector

level by the pressure regulator on the way to the
injectors.

From the injectors, fuel is injected into the intake man-
ifold where it is mixed with intake air, and is then
delivered to the respective cylinders.

Fuel injection timing and the amount of fuel injected is
regulated by the ECU.

v

Pressure regulator — Cylinder

[Non-TURBO]
= Fuel injector
21 _~ Throttle body
d Intake manifold
e O
Ve d Fuel separator
Pur e
con(-:fol Pressure > 3 :
. regulator o hY Filler cap

solenoid ]: Roll over

‘/ valve = Evaporation line valve Air vent pipe

< / K
S

—r C Filler

N
i ) A S — * Return line duct

N

o Y -

NIRLY - /
Delivery line
Canister Fuel tank
<0utside air Fuel tilter
™ Jet pump
. 1 pumy
Jet-pump filter Fuel pump Pump filter
B2-1048

Fig. 6
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[TURBO]

Auxiliary purge control
valve

= / Fuel injector

_~ Throttle body

) Intake manifold
Fuel separator i qll
Purge Pressure =1 /' ﬂ' i
control regulator | I ! Filler cap ‘-",: 4
sclenoid } 'L Roll over. IE3
A valve I Evaporation line valve Air vent pipe { b
< / Y e
L Ris| -
3 N 1 Filler
duct

t — Return line
/

i3]

Canister \
<0utside air Fuel filter

Delivery line

Fuel tank ~
~

~ Jet pump

\ Fuel pum
Jet-pumphlter——/ pume Pump filter

B2-1050

Fig. 7
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» PRESSURE REGULATOR
‘he pressure regulator is divided into the fuel chamber
p---spring chamber by the diaphragm as illustrated
g uel is fed to the fuel chamber through the fuel
nlet connected with the injector. A difference in pres-
.ure between the fuel chamber and the spring chamber
.onnected with the intake manifold causes the dia-
yhragm to be pushed down, and fuel is fed back to the
uel tank through the return line.
3y returning fuel so as to balance the above pressure
jifference and the spring force, the fuel pressure is kept
it a constant level 250.1 kPa (2.55 kg/cm?, 36.3 psi)
igainst the intake manifold pressure.

To intake
manifold

From
fue! injecior

i

L

J
To fuel tank

82-284

3. FUEL INJECTOR

The MPFI system employs a gallery type {side-feed
type) fuel injector.

The gallery type fuel injector is installed in the fuel pipe
1o aliow cooling of the injector by the fuel.

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

The fuel injector injects fuel according to the valve open
signal received from the ECU.

The nozzle is attached on the top of the fuel injector. The
needle valve {Non-TURBO)} or ball valve (TURBO} is
lifted by the solencid coil through the plunger on arrival
of the valve open signal.

Since the injection opening, the lifted level of valve and
the regulator-controlled fuel pressure are kept constant,
the amount of fuel to be injected can be controlled only
by the valve open signal from the ECU.

The fuel injector of TURBO models is designed to inject
a greater amount of fuel than that of Non-TURBO
models, thus providing higher engine output.

INon. TURBO

/ [L Ball valve

= Fuel outlet

B ~ Needle valve

Fuel outlet

B2-285

Fig. 9
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4. Sensor and Switch

1. O, SENSOR

The O, sensor is used 1o sense oxygen concentration in
the exhaust gas. If the 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 hardly
any axygen.

Therefore, examination of the oxygen concentration in
exhaust gas makes it possible to show whether the
airffuel ratio is leaner or richer than the stoichiometric
ratio.

The O, sensor has a zirconia tube (ceramic) which
generates voltage if there is a difference in oxygen
concentration between the inside and outside of the
1ube. Platinum is coated on the inside and outside of the
sirconia tube for the purpose of catalysis and electrode
provision. The hexagon screw on the outside is
grounded to the exhaust pipe, and the inside is con-
nected to the ECU through the harness.

A ceramic heater is employed to improve performance
at low temperature.

Zirconia tube

Contect plate

|—' Connector

B2-286

Fig. 10

When rich air-fuel mixture is burnt in the cylinder, the
oxygen in the exhaust gases reacts almost completely
through the catalytic action of the platinum coating on
the surface of the zirconia tube. This results is a very
large difference in the oxygen concentration between
the inside and outside, and the electromotive force
generated is large.

When a lean air-fuel mixture is burnt in the cylinder,
oxygen remains in the exhaust gases even after the
catalytic action, and this results in a small difference in
the oxygen concentration. The electromotive force is
very small.

The difference in oxygen concentration changes greatly
in the vicinity of the optimum air-fuel ratio, and hence
j(he change in the electromotive force is also large. By
"‘_'Putting this information into the MPF} control unit, the
air-fuel ratio of the supplied mixture can be determined
easily. The O, sensor does not generate much electro-

mo_ti\{e force when the temperature is low. The charac-
teristics of the electromotiye force stabilize at tempera-
ture of approximately 300 to 400°C {572 to 752°F).

Electromotive Atmosphere
force hat
Exhaust E xhaust
pases gases
@
Large Theoraticsl air-fuel
ratio
. |
g [Rich signal} ! To be judged
L] [ az rich
g5 ‘ Comparison
e s voliage
— 2 " -
= 0
g3
ot To be judged
E 8 81 laan
wo wignal)
!
Small Air-fuel Large
Small o
rau B2-287

Fig. 11

2. WATER TEMPERATURE SENSOR
The water temperature sensor is located on the water
pipe which is made of aluminum alloy. lts thermistor
changes resistance with respect 1o temperature. A wa-
ter temperature signal converted into Tesistance is
transmitted to the ECU to control the amount of fuel
injection, ignition timing, purge control solenoid valve,
etc.

20°C (68°F) 25 k11

25

Resistance (k1)

1 Temp.°C CF)
~20 O 40 80 P

{—4)(32} {104} (176}
20 60
{68} (140}

B2-288

Fig. 12
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Connector

Thermistor element

B2-289

_

/r Mold

Terminal ASSY O\ . ]I ]
l
1

| Pickup

Magnet

__——— Pickup

Fig. 13

3. KNOCK SENSOR

The knock sensor is installed on the cylinder block, and
senses knocking signals from each cylinder.

This knock sensor is a piezo-electric type which con-
verts knocking vibrations into electric signals.

It consists of a piezo-electric element, weight, and case.
If knocking occurs in the engine, the weight in the case
moves causing the piezo-electric element to generate a
voltage.

| Hut Connector

ZHousing [

Piezo element

B2-230

Fig. 14

4. CRANK ANGLE SENSOR

The crank angle sensor is installed on the oil pump,
located in the front center portion of the cylinder block,
to detect the crank angle position. It is designed so that
the ECU accurately reads the number of pulses which
occur when protrusions provided at the perimeter of
the crank sprocket (rotating together with the crank-
shaft) cross the crank angle sensor.

The crank angle sensor is a molded type which consists
of a magnet, pick-ups, coil, terminals, etc.

10

Terminal “ 'Molded tape
Bobbin (] I Insulator
B2-291
Fig. 15
Function

The crank sprocket is provided with six protrusions.
Crank rotation causes these protrusions to cross the
crank angle sensor so that magnetic fluxes in the coil
change with the change in air gap between the sensor
pickup and the sprocket. The change in air gap induces
an electromotive force which is transmitted to the ECU.

Crankshaft .
sprocket

TDC position

B2-292
Fig. 16
Output voltaQE‘ ov l\/
A A4 IJ
y _AV Vv Vv Vv
Crankshaft one rotation
B2-293
Fig. 17
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5. CAM ANGLE SENSOR

The cam angle sensor is located on the left-hand cam-
shaft support to detect the combustion cylinder at any
one moment.

It is designed so that the ECU accurately reads the
number of pulses which occur when protrusions pro-
vided on the back of the LH camshaft-drive sprocket
cross the sensor.

internal construction and the basic operating principle
of the cam angie sensor are similar to those of the crank
angle sensor. A total of seven protrusions (one each at
two locations, two at one location and three at one
location} are arranged in four equal parts of the
sprocket, as shown below.

Cam angle sensor

o Air gap
Projection

Projection

Camshaft sprocket

B2-254

Fig. 18

11

® Cylinder descrimination signal

‘/t—_/\/\/\/\!f\/\f/}l‘

Camshaft one rotation
{Crankshaft two rotation)

B2-295

Fig. 19

6. VEHICLE SPEED SENSOR 2

The vehicle speed sensor 2 consists of a magnet rotor
which is rotated by a speedometer cable and a reed
switch. It is built into the combination meter.

One rotation of the magnet rotor turns the reed switch
on and off four times to produce a digital signal. The
digital signal is used as a vehicle speed signal which is
transmitted to the ECU.

7. ATMOSPHERIC PRESSURE SENSOR
{Non-TURBO)

The atmospheric pressure sensor is builtinto the ECU. It
utilizes an “absolute” pressure sensor design, Its pur-
pose is to detect the atmospheric pressure used to
compensate for pressure at high altitudes and to main-
1ain driving stability. RN
The signa! from this sensor is also used for “shift H#8
control” of the automatic transmission at high altitudes. RIS
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. A/C (Air Conditioning) SWITCH AND RELAY ECU, for a certain period of time when a “full-throttle”
h AJC switch turns the AJC system on or off. The signal {emitted from the throttle sensor) enters the ECU

eration of the switch is transmitted to the ECU.  while the compressor is operating. This prevents the
... _ ‘cut relay breaks the current flow to the com- degradation of acceleration performance and stabilizes

ressor, through the use of an output signal from the driving performance.

AIC compressm

AJC switch

AlC cut relay -
o o I cutre

® @
Ignition switch N (000 T
AJC

signal

/

Throttle sensor = @

ECU

A e s

B2-682

Fig. 20

3. PRESSURE SENSOR AND PRESSURE EXCHANGE SOLENOID VALVE (TURBO) i
TURBO models have, in the inside of their engine compartment, a pressure sensor and a pressure exchange
solenoid which switches pressure inlets so that the pressure sensor can detect both the atmospheric pressure and
ntake manifold pressure.

This selection of pressure inlet is performed by the pressure exchange solenoid valve according to the signal sent
from the ECU. The output from the pressure sensor is entered into the ECU, which then sends out a signal for
contrelling the supercharging pressure 1o the wastegate control duty solenoid valve,

Iﬁpercharging pressure exceeds the preset value, the fuel is cut by the ECU.

Ghi i b S Lo

12
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5. Control System

1. GENERAL

The ECU receives signals sent from various sensors and
switches to judge the engine operating condition and
emits output signals to provide the optimum control

and/or functioning of various systems.

Major items governed by the ECU are as follow:

e Fuel injection control

2. INPUT AND OUTPUT SIGNALS

lgnition system control

Canister purge control
Radiator fan control

Fuel pump control

Air conditioner cut control
Self-diagnosis function
Fail-safe function
Wastegate control (TURBO)

By-pass air control (ldle speed control)

Unit Function T[jgg"o TURBOQ
Air flow sensor Detects the amount of intake air. 0 O
Throttle sensor Detects the throttle position. (@] (@]
Idle switch Detects a fully-closed throttle. @] ®)]
O, sensor Detects the density of O, in exhaust gases. 0] 0
Crank angle sensor Detects engine speed. ] O
Cam angle sensor Detects the relative cylinder positions. O 9]
Water temperature sensor Detects the coolant temperature. Q O
Input signal Knock sensor Detects engine knocking. o O o}
Vehicle speed sensor 2 Detects vehicle speed. 0O O
Ignition switch Detects ignition switch operation. O O
Starter switch Detects the condition of engine cranking O O
Inhibitor switch (A/T) Detects shift positions. 0] O
AJC switch Dstects the ON-OFF operation of the A/C switch. 0] 0]
Atmospheric pressure sensor Detects atmospheric pressure. O
Pressure sensor Detects atmospheric pressure and intake manifold pressure., 0
Fuel injector Inject fuel. O O
Ignition signal Turns primary ignition current on or off. O 0
Fuel pump relay Turns the fuel pump relay on or off. 0] 9]
A/C control relay Turns A/C control relay on or off. @] O
Radiator fan control relay Turns radiator fan control relay on or off. 0 O
Output signal | By-pass air control solenoid valve &?Lﬁg‘::ﬁ,;moum of by-pass air fiowing through the @) O
Check engine light Indicates trouble. o 0
Purga control solenoid valve Sgg:'r-ols the amount of canister purge through the throttle 0 o)
Prossura exchange solanoidvalve | S1hes pressre detecton ne bween atmospherc 0
Wastegate control solenoid vaive Controls the supercharging pressure. O

13
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1. FUEL INJECTION CONTROL
Ihe ECU receives signals emitted from various sensors
ol the amount of fuel injected and the fuel
| Jtiming. Sequential fuel injection control is uti-
ized over the entire engine operating range except
4uring standing starts.
The amount of fuel injected by the injector valve is
jependent upon the length of time it remains open. The
sptimum fuel injection timing is determined by trans-
mitting a signal to the injector from the ECU according
to varying engine operations. Feedback control is also
accomplished by means of a learning control. As a
result, the fuel injection control system is highly respon-
sive and accurate in design and structure.
The sequential fuel injection system is designed so that
fuel is injected at a specific time to provide maximum air
intake efficiency for each cylinder. In other words, fuel
injection is completed just before the intake valve be-
gins to open.
1) Fuel injection characteristics
Fuel injection timing is basically expressed as indicated
below:
{1) During engine starts:
Duration of fuel injection
= Duration of fuel injection during engine
starts

2) During normal operation:
e sic duration of fuel injection x correction factor

.__+ 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 de-
tected by the air flow sensor and the engine
speed {rpm) monitored by the crank angle sen-
sor.
® Duration of fuel injection during engine starts .....
Determined according to the engine coolant
temperature detected by a signal emitted from
the water temperature sensor to improve start-
ing ability.
¢ Voltage correction time ..... Compensates for the
fuel injector’s time lag affected by the battery
voltage.
2} Correction coefficients
Correction coefficients are used to correct the basic
duration of fuel injection so that the air-fuel ratio meets
the requirements of varying engine operations.
These correction coefficients are classified as follows:
(1) Air-fuel ratio coefficient:
Allotted to provide the optimum air-fuel ratio in rela-
tion to engine speed and the basic amount of fuel

(' ~cted,
i ]

]
Basic amount of injected
i)
-]
]
o
w
Q@
[~
™
[
w
L—
/ N\-—_—_’—/
Air-fuel ratio characteristic
B2-298

16

Fig. 23

(2) Start increment coefficient:
Increases the amount of fuel injected only when
cranking the engine, which improves starting ability,

o
5
€
(-1
£
@
G
=

ON OFF

Ignition switch

Start increment characteristic
B2-299
Fig. 24

(3) Water temperature increment coefficient:

Used to increase the amount of fuel injected in
relation to a signal emitted from the water tempera-
ture sensor for easier starting of a cold engine. The
lower the water temperature, the greater the incre-
ment rate.

Water temperature increment

©
B
=
o
E
]
2
- -20 o 20 40 60 80 °C

{—4) (32} 68} (104} {140} {176} °F)

Water temperature ——e-
Water ternperature incremant characteristic
B2-300
Fig. 25

(4} After-start increment coefficient:
Increases the amount of fuel injected for a certain
period of time immediately after the engine starts 10

LT e e ool Sl et A I LA
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stabilize engine operation. (6} Acceleration increment coefficient:

Compensates for time lags of air flow measurement  }:iilih
and/or fuel injection during acceleration to provide - s
quick response. W
@ N ‘
® T - e [
.'é at i
5 1°C t—at°c A
E’ s
g 1+ H t°c G
E / t +At°c i i
#l
Elapse of time 3 / ‘ i
{after turning ignition switch OFF) £ ! Eg
21374
After-start increment characteristic . - g
B2-301 Varigtion in throttie valve position %
ng. 26 Accelaration increment characteristic
(5) Full increment coefficient: B2.303
Increases the amount of fuel injected by a signal

. . . . Fig. 28
emitted from the throttle sensor in relation to a signal g

emitted from the air flow sensor.

3) Air-fuel ratio feedback coefficient “alpha”
This feedback coefficient utilizes the O, sensor’s elec-
tromotive force (veltage)} as a signal to be entered into
the ECU. When low voltage is entered, the ECU judges
it as a lean mixture, and when high voltage is entered, it
is judged as a rich mixture. In other words, when the
air-fuel ratio is richer than the theoretical air-fuel ratio,
the amount of fuel injected is decreased. When it is
leaner, the amount of fuel injected is increased, In this
. Amount of intake air way, the air-fuel ratio is compensated so that it comes
{Throttle valve position) as close to the theoretical air-fuel ratio as possible on
Full increment cheracteristic which the three-way catalyst acts most effectively. (CO,
B2-302| HC and NOx are also reduced when the air-fuel ratio is
Fig. 27 . . . close to theoretical air-fuel ratio.)

Incremant rata

ECU Combustion Exhaust gas
inj chamber
F;Eu\eclor — Low oxygen density

— > 1 ,
[ Fuel injection A, High oxygen
Fuel decrement signal Fuel injection increases 4o,.iqy

R s s - ity

Fuel increment signal
.

="
[ |

Detec- Rich air-fuel
Rich signal tion | | ratio

peaod | 4

Fig. 29
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Learning control system
entional air-fuel feedback control system, the

conv
QK“ punt of fuel injected (according to engine
W, 4 various loads)is stored in the memory. After
e ECU receives a signal emitted from the O, sensof,
e basic amount of fuel injected is corrected so thatitis
ose to the theoretical air-fuel ratio. This means that the
-eater the air-fuel ratio is corrected, the lesser the
antrol accuracy.

SUBARU engines, however, an air-fuel ratio learning
sntrol system constantly memorizes the amount of
srrection required in relation to the basic amount of
1el 1o be injected (the basic amount of fuel injected is
etermined after several cycles of fuel injection), so that
se correction affected by feedback control is mini-
-ized. Thus, quick response and accurate control of
ariations in air-fuel ratio, sensors’ and actuators’ char-
cteristics during operation, as well as in the air-fuel
atio with the time of engine operation, are achieved. In
\ddition, accurate control contributes much 1o stability
»f exhaust gases and driving performance.

Egle sensor \

l Crank angle sensor

5. IGNITION SYSTEM CONTROL

The ECU receives signals emitted from the air flow
sensor, water temperature sensor, crank angle sensor,
cam angle sensor, knock sensor, etc., 1o judge the
operating condition of the engine. It then selects the
optimum ignition timing stored in the memory and
immediately transmits a primary current OFF signal to
the ignitor to control the ignition timing.

While the ECU receives signals emitted from the knock
sensor, it is controlled so that advanced ignition timing
is maintained immediately before engine knock occurs.
This system control type features a quick-to-response
learning control method by which data stored in the
ECU memory is processed in comparison with informa-
tion emitted from various sensors and switches.

Thus, the ECU constantly provides the optimum ignition
timing in relation to.output, fuel consumption, exhaust
gas, etc., according 10 various engine operating condi-
tions, the octane rating of the fuel used, etc.

Two ignition coils are used - one for the #1 and #2
cylinders, and one for the #3 and #4 cylinders. A
simultaneous ignition type is employed for #1 and #2
cylinders on one hand, and #3 and #4 cylinders on the
other.

This eliminates the distributor and achieves
maintenance-free operation.

l Air flow séﬁsor

Vi

\ ¥nock sensor ECU

Injector

Water temperature sensor

Throttle sensor

Neutral switch
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e Ignition control under normal engine conditions

Between the 97° signal and the 65° signal, the ECU
measures the engine revolutions, and by using this data
it decides the dwell set timing and igniticn timing

according to the engine condition.

using the 10° signal.

¢ Ignition control under starting conditions
Engine revolutions fluctuate at the starting condition, so
the ECU cannot control the ignition timing. When such a
condition exists, ignition timing is fixed at 10° BTDC by

TOC

Crank sngle
pube

Cam sngly
pulm

dncrimination

Ignitlon 1iming
a1 stwrthng

_/1

Combustion cylinder |<
|

CYL4

crL1

cyrLa

/7

Ignition timing st
narmal condilign

cyLm2

Criws

Crim

CYL#3

:

eYL2 cYLa cyLl eyLa
L I | | I I
8TOC 87" BTDC 107 7" 66" 10" 8T es’ ([ s es 10° By BE* 1w a7 B5"
I I [ 1 I | | I L | | [ | 1]
BTOC 66° ATDC
5 2 20" 20° &
| |11 | 11 l 1114

: | ! ! ! | |

Ath cytindsr X 13t cylinder X Jed eylincher X 2nd cylinder )( 4Ath cylinder X Tt cylindar )
i i i i l i i
i .2 ®.4 1.@ ! 3,® ®.2 . .4 .
! . . 1 »
i ®.? @4 | 1D a@ I ®.2 ! @.4
!

i
i
|
|
!
I
E

1

i

i

| i |
l..m r_-Ilum"l. intaka cOMmpress burn l sahaal | Intaks !
|Lbum i axhan J-——I i inake compn i buwn i exhoust I_l Jl
I 1 ' axhaunt intake comprets * bumn !
‘(Wl"'l!""l | burn » [—1 . l |
Inteke l " ! bum + mxhiat 1 intake _! camprens |
i | | [ L I ]
I | I I I |

B2-305

Fig. 30
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6. BY-PASS AIR CONTROL (IDLE SPEED CON- and by-pass air flow is as follows:
TROL) Duty ratio {high) = Increases valve lift and by-pass air

=CU activates the by-pass air control valve in
| 2 to control the amount of by-pass air flowing
through the throttle valve in relation to signals emitted
from the crank angle sensor, cam angle sensor, water
temperature sensor and A/C switch, so that the proper
idle speed specified for each engine load is achieved.
The by-pass air control valve utilizes a duty solenoid
design so that the amount of valve “iift” is determined
by a certain operating frequency. For this reason, the
by-pass air flow is regulated by controlling the duty
ratio. The relationship between the duty ratio, valve lift

Diagram

flow.
Bypass air control features the
following advantages:
1. Compensation for engine speed under A/C (air
condition-ing) system and electrical loads.
2. Increase in idle speed during early stage of warm-up
period.
3. Adashpot function during the time the throttle valve
is quickly closed.
4. Prevention of engine speed variations over time.

Crank angle sensor

Cam angle sensor

Throttie sensor

Water ternperature sensor

ECU
Vehicle spéed sensor 2

Ignition switch

A/C switch

By-pass air control
solencid valve

A

-«

—

Throttle valve

WA

Neutral switch

inhibitor switch {AT}

B2-306

Fig. 31
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7. CANISTER PURGE CONTROL

The ECU receives signals emitted from the water tem-
perature sensor, vehicle speed sensor and crank angle
sensor to control the purge control solenoid.

Canister purge takes place during operation of the
vehicle except under certain conditions {during idle,
etc.).

The purge line is connected to the throttle chamber to
purge fuel evaporation gas from the canister according
to the amount of intake air.

8. RADIATOR FAN CONTROL

Water temperature sen-
sor

Vehicle speed sensor 2

\>

AJSC switch

9. FUEL PUMP CONTROL

The ECU receives a signal emitted from the crank angle
sensor and turns the fuel pump relay ON or OFF to

—

The ON-OFF control of the radiator fan {for models
which are not equipped with an air conditioning system)
is governed by the ECU which receives signals sent
from the water temperature sensor and vehicle speed
sensor. On models which are equipped with an air
conditioning system, the ECU receives signals sent from
the water temperature sensor, vehicle speed sensor
and A/C switch. These signals simultaneously turn ON
or OFF the main radiator fan and A/C sub fan as well as
setting them at “H|” or “LO"” speed.

ECU

Radiator fan relay

v

Radiator fan

control fuel pump operation. To improve safety, the fuel
pump will stop if the engine stalis 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

Crank angle sensor ECU

Fuel pump relay - Fuel pump

21
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5. A/C CUT CONTROL period of time to stop the compressor. This prevents
ﬁn/the ECU receives a “full-open” signal emitted degradation of output during acceleration and stabilizes
(

\)thronle sensor while the air conditioning sys- driveability.
. _ erating, the A/C cut relay turns off for a certain
&

BAT AJC cut relay
io“\,o l—-——— —_— O ————

e @ FL FU °_l
IG 5W (T

ECU
compressor

@ L

Fully open

B2-307

Fig. 32

11. POWER SUPP_LY CONTROL
When the ECU receives an ON signal emitted from the ignition switc
turns the ignition relay ON so that power is supplied 1o the ignition coi

etc.

Power to the above parts is turne
The fuel injectors stop fuel injection immediately after the ignition switch is t

is cut off.

h, current flows through the ignition relay. This
|, air flow sensor, by-pass air control valve,

d off five seconds after the ECU receives an OFF signal from the ignition switch,
urned OFF because the injection signal

"y

! .
) 7 Air flow sensor

Ignition switch ECU ——p»| Ignition relay I Ignition coil

By-pass air control valve
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12. WASTEGATE CONTROL (TURBO) The duty solenoid valve; according to the signal from

The ECU computes the objective supercharging pres- the ECU, leaks out the pressure applied to the waste-
sure according to the signals sent from the crank angle gate valve controller so that the supercharging pressure
sensor, air flow sensor, throttle sensor, pressure sensor,  at which the wastegate valve opens reaches the objec-
and water temperature sensor. The ECU then sends a e |evel. By this method, engine performance in accel-

signal to the duty solenoid val_ve so as to attain the ,a4i0n or in high altitude is compensated.
computed cbjective supercharging pressure.

Pressure exchange

o 5

Throttle body -

/ Pressure sensor

— . \
— - — -~ Crank angle se
—— e H gle sensor

I_-—--— Air flow sensor

-

« —-— Throttle sensor

l ' —-— Water

1
. H 1 1emperature
| ' sensor
1

Ak _L% T

Wastepate valve : Wastegate valve controller

¥

B2-685

Fig. 33
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Self-diagnosis System

NERAL

f Hiagnosis system detects and indicates a fauit
1 various inputs and outputs of the complex electronic
ontrol. The warning light (CHECK ENGINE light) on the
astrument panel indicates occurrence of a fault or
rouble.

‘urther, against such a failure or sensors as may disable
he drive, the fail-safe function is provided to ensure the
ninimal driveability.

». FUNCTION OF SELF-DIAGNOSIS

he self-diagnosis function has four modes: U-check
node, Read memory mode, D-check mode and Clear
nemory mode. Two connectors {Read memory and
fest mode) and a light (CHECK ENGINE light) are used.
The connectors are for mode selection and the light
nonitors the type of problem.

‘%i\ %’“‘__{; ‘_; __I
R

ead memory

\'__——..
9,"’“4?
=~et mode c:onnector
en)
{Connector color)
B6-301
Fig.” 34

Refer to C.6-3 [W0600] for the location of connectors.

e Relationship between modes and connectors

. Read memory Test mode :
Mode Engine connector connector |
U-check Ignition ON DISCONNECT | DISCONNECT
Read memory Ignition ON CONNECT DISCONNECT
D-check lgnition ON' | 1iscoONNECT | CONNECT
{engine on}
Ignition ON
Clear memory {engine on) CONNECT CONNECT

® l-check mode

The U-check is a user-ariented mode in which only the
MPFI components necessary for start-up and drive are
diagnosed. On occurrence of a fault, the warning light
(CHECK ENGINE light} is lighted to indicate to the user
that the dealer’s inspection is necessary. The diagnosis
of other pants which do not give significant adverse
effect to start-up and drive are excluded from this mode
in order to avoid unnecessary uneasiness to be taken by
the user.

@ Read memory mode

This mode is used by the dealer to read past problems
{even when the vehicle’s monitor lights are off). It is
most effective in detecting poor contact or loose con-
nections of connectors, harnesses, etc.

¢ D-check mode

This mode is used by the dealer to check the entire MPFI
system and detect faulty parts.

e Clear memory mode

This mode is used by the dealer to clear the trouble
code from the memory after the affected part is re-
paired.
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3."BASIC OPERATION OF SELF-DIAGNOSIS SYSTEM

: o o TROUBLE
ﬁ ] Mode Read memory connector Test mode connector Condition CHECK ENGINE light
; Ignition switch ON ON
U-check X X {Engine OFF)
Engine ON OFF
lgnition_ switch ON Blink
Read memory 0] X {Engine OFF)
Engine ON ON
Ignition switch ON ON
D-check X O {Engine OFF)
Engine ON OFF — Blink*
. Ignition switch ON ON
Clear memory O 0 (Engine OFF)
Engine ON QOFF — Blink*
o TROUBLE
Mode Read memory connector Test mode connector Condition CHECK ENGINE light
U-check X X Ignition switch ON ON
Read memory O X lgnition switch ON Trouble code {(memory)
D-check X O Engine ON Trouble code™*
Clear memory @] 0 ‘ Engine ON Trouble code™*

*

When the engine operates at a speed greater than

reached, the check engine light blinks.

2,000 rpm for more than 40 seconds, the check ** When the engine operates at a speed greater than'

engine light blinks. However, when all check items
check out “0.K.!,” even before the 40 seconds is

25

2,000 rpm for more than 40 seconds, a trouble code
is emitted.
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4. FAIL-SAFE FUNCTION
For the part which has been judged faulty in the self-
fmm\sis, the ECU generates the associated pseudo

e, JUBLE CODES AND FAIL-SAFE OPERATION

signal {only when convertible to electric signal} ang
carries out the computational processing. In this fash.
ion, the fail-safe function is performed.

Trouble . . iL- ; Non-
code Item Contents of diagnosis Fail- safe opf.ratlon TURBO TURBO
No signal entered from crank angle sen- :
sor, but signal {corresponding to at least _
n Crank angle sensor one rotation of crank) entered from cam o O
angle sensor.
12 Starter switch ?ﬁir:grr]mal signal emitted from starner Turns starter switch signal OFF. @] O
No signal entered from cam angle sensor,
but signal {corresponding to at least two
1 —_—
13 Cam angle sensor rotations of cam) entered from crank an- © O
gle sensor.
14 Injector #1 — @] O
15 injector #2 Fuel injector.lnoperat_ive_ . _ ‘0 O
- {Abnormal signal emitted from monitor
16 Injector #3 circuit ) — O O
17 Injector #4 — G 0
‘ . Adjusts water to a specific temperature.
y - . - - .
21 Water temperature Abnormal signal emitted from water tem Maintains radiator fan “ON"” to prevent 0 0
sensor perature sensor. -
overheating.
Abnormal voltage produced in knock sen- | Sets in regular fuel map and retards igni-
2z Knock sensar sor monitor circuit. tion timing. O %
‘ . Controls the amount of fuel (injected) in
. 1 . .
23 Air flow sensor ﬁ\bnorma voltage input entered from air relation to engine speed and throttle sen- O @]
OwW SENnSOor. i
sor posttion.
By-pass air control Air control valve inoperative. Prevents abnormal engine speed using
sglé)noid valve {Abnormal signal produced in menitor cir- | “fuel cut” in relation to engine speed, ve- 0] 0
g cuit.} hicle speed and throttle sensor position.
Abnormal voltage input entered from Sets throttle sensor’s voltage output to a
3 Throttle sensor throttle sensor. fixed value. © ©
32 0, sensor 0, sensor inoperative. — O Q
Vehicle speed Abnormal voltage input entered from ve- . . .
33 sensor 2 hicle speed sensor. Sets vehicle speed signal to :iflxed valua, O 0
Purge centrol sole- \ . .
35 noid valve Solenoid valve inoperative. — 0 9]
41 AJF learning control | Faulty learning control function. — 0] O
42 Idie switch J:\'girggrr‘mai voltage input entered from idle Judges OFF operation. o O
Wastegate control . . .
44 | solencid valve Solenoid valve inoperative. — 0]
Atmospheric pres-
SLIe Sensor Faulty sensor. Sets sensor to 760 mmHg. o
45 Pressure sensor and Prevents abnormal supercharging pres-
pressure exchange E‘;’ﬁ;ﬁ?; rooggrt?‘fzure exchange sole- sure using “fusl cut” in relation to engine O
solenoid valve P ' load.
49 Air fiow sensor Use of improper air flow sensor. — 0 0
51 Neutral switch Ab_normal signal entered from neutral _ 0 0
switch.
51 \nhibitor switch Abpormal signal entered from inhibitor _ 0 0
switch.
I . igna i
52 Parking switch Qsirtlgrr]mal signal entered from parking _ 0 0
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.7. Turbocharger System
1. GENERAL .

The turbocharger performs supercharging with use of
the wasted energy in the high temperature exhaust gas.
it provides the following features:

1) Less power loss with use of the exhaust gas energy.
- 2) Light in weight and compact in size for better adapt-
ability.

3} Better matching with the engine load.

- 4) Easy and efficient adjustment of the supercharge
pressure by bypassing through the exhaust gas pas-
sage.

The turbocharger system for recent passenger cars
places emphasis on low speed rather than high speed.
More specifically, its supercharging performance is de-
signed to be effective even at low engine speed with
larger torque for enhancing both the fuel efficiency and
power output. {In contrast, the conventional turbo-
charger is effective only at high engine speed.) The
turbocharging effective at low engine speed minimizes
a drawback of the conventional system which must take

a certain time before the supercharging becomes effec-
tive through acceleration from low speed.

In the engineering of this turbocharger system, particu-
lar consideration has been given to the above perfor-
mance. With the optimum turbocharger design and the
suitable tuning of intake and exhaust systems, it is
capable of providing powerful torque even at low
speed, quick respense and superb operability.

2, REGULATION OF SUPERCHARGING
PRESSURE

1) Basic function of the wastegate valve

As the engine speed increases with the opening of the
- throttle valve, the amount of exhaust gas increases. This
leads to increase in the rotational speed of turbine
(approx. 20,000 to 120,000 rpm), the supercharging
pressure and the output.

However, excessive supercharging pressure may cause
occurrence of the knocking and heavier thermal load on
such a part as piston. In the worst case, the engine may
be damaged or broken. To prevent this, the wastegate
valve and its controller are equipped. By sensing the
supercharging pressure, the wastegate valve restricts it
below a predetermined level.

)

=
-
Wastegate
‘ valve /
[
Turbocharger W

Wastegate valve—/ @

controller
While the supercharging pressure is lower than the
predetermined level, the wastegate valve is closed so
that all the exhaust gas is carried through the turbine.

=

U

B2-686

Fig. 35

AS-718

Fig. 36
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hen it reaches the predetermined level, the wastegate
ntroller lets the supercharging pressure to press the
-, causing the linked wastegate valve to open.
rastegate-valve opened, a part of the exhaust
s is allowed to flow into the exhaust gas pipe by
rpassing the turbine.
Jis decreases the turbine rotating energy 1o keep the
ipercharging pressure constant.
means P, — P, = constant
P,: Atmospheric pressure
P,: Supercharging pressure

P

T

it
s

) (2.248]

Sg. 37

2) Concept of the wastegate valve control

gher the altitude, the lower the atmospheric
L :(P,)and supercharging pressure (P,}. The duty
solenoid valve acts as a control to maintain maximum
supercharging pressure (P,) under absolute pressure.

-

-

1.2-894

Max. P, = const (Absolute pressure 161.3 kPa {1,210
mmHg, 47.64 inHg)
P, kPa {(mmHg, inHg}
161.3 _—
(1210, I
47.64) i ..
1
|
|
I Engine
‘I revolution {rpm)
Approx. 4,600
L2-1560
Fig. 39

e n g e b ——

Fig. 38
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3. LUBRICATION OF TURBOCHARGER

The turbocharger is lubricated by the engine oil
branched out from the oil pump. Since the turbocharger
turbine and the compressor shaft reach a maximum of
several hundred thousand revolutions per minute, the
full-floating type bearings are used to form desirable

lubrication films on their inside
running,

Further the oil supplied to the turbocharger also plays
an important role of cooling the heat from exhaust gas
in the turbine not 10 propagate to the bearings.

and outside during

sy : Engine oil Compressor impeller
Turbine Compressor housing
housing
/ Y
Exhaust

Turbine wheel

L2-249

Fig. 40

4. COOLING OF TURBOCHARGER

The turbocharger is water cooled for higher reliability
and durability. The coolant from the coolant drain hose
under the engine cylinder head is led to the coolant
Passage, through a pipe, provided in the turbocharger
bearing housing. After cooling the bearing housing, the
coolant is led into the coolant filler tank through a pipe.

Coolant outlet,
pipe

Qil
inlet ]
pipe o Coolant inlet pipe
% Qil outlet pipe
B2-687
Fig. 41
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~ COMPONENT PARTS
‘ +ake Manifold
i. NON-TURBO MODEL

Air inlet hose Ei'
Water inlet hose il
By-pass air control solenqgid valve
Gasket s
Water outlet hose s
Plug
PCV valve

Purge control solenoid valve
Nipple

10 Gasket (LH)

11 |ntake manifold

12 Gasket {(RH)

O ND U E WK -

T4: 20 - 25 (2.0 ~ 2.6, 14 — 19) l/—\
4 T5: 16 — 18 {1.6 — 1.8, 12 — 13) CQ
g , B2-1011
. 42

30

Tightening torque: N-m {kg-m, ft-Ib} | ' .
T1: 67 (0.6— 0.7, 4.3 — 5.1) | =
T2: 19— 27 {1.9 — 2.8, 14 — 20) '
T3: 28 — 34 {2.9 — 3.5, 21 — 25) ' #@; f

o
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2. TURBO MODEL

Air-inlet hose

By-pass air control sotenoid valve
Water infet hose

Water outlet hose

Gasket

Air contrl valve sling

Air control valv No. 2
PCV vlave

Air control solenoid valve
10 Nipple

11 Gasket (LH)

12 Intake manifold

13 Gasket (RH)

W~ bW N =

Tightening torque: N-m {kg-m, ft-1b) ’ |72
T1: 6—-7{06-0.7,43 —-5.1) <
T2: 19 -27{1.9 - 2.8, 14 — 20) : g_f

T3: 28 ~ 34 {2.9— 3.5, 21 — 25) _L/\
T4: 20 — 25 (2.0 - 2.6, 14 — 19) -

T5: 16 — 18 (1.6 — 1.8, 12 —13) @ B2-1012

Fig. 43
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2. Air Intake Duct and Throttle Body
"' -TURBO MODEL

Tightening torque: N-m {kg-m, ft-Ib}
T1: 6.4 —-8.31(0.65—-0.85,47 -6.1}
F2:19-23(19-23,14-17}
T3:2-3{02-03,14-22)

OV~ O b WK

Py

32

Cushion
Resonator

Air cleaner ASSY
Collector cover
Air intake boot
Clamp

Collector bracket
Throttle body
Throttle sensor
Gasket

B2-1013
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2. TURBO MODEL

Tightening torque: N-m {kg-m, ft-Ib}

T1: 6.4 — 8.3 (0.65 — 0.85,4.7 - 6.1)
T2: 19 —-23(1.9-2.3,14 - 17)
T3:2-3(0.2-0.3,14—-272)

Fig. 45

Cushian
Resonator

Air cleaner ASSY
Hose clip A

Air intake boot
Hose clip B

Q-ring

Clip

Resonator chamber
Air inlet duct

oY muthawN =

-
o

11 HoseclipC

12 Connector hose {By-pass valve) 16
13 Connecror hose (PCV valve) 17
14 Turbocharger unit 18
15 Air outlet duct 19

Cushion

Collector cover bracket

Throttle body
Air by-pass valve 23 Throttle sensor
Connector hose A {To intake duct} 24 Gasket B2-1014
By-pass valve vacuum hose 25 Collector cover

Connector hose B {To boot B}
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3. Air Cleaner

Air cleaner ASSY
Air cleaner upper cover
Clip

Air low sensor

Aiir cleaner element
Spacer

Cushion rubber

Spacer

Air cleaner lower cover
Air cleaner bracket

OWO~mMmOD M R

-

T3 4% .
Tightening torgque: N-m (ka-m, ft-lb}
T1: 4.4 - 7.4 (0.45 — 0.75, 3.3 — 5.4}

T2: 25— 4.4 (0.25 — 0.45, 1.8 — 3.3)
T3: 27 — 37 (2.8 — 3.8, 20-27) B2-1015

Fig. 46
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4. Turbocharger Unit

Fig. 47

T8

T3

SN b WA -

Qil inlet pipe

TURBO inlet duct
Wastegate valve controller
Turbocharger

TURBO cooling pipe

Qil outlet pipe

Bracket

Tightening torque: N.-m (kg-m, ft-Ib)
T1: 14.7 — 17.7 {1.50 — 1.80, 10.8 — 13.0}
T2: 21.1 - 24.0 {2,15 — 2.45, 15.6 — 17.7)
T3: 22-24 (22— 2.4, 16 - 17}
T4: 4.4 — 5.4 (0.45 — 0.55, 3.3 — 4,0)
T5: 21.1 — 24.0 {2.15 — 2.45, 15.6 — 17.7) B2.685
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W SERVICE PROCEDURE
'Iurbocharger System

A: TROUBLE DIAGNOSIS

If the turbocharger system fails, any of the following
phenomena can occur.
1) Excessively high supercharging pressure:

{1) Engine knocking
2) Excessively low supercharging pressure:

(1) Lack of engine power

{2) Poor acceleration performance

(3) Considerable fuel consumption
3} Oil leak from turbocharger:

(1) Excessive oil consumption

{2} White exhaust smoke
{However, the phenomena 2} can also result from other
causes, such as air leakage from the intake system,
exhaust system leakage or obstruction, incorrect igni-
tion timing, malfunctioning knock control system, de-
fects in the MPFI control system.)

I B: REMOVAL AND INSPECTION

1, WASTEGATE VALVE |
| ;ck connecting hose between wastegate valve,

turbucharger and duty solenoid valve for looseness or
disconnection, as well as cracks and damage.

2) Disconnect the wastegate valve control connecting
hose from actuator, and connect checking rubber hose.
Plug the disconnected rubber hose.

3) Apply air pressure [59 to 69 kPa (0.6 to 0.7 kg/em?, 9
10 10 psi)] to the checking rubber hose, and see whether
the wastegate valve link operates or not.

Excessive pressure may cause damage to the waste-
gate valve control diaphragm. Be sure to check that the
pressure is 58 to 69 kPa (0.6 to 0.7 kg/cm?, 9 to 10 psi)
with a pressure gauge before applying.

2, SUPERCHARGING PRESSURE

1) Disconnect rubber hose from pressure exchange
solenoid valve and attach a branch connector. Lead the
rubber hose into the passenger compartment, and con-
nect it to the positive pressure gauge.
2) Disconnect two rubber hoses from duty solenoid
valve and connect these hoses using a connector. Plug
duty solenoid valve.
3) After warming up engine, make a test run. Read the
supercharging pressure on the positive pressure gauge
g~ the vehicle is running at approximately 4,600 rpm
( Ifully open throttle.

l L P Positive préssurs
\ ! 1 f ressure e
— L exchange ue
Connector [-\
] R ///
N —Y
~ X/
To passanger
AN compartment
B2-685
Fig. 48
Phenomenon Judgerment
Supercharging pressure is in the Normat
42.7 to 50.7 kPa {320 to 380 mmHg,
12.60 to 14,86 inHg) range.
Supercharging pressure exceeds the
§0.7 kPa {380 mmHg, 14.96 inHg)
upper limit. ‘
{1) Cracked or disconnected wastegate valve Replace or
control rubber hoses coennect
rubber hose.
{2} Inoperative and closed wastegate valve Replace
turbocharger.
Supercharging pressute is below the 42.7 kPa Faulty
(320 mmHg, 12.60 inHa) lower limit. turbocharger.
Replace
turbocharger.

3. TURBOCHARGER —~ ~
1) Oil leakage from the exhaust gas side (turbine side)
Remove the center exhaust pipe and examine the tur-
bocharger from the exhaust gas side.
If there are excessive carbon deposits on the turbine
exhaust side, oil is leaking from the turbine.
{In this case, oil may also be leaking from between the
turbine chamber and bearing chamber.)
2) 0Oil leakage from the inlet side {blower side)
(1) The turbocharger is not necessarily leaking oil when
oil is present on the blower side. The oil is likely to have
come from oil mists contained in the blowby gases flow
in the inlet system.
(2} When oil is leaking from the inlet system, it is
accompanied by a rattle from the turbocharger shaft
when it moves in an axial or radial direction. Remove
the turbocharger from the engine and determine if the
shaft rattles.
(Limit of rattling: Measure with a dial gauge.)

a. Axial rattling:

0.09 mm (0.0035 in) xp-37
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Dial gauge:

L2-249C

Fig. 49

b. Radial ratiling:
0.17 mm {0.0067 in) when the turbine side and
blower side of the shaft are moved circumferentialy
at the same time.

-\_—Dial gauge

Qil intet hole L2-840

Fig. 50

If anything unusual is found, replace the turbocharger.

a. The turbocharger proper cannot be disassembled or
adjusted.

b. When removing and installing the turbocharger, do
not allow dirt and dust to enter the inlet and outlet
openings of the turbine and blower. Any foreign matter
allowed to enter, will undoubtedly damage the turbine
and blower blades as soon as the turbocharger goes
into operation again.

c. Likewise, cover the open end of the front exhaust
pipe. If foreign matter is allowed to enter, the turbine
blades will be instantaneocusly destroyed when the
turbocharger is put into operation.

3) Oil leakage from the connection of the oil delivery
pipe

Visually inspect the connections of the oil delivery pipe
with the turbocharger and oil pump. K oil is leaking,
replace the washer of the union screw and tighten it to
the specified tightening torque.

Tightening torque:
14.7 — 17.7 N*m
(1.50 — 1.80 kg-m, 10.8 — 13.0 ft-Ib}

4) Coolant leakage from connection of the cooling
pipe

Visually check the connection between turbocharger
and cooling pipe, between engine cylinder head and
cooling pipe, and the hose clamped area for leakage of
coolant. If leakage is detected, replace the washer at the
union screw, and tighten the screw to the specified
torque. Check the hose for cracks and damage at the
clamped area before tightening the clamp. If the hose is
faulty, replace with a new one.

Tightening torque:
22 - 25 N*‘m o
(2.2 — 2.5 kg-m, 16 — 18 ft-lb)
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FUEL INJECTION SYSTEM

[T305] 2-7

T TROUBLESHOOTING

. 1. Supplemental Restraint Sys-

tem "‘Airbag”

Airbag system wiring harness is routed near the MPFI
control unit {ECU), main relay and fuel pump relay.

a. All Airbag system wiring harness and connectors
are colored yellow. Do not use electrical test equip-
ment on these circuit.

b. Be careful not to damage Airbag system wiring
harness when servicing the MPFI control unit (ECU),
main relay and fuel pump relay.

2. Precautions

1) Never connect the battery in reverse polarity.

e The MPFI control unit will be destroyed instantly.

e The fuel injector and other part will be damaged in
just a few minutes more.

2) Do not disconnect the battery terminals while the
engine is running.

e Alarge counter electromotive force will be generated
in the alternator, and this voltage may damage elec-
tronic parts such as ECU (MPFI control unit), etc.

3) Before disconnecting the connectors of each sensor
and the ECU, be sure the turn off the ignition switch.
4) Before removing ECU from the located position,
disconnect two cables on battery.

e Otherwise, the ECU may be damaged.

5) The connectors to each sensor in the engine com-
partment and the harness connectors on the engine
side and body side are all designed to be waterproof.
However, it is still necessary to take care not to allow
water to get into the connectors when washing the
vehicle, or when servicing the vehicle on a rainy day.
6) Every MPFl-related part is a precision part. Do not
drop them.
7} Observe the following cautions when installing a
radio in MPF| equipped models.

a. The antenna must be kept as far apart as possible
from the control unit.

{The ECU is located under the steering column, inside
of the instrument panel lower trim panel.)

b. The antenna feeder must be placed as far apart as
possible from the ECU and MPFI harness.

¢. Carefully adjust the antenna for correct matching.
d. When mounting a large power type radio, pay
special attention to items a. thru c. above.

¢ Incorrect installation of the radio may affect the
operation of the ECU.

7} Before disconnecting the fuel hose, disconnect the
fuel pump connector and crank the engine for more
than five seconds to release pressure in the fuel sys-

tem. If engine starts during this operation, run it until it
stops,

3. Pre-inspection

Before troubleshooting, check the following items
which might affect engine problems:

1. Power supply

1) Measure battery voltage and specific gravity of elec-
trolyte.

Standard voltage: 12 V
Specific gravity: Above 1.260

2) Check the condition of the main and other fuses, and
harnesses and connectors. Also check for proper
grounding.

2. Caps and piugs

1} Check that the fuel cap is properly closed,

2) Check that the oil filler cap is properly closed.

3) Check that the oil level gauge is properly inserted.

3. Intake manifold vacuum pressure
1) After warming up the engine, measure intake mani-
fold vacuum pressure while at idle.

Standard vacuum pressure:
Non-TURBO
More than — 66.7 kPa {— 500 mmHg, — 19.69 in Hg;
TURBO
More than — 65.3 kPa {— 490 mmHg, — 19.29 inHg}

Refer to C.2-2 [W5AU0].

2} Unusual vacuum pressure occurs because of air
leaks, fuel or engine problems. In such a case, engine
idles roughly.

4. Fuel pressure

1} Release fuel pressure

Refer to C.2-8 [W1AO0).

2) Connect fuel pressure gauge between fuel filter and
hose, and measure fuel pressure at idling.

Refer to C.2-8 [W2A0].

Fuel pressure:
177 — 206 kPa (1.8 — 2.1 kg/ecm?, 26 — 30 psi)

5. Engine grounding
Make sure the engine grounding terminal is properly
connected to the engine.

39
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> rano) FUEL INJECTION SYSTEM

4. Troubleshooting Chart for Self-diagnosis System

~BASIC TROUBLESHOOTING PROCEDURE

ki

Trouble occurs

v

READ MEMORY MCDE

Engine does not start Engine start

5. Troubleshooting for l

"Engine Starting Failure” D-CHECK MODE
[TeAQ).*>

No trouble code designated

Trouble code designated l

Inspection using Trouble-
shooting Chart with Se-
Troubleshooting in aceor- lect Monitor [T8A0) or
dance with trouble code.* inspection using General
Troubleshooting Table
[TSAQ]

« :
‘ N Repair

l Trouble code designated

D-CHECK MODE

No trouble code designated

CLEAR MEMORY MODE

*: When more than one trouble code is outputted, begin troubleshooting with the smallest trouble code

number and proceed to the next higher code.
After correcting each problem, conduct the D-check and ensure that the corresponding trouble code no
longer appears.

**: When a trouble code is displayed in the read-memory mode, conduct troubleshooting measures which
correspond with the code.

a. Check the connector while it is connected unless specified otherwise.

b. Be sure to check again from the beginning in order to prevent secondary trouble caused by repair work.

c. When checking with the vacuum hose disconnected from the vacuum switch at engine “ON”, be sure to plug

the hose.

«
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[TaB1} 2-7

i B: LIST OF TROUBLE CODE

1. TROUBLE CODE

Trouble code ltem Content of diagnosis TE?IE.O TURBO
11. Crank angle sensor Eg;i%:ﬂ aar:gelree:efrr]c;m.crank angle sensor, but signal entered O O
- 12 Starter switch Abnormal signal emitted from ignition switch. 0 O
12, Cam angle sensor :‘:g;ig;::\:gt:;::;;xam angle sensor, but signal entered 0 0
14, Injector #1
15. Injector #2 Fuel injector inoperative. _ o 0 o
18, Injector #3 [Abnormal signal emitted from monitor circuit.}
17. Injector #4
21. Water temperature sensof Abnormal signal emitted from water temperature sensor. QO 0
22. Knock sensor Abnormal voltage produced in knock sensor monitor circuit. 0] Q
23, Air flow sensor Abnormal voitage input entered from air flow sensor. O Q
24, By-pass air control solenoid valve E{gﬁ;sesrﬁ;trt:gr;:;orLs::aorT\jci)tigrvg:\;iimoperative tAbnormal O O
3. Throttle sensor Abnormal voltage input entered from throttle sensar. 0] (@)
32 Q; sensor O, sensor inoperative. C O 0
33 Vehicle speed sensor 2 Abnormal voltage input entered from speed sensor. 0 0]
35, Purge control solenoid valve Solenoid valve inoperative. 0 o
41. AF {Air/fuel) learning control Faulty learning control function. ) O
42, Idle switch Abnormal voltage input entered from idle switch. O O
45, Atmospheric pressure sensor Faulty sensor, 0]
49, Air flow sensor Use of improper air flow sensor. O 0]
51. Neutral switch {MT) Abnormal signal entered from neutral switch. @) O
B1. Inhibitor switch [AT) Abnormal signal entered from inhibitor switch. 0 G
52. Parking switch Abnormal signal entered from parking switch. o 0]
44, Wastegate control solencid valve Wastegate control solencid valve inoperativa. (@]
25. Pressure sensor and . Faulty.sensor or pressure exchange solencid 0
pressure exchange solenoid valve valve inoperative.
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2.7 a0 FUEL INJECTION SYSTEM

2. HOW TO READ TROUBLE CODE (FLASHING) ‘

T;'ua CHECK ENGINE light flashes the code corresponding to the faulty part. o

‘/ ng segment (1.2 sec onj indicates a “ten”, and the short segment (0.2 sec on) signifies “one”.
( H

i

Exampfe:

When only one part has failed:
Flashing code 12
{unit: second}

When two or more parts have failed:

Flashing codes 12 and 21 I
{unit: second} L ‘L BJ '
1.2 1.
0.3 0.2

B2-311

Fig. 51
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FUEL INJECTION SYSTEM [Taco] 2-7

} C: READ MEMORY MODE

Vehicle returned to dealer. A T
Ay

v
( Turn ignition switch OFF. ) il 8

Connect read memory connector.

v

(Turn ignition switch ON (engine-off).)

) R . Inspect control unit power supply
Check if CHECK ENGINE light lights NO any ground line, and CHECK EN-

up. ——p-| GINE light line.

YES
Trouble code is indicated. CHECK ENGINE light blinks.

v v

Disconnect read memory

connector.

A4 Self-diagnosis systems are OK.
Disgonnect read memory connector, Trouble is in a systerm other than a
self-diagnosis system.

Conduct D-check.

Confirm trouble code.

Fig. 52




7 [T4D0) FUEL INJECTION SYSTEM

m—

i; p-CHECK MODE

( Start engine. )

v

( Turn ignition switch OFF. )

Connect test mode connector.

Turn ignition switch ON {engine off}.
No

Check il CHECK ENGINE light turns on. Inspect control unit power supply and ground line, and
‘ > CHECK ENGINE light line.

Warm up engine.

Yes

Depress accelerator pedal completely. Then, return it to ;
the half-throttle position and hold it there for two sec- B
onds. Release pedal completely.

— v
6 ( Stalt engine. )

Yes Check if CHECK ENGINE light indicates trouble code.
+ No
Drive at speed greater than 7 mph [11 km/h) for at least
one minute, and shift up to 4th speed {(MT model).
v
Warm up engine above 2,000 rpm.
v
Check if CHECK ENGINE light blinks. _j.s_}( Turn ignition switch OFF. )
¥ v
No Check if CHECK ENGINE light indicates trouble code. Disconnect test mode connector. 4‘
—>+ Yes +
Confirm trouble code. System in self-diagnosis is OK. Trouble is in a system
- l other than a self-diagnosis system.

( | Make sequential checks of trouble codes.
I o
—

Fig. 53




FUEL INJECTION SYSTEM

[TAEO]

2-7

‘ E: CLEAR MEMORY MODE

( Start engine, )

Warm up engine. I

v

( Turn ignition switch OFF. )

v

I Connect test mode connector. |

v

Iannect read memory connector. —|
C Turn ignition switch ON {engine off}. )
FHECK ENGINE light turns ON. —I

v

Depress accelerator pedal completely and then return it
to half-throttle position and hold it there for two seconds.
Release accelerator pedal completely.

v

L Start engine. )

Drive at speed greater than 11 km/h (7 mph) for at least
one minute, and shift up to 4th speed (MT model).

|
Ii\!arm up engine above 2,000 tpm.

v

ﬁeck if CHECK ENGINE light blinks.

3 Ve
-

Turn ignition switch OFF. )

a v

‘ > Check if CHECK ENGINE light indicates trouble code.,

No

+ Yas

Confirm trouble code.

v

Disconnect test mode connector and read rmemory con-

necteor,

Iillake sequential checks of trouble codes.

After sequential checks, go to D-check mods again.

‘ | End q

Fig. 54
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2.7 [T501]

FUEL INJECTION SYSTEM

;5_,— Output Modes of Select Monitor

»NCTION MODE
.FL ble cartridge of select monitor: No. 498348800

MODE Contents Abbr. Unit Contents of display oot | TURBO
FOO PROM ID Number YEAR _ nMaoc?:(ljyear of vehicle to which select monitor is con- 0 0
FO1 Battery Voltage VB v Battery voltage supplied to control unit @] 0]
FO2 Vehicle Speed Sensor | VSP m/h Vehicle speed inputted from vehicle speed sensor 2 0 0
03 Vehicle Speed Sensor | VSP km/h Vehicle speed inputted from vehicle speed sensor 2 o O
FO4 Engine speed EREV rpm Engine speed inputted from crank angle sensor O @]
£05 Water Temp Sensor ™ deg F (s:::;g?t temperature inputted from water temperature 0 0
FOB Water Temp Sensor ™ deg C (;::slz:)?t temperature inputted from water temperature o o)
Fo7 Ignition Timing ADVS deg L%r::iﬁgéinj::?oﬁtz;r:;r;: by ECU in relation to signals 0 o
Fo8 Air Flow Sensor QA v Voltage inputted from air flow meter 0] @]
Fo9 Load Data LDATA — Engine load value determined by related sansor signals 0 0
F1Q Throttle Sensor THV \ Voltage inputted from throtile position sensor O O
F11 Injector Pulse Width TIM mS Duration of pulse flowing through injectors 0O Q
F12 Air Control Valve ISC % | “Duty” ratic flowing through air control valve o 0
F13 O, Sensor O; v Voltage outputted from O, sensor O o
F14 0, Max Q5 max v Maximum voltage outputied from Oz sensor @] 0]

- 0O, Min 0, min v Minimum voliage outputted from O, sensor 0 0
{ J ALPHA ALPHA o l;llinc;%rrf?gtri:ré;a;:)ngoerlermined in relation to signal out- o) o)
F17 Knock Sensor RTRD deg E’;}";;‘L"J{g‘c}'}f‘o‘::"’;f‘g‘ci‘;"s;’:;g'rmi”ed inrelation to sig- | ¢ 0
F19 Atmosphetic Sensor BARO.P mmHg — 0]
F18 -| Wastegate control WGC % “Duty” ratio of wastegate control solenoid valva 0]
F1¢9 Atmospheric pressure | BARQ.P mrmHg Atmospheric pressure input from pressure sensor O
F20 Manifold pressure MANI.P mmHg Intake manifold pressure input from pressure sensor O
FAO ON <+ OFF Signal — — — O 0
FA1 ON < QOFF Signal — —_ -_ 0 o
FA3 ON < OFF Signal — — — C o
FBO Trouble Code DIAG — Trouble code in U- or D-check mode 0] 0
FB1 Trouble Code DIAG — Trouble code in read memory mode 0] 0
FCO Clear Memory — — {Used to clear memory) C C
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FUEL INJECTION SYSTEM [T502] 2-7

2. ON © OFF SIGNAL LIST

MODE LED No. Contents Display LED “ON" requirements TE%E-O TURBO

1 Ignition SW 1G lgnition switch "ON" O 0
2 AT/MT discrimination AT AT models only e 0
3 Test Mode up Test mode connector connected 0 O
4 Read Memory RM Read-memory connector connected 9] 0
5 f— J— —_

FAO 5 ' — — —
7 Neutral SW NT Neutral switch "ON" 0 o)
8 Parking SW PK Parking switch "ON* [AT] 9] O
g Fed./Cal. Discrimination FC 49-state and Canada model only @] O
10 - — —_
1 Idle SW ID ldle switch “ON" Q 0O
2 A/C SW AC Air conditioner switch “ON” O O
3 AJC Relay AR Air conditioner relay "ON" O 0]
4 Radiator Fan RF Radiator fan in operation 0] 0
5 J— J— —

FA1 6 Fuel Purmp Relay FP Fuel purmp relay in operation 0 9]
7 Purge control solenoid valve CN Purge control solenoid valve O O
8 Knock Sensor KS Enginé knocks oceur 0] O
9 Pressure exchange solenoid valve BR ét)r}wezﬂz;z%fg:”;?'r)essure is being measured O
10 — - —
1 — _ —
2 —_ — —
3 — — —
4 - — _

FA3 > = — —
[ — —_ —
7 — — —
8 —_ — —
9 — — —
10 0. Menitor O, AJF ratio is rich, o 0
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[

. Control Unit I/O Signal

B T

26126124 23|22 || 20 19]18 17 18|16 |14 16 (16 14 [13 [12 |11 [10] ® 12|vjwje |87 22|)21)20|19 [18|17[16]|16 )14 | 12|12

ro o @) To To

B2-312
Fig. 55
Signal {\V} l
Connector | Terminal '
Content g SW Note
nte No. No. g : Engine ON {idling)
OFF ON (Engine OFF)
Signal {+) B56 1 — 0 . *Sensor output waveform
Non- N R
TURRO Signal {—} B56 2. — o] 0
Crank Shield B56 3 — 0 0
angle - S .
sensor Signal {+) B58 4 — 0. Sensor output waveform
TURBQ | Signal {—} B58 5 — 0 0
N Shield BS8 B — 0 0
f ) Signal {+) B58 4 — 0 * *Sensor output waveform
' Non- -
TURBO Signal {-} B568 5 —_ 0 0
Cam Shield BS8 6 — 0 0
angle _ » » -
sensor Signal {+) B&6 1 — 0 Sensor output waveform ;-
TURBO | Signal {—} 856 2 — 0 0 L
T "~ [shield BS6 3 — 0 0
Power supply B48 8 — 10-13 13-14 —
i Signal gag 9 — 0-0.:23 08-12 —
Air flow sensor
GND B48 10 — 0 0 —
Shield B48 19 — o 0 —
. Fully closed: 4.7 Fully closed: 4.7
Signal Bss 2 — | Fully opened: 1.6 |Fully opened: 1.6 |
Throttle sensor Power supply B58 3 — 5 5 —
GND B58 1 — 0 0 —
Shield B58 7 — 0 0 —
. (AT) 0.6 Rich mixture: 0.7 [AT), 1.0 {(MT)
Non- |Signal B4s 6 - {MT) 0 Lean mixture: 0 {AT), 0.2 {MT)
TURBO —
Shield B8 17 — 0 0 |—
0O, sensor pep— 1o
. ich mixture: 1.
TURBO Signal 848 5 - 0 Lean mixture: 0.2
Shield B4g 17 — 0 0 —
Signal B56 5 — 3-4 3-4 —
Knock sensor -
Shield B56 4 — 0 0 .
ter temperature sensor B48 7 0 0.7-1.0 07-1.0 *After warm-up
| "5" and "0" are repeatedly }
; speed sensor B58 11 — Dorb Oors displayed when vehicle is
driven.
48




FUEL INJECTION SYSTEM [T600] 2-7
) Signal (V)
Content Connector | Terminal la SW
onien No. No. 9 Engine ON Note
OFF | ON {Engine OFF) {idling)
Signal B48 4 — 10 - 13 24 w27 -
Pressure sensor —
{TURBO only) Power supply B48 3 5 5 —
GND B48 5 — 0 0 -
Idle switch B56 6 — ON:0, OFF:4.8 ON:D, OFF:4.6 —
49-state and Canada/ California B5S 1 _ _ _ 49-state and Canada:12
identification California:0
Starter switch B56 10 — 0 0 Cranking: 10 to 14
Air conditioner switch B56 9 — ON:10 - 13, OFF:0 | ON:13 - 14, QFF:0 | —
Ignition switch B&8 12 ] 10 - 13 13-14 -
{AT] N Range: D [AT] N Range: 0
Cther: 8, min. Other: 8, min.
Neutral switch B58 10 — {MT] N Position: 8, | [MT] N Position: 8,
min. min.
Cther: 0 Cther: 0
. . P Range: 0 P Range: O
Parking switch [AT] 858 ° - Cther: 8, min. Other: 8, min. |
Test mode connec- | Non-TURBO B56 13 — [AFM!]E]J ;313 [APMIIEIB 5 14 [AT] When connected: ¢
t
or TURBO B56 13 _ 5 5 When connected: 0
Read memory con- | Non-TURBO B56 12 - [A?M‘T‘]’ 2 1° [A?Mﬁ 24 |1ATI When connected: 0
nector -
TURBO B56 12 — 5 5 When connected: 0
AT] O [AT] 0
Non-TURBO B48 20 — ! —
AT/MT identification [MT] & [MT] &
TURBO Bas 20 — 5 5 —
Back-up power supply 848 15 10 -13 10-13 13- 14
Control unit | B48 2 0 10-13 13-14
ontrol uni ower su
P PRl Bas 13 10-13 13- 14 —
Non- | #1. #2 F47 10 — [AT] 0.0t [MT] 0 - -
Ignition TURBO 43, #4 F47 9 — [AT] 0.01 [MT]0 - —
control #1, #2 F47 10 — 0 — —
TURBO
#3, #4 Fa7 9 — 0 — —
#1 F47 13 10 - 13 10 - 13 13-14 —
. #2 Fa7 12 10-13 10-13 13-14 —
Fuel injector
#3 Fa7 1 10-13 10-13 13-14 —_
| #4 Fa7 26 10-13 10 -13 13-14 _
. _ [AT) 7 _ *1 min. after ignition
By-pass aiy |Non- [ ond Fa7 2 {MT] 12 — *0 switch ON.
TURBO
control so- Fa _ [AT] 6 _ _
lenoid CLOSE end 7 1 [MT] 0
vaive TURBG LOPEN end F47 2 — 0 *12 — *1 min. after ignition
CLOSE end Fa7 1 — 12 = *0 — switch ON.
Fuel _ ON: 0 —
€l pump relay control Fa7 23 OFF: 10 - 13 0
Air o _ ON: 0 ON: 0 _
conditioner cut relay control F47 22 Off: 10 - 13 OFF: 13- 14
Radi _ ON: 0 ON: 0 _
lator fan eontrol FA7 17 OFF: 10 - 13 OFF- 13 - 14
Self-shutoff control Fa7 5 — 10-13 13-14 —
Wastagate contro! {TURBO ony) F47 3 — 10-13 13-14 —
. Light “ON": 1, max.
CHECK ENGINE light Fa7 19 — — — Light “OFF": 10 - 14
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) Signal {V)
Content Con;gctor Te:\lrr;nal Ig SW Engine ON Note
. OFF | ON {Engine OFF) (Idling)
sressure exchange solenoid valve Fa7 20 _ ON: 0 ON: 0
“TURBO only} OFF: 10- 13 OFF: 13- 14
£ngine tachometer output B56 16 — — —
. ON: 0 ON: 0
Purge control solencid valve Fa7 & —_ OFF« 10 - 13 OF: 13- 14
Atmospheric pressure sensor {Non- _ _ _
TURBO only) Bas 16
GND (sensors) Bas 21 — 0 0
N F47 24 —_ 0 0
GND {injestors)
Fa7 25 —_ o] 0
GND (ignition system) Fa7 15 — 0 o
GND (power supply) Fa7 14 — 0 0
B48 11 — 0 0
GND {control systems)
B48 22 —_ 0 0
B56 8 — — —_—
Select Monitor Signa!
B56 — — —_
7 For manufacture
l{ X
 {
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FUEL INJECTION SYSTEM

[T7A0] 2-7

7. Troubleshooting for Engine Starting Failure

A: BASIC TROUBLESHOOTING CHART

When engine cranks but does not start, troubleshoot in accordance with the following chart.

Not OK

Inspection of ECU power supply and ground line.

+OK

Not OK

g Repair power supply or ground line.

Inspection of ignition control system.

+OK

Not OK

P Repair ignition controt system.

Inspection of fuel pump circuit.

+OK

Not OK

- Repair fuel pump circuit,

Inspection of fue! injector circuit.

+OK

‘Inspection using select monitor or inspection using
"General Troubleshooting Table”

51
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FUEL INJECTION SYSTEM

CONTROL UNIT POWER SUPPLY AND GROUND LINE

J

112345167890
1213141516 17 (1B (19 |20]|21(22

10

1111213

14|15][16|17}18|19]20|21]22

24|25|26

Not OK
1 | Check voltage between ECU and hody. Repair power harness/connector. j
3 ox
Not OK -
2 | Check grounding circuit. P Repair harness/connector.
3 o
Check ignition system.
__ TURBO model only
ECU = ]
11234
0 5167 8:]
BY
4
d25 8Y + ] | BY 3 '
d24 | BY | Bl g
a15 |8 Bl 5 _1 ;:O)
BwW BW s
S WO D @
ﬁ ai _BR_l Wy _I O
a2z 1 BR | BR| & =
as Lg | I BR 5 ___]
47 lelB I:%r;lilion | s —o1Y
a13 YR l ‘ YR -3 o lY l
B Lg Y
214 l {\_Pl -O O‘)—-I
b12 ! l 1G rel (-B 8 =
315 YR = relay 2P Ignition switch
TURBO Non-TURBO | Ly J

B2-1023
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1. Check voltage between ECU and body.
1) Turn the ignition switch to “ON.”

Connector & Terminal/Specified resistance:
{F47) No. 24 — Body/0 2

2} M;adsure voltage between ECU connector terminals (F47) No. 25 — Body/0 Q 7

and body. (F47) No. 14 — Body/0 Q )

Connector & Terminal/Specified voltage: (;178) ':Io- 15 — Body/0 Q i
(B58) No. 12 — Body/10 V, min. (343) N 11 — Body/0 O
(B48) No. 15 — Body/10 V, min. (B48) No. 22 — Body/0 :

(B48) No. 2 — Body/10 V, min. | ¥
{B48) No. 13 — Body/10 V, min.

1| 2fl3fjays| 6789|213

ralisle|17]18 |18 |20] 21|22 |23 24 [|25 [26| BI04 t&
¥

B48
v2l1af1als etz |is|rgg20l )22 .

¢
1
i,
i
EH
i
i
H
i
4
A
!
;

B2-315
Fig. 58
B2-314

Fig. 57

2. Check grounding circuit.

1} Disconnect ECU connector. ﬁ(

2) Check continuity between ECU connector terminals

and body. i
i
}
i
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FUEL INJECTION SYSTEM

omm—

C: IGNITION CONTROL SYSTEM

1. | Check ignition system for sparks.

OK

. Check fuel pump system,

+ Not OK

2. | Check voltage at ignition coil's positive (+ ) ter-

Not CK

minal.
¥ o

Not OK

g Repair power harness or connector.

3. | Check condition of ignition coil.

o

Not OK

P Replace ignition coil.

4. | Check input signal at igniter.

y o

Not OK

Replace igniter.

p{ Poor igniter ground terminal contact.

5. | Check harness berween ECU and igniter.

+OK

Repair ECU terminal poor contact. {Replace ECU.)

™ Re pair harness/connector.

1[2]a]a]s]6]7 [8]eia]1t]iz]as]
14[15]16 17}18]18]20]21| 22] 23] 2a[25 |28

G

fgnition coil

2 ¥R

Eiik

f_grsa |.1 “—)

ECU €D
12v—t lgnitor
3 RG A
3 o kYL . 6 1
- L L
g |GW 2 5 2
P L 2

[

©

Spark plug Spark plug
Y -6__ l B lYH
l—cr\.D—-——C'\_o—
% —t T u .
@ 1G)—

(107

B2-693

Fig. 59

1. Check ignition system for sparks.
1) Remove plug cord cap from each spark plug.
2) Install new spark plug on plug cord cap. {Do
remove spark plug from engine.)
3) Contact spark plug’s thread portion on engine.
Crank engine to check that spark occurs at e
{ A,

2. Check voltage at ignition coil’s positive (+)
terminal.

not

1) Turn ignition switch to ” ON.”

2) Measure voltage between positive terminal of igni-
tion coil connector and body.

ach
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——

Connector & Terminal/Specified voltage:
{E10) No. 2 — Body/10 V, min.

pR—_

/TR

~
~
Y

Fig. 60

3. Check condition of ignition coil.

1) Disconnect ignition coil connector.

2) Remove ignition coil from engine.

3) Measure resistance of ignition coil’'s primary and
secondary windings.

¢ Primary side

Connector & Terminal/Specified resistance:
(E10) No. 2 — No. 1/0.7 Q2
(E10) No. 2 — No. 3/0.7 Q

® Secondary side

Connector & Terminal/Specified resistance:
#1 — #2/13.8 KO (HITACHS), 21 kQQ{DIAMOND})
#3 — #4/13.8 k(2 (HITACHI), 21 kQ2 (DIAMOND)

Q
| |«®
| |je@
O
B2-053

Fig. 61

4. Check input signal at igniter.

Check if voltage varies synchronously with engine rev-
olution when cranking, while monitoring voltage be-
Ween igniter connector and body.

Connector & Terminal
{B8) No. 1 — Body/0.1 V, min.
(B8) No.2 — Body/0.1 'V, min.

Fig. 62

5. Check harness between ECU and igniter.

1) Disconnect ECU connector and ignitor connector.
2) Check discontinuity between ECU- and igniter- con-
nector terminals.

Connecter & Terminal/Specified resistance:
{F47) No. 9 — (B8) No. 2/0 Q)
{F47) No. 10 — (B8} No. 1/0 2
{F47) No. 15 — (B8) No. 3/0 Q
{BB) No. 3 — Body/0Q2

3} Measure resistance between connector terminals
and body to check shortcircuit.

Connector & Terminal/Specified resistance:
{B8)} No. 1 — Body/1 M{} min.
{B8) No. 2 — Body/1 MQ min.
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FUEL PUMP CIRCUIT

; oK
1. | Check operation of fuel pump in D-check mode.
+ Not OK Not OK
2. | Check fuel pump relay.
+ oK
Not OK
3. | Check voltage between fuel pump relay
and body.
l oK Not OK
4. | Check voltage between ECU and body.
l oK Not OK
5. | Check terminal voitage of fuel pump.
¢ oK Not OK
6. | Check fuel pump.
7 o
Ftuel pump grounding circuit.
T
£
~

»l Check fuel injector system.

Replace fuel pump relay.

Repair power harness or connector.

Repair ECU-terminal poor contact/grounding

P line. [Replace ECU}

Repair harness/connector between fuel
pump and relay.

Replace fuel pump.

ECU Fuel pump relay
[—fﬂm‘—l 3
3 r\ol 1 .E G SwW
23 LgB LQBJ IYIY O~O— ? BY | o ol
BR &) Q@
| 1
14 | BW ' 13 1
Fuel =
o Eleg,
é . 3]a|5
11234
'_—‘ - 5[6]7]8
1 ala[s|s[7}8]aliofl11]r2]r3
1a\18][16 (17|18 19]20|21|22|23]|24]25[ 26 Turbo: @

B2-320
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1. Check operation of fuel pump in D-check 4. Check voltage between ECU and body. o

mode. : 1} Turn ignition switch to “ON.”
1) Connect test-mode connector. 2) Measure voltage when ignition switch is in “ON.” &
2) Turn ignition switch to “ON.” Also measure voltage when cranking the engine. '

3) Check fuel pump for proper operation.

Connector & Terminal/Specified voltage:
2. Check fuel pump relay. {F47) No. 23 — Body/

1) Disconnect fuel pump relay connector and remove 10 V, min {lgnition ON)

relay from bracket. 0 V {when cranking the engine)
2) Measure resistance of relay coil.

i ified resist : .
Terminal/Specified resistance 5. Check terminal voltage of fuel pump.
No. 1 — No. 3/70 Q . .

1) Remove access lid of fuel pump located in trunk
compartment and remove fuel pump connector.
3) Connect battery {12 volts) to fuel pump relay coil 2} Measure voltage between connector and body while
terrninals and check continuity between switching ter- cranking the engine.
minals. {(Relay must issue clicks).

Connector & Terminal/Specified voltage:
Terminal/Specified resistance: {R77) No. 1 — Body/10 V, min.’
No. 2 — No. 4/0 O)
{No. 1: Battery @)
(No. 3: Battery O}

o i

Fuel pump relay -

—
2] .
al3 B2-324
Fig. 65
B2-322 ‘
Fig. 64 6. Check fuel pump.

1) Disconnect fuel pump connector.

2) Connect 12-volt battery to proper fuel pump connec-
3. Check voltage between fuel pump relay and tor terminal and GND terminal to check fuel pump

body. operation.

1} Turnignition switch to “OFF,” and remove fuel pump -

relay. (Do not disconnect connector.) Terminal:

2) Measure voltage between fuel pump relay connec- No. 1 - Battery @
tor and body, No. 3 — Battery ©

Connector & Terminal/Specified voltage:
{B30) No. 1 — Body/10 V, min.
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