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Chapter 4

Engine

Contents Spark plug lead resistance

DesEriPEON i v s e A R O S L S S R 24 I s e e e s 25 k/ohms

Routine Maintenante ........c.oeeeueirrinreisiinesresnsnsencnnn 24 Ignition timing ................. 8 - 12° BTDC (refer to text)

Tro_uble Shooting LR R e T PP PE PP PP PETRPPPED 34 CO cONCENtration .. ...ovore e e e 10-20%

gh?:ee‘; (sisc:?r;pbrlessson Test'iiuiuiaemmpnns i g o i B W RS S 700 + 50 rpm

Drive Bel b Assembly ---111111 & Compression pressureat250 rpm

T 41 (minimum);

IOIEEMANIFOIA ... e e a e e e e 43 Nominal ..o 1200 kPa

Exhaust MAnifoldS . ...o.oveeneeeeneeeenieeniaeininneienensens 44 MIDIMWOY oooiiiidaismvonmery sene Cuans saas s 1000 kPa

RockerCavers: sy e 45 Allowable variation .........ccoviiiiiaiiiannn. 100 kPa

Timing Belt Covers.......... SO~ SO 46 Drive belt deflection with a force of 100 N (10 kg):

TG BOIL i e e s o st s Wi S M T 48 Alternator belt —

Ea:‘_ns(;!aft:l arléi Cambollowers: -y s g; e i e~ = 12-14mm

VINAEE HEBAS vovvmosmmsmsmmmmnae s s s =
Sump and PckupPlpe -.._1..L1LLLL L 61 s SRR e Ll
18 5 112] = R e e R e e e S R e S 62

e N N R R WS R 64 NEW ..ot 7-8mm

CrnMEhE O SRS v s e PR RS 64 Used ...oevvnininnnnuiiiiiiiainen... 8-10mm

ElywheelDriveplate /i msene e 65 Air conditioner belt —

Crankshaft SpPIgot Bearing ........uviererrreiererenennniinnennns 67 | R e e e A 4-5mm

Engine Overhaul .ioaviinia i s sevsmaymmics v R 67 R e e R A R A 5-7mm

Engine Mountings ....... B P e O L e e S P e T ST 68

EhaUSE SYSTEIN o o consscininaiom i im0 sim M s s s i o 69 ' Measured with the vehicle in Park or Neutral and all acces-

sories Off.

Specifications SEEIDEN BEAD o

MIEEEHAY i v s ovmvrisie s soms S e i o8 Aluminium alloy
Face distorfionlimit ..o 0.10 mm

ENGINE ASSEMBLY ; Valve seat:

1 e e SRR i V6 DOHC 24 valve Width ..o 1.0-14mm

Mol s e s g e 5VZ-FE BNGIE s S e s e S e 45°

R e, e N e i 3378cc Valve guide bore:

Maximum POWET ..........ccovenenres 132 kW @ 4800 rpm 5tand§rd .......................... 10.985 - 11.027 mm

Maximumtorque .........coooeveiienn. 303 Nm @ 3600 rpm Oversize .......................... 11.050 - 11.077 mm

RO e o o o e ST 93.5 mm Spark plug tube installed height ............. 49-494 mm

SHOKE s iiiiui i aniom oa bon e Al o o A A LR it 82.0 mm

CORTDIESSIOTITANG o-r v s Ao s e e st re 9.6:1 CAM FOLLOWERS

Lubricant: Cam follower diameter ............... 30.966 - 30.976 mm
Grade — Cam follower bore diameter .......... 31.000-31.018 mm

Recommended ........ SAE 10W - 30 SH, SJ or ILSAC Oil clearance:
Alternative........ SAE 15W - 40 or 20W-50SH or SJ SEANAART oo s e 0.024 - 0.052 mm
AR AT IR HIEET - 55 e f s kv et i 5.2 litres N R e T s e e L LT 0.08 mm

TUNE UP CAMSHAFT

Eiting order oo ssnsniinnaiaisisiee o 1-2-3-4-5-6 Number of bearing journals:

Valve clearance (cold): o] T T e MmNty e S e s 5
Ilet i s s e oae mabias 0.13-0.23 mm EHatst s o s e s e 4
Exhaust s iins voapes T ey 027 -0.37 mm Camshaft journal:

Spark plugs: DIaNeter . ouiie i vsisimnins e 26.949 - 26965 mm
Type — Maximumoutofround ..........ccvvevvnninns 0.06 mm

I BKR5SEKB - 11 Qil clearance —
Nippondenso ..o immnasssiains K16TR11 Standard oot 0.035-0.072 mm
QAP oo ol T s s sl e R A e e A 1.1 mm MEGIITE. o s e e e A s 0.10 mm
—
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Engine
Camshaft end float:
Standard oo rrennasas e 0.033 - 0.080 mm
BT o Rt T e e L 0.12mm
Camshaft gear backlash:
Standand s amnin e 0.020 - 0.200 mm
N T e e s e o P 0.30 mm
Cam lobe height:
Inlet —
Standardl . s e e 4231-4241 mm
MIRIMUIM s viasissms s mmmnsnn s 42.16 mm
Exhaust —
Standard < cc v e 41.96 - 42.06 mm
MR i e oo e el e s s es 41.81 mm
Camshaft sub gear springend gap ......... 18.2-18.8 mm
VALVES AND SPRINGS
Minimum valve head margin:
T s e e AT Sl e R 1.0 mm
RAINIMUIMY i i s v s b e A 0.5 mm
Valve length:
Inlet —
SEANARNE s i i B i R R 95.15 mm
R S R e st i o T i 94.60 mm
Exhaust —
2 E s 1T bt e e e e e ] 94,90 mm
MInIMUM sss s e i e 94.40 mm
Valve assembled height ............covvviinnan..n 37.0 mm
ANENE IAETIPE . o e des v s e Replaceable
Valve guide diameter:
ISHEE o soniion s m s s imssis moaswoniainio as 6.010 - 6.030 mm
Qutside —
Standard ....oovss s 11.033 - 11.044 mm
6771 p - S S 11.083 - 11.094 mm
Valve stem diameter:
L g N - % e e 5.970-5.985 mm
Exhaust v e s st sk s ows 5.965 — 5.980 mm
Valve stem to guide clearance:
Standard —
131 ) e e e e 0.025 - 0.060 mm
RN S T e R T R e 0.030 - 0.065 mm
Minimum —
T s A G A e SRS 0.08 mm
AR T e T I e S e [ TS 0.10 mm
Valvefaceangle ........ccovvviviiininiiinieneinannns 44.5°
Valve springs:
Freetenath s i s s s R v s 44,78 mm
Maximumoutof square..........cocevinienans 2.0 mm
Valve spring loaded length
At 1BE =206 55 s e s L e A A 33.3 mm
CYLINDER BLOCK
TYPE.; oviaisis s T s 6 cyl 60° V configuration
Matetial s covvmmassassrovmnmmmmsn samusmyma s Cast iron alloy
Bore diameter:
&7 - S R o 93.500-93.510 mm
2| - 1o R e e gl e 93.510-93.520 mm
Grade 3 wiiiiiamnnaiaa i s 93,520 - 93.530 mm
Maximum —
tandard oL e T iR i 93.730 mm
CIVBISIZE |, ininaiissssniumansbanyi iy ek 94.230 mm
Face distortion limit
(RAAMUM) s sisavis e s rsssd vasas's 0.05 mm
b———— —_— =

https://cardiagn.com/1996-1999-prado-engine/

SM_4 - Auto Service Repair Manuals and Wiring Diagrams

CRANKSHAFT AND MAIN BEARINGS

Number of main bearings ...........cocivmviiiiiiiiiiian, 4
End float clearance:
SO (e e S S SRR A 0.020 - 0.220 mm
B v e iiia s o o s e s S e AN 0.300 mm
Thrust washer thickness ..........c.cccevnen 2.44-249mm
Main bearing journal:
Diameter —
Stawianll= e e 63.985 - 64.000 mm
Hndersize i cuil i s s 63.745 - 63.755 mm
Maximum out of round and taper ............. 0.02 mm
Maximum journal runout ................oonne 0.06 mm
Main bearing oil clearance:
Standard —
L e e e e e 0.020 - 0.038 mm
B o e S O R 0.024 - 0.042 mm
Undersize —
T I e R R e 0.019 - 0.059 mm
e L e I e S e 0.023 - 0.063 mm
MaEXiImBm s soviinaai s sai s 0.08 mm
Crankpin journal:
Diameter —
Standard . oo aniaeas e 54,987 - 55.000 mm
BT v el e AT LT ek e 54.745 — 54.755 mm
Maximum out of round and taper ............. 0.02 mm

CONNECTING RODS AND BEARINGS
Connecting rod side clearance:

Standard o seanavii s T 0.150-0.330 mm

MalEIMIIN o5 ms s sssmans s s e sy 0.380 mm
Connecting rod bend limit .......... 0.05 mm per 100 mm
Connecting rod twist limit ........... 0.15 mm per 100 mm
Connecting rod bearing oil clearance:

Standard oo s e aesaas 0.024-0.053 mm

8N e v IR R R ERC B RS 0.023 - 0.069 mm

T e o b s i e e s 0.08 mm
2 Connecting rod bolt outside diameter:

NI o neins s R 7.86 - 8.00 mm

MINIMUDY o e iie s ss s ny e v e ova 7.60 mm

? Measured 15 mm from the end of the connecting rod
bolt.

PISTONS AND GUDGEON PINS
3 Piston diameter:
Grade T o v e 93.356 - 93.366 mm
IGERGED i sins b anmammsn nsmbans 93.367 -93.376 mm
s T et e e e e 93.377 -93.386 mm
s e e gy TP 93.856 - 93.886 mm
Piston oil clearance:
Standard s i 0.134-0.154 mm
LEVT ST ¢ (e e R S 0.174 mm
Gudgeon pins:
Diameter . ociiviiiaisssiniaries 21.997 - 22.009 mm
Oil clearance —
SEANUAT o s s s 0.005-0.011 mm
¥ E T T G A e 0.05 mm

* Measured 26 mm from the top of piston, at right angles to
gudgeon pin centerline.
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PISTON RINGS
Number:
COmpresiiof ==t SO e ok et 2
Oilicontrpl-2 0 s r i e i R s 1
Piston ring to groove side clearance:
N e L S i s e s 0.040 - 0.080 mm
[ R e SN I S o R e e B 0.030- 0.070 mm
Piston ring end gap:
Standard —
NO Gt i e S e A 0.30 - 0.50 mm
NOZ-: it e e 0.40 - 0.60 mm
o O s e 0.15-0.55 mm
Maximum —
o T L L 1.10 mm
LT s e e 1.20 mm
(2 [l 1y e Fo e S B e T 1.15mm
FLYWHEEL/DRIVEPLATE
Runout limit (lateral):
R CALE o s T e s s e e e ] 0.2 mm
Diveplate .. i mnsiit s s vt s ns s B e s 0.1 mm
LUBRICATION
D DY VR v 5y s o8 wpmincs i e S g Rotor
IRV i rotinors e i s i ey Disposable spin on
Oil pressure hot:
Atidle speed (Minimum) ......ooovvnenneenennnn. 29 kPa
At 3000/ pm ool raT e e 245 - 520 kPa
Oil pump clearances:
Standard —
Inner rotor tip to outer rotor ......... 0.11 - 0.24 mm
Outer rotortobody ................. 0.10-0.18 mm
Rotor assembly end clearance . ...... 0.03 - 0.09 mm
Maximum —
Inner rotor tip to outerrotor ............... 0.35 mm
Quterrotortobody ........................ 0.30 mm
Rotor assembly end clearance ............. 0.15 mm
TORQ\UE WRENCH SETTINGS
Alternator:
To support bracket throughbolt ................ 51 Nm
Support bracket to cylinderhead ............... 19 Nm
Adjuster bar to cylinderblock ................... 42 Nm
Camshaft:
Beatig AP O o e e 16 Nm
Cover plate —
e RS EE T SO, ey = g 16 Nm
Bracket retaining nutandbolt ................. 8 Nm
SOIDCKBENBILS . = v e st e s s 110 Nm
GCamanglesensor BOl .. o i s e 8 Nm
Coolant bypass pipe bolts/nut ....................... 9 Nm
Coolant drain plug in cylinderblock ................ 39 Nm
Connecting rod nuts:
g e [T E R e P o e 25Nm
SECONDISTANG i et eins s nmnss oo e v s +90°
Crank anglesensorbolt ............cooviviiviiiinans 8 Nm
Crankshaft pulley bolt .....................c.oee. 250 Nm
Cylinder head bolts:
Multihex bolts —
AL | e e s s Rl N L 34 Nm
SECOR SEHE s s s s e +90°
05 Y T T e Sl +90°
Allerrhead Bolt ;uicsniiiiilisrmmiivi ot ces 18 Nm
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Engine
Dipstickguide bolt .. .o ivviivieiiiiiasic o 8 Nm
Driveplate/flywheel to crankshaft bolts ............. 85Nm
Engine liftingheok =t e e Sl e 40 Nm
Engine mounting:
Front —
Bracket to cylinder block bolts ............... 44 Nm
To crossmemberbolts ....................... 38 Nm
Tobracket bolts/nuts . ... oo ovnsesiinnsins 40 Nm
Rear —
Crossmember tochassisbolts ................ 58 Nm
To transmission housing ..................... 18 Nm
To crossmemberbolts ...............c.e..... 18 Nm
Exhaust:
Manifold to cylinderhead nuts .................. 40 Nm
Hegtshieldbolts oo i s di e e e s 8Nm
Engine pipe to manifoldnuts ................... 45 Nm
Engine pipe to resonator flange bolts ........... 52 Nm
Resonator to rear muffler flangebolts ........... 52Nm
Fuel rail:
Pressure pipebanjobolt ........................ 34 Nm
Breasure iaguEor bolls . s nniiine shadass 8 Nm
Retaming B oo com oo Coimsaess 13Nm
Ignition coil assemblybolts..................cc...... 8Nm
Inlet manifold to cylinderhead ..................... 18 Nm
Main bearing cap bolts:
i e e e R -] 61 Nm
e T T e R i e e T +90°
Qil cooler to cylinder block unionbolt .............. 59 Nm
Oil pump:
End COVErSEreWS .. ioci i 10 Nm
Pick up pipenuts/bolts ..............c...ooovn.n. 8Nm
HEReENAINBE I o e o e 37 Nm
To cylinder block bolts —
RSB e | MR R R R ey 42 Nm
GG L S TR e S e ] 20 Nm
Olpressureswitch ... .o 0 ccciian o i 15 Nm
O s e L I 20 Nm
Power steering:
Bumptobracketbols oo S r i o e 39 Nm
INHRIGE RO et L e e 64 Nm
Bracket to cylinder head bolts ................... 19 Nm
Plenum chamber:
To inlet manifold nuts/bolts ..................... 18 Nm
Upper to lower plenum chamber nuts/bolts ... .. 18 Nm
Support bracket —
Togylinderhead Bolt ........00 0o hiscians 40 Nm
To upper plenum chamberbolt .............. 18 Nm
Rear crankshaft oil seal carrierbolts .................. 8Nm
LTE SN g e e S 6Nm
SPAtKpIUDs s ot e s i e e T 18 Nm
Starter motor retaining bolts ....................... 39 Nm
SUMPArAINPIUG Cos o v o area s 25 Nm
Sump retaining bolts/nuts .. ..................... ... 8 Nm
Thermostat housingnuts ..............ccoeeenn.... 20 Nm
Throttle body to plenum chamber nuts/bolts ........ 18 Nm
Timing belt:
Camshaft sprocketbolt ...............ccoen.... 110 Nm
ey i mr L R st S e L 9 Nm
Crankshaft pulley bolt ......................... 250 Nm
GHIGEDISTEION . - corres i s e o 40 Nm
MENSIODBEPIVOLDONE . ... oo e wontin e eece 35Nm
Tensioner retainerbolts ......................... 27 Nm
e IS e L T A 20 Nm
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Description

The engine fitted to the vehicles covered in this manual is a six
cylinder, water cooled, V configuration type with overhead
camshafts.

The four camshafts drive 12 valves in each cylinder head, and run
directly in the crossflow alloy cylinder heads. The inlet camshafts
are driven by the crankshaft via a toothed rubber timing belt
which, must be renewed every 150 000 km. Belt tension is regu-
lated by an automatic tensioner assembly.

The exhaust camshafts are driven by the inlet camshafts via a
helical gear arrangement. Backlash between the inlet and
exhaust camshaft drive gears is minimised by a spring loaded
sub gear on each exhaust camshaft. The camshaft lobes bear
directly on hollow cam followers to reduce inertia in the valve
train. The camshaft end float is controlled by thrust flanges
located on each side of the front bearing. The cam followers have
a recess in the top to allow different valve clearance adjusting
shims to be installed without removing the camshafts. The valve
adjusting shims are made of hardened ground steel to ensure a
long service life.

The crankshaft is supported by four main bearings and the end
float is taken at number two main bearing by renewable thrust
bearing plates. The crankshaft bearing caps are united by a
cradle. This cradle reduces vibration in the cylinder block wall,
and reinforces the crankshaft support.

The pistons are constructed of a high temperature aluminium
alloy and have two compression rings and one oil ring. The alloy
steel type gudgeon pins are fully floating in both the pistons and
the connecting rods at operating temperature. The gudgeon
pins are retained in position by snap rings. The connecting rods
are of forged carbon steel.

The connecting rod studs used on this engine are of the plastic
region type (stretch type). Whenever these type of studs are
removed they must be carefully inspected for signs of thinning
at one point or distortion. If any doubt about the condition of
these studs exists, the connecting rod must be renewed as an
assembly.

The main and connecting rod bearings are of the renewable
aluminium alloy type.

CYLINDER HEAD

EXHAUST VALVE

CYLINDER
BLOCK

CRANKSHAFT BEARING CAP

INTAKE STROKE
Inlet valve open

COMPRESSION STROKE
Both valves closed
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The oil pump, which is driven directly by the crankshaft, is a
trochoid rotor type installed on the front of the engine. The relief
valve is installed in the passage on the delivery side of the oil
pump regulating the maximum oil pressure supplied to the
engine. The oil cooler is mounted on the side of the engine, has
coolant flowing through it and operates as a heat exchange. It
removes the excess heat from the engine oil and transfers it to
the cooling system. The oil filter is a full flow, disposable type.
Qil control at the crankshaft is provided by oil seals installed in
the oil pump body at the front of the cylinder block and in a
carrier at the rear of the cylinder block. Oil control at the front of
the inlet camshafts is by oil seals located in the cylinder heads.

The engine and transmission assembly are supported by three
rubber bonded mountings, with one on each side of the cylinder
block and one on the transmission extension housing.

Routine Maintenance

ENGINE TUNE-UP

In the past, an engine tune-up was an important part of reqular
maintenance. As mechanical and electrical components became
worn, the engine would not perform as well as it should. It was
necessary to have certain items checked, cleaned and adjusted
or renewed.

On vehicles covered by this manual, the engine ECU (electronic
control unit) controls many things that were previously manually
adjustable. However, the term tune-up is still commonly used
when referring to engine maintenance procedures performed in
a set order. When trying to locate a fault such as a misfire or poor
performance, it is good mechanical practice to perform a tune-
up before starting other diagnosis. Despite the use of electronic
engine management systems, a tune-up can be confidently
performed at home without using specialised equipment.

The components which are renewed during a tune-up will
depend on the age and condition of the vehicle. With a new, well
maintained vehicle you may only need to renew the spark plugs
and filters. With an older (high kilometers) vehicle you may have
to renew the above components as well as spark plug leads.

INLET VALVE VALVE SPRINGS

SUMP

POWER STROKE
Spark plug ignites mixture

EXHAUST STROKE
Exhaust valve open

Major components and operating principle of the engine.
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Similarly, the adjustments required will vary with the age and
condition of the vehicle. On vehicles covered by this manual, the
spark plug gap and to a lesser degree the valve clearance require
regular checking and if necessary adjustment. Idle speed and
mixture (CO concentration) is set in the factory and controlled by
the ECU, and should not normally require adjustment.

The following is a summary of the procedures required for an
engine tune-up and the order in which they should be done. The
major procedures are described individually in more detail later
in this chapter.

Tune-up Procedures
1 Check the engine compartment for any obvious problems:

a Battery, ensuring that the case top is clean, the terminals are
tight and not corroded. Top up the battery if necessary and
ensure that it is firmly mounted.

Engine compartment fluid levels, including coolant condition.

¢ Fuel, coolant and vacuum hoses for hardening, softening,
leakage, etc.

d Electrical connections for looseness, corrosion, frayed or
deteriorated wiring.

Air cleaner.

Fuel filter.

Engine drive belts.

Valve clearance. This only necessary every 80 000 Km.
Cylinder compression test. This need only be done if trying
to rectify a fault, eg. misfire, rough idle, or if the mechanical
condition of the engine is unknown, perhaps after the car
has been purchased. Itisimpossible to tune an engine that is
not in good mechanical condition. If the compression test
indicates a problem, mechanical repairs must be made
before continuing with the tune-up. It is also a good idea to
write down the compression figures for future reference.
7 Spark plugs.

8 High tension leads.

9 Idle speed and CO concentration.

G ks WN

ENGINE OIL AND FILTER

To Check Qil Level

1 Park the vehicle on a level surface, turn off the engine and
raise the bonnet.

2 Wait approximately one minute to allow the oil to drain into
the sump.

Checking the engine oil for correct level and dilution on the

dipstick.

Engine sump drain plug and oil filter location. Stoneguard removed.

SM_4 - Auto Service Repair Manuals and Wiring Diagrams
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Equipment necessary for an oil change. Note the spare drain plug
washer in case the one on the vehicle is damaged.

3 Remove the dipstick and wipe it clean, using a lint free cloth.
Insert the dipstick fully into the tube,

4 Withdraw the dipstick and check the oil level. The oil level
should be maintained between the marks on the dipstick.
The difference between the marks on the dipstick represents
approximately 1.2 litres of engine oil. If oil needs to be added
to the engine, proceed as follows:

a Clean around the oil filler cap on the top of the engine and
remove the cap.

b Add the required quantity of engine oil.

¢ Repeat steps 2 to 4 until the oil level reaches the Full mark.

To Renew Oil and Filter

operating temperature. However, when the oil is hot take

a It is best to drain the engine sump with the oil at
care to avoid scalding.

1 Drive the front of the vehicle onto car ramps and stop the
engine. Chock the front wheels.

2 Raise the rear of the vehicle and support on chassis stands.
Refer to General Information (chapter 1) for the positions of
the jacking points.

y PLUGI A i - —
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Engine

,  Keep the vehicle as level as possible to avoid false
» readings when checking the lubricant levels.

3 Using a wire brush and a cloth, clean around the engine

sump drain plug.

4 Place a container under the engine sump, remove the drain

plug with the appropriate size ring spanner and allow the
engine sump to completely drain.

5 Remove the oil filter with a filter removal tool, turning itin an

anticlockwise direction. Allow the residual engine oil to drain
into the container.

To prevent the oil leaking from the old filter

» contaminating the stonequard, remove the bolts
retaining the front and rear stoneguards and withdraw
them from the vehicle.

6 Allowing for the angle at which the oil filter is installed on

the engine, fill the oil filter with as much clean oil as possible,
to help with initial oil pressure when the engine is started
again. Smear oil onto the sealing gasket of the new filter and
tighten the filter by hand as per the tightening instructions
supplied with the new filter. If tightening instructions are not
supplied, tighten the filter by hand three quarters of a turn
after it contacts the filter housing.

Before installing the new filter ensure that the sealing
gasket from the old filter has not adhered to the filter
sealing seat on the engine.

7 When the engine has completely drained, check the drain

plug seal, to ensure that it is serviceable.

8 Install and tighten the sump drain plug securely. Wipe

around the plug after installation.

9 Using the funnel, fill the engine with the specified amount

and grade of engine oil. Start the engine and check that the
oil warning lamp extinguishes within a few seconds.

To prevent overfilling, do not to pour all the specified

» amount of oil into the engine. Retain at least half a litre
and top up to the level mark on the dipstick after running
the engine for a few minutes.
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10 Stop the engine, wait approximately one minute and check
the oil level on the dipstick, as previously described. If neces-
sary, add oil to bring the level to the full mark on the dipstick.

11 Check thoroughly for oil leaks at the engine sump drain plug
and engine oil filter if a new filter was installed.

12 Perform all other routine maintenance items that coincide
with the oil change intervals.

Oil Leaks

Prior to checking for oil leaks, the engine should be completely
degreased and cleaned. Excessive oil leaks can be easily detected
by placing white paper on the floor directly beneath the engine
while it is running at operating temperature.

Run the engine over white paper to check for oil leaks.

1 Check the front and rear crankshaft oil seals, rocker cover
gaskets and around the perimeter of the sump for excessive
dampness. Check the oil filter gasket for leakage.

2 If applicable, tighten the retaining nuts and bolts as

required, or renew faulty oil seal(s) or the oil filter, referring

to the appropriate heading.

Check the oil pressure switch for leakage and renew if necessary.

4 Refill the engine with the required quantity and grade of
engine oil,

b L B B e B o i

w

Oil pressure switch location.

AIR CLEANER ELEMENT

The genuine air cleaner element can be cleaned during its
normal service life but should be renewed at the intervals recom-
mended in Routine Maintenance (chapter 2).

These intervals are only a guide for normal operating conditions
and should be reduced accordingly if the vehicle is operating
under extremely dusty conditions.
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Fabric air cleaner elements should not be washed in
ﬂ petrol or any type of cleaning solvent. If the element has

been washed in solvent or has become oil soaked, it

should be discarded and a new element installed.

To Inspect and Renew
1 Disconnect the vacuum hose from the air cleaner top cover.
Release the retaining clips and carefully lift the cover
ensuring that the air flow sensor wiring is not damaged.

disconnect the air flow sensor wiring connector, loosen
the retaining clamp and withdraw the air inlet hose from
the sifencer.

g If difficulty is experienced raising the air cleaner cover,

2 Remove the air cleaner element from the housing. Inspect
the element for contamination and damage. If the element is
only moderately dirty, it can be cleaned as follows:

a Using compressed air, blow the dust from the element
directing the air flow from the inside to the outside of the
element.

b Submerge the element in a container of clean water and
plunge the element up and down at least ten times, Renew the
water and repeat the procedure until the water remains clean.

¢ Remove any excess water from the element by shaking it or
using compressed air.

3 Using a lint free cloth, remove any dust accumulation from
the air cleaner body.

4 Release the retaining clips and remove the dust cup from the
bottom of the air cleaner body.

5 Empty any dirt from the dust cup and clean the cup using a
damp cloth.

Installation is a reversal of the removal procedure with attention
to the following points:

1 Align the locating tab and install the dust cup, ensuring that
the seal is in serviceable condition. Lock the retaining clips
securely.

2 Ensure that the element is seated correctly.
Ensure that the clips firmly engage the cover.

4 Ensure that the vacuum hose and if disconnected, the air
flow sensor wiring connector is securely connected.

w

T S5 i
Service the air cleaner element regularly.
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FUEL FILTER

To Renew
1 Raise the front and rear of the vehicle and support on chassis
stands. Refer to General Information (chapter 1) for the posi-
tions of the jacking points.
2 Reduce the fuel system pressure as follows:

a With the engine running, switch the sub fuel tank switch On.
The light in the sub fuel tank gauge will illuminate.

b Working under the left hand side of the vehicle, forward of
the rear wheel, disconnect the white main fuel tank wiring
connector.

¢ When the engine stalls, operate the starter for 5 seconds.

d Turn the ignition Off and connect the wiring connector
securely.

3 Place a container beneath the fuel filter.

WIRING

Location of the sub fuel pump wiring connector.

To prevent the loss of fuel, loosen the fuel filler cap to
release any pressure from inside the fuel tank and tighten
the cap.

4 Using two spanners, one to hold the union on the filter and
the other on the flare nut, loosen and separate the steel fuel
pipe from the union on both ends of the fuel filter.

5 Loosen the bolt retaining the filter to the bracket and with-
draw the filter from the vehicle.

Installation is a reversal of the removal procedure with attention
to the following points:

™

ocation of the fuel filter.

27
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28 Engine
1 Install the new filter with the word OUT stamped on the filter POWER STEERING
pointing towards the front of the vehicle. g i FAN HUB ALTERNATOR
2 Attach both flare nuts to the unions on the filter and hand i
tighten the flare nuts. Ensure that both nuts are correctly
engage the threads of the unions. Using two spanners,
tighten the fuel pipes securely.
3 Tighten the bolt retaining the fuel filter to the bracket
securely.
4 Test the fuel system for external leakage as described in Fuel
and Engine Management (chapter 7).
DRIVE BELTS
518CD3a
Dt CRANKSHAFT
Check the drive belts for cracks or separation between the A N O TENSIONER PULLEY
rubber and the fibre cords by examining the belt. Cracks on the
ribs are acceptable, however if adjacent ribs have missing Check the drive belt deflection at the points indicated.
sections exceeding 13 mm, the belt should be renewed. It is
essential that all drive belts be adjusted to prevent slip, but 4 Turn the adjusting bolt clockwise to increase, or anticlock-
without imposing excessively upon the component bearings. wise to decrease the tension.

5 Securely tighten the locknut and the pivot bolt.

6 If a new belt has been installed, run the engine for approxi-
mately five minutes and recheck belt tension. Adjust if
necessary.

To Renew or Adjust — Air Conditioning Belt

1 Raise the front of the vehicle and support on chassis stands.
Refer to General Information (chapter 1) for the positions of
the jacking points.

2 Remove the bolts retaining the stoneguards to the chassis
frame and withdraw the guards from beneath the vehicle.

3 To check the belt tension, apply a force of 100 Newtons (10
kg) to the point shown in the illustration. A new belt should

] deflect 4 - 5 mm, while the deflection of a used belt should
] be 5-7 mm.
L L 4 Loosen the locknut on the air conditioning belt tensioner
A drive belt with a few cracks is acceptable, however if cracks run pulley a?sembly: o )
across two adjoining ribs, or there are sections missing from the 5 If the air conditioning drive belt needs to be renewed,
belt, it should be renewed. proceed as follows:
If a drive belt is slipping and the belt tension is correct,
ﬂ remove the drive belts and check that the pulleys
operated by each drive beit rotate smoothly without
binding. A belt is considered used after 5 minutes on a
running engine.
To Renew or Adjust — Power Steering Belt
1 To check the belt tension, apply a force of 100 Newtons (10
kg) to the point shown in the illustration. A new belt should
deflect 7 - 8 mm, while the deflection of a used belt should
be8-10 mm.
2 Loosen the pivot bolt on the power steering pump body and
the locknut on the steering pump belt adjuster.
3 If the power steering drive belt needs to be renewed,
proceed as follows:
a Loosen the adjusting bolt, until the power steering pump
can be moved enough to allow the belt to be removed.
b Manoeuvre the belt from around the crankshaft and fan hub. ‘
¢ Install the new belt, ensuring that it sits centrally on each : . oaph
pulley. Power steering pump belt adjusting point.
—— -
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a Remove the power steering drive belt, as previously
described.

b Loosen the adjusting bolt, until the belt can be removed
from the tensioner pulley, the compressor and the crank-
shaft pulley.

¢ Install the new belt, ensuring it sits centrally on each pulley.
Turn the adjusting bolt clockwise to increase, or anticlock-
wise to decrease the tension.

7 Securely tighten the locknut on the tensioner assembly.

8 If a new belt has been installed, run the engine for approxi-

mately five minutes and recheck belt tension. Adjust if
necessary.

To Renew or Adjust — Alternator Belt
1 Tocheckthe belt tension, apply a force of 100 Newtons (10 kg)
to the point shown in the illustration. A new belt should
deflect 12 - 14 mm, while the deflection of a used belt
should be 14 - 17 mm.

2 Loosen the pivot and lock bolts on the alternator.

POWER STEERING

PUMP BELT

;
The air conditioning compressor belt tension is adjusted using the
idler pulley.

3 If the alternator drive belt needs to be renewed, proceed as
follows:

a Remove the power steering and the air conditioning drive
belts, as previously described.

b Loosen the adjusting bolt, until the belt can be removed
from the alternator and then the crankshaft and the fan hub.

ALTERNATOR

SM_4 - Auto Service Repair Manuals and Wiring Diagrams
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c Install the new belt, ensuring it sits centrally on each pulley.

4 Turn the adjusting bolt clockwise to increase, or anticlock-
wise to decrease the tension.

5 Securely tighten the pivot and lock bolts.

SPARK PLUGS

When working on or near electronic ignition systems, care
A should be taken as dangerous high voltages are present.

The ignition switch should be turned Off before removing
or installing any electrical connections, otherwise
damage to the ignition system as well as severe electrical
shock could result.

To Remove and Install

The spark plugs should be renewed at the intervals recom-
mended in Routine Maintenance (chapter 2). Special twin elec-
trode type spark plug are used on this engine. Conventional
spark plugs are shown as the symptoms are similar.

1 To remove the driver side spark plugs, proceed as follows:

a Disconnect the vacuum hose from the air cleaner top cover
and from the resonator. Disconnect the wiring connector
from the air flow sensor.

b Release the clips retaining the wiring to the resonator and to
the air inlet hose.

¢ Using a twisting motion, remove the PCV breather hose from
the air inlet hose.

d Release the clamp retaining the air inlet hose to the throttle
body.

e Release the clips retaining the cover to the air cleaner body
and carefully lift the cover away from the body. Withdraw
the assembly from the engine compartment.

WORN OUT SPARK PLUG
INDICATED BY ROUNDED
ELECTRODES. RENEW.

BLACK DAMP DEPOSITS

INDICATING INCORRECT

PLUG TYPE OR HIGH OIL
CONSUMPTION. MAY NOT
BE FIRING.

29
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30

OVERHEATING, BURNT ELECTRODES
AND WHITE BLISTERED APPEARANCE.
INCORRECT PLUG, ENGINE RUNNING

TOO HOT OR PLUG LOOSE IN ENGINE.

f Release the locking tab retaining the high tension lead to the
coil and withdraw the lead from each coil. Disconnect the
wiring connector from each coil.

g Ensure that the area around each coil is clean and remove
the bolts retaining the coils to the rocker cover. While
twisting the coil, withdraw it from each spark plug.

2 On the passenger side, ensure that the area around each
spark plug boot is clean to prevent foreign matter entering
the spark plug tube when the boot is removed.

3 Remove the high tension leads, pulling on the boots only to
prevent damage to the leads.

4 Using asuitable spark plug socket, remove the plugs from the
cylinder head by turning them in an anticlockwise direction,

Installation is a reversal of the removal procedure with attention
to the following points:

1 Measure the gap between each electrode, preferably with a
clean wire gauge. Move the side electrodes towards or away
from the centre electrode to obtain the correct gap.

2 Screw the plugs into the cylinder head finger tight and use a
torque wrench to tighten the plugs to the specified torque.

If a torque wrench is unavailable, extreme care must be
ﬂ taken when tightening the spark plugs as overtightening
may lead to stripping of the thread from the cylinder head.

Tighten the plugs until the seat of the plug just contacts
the cylinder head and then tighten an additional quarter
of a turn.

518-1127

Checking the spark plug electrode gap with a wire gauge. The gap
must be checked and equal at both side electrodes.

SM_4 - Auto Service Repair Manuals and Wiring Diagrams

3 Push the high tension leads and the coils securely on the
spark plugs.

4 Securely tighten the bolts retaining the coils to the rocker
cover and connect the leads to the coils, ensuring that the
locking tabs are securely engaged.

5 Install the air inlet and resonator assembly, and connect the
wiring and vacuum hoses securely.

o CRACK CAUSED BY TILTING
{l THE PLUG SPANNER

N

CRACK CAUSED BY
EXERTING PRESSURE
AGAINST THE CENTRE
ELECTRODE WHEN
ADJUSTING THE GAP

sPi2

To Inspect

Spark plugs removed from an engine in good mechanical condi-
tion should have a light powdery deposit ranging from light
brown to greyish tan in colour. After considerable service the
electrodes will show signs of wear or normal burning.

Spark plugs showing a thick black oily deposit indicate an engine
in poor mechanical condition or possibly that spark plugs with a
too low a heat range has been installed.

Spark plugs showing a white or yellowish deposit indicates
sustained high speed driving or possibly that spark plugs with a
heat range too high have been installed, particularly when these
deposits are accompanied by blistering of the porcelain and
burning of the electrodes.

HIGH TENSION LEADS

1 Remove the high tension leads from the engine as previ-
ously described under the Spark Plug heading.

Checking the high tension lead resistance using an ohmmeter.

https://cardiagn.com/1996-1999-prado-engine/
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FIRING ORDER
123456

518 CD1

Cylinder numbering sequence, showing the location of the No. 1
spark plug and the coils.

2 Check the leads for perishing or cracking and renew as
necessary. Do not attempt to repair faulty leads.

Always remove the lead from a spark plug by twisting
and pulling on the rubber boot only.

The high tension leads have a carbon impregnated core.
Care must be taken when removing the leads to ensure
that the leads are not damaged by stretching which will
break the core and render the lead unserviceable. The
leads are retained to the coil by a locking tab.

The factory fitted leads are numbered on the outside of
each lead. The number on these leads represent the
number of the coil from which the lead is originated.

3 When the leads are removed it is recommended that an
ohmmeteris used to check the leads, Test one lead at a time by
connecting the meter probes to each end of the high tension
lead. Resistance for each lead should be within Specifications.
The leads may be carefully cleaned, using a cloth moistened
with kerosene. After they are clean, wipe completely dry.

IGNITION TIMING AND IDLE SPEED

Connecting a Timing Light
1 Connect the timing light lead inductive pickup to the No 1
high tension lead.

2 Where applicable, connect the power leads of the timing
light to the battery.

Do not disconnect the timing light power leads with the
engine running as voltage surges could damage the
alternator.

To Check Ignition Timing

The base ignition timing is controlled by the engine ECU and
there is no provision for adjustment. Ensuring that the base
timing is correct, will assist in the diagnosis and repair of other
fuel management related problems.

1 Connect the timing light to the engine as described previ-
ously in this chapter.

2 Apply the handbrake and place the transmission in Neutral.

3 Start the engine and allow it to reach normal operating
temperature.

4 Run the engine at 1 000 rpm for 5 seconds and check that it
returns to the specified idle speed.

5 Bridge terminals TE1 and E1 on early models, or TC and E1 on
late models of the engine compartment diagnosis
connector, using a split pin or paper clip.

SM_4 - Auto Service Repair Manuals and Wiring Diagrams

Engine

DIAGNOSIS ©
CONNECTOR

= 4
Diagnosis connector location. The terminal identification is
printed on the inside of the cover.

Bridging terminals TET and E1, or TC and ET will cause the
» idle speed to increase up to 1 200 rpm for approximately
five seconds, after which it should return to the normal
speed.

6 With the engine idling at the specified speed, check the igni-
tion timing with the timing light. The 10° BTDC timing mark
on the timing cover should be aligned with the notch on the
crankshaft pulley.

7 Remove the bridge wire from the diagnosis connector.

8 Check that the ignition timing is between 10° and 24° BTDC
at idle speed, and changing rapidly, indicating that the
engine ECU is controlling timing.

Ignition timing marks location.

To Check and Adjust Idle Speed

The engine idle speed is controlled by the idle speed control
(ISC) valve, which is mounted to the throttle body assembly. The
correct idle speed is calculated by the engine ECU, eliminating
the need for idle speed adjustment.

31
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32 Engine
If the idle speed is not to Specifications, check the ISC valve and to the Fuel and Engine Management section for testing
all vacuum hoses. procedures:
Restricted air cleaner element
High or erratic idle speed could be caused by vacuum Restricted PCV valve
@ ;'eal‘cs in the intake system. Check fcu: disconnected or High fuel pressure
perished vacuum hoses and/or leaking gaskets.
Faulty coolant temperature sensor
If the idle speed is slow or uneven, a build up of deposits may Leaking injectors
exist in the throttle body or the ISC valve may be faulty. Remove Throttle position sensor out of adjustment
the throttle body and clean any deposits using a cloth and carbu- Faulty air flow meter/sensor
rettor cleaner. Check the ISC valve as described in Fuel and
: Faulty ECU

Engine Management (chapter 7). . .

7 Once the fault has been rectified, repeat the CO checking

. and adjusting procedure.
To Check and Adjust CO Concentration
It should be necessary only to check the CO reading when there
is a suspicion, that the idle fuel mixture is not correct. The CO EXHM:'ST SYSTFM . .
content can only be accurately checked using an exhaust gas Operations relating to the removal and installation of t_he
analyser. A two gas analyser is sufficient. exhaust system are covered under the Exhaust System heading
s o 3 _— at the end of this chapter.

Before adjusting the CO concentration, eliminate all other causes
of a rich or lean mixture. If no other faults can be found, adjust
the CO concentration as follows: To Inspect

1 Drive the vehicle, until the engine reaches operating 1 Raise the front and rear of the vehicle and support on chassis
temperature. stands, Refer to General Information (chapter 1) for the posi-

2 Operate the engine at approximately 2 500 rpm for about 2 tions of the jacking points.
minutes and return the engine to idle speed. 2 Check the alignment of the exhaust system, ensuring it has

3 Wait 1 minute to allow the system to stabilise, and connect a sufficient operating clearance.
gas analyser to the vehicle following the instrument manu- 3 Inspect the condition of the mounting rubbers. Any rubber
facturers instructions. Ensure that all accessories are Off and which is broken or oil soaked should be renewed and the
measure the CO concentration. source of the oil leak identified and repaired.

4 If the CO reading is outside of Specifications, remove the 4 Have an assistant hold a thick wadded cloth at the opening
plug and rotate the CO adjusting screw slightly to adjust the of the tail pipe for a short period (approx. 5 seconds), while
mixture. the engine is running at idle speed. Check the system for

. . ik th excessive leaks, which will be heard as a hissing noise.
AApiol fom (e No BSp4 3000805 s avaddas nbe) the 5 Check the condition of the gaskets. Any gasket excessively
manufacturer to adjust the adjusting screw. Turning the : -
; el P ; : protruding from the joints, should be renewed.
adjuster clockwise will make the fuel mixture richer, while :
turning it anticlockwise will lean the fuel mixture. The 6 Inspect the resonator and rear muffler for corrosion, dents or
screw should not be forced past its limits. Replace the damage.
plug when adjustment is completed 7 Lightly bump the resonator and the muffler with a rubber
i . | mallet. They should not have any loose parts inside.

2 V:r'aét_l_at Iea;t_fthree Al Eorftl:tigasdgnatlyse;tneed ol 8 Inspect the exhaust system heat shields for damage and
e s g e o 1 e i correct installation. Renew the heat shields as necessary.

6 Ifthe CO reading cannot be adjusted to Specifications, check
the following possible causes of a rich fuel mixture, referring

4 ¥ e
CO adjusting screw location.
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Check the exhaust mountings and mounting rubbers for
deterioration or damage.

9 Checkthetightness of the nuts and bolts retaining the joints,

VALVE CLEARANCES

Checking the valve clearances is not a difficult procedure,
however the adjusting procedure can be extremely awkward
without the special Toyota service tool, especially if more than a
couple of valves require adjustment. If valves of this type have
not been adjusted by you before, it is recommended that the
tool be obtained or the vehicle be referred to an authorised
dealer or a specialist workshop, that has the service tools. The
Toyota part No. for the tool required is 09248 - 55040

To Check and Adjust

1 Allow the engine to cool to ambient temperature.

2 Remove the rocker covers as described later in this chapter
and remove the spark plugs.

3 Remove the upper timing belt cover as described under the
Timing Belt Covers heading in this chapter.

4 Using a socket and bar, rotate the crankshaft clockwise, until
the marks on the camshaft sprockets are aligned with the
marks on the rear timing belt covers, as shown in the illustra-
tion and the timing mark on the crankshaft pulley is aligned

https://cardiagn.com/1996-1999-prado-engine/
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No1 CYLINDER =
@ TDC S

- A / @\ e~
Engine correctly positioned at No. 1 cylinder TDC. The two marks
on the bottom of the driver side camshaft sprocket are made by
the technician working on the car.

with the 0 mark (TDC) on the lower timing belt cover. In this
position, the No 1 piston is at TDC on the compression
stroke.

5 Using feeler gauges, measure the clearance between the
cam followers and the cam lobes on the following valves: No
1 and No 6 inlet valves and No 2 and No 3 exhaust valves.
Record the measurements. See page 31 for an illustration of
the cylinder numbering seguence, if necessary.

6 Working on the driver side camshaft sprocket, count 16
teeth on the sprocket in an anticlockwise direction, from the
factory mark on the sprocket. Clearly mark this position on
the sprocket face.

7 Rotate the crankshaft clockwise, until the new mark made in
the previous operation on the face of the camshaft sprocket
is aligned with the mark on the rear timing belt cover.

8 Using feeler gauges, measure the clearance between the
cam followers and the cam lobes on the following valves: No
2 and No 3 inlet valves and No 4 and No 5 exhaust valves.
Record the measurements.

9 Count 16 teeth on the camshaft sprocket in an anticlockwise
direction, from the mark made on the sprocket in step 5.
Clearly mark this new position on the sprocket face.

Measuring the valve clearance using feeler gauges.
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34 Engine

518-534

Measuring the follower shim thickness.

10

1

12

Using a socket and bar, rotate the crankshaft clockwise, until
the new mark made in the previous operation is aligned with
the mark on the rear timing belt cover.

Using feeler gauges, measure the clearance between the
cam followers and the cam lobes on the following valves: No
4 and No 5 inlet valves and No 1 and No 6 exhaust valves.
Record the measurements.

If a valve clearance is outside Specifications, adjust the clear-
ance using the following procedure:

Rotate the engine until the cam lobe of the valve requiring
adjustment is uppermost. Rotate the cam follower until the
slotis facing the side of the engine.

Using the manufacturers special tools or with an assistant
carefully using two screwdrivers to depress the cam
follower, remove the shim from the top of the cam follower
using a small screwdriver and/or pencil magnet.

Measure the thickness of the shim using a micrometer and
using the following formulas, calculate the thickness of the
shim required to restore the valve clearance to
Specifications.

SM_4 - Auto Service Repair Manuals and Wiring Diagrams

INLET N=T+(A-0.18 mm)

EXHAUST N=T+(A-032mm)

13
14

N = Required shim thickness;
T = Original shim thickness;
A = Recorded valve clearance.

Shims are available in thicknesses from 2.50 mm
@ to 3.30 mm in increments of 0.05 mm.

Install the required shim to the cam follower and repeat the
procedure for the other valves which have incorrect clear-
ances. Repeat steps 4 to 12 and ensure that the valve clear-
ances are now correct.

Install the rocker covers as described later in this chapter.

Install the upper timing belt cover, referring to the appro-
priate heading in this chapter, if necessary.

https://cardiagn.com/1996-1999-prado-engine/

Trouble Shooting

ENGINE MISFIRES AT IDLING SPEED

Checking for vacuum leaks using engine oil.

Engine misfire can be caused by ignition, fuel or

ﬂ mechanical faults. If the misfire cannot be rectified by
performing the operations described at the start of this
chapter, refer to the Trouble Shooting heading in Fuel
and Engine Management (chapter 7) prior to checking
the following possible causes.

Air leak at the inlet manifold or plenum chamber gasket(s):
Tighten the manifold bolts or renew the gasket(s) as necessary.

Insufficient valve clearance: Check and if necessary adjust
the valve clearance.

Blown head gaskets: Check the cylinder compressions and
renew the head gaskets as necessary.

Burnt valves or seats in the cylinder head: Check the cylinder
compressions and overhaul the cylinder heads as necessary.
Weak or broken valve springs: Remove the camshafts and
followers and check the condition of the valve springs.
Broken or worn piston rings: Check the cylinder compres-
sions and renew the piston rings as necessary.

[

engine oil or dewatering fluid around the manifold joints
while the engine is idling. If the engine speed alters or
smoke begins to emit from the exhaust system, there is an
air leak at the inlet manifold.

a Check for air leaks at the inlet manifold by applying

Cylinder compressions should be checked using a
compression gauge as described later in this chapter.

Broken valve springs will usually be obvious by excessive
valve (tappet) noise.

NOISY VALVE OPERATION

w

Incorrectly adjusted valve clearances: Check and if necessary
adjust the valve clearance.

Worn camshaft lobes: Renew the camshafts.
Low oil pressure: Refer to the Low Oil Pressure heading.

Weak or broken valve springs: Remove the camshaft and
followers and check the condition of the valve springs.
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Checking the engine oil for correct level and dilution on the

dipstick.

5 Worn valve guides: Overhaul the cylinder heads.

CONNECTING ROD BEARING NOISE
1 Low oil pressure: Refer to the Low Oil Pressure heading.

2 Excessive bearing clearance: Renew the bearing shells.
Regrind the crankshaft if the crankpin journals are oval,
tapered or scored.

3 Misaligned connecting rod bearings: Align the connecting
rods and renew the connecting rod bearing shells.

knock which is usually loudest at approximately 60 km/h
with the throttle closed. Before dismantling the engine to
inspect the connecting rods, check the engine oil for
correct level and dilution on the dipstick. Also remove the
oil pressure switch and connect an oil pressure gauge into
the oif gallery to check the oil pressure readings.

E Connecting rod bearing noise is indicated by a metallic

MAIN BEARING NOISE
1 Low oil pressure: Refer to the Low Qil Pressure heading.

2 Loose flywheel/driveplate: Install new flywheel/driveplate
bolts and tighten to the specified torque.

3 Excessive crankshaft end float: Renew the thrust washers
and inspect the main bearings.

4 Excessive bearing to journal clearance: Renew the bearing
shells. Regrind the crankshaft if the journals are oval, tapered
or scored.

Main bearing noise is indicated by a heavy but dull knock
when the engine is under load. A loose
flywheel/driveplate is indicated by a thud or dull click
when the engine stops and is usually accompanied by
vibration. Crankshaft end float noise is indicated by a
sharp rap at idle speed. The crankshaft can be checked
for excessive end float by levering the crankshaft
backwards and forwards. If the oil pressure is satisfactory,
consult an engine reconditioning specialist or remove the
main bearing caps and check the bearing clearance using
Plastigage. Ovality and wear on the main bearing
Jjournals can only be checked with a micrometer after the
crankshaft has been removed.

https://cardiagn.com/1996-1999-prado-engine/
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Checking the PCV system operation.

EXCESSIVE OIL CONSUMPTION

1 Incorrect engine oil: Drain the engine sump and fill with the
correct grade of oil.

2 Oil leaks: Check that the relevant retaining bolts or nuts are
tight or renew the gasket or seal as necessary. Also check the
oil cooler and associated hoses for leaks.

3 Faulty positive crankcase ventilation (PCV) system operation:
Check the PCV system as described in Emission Control
(chapter 8).

4 Damaged or worn valve stem oil seals: Renew the valve stem
oil seals.

5 Excessive valve stem to valve guide clearance: Have a
cylinder head specialist renew the valves and/or guides as
necessary.

6 Worn or broken piston rings: Renew the piston rings and/or
pistons as necessary.

7 Rings too tight or stuck in grooves: Renew the rings and
clean out the ring grooves.

8 Excessive wear in the cylinders, pistons and rings:
Recondition the cylinders and install oversize pistons and
rings.

9 Compression rings incorrectly installed or the oil control
rings blocked or broken: Renew the piston rings.

be drawn down past the valve stems into the combustion
chambers can be diagnosed by allowing the engine to
idle for a few minutes and then opening the throttle. If oil
is being drawn down past the valve stems, a heavy
discharge of blue smoke will be seen at the tailpipe.
Piston, ring and cylinder bore faults are normally
accompanied by a loss of compression. Cylinder
compressions can only be accurately checked using a
compression gauge as described later in this chapter.

ﬂ Damaged or worn valve stem oil seals which allow oil to

LOW OIL PRESSURE

1 Low engine oil level: Check and replenish the oil to the full
mark on the dipstick.

2 Incorrect or diluted oil: Drain the engine sump and fill with
the correct grade of oil. If the oil is diluted, check for the

source of the water or fuel. Ensure that the engine is not
overheating.

35
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36 Engine

Checking the engine oil for correct level and dilution on the
dipstick.

3 Blocked oil filter: Renew the oil filter.

4 Oil pump pressure relief valve stuck open or the spring
broken: Free up the valve or renew the spring.

5 Splitor obstructed oil pump pickup pipe: Remove the pickup
pipe and clear the obstruction or renew the pickup pipe.

6 Excessive bearing clearance: Renew the bearing shells and
check the condition of the crankshaft journals.

7 Excessive wear of the oil pump components: Dismantle the
oil pump and renew the components as necessary.

gauge into the oil gallery. Check the oil pressure with the
engine cold and hot. If the oil pump or pressure relief
valve are faulty, low pressure will be indicated with the
engine both hot and cold. However, if the bearings are at
fault, a fairly high oil pressure will be indicated when the
engine is cold but a marked fall in pressure will be noted
when the engine is hot.

@ Remove the oil pressure switch and connect a pressure

ENGINE ROTATES BUT WILL NOT START

1 Ignition system fault: Refer to Roadside Trouble Shooting
(chapter 3).

2 Fuel system fault: Refer to Fuel and Engine Management
(chapter 7).

3 Broken timing belt: Remove the top timing belt cover and
examine the timing belt.

Check the condition of the timing belt.

https://cardiagn.com/1996-1999-prado-engine/
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ENGINE WILL NOT ROTATE

1 Starter motor drive jammed: Remove the starter motor,
check and renew the damaged drive and/or the flywheel
ring gear.

2 Engine overheated and seized: Remove and dismantle the
engine, check and renew the damaged components.

3 Coolant in the cylinders due to a blown head gasket or
cracked cylinder block or head: Remove the cylinder head(s)
and if the gasket is blown, check the cylinder block and
head(s) for distortion. Renew the cylinder head(s) and/or the
cylinder block if cracked or excessively distorted.

A blown head gasket may be indicated by bubbles in the radiator
filler neck while the engine is running.

4 Broken crankshaft, connecting rod or piston due to over-
heating, excessive engine speed, fatigue, etc: Remove and
dismantle the engine, examine and renew the components
as necessary.

5 Valve head broken off due to overheating, excessive engine
speed, fatigue, etc: Remove the cylinder head(s), check the
head(s), pistons and cylinders for damage and repair or
renew as necessary.

due to lack of oil and/or coolant, damage is done to the
bearings, pistons etc. Although there may be instances
where an engine will restart and run after it has cooled
and the oil and coolant have been replenished, it will
generally be found that oil consumption increases, oil
pressure drops and the engine will be noisier, depending
on the extent of damage.

ﬂ Invariably when an engine seizes because of overheating

Sufficient coolant can enter a cylinder due to a blown
gasket, cracked cylinder block or head to prevent the
engine rotating. Normally this is preceded by difficult
starting, misfiring, excessive steam from the exhaust and
loss of coolant from the radiator cap or reserve tank. With
the engine fast idling, excessive discharge may be noticed
from the reserve tank overflow pipe. When a cylinder
head gasket blows allowing water into the cylinders, or
compression loss between cylinders, it is essential to
check the gasket faces on the cylinder block and head for
distortion.

OIL DILUTION

1 Hole in oil cooler: Remove the oil cooler and check for holes
in the assembly. Renew the oil cooler if necessary.
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OIL COOLER

Check the oil cooler and hoses for leakage.

2 Leak in the head gasket: Check the compression of each
cylinder as described under Cylinder Compression heading
in this chapter.

Cylinder Compression Test

To Test Compression — Compression gauge

¢

A compression test is one of the best methods of assessing the
mechanical condition of the upper part of the engine (pistons,
rings, valves and head gasket). It is also the best place to start
looking for poor performance, a misfire or bad fuel economy.
Unless cylinder compressions are even, renewing other compo-
nents to try to get an engine running better will be a waste of
time,

Compression testing is also performed if an engine is over-
heating, or loosing coolant and no leaks externally have been
found. If compression pressure is getting into the coolant, unsat-
isfactory cooling system performance will result.

The accuracy of compression gauges vary, so the important

thing to look for in a test is that all cylinders are even, rather than
the actual result.

The EFI relay must be removed prior to performing a compression
test.

https://cardiagn.com/1996-1999-prado-engine/
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Using a compression gauge to measure the compression pressure.

1 Ensure that the battery is fully charged.
Run the engine until it reaches normal operating temperature.
3 Stop the engine and remove the high tension leads, the coils
and the spark plugs as previously described under the
Routine Maintenance heading in this chapter.

4 Remove the EFI relay from the engine compartment fuse and
relay box.

Failure to remove the EFl relay can result in damage to
A the ignition systermn or an explosion.

5 Install a compression gauge to No 1 cylinder. Refer to the
instrument manufacturers instructions if necessary.

6 Have an assistant fully depress the throttle pedal and
operate the starter motor. Observe the compression gauge
and stop the engine when the gauge has reached the
highest reading, usually after three or four revolutions.

7 Record the reading and check the compression of the
remaining cylinders in the same manner.

8 Compare all the readings taken. Refer to Specifications for
the minimum acceptable pressure. The difference between
the highest and lowest readings should not exceed 100 kPa.

9 If a low reading is recorded on one or more cylinders, the
trouble source may be isolated as follows:

a Inject a small amount of engine oil into the spark plug hole
of the cylinder and ensure that the oil is evenly distributed
by rotating the engine.

b Repeat the compression test on the cylinder concerned.

A substantial increase of compression pressure indicates
faulty or worn piston rings, piston or cylinder. An insignifi-
cant increase of compression pressure indicates burnt,
obstructed or sticking valves or a leaking cylinder head
gasket.

Engine Assembly

To Remove and Install Engine — Suitable lifting tackle

‘ S’ and trolley jack
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38 Engine

TO REMOVE AND INSTALL

1

Place suitable protection around the engine compartment
to prevent damage to the vehicle body.

Reduce the fuel system pressure as described previously in
this chapter under the Fuel Filter heading.

Disconnect the negative battery terminal.

Raise the front of the vehicle and support on chassis stands.
Refer to General Information (chapter 1) for the positions of
the jacking points.

Drain cooling system and remove the fan assembly and the
radiator as described in Cooling System (chapter 5). Release
the clamps and disconnect the heater hoses from the fittings
on the firewall.

Disconnect the windscreen washer hose on the drivers side
of the bonnet. While an assistant supports the bonnet,
remove the retaining bolts and carefully remove the bonnet.
Remove the air cleaner assembly, referring to Fuel and
Engine Management (chapter 7), if necessary.

Open the throttle valve and disconnect the inner throttle
cable and if fitted, the cruise control cable from the throttle
lever.

UPPER TIMING
BELT COVER

DRIVE BELT
HUB ASSEMBLY

CRANKSHAFT PULLEY

10

1

12

13

14
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Remove the bolts retaining the outer throttle cable and if
fitted, the cruise control cable brackets and place the
cable(s) with the bracket(s) clear of the work area.

Disconnect the wiring connectors from the alternator. If
necessary, refer to Engine Electrical (chapter 6).

Remove the starter motor, referring to Engine Electrical
(chapter 6), if necessary.

Release the clips retaining the wiring to the front, lower side
of the engine and place it clear of the work area.

Remove the flywheel/driveplate cover plate, using a screw-
driver to lever it from the rear of the sump.

On manual transmission models, proceed as follows:

Working under the vehicle, disconnect the wiring connec-
tors from the reverse lamp switch and the speed sensor.
Release the wiring from the bracket and place it forward of
the transmission.

While working under the vehicle, remove the bolt retaining
the clutch pipe bracket to the cylinder head.

Working on the left hand side of the engine, remove the
spring clip retaining the clutch pipe to the bracket. Remove
the bolt retaining the support bracket and place the clutch
pipe clear of the work area.

DIAGNOSIS
CONNECTOR

OlL FILTER

Left hand side of the engine.
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On models with automatic transmission, proceed as follows:

Disconnect the wiring connectors from the left hand side of
the transmission.

Remove the bolts retaining the torque converter to the
driveplate. Using a screwdriver, carefully lever the converter
towards the transmission to separate it from the driveplate.

Remove the nuts retaining the engine pipes to the exhaust
manifolds and separate the components on both sides of
the vehicle.

Remove the drive belts from the engine, referring to the
Routine Maintenance heading in this chapter.
On models with air conditioning, disconnect the wiring

connector and remove the compressor retaining bolts.
Secure the compressor to the chassis using wire or rope.,

Do not disconnect the hose fittings from the air
conditioner compressor as escaping refrigerant can cause
eye injury and will necessitate regassing of the system,

Referring to Steering (chapter 12), remove the power
steering pump from the engine and place the pump with the
hoses still connected, clear of the work area.

Suitably mark and disconnect the wiring connectors from
the following components: the igniter, the CO adjuster

THROTTLE BODY

EXHAUST MANIFOLD

CYLINDER BLOCK

21

22

23

24

25

26
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screw and the earth wiring connectors from the right hand
side inner guard and from the right hand side firewall.

Disconnect the canister purge hose and the brake booster
vacuum hoses from the engine.

Disconnect the fuel supply and return hoses and seal the
ends of the hoses and pipes to prevent the entry of foreign
matter.

To prevent the loss of fuel, open the fuel filler cap to
@ release the pressure from the fuel tank. Leave the cap
loose while the fuel hoses are disconnected.
Working inside the vehicle on the passengers side, remove
the screws retaining the glove compartment and withdraw
the compartment from the dashboard.
Working in the dashboard aperture, disconnect the wiring
connectors shown on the illustration.
Remove the nut retaining the engine wiring harness bracket
located on the firewall, at the left side of the engine
compartment.
Remove the nuts retaining the frame and release the rubber
boot from the left side of the firewall. Carefully pull the
engine wiring harness through the firewall into the engine
compartment.

518-344

Right hand side of the engine.

39
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40 Engine
..l i .
Removing the engine from the vehicle.
The lal wiring connedorsformbart of the engine wiring 10 If new components have been installed to the engine, for
harness. example pistons, rings, bearings etc, the engine must be run-
in at reduced speeds and loads for the first 1 000 km or so.
27 Remove the nuts and bolts retaining the front engine Do not operate the engine at full throttle or allow it to labour
mountings to the crossmember. in any gear during this period. Follow the component manu-
28 Attach a suitable length chain or rope to the engine lifting facturers advice and it is recommended that the engine-oil
hook on the left hand side of the plenum chamber and to the and filter are changed at the end of this period.
power steering pump bracket. Place a 700 mm length of
timber on top of the upper plenum chamber, between the
chain. Slightly raise the engine using the tackle, ensuring -
that the ends of the timber securely engage the chain and Drive Belt Hub Assembly
the timber is located horizontally to the top of the engine. The alternator and the power steering pump drive belts are
supported by the drive belt hub assembly. The assembly also
Remove the No 1 ignition coil if the chain/rope interferes carries the cooling fan coupling and the fan.
@ with the coil. Place a clean cloth into the spark plug
opening to prevent dirt entering the engine. TO REMOVE AND INSTALL
29 Working under the vehicle, remove the bolts retaining the 5. toosen but.do ROt fariiave: the nuts retalning the coliing
; i fan to the drive belt hub assembly.
clutch housing to the cylinder block. 2 R h . i — diive Bt
30 Ensuring that all electrical wiring and hoses are clear and femov;eht ehpr:)wer steerér;g - ft . atemato’: n‘;re s
disconnected, carefully raise the engine and remove it from A Whe WD SasmuYy, 1EeITing 1o the. SongDe
the vaticle ! Maintenance heading in this chapter, if necessary.
T : ; 3 Remove the fan assembly retaining nuts and manoeuvre the
ltgs:;"aft'ﬁn\:’i: reﬁ:ti! of the removal procedure with attention cooling fan from the hub assembly. Noting their installed
CIRNOWIG P ' position, remove the drive belt pulleys from the hub.
1 Tighten all bolts securely.
2 Ensure that the wiring and vacuum hoses are correctly Y
routed and securely connected. ._1-
3 Connect the fuel supply and return hoses securely. a
4 Renew the engine exhaust pipe gaskets.
5 Securely tighten the fuel filler cap.
6 |If necessary, fill the engine with the correct grade and quan-
tity of oil. Fill the cooling system as described in Cooling
System (chapter 5).
7 Check for external fuel leakage before starting the engine,
This procedure is described in Fuel and Engine Management
(chapter 7).
8 Start and run the engine until it reaches normal operating
temperature and check for fuel, oil and coolant leaks. Rectify
as necessary. o
9 Allow the engine to cool and check that the nuts retaining i et ———
the exhaust engine pipe to the manifold flanges are tight e " .
and that all hoses and connections are secure, Drive belt hub and associated components.
—
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Adjuster bracket and drive belt hub assembly ;ocaﬂ'on.

4

DRIVE BELT |
" HUB g

Remove the power steering pump belt adjuster bracket as
follows:

Remove the adjuster locknut from the adjuster.

Remove the nut retaining the belt adjuster and withdraw the
adjuster from the drive belt hub assembly.

Remove the upper timing belt cover, referring to the Timing
Belt Covers heading in this chapter.

Remove the nut and bolt retaining the drive belt hub

assembly to the cylinder block and withdraw it from the
vehicle.

Installation is a reversal of the removal procedure with attention
to the following points:

1

Rotate the hub by hand and check the bearing for rough
rotation, wear or looseness in the hub body. Renew the
assembly if necessary.

Install the hub assembly to the cylinder block and tighten
the retaining bolt and nuts securely.

Install the upper timing belt cover, ensuring that the gaskets
are in serviceable condition. Refer to the Timing Belt Covers
heading later in this chapter, for the procedure to renew the
gaskets.

Install the drive belt pulleys in the position noted during

removal and the cooling fan. Tighten the retaining nuts to
the specified torque.

Plenum Chambers

TO REMOVE AND INSTALL

1
2

Disconnect the negative battery terminal.

Suitably mark and disconnect the vacuum hoses from the
brake booster, the charcoal canister purge control valve, fuel
pressure regulator and the PCV valve.

Remove the air inlet hose and the air cleaner top cover, as
follows:

Disconnect the vacuum hose from the air cleaner top cover
and from the resonator.

Release the clips retaining the wiring to the resonator and to
the air inlet hose. Disconnect the air flow sensor wiring
connector.

Using a twisting motion, remove the PCV breather hose from
the air inlet hose.

https://cardiagn.com/1996-1999-prado-engine/
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Upper plenum chamber retaining nuts and bolt locations.

d

Release the clamp retaining the air inlet hose to the throttle
body.

Release the clips retaining the cover to the air cleaner body
and carefully lift the cover away from the body. Withdraw
the assembly from the engine compartment.

Open the throttle valve and disconnect the inner throttle
cable and if fitted, the cruise control cable from the throttle
lever.

Remove the bolts retaining the outer throttle cable and if
fitted, the cruise control cable brackets and place the
cable(s) with the bracket(s) clear of the work area.

Release the clamps retaining the coolant hoses to the
throttle body, and using a twisting motion, remove the
hoses from the fittings. Using 8 mm diameter bolts, seal the
end of the hoses.

PLENUM
CHAMB!

;
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10

THROTTLE BODY

LOWER
e PLENUM CHAMBER —/

GASKET
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UPPER
——— PLENUM CHAMBER

Plenum chamber components.

Remove and seal one coolant hose at a time, to prevent
® the loss of coolant.

Disconnect the idle speed control (ISC) valve and throttle
position sensor (TPS) wiring connectors.

Remove the bolt retaining the wiring harness to the rear of
the lower plenum chamber.

Working at the left hand side of the plenum chamber, remove
the bolts retaining the earth wiring and the fuel return hose
bracket to the lower plenum chamber. Release the retaining
clip and withdraw the diagnosis connector from the bracket.

Noting their installed location, remove the bolts retaining
the plenum chamber support bracket to the upper plenum
chamber and to the cylinder head. On automatic transmis-
sion models, withdraw the bracket from the engine
compartment. On manual transmission models, gently pull
the bracket away from the components.

On manual transmission models the clutch hydraulic pipe
is attached to the support bracket. Pulling the bracket
excessively, may damage the clutch pipe.

11

12

13

14

Remove the bolts and nuts retaining the upper plenum
chamber to the lower plenum chamber and withdraw the
upper plenum chamber from the engine compartment.
Discard the gasket.

Remove the bolts and nuts retaining the lower plenum
chamber to the inlet manifold and withdraw the lower
plenum chamber from the engine compartment. Discard the
gasket.

If necessary, remove the nuts and bolts, disconnect the
vacuum hose and separate the throttle body from the upper
plenum chamber. Discard the gasket.

Using clean, lint free cloth block the openings of the inlet
manifold to prevent the entry of dirt.

Installation is a reversal of the removal procedure with attention
to the following points:

1

2

Ensure that all traces of the old gasket material have been
removed from the gasket surfaces.

Using a straight edge and feeler gauges, check both plenum
chamber mating surfaces for distortion. If distortion is
greater than 0.1 mm, the plenum chamber(s) should be
machined or renewed, as necessary.

https://cardiagn.com/1996-1999-prado-engine/
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Checking the plenum chamber face for distortion.

3

Lower plenum chamber retaining nuts and bolt locations.

Using new gaskets install the lower and upper plenum
chambers to the inlet manifold and tighten the retaining
nuts and bolts evenly, in a circular pattern, starting in the
centre of the plenum chamber, to the specified torque.

If removed, install throttle body to the upper plenum
chamber, using a new gasket and tighten the retaining
nuts/bolts to the specified torque.

Moisten the pre-heater hoses with coolant and connect
them to the throttle body fittings. Install the hose clamps
and if necessary, replenish the radiator with coolant.

Install the support bracket and tighten the retaining bolts to
the specified torque.

While holding the throttle linkage in the wide open position,
connect the throttle, and if fitted, the cruise control cables.
Install the air cleaner components and tighten the retaining
clamps securely. If necessary, refer to Part 1 of Fuel and
Engine Management (chapter 7).

Connect the vacuum hoses and the wiring connectors
securely.

When installing the gaskets to the plenum chambers,
ensure that the holes in the gaskets are aligned with the
holes in the plenum chambers.
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SENDER

I

HOSE
FITTING

COOLANT TEMPERATURE

GAGKET SENSOR

Inlet manifold components.

Inlet Manifold

TO REMOVE AND INSTALL

1
a

b

Reduce the fuel system pressure as follows:

Working under the left hand side of the vehicle, forward of
the rear wheel, disconnect the white wiring connector.
With the engine running on the main tank, switch the sub

fuel tank switch On. The light in the sub fuel tank gauge will
illuminate.

When the engine stalls, operate the starter for 5 seconds.
Turn the ignition Off and connect the wiring connector
securely.

Drain the cooling system, referring to Cooling System
(chapter 5), if necessary. Once the coolant has drained, install
the radiator drain plug and tighten securely.

Remove the upper and lower plenum chambers as previ-
ously described.

Disconnect the fuel supply and return hoses at the fuel rail.
Discard the banjo bolt sealing washers.

Loosen the fuel filler cap, to prevent pressure build up in
=» the tank and subsequent fuel leakage while the fuel hoses
are disconnected.

o
CONNECTOR _

Location of the sub fuel pump wiring connector.
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44 Engine

Inlet manifold installed.

10

11

Suitably mark and disconnect the wiring connectors from
the fuel injectors and from the coolant temperature sensor.

Working at the rear of the inlet manifold, disconnect the
temperature gauge sender wiring connector. Remove the
bolt retaining the harness and place the wiring harness clear
of the work area.

If the earth wiring at the rear of the right hand side
cylinder head prevents moving the harness, remove the
bolt retaining the earth wiring connector to the cylinder
head and move it with the harness.

Release the clamp retaining the heater hose to the fitting on
the inlet manifold, and using a twisting motion, withdraw
the hose from the fitting.

Remove the upper and rear timing belt covers, as described
previously in this chapter.

Remove the bolt retaining the inlet manifold support
bracket to the guide pulley bracket, located at the front of
the engine.

Remove the nuts, bolts and washers retaining the inlet mani-
fold to the cylinder heads. Remove the front bolt retaining
the bracket to the cylinder block. Carefully lift the inlet mani-
fold away from the heads and withdraw it from the engine
compartment. Discard the gaskets.

If necessary, remove the fuel rail from the inlet manifold.
Refer to Fuel and Engine Management (chapter 7).

Installation is a reversal of the removal procedure with attention
to the following points:

1

Ensure that all traces of the old gasket material have been
removed from the gasket surfaces.

Checking the inlet manifold faces for distortion.
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Inlet manifold removed showing the knock sensors and coolant

by pass pipe location.

2

Using a straight edge and feeler gauges, check the inlet
manifold mating surfaces for distortion. If distortion is
greater than 0.1 mm, the manifold should be machined or
renewed, as necessary.

Inspect the condition of the coolant bypass pipe and its
gasket. Also check the condition of the knock sensor wiring
harness. Renew components as necessary.

Using a new gaskets install the inlet manifold to the cylinder
heads. Tighten the retaining nuts and bolts to the specified
torque evenly, in a circular pattern, starting in the centre of
the inlet manifold.

Using new sealing washers, install the fuel supply hose and
tighten the banjo bolt to the specified torque. Install the fuel
return hose. Tighten the fuel filler cap securely.

Install the plenum chambers as previously described.

Install the top radiator hose and securely attach the hose
clamps. Refill the cooling system, referring to Cooling
System (chapter 5), if necessary.

Connect the wiring connectors and the vacuum hoses
securely.

When installing the gasket, ensure that the holes in the
gasket are aligned with the holes in the cylinder head.

Exhaust Manifolds

TO REMOVE AND INSTALL

Disconnect the negative battery terminal.

If working on the right hand side exhaust manifold, remove
the air inlet hose and the air cleaner top cover, as follows:
Disconnect the vacuum hose from the air cleaner top cover
and from the resonator. .

Release the clips retaining the wiring to the resonator and to
the air inlet hose.

Using a twisting motion, remove the PCV breather hose from
the air inlet hose.

Release the clamp retaining the air inlet hose to the throttle
body.

Release the clips retaining the air cleaner body and carefully
lift the cover away from the body. Withdraw the assembly
from the engine compartment.
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EXHAUST
MANIFOLD

Right hand exhaust manifold components.

3

Remove the nuts retaining the heat shield to the exhaust
manifold and withdraw the shield from the engine compart-
ment. Repeat the operation on the opposite side of the
engine.

Remove the lower set of nuts retaining the exhaust manifold
to cylinder head on both sides of the engine.

Raise the front of the vehicle and support on chassis stands.
Refer to General Information (chapter 1) for the positions of
the jacking points.

Working under the vehicle, remove the nuts retaining the
engine pipe to the exhaust manifold on both sides of the
engine. Separate the engine pipes from the manifolds and
discard the gaskets.

Remove the upper row of retaining nuts from both exhaust
manifolds and manoeuvre the manifolds from the engine
compartment. Discard the gaskets.

Installation is a reversal of the removal procedure with attention
to the following points:

1

2

Ensure that all traces of the old gasket material have been
removed from the gasket surfaces.

Using a straight edge and feeler gauges, check the exhaust
manifold mating surfaces for distortion. If distortion is
greater than 1 mm, the manifold should be machined or
renewed, as necessary.

Using a new gasket, install the exhaust manifolds, ensuring

that the holes in the gasket are aligned with the holes in the
cylinder head.

Rocker Covers

TO REMOVE AND INSTALL

1
2

Disconnect the negative battery terminal.

To remove the left hand side rocker cover, proceed as
follows:

Remove the upper and lower plenum chambers, as previ-
ously described in this chapter,

Ensure that the area around each spark plug boot is clean to
prevent foreign matter entering the spark plug tube when
the boot is removed.

Remove the high tension leads, pulling on the boots only to
prevent damage to the leads. Place the leads clear of the
work area.

To remove the right hand side rocker cover, proceed as
follows:

Renewing the spark plug tube seals.
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Disconnect the vacuum hose from the air cleaner top cover
and from the resonator. Disconnect the wiring connector
from the air flow sensor.

Release the clips retaining the wiring to the resonator and to
the air inlet hose.

Using a twisting motion, remove the PCV breather hose from
the air inlet hose.

Release the clamp retaining the air inlet hose to the throttle
body.

Release the clips retaining the cover to the air cleaner body
and carefully lift the cover away from the body. Withdraw
the assembly from the engine compartment.

Release the locking tab retaining the spark plug lead to the
coil and withdraw the lead from each coil. Disconnect the
wiring connector from each coil.

Ensure that the area around each coil is clean and remove
the bolts retaining the coils to the rocker cover. While
twisting the coil, withdraw it from each spark plug.

Remove the bolts retaining the rocker cover to the cylinder

head and withdraw the sealing washers. Remove the cover
from the cylinder head.

It may be necessary to use a flat bladed screwdriver to
® gently prise the cover from the cylinder head.

Remove the half moon seals from the cylinder head, located
at the front and rear of each exhaust camshaft.

45

Installing a new spark plug tube seal.
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46

Apply sealant sparingly to the areas shown prior to installing the

Engine

rocker cover.

6

Check the condition of the spark plug tube seals. If damaged,
hard or brittle, renew all the seals as follows:

Using a flat bladed screwdriver, carefully raise the tab
retaining the seal in the rocker cover.

Noting their installed direction, prise the seals from the
cover using a flat bladed screwdriver, wrapped in cloth.
Clean the seal seating surface in the rocker cover with a suit-
able solvent.

Lightly oil the outside of the new seal. Using a 32 mm socket
or tube, press the seal into the rocker cover until the lip of
the seal is flush with the rocker cover inner surface.

Carefully bend the retaining tab onto the seal.

Installation is a reversal of the removal procedure with attention

to
1

2

the following points:

Check the condition of the rocker cover gasket and the
sealing washers. Renew if hard, brittle or damaged.

Clean the half moon seal seats in the cylinder head, and
apply a small amount of Permatex Ultra Grey or equivalent
sealant to the grooves of the half moon seal. Press the half
moon seal firmly into the cylinder head, ensuring that it is
level with the rocker cover gasket sealing surface on the
cylinder head. Remove the excess sealant.

Apply Permatex Ultra Grey or equivalent sealant to the
cylinder head contact surface, as shown in the illustration.

If removed, install a new gasket to the rocker cover,
Sparingly apply a 10 mm wide band of Permatex Ultra Grey
or equivalent sealant to the outer end of the spark plug
tubes and install the rocker cover.

If necessary, install new sealing washers to the bolts and
tighten the retaining bolts to the specified torgue.

Timing Belt Covers

UPPER COVER

To Remove and Install

1

Release the high tension leads from the retaining clips and
release the cam angle sensor wiring connector from the
front of the top timing belt cover. Place the wiring clear of
the work area.

Drain the coolant from the radiator to a level below the top
radiator hose, referring to Cooling System (chapter 5), if
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Timing belt covers removed from the vehicle.

4

necessary. Once enough coolant is drained, install the radi-
ator drain plug and tighten it securely.

Release the throttle cable from the bracket attached to the
top radiator hose. Release the top radiator hose clamps and
using a twisting motion, remove the hose from the fittings.
Remove the retaining bolts and withdraw the top timing
belt cover from the cylinder heads.

Installation is a reversal of the removal procedure with attention
to the following points:

1

Check the condition of the gaskets on the upper timing belt
cover. If the gaskets are damaged or perished, proceed as
follows:

518-375

The cam angle sensor wiring is clipped to the upper cover.
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GASKET

Gasket correctly installed to the upper cover.

a Using a scraper, remove the old gasket material from the
cover.

b Thoroughly clean the mating surface of the cover, using suit-
able solvent.

¢ Peel the protective backing from the new gaskets and stick
the gaskets to the timing belt cover, using the illustration as
aguide.

Stuff or an equivalent spray gasket to form a new sealing
surface. Apply the sealant in a 2 — 3 mm thick bead,
following the groove on the back of the cover. Allow the
spray gasket applied to stand for about ten minutes prior
to installation.

ﬂ If a new gasket is not available, use Permatex The Right

2 |Install the retaining bolts and tighten to the specified torque.

3 Lubricate the hose fittings using coolant and install the radi-
ator hose. Fill the cooling system, referring to Cooling
System (chapter 5), if necessary.

LOWER COVER

To Remove and Install
1 Raise the front of the vehicle and support on chassis stands.
Refer to General Information (chapter 1) for the positions of
the jacking points.
2 Remove the bolts retaining the stoneguards and withdraw
both guards from beneath the vehicle.

3 Remove the starter motor as described in Engine Electrical
(chapter 6).

4 Using a lever through the starter motor mounting aperture,
lock the engine at the ring gear teeth. Have an assistant
remove the crankshaft pulley retaining bolt from the front of
the crankshaft.

Ensure that the lever is located securely in the ring gear
ﬂ teeth. The crankshaft pulley retaining bolt is extremely
tight, and is loosened by rotating it anticlockwise.
5 Using a suitable remove the crankshaft pulley from the
engine.
6 Remove the bolts retaining the wiring harness to the to the oil
pump housing and position the harness clear of the work area.
7 Remove the bolts retaining the lower timing belt cover and
withdraw the cover from the engine. Note the installed posi-
tion of the timing belt guide plate, but do not remove it,
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PULLEY

BOLT

518-4T4A

Lower cover and crankshaft pulley components.

Installation is a reversal of the removal procedure with attention
to the following points:

1

Check the timing cover gaskets for deterioration and
damage. To renew the gaskets, proceed as follows:

Using a scraper, remove the old gasket material from the
cover,

Thoroughly clean the mating surface of the cover, using suit-
able solvent.

Peel the protective backing from the new gaskets and stick
the gaskets to the timing belt cover.

If a new gasket is not available, use Permatex The Right
Stuff or an equivalent spray gasket to form a new sealing
surface. Apply the sealant in a 2 - 3 mm thick bead,
following the groove on the back of the cover. Allow the
spray gasket applied to stand for about ten minutes prior
to installation.

Ensure that the dished side of the timing belt guide plate is
facing toward the front of the vehicle.

Install the lower timing belt cover and the wiring harness.
Tighten the retaining bolts to the specified torque.

Install the crankshaft pulley and tighten the retaining bolt to
the specified torque. Use the same method used on removal
to prevent the crankshaft turning.

REAR COVER

To Remove and Install

1

2

3

4

Remove the timing belt and the camshaft sprockets as
described later in this chapter.

Remove the bolts retaining the cam angle sensor bracket
and place the bracket with the sensor clear of the work area.
Remove the bolt retaining the timing belt guide pulley and
withdraw the pulley from the engine.

Remove the retaining bolts and withdraw the rear timing
belt cover from the engine.

Installation is a reversal of the removal procedure with attention
to the following points:

1

b

Check the rear timing cover gaskets for deterioration and
damage. To renew the gaskets, proceed as follows:

Using a scraper, remove the old gasket material from the
cover.

Thoroughly clean the mating surface of the cover, using suit-
able solvent.

47
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C

On early models with stick on gaskets, peel the protective
backing from the new gaskets and stick the gaskets to the
timing belt cover, using the illustration as a guide.

On late models, use Permatex The Right Stuff or an equivalent
spray gasket to form a new sealing surface, about 2 - 3 mm
thick. Allow the spray gasket applied, to stand for about ten
minutes prior to installation.

Install the cam angle sensor bracket and the timing belt
guide pulley. Tighten the bolts to the specified torque.

SM_4 - Auto Service Repair Manuals and Wiring Diagrams

It is important to return a used timing belt to the original
@ direction of rotation or adverse wear could result.

10 Evenly loosen the bolts retaining the timing belt tensioner

and withdraw the tensioner from the engine. Withdraw the
dust seal from the belt tensioner aperture.

11 Slide the timing belt off the camshaft and crankshaft

sprockets and remove the belt from the engine.

TO CLEAN AND INSPECT
Tlmlng Be“ Do not wash the timing belt, sprockets or tensioner
ﬂ pulley. Keep these components free of oil and grease.
TO REMOVE Wipe the components with a clean cloth if required.
1 Drain the cooling system and remove the radiator, referring

to Cooling System (chapter 5), if necessary.

On models with air conditioning, disconnect the wiring
connector and remove the compressor retaining bolts.
Secure the compressor to the chassis using wire or rope.

Do not disconnect the hose fittings from the air
conditioner compressor as escaping refrigerant can cause
eye injury and will necessitate regassing of the system.

Remove the retaining bolts, and noting the installed position
of the spacers, withdraw the air conditioning compressor
bracket from the engine.

Remove the drive belt hub assembly as previously described
in this chapter.

Rotate the engine until the timing mark on the crankshaft
pulley is aligned with the 0 mark (TDC) on the lower timing
belt cover, and at the same time the timing marks on the
camshaft sprockets align with the marks on the rear timing
belt cover. If the marks do not align, rotate the crankshaft
clockwise another full turn.

Remove the crankshaft pulley and the lower timing belt
cover as previously described under the Timing Belt Covers
heading in this chapter. Ensure, that the crankshaft pulley
has not moved prior to removing the crankshaft pulley.
Remove the bolts retaining the air conditioning support
bracket, gather the spacers, noting their installed position
and withdraw the bracket from the cylinder block.

Noting the installed position, remove the timing belt guide
plate from the crankshaft sprocket.

If the timing belt is to be reused, place a directional arrow

and matchmarks on each sprocket and the belt to assist with
installation.

Inspect the crankshaft and camshaft sprockets for foreign
material on the teeth or wear and damage. If necessary,
ensure that the crankshaft sprocket mark is aligned with the
mark on the oil pump housing, and ease the crankshaft
sprocket from the end of the crankshaft, using two large
screwdrivers. Ensure that the key in crankshaft is not
misplaced.

Check the condition of the crank angle sensor teeth. If neces-
sary, renew the crankshaft sprocket.

If the camshaft sprockets are to be removed, proceed as
follows:

Remove the relevant rocker cover(s), as previously described
in this chapter.

Hold the hexagonal segment of the exhaust camshaft with a
spanner to prevent the camshaft turning and remove the

camshaft sprocket retaining bolt. Withdraw the sprocket
from the camshaft,

ﬂ Ensure that the cylinder head is not damaged while

removing the sprocket.

B UPPER TIMING BELT
2= COVER

i DRIVE BELT &
HUB ASSEMBLY ¢

518-378

Upper and lower timing cover locations. The arrows indicate the

Rear timing belt cover with gasket correctly installed. retaining bolt positions.
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Inspect the tensioner as follows:

Check the rod seal for signs of leakage. If more than a very
slight weep is present around the seal, renew the tensioner.
While holding the tensioner rod upwards, attempt to push
the rod into the tensioner. If the rod moves, the tensioner
must be renewed.

Measure the rod protrusion from the tensioner body. If the
protrusion exceeds 10.8 mm, renew the tensioner.

Turn the tensioner, the guide pulley and the water pump
pulley by hand and check for wear and roughness in the
bearing. Check the contact surface of each pulley for wear
and damage. Renew the pulley and/or the water pump, if the
contact surface is worn or damaged, the bearing is unser-
viceable or grease is leaking from the pulley seals.

Ensure that the tensioner arm is pivoting freely. If necessary,
remove the pivot bolt and withdraw the arm. Check the
condition of the bush. Renew the tensioner assembly if the
bush is worn or damaged.

Inspect the timing belt for damage or wear. Check the belt thor-
oughly for peeling, cracking or hardening of the rubber. Check
to ensure that the belt is not contaminated with oil or coolant.
Renew the belt and rectify the leaks if contamination is evident.

When inspecting the timing belt do not bend, twist or
» turn the belt inside out as damage could occur.

CAMSHAFT
SPROCKET

https://cardiagn.com/1996-1999-prado-engine/

Engine

Checking the tensioner for wear and movement.

8 If the timing belt is worn or damaged on one side only, check
the alignment of the sprockets, the guide and the tensioner
pulley.

TOINSTALL

Installation is a reversal of the removal procedure with attention
to the following points:

1 If removed, install the tensioner pulley and arm, ensuring, that
the washer is placed between the arm and the cylinder block.

CAMSHAFT
SPROCKET

o/ CRANK ANGLE
SENSOR

51B-557
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CAMSHAFT
SPROCKET

TENSIONER ARM
AND PULLEY

74

{

BOLTS

\

CRANKSHAFT
SPROCKET
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TIMING

518-401

Timing belt and associated components.

Install the dust seal to the tensioner body, ensuring, that the
protrusion on the seal is aligned with the protrusion on the
tensioner body, and the holes in the seal and the tensioner
are aligned.

Place the tensioner assembly with the piston rod in an
upright position in a press fitted with soft jaws. Slowly
compress the piston rod until the holes in the tensioner
body and the piston rod are aligned.

Insert a 1.27 mm thick wire into the hole in the tensioner
body, ensuring that the wire is pushed through the piston
rod and is engaging the other side of the tensioner body.

If removed, install the camshaft sprocket to each exhaust
camshaft, ensuring that the dowel pin is aligned with the
hole in the sprocket. Hold the sprockets using the same
method as during removal.

The sprockets are marked with an L for left and R for
right. They must be returned to the correct camshaft. The
tight hand side also has a tooth for the cam angle sensor.

6

7

10

If removed, install the crankshaft sprocket, ensuring that the
key in the crankshaft is in the correct position.

Ensure that the timing marks are correctly aligned.

Place the belt over the right hand side camshaft sprocket,
ensuring that the belt correctly engages the teeth of the
sprocket, and that the timing marks are aligned. If installing
the original belt, ensure that the arrow marked on the belt is
facing the direction of rotation.

While applying pressure to the belt, guide the belt under the
guide pulley and over the left hand side camshaft sprocket,
ensuring that the mark on the sprocket is aligned with the
mark on the rear timing belt cover.

Place the belt over the water pump pulley and over the
crankshaft sprocket, ensuring that the teeth on the belt
correctly engage the sprocket, and that the belt is tight
between the components.

TENSIONER "

BOLTS —_ BT

/

Timing belt tensioner components.

https://cardiagn.com/1996-1999-prado-engine/
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MISSING TEETH
\ WORN TEETH

e

cDa

Check the timing belt for the illustrated faults.

11

12

13

14

15

16

17

18

Insert the lock wire after pressing the rod into tensioner, prior to

While keeping the belt tight, install the belt over the
tensioner pulley.

Install the tensioner assembly and evenly tighten the
retaining bolts to the specified torque. Remove the wire
from the tensioner.

Temporarily install the crankshaft pulley retaining bolt.
Rotate the engine clockwise two full turns, aligning the
timing marks at the end of the turn. If the timing marks do
not align, the belt is not installed correctly. Remove the belt
and repeat the procedure from step 8.

Place the timing belt guide plate on the crankshaft, ensuring
that the dished side of the guide plate is facing the front of
the vehicle.

Install the lower timing belt cover and the crankshaft pulley,
referring to the Timing Belt Covers heading in this chapter.
Install the drive belt hub assembly, as previously described
in this chapter.

Refill the cooling system, referring to Cooling System
(chapter 5), if necessary.

Road test the vehicle and check for correct engine perfor-
mance.

installing the tensioner to the vehicle.

https://cardiagn.com/1996-1999-prado-engine/
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1
2
3

Camshafts and Cam Followers

To Check Camshaft — Dial gauge, micrometer, V blocks

¢

TO REMOVE

Disconnect the negative battery terminal.
Remove the rocker cover as previously described.

Measure and note the valve clearances, referring to Routine
Maintenance heading in this chapter.

Remove the timing belt as previously described in this
chapter.

Hold the hexagonal segment of the exhaust camshaft with a
spanner to prevent it turning and remove the camshaft
sprocket retaining bolt. Withdraw the sprocket.

Remove the rear timing belt cover, referring to the Timing
Belt Covers heading in this chapter.

Remove the camshafts from the cylinder head, using the
following procedure:

Rotate the right hand cylinder head camshafts until the lock-
bolt hole in the exhaust camshaft sub gear is vertical above
the camshaft. In this position, the double dot marks on the
camshaft gears are matched. The single dot marks are posi-
tioned outside and are aligned with the rocker cover mating
surface of the cylinder head. The dowel pin on the inlet
camshaft will point downward. In this position the camshaft
lobes will exert equal force on all the cam followers.

Ensure that the left hand cylinder head exhaust camshaft
lockbolt hole in sub gear is vertical above the camshaft. In
this position, the single dot marks on the camshaft gears are
matched, and the double dot marks are positioned on the

The sprockets are marked R for the right hand side and L
for the left hand side sprocket.
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Lock bolt installed to the exhaust camshaft sub gear hole.

Engine

EXHAUST
CAMSHAFT €

outside and are aligned with the rocker cover mating surface
of the cylinder head. The dowel pin on the inlet camshaft will
point upward. In this position the camshaft lobes will exert
equal force on all the cam followers.

Suitably mark the installed position of each camshaft, as the
shafts are not interchangeable.

Prise the oil seal from the front of the inlet camshaft.

Install a bolt 16-20 mm long, 6 mm diameter and 1 mm pitch
into the sub gear hole to lock the sub gear to each exhaust
camshaft gear.

Prior to removing the camshaft bearing caps, check that the
caps are marked to ensure that they are installed correctly on
assembly. Do not mark the caps using a punch.

The inlet camshaft bearing caps have a letter | stamped

ﬂ on the bearing cap, followed by the bearing number,
while the exhaust bearing caps are marked with a letter E
followed by the bearing number.

The arrows on the bearing caps on the right hand side of
the engine point to the front of the engine, and are
numbered from the front to the rear.

The arrows on the bearing caps on the left hand side of
the engine point to the rear of the engine, and are
numbered from the rear to the front.

Gradually loosen the camshaft bearing cap bolts, progres-
sively working from each end of the camshaft towards the
centre, in the reverse order of the tightening sequence illus-
trated, ensuring that both ends of the camshaft are lifting

; / CAMSHAFT
Tt sk i - g

I

Left hand cylinder head camshaft bearing cap tightening sequence.
Loosen in reverse order.

https://cardiagn.com/1996-1999-prado-engine/

Right hand cylinder head camshaft bearing cap tightening sequence.
Loosen in recverse order.
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freely and evenly. Pay particular attention to the camshaft
thrust faces which can break if binding occurs.

Lift each camshaft from the cylinder head.

Suitably mark the cam followers and the shims, located in
the top of the cam followers, to ensure replacement to their
original positions and remove the cam followers and shims
from the cylinder head. Arrange them in the order of
removal.

Dismantle the exhaust camshaft using the following proce-
dure:

Carefully mount the hexagonal segment of the camshaftina
vice equipped with soft jaws. Ensure that the camshaft gear
is uppermost and the lobes are not damaged.

Hold the end of a pin punch in a vacant hole in the sub gear
and lever the sub gear in a clockwise direction, as shown in
the illustration.

With the aid of an assistant, remove the sub gear lock bolt
which was installed during the camshaft removal procedure.
Remove the pin punch.

Remove the snap ring retaining the sub gear.

Remove the wave washer, sub gear and sub gear spring from
the camshaft.
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TO INSPECT

1
2

Thoroughly wash and dry each camshaft.

Check the camshaft lobes, journals, thrust faces and gears for
pitting and wear. If wear is evident, measure the lobes with a
micrometer and compare with Specifications. Support the
camshaft at each end on V blocks and using a dial gauge
with its plunger contacting the centre journal, rotate the
camshaft and check for runout. Renew the camshaft if the
runout is excessive or if pitting or wear is excessive.

Check the bearing surfaces for signs of scoring or over-
heating. If a bearing surface is worn or damaged, renew the
cylinder head.

Check the camshaft endfloat as follows:

Ensure that the cam followers are suitably marked and
removed as previously described, while performing the
following inspections of the camshafts.

With the sub gear removed, place the exhaust camshaft on
the cylinder head, so the lock bolt hole is in the uppermost
position. In this position none of the camshaft lobes are in
contact with the valves,

Place the inlet camshaft on the cylinder head, so the dowel
pin is pointing upwards on the left hand side camshaft, or if
working on the right hand side camshaft, the dowel pin is
pointing downward. In this position none of the camshaft
lobes are in contact with the valves.

Install the bearing caps to the camshafts, ensuring that they
are in numerical order, placed on the relevant camshaft with
the arrows facing in the appropriate direction.

The inlet camshaft bearing caps have a letter | stamped

ﬂ on the bearing cap, followed by the bearing number,
while the exhaust bearing caps are marked with a letter E
followed by the bearing number.

The arrows on the bearing caps on the right hand side of
the engine point to the front of the engine, and are
numbered from the front to the rear.

The arrows on the bearing caps on the left hand side of
the engine point to the rear of the engine, and are
numbered from the rear to the front.

Gradually and progressively tighten the bearing cap bolts to
the specified torque working from the centre outwards,

SPROCKET

BOLT

WASHER
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Engine

Measuring the camshaft lobe height using a micrometer.

referring to the illustrations under the heading Camshafts
and Cam Followers — To Remove.

Mount a dial gauge to the cylinder head with the plunger
against the front of the inlet camshaft. Lever the camshaft
back and forth and measure the end float. Repeat the proce-
dure on the exhaust camshaft.

If the end float exceeds the specified limit, remove the
camshaft(s) and check for worn thrust faces on the cylinder
head and camshaft. Renew the camshaft and/or the cylinder
head, as necessary.

While the camshafts are installed for the end float check, also
check the camshaft gear backlash as follows:

Install a dial gauge with the plunger contacting a tooth of
the exhaust camshaft gear.

Hold the inlet camshaft and rotate the exhaust camshaft
backwards and forwards to measure the backlash. Renew
the camshafts if the backlash is excessive,

EXHAUST
CAMSHAFT

Camshafts dismantled.

https://cardiagn.com/1996-1999-prado-engine/
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54 Engine

be N :
Checking the camshaft bearing journal oil clearance, using
Plastigage.
a micrometer and compare with Specifications. Renew the

- . . . : camshafts or the cylinder head and bearing caps as neces-
Measuring the inlet camshaft end float using a dial gauge. sary.
7 Check the cam followers and the shims for wear and pitting.
6 Check the oil clearance of the camshaft journals as follows: Renew parts as necessary.
a Ensure that the camshaft journals and the bearing surfaces
are clean. If a shim is badly worn or pitted, examine the
b Install the camshafts to the cylinder head, as described @ corresponding cam lobe for wear. Renew the camshaft if
previously in the end float check operations, but do not necessary.

install the bearing caps. )
¢ Install lengths of Plastigage across each camshaft journal. 8 If Fge eé‘gme has :jhonS'a |°tt°f W?;:: or othfer“problem; :;:e
y A evident, measure the diameters of the cam follower and the
d Install the bearing caps and gradually and progressively ca:n follower L!l:'ore in the cylinder head. Calculate the oil
tighten the bearing cap bolts to the specified torque working clearance and renew the cam followers and if necessary, the
from the centre outwards, referring to the illustrations under L

: : linder head if the clearance exceeds Specifications.
the heading To Remove. Ensure that the caps are in numer- L pe
ical order.

may be necessary to remove the valves and springs from
the cylinder head as described under the Cylinder Head
heading.

ﬂ Depending on the measuring equipment available, it

Do not rotate the camshafts, while the Plastigage is
ﬂ installed.

9 Measure the distance between the sub gear spring ends.
Renew the spring if the spring end gap exceeds
Specifications.

10 Check the condition of the camshaft cover plate at the rear
of the cylinder head. If the cover plate is leaking, proceed as
follows:

a Remove the bolts retaining the cap and withdraw the cap
from the cylinder head.

e Remove the bearing caps and compare the spread width of
the Plastigage with the scale on the packet. If the clearance
exceeds Specifications, measure the camshaft journals with

— A

R

266 CD2

Checking the camshaft gear backlash using a dial gauge with the
sub gear removed. Measure the sub gear spring end gap. Dimension A= 18.2 - 18.8 mm.

https://cardiagn.com/1996-1999-prado-engine/
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CAP

SEALANT

To prevent oil leaks, apply a small amount of Permatex Ultra Grey
sealant to the camshaft cover plate cap as shown.

b Noting the installed depth of the cover plate, withdraw it
from the cylinder head.

Right hand cylinder head camshaft bearing cap tightening sequence.

TO INSTALL The arrows indicate the direction the bearing caps should face.

Installation is a reversal of the removal procedure with attention
to the following points: 3

1 If removed, install the camshaft cover plate to the cylinder
head, as follows:

a Install the cover plate to the head, ensuring that itis straight, 4
and it is fully seated.

b Apply a small amount of Permatex Ultra Grey or equivalent
sealant to the mating surface of the cap, as shown in the 5
illustration.

¢ Install the cover plate cap bolts and tighten to the specified
torque.

2 Assemble the exhaust camshaft using the following procedure:

a Clamp the hexagonal area of the camshaft in a vice
equipped with soft jaw guards. Position the drive gear
uppermost.

b Install the sub gear spring adjacent to the drive gear with the
end of the spring contacting the dowel.

¢ |Install the sub gear and the wave washer.

d Install the snap ring ensuring that the snap ring is correctly
positioned in the snap ring groove.

e Using pin punches and a screwdriver, rotate the sub gear
clockwise against spring tension and install the lock bolt
used previously to lock the sub gear to the drive gear.

Ensure that the teeth of the sub gear are aligned with the
@ drive gear before tightening the lock bolt.

EXHAUST 9
{ i CAMSHAFT

Léft hand cylinder head camshaft bearing cap tightening sequence.

9
The arrows indicate the direction the bearing caps should face. s

Lubricate the cam followers and shims with clean engine oil
and install them to the cylinder head to the positions noted
on removal.

Lubricate the journals, thrust faces and cam lobes with clean
engine oil prior to installation. Do not allow the oil to enter
the bearing cap retaining bolt holes.

Place the inlet camshaft on the cylinder head, so the dowel
pin is pointing upwards on the left hand side camshaft, and
the dowel pin is pointing downwards on the right hand side
camshaft. In this position the camshaft lobes are exerting
equal force on their respective cam followers.

Install the bearing caps to the inlet camshafts, ensuring that
they are in numerical order, placed on the relevant camshaft
with the arrows facing in the appropriate direction.

on the bearing cap, followed by the bearing number,
while the exhaust bearing caps are marked with a letter E
followed by the bearing number.

The arrows on the bearing caps on the right hand side of
the engine point to the front of the engine, and are
numbered from the front to the rear.

ﬂ The inlet camshaft bearing caps have a letter | stamped

The arrows on the bearing caps on the left hand side of
the engine point to the rear of the engine, and are
numbered from the rear to the front.

To prevent oil leaks in the front seal area, apply a small
amount of Permatex Ultra Grey or equivalent sealant to the
No 1 inlet camshaft bearing cap contact face, adjacent to the
oil seal recess, as shown on the illustration.

Gradually and progressively tighten the bearing cap bolts to
the specified torque working from the centre outwards,
referring to the illustration. Remove the excess sealant
protruding from the front inlet camshaft bearing cap.

pushed down into position by the bearing caps. Damage
to or breakage of the thrust faces could occur if the
camshaft is tilted during installation.

ﬂ It is important that the camshaft be kept level as it is

Apply multipurpose grease to the lip of a new camshaft oil seal
and install the seal squarely into the front bearing cap using a
suitable mandrel or tube, until it is flush with the bearing cap.

Mesh the exhaust camshaft gear with the inlet camshaft gear
and roll the camshaft into the cylinder head. Ensure that the

https://cardiagn.com/1996-1999-prado-engine/
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single dot mark on the left hand side and the double dot
marks on the right hand side exhaust camshafts are correctly
aligned with the relevant dot marks on the inlet camshafts.
In this position the sub gear bolt holes on the exhaust
camshafts are pointing upwards.

11 Install the exhaust camshaft bearing caps to the cylinder
head, ensuring that they are in numerical order, and that the
arrows point to the appropriate direction.

12 Gradually and progressively tighten the bearing cap bolts to
the specified torque, in the order shown in the illustration.

being pushed down into position by the bearing caps.
Damage to or breakage of the thrust faces could occur if
the camshaft is tifted during installation.

ﬂ It is important that the camshaft be kept level as it is

13 Remove each sub gear lock bolt from the exhaust camshaft.

14 Install the camshaft sprockets, ensuring that the dowel pins
are aligned with the holes in the camshaft sprockets and
tighten the bolts to the specified torque.

15 If necessary, rock the camshaft sprockets, until the timing
mark on the sprocket is aligned with the mark on the rear
timing belt cover and the dot marks on the camshaft gears
are aligned.

16 Install the timing belt as previously described under the
Timing Belt heading in this chapter.

17 Check and if necessary, adjust the valve clearances, as
described in the Routine Maintenance heading in this
chapter.

18 Install the rocker covers and the plenum chambers as
described under the appropriate headings in this chapter.

LEFT HAND
CYLINDER HEAD

» DOUBLE

© DOUBLE 3

| DOT MARKS [

e
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Cylinder Heads
To Dismantle and Assemble — Valve spring compressor
@ and adaptor

To Inspect — Straight edge, inside and outside
micrometers

TO REMOVE AND INSTALL

Allow the engine to cool prior to the removal of the
A cylinder heads or distortion may occur.

1 Remove the plenum chambers, the inlet manifold, the
exhaust manifolds, the rocker covers and the camshafts as
previously described.

2 Remove the power steering pump retaining bolts and place
the pump clear of the work area. If necessary, refer to
Steering (chapter 12). Remove the power steering pump
retaining bracket from the cylinder head.

3 Remove the alternator, referring to Engine Electrical (chapter
6), if necessary and withdraw the heat shield from bracket.
Remove the alternator retaining bracket from the cylinder
head.

4 Remove the bolt retaining the earth lead to the right hand
side cylinder head.

5 Progressively loosen the cylinder head retaining bolts in the
reverse order of the tightening sequence shown in the illus-
tration. Remove the allen head bolt.

RIGHT HAND
CYLINDER HEAD

View from the rear to the front of the engine showing the camshaft timing marks aligned correctly.
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RIGHT CYLINDER HEAD

57

~af—FRONT

Left hand cylinder head bolt tightening sequence. Loosen in the
reverse order.

6 Lift each cylinder head away from the cylinder block and
remove the cylinder heads from the vehicle. To assist in
breaking the gasket adhesion, insert a lever between the
cylinder block and the cylinder head at the rear of the engine
when working on the right hand side cylinder head or at the
front when removing the left hand side head. Do not lever
on the gasket surface.

7 Using a sharp scraper, clean the cylinder block and the
cylinder head, ensuring that both surfaces are free from
gasket material, using care to prevent foreign material
entering the cylinders.

Permatex Gasket Remover or equivalent will assist in
removing any traces of old gasket material.

8 Check the cylinder block face for distortion diagonally and
lengthwise using a straight edge and feeler gauges. If the
cylinder block is distorted more than specified, it will be
necessary to remove and dismantle the engine and consult
an engine reconditioning specialist.

9 Inspect the cylinder block and pistons for damage.

10 Check the cylinder head surfaces for distortion as described
under the heading To Clean and Inspect.

5 ]
518-512 |

Levering the right hand side cylinder head from the cylinder block,
to break the gasket adhesion.

https://cardiagn.com/1996-1999-prado-engine/
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Right hand cylinder head bolt tightening sequence. Loosen in the
reverse order.

Installation is a reversal of the removal procedure with attention
to the following points:

1 Ensure that the cylinders and the cylinder head bolt threads
are free of foreign materials. Remove the oil residual from
the cylinder head bolt holes. If necessary, clean the thread
holes using a suitable tap.

2 Use new gaskets and seals during assembly.
Ensure that No 1 piston is on TDC.

4 |nstall new cylinder head gaskets to the cylinder block. The
gasket holes, especially the oil passage, should be aligned
with the corresponding holes in the cylinder block. Refer to
the illustration for the correct positioning of the gasket.
Carefully lower the cylinder head onto the cylinder block and
engage the dowel pins.

w

Do not slide the cylinder head across the dowels as this
ﬂ may damage the cylinder head face.

5 Lightly oil the threads of the retaining bolts and the washers.
Place the washers onto the bolts.

Never put oil directly in the bolt holes in the cylinder head
A as damage or incorrect torque settings could result.

RIGHT HAND LEFT HAND
GASKET GASKET

518-520

Cylinder head gaskets showing the installation marks.
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58 Engine

Removing the valve collets using a valve spring compressor and
adaptor.

light pressure to the retainer and tap the edge of the

a Ifthe collets are stuck to the valve spring retainer, apply
retainer using a brass punch and hammer.

Check the cylinder heads for distortion using a straight edge and

Fainr ganigpes I Bcommon b firkd o g ressicn in. dewt A 5 Release the spring compressor and remove the retainer,

6 Progressively tighten the cylinder head bolts in three stages, spring and seat from the cylinder head. .
to the specified torque, following the illustrated sequence. 6 Remove all burrs from the end of the valve stem using a
7 Install the camshafts and the timing belt, referring to the sl:nall T'le to gnrs‘gre that the valve guide is not damaged as
appropriate heading in this chapter. the valve Is withdrawn.
8 Install the rocker covers, using new gaskets 7 As each valve is withdrawn, insert it into its appropriate hole

in the piece of board to ensure correct installation to the
original position during assembly.

8 Repeat the removal procedure with the remaining valves.

9 Remove the oil seal from the valve guide using long nosed
pliers.

9 |Install the inlet manifold, the plenum chambers and the
exhaust manifolds, as previously described.

10 Securely tighten the fuel filler cap.

11 Start and run the engine and check for oil, water and fuel
leaks. Rectify as necessary.

TO CLEAN AND INSPECT
1 Thoroughly clean the cylinder head in solvent and dry it with
ﬂ Overhauling the cylinder heads requires the use of compressed ale Havaliable.

specialist equipment. Buying or hiring this equipment is 2 Inspect the cy_Ilnder head for cragks or d?“’_‘age- Check the
camshaft bearing surfaces for scoring or pitting.

TO DISMANTLE

usually too expensive to be considered when overhauling

a pair of cylinder heads. Overhauling the cylinder heads is 3 Thoroughly clean the valves of carbon deposits, using a wire
best left to a cylinder head specialist with the necessary brush and electric drill. Do not mark the valve seats. Clean
equipment. Some specialists offer a cylinder head the valve guides using a piece of wadded cloth and a suit-
exchange service which greatly reduces the amount of able solvent.

time the vehicle is off the road.

1 Place the cylinder head down on a clean cloth to prevent
scratching the cylinder head face.

2 Suitably mark the valves to ensure that all the components
of the cylinder head are returned to their original locations.

3 Dirill 24 holes in two pieces of board to receive the valves
removed from the cylinder heads. Number the holes to
ensure that the valves can be replaced in their original posi-
tions in the head.

4 Position the cylinder head on its side and using a valve
spring compressor, compress a valve spring. With some
types of valve spring compressor an adaptor maybe neces-
sary to allow clearance from the rocker cover sealing surface.
An adaptor can be fabricated by cutting an opening in a
short length of metal tubing. Remove the collets from the =R ; .
valve spring retainer. Tightening the cylinder head using an angle gauge.

< i
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Valve arrangement in the cylinder head.

4

Inspect each valve for burning, distortion or cracking. A valve
with any one or more of these characteristics should be
discarded and a new valve fitted.

Using inside and outside micrometers, measure the valve
stem and the valve guide bores. Subtract the outside diam-
eter of the valve stem from the inside diameter of the valve
guide to calculate the oil clearance. Compare to
Specifications. Renew the valve and/or the valve guide, as
necessary. This work is best referred to a cylinder head
specialist.

Check each valve spring free length as shown in the illustra-
tion and compare to Specifications.

Stand the valve springs upright and check their squareness
using a set square. Rotate each spring slowly and observe
the distance between the top coil of the spring and the
square. Renew the spring if it is more than 2 mm out of
square.

To check the tension of a valve spring if a spring tester is not
available, check the springs by comparison with a new
spring as follows:

Install one of the springs and the new spring in a vice, end to
end, with a steel plate in between.

Tighten the vice until the new spring is compressed to a
length of 33.3 mm and measure the length of the original
spring.

If the length of the original spring is within five percent of
the new spring, it indicates that the tension is acceptable.
Remove all carbon deposits from the combustion chambers,
cylinder head face and valve throats. Check the condition of
the valve seats and if necessary, recut the valve seats with a
valve seat cutter to the specified angle and width.

5P34

Measuring the valve spring free length, using vernier calipers.
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Measuring the installed height of the vaive.

i

10

1

12

If the valve seats in the cylinder head are worn, cracked or
recessed excessively, new inserts will have to be installed.
This work is best referred to a cylinder head specialist who
has the necessary specialised equipment.

Using a steel straight edge and feeler gauges, check along
and across the cylinder head face for distortion. If the
cylinder head is distorted more than 0.10 mm the manufac-
turer states that the cylinder head should be renewed. If the
distortion is less, the head should be machined. Consult a
cylinder head specialist.

Check the cylinder head face and combustion chambers for
cracks and burn marks. Inspect the coolant transfer holes in
the cylinder head for corrosion. Check the spark plug tubes
for looseness and leaks. If necessary, renew the head or
consult an engine reconditioning specialist.

If the cylinder head is to be renewed, the spark plug tubes
must be removed from the old head, using vice grips or
similar. If the spark plug tube(s) suffer damage during
removal, renew the spark plug tube(s).

TO REFACE VALVES AND VALVE SEATS

1

Reface the valves to the specified angle on a suitable valve
refacing machine. If a valve head margin thickness is less
than specified limit after the grinding operation, the valve
should be renewed.

Inspect the valve stem tips and if pitted, they should be
reground taking care to remove only enough material to
restore tip flatness.

[ ]

Renew the valve spring if the distortion at A exceeds 2 mm.

59
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FAcE TO ASSEMBLE
N

Assembly is a reversal of the dismantling procedure with atten-
tion to the following points:

COLLET GROOVE cD18

L /

/

TIP

STEM

Various parts of the valve.

Clean the cylinder head thoroughly removing all traces of
abrasive material.

If a new cylinder head is being installed, it will be necessary
to install the spark plug tubes as follows:

Apply Permatex Lock Nut or equivalent to the spark plug
tube holes in the cylinder head.

Press the spark plug tubes into the cylinder head until the
tube protrudes 49.0 - 49.4 mm above the camshaft bearing

3 Using a valve seat cutter, cut the valve seats to the specified cap mating face. Ensure that there is no sealant near the
angle. When cutting the valve seats it is important that the spark plug threads.
correct size valve guide pilot is used for the cutting tool. A
true and complete surface must be obtained. Place the cylinder head on soft timber blocks while
4 Lap the valves to the valve seats with a suitable oil or water =» pressing in the spark plug tubes, to prevent damage to
mixed lapping compound until a true and concentric seating the head.
has been obtained.
5 Check the valve to seat contact using the following proce- Using a suitable tube, carefully push the new valve stem
dure: seals onto the valve guides. Ensure that each seal is installed
a Apply a smear of Prussian Blue to the valve face and rotate squarely and pushed until it is fully seated on the guide.
the valve approximately 1/6 of a turn while lightly holding . 4
the valve head against the seat. ﬂ At the time of publication the exhaust valve seals had a
4 : 7 black coloured band around the top of the seal and a
b z‘gi‘d]ft"; t;‘:ﬂﬁi :";g:ﬁzkmzt Ezstmfn’g::gtf:‘ “}ﬁ i plain body, while the inlet valve seals had silver markings
P : 4 9 on the top of the seal and a coated body. Consult your
contact. Remove all Prussian Blue from the valve and seat. i : :
; . 3 . parts supplier prior to installing the seals.
¢ If the valve is not seating fully, install the valve and rotate it
one complete revolution. With the cylinder head supported on its side, lubricate the
d Withdraw the valve and check the marking on the seat. If full valve stems and guides sparingly with clean engine oil and
seat contactis indicated, the valve requires refacing. If partial insert each valve into its respective guide, ensuring that the
seat contact is indicated, recut the seat. valves are installed in their original position.
6 Install the valves and measure the installed height of each Install the valve spring seats and the valve springs. Note that

valve, measuring from the spring seat on the cylinder head
to the valve stem tip and compare with Specifications. If the
installed height on any valve exceeds Specifications, the
cylinder head will require new valve seat inserts.

0‘*—- SHIMS

CAM
FOLLOWERS

~— COLLETS ——
(2] |

.“— RETAINERS ,-.-.

INLET EXHAUST
VALVE VALVE
2440276
" E18-514

Inlet and exhaust valve components.
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the valve springs are installed with the close coils at the
bottom.

Place the retainer over the valve, compress the assembly
using the valve spring compressor and install the collets.

Measuring the installed height of a spark plug tube.
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EXHAUST VALVE
STEM SEAL

INLET VALVE
STEM SEAL

Comparison of valve guide seals. Install the longer seals to the
inlet valve guides.

Slowly release the valve spring compressor and check that the
collets are correctly engaged with the valve stem grooves.

A dab of multipurpose grease applied to the inside
surface of the collets will hold the collets in the correct
position on the valve stem during installation.

7 Lightly tap the end of the valve stem using a soft faced
hammer to seat the collets in the valve stem groove.

8 Repeat these operations with the remaining valves.

9 |Install the cylinder head as previously described.

10 Install the camshafts to the cylinder head as previously
described. Progressively tighten the bearing cap retaining
bolts to the specified torque in a spiral sequence working

from the centre. Refer to the Camshafts heading in this
chapter.

Sump and Pickup Pipe

To Remove Sump — Seal cutter or sharp knife

&

Due to the design of the chassis and front axle assembly it is
necessary to remove the engine to allow sump removal,

TO REMOVE
1 Disconnect the negative battery terminal.

2 Raise the front of the vehicle and support on chassis stands.
Refer to General Information (chapter 1) for the positions of
the jacking points.

3 Remove the sump plug and drain the engine oil into a
container. Inspect the sump plug washer and renew if neces-
sary. When the oil has drained, install and tighten the sump
plug securely.

4 Remove the engine as previously described in this chapter.

5 Place a container under the sump and remove the retaining
bolts.

6 Support the sump, and remove the two remaining nuts.
Insert a sealant cutter and hammer this around the sump
until the sump can be seperated from the cylinder block.
Lower the sump to clear the oil pump pickup pipe and
remove the sump from the engine.

The use of a screwdriver or chisel in place of the seal
cutter can damage the gasket surface and result in oil
leakage. If a seal cutter is not available, a sharp knife
inserted between the mating faces and tapped around
with a hammer is an acceptable substitute.

SM_4 - Auto Service Repair Manuals and Wiring Diagrams

PICKUP
PIPE ~

Sump removed showing the oil pump pickup.

7 If necessary, remove the nuts and bolts retaining the oil
pump pick up pipe and withdraw the pipe. Discard the
gasket.

TO CLEAN AND INSPECT

1 Clean the cylinder block, oil pump housing, rear crankshaft
seal housing and the sump mating surfaces. Use a scraper or
a razor blade to remove the sealant. When all sealant has
been removed, clean the sump mating face with solvent
which will not leave a residue or affect the painted surfaces.

2 Wash the inside of the sump using cleaning solvent. Check
for any metal deposits which may indicate an imminent
bearing failure.

3 Inspect the sump for cracks or damage to the mating face.
Inspect the threads on the sump plug and sump for damage
and wear. Repair or renew as necessary.

4 Thoroughly clean the pickup pipe and screen using a brush
and cleaning solvent.

5 Inspect the pickup pipe for cracks or dents. Renew as necessary.

TOINSTALL

Installation is a reversal of the removal procedure with attention
to the following points:

1 If removed, install the oil pump pickup pipe using a new
gasket. Tighten the retaining nuts to the specified torque.

2 Apply a continuous 3 — 5 mm diameter bead of Permatex
Ultra Grey or equivalent sealant to the centre of the sump
mating face. The bead must be inside the bolt holes, approx-
imately 6 mm from the centre of the holes.

3 Install the sump to the engine within 5 minutes of applying

the sealant. Progressively tighten the sump retaining nuts
and bolts to the specified torque.

518575

Apply sealant to the sump as shown in the illustration.
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w

sump, the sealant must be removed and new sealant

ﬂ If the sealant has started to cure prior to installing the
applied.

Install the engine, referring to the Engine Assembly heading
in this chapter.

Fill the engine with the specified oil.

Run the engine until the normal operating temperature is
reached and check for oil leaks. Rectify leaks as necessary.

Oil Pump

TO REMOVE

1

Remove the drive belts referring to the Routine Maintenance
heading in this chapter.

Remove the engine, the sump and pickup pipe as previously
described.

Remove the timing belt and withdraw the crankshaft
sprocket, as described in this chapter under the Timing Belt
heading.

Remove the bolt retaining the crank angle sensor to the oil
pump housing and place the sensor clear of the work area.

Withdraw the dipstick. Remove the bolt retaining the
dipstick tube to the alternator support bracket and remove
the tube from the engine. Discard the O ring.

Noting their installed position, remove the oil pump
retaining bolts.

Using a soft faced hammer, gently tap the oil pump to sepa-
rate it from the cylinder block. Alternatively, carefully lever
the oil pump away from the cylinder block, using the tabs on
the pump body as a fulcrum point. Manoeuvre the oil pump
from the end of the crankshaft. Discard the O ring.

TO DISMANTLE

1

Using an impact driver, remove the screws retaining the oil
pump end cover to the housing. Ease the oil pump cover
from the housing.

Withdraw the inner and outer rotors from the oil pump
housing.

Remove the plug retaining the pressure relief valve in the oil
pump housing and, noting their installed location, withdraw
the spring and the piston.

Oil pump installed showing the locations of the short and long bolts.
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Levering the oil pump from the cylinder block. Note that the
levering force is only applied at one of the tabs.

4 Prise the crankshaft oil seal from the oil pump housing using

an oil seal removal tool or a screwdriver. Use care not to
scratch the seal bore. Discard the oil seal.

5 Remove all traces of old gasket from the oil pump housing

and the cylinder block.

TO INSPECT
1 Thoroughly clean the oil pump components in cleaning

solvent, dry with compressed air, if available, and
temporarily assemble the rotors in the oil pump housing.
Measure the inner to outer rotor tip clearance. If the clear-
ance exceeds Specifications, renew the rotor set.

Measure the outer rotor to the oil pump housing clearance. If
the clearance exceeds Specifications, renew the rotor set
and/or the oil pump housing as necessary.

Measure the end clearance between the rotors and the oil
pump housing using a straight edge and feeler gauges.

INNER
RoTor COVER

W 0
" Rl PICKUP
/. SRy ﬁ PIPE.
RELIEF / / :

VALVE GASKET
SPRING ~ ’:7 :::P
(]
— A = =y
PLUG ‘6 =y my sesne
Oil pump components.

https://cardiagn.com/1996-1999-prado-engine/

42/50



30.06.2021 SM_4 - Auto Service Repair Manuals and Wiring Diagrams

Engine 63

1 Ensure that all components are thoroughly clean and liber-
ally coat the components with clean engine oil.

2 |Install a new crankshaft oil seal squarely into the front of the
oil pump housing with the seal lips facing inwards, until the
seal face is flush with the housing. Apply a small amount of
multipurpose grease to the oil seal lip.

3 Install the relief valve piston and spring into the oil pump
housing and install the plug.

4 Install the inner and outer rotors into the oil pump housing.
Ensure that the marks on the rotors are facing the cover.
5 Install the oil pump end cover and tighten the retaining

screws to the specified torque.

with petroleum jelly. This will achieve rapid increase of oil

It is good practice to pack the space between the rotors
E pressure when starting the engine.

TO INSTALL

Installation is a reversal of the removal procedure with attention
to the following points:

Measuring the inner to outer rotor tip clearance. 1 Remove all traces of sealant material from the cylinder block
and the oil pump housing, using suitable solvent, if neces-
Renew the rotor set and/or the oil pump housing as neces- 380
sary.

5 Check the pressure relief valve spring for breakage or loss of
tension. Renew the spring if its condition is suspect.

6 Check the relief valve piston for wear and scoring. Apply a

It is recommended, that the front crankshaft oil seal is
@ renewed whenever the oil pump is removed.

light film of oil to the valve and check that it slides freely in 2 Ensure, that the marks on the end cover are aligned with the
the oil pump housing by its own weight. Check that the oil cut outs on the inner rotor.
passages are clear.

. . . 3 Apply a 3 mm wide bead of Permatex Ultra Grey or equiva-
7 Thoroughly clean the oil pump pickup and screen with a lent sealant to the rear of the housing, to the position shown
wire or bottle brush. on the illustration and place a new O ring in the groove.

8 Blow the oil pump pickup and screen clean with compressed Install the oil pump.
air.
If difficulty is experienced sliding the oil pump onto the
TO ASSEMBLE @ crankshaft, rock the pump slightly to the left and to the
Assembly is a reversal of the dismantling procedure with atten- right, until the inner rotor engages the flat portion of the
tion to the following points: crankshaft.

518-580

Measuring the end clearance between the rotors and the oil pump .
housing. Measuring the outer rotor to oil pump housing clearance.
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Ensure that the cut outs and marks are aligned prior to installing
the oil pump.

End cover removed, showing the inner and outer rotors correctly
aligned.

4 |[nstall the oil pump retaining bolts, ensuring that the bolts
are positioned as noted during removal. If in doubt, refer to
the illustration. Tighten the bolts to the specified torque.

5 Install the pickup pipe, sump and the timing belt as previ-
ously described under the relevant headings.

6 Fill the engine with the recommended quantity and grade of
engine oil. Run the engine, check that the oil lamp goes out
within a few seconds. Also check for oil leaks and rectify as
necessary.

SEALANT

Apply a bead of sealant to the oil pump housing grooves and
around the inside of the bolt holes as shown in the illustration.
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O RING

HOSES

518-B02N

Oil cooler components.

Oil Cooler

TO REMOVE AND INSTALL

1 Raise the front of the vehicle and support on chassis stands.
Refer to General Information (chapter 1) for the positions of
the jacking points.

2 Drain the cooling system, referring to Cooling System
(chapter 5), if necessary.

3 Release the hose clamps and using a twisting motion,
disconnect the cooler hoses from the fittings on the oil
cooler.

4 While supporting the oil cooler, remove the union bolt and
withdraw the cooler from the engine. Discard the gasket from
the union bolt and the O ring from the oil cooler housing.

Installation is a reversal of the removal procedure with attention
to the following points:

1 Install a new O ring to the oil cooler housing and a new
gasket to the union bolt.

2 Install the oil cooler to the cylinder block, ensuring, that the
locator correctly engages the casting on the cylinder block.

3 Tighten the union bolt to the specified torque.

Crankshaft Oil Seals

TO RENEW FRONT CRANKSHAFT OIL SEAL

1 Remove the timing belt as previously described under the
Timing Belt heading in this chapter.

2 Using a centre punch, tap a small hole into the front face of
the oil seal. Use care not to make the hole too deep and
damage the oil pump housing.

3 Screw a self tapping screw into the oil seal. Grip the head of
the screw with a pair of pliers and withdraw the seal from the
oil pump housing.

4 Check the seal contact surface on the crankshaft for scoring
or damage. If necessary, refer the engine to an engine recon-
ditioning specialist.
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518-474

Front crankshaft oil seal removed showing various components.

5 Apply multipurpose grease to the oil seal lip and install the
seal squarely into the oil pump housing using a mandrel or
tube that pushes on the outer edge of the seal only. The oil
seal lip must face towards the engine and the outer face of
the oil seal must be flush with the face of the oil pump
housing.

6 Install the crankshaft sprocket and the timing belt as previ-
ously described.

TO RENEW REAR CRANKSHAFT OIL SEAL
1 Remove the transmission from the vehicle as described in
the relevant transmission chapter.

2 Remove the flywheel/driveplate as described later in this
chapter.

3 Using a centre punch, tap a small hole into the front face of
the oil seal. Use care not to make the hole too deep and
damage the carrier.

4 Screw a self tapping screw into the oil seal. Grip the head of
the screw with a pair of pliers and, noting the installed depth
of the seal, withdraw the seal from the housing.

5 Check the seal contact surface on the crankshaft for scoring
or damage. If scored or damaged, refer the engine to an
engine reconditioning specialist.

6 Apply multipurpose grease to the oil seal lip and install the
oil seal to the housing, using a mandrel or tube that pushes

Removing the front crankshaft oil seal using a self tapping screw,
pliers and a block of wood as a fulcrum.
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Removing the rear crankshaft oil seal using a self tapping screw,
pliers and a block of wood as a fulcrum.
on the outer edge of the seal only. The oil seal lip must face
towards the engine and must be flush with the housing.
7 Install the flywheel/driveplate as described later in this
chapter.

8 Install the transmission to the engine as described in the
relevant transmission chapter.

Flywheel/Driveplate

To Inspect — Dial gauge
S To Renew Flywheel Ring Gear — Suitable heat source

TO REMOVE

1 Remove the transmission from the vehicle as described in
the relevant transmission chapter.

2 On manual transmission models, proceed as follows:

a Mark the flywheel and the clutch pressure plate cover to
ensure correct assembly.

Rear crankshaft oil seal and associated components.
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SPIGOT w,
BEARING

Clutch removed showing the flywheel and spigot bearing.

b

Progressively loosen and remove the pressure plate
retaining bolts.

Lift the pressure plate from the flywheel and remove the
clutch driven plate.

Using a dial gauge, check the runout of the flywheel clutch
face contacting surface, or the rim around the outer circum-
ference of the driveplate.

Rotate the flywheel/driveplate one complete turn and check
the runout. If the runout exceeds specifications, check for
dirt, rust etc. between the flywheel/driveplate and the crank-
shaft. If no problem can be found, renew the flywheel or
driveplate.

Suitably mark the flywheel or driveplate so that the unit can
be installed in the original position on the crankshaft.

Hold the flywheel/driveplate stationary and remove the
retaining bolts.

On automatic transmission models, mark the installed posi-
tion and installed direction of the adaptor and withdraw it
from the flywheel. Lift the flywheel or driveplate from the
crankshaft. On automatic transmission models, noting its
installed position, withdraw the spacer from the crankshaft.

TO INSPECT

1

2

v

Where applicable, inspect the flywheel clutch face
contacting surface for cracks or excessive scoring.

Inspect the ring gear teeth for damage, cracks or wear, The
ring gear can be renewed separately from the flywheel, but
not from the driveplate.

Inspect the driveplate bolt holes for elongation, caused by
loose retaining bolts.

Inspect the driveplate for cracks.
Renew components as necessary.

Check the condition of the crankshaft spigot bearing. If
necessary, renew the bearing as described later in this
chapter.

TOINSTALL

Installation is a reversal of the removal procedure with attention
to the following points:
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Align the marks made when removing the flywheel/drive-
plate. On automatic transmission models, install the spacer
and the adaptor plates, in the position and direction noted
on removal.

Apply a few drops of Permatex Stud Lock or equivalent
thread locking compound to the retaining bolts. Install and
tighten the retaining bolts evenly, and progressively to the
specified torque.

On manual transmission models, align the clutch driven
plate with the adaptor centre hole using an aligning tool.
Tighten the pressure plate bolts progressively in a diagonal
sequence. Refer to Clutch (chapter 9) for more information
on the aligning tool and the pressure plate bolt torque.

Install the transmission to the vehicle as described in the
relevant transmission chapter.

TO RENEW FLYWHEEL RING GEAR
1 With the flywheel removed from the vehicle, drill a 3 mm

diameter hole between two teeth of the ring gear.

Do not drill completely through the ring gear as this will
ﬂ damage the flange on the flywheel.

Secure the flywheel, with the drilled hole uppermost, in a
vice equipped with soft jaw guards.

Place a cold chisel above the hole in the ring gear and hit it
sharply to split the ring gear.

Observe the direction of the teeth leading edges of the old
ring gear. The new gear must be installed to the flywheel
with the teeth leading edges in the same direction.

Remove the ring gear, clean the mounting face on the
flywheel and remove any burrs.

Polish a few spots of the new ring gear with emery cloth and

heat the ring gear evenly until the polished spots turn dark
blue.

Do not heat the ring gear past the point required to
A achieve a dark blue colour or the tempering of the gear
teeth will be impaired.
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7 With the flywheel suitably supported, pick the ring gear up
using pliers and place it evenly onto the flywheel.

Allow the ring gear to cool slowly. Do not quench in
E water.

Crankshaft Spigot Bearing

TO REMOVE AND INSTALL
1 Remove the transmission from the vehicle as described in
Manual Transmission (chapter 10).
2 Remove the clutch assembly as described in Clutch (chapter 9).

3 Using a puller or slide hammer, remove the spigot bearing
from the crankshaft and discard the bearing.

with heavy grease. Insert the clutch aligning tool into the
bearing and tap the tool with a mallet. The hydraulic
force of the grease will force the bearing from the
crankshaft. Remove the grease from the crankshaft.

@ Ifa puller is not available, fill the inside of the bearing

Installation is a reversal of the removal procedure with attention
to the following points:
1 Using a tube or mandrel, install the bearing until it abuts the
shoulder inside the cavity.
2 Install the clutch assembly and the transmission as described
in the relevant chapters.

Engine Overhaul

Engine overhaul refers to major work on the pistons, connecting
rods, crankshaft bearings and cylinder block as well as checking
the items already covered in this chapter.

OPTIONS

If the engine is worn and the rest of the vehicle is in good
enough condition to warrant overhauling the engine, there are
four common steps that can be taken:

SPIGOT s
4 BERF“G

Clutch removed showing the spigot bearing.
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Install a reconditioned long engine. A long engine usually
includes the cylinder block and heads assembled with
camshafts rocker covers and sump etc. ready to bolt on your
manifolds and other components such as starter motor,
alternator, power steering pump etc.

Installing a long engine from an engine reconditioning
specialist is usually the best policy if intending to keep a
vehicle that is otherwise in good condition for a long period.
Usually it is possible to install the engine yourself or the
specialist will do it for you, for an agreed fee.

Install a reconditioned short engine. A short engine is only
the cylinder block, pistons and crankshaft. All other compo-
nents come from your old engine.

A short engine is really only a proposition if the cylinder
heads have been recently reconditioned or the engine has
done only relatively low mileage and something has gone
wrong with the lower part of the engine. If the other compo-
nents are well worn the restored compression of the short
engine will soon show up weaknesses in other areas.

Install a good secondhand engine from a wrecker or
specialist. This is usually the most economical option and
may be the best option to keep and old vehicle on the road
for a while longer. These engines often come with some
accessories installed but great care must be taken to ensure
that the engine chosen, is actually suitable for the vehicle.

Imported engines can vary a lot from the local product origi-
nally installed in this vehicle so the best policy is to try and
get an engine from the same type of vehicle as yours.

Ensure that some sort of warranty comes with the engine
and if possible, test run it at the wreckers etc. before
purchase.

Overhaul the engine yourself. This is really only economically
and practically viable for those with previous experience and
quality measuring equipment. It must be remembered that
the modern engine runs tighter clearances and is less
tolerant of assembly glitches than older style engines. If
taking this path the following information may help you.

Systematically mark components or note the manufactures
marks as the engine is progressively dismantled. It will still
be necessary to take certain components to a specialist for
operations like reboring, crankshaft checking and piston to
connecting rod installation.

The specialist should check clearances for you however, take
nothing for granted and check everything with the compre-
hensive specifications listed at the start of this chapter.
Cleanliness is one of the most important aspects of engine
assembly along with checking that all components are
installed correctly. If there is a fault with the engine when it
goes back together it can cost you a lot of money and time.
Overhauling this engine, even though of advanced design
follows standard workshop practice, with attention to the
following points:

The main bearing shells have a plain half and a grooved half.
The grooved half with the oil hole must be installed in the
cylinder block.

The No1 main bearing shells are 22 mm wide. The remaining
bearing shells are 20 mm wide.

Crankshaft end float is adjustable at the No 3 main bearing
using thrust washers. The thrust washers must be installed
with the grooves facing outwards.

The crankshaft and main bearings are graded. Consult your

parts supplier about the correct size replacement crankshaft
bearings.
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e Tighten the main bearing cap bolts in a diagonal sequence,
starting in the centre and working outward. The main
bearing caps are united by a cradle arrangement.

f The connecting rod bolts are of the plastic region type.
Measure the diameter of each bolt, 15 mm from the end of
the bolt. If the diameter is less than 7.6 mm, renew the
connecting rod bolts and nuts as an assembly.

GENERAL PROCEDURES

When installing an overhauled or secondhand engine certain
items should be inspected, renewed or cleaned to prevent prob-
lems occurring.

1 The radiator should be flushed out and if suspect should be
taken to a radiator specialist for through cleaning and
checking. It is advisable to renew the thermostat and water
pump as a matter of course. Thoroughly inspect the radiator
cap and renew if, it is suspect. Always use the correct coolant
in the cooling system.

The temperature gauge, radiator fan and coolant tempera-
ture sensor must all be functioning correctly.

2 Thetiming belt should be renewed.

3 Install new spark plugs of the correct type. Check the high
tension leads and renew if necessary.

4 Install a new air cleaner element and fuel filter. Remove the
injectors and have them cleaned by a specialist.

5 All hoses in the engine compartment must be thoroughly
checked for splits, perishing and hardening. New hoses
should be fitted unless the old hoses are perfect. Fuel hoses
are a vital safety item and only high quality hoses suitable for
fuel injection systems are to be used.

6 Inspect the engine mountings and the exhaust system for
wear and deterioration and renew components as neces-
sary.

7 Use engine oil of the correct grade and a new oil filter to
prevent excessive wear on start up. Ensure that the oil pres-
sure warning lamp system is functioning correctly and repair
if necessary.

8 Refer to the engine installation procedure for more informa-
tion on how to treat an overhauled engine.

Engine Mountings

TO REMOVE AND INSTALL

i

Front Engine Mountings

1 Remove the nut retaining the engine mounting to the
bracket on the side of the cylinder block,

2 Raise the front of the vehicle and support on chassis stands.
Refer to General Information (chapter 1) for the positions of
the jacking points.

3 Remove the bolts retaining the front and rear stoneguards
and withdraw them from the vehicle.

4 Remove the nuts and bolts retaining the engine mounting to
the vehicle chassis.

Engine mountings that are oil soaked should be renewed
and the cause of the oil leak rectified to ensure a normal
working life for the new mounting.
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Front engine mounting components.

5 Support the engine on a floor jack, placing a piece of timber
between the jack and the clutch housing to prevent damage
to the housing.

6 Carefully raise the engine high enough to allow the
mounting to be removed from the engine. Noting the
installed position of the shield, withdraw the mounting and
the shield from the engine compartment.

7 If necessary, remove the bolts retaining the bracket to the
cylinder block, and withdraw the bracket from the engine.

When removing the left hand side engine mounting, the
oil filter must be removed to allow access to the retaining
bolt.

Installation is a reversal of the removal procedure with attention
to the following points:

"1 If removed, install the bracket to the cylinder block and
tighten the retaining bolts to the specified torque. If
removed, install a new oil filter.

2 |Install the engine mounting, ensuring that the shield is
placed on top of the mounting in the position noted during
removal.

3 Lower the engine and tighten the retaining nuts and bolts to
the specified torque.

Rear Engine Mounting

1 Raise the front and rear of the vehicle and support on chassis
stands. Refer to General Information (chapter 1) for the posi-
tions of the jacking points.

BOLT —=

SPACER _ 7

Ll CROSSMEMBER

Rear crossmember and mounting components.
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2 Support the weight of the transmission and transfer case on
a floor jack with a piece of timber between the jack and the
transfer case or transmission.

3 Remove the bolts retaining the rear mounting to the cross-
member.

4 Remove the bolts retaining the crossmember to the chassis
rail and withdraw the crossmember from the vehicle.

5 Remove the bolts retaining the mounting to the transmis-
sion housing, and noting its installed direction, withdraw the
rear mounting from the vehicle.

6 If necessary, remove the plastic encapsulated nut retaining
the load relief bolt, and noting their installed position, sepa-
rate the bolt, the washer and the spacer.

Installation is a reversal of the removal procedure with attention
to the following points:

1 Install the rear mounting to the vehicle in the direction
noted during removal. Tighten the retaining bolts to the
specified torque.

2 Install the crossmember to the vehicle and lower the trans-
mission. Install the retaining bolts and tighten them to the
. specified torque.

Exhaust System

TO REMOVE AND INSTALL

remove the exhaust system with a suitable penetrating oil
to prevent the bolts and studs breaking. It is good
mechanical practice when working on the exhaust
system, to wrap the end of the tail pipe in a piece of soft
cloth to prevent damage to the rear bumper.

3 Itis advisable to soak all nuts and bolts necessary to

Engine Pipes and Resonator
1 Raise the front and rear of the vehicle and support on chassis
stands. Refer to General Information (chapter 1) for the posi-
tions of the jacking points.
2 Remove the nuts retaining the engine pipe assembly to the
exhaust manifolds.
3 While supporting the left hand pipe, remove the bolts
retaining the left hand pipe to the right hand engine pipe.
Withdraw the left hand pipe and discard the gaskets.
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Engine pipe and resonator location.

4 Remove the nuts and bolts retaining the resonator flange to
the muffler assembly. Separate the flanges and discard the
gasket.

5 Apply soapy water to the rubber mounting supporting the
engine pipe assembly.

6 While supporting the resonator, disengage the rubber
mounting and withdraw the engine pipe and resonator
assembly from the vehicle.

7 If necessary, remove the heat shields from the left hand
engine pipe.

Installation is a reversal of the removal procedure with attention

to the following points:

1 Clean the mating surfaces and use new gaskets between the
engine pipes and the exhaust manifolds/muffler assembly
flanges.

2 If removed, install the heat shields.

3 Apply soapy water to the rubber mounting prior to installing
the engine pipe assembly.

4 |Install the retaining nuts and bolts but do not tighten, until
the exhaust system is correctly aligned.

5 Tighten the retaining bolts and nuts to the specified torque.

Muffler Assembly

The valve located at the front of the muffler alters the gas flow
under high speed, thus increasing the power output and at the
same time reducing the fuel consumption. the valve is retained
by nuts and can be removed.

1 Raise the front and rear of the vehicle and support on chassis
stands. Refer to General Information (chapter 1) for the posi-
tions of the jacking points.

2 Remove the nuts and bolts retaining the muffler assembly to
the resonator flange and separate the components. Discard
the gasket.

i

Muffler and mounting location.
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3 Remove the bolts retaining the rear flange of the muffler to

the silencer flange and separate the components. Discard
the gasket.

Apply soapy water to the rubber mounting supporting the
muffler, and while supporting the muffler, disengage the
rubber mounting and manoeuvre the muffler assembly from
the vehicle.

Installation is a reversal of the removal procedure with attention
to the following points:

1

2

3

4

Clean the mating surfaces and use new gaskets between the
engine pipe and muffler assembly flanges.

Apply soapy water to the rubber mounting prior to installing
the muffler assembly.

Install the retaining nuts and bolts but do not tighten, until
the exhaust system is correctly aligned.

Tighten the retaining bolts and nuts to the specified torque.

Silencer Assembly

1

Raise the rear of the vehicle and support on chassis stands.
Refer to General Information (chapter 1) for the positions of
the jacking points.

Remove the bolts retaining the silencer to the muffler assembly
flange and separate the components. Discard the gasket.
Apply soapy water to the rubber mounting supporting the
silencer, and while supporting the silencer, disengage the
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rubber mounting and manoeuvre the assembly from the
vehicle.

Installation is a reversal of the removal procedure with attention
to the following points:

1

2

3

Silencer and tailpipe mounting and flange locations.

Clean the mating surfaces and use new gaskets between the
silencer and muffler assembly flanges.

Apply soapy water to the rubber mounting prior to installing
the silencer assembly.

Install the retaining bolts but do not tighten, until the
exhaust system is correctly aligned.

Tighten the retaining bolts and nuts to the specified torque.

B
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