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01-010 Checking compression pressure

Test values with engine ot operating temperature in bar gauge prassure {atii)

Compression Minimum Permissible difference
Engine pressure compression between individual
normal pressure cylinders
Normal compression 10-12 aporox. 8.6
max. 1.5
Low compression and @ 9--10 approx. 7.5
Sracial tool

Compression manograph with
accussories and contact handle

nbue BT

001 689 46 21 00

Note

Check comprassion pressure at operating temperature
{approx. 80 °C).

I pressure is below minimum compression pressure,
chack cylinders for leaks (07-015).

Unscrew all spark plugs for checking.

Checking

1 Connect contact handle to bartery + into coupling
for relay 21 in fuse box (arrow). Disconnect cable on
ignition coil terminal 1.

2 Rotate enginz several times with ignition switched
off and at selector lever position “'P"" to throw out
residue and soot.

3 To check, rotate engine for 8 turns while opening
throttle valve.

04150101 F3




01016 Checking cylinders fc.- *

eaks

€
Data

Total prossurs loss
On valves and cylinder head gasket
On pistons and piston rings

max. 25 %
max. 10 %

max. 20 %

Spacial tool

Cvlinr'ler laak testar

a.9. made by Bosch, EFAW 210 A
made by SUN, CLT 228--1

Adaptor 1/2* square socket
to 3/4" squere head

e.g. made by Stahlwiile, D-5600 Wuppertal
order No. 514

Socket £0 mm, 3/4" square for
rotating engine

e,

e.g. rnade by Stahlwilie, D-5600 Wuppertal
order No. 55

Checking

i

1 Run engine to operating temperature.
2 Remove air filter.

3 Sut throttle valve to full opening.

£

Unscrew spark plugs.

L5

6§ Open waclant 2xpanding tank and add reguired

coolant,

7 Connect cylinder leak tester with hose to a

compressed air system.

Calibrate tester.

01.5-0151 F 3
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8 Set eylindar to be checked to ignition TDE, For

this purpase, rotate erankshaft with toul combination,

Attentionl

The marking numbers 0, 90, 180 znd 270 are punched

into vibration dampar.

At the following positions of markings opposite
pointer, the following pistons are at TDC:

Marking No. Piston at TDC
0 1and 6
90 Hand 3
180 4and 7
2710 Band 2

9 Screw connecting hose into spark plug bore to be
tasted and connact to connecting hose of tester.

Crankshaft should not rotate.

10 Rsad prassure loss on tester.

11 Check by listening whether pressure escapes
through intake pipe, exhaust, engine breather,
spark plug bore of adjacent cylinder or coclant
tiller hote,

12 Check all eylinders in firing sequence.

01.5-015/2 F3




01--020 Evaluating eylinder bores

Conventional tool

ez

0.9. madse by Karl Storz GmbM,

£2-7200 Tuttlingen

Motoskop "W (cold light)

with lens probe 103 26 CW (570 mm) |

Cylindar iluminating lamp

Note

*Fhe visual checkup can be made by means of a
cylindar illuminating lamp with cylinder heads
mountad,

The luns probs is introduced through spark plug bore
at BDG position of piston and permits evaluation of
oylinder bove,

Motoskop TW
220 Volts and 12 Voits

Whan avaluating scored or streaked oylinder walls,

it is often ditficult for a workshop to degide whether
the damage 18 already extensive and requiras removal
or repair of the engine, or whether the evidence is
harmless. The foitowing instructions will help in
making an expert and correct decision,

With regard to marks on cylinder walls, the first
important difference is between ""optical streaks"”
and "seizure straaks”. As a rule, ""optical streaks'’
are about 3 mm wide, they are produced by the
piston ring gaps and do not destroy honing structure;
"seizure streaks”, however, obliterate honing
structure.

With streaks in direction of "'fand” {in direction of
piston pin) skirt streaks or seizure are not possible
since there is no contect between piston skirt and
cylinder liner.

015-020/1 F 3




01026 Maasuring oil consumption

Bpecial tools

il dipstick jacket and oll dipaick

“ .

with miliimeter scale R a0 100 689 14 21 00
OU 1eletharmomuter | 116689 27 21 00

¥

#
Waiva for interrupting o4 return flow > i, “"'"p» 110589 00 91 00

¥ ,ﬂ-‘b.)—‘
M TR

Note

Meaasurg ol consumipation with oil dipstick and milli-
mater graduation, olf dipstick jocket and pertinent
maeasuring sheet.

The sequence for meaasuring oif consumption is de-

seribed on front page of measuring shoat,

Raad oll eansumption shown in millimeters on dip-
stivk with raterance to diagram on back of measuring

sheat ince.

Maasuring sheat

Engine 100,988 Print No.
800.99.46%.00 A
German/English
800.99.469.01 A
Francia/Spanish

Attantion!

Ta prevent taulty rendings, check engine oil prior

to maasuting consumption for fuel dilution.

01.5-026N
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01=0:0

Removing and installing engine (ol capacity)

Bpocified visensity clasies
ageording to SAE
during congtant outside temparatures

-

i

-

SAE 40 may be used if an 1lent temperatures
g, Constantly excesd + 30 ©C (+ B6 9F),
¥ For enging oils identitisd with a footnote® on shests
226.1 and 227.1 of Spwcifications for Service
Products the fo!.awing applies:
SAE BW-20 below + Y0 2C {+ 80 9F),
5 SAE 10 W--30 in tsmperature zones ofl-seatan,
) All senson oit,

Gil capagity in ners (for approved engine ulls refor 10 spacifications for earvice produces)

Engina (total quantity Toi reflils) 12
Yightaning torques Nm (kpm}
Qil drain plug to oil pan 50 (5
Fastening screw Tor filter lowar half a0 #
Spacial toals

R
Taster tor goaling system 001 589 48 21 00

noos aus

Double eonneztion for radiator and g<pansion
tank-closing tast

3'&!-!!“

000 584 73 63 00

Qpen-end wranch 48 rhm for clamping nut
ot universal shaft

W,

N,

e
100 108,

126 5890001 00

Torgue wrench 25--130 Nm for open ond wrench
126 589 00 01 00

1100428 001 589 66 21 00

Conventional too!

Load regulator

e.g. made by Backer, 5630 Remscheid

01.5-0301 F 3




Hote

Remove a1 install engine with transmission at #n
angle of about 46°,

Hombying

1 Dhrmin soolant,

Aitentionl

Drain plugs (arrow) are located on 1el* s right sides
of anging block and Must not be Mmixed up with the
orankshaft bearing cap bolts laeated undernesth,

7 Rermove fan and radistior,

3 Remove battery and batiery console,

4 Detach lines at oil pressure puwp, Only Joosen
bolts (see arrows), if ail pressuse pump must be
fempved

§ Digcharge air conditionsr (83~850).

6 Datach intake lire (24,

01 6032 T3



¥ Dietack prasre ting 158),

8 Bomove ongiud sl snnerel shifs,

9 wraw Tluid ol oF power steart > U Tank,

V8 Ueiaen oil prossurs hoses 31 pOWE HERTRG,

1% Db ol cuating, vasuum, o, tusd and elenivie
e laading v engine.

Ensuinneet VI savent wires o1 1o sovkel. This
veEuirEs UharRwitg Tes wnkel.

@ B-0RE P 3



¥ idnnniove Guard LW

Y3 Dvain ongine il 81 dean plug 140

4 Detach o boses 14, 7 and 3 9 odl pan,

15 Fawove it ond vight enging dampirs,

W Hewave eniiie snhaust, This reygires e rennvel
af v it bowem awd vight on suds N eehiiuse
marifalils with o oot




17 On USA vehicles, remove gear oil pump together
with holder.

18 Engage engine at front hoisting eye {arrow).

19 Engage engine at rear hoisting eyes (arrows).

20 Unscrew engine carrier mounting bolts at front
left and right engine mounts.

015-03/3 £ 3



21 Remove rear engine carrier with engine mount.

22 Unscrew propeller shaft holding nut,
23 Detach propeiler shaft at transmissivin.
24 Disconnect lines at transmission.

25 Liftout engine.

Installing

Attention!

When installing a new engine because of bearing
damage, flush oil tank, oil hoses and oif cooler
thoroughly.

26 Check #ngine mounts, coolant, vacuum, oil and
fuel hoses, replacing if necessary.

27 Install and connect engine.

28 Install rear engine mount to he without tension.
Adjust propelier shaft (41—-020),

29 Check tightness of all drain plugs.
30 Add oils, coolant and refrigerant.

31 Check cooling system for leaks with a leak
detector, Check antifreeze content of coolant.

32 On vehicles with auxiliary heater, vent coolant
circuit {20—~-010),

33 Clean air cleaner and renew, if required.

34 Check dwell angte and firing po nt {15-500).

35 Adjust idle speed and emission value (07.3—100).

01.5-030/6 F3
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01040  Engine breather — dascription of function

The engine has a closed, maintenance-free crankcase ventilation system. The engine blow-by pases and
crankcase vapors flow through the connection tubes in the left cylinder head cavar {as seen in driving direction)
to the idie air distributor. A breather valve (1} with a 2 mm dia. is instalied in the idla air distributor.

From tha breather valve the blow-by gases cnd crankcase vapore flow together with the idle air to both idle air ducts
via a branching tube {one duct for each cylinder bank}, which are cast on tha intake menifold. From this point
they go diract to the intake ducts and continue into the combustion chambers,

The breather line goes from the breather connection of the right-cylinder head cover directly to the clean air side of
the air cleaner,

The engine is vented with fresh air from the right bank of eylinders in lower and medium speed ranges by way of
intake manifold vacuum, which enters the crankcase via the left breather line. This maeans that the air cleaner
draws in fresh air via the breather line.

There is also ventitation in the uppar speed range. The biow-by gases and erankcase vapors flow into the air cleaner
and continue into the intake manifolds and combustion chambers via the throttle housings.

To prevent the watar fram condensation from freezing in the breather vaive at low outsice temperaturas, the idle air
distributor is heatod by the coolant.

1008-5840/3

<=1 Fresh air
<= Blow-by gases

1 Idle air distributor with breather valve

015-040/1 F 3




01-1106

Measuring, boring &nd honing cylinder bores

Data
, , 107.00
tandard dimensio tialeduie,
Standard di ion . 107.02
107.50
Repalr stage el
poir sta 107.52
- w
Max. wear limit in driving or transverse direction 0.10
when new 0.016-0.026
Piston clearance
wear {imit 0.08
Machining tolerances
Permissible deviation from when new 0.013
¢ylindrical shape wear limit 0.06
Permissible deviation from square with 0.05
reference to cylinder height )
Roughness {Rz) after ceramic-finish honing 0.002-0.004
Parmissible waviness {Wt) 50 % of roughness

Chamfer of cylinder bores

refer to ill, item 2

Honing angle 500 + 59
- - Ae Langitudinal direction
B = transverse direction
Note

In addition 10 a visual chackup, the cylinder bores
should be measured particularly when cc mplaints
refer to "high oil consumption®.

a Top reversing point of 13t piston ring

b Bottom dead center of piston

¢ Boitom reversing point of 0il scraper ring
1 Measure cieaned cylinder bores with an internal
measuring instrument at measuring points ¥, 2 and 3
in langitudinai direction A (piston pin axis) and
in transverse direction B.

With the piston installed, measuring point 3 is
located closely above piston, which should be at
its BDC

2 The allowance for haning should not exceed
0.05 mm.

Chamfer cylinder bores after boring.

01.65-110/1 F3

\"7%( ing. ) Maasurin
o HF Y Mg { o
, 2

rn"'- . 2
b— 3
—T Y
.-r’- - 3 -
NN ~ -
u Hk‘-‘l-'ﬂm U
0
5

S

/:////’.«
Y
oy

T

e
“

S

A,

K - £




,..,
T

01-120.  Facing cylinder crankecase parting sur__face

Data

Haight "' A" of eylinder crankcase when new 259.9--260.0

Min. height tollowing requirad materisl removal 260.7

Permissiblo doviation from parallel of upper in long direction 0.10

parting surfaca in relation to crankshaft bearing center in transv. ditection 0.05

Permissible deviation from flat of upper parting surfaces 0.02

Average roughness (Rz} of upper parting surfaces 0.012-0.020
2

Test prassure with air under water in bar overpressure (ati)

Chamfer of cylinder bores

refer to itl. item 1

) eXcess max, 0.26
standard dimension
Distance between piston crown recess max, 0.16
&nd eylinder crankease parting
surfaca ) max. 1.06
rapair stage +0.5 recess
min, 0.66

L] Material removal on cylindaer crankcme and on cylinger head of one engine may emount togather to max. 0.B mm

(vafer to 01-418),

Note

Chamter cylinder bores after facing,

it a cylinder crankgcase parting - urface has been
rgtinished, adjust timing (05 -215).

N
N \ .

01.5-12011 F 3




01--218 RAemoval snd installation of front crankcase cover

Tightoning torgques Nm (kpm)
Clasnping put ta crankshalt 400 (40}
Sorews pulley 10 hub 26 {2.6)
Spacial tools

Detant (starter flange ioft)

116 689 01 40 00

Torqua wrench 3/4" square,
160500 Nem (1550 kpm)

001 589 31 21 00

Hub putler

100 569 12 3300

Convantinnal tools

Extension 75 mm, /4" square

2.9. made by Hazat, D-5630 Remscheid

order no. 1017-3

Socket BJ mm. 3/4” square

0.9. made by Switiwille, D-5600 Wuppertal
order no. b5

Note

The front crankcase cover is machined and numbered

together with grankcase.

It a tront crankcase cover has beun replaced, fit lower
sealing surface of crankease cover (1) to sealing
surface of crankease (2). Both sealing surfaces should
be in atignment without projection, for tight sealing

of oil pan larrow).

N5-N6" F3
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Ramaving

1 Femove kub, vibration damper and pulley
{03-342),

2 Unseraw pips line (3} on engine,

3 Unscraw mounting brackat with refrigerant
wompressor, For this purpose, unscrew both serows
(13 at the rear,

4 Unscrew mounting bracket with refrigerant
comprassor. For this purpose, unscrew both screws
{12} a1 bottom,

01.5-N52 3




B Unsrév bad rut {sriow] snd pull sut THC
indicater,

6 Unzorew front crankosse cover and remeve,

fnstalling

7 Gluan sealing surfaces on orankoase and il pan,

8 Coat sealing surfaces with sealing compound,

8 Mount eover, while pushing clamping lever side-
wiays with B sorewdriver.

10 Soraw on mounting brackets with refrigerant
womprassor, Scraw pipa ling (o engine.

11 Install hub, vibeation dampe: and pullay
{B3-342),

Nota: When replacing crankease cover, readjust THO
indicator 103-345),

Q152953 F 3



01220 _ insiltion snd centering of intermediate tinge

Bata

Farmiﬁi;bj& Wn!m mh@ut 2t fitteg shauldsr of

intermadiate Hangs during one tull turn 0.05
Parminible aﬁm ruRaut Bt ditted shoulder of 0,06
intermadinte Hiange during one Tull wrn
Fitted bore in intermaeciats Hange Tor sut ping 12,016=12,083
Bet pin dia, 1200712018
Tigmaning 1orgues Nm  tkpm)
Bastening boits Tor Intermediate flangs o8 88
Nasked-down serew for driven plate 80 ]
Epacial tooh

- !

i ¥
Dial gouge holder {required 2 :ach) 363 580 02 21 6O
Conveitionsl tsals

) . 8.9, made by Stahiwiile, D-5800 Wappertal

Cannegtion 1/2” sguare spokat 1o 374" sguare hoad order No. 514

Bovker B0 mm, 374" square Jor rotating angine

.8, made by Suhlwille, DEB00 Wuppenasl
order No. 55

Geit-made tonl

Threaded bolt

reforto Fig.item3

Note

The intermudiate flange is fitved to crankease and
marked larrow).

A new intermediate Tlangs rust be cemersd,

1 Insery intermeckiate flange into wn ping (1) on
eylinder crankoasa,

2 Slightly tighten the six fasteiing screws,

N5-220n 3
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§ Avtanh dish gaune holder with digl geuge 16
thipadod balt,

§ Posivion fesley pin ot pilot bors ot intermediets
Hanige Tor Measiring canteniic PUNBUT BF pasition
pitoy Bin ot et Tor Measuring axdisl runsut,

ot dinl gougs 1 & s,

& Hotaw pranbshatt with 1ol vombiostion in
direrdon of rotetian sach time Yor one commplets
jurn, Gonoentris runout oF suis runsul should Aot
expsed 0,08 wm, Thay is, the wisl debfizetion of
waadls shippld wot excesd max, §.08 wm. T sl
ruraut exveeds .06 mm, replat invervedisw Haige,

Wves: Whih rotating araniahaly, make s thet the
farley pin of the dial augs 15 POt GETHRY Suok,

¥ Covet convemric vonout by mesns of light blows
s nermediste Nange,

8 Vighvow basvenivg strews 1 85 N 6.5 komd,

Boos! 1% conoaniein runost oneeeds 0. 70 wan, rermove
invarmedinw Hawe,

8 inereuse bovh fides bores in invermetiane Henge
w 121 maw.




01-310

Complete removai and installation of oil pan

Qil capacity in liters

Total capacity 1

Qil filter 1.3

Tightening torques Nm - {kpm}
Qil drain plug to oil pan 50 (5}
Connecting flange to oil pan 25 {2.5)
Special tools

Combination socket-box wrench 14 x 13 mm £ 117 589 02 07 00

S

Pin spanner 5 mm, 300 mm long

(s

Pin spanner 6 mm, 440 mm long

116 &, 102 07 00

116 589 03 07 00

Note

The oil pan can be removed in forward direction after
lifting engine.

The cil pan is sealed toward cylinder cranikcase by
means of sealing compound.

Removal

1 Remove engine hood.

2 Drain coolant and remave upper coolant hose.

3 Remove air tilter.

01.5-310/1
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4 Remove longitudinal regulating shaft,

& Loosen cooler frame.

6 Loosen gear oil lines on transmission and on cooler.
7 Loosen lower oil line on air-oil cooler,

£ Drain ongine oil.

9 Remove guara plate.

10 Unscrew oil hoses (1, 2 and 3).

11 Remove connecting flange (5} and (6).

01831/ F3



12 Ramove refrigerant comiiestor and pipe tine
{83-619).

13 On USA vehicles, romove gear ol putap with
tiplder,

14 Leossn taptening bolts on front engine carriers.
15 Loosen engine darmpsr on cross member,

15 Unsorew oil pan,

17 Lift anging at feont eye until st pan can be
removed,

M 5-310/3 F3




Irtalling

B Clesn pariing surface snd coat 6il pan with
teling compound,

19 Replacs O-rings and gaskets of connecting
flanges,

Attentionl
{10 not mix up connecting flangss and de Aot install
in turned avund position,

20 Eor further instatlation procesd viee versa 5o
refnoval,

Azvasition!
Check regulating shaft for norrsct function,

01.5-310/4 F3



91418  Removing snd instelling cylinder hesd

Tightening torques Nm (kpm)
15t step 40 (4}

Enging cold

Cylinder haad balts 2nd step %0 (9
Control et 80 °C coolant tamperature 80 (9

Cylinder head cover nuts 15 (1.5)

Camshaft sprocket mounting bolts 100 (10)

‘Chain tansionsr threaded ring 40 {4

Chain tersioner plug 50 {5)

Spaciel tools

Allen wrench insert 10 mm, }

1/2" square, 140 mm iong "#"'.“—"-u 000 589 06 07 00

Altgn wrench § mm, 440 mm long e — . 116 680 03 07 00

[0
Bearing pin extractor (basic equipment) -g- 3 . ’ 11658920 3300
Thraaded pin 8 x 100 mm (for 116 588 20 23 00) e S 116 589 02 34 00

(1Y

Convantions! tools

Screwdriver insert 17 mm

a.g. Hazet, D-5630 Remscheid,
Order No. 885~17

Sevewdriver insert 19 mm

e.g. Hazet, D-5630 Rumscheid,
Order No. 985--19

Socket screw wranch socket 10 mm, 1/2" square
60 mm long, for fillister head bolts

¢.g. Stahiwille, D-5600 Wuppertal,
Ovrder No. 54/10

Cylinder heads of &g and @b version differ from
standard version by the air injection duct {1) and
the air injection hores {2).

Cylinder head, right

@ and@wrsion

015--415/1 F 3




Hermove eylindar heads with coolad-down engine only.

Fate cylinder head parting surfece only in the avent
of porous or damaged spots, A slightly distorted
parting surface will adapt itself automatically again
when cylinder head is tightanad.

Each eylindor head is losated in relation to cylinder
erankesse by means of 2 fitted sleeves {dowa! slgavas)
in velation to cylindar crankoase and is faytened to
avlindar erankcsse by muans of 18 cylinder haed bolts,
& sach per cylinder bore,

Starting with engine end No, 0012886 the cylinder head
solt at front left larrow) is mounted with & spacing
slugva 13 rom high instead of washer 3 mm high.

if on these engines the spacing sleeve 1.3 mm high
Is not used, the throad base may be driven out in
dirsetion of coolant space.

If inn doubt, maasure depth of thread dimension 8.

Up to angine end no, 001284:

Dimension A = BE mm
Dimension B8 = 45 mm

Mount cylinder head bolt with washer 3 imm high,
part No. 110016 03 76,

Starting engine end No. 001285: '
Dimension A = 76 mm ‘
Dimension 8 = 35 mm

Mount cylinder head bolt with spacing sleeve 13 mm,
part No, 100 016 00 52.

01.5-4%i/2 F3



Agrmovel

1 Drain coolant from radistor and eylinder crenkease,
Aitention
Tha drain plugs (arcow) are locatsd st right and left

on endine block and should not be mixed up with
arankshalt boaring bolts undornosth,

2 Remove battery and battery frame,

3 Kemove fan and radistor shell,

4 Lefthand gylinder hoad: Disconnect lines (srrows)
N pressure ol pump.

§ Righthami cylinder head: Remova alternator with
carrier,

8 Righthand eylinder hoad: Remove supply tank for
windshiekl washar with halder.

T Righthand cylindar head: Loossn oii dipstick
guida ube for automatic transmission on cylinder
head.

01.5-416/3 F 3




¢ $nied Sopdd vl vl N arBasg.

& e vguiating tikiage.

16 Rewove Iongitadingl regulating sttt {oraw).

IV Unserew gade lever with cruise control cables
v gate Jover,

Dip-8¥GA 3




12 Loosen injection lines on injection valves and on
warm-up compensator.

12 Remoave mixture controller with lower half by
loosening nuts (arrows).

14 Hemove contoured hose (arrows).

15 Remove injection valves. Cover bores in cylinder
heads.

16 Loosen connection oil pressure gauge. Unscrew
holder for oil pipe {arrow).

17 Loosen hot water hoses at rear on intake pipe and
on coolant pump.

18 Loosen all electric lines. Pull off vacuum lines.

19 Remove thermostat housing,

01.5-45/5 £3



20 Unscrew front suspension eye {arrow).

21 Remove intake pipe by unscrewing screws {arrows).

22 Unscrew exhaust pipe on exhaust manifold, Scrow
righthand upper and lefthand lower threaded pin out
of exhaust manifold. Starting chassis end No. 001 755,
hex. bolts M 8 x 50 are used instead of studs.

23 Remove holding rubber.




24 Remuove compression spring of chain tensioner
by unscrewing screw cotnection.

25 1efthand cytinder head: Remove outer siide rast.

Righthend cylinder head: Remove slide rail.

26 Mark camshaft sprockets and timing chain in
refation: to 2ach other.

Attentiont
Remove carnshaft sprockets carefully without using
force. Let timing chain drop.

27 Unscrew eylinder head bolts vics versa to
tightening dizgean.

Attentiont

To loomen cylinder head boits No. 12 and 18 on lefr-
hang cytinder head, lift engine on wansmission.

15457 F3
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For this pt?rpose. set le.el control switch to S = loek-
ing position {15t detent pulled).

Pult up ali cylinder bol*s which cannot be pulled out
and tie down.

Remove M 8 bolts and wasners in chain box with a
magnet.

28 Remove cylinder head at an angie in upward
direction.

fmstallation

29 Knock cut old rivet nuts in exhaust manifold and
instatl new rivet auts with a self-rnade assembly screw
(1) {arrow).

30 Thoroughiy clean cylinder head and cytinder
crankcase parting surface.

Attention!
Mount cylinder head, lift and only then instali new

cylinder head gasket. Two hollow set pins in crankcase
serve to locate cylinder head.

0ME 4152 F3
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31 Lubricate cylinder head bolts on threads and on
heat) contact surface.

32 Tighten cylinder head bolts in steps and in
sequence of tightening diagram, starting with 1, first
to 40 Nm (4 kpm) ar then to 90 Nm {9 kpm).

Attention!
Pay attention to length of bolts, refer to note.

33 Tighten M-8 bolts {a) to 25 Nm (2.5 kpm),

Attention!
Check camshaft sprockets at keyway for cracks and
replace, if required.

34 Mount camshaft sprocket together with timing
chain. Check position of camshaft sprocket. The wide
flange on camshaft sprocket {arrow) should face cam-
shaft.

35 Mount slide raifs. Chack installation position
{arrows).

36 Mount chain tensioner compression spring.

37 Mount intake pipe with new gasket.
38 For further instaliation proceed vice versa.

Attention!
Fill-in coolant with antifreeze up to —30 ©C (-22 OF).

Use anti-corrosion oil (treating agent) only when no
antifreeze is used.

105 - 14339
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39 Run engine warm.

<40 Slightly loosen cylinder head bolts individually
and retighten in sequence of tightening diagram start-
ing at 1 to 90 Nm {9 kpra}.

Note: Cylinder head bolts are not retightened after
500-1000 km since the cylinder head gaskets require
no retightening.

41 Disconnect pressure tine B 1 and hold into oil
supply tank. Run engine until oil comes out uniform-
ly at pressure tine B 1. Stop engine, connect pressure
liraB 1.
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01-418 Machining cylinder head mating surface

Data
Total height H of cylinder head 110.4-1106
Min. height H after machining 100.9"

*| The matarial removal an cylinder head and on
cylinder crankcase of one engine should togather
not exceed max. 0.8 mm {refer to 01 -120).

Combustion chamber volume in cytinder head with
intake and exhaust valves mounted and spark plug
screwed-in

89.2 * 15¢n

— 10

Permissible deviation from flat of parting surface

in longitudinal direction 0.08

in lateral direction 0.0
Max. dwie!tion from s:_larallel.bet\_neen upper and 0.1
fower mating surface in longitudinal direction )
Surface peak-to-valiey depth 0.006-0.014
Pressure test with air underneath water in bar 2

Min. distance 2. .sith new valves
and new valve seats

Intake 29

Exhaust 31

Max. distance A with new valves and
machined valve seats

Intake 33

Exhaust 40

Minimum distance between valves and
pistons with cylinder head mounted

intake 42 after TDC 3.56
exhaust 3° before TDC 388

Conventional tools

Surface grinding machine with milling fixture
for light alloy surface

e.g. Scledum, type RVY
made by Ruaro u. Fi., Schio, lualy

Straightedge approx. 500 mm fong
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Note

Face cylinder head parting surface only if porous or
damaged spots are shov.ing up.

f an arched, distorted cylinder head is not clamped
down tightly for facing, the camshaft may subsequently
bind. In such a case, face cylinder head also at sur-

face.

Mechining

1 Machine cylinder head mating surface.
2 Measure distance A.

3 Machine valve seats until minimum distance A is
reached.

Note: If a cylinder head has been faced, check timing.
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01-420  Pressure testing cylinder head

Test pressure with air underneath water in bar

Special tools

Pressure test plate

I} 1‘»31 100 589 01 25 00

Suspending device

1155893463 00

Conventional tool

Electrically heated sink

e.g. Otto Dirr, D-7123 Sachsenheim-Ochsenbach

Pressure testing

The cylinder head must be pressure tested, if cracks
{water loss} are suspected.

1 Bolt pressure test plate on cleaned cylinder head.

2 Piug bores and connections.

3 Connect air pressure line and reguiate pressure
to 2 bar.

4 ‘_ower cylinder hanging from suspending device
into heated (80 °C = 176 °F) water,

5 Find leaks, if air bubbles rise.
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03-310

Checking, renewing and tightening of connecting rod bolts

Dimensions of connecting rod bolt

Necked-down shank
Part Number Thread dia. d dia. c when new | Min. necked-down | Dimensionaand b
(il. item 1} shank dia. ¢ {ill. item 1)
a b
11603804 71 M10x1 8.4-0.1 8.0 6.6 45
Tightening connecting rod nuts

Initial torque

40-50 Nm {4-5 kpm)

Angle of rotation torque

90--100<

Special tool

Angle of rotation wrench

fff}ﬁ?]’“l"ﬂ

116 589 01 13 op"

1 Special tool is no fonger supplied; in this connection, refer to note following item 5.

Salf-mada tool

Steel plate

refer to ill. item 3

Checking

a

1 Prior to re-use, measure smalles;’ necked-down

shank dia. ¢.

¢3.5-310/1 ¢
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Note: When the minimum necked-down shank dia. c.
shown in Table is attained, renew connecting rod bolt.

Knock out connecting rod bolis only when they are
about to be replaced.

Replacing

2 Knock out connecting red bolts.

3 Press new connecting rod bolts into connecting rod
at approx. 45,000 N {4,500 kp) or knock in with a
hammer and mandrel.

When knocking or pressing in connecting rod bolts,
place connecting rod cn a ground steel plate.

Hole spating a = 71 mm
Bore b=11t mm

Tightening

4 Lubricate nuts and bearing surface.

5 Tighten connecting rod nuts to 40—50 Nm (4—5
kpm) initial torque and then to 90— 1002 angie of
rotation torque.

Atteniion!

Tighten connecting rod bolts knocked in with a
hammer for the first time to 60—70 Nm (6—7 kpm)
initial torque and then to 90—-100° angle of
rotation torque.

Fhese instructions must be fully observed, since
otherwise the nuts of the connecting rod bolts
might beccme loose.

Nots: If no angle of rotation wrench is available,
the nut can also be tightened by means of & normal
socket wrench and tommy bar to the specified angle
in a single operation. This requires estimating

the annle of rotation as accurately as possible.

To eliminate a wrong angle, do not use a torque
wrench for final tightening according to angle

of rotation.
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03-313 - Repairing and squaring connecting rods

Data
. . 165.95

Conrod bore centerline to conrod bushing centerline !

166.05

. . . 25.89

Width of conrod at ecnrod bearing bore and at corrod bushing bore ————

25.86
Conrod bearing shell standard bore 58.60

68.62
Conrod bushing standard bore ﬂ

20.02
Conrod bushing inside dia. 26.007

26.013
Inside conrod bushing surface peak-to-valley height 0.002
Max. offset of conrod bearing bore to conrod 0.1
bushing bore at length of 100 mm )
Max. deviation from parallel between conrod bearing bore and conrod bushing 0.04
hore at length of 100 mm '
Max. difference in weight of all connecting

4 grams

rods in one engine

Tightening torques

tnitial torque 40-50 Nm {4-5 kpm)
Conrod bolt

Torque angle 90-100°
Conventional tool

Ceonrod straightener ' e.9. Model BC 503, Hahn & Kolb, D-7000 Stuttgart




Note

Convods, which were overheated due (o shot bearings
{blue discoforation}, may not be reused.

Cannecting rod shaft must not show any fateral scor-
ing or notches.

Connecting rods with machined bushings are available
as repfacement parts.

1 Weight batencing .

2 Qil bore
3 Lock groowes

Repairing

1 Check conrod holts, replacing if necessary
(03-310).

2 Check bores for connectirg rod bolts. Place
connecting rod bearing cap or a connecting rad bolt.
If connecting rod bearing cep moves downwards
under its awn weight, replace cannecting rod.

3 Mourt connecting rod bearing cap and tighten
connecting rod nuts 1o 46—50 Nm (4—5 kpm} initial
turmie znd 90-100° angle of rotation torgue.

4 Check conrod bore size. If a standard bore exceeds
the specified value or is conical, grind up 1o max.
0.02 mm o of conrod cap’s bearing surface on a sur-
face plate.
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5 Install new conrod bushing that the oil bores align
with each other. Minimurm pressure for installing is
2500 N (250 kp).

6 Turn or ream conrod bushing.

7 Grind side bearing surface of conrod on surface
plate.

8 Square conrod with conrod tester.

8 Align conrod bearing bore parallel to conrod bush-
ing bore.

10 Correct offset between conrod bearing bore and
conrod bushing bore.
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G3-316 Removal and installation of piston
Data
Piston standard dimension Std
Group number 0 0+ 1 1+ 2 2+
pi di 106.983 106.988 106.993 105.998 107.003 107.008
'ston cia. 106978 106983 106988 106993 106998 107003
106.998 107.004 107.009 107.014 107.019 107.024
Cylinder dia. -
107.003 107.008 107.013 107.018 107.023 107.028
Piston repair stage + 0.5
Group number") 0 | 2
107.483 107.493 107.503
Piston dia. Thy ann
107.478 107.488 107.488
107.488 107.509 107.519
Cylinder dia. —_
107.503 107.513 107.523

1 Exchangs angines are manufactured with 6 group numbers {0, 0+, 1, 1+, 2, 2+}.

Piston code Piston crown Distance between piston Comipression
Engine number refer to crown and cylinder crank- € :1
illustration case parting surface
Sud +05 Std +05
720' 7Y Cavity
683 693 2.65 mm deep 88:1
743 75% d =80 mm 86:1°)
101,985
Cavity
743 ) , 4
75 3 3 glomr::‘ep Excess Recess 8.4:1
max. 0.25 max. 1.05
Recess
fours v Cavity .
lﬁﬁ. 326 ‘ 76 775} 7.45 mm deep max. 0.15 min. 0.65 75:1
OW compression
d=82mm
Cavity
100.985 72 73 5.6 mm deep 80:1
) Gsd d = 80 mm

03.5--316/1 F 3

3 Vers@on 1, cavity in piston crown eccentrically located.
Varsian 2, piston pin 1,3 mm off center.

3 Vers'!on 3, piston pin 1.‘5 mm off center, starting engine 000597,

5 Version 4 depth of cavity maditied and centrally located, starting engine 001452 (7/76).

Intermediate version.

Starting engine 002309 (2/77).



Note

The piston version Std or +0.5, the group number 0,
O+, 1, 1+, 2 or 2+, the piston code number, for example
74 and the directional arrow are punched into piston
crown.

Pistons with repair stage +0.5 mm are supplied only
with group numbers 0, 1 and 2.

When new Wear limits
Piston clearance 0.075 to 0.025 0.0B
Piston pin dia. 25.99--26.00
Piston pin clearance in connecting rod bushing 0.067-0.017
Piston pin in piston 0.003-0.011
Difference in weight of pistons in one engine 4q 109
Groove | 0.40-0.60 1.0
Gap clearance of piston rings Groove It 0.40-90.60 0.8
Groove |1t 0.30-0.45 0.8
Groove | 0.04-0.06 0.15
Side clearance of piston rings Groove 1l 0.02-0.04 0.08
Groove i1l 0.02-0.04 0.08

Tightening torques

Initial torque 40—50 Nm (4—5 kpm)
Connecting rod nuts

Angle of rotation torque 80—100°
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Special tools

Piston ring compressor 000 58904 14 00

: (‘: 000 589 51 37 00

Lav:

Piston ring pliers

L <. 3. i
Angie of rotation wrench sy . 116 589 01 13 00"

A

“ Special tool no longer availatia. In this connection, refer tc job No. 03~310: Checking, renewing and tightening of connecting
rod balts. s

Note

The piston group number {e.g. 1 +} agrees with the
cylinder bore group number.

The specified piston play is given in fhis manner.

When repairing, the cylinder bores can be honed ac-
cording to the dimensions of the existing pistons
plus the piston play {see chait).

Piston and piston pins are paired in relation to each
other.

Removing

1 Take out conrod with piston from above.

2 Remove piston nin retainer and press cut piston
pin.

3 Repair and square conrod {03-313).
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4 Check end gap and axiat clearances of rings <m run
pistons.

5 Lubricate piston pin and conrod bushing.

6 {instali piston that arrow faces forward in driving
direction and lock grooves {3) in conrod toward cen-
ter of engine.

Install pistons with eccentric recess ( 1st version) that
wide edge faces center of engine.

1 Conrod bearing surface
3 Lock grooves for
bearing tabs

7 Press in piston pin by hand.

Attention!
Never heat piston.

8 Insert piston pin retainer into groove.

9 Lubricate cleaned cylinder bores, conrod bearing
journals, conrod bearing shells and pistons.

10 Distribute gaps of piston rings around circum-
ference of piston ever:ty.

1 Insert piston ring compressor and guide in piston
with arrow facing forward in driving direction.
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12 Piace connecting rod bearing caps with code
numbers next to sach other on connecting rod and
tighten connecting red nuts (03-310).

13 Turn crankshaft and check clearance between
piston pin eye and conrod.

14 Measure distance between piston crown and
crankcase mating surface when piston is at TDC (see
chart).

Piston and connecting rod

$nap ring

Piston pin

Piston

Plain compression ring
Qil scraper ring

Bevellad ring with spring
Conrod bushing
Connecting rod

Conrod bolt

Conrod nut

CRRNRNNLEEWN =

-
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03-318 Checking and reconditioning cranleshaft

Data
Crankshaft stand- Crankshaft Width of journal Crank pin Width of
ard diinension and bearing journal at fitted bzaring dia. crank pin
repair stages dia.
. . 69.96 30.00 54.96 52.00
Standard dimension 6-9_9'3 30,02 54.95 52.12
69.71 54.71
. 1 62.71 4.7
Repair stage 69.70 54.70
Repair stage 2 M 54.98
pairstog 69.45 54.45
to 30.50 to 52.30
. 69.21 54.21
Repair stage 3 ~r—— -—_—
50.20 54.20
68.96 53.96
i ed ——— —
Repair stag 68.95 63.95
Permissible deviation of crankshaft journals and crankpins from true 0.0025
Permissible deviation of surface line of crankpins and crankshaft
journals in relation to reference axis of crankshaft bearing 0.01
journals { and V from paralle
Permissible concentric runout of crankshaft flange with reference 0.02
to crankshaft bearing journat V i
Permissible axial runout of crankshaft flange at dia. 130 mm with
. 0.015
reference to crankshaft bearing journal V
- 3)
Permissible concentric runout of crankshaft fournal 11, 1V 0.03
bearing journals journal #1 0.05%
Permissible cylindrical runout of front crankshafy beari ng journal 0.005
Permissible concentric runout® * of front crankshaft journal 0.03
Permissible axiat runout of running surfaces of fitted bearing®) 0.02
Fillets on crankshaft journats and crankpins 25-3
Crankshaft journal dia. front 47.984—-48.000
Dia. of running surfaces for radial sealing ring rear, 1/2 mm knurl DIN 82,
pitch 1 mm, 0.06—0.10 deep, and ground 74.894-74.940
when new n-g
Scleroscope hardness of crankshaft journals and crankpins
limit value 60}

D The limit value should be avaifable at least on 2/3 of journal circumference.

3 men measuring in installed condition, eliminate radial bearing play by pushing against crankshaft journal.
With crankshalt mounted on outer crankshaft bearing journals | and V and rotated by one fuil turn.
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Special tool

Impact hardness tester {scleroscope} K= L 000 589 20 21 0D

Note

For repairs, no balancing of crankshaft is required.

When checking and reconditioning crankshaft, pro-
ceed in sequence of diagram shown below.

Diagram

*Refer to section “explanations concerning diagram”’.

V = serap.
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Visual checkup

excessive yes V (scrap)
damage?
no
Crack tost*
cracks shewing? - yes v
no
Hardness test" no
Al journals and
pins scleroscope
hardness at least
60 at 2/3 of journal
or pin circumference
yes
¥
Measura journal or pin
dimensions in order? =— no =——
Check whether no
regrinding . no
yes within last
specified yes
_ repair stage 4
Lapping is still harden*.
possible,
Dimensional checkup '
dimensions in order?.— —no
yes
yes "
straighten
Crankshaft, crankshaft
complate "
erankshaft,
grind
Crack test
cracks showing? — yes __V
no

refer to lap

journals or pins
filiets not hardened

induction or
ftame hardening

check hardness
by etching®

anneal crankshaft ot
80 °C for 2 hours




Explanations concerning diagram

Crack test

Clean crankshaft. Journais and pins should be free of
oil and grease. Magnetize crankshaft and sprinkle
vih fiuorescent powder {flux). A color penetration
test {immersion in bath or spray c¢an) can aiso be
empioyed

Flux: paint or UV-oil, cleanirg agent, developper.

Hardness test

Test hardness with impact hardness tester.

Minimum hardness should be present at 2/3 of
journal or pin circumference.

Hardening

Journals or pins can be inductance or flame-hardened.

Vhen hardening journals and pins, maintain distance
A between runout or hardenirg zor.e anc fillet
{4 -5 mmj.

1033 7867 . i
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Inspection of hardening procedure

For perfect hardening, check setup of hardering
process by means of metallographic grinding cuts.

Samples for hardening can be taken from scrapped
crankshaft.

Check hardening of journal or pin surface by
etching with a 2 % alcotolic nitric acid {HNO, )
solution.

No dark spot should appear on journal or pin surface.

Comparing e;chc-d surface on a2 metallographicaliy
controlled journzl or pin is recommended.

Then, carefully wash off nitric acid with alcohol.

Corrosion orotection

Lubxicate crankshafts which sre not immediately
installed again with engine initial operation oit S e
30).
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03-320 Mounting crankshaft

Dsta
Crankshaft stand- | Crankshaft Width of journal Crankpin dia. Width of
ard dimansion and bearing journal on fitted baaring pins
rapair stoges dia,
60.96 30.00 64.96 §2.00
Standard 0.5 30.02 654.95 62.12
69.71 54.71
Repair stage 1 80.70 54.70
Repair stage 2 69.46 54.46
Par s108 608.45 54.45
up to 30.50 up to 52.30
6.1 54.21
Repair stage 3 69.20 54.20
68,96 53.96
Repair stage 4 S —
opalr sthe 88.95 63.95
Basic bore and boaaring clearance Crankshaft hearing Connecting rod bearing
74.50 58.80
Basic bore dia. —_= =
atlc hore A 74.52 58.62
Permissibie out-of-round and conigity of basic bore 0.01 0.01
When new 0.03-0.08" 0.02-0.07Y
Bearing clearance radial
Wear limit 0.09 0.08
When new 0.10-0.22 0.22-0.41
Bearing clearsnce axial
‘Wear limit 0.30 0.50
1 For radial bearing clearance try for mean value,
Boearing sheils Wall thickness Width of fitted Wall thickness
crankshaft bearing bearing shelis connecting rod bearing
Standard dimansion 2,25 33.80--33.90 1.80
Repair stage 1 2.37 1.92
Repair stage 2 250 34.40-34.60" 2.05
Hepair stage 3 262 217
f.epair stage 4 275 2.30

! Fitted bearing shells for repair st
crankshaft bearing journal.

036-3201 F2

age 1 10 4 are supplied in oversize widths and must be finished to dimension of reground



Tightening torques Nm {kpm)
M 10 x 65 60 {6}
Crankshaft bearing bolits
M 12 x 95 80 {8
initial torque 40--50 {4-5}
Connecting rod nuts
angle of rotation torque  90-100°
Clamping nut to crankshaft front 400 {(*n
Necked-down screws for driven plate 50 {5)

Special tools

Angle of rotation torque wrench

116 589 01 1300")

Clamping strap for piston rings

000 589 04 14 00

Dial gauge holder (for measuring end piay)

136 58904 21 00

!} spacial toot no longer available. In this connection, refer to note item 22.

Note

Engine removed and disassembled.
Main oil duct in crankcase open.

Oil ducts in crankcase and in crankshaft carefully
cleaned.

Crankshaft checked for cracks, dimensional accuracy
and hardness (03—-318).
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Associating crenkshaft bes:ings, installing era-ksheft

1 install crankshaft bearing caps, observe identifica-
tion, 1 is in front.

Tighten screws to specified torque.

2 Measure basic bore in direction A, B and C in two
planes {conicity}. .

3 If a basic bore exceeds the specified value or if
bore is conical, touch up bearing cap contact surface
by max. 0.02 mm on surface piate.

4 Mount crankshaft bearing shells and bearing caps.
tighten screws to specified torque.

5 Measure bearing dia. and write down.

6 Measure crarkshaft bearing journals, determine
radial crankshaft bearing clearance.

7 Mezsure width of fitted bearing journal and
fitted bearing. Determine end play of crankshaft
bearings.

The fitted bearing shells of the individual repair stages
cre supplied at oversize.

Machine both fitted bearing shelis together on both

sides to width of fitted bearing journal minus the end
clearance.
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8 Replace rear crankshaft radial sealing ring
{03—327).

9 Provide bearing shells, crankshaft and radial

sealing ring with engine oil SAE 30 and install
crankshaft.

10 Tighten crankshaft bearing caps in sequence of
tightening pattern to specified torque.
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11 Measure crankshaft bearing play axially.

12 Rotate crankshaft manually and check for
unobstructed rotation.

Ageocisting connacting rod bazrings and instelling
connecting rod

13 Check connecting rod bolts {(03-310).

14 Recondition connecting rod and square (03—313).

15 Mount connecting rod bearing cap while cbserv-
ing identification. Tighten connecting rad nuts to
40-50 Nm {45 kpm).

16 Measure basic bore in two directions. On a basic
bore which exceeds specified value or which is conical,
touch up bearing cap contact surface on a surface
plate up to max. 0.02 mm.

17 Insert connecting rod bearing shells, mount
connecting rod bearing cap with bearing shells and
tighten connecting rod auts to 40~-50 Nm (45 kpm).

18 Rieasure bearing dia. and write down.
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19 Measure crankpins. Determine radial connecting
re:d bearing clearance.

20 HKount pistons and connecting rods (03—316).

1 Connecting rod thrust end
3 Retaining grooves for bearing shells

21 Provide bearing shells, crankshaft, pistons and
cylinders with engine oil SAE 30. Install connecting
rods with piston {03—316). Observe identification.

22 Tighten copnecting rod nuts to 40—50 Nm (4-5
kpm} initial torque and to 90-100° angle of rotation
torque.

Note: !f no angle of rotation wrench is available, the
nut can also be turned to specified angle in one step

by means of a normal socket wrench with tommy har.
Fhe angle should be estimated as accurately as possible.
fo prevent angle faults, do not use e torque wranch
when tightening according to angle degrees.
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23 Measure end clearance of connecting rod bearings.
Check connecting rod in piston for unobstructed
operation.

Attention!

Disassemble and clean oil pump, replace if required
{18-210).

Raplace oil pressure relieve valve (18—215).
Disassembie and clean oit fiiter top (18--005).
Carefully clean air-oil cooler.

Install initia} operation oil filter element,

Change engine cil and oil fiiter element after
500-1,000 km.
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14 Crankshaft

15 Woodruff key 6 x 4 x 50

16 Conrod bearing shell {sixteen)

17 Thrust bearing shell {crankcase)

18 Thrust bearing shell {bearing cap)

19 Crankshaft bearin3 shell, case {four)

20 Crankshaft bearing sheil, bearing cap (four)
21 Drive plate

22 Spacer

23 Stretch bolt (eight)



03-324 Replacing front crankshaft radial seal

\
Tigm!}tening Trques Nm tkpm) i
Holding nut to crankshaft 400 (40) ;
Pulley bolts to hub _ 25 (2.5)
Special tonls

Detent (starter flange left) 116 588 01 40 00

Torgue wrench 3/4" square,

150500 Nm {15~50 kpm) 001 689 31 2100

Hub extractor 100589 12 33 00

Radial sealing ring installe CHRN 100 589 07 61 00
gring r ) &

Conventional tools

e.g. made by Hazet, D-5630 Remscheid

Extension 75 mm long, 3/4" square order No. 1017—3

e.gc. made by Stahlwille, D-5600 Wuppertal

Socket 50 mm, 3/4” square order No. 55

Owing to complaints about noise the plastic end

cover on pulley is no Jonger installed since November
1979,

Replacing

1 Remove hub, vibration damper and pulley
{03--3432),




2 Pry off radial seal with a screwdriver.

Attention!
Do not damage crankshaft and radial seal bore.

3 Give radial seal grease at sealing lip and pull in
with installar.

Use kolding nut to pul! in seal.

Radial seal must be at right angles to crankshaft
journal.

Note: Replace hubs showing traces of wear from
radial seal.

4 Install hub, vibration damper and pulley {03—34%).
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03- 327

Replacing rear crankshaft radial seal

Tightening torques

Drive plate to crankshaft

End cover to crankcase

Intarmediate flange to crankcase

Special 100l

Angle of rotation wrench

716 589 01 13 00"}

' Spacial tool no longer avaitable. In this conrection, refer to job No. 03-310, checking, . znuwing and tightening connecting

red bolts,

Replacing

1 Remove crankshaft with engine removed
(03-320).

2 C..eck crankshaft at sealing ring running surface,
Score marks on running surface dia. 74.894-74.940

mm with 1/2 mm knurl should not be too deep.

3 Place rubber strips (2! and radial seal (1) in
crankcase and end cover.

Attention!

Press in rubber strips and radial seal separately, first
in lower tockpin and then, without tensian, in side

lockpins,
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4 Preload mibber strip and radip! seal in end cover
and crankcase with a 75 mm dia. pipe.

5 Cut off preloaded rubber strip and radial seal
leaving a protrusion of 0.1 mm.

1 Radial seal
2 Rubber strip
3 End cover
4 Crankcase

6 Lubricate radial seal,
7 Install crankshaft.

8 Coat bearing surface of end cover with a sealing
comaound.

nstall, align and bolt end cover together with the
sealing pins (arrows).
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03--342 Removal and installation of hub, vibration damper and pulley

Tightaning torques Nm {kpm}
Clamping nut to crankshaft 400 {40)
Screws for vibration damper to hub 65 {6.5)
Screws for pulley to hub 25 (2.5}
Special tools
L N
Detent {starter flange left) R "I 1 116 589 01 40 00
]"a‘m'. =

Torque wrench 3/4” square,

150-500 Nm {15—50 kpm) 001 589 31 2100

Puller for hub 100 589 12 3300

Conventiona! tools

e.g. made by Hazet, D-5630 Remscheid

Extension 75 tong, 3/4"
ion 75 mm long square order No. 1017-3

Socket 50 mm, 3/4" square e.g. made by Stahlwille, D-5600 Wuppertat
: order No. 65

Note

Hub, vibration damper and pulley can be exchanged
without balancing.

The plastic end cover on pulley is no tonger installed

since November 1979 owing to complaints about
noise.
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Removing

1 Remove radiator frame and visco coupling with fan,

2 Remove all V-belts (13—340).

3 Locate crankshaft with detent.

4 Unscrew clamping nut on crankshaft with tool
combination.

S Pull off hub with vibration damper and puliey.

Unscrew pulley.
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Instzlling

6 Heat hub and vibration damper up to approx. BO°C.
{176°F).

Attention!
Do not exceed this temperature, since otherwise the
elastic' insert of vibration damper will be damaged.

7 Slip hub with vibration damper on crankshaft in
such a manner that the groove of hub (8) is in
alignment with the projecting portion of the key (9}.

Attantion!
£ this step cannot be proceeded in one operation,
pull off hub again and heat for a second time.

8 Knock-in fitted pin (6).

Cyi. pin 8h 8 x § (2 aach}
Scravw 8 T8 u 18
3 Wathar 105
& Vibration damper
1@ Hub
1 Cyb. pin8h B x 14
¥2 Radial sealing ring
13 Front crankcase cover
14 Crankehale sprocke?
5 Woodryft sy AG x & x 5
16 Crankshait

9 Position & plate springs with crown facing outwards.
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10 Tighten clamping nut to 400 Nm {40 kpmi.
11 RKount puliey.

12  For further instatlation proceed vice verig to
removal.

Attantion! %
When repiacing the vibration dumger, rescjugt
TOC indicator (03-345).

1 Clzenging rut & Tl o & u B 67 waghl T bty

2 Cupsprings (5 gachi ¥ Serme B8 10w VUG enusl U St g B e 80
3 Putley 8 demver 105 e 50 Rl wpniung vely
& Waher 8.4 06 st & Weueutveum dinmgy 13 Crapvhabuts apmosing
S Sceaw M8 « 18 (B qugint

G35 M4 F 3
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03-345 Checking and correcting TDC transmitter adjustment

Special tools

TOC tester tehamemlit D 116 589 17 21 60
Locating tool for adjusting slide : . 102589 03 21 00
Conventional tools

Adaptor 1/2" square socket to 3/4” e.g. made by Stahlwille, D-5600 Wuppertal,
square head order No. 514

Socket 80 mm, 3/4” square for rotating e.4. made by Stahlwille, D-5600 Wuppertal
engine orcder No. 55

Nate

At crankshaft position 202 after TDC, the TDC trans-
mitter should be positioned accurately above pin in
vibration damper {(arrow).

Check or correct TDC transmitter adjustment as
follows:

a) When replacing TDC transmitter adjusting slide,

b} When replacing crankshaft, hub and vibration
damper, -

cl when replacing front crankease cover,

d) when completing partial engines.

Checking

1 Unscrew hex. nut {arrow) and pult oui TDC sensor.
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2 Screw tester into spark plug bore of 1st cylinder.
Push adjusting pin down (arrowj until seated.

3 Rotate crankshaft with tool combination or a
mandrel on vibration damper until adjusting pin is at
its highest point. Piston is then at TDC.

4 Remove adjusting pin.

Insert dial gauge and clamp down at approx. 5 mm
preload.

Rotate crankshaft and set TDC accurately by means
of dial gauge.

Turn dial gauge scale until needle points to 0.

& Keep turning crankshaft in direction of rotation
until dial gauge runs back by 3.95 mm.

Note: If measured vertically in relation to piston with
cylinder head removed, the dial gauge should run back
by 3.66 mm.

6 Insert locating 100l into adjusting slide. Pin of vi-
bration damper should engage in groove of locating .
tool {arrow).
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Correcting

7 Loosen adjusting slide (arrow) and slide until pin
engages in locating tool.

8 Screw-on adjusting slide {arrow) and remove
locating tool.

9 Install and bolt {arrow) TDC sensor.
10 Remove dial gauge,

Turn crankshaft just briefly in direction of rotation,
and then unscrew tester.
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03-350 Removing and installing crankshaft sprocket
Tightening torques Nm {(kpm}
Hoiding nut to crankshaft 400 (40}
Cranksha%eanng bolt M 10 x 95 80 (8)
Camshaft spr&!(et maounting bolt 100 (10
Special tools
N T

Detent (starter flange jett) ] 116 58901 46 00

] Y 2

Torqua wrench 3/4" square,
150-500 Nm (15—-50 kpmi

001589312100

Hub extractor

100589 12 33 0C

Convantianal tools

Extension 75 mm long, 3/4" square

e.g. made by Hazet, D-5630 Remscheid

order No. 1017-3

Socket 50 mm, 3/4" square

Removing

€.g. made by Stahlwille, B-5600 Wuppertal

order No. 55

1 Remove front crankcase cover {(03-107).
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2 Remove oil pump (18~210).

3 Remove chain tensioner spring (05—310).

4 Mark position of right camshaft sprocket to timing
chain and remove.

5 Mark position of crankshaft sprocket to timing
chain.

6 Recmove 1st crankshaft bearing cap.
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7 Fress off crankshaft sprocket or pull it off with a
two-arm extractor.

Installing

8 T ransfer mark from old to new crankshaft sprocket.
9 install crankshaft sprocket on crankshaft.

10 Place timing chain on crankshafi sprocket so that
the marks align with each other.

11 Install 1st crankshaft bearing cap.

12 Rest of installation in reverse sequence.

035-350/3 F3



03-410 Removing and instailing driven plate

Dats

Deviation on outside diameter

Stretch bolt for driven plate to crankshaft

Stretch boit Part No. 100 990 02 19
Thread outside dia. M10x1
Reduced shaft new 8.0-0.2
outside diameter minimum 76

Length L 30

j-————L
TE
o ©
L =7

Torque specification

50 Nen {5 kpm)

Removing

1 Unscrew stretch boﬁ . Take off driven plate and

spacer,

11 Crankshaft
13 Drivan plate
14 Spacer

15 Stretch bolt

2 Measure reduced shaft diameter. i minimum dia-
meter has been reached, replace stretch bols.

3 Install driven plate and spacer. Keep to sequence.

4 Tighten necked-down screws to 50 Nm {5 k).

03.5-410/1 F2
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03-430 Replacing ring gear

Data

Axial runout at ring gear (A} max. 0.3
Concentric runout at ring gear (3) e max. 0.15
Note

Drive ring with welded-on ring gear is balanced.

In the event of damage to ring gear by starting when
engine is about to stop, install an ignition starter
switch 116 462 C0 93 with targer repeat angle {series
since August 1978). As a result, during repeated
starting, the ignition key must be turned back to 0"
{""1"" before), which may cause crankshaft to come to
a stop.

4o
4%

Replacing

1 Remove transmission.

2 Unscrew drive ring with ring gear from torque
converter.

3 Screw new drive ring with welded-on ring gear to
torque converter.

4 Install transmission.
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05-211 Checking and replacing hydraulic valve clearance compensating elements

Tightening torques Nm {kpm}
Cyl. head cover nuts 15 (1.5)
Correction part in cylinder head €0 (&}
Special tool

Valve spring deprasser 100589 06 61 00

[T

Store compensating elements only upright and do not
disassemble.

Install rocker arms andd compensating elements at same
locations again.

Check compensating elements, if complaints about
noise are filed.

Checking

1 Position cam peaks up as compared to rocker arms.

2 Press down on rocker arm with handle of hammer.

if the ball pin drops too fast when compared with
other pins, replace hydraulic valve clearance correc-
tion part (compensating element).
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3 Try to move rocker arm by hand.

if it has any movement, basic setting ot compensating
elements must be checked {85—-213).

4 Remove rocker arm {05—230}.

5 Unscrew compensating element with 24 mm socket
wrench socket.

6 Lubricate threads of new compensating element,
install it and tighten to torque of 60 Nm (6 kpm).

7 Install rocker arm {05—230}.

8 Check basig setting (05-213).

05.5-211/2



05-213  Checking and correcting basic setting of hydraulic valve clearance cdiripe'nsating

elements
Tightening torque Nm {kpm)
Nuts for cylinder head cover 15 (1.5}
Thickness of pressure pads “S” in mm Part No,
58 117 053 06 53
5.45 ' 1170630553
5.1 117 05304 53
4,75 r’ 1170530353
4.4 T 117 053 02 63
4.05 * 117 05301 53
3.7 ) 5T E 117 053 00 53
- h]
Special tools
i'_
Test gauge for hydraulic correction 100 589 0 42300

parts {compensating elements)

Contact handle for rotating engine

{component of 001 589 46 21 00) 001589 46 21 08

Valve spring depressor 100 589 06 61 00

Test gauge serves to determine basic position or a plus
deviation (+) or minus deviation (-} of hydraulic
element.

in the event of a plus deviation (+) or a minus devia-
tion (), the installation of a thinner or thicker
pressure pad (4} permits resetting of basic position.
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Checking

1 With newly installed compensating elements rotate
engine with starter for approx. 30 seconds prior to
checking.

For rotating engine, pull out fuel pump relay code
No. 21 in fuse box. Connect contact clip to battery
+ and by means of a pin on contact bushing 1 of
coupler (arrow).

2 Take load from hydraulic element about to be
checked, that is, ¢cam tip should point upwards
{arrow).

3 Set test gauge {3} above hydraulic element to be
checked and place measuring pin on ball pin.

4 Check position of measuring groove {1} in relation
to measuring edge (2):

a) The basic position is correct when the measuring
edge (2) is located within the red measuring groove
{1} 1.2 mm wide.

056.5-213/2 F3

+ @ | :_f.“

~

[LLE TP

/‘.

A A

1053-7550




b) Plus deviation (+) is indicated when measuring
edge (2} is above red measuring groove {1)."

Remedy:
in the event of a plus deviation {+}, insert thinner
pressure pad.

¢} Minus deviation {—) is indicated when measuring
edge {2) is below red measuring groove (1).

Remady:

In the event of a minus deviation {—), insert thicker
prassure pad. :

Corracting

5 Remove rocker arm with depressor. Remove pres-
sure pad.

6 Measure thickness "S" of pressure pad.

Thickness “'S™ of pressure pad Part No.
inmm

5.8 117 053 06 53
5.45 117 053 05 53
5.1 117053 04 53
4.75 11705303 83
4.4 117053 02 63
4.05 117 053 01 653
3.7 117 053 00 63

7 n the event of a plus deviatic 1 (+],

insert a thinner

pad, and for a minus deviation {—) a thicker pad.

Note: During new adjustment try for center position

oN measuring groove.

8 Install swivel lever and check again.
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Timing for 2 mm vatve iift

Engine Intake valve Exbhaust valve
100.985 Opens Clases Opens Closes
ATDC ABDC B8BDC BTDC

, 12° 25° 32° 19°
New engine or
new timing chair 10° 23° 34° 21°
After running o o ) o
approx. 20.000 km 14 z7 30 7
'} Codeis stamped on rear ana of camshaft.
Tightening torquas Nm tkpr.
Cylinder head cover nuts 15 (1.5}
Camshaft sprocket bolts 100 10
Chain tensioner plug 50 {3)
Chain tensioner threaded ring 40 (4)
Hydr. valve cleararce correction parts in cylinder head 60 {6}
Spacial tools
Vaive spring depresser 3 }f/" i 100 589 06 61 00

.
-
Dial gauge hoider D I 363 589 02 21 00
s
Valve adjusting wrench 17 mm 1; 116 589 02 01 0D
- "'?

Conventional tools

Adaptor 1/2" square soccket to
3/4" square head

e.q. made by Stahlwille, D-5600 Wupperial
order No. 514

Socket 50 mm, 3/4" square for
engine

e.9. made by Stahlwille, )-5600 Wuppertal
order No. 55 '
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Conventional tools

Screwdriver insert 17 mm

e.g. Hazet, D-5630 Remscheid

Order No. 98517

Screwdriver insert 19 mm

e.g. Hazet, D-5630 Remscheid

Order No. 98519

Diel gaug: A 1 DIN 878

e.q. Mahr, D-7300 Esslingen

Order No. 810 5t

Note

For assembly job: it is sufficient when the marks on
the camshafts align with the ignition TDC point of
the Tst cylinder.

Check ,,intake valve opening degree” on 1st and 6th
cylinders with 2 mm v. ve lift.

Checking

Li
O

t L]
0 0,0 CO C,
+ T 1 T

t
O

51548637

-
L 3

1 Check camshaft code on rear end of camshafts.

2 Remove racker arms and va've clearance correction

parts on intake valve of 1st and Gth cylinders

Attention!

Rocker arms and vatve clearance correction parts must

be installed at their same locations again.
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3 Install valve adjusting bolt, Part No. 116 050 11 20,
at intake valve of 1st and 6th rylinders.

Instail r 3cker arm.

4 Rotate crankshaft with too! combination or a
mandrel at vibration damper until cam tip at intake
valve of 1st ¢, iinder is in upward position.

Only turn crankshaft in engine’s direction of rotation.

5 Turn valve adjusting bolt unti! rocker arm rests
on camshaft base circle without play.

2%
vt

6 Mount dial gauge holder on cylinder head.
7 1nsert diaf cauge and clamp with preload of 3 mm,

Gauge pin must be at an exact right angle to valve
spring retainer.
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8 Set large needle at Q.

9 Turn crankshaft in direction of rotation until the
dial gauge needle moves back by 2 mm tc a pretoad
of 1 mm. The valve lift is now 2 mm.

10 With the engine set as it is, the value on the
vibration damper must agree with the “intake valve
opens"” value in the chart.

11 Carry out check on intake valve of 6th cylinder,
repeating points 4 through 10.

Adjusting

12 Correct timing by installing an offset woodruff
key.

Woodruff keys are available with the foltowing offsets.

Offser Part for a correction
inmm Number of about
0.7 621 991 04 67 4° on crankshaft
0.9 6219910267 61/2°

on crankshaft
1.1 6219910167 8° on crankshaft
1.3 621 991 00 67 10° on crankshaft

An offset by one tooth on the camshaft sprocket wili
meazn about 18° on the crankshaft.

Note: Instalf a new timing chain, if chain stretch is
excessive.

Check timing after instailation of a new timing chain
and adjust the ignition timing.

13 Iastall valve clearance correction parts and rocker
arms of intake valves from 1st and €th cylinders.

05.5-215/4 F3
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05-220 Removing and installing camshaft

&

Timing for 2 mm valve lift

Engine Camshaft Intake valve Exhaust valve
100.985 code') opens closes opens closes
ATDC ABDC BBDC BYDC
::!w engine left 36 12° 25° 32° 19°
::: : ming right 37 10° & 23° 37° 21°
After running left 36 14° 97° 30° 17°
approx.
20.000 km right 37
1) Code is stamped on rear end of camshaft.
Tightening torques Nm {kpmj
Cytinder head cover nuts 15 (1.5}
Camshaft sprocket bolts 100 (10}
Cylinder head bolts st step 40 4
on cold engine 2nd step a0 e
Camshaft bearing boits 50 (5)
Chain tensioner plug 50 {5)
Chain tensioner threaded ring 40 4)
Special tools
Sy T
Valve spring depresser - e 100 589 06 61 00
-
Socket screw wrench socket 8 mm, 1/2" square,
130 mm long, for camshaft bearing boits -F-U..f 000589 33 07 00

Conventional tools

Screwdriver insert 17 mm

e.g. Hazet, D-5630 Remscheid
Order No. 985-17

Screwdriver insert 19 mm

e.g. Hazet, D-5630 Remscheid
Order No. 285-10

Socket screw wrench socket, 10 mm, 1/2" square,
60 mm fong, for cylinder head bolts

e.g. Stahlwitle, D-5600 Wuppertal
Order No. £4/10
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Note

Note camshaft codel

If a camshaft is replaced, the corresponding rocker
arms must also be repiaced.

Camshaft bearing journals can be ground; for this

purpose undersize camshaft bearings are available
{05--225).

Removing

1 Remove rocker arms (05—230).

Attention!
instalt rocker arms at same locations.

2 Move piston of 1st cylinder to TDC.

3 Remove chain tensioner spring {(05-310).
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4 Mark timing chain and camshatt sprocket together
{arrows).

5 Remove camshaft sprocket.
6 Remove oil pipe.

7 Remove V-belt of alternater and swing alternator
away laterally.

8 Unscrew fastening bolts for 1st, 2nd and 3rd cam-
shaft bearing.

RNote: Unscrew 4th and 5th camshaft bearing only
when replacing camshaft bearings.

9 Puli camshaft out of camshaft bearings 4 and 5 in
forward direction and remove.

The rear fastening bolt {arrow} can be pulled out only
when engine is lifted at the left.

For this purpose, remove engine mount left, engine
shock absorber left, radiator shell, oil line on oil cooler
top and upper coclant hose.

Attantion!
Remove regulating shaft {arrow} when engine is lifted.
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Instalfation

Note: When the holiow camshaft is cleaned inside,
knock-in a new closing cap.

10 Lubricate camshaft bearing.

11 Mount camshaft with camshaft bearings or intro-
duce camshaft, respectively.

12 Tighten fastening belts in steps from inside out.

Make sure of easy operation of camshaft.

13 Mount compensating washer correctiy (arrow).

14 Mount camshaft sprocket with timing chain. Pay
attention to applied marks.

Note: When the first camshaft bearing or a camshaft is
replaced, measure end play of camshaft {05—255).
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15 Turn crankshaft and move piston of 1st cylinder

10 TDC.

16 When 1st cylinder is at TDC the marks on both

camshafts must zlign.

Attention!

The wide shoulder on camshaft sprocket (arrow} should

face camshaft.

17 Tighten camshaft sprocket mounting bolts to a

torque of 109 Nm {10 kpm).

18 Attach oil tube.

19 Rest of installation in reverse sequence.

Attention!

If new camshatts and rocker arms are installed.-check
timing {05—215) and basic setting of hydraulic valve
clearance correction parts (05—213).

1 Hexagon head bolt
2 Lock washer

3 Plain washer

4 Camshaft sprocket
% Woodruff keys

05.5-220/5 F 2

6 Sleeve

7 Ring

8 Camshaft bearing 3,
9 Oil tube

10 Camshaft
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19
18 g
mwﬂ: 1

1 Bolt M6 x 16 (two)
2 Washer B 6 (two)
3 Right oil tube
4 BoltM5x8
5 Washer B §
& Clamp A 8 (two)
7 Camshait bearing ? (two)
8 Camshaft bearings 2 and 3 {four)
9 Camshaft bearing 4 (two)
10 Camshaft bearing 5 (two)

11 Dowel pin 8h 8 x 10 (1en)

12 Dowel steave (laft four, right five)
13 Dowel sieeve (laft onel

14 Plain washer 10.5 {ten)

15 Bolt M 10 x 50 (ten}

16 Plain washar 12.5 (ten)

17 Bolt M 12 x 165

18 Bolt M 14 x 1.5 x 40

19 Lock washer B 14

20 Plain washer

21 Camshaft sprocket
22 Right spacer

23 Shim

24 Woodruff key 4 x 6.5
25 Right camsghaft

26 PlugM18x 1.5

26a Closing cap

27 Qil tube left

2B Leaft camshaft



Daia

Cams'haﬁ 'bea:r.in.g' journal peak-1o-valley surf?ce. 0;003
Max.. runout of .ce“nt.é.r .I.Je.aring journal and camshaft sprocket 0.01
seat when camshaft runs on outer bearing journals . T
Bé:é_rfng I'p_cat_iqr'\s thig) .a _ b : e
— . - 3500 e ...5.0_..50 — --51,-00
Bearing dia. R —
35.02 50.52 51.02
Standard Size
. 34.97 50.47 50.97
Jourpal dia. e R —_—
34.95 50.45 50.95
. . 34.90 50.40 50.90
Bearing dia. it —_— hliteid
34.92 50.42 50.92
Repair stage 1
. 34.87 50.37 50.87
Journal dia. i _ —
. 3485 50.35 50.85
L 3475 50.25 50.75
Bearing dia. " —— bt
. 34.77 50.27 50.77
Repair stage 2
‘e 3472 50.22 50.72
Journa! dia. - e —_
34.70 50.20 50.70
Bearing width ?EP E
23.89
Thrust bearing
Journal width B 3_02
30.03
Camshaft tadial ¢.02-0.06 0.03-0.07 0.03-0.07
bearing play axial 0.07-0.14
Note
P 3 H
_

Pertinent camshaft bearings for repair stages
are available.

When giinding the bearing surface of bearing
journat ““a", the surface “S’* must also
be ground enough tc guarantee journal width

"B’ and thus the axia! play.
Bearing journals are not hardened,

The oil grooves in bearing points b and ¢
were introduced starting engine no. 102b.

05.5-225/1 F3
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Special tool

Dial gauge holder for camshaft axial play —11" 363589 62 21 00
[

Self-made tool
- e
o] T | - 0 -
{-] ]
1x45° | - - _In4so
OO,
Threaded bushing for dial gauge hotder 121 589 00 21 00 CL i ! k‘ ‘N \\ AN j., l
o @ y
86 % | s 2
W U, NN MY
7T AR
T Vo~ 4309 !
—= 0 =
Conventional tool
Dial gauge A 1 DIN 878 e.g. Mahr, D-7300 Esslingen

Order No. 810

Note: Camshafts are hollg- rilled.

After grinding unscrews plug or kncek out cover, and
ciean inside of camshaft.

Attention!
Use end cover only once.

If the thrust surface of the bearing journal "a” i3

ground, measure end plav following installation of
camshaft,
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05-230 Rasnoving and installing rocker arms

Tightening torque Nm {kpm)
Cylinder head cover nuts 15 {1.5)
Special tools

Valve spring depresser ',7 { A o e 100589 06 61 00

Contact handle for rotating engine
{component of 001 589 4€ 21 00}

1004 -08AT

001 589 46 21 08

Note =

Rocker arms must be instalied in their same original
tocation.

¥ rocker arms ~re in.talled somewhere else or re-
placed, basic setting of hydraulic vaive clearance
compensating elements must be checked {05—213).

Also replace corresponding camshaft when installing
new rocker arms.
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Removal and instaltation

1 For rotating engine, pull out fuel pump relay code '
No. 21 in fuse box. Connect contact handle to battery
+ and by means of a pin to contact bushing 1 of coupler

{arrow}.

2 Remove rocker arm with depressor. Cam tip should
point away from rocker arm.

3 Lubricate stiding and comiact surface of rocker arm
prior to installation.

4 (Install rocker arm with deprassor.

05.5-230/2 ¢2



05-250 Removal and installation of valve springs

Tightening torgue

Nut for cylinder head covey

Specizl tools

Valve spring depressor Oy

e 100 589 06 61 00

Magnetic lifter for valve cone halves

116 £89 06 63 0D

Conventional toels

Cylinder leak tester

e.0. made by Bosch, EFAW 270 A
made by SUN, CLT 2281

Adaptor 1/2" square socket to
3/4* square head

e.g. made by Stahiwille, D-5600 Wuppertal
order No. 514

Socket 50 mm, 3/4" square for
rotating engine

e.9. made by Stahlwille, D-5600 Wuppertal
order No. 55

Romoval

1 Ramove rocker arms {05-230).

Attention!
Install rocker arms again at the same spot,

2 Unscrew spark plug.

3 Set piston of respective cylinder to ignition TDC.

For this purpose, rotate crankshaft with tool combina-

tion or a'mandrel at vibration damper.
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Attantion!
The marking numbers 0, 80, 180 and 270 are punched
into vibration damper.

At the following positions of the marking number
apposite pointer, the following pistons are at TDC:

Marking number Pistonat TDC
0 lardb
90 S5and 3
180 4arnd7
270 8and 2

4 Support valves by means of compressed air (cylindar
leak tester).

Attention!

Valves should not seat on piston crown to prevent
bending of valves.

5 Push valve spring retainer down with depressor.

6 Rszmove valve cone halves with magnetic fifter.

Installation

7 Check valve springs, reptace according to condition
(05—-260).
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8 Replace valve stem seals (05--270),

Attention!

Mount valve springs in such a manner that the close

coils are seated against rotocap.

9 For further installation proceed vice versa to

remnoval,

1 Camshaft
2 Rocker arm
3 Mydraulic valve clearance
compensating element
4 Thrust pisce
5 Valve spring retainegr
6 Valve cone halves
7 Quter valva spring
8 inner vaive spring
9 Valve stem seal
10 Rotocap
11 Valva guide
12 Imake valve
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06--260 Checking valve springs

Data
Valve Part Color Qutsids  Wire Length Spring force at preloaded
spring number code dia. in dia. unloaded longth when new limit value
N N
mm mm mm mm (kp) {kp}
228-252 205
inner 1300630022 vyellow 22-224 25 45 215 1228-262) (2051
- 602-682 540
1 2 .
Outer 0005630120 none . ans 4.76 53 35.4 (60.2-68.2 (54.0)
Checking

{n the evont of repairs, check valve springs for corro-
sion prior 1o re-use,

in addition, check spring force at specified length by
means of a spring testing scale. If results are below
{imit value, ranew valve springs.

In installed condition and at 12 mm valve stroke the
valve spring force amounts to 10001245 N (102—
127 kp). To make sure that this value is not lass than
specified on valves which are set iower {by valve seat
machining), use vaive spring retainer, part No,

130 053 06 25.

This valve spring ratainer {2} is identified by a
machined groove {arrow) and provides a spring force
incrsase of approx. 80 N (6 kp) as cormpared with
siandard valve spring retainar,

1 Valve spring ratainar, series
2 Vglva spring rotainer for increasing spring force, ' !
with machined groove 1054 - 9492
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06270 Replacing valve stem seals

Tightening torque

Nuts for cylinder head cover

Special tools

Valve spring depressor L — 100 589 06 61 00
“: Tl

Magnetic lifter for valve cone halves 116589 06 63 00

Assambly mandrel 9 mm dia. for valve stem szals 116 589 00 43 00

Assembly mandrel 11 mm dia. for valve stem seals

T wisgn wmt

116 589 01 43 00

Conventional tools

Cylindar leak tester

e.g, made by Bosch, EFAW 210 A
made by SUN, CLT 228-1

Adaptor 1/2" square socket
to 3/4"” square head

e.g9. made by Stahlwille, D-5600 Wuppertal
order No. 514

Socket 50 mm, 3/4" square for
rotating engine

2.0. made by Stahlwille, D-5600 Wuppertal
order No. 55

Note

Veive stern seals including assembl sleeves are
included in repair kit.

Intake valve guides, which are worn down at hold-
ing groove for valve stem seals, must be replaced.

&4
5
Attention! §—-— 3
Instal rocker arms at same 7
spot from which they were 8 2
removed. 9
10 I = ’ 3
n - :
. i
2t 7 % Z
1 Camshaft : 4 7 A
2 Rocker arm g o -
3 Hydraulic valve clearance /4 i Al %
compensating element ¥, /. A //f/ 7.
4 Pressure pad ’ - ;
S Valve spring retainer - 7
6 Valve cone halves ) 7
7 Outer valve spring % /)
8 Inner valve spring ‘o
13 ;alv& stem seal y : &
otocap g ? ;
11 Valve guide ‘ ,,/{/ 75
12  Intake valve y /_,’- y - 77
13 Valve seat ring R 2
e e A %
Wh3 - 5841
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Reaplacing 46 45 52

ings (05- 250). ey
1 Remave valve springs (05- 250) | Q PR
2 Press valve stem seals off with a screw driver or
with pliers.
Attantion!
* Do not damage valve stem and valve guide. 44 Pressure pad

45 Valva cone half S
46 Valve spring retainer L
47 Quter valve spring ’

4B Inner valve spring
49 Rotocap

S0 Valve stem seal
51 Valve guide

652 Valve

3 Debur valve stem at groove.

Reptace worn out valve cone halves and spring
retainers.

4 Check rotocap and replace, if required,

6 Lubricate valve stem seals and press-on with
assembly mandrel. -

Use assembly sleeve at intake vaive.

6 Install valve springs (05—250).

29 Pressure pad {7 different sizes)

30 Valve cona member {32 each)

31 Vaive spring retainer

32 Outer valve spring

33 Inner valve spring

34 Rotocap, intaka and expoust

35 Valve stam seal, exhaust

36 Valve stern sgal, intake

37 Circlip exhaust

38 Circlip intake

39 Valve guids exhaust

40 Valve guide intake

41 Exhaust valve

42 Intake valve

43 Rocker arm

44 Hydraulic vaive clearance
compensating element




05-280 Checking and machining valves

end when mounted at valve stem

Data Intake valve Exhzust valve
Vaive disc dia. 50.9-510 429-43.1
Valve stem dia. 895-897 10.93-10.95
Vatve length 142.65--142 85 143.90--144.10
Code number at end of stem € 10009 100 01 27
Sodium charge withoist with
Valve seat plating with with

when new 1.5 26
Height “h** of valve disc

limit value 10 20
Width 'b" of valve seat 1.8-25 15-25
Dia. "d" at valve seat center 49.9-50.1 422

when new 1.8-20 29-3.1
Height “m”’ up 10 valve seat

hmit value 1.4-16 25-27
Adjusting angle for machining valves 45° + 15
Permissible concentric runout vertical to 0.03
valve seat when mounted at valve stem :
Permissible axial runout at valve sterm 0.02

1 Valve seat plating

'y ;
a 1054-8225
N\

Conventional toct:

Valve cone grinding machine
or
Valve cone machining too}

€.0. made by Krupp, D-5309 Meckenheim

model V3

€.2. made by Hunger, D-8000 Munich 55
t+pe VKOR 1, order no. 203.00.200
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Exhaust vatves a-e sodium-fillec'

When scrapping, pav 2ttention to safety rulgs. Do not
melt sodium-filled vaives or make such valves into
tools {punch etc.) witho:it removing sodium charge
first.

Be careful when removing sodium from valves, since
sodium, when mixed with water or solvents contain-
ing water, reacts extremely viotent and explosive,

30 that the resulting hydrogen gas may be the cause

of fires.

Sodium from sawed-open and broken-up valves can
be neutralized in the open air in a vessel contining
a mixture of 2 liters of spirit of alcohol and 1 liter
of water.

Sodium-filled valves can b2 coliected and sent to the

“Garantiepriifstelle Werk Stuttgart-Untertiirkheim™
for neutralization.

Checking ar.d machining

1 Clean and visually inspect valves.
Replace any vaives with a burnt valve head, with in-

sufficient height “'h" for valve kead or vaives with
worn or scored valve stems.

2 Check permissible concentric runout of valve
stem and vaive seat.

3 Check axial runout at end of valve stem.

Re. :w valve, if limit valee is attained.
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4 Machine valve seat and face of valve stem.

Conform with instructions accompanying tool and
valve machining angle.

5 Measure valve 3t runout and height “'h" of valve
head.

Renew valve, if limit value is attained.
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05-285 Checking, renewing valve guides

Valve guides

Steps and [013) Color code Basic bore in Valve guide 1D

part No. cyiinder head

Standard dimension |

4 14.043-14.050 fbrown 14.030-14.035

sk 100 050 48 2 way 0.000-9.015

» -

17:'6%’4‘5629: 14.214-13.232 red 14.198-14.203

?tmda’dgsrrzl:nsion ' 15.043-15.050 fbr 16.030--15.035

| ad }- X own R !

Exhaust %09%0 i 11.000—-11.018

1 i st

1&%2:%7% 15.214-15.232 red 15.198-15.203
Special tools
Check plug 9 mm dia. intake 11758903 23 00
Check plug 11 mm dia. exhaust o 117585042300
Knock-out plug 9 mim dia. intake 110589 02 15 00

.
Knock-out plug 11 mm dia. exhaust 11058903 15 00
Check plug for valve guide basic bore = 117 589 05 23 00
Reamer 14.035 mm dia. intake 110589 03 52 00
Reamer 15.035 mm dia. exhaust 110589 02 53 00
Broach 14.2 mm dia. for st repair stage intake 115589 00 53 00
- a——

Broach 15.2 mm dia. for st repair stage exhaust ) 110589 00 53 00
Knock-in plug 9 mm dia. intake 110589 00 15 0D
T - i —
Kncck-in plug 11 mm dia. exhaust e 11058501 1500
Reamer B.99 mm dia. H 7 intake 000589105300
Reamer 10.99 mm dia. H 7 exhaust 000589 1553 00

Note

In the event of repairs, cylinder heads with standard
riormal dimension valve guides should be provided with
standard dimension | valve guides {gray-brown). First,
ream basic bores with reamers 15.035 mm dia. (in-
take} or 16.035 mm dia. {exhaust), so that the overlap
is not getting too high.

Basic bores in which normat dimension § valve guides
are not providing an adequately tight seat (min‘mum
overiap 0.007 mm). finish with broaches for repair
stage valve guides. For this purpose, check basic
bores with check plug.
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Checking valve guide

With cylinder head removed, check vaive guides with
check plug in tongitudinal and crosswise direction.

Replace valve guides, into which the not-good plug
with limit wezr dimension (+220) can be slipped
with its complete length (S mm).

Valve guides which are worn out outside at seat of
valve stem seal, with the resul* thai the valve stem
seal is no longer tightly seated, should also be
replaced.

Raplacing vaive quides

1 Knock-out valve guide by means of knock-out plug
from combustion chamber side.

2 Check valve guide basic bare with check plug in
longitudinal and crosswise direction at bo:n bore ends.

Basic bores into which the measuring ptug can be in-
serted at one point with its entire length {8 mm)
should e refinished to repair stage. if the measuring
plug cannot be slipped in at 2l or not completely,
the basic bore may be reamed for normal dimension |
valve guides.

Machining bagic bore
normal dimensgion {
3 Ream basic bore with rea—zer 14.035 nm dia. or

15.035 mm dia., while lubricating with kerosene.
Heam with little pressure and do not cant reamer.

fote: Handie reamers carefully and keep in protec-
tive jacket, so that the cutting edgas are not damaged.
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Machining basic bore
repair stage

4 Force respective broach through basic bore in
cylinder head.

The broach can bz forced through bore on a column-
type drill press or a hydraulic press. The important
point is that the broach is in vertical position in rela-

tion to suppcrt of cylinder head. The spindie of the
drill press or the hydraulic prass must be free of play.

tnaerting valva guide

8 Undereool valve guide ir: liquid nitrogen {for
approx. 3 minutes} and insert.

if no liquid nitrogen is available, heat cylinder head
in a water bath to approx. 80 °C, knock-in valve
gu de by means of knock-in plug until the circlip
rests against cylinder head.

6 Check tight seat of valve guide with cooled-down
cylinder head onty.

Tight seat pressure 3500 N.

7 Check 1D of vaive guide with check plug.

The good end should sfip in.

8 If required, ream 1D with ceamer.

S Check valve seats for runout and refinish, if
required.
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05-290 Replacing valve seat inserts

Data

Valve seat insert overiap in cyl. head

intake Standard Size Repair stage
52.90
D7 5207 max. up to 53.9
53.00
)] gi:ﬁ rough turn 54,2
9.00
t 2.10
9.00
H 891
Exhaust Standard Size Repair stage
45.00
D1 Zﬁ max. up to 46.00
D ﬂ rough turn 46.20
4509 g
1 10.00
10.10
10.00
H 901
Special tools
Control gauge 9 mm dia. intake valve guide _ 117589032360
Controt gauge 11 mm dia, exhaust valve guide - 117 580 04 2300
Conventional tools
Cyl. head hotder e.9. made by Rohenberger, D-6333 Kerkheim

Order No. DBK 60-2

Ring seat machining tool

e.g. made by Hunger, D-8000 Miinchen
size 2, order No. 220.03. 110

Valve seat machining too)

e.g. made by Hunger, D-B00O Miinchen
type VDSNL 1/45/30
Order No. 236.03.308

Test set for valve seats

e.g. made by Hunger, D-8000 Minchen
order No. 216.93.30D
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Internal micrometer (range 25—60 mmi}

e.g. Mahw, D-7300 Esslingen
Order No, 844

External micrometer (range 25-50 and 50—75 mm}

e.g. Mahr, D-7300 Esslingen
Order No. 40 S

Replacing

1 Remove old valve seat ring by means of ring seat
machining toot.

2 Check valve guides, replacing if necessary (05—285).
3 Measure standard bore D1.

" A new valve seat insert of standard size can be used,
if the specified amount of overlap is given.

4 Machine basic bore repair stage D1 with ring seat
machining tool.

& Measure standard bore repair stage D1.

6 Lap valve seat insert repair stage until specified
amount of overlap is given.

7 Heat cylinder head in a water bath at about 80 °C.

8 Undercool valve seat ring with liguid nitrogen or
dry ice.

9 Drive in valve seat insert with an appropriate guide
mandrel.

10 Machine valve seat inserts (05—291).
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06-291 Machining valve seat rings

Spacifications intake Exhaust

Valve seat width. b 1.3-20 1.5-2.0 H

Valve seat angle o 45°

Upper correction angle § 15°

Lower correction.angle ¥ 60°

Max. valve seat runout 0.04 '

Min. distance A with new valves
and new valve seats

Intake 29

Exhaust 31

Max. distance A with new valves
and new valve seats

Intake 38

W 63?”? ’

Exhaust 4.0

The maximum distance will be reduced by the same amount, as the amount machined off of the cylinder head

mating surface.

Spacial tools

Magnetic lifter for valve poppets

ém_gjm\ 116 589 06 63 00

Contr. gauge 9 mm dia. intake vaive guide

117 589 03 23 00

FIRIEE 0%y

Contr. gauge 11 mm dia. exhaust valve guide

117589 04 23 00

Conventional tools

Cviinder head holder

e.g. made by Roﬁenberger, D-6333 Ketkheim
Order No. DBK 60-2

Valve seat machining tool

e.g. made by Hunger, D-8000 Minchen
type VOSNL 1/45/30, order No. 236.03.308

Test set for valve seats

e.9. made by Hunger, D-8000 Miinchen
order No. 216.93.300

60° correction tool No. 13 for {ower correction angle

€.9. made by Hunger, D-8000 Miinchen
order No. 216.64.622
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HNote

Ctamp eylinder head in holder for
disassembling and machining.

Machine valve seat rings with valve
seat turning togls, with valve seat
grinder or with valve seat cutters.

1 Valva seat retainer, series
2 Valve seat retainer 1o increase
spring force with machined groove’

In installed condition and at 12 mm vaive stroke the
valve spring force amounts to 1000-1245 N (102—
127 kp). To make sure that this vaiue is not less than
specified on valves with are set lower {(by valve seat
machining), use valve spring retainer, part No.

130 054 06 25.

This valve spring retainer {2} is identified by a
machined groove (arrow} and provides a spring force
increase of approx. 60 N {6 kp) as compared with
standard vaive spring retainer.

Machining valve seats

¥ Check valve guides, replacing if necessary
(05--285).

2 Machine valve seats (see instructions of tool
manufacturer).

Attention!
Relnase pilot only after valve seat runout has been
checked ipoint 3}.

1054 - 9492




Attention!
Never machine bead or. lower part of valve seat ring.

3 Check valve seat runout.

This requires installing test sleeve {19) with diat gauge
holder {20} and diu: gauge on pilot (5).

5 Pilot
18 Dial gauge
19 Test sleeve
20U Dial gauge holder

4 Measure valve seat width ,,b” and, if necessary,
carrect tap to 15° and bottom to 60°.

When machining with machining tool made by Hunger,
use 60° correction bit No. 13 for lower valve seat
correction.

5 Install new valve and check maximum distance A.

if necessary, replace valve seat insert {05—290).
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05-310 Removing and installing chain tensioner

Tightenin, torques Nm {kpm)
Threaded ring 40 i4)

Cornwentional tools

Screwdriver insert 19 mm

e.g. Hazet, D-5630 Remscheid,
Order No. 985--19

Screwrdriver insert 17 mm

e.9. Hazet, {,-6630 Remscheid,
Order No. 985--17

Note

Pin in chain tensioner has a spring lock and cannot be
pressed back,

Before instatlation the chain tensioner must be dis-
assem’ " 'd and the pin positioned at A.

For assembl,” work on the chain drive (e.g9. removal
nt camshaft sprocket or sliding rail) it s sufficient to
first remove the chain tensioner spring.

This requires unscrewing the plug,

05.5--3101

— T .

A Chatn tensioner positioned for installation
B8 Chain tensionar positioned for operation




Removing and disessambling

1 Remove battery and batte: y coriole.
2 Unscrew piug (1) and remove spring (11).

Plug is under pressure from spring.

3 Unscrew threaded ring {5).

4 Detach flange {2) and remove with gasket (4).

5 Pull out chain tensioner housing {7) with pin (8).

6 Pry off snap ring (9).

7 Pu'l out pin (8} toward front.
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Instaliation

8 Insert circlip {9} into chain tensioner housing {7).

9 Slip chain tensioner housing {7} into cylinder head
(6).

10 Mount flange {2) with new gasket (4).
Attention!

A chain tensioner with reinforced flange is installed
starting engine end No. 000463 (ftange thickness

13 mm, formerly 9 mm).

Mount chain tensioner of flange thickness 13 mm with
screw M 8 x 30 mm (formerly M 8 x 25 mm).

11 Screw-in threaded ring (5) and tighten to 40 Nm
{4 kpm).

12 Slip-in thrust bolt (8} with detent sprirg {12).
13 Install compression spring {(11) 76 mm long and
mount closing plug {1) with sealing ring, tighten 10

50 Nm (5 kpm]}.

14 Install battery frame and battery.
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Clasing piug

Flange

Check valve

Seal

Threaded ring

Cylinder head

Chain tansicnar housing

Thiust boil

Circtip

Pressure limiting valve
Compression spiing 76 mm long
Detent spring

Sealing ring



05—-320 Replacing timing chain

Tightening torques Nm {kpm)
Camshaft sprocket fastening bolt 100 (10
Nuts for cylinder head cover 15 (1.5)
Special tools
}«? PRy —
Valve spring depressor Sl oos-aise 100 589 06 61 00
-»

Conventional tool
Adaptor 1/2" square socket to 3/4" square head e.9. made by Stahlwille, D-5600 Wuppertal

order No. 51—
Socket 50 mm, 3/4" square for e.g. made by Stahlwille, D-5600 Wuppertal
rotating engine order No. 515

Noie

A repair chain with connecting link is available for
repairs.

If only an endless timing chain is available, chain
can be spiit by grinding through both bolts of a link

and using a connecting fink for assembly.

And endless timing chain can be mounted with
timing housing cover removed.,

Check sprockets for score marks and pitting.
Repair chain with connecting fink engine 100,985

2. 2 links, part No. 00D 997 79 94.

Raplacument

1 Remove spark plugs.

2 Remove rocker arm on righthand camshaft
{05—230).

Attention!
Reinstall rocker arms in same spot as before.
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3 Remove chain tensioner {05—310).

4 Cover chain box with cleaniiig rag and separate
timing chain with chain separating device or grind
through both bolts of one link.

Engine should be at ignition TDC and the adjusting
marks on camshait and camshaft bearing should be
in alignment.

5 Attach new timing chain with a plug-type link to
old timing chain while removing cut-up link.

6 Rotate crankshaft with tool combination slowly
in direction of rotation of engine. Simuitaneously,
pull up old timing chain unti? plug-type link comes
to rest at topmost portion of righthand camshaft
sprocket.

Attantion!
Du. ing rotation of camshaft, the timing chiin should
always be in mesh with both camshaft sprockets.

Check sprockets for score marks and pitting.
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7 Disconnect old timing chain and connect the ends
of the new tirming chain with a plug-type link.

8 Set engine to ignition TDC of 1st cylinder.

if markings (arrow) sre not accurately in alignment,
check timing {95-215}.

9 Coraplete engine.
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05—330 Removing and installing tensioning rail

Tightening torques Nm tkpm)
Cylinder head cover nuts 15 {15}
Camshaft sprocket bolt 100 (10
Chain tensioner threaded ring 40 {4)
Specia! tools
Bearing pin extractor (basic tool) N _ 115 589 20 33 00
Threaded pin M 8 x 30 for 1156892033 00 ™o

Yigta-NTh

11558900 34 00

Removing

1 Remove coolant pump housing {20—-212).

2 Remove chain tensioner {05—-310).
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3 Mark position of right camshaft sprocket and
timing chain to each other. Remove camshaft sprocket.

4 Pull out bearing pin.

5 Remove tensioning rail.

6 Install tensioning rail. Coat
bearing pin with a szaling
compound and knock in.

7 Rest of installation in
reverse sequence.

Camshaft sprocket

Sliding rail
Guide sprocket
{crankcase)
Stiding rail
Sliding rail
Intermediate sprocker for
level controi pump drive
Lockserewy
Intermediate sprocket for
distributor drive
9 Lockpin
10 Sliding rail
1t Crankshaft sprocket
12 tLeaf spring (chain rensioner)
13 Tensioning brackat
14  Drive sprocket (oil pump)
15 Oil pump
16 Sliding rait
17 Bearing pin
18 Tensioning rail
18 Chain tensioner

W ML W=
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05-340 Removing and installing sliding rails

Tightening torques Nm (kpm}
Cylinder head cover nuts 15 (1.5}
Front crankshaft nut 400 {40)
Camshaft sprocket bolt 109 (10}
Special tools

Bearing pin impact extractor {basic tool) 116 582 20 33 00
Threaded belt 8 x 150 mm for-116 589 20 33 00 116589 02 34 00

Detent (starter flange)

116589 01 4000

Torque wrench 3/4"” square,
150—500 Nm {1553 kpm)

00158931 21 00

donvsntional tools

Extension 75 mm long, 3/4" square

e.g. made by iazet, D-5630 Remscheid
order No. 1017-3

Socket 50 mm, 3/4" souare

e.g. made by Stahiwille, D-5600 Wuppertal
order No. 55

2 Sliding rail in right

cylindar head
Inrer stiding rail in laft
cylinder head
Quter sliding rail in left
cylinder head

10  Siiding rait in crankcasa,
loft

13 Tensioning bracket for oit
pump chain

16  Sliding rail in crankcase,




s

tnner left siiting rzil in cylindar head

1 Set piston of 1st cylinder to ignition TDC.
2 Remove distributor {07.5--510).

3 Knock out bearing pin with an impact extractor
and remove sliding rail.

When inacatling watch position of sliding rail (3}
{arrow).

Outer left bent sliding rail in cylinder head

1 Knock out bearing pin with an impact extractor
and remove stiding rail.

When instalting watch position of sliding rai..

Shiding rail in cytinder head right

Bearing pin in cylinder head 8 x 58
Sliging rail in cylinder haad left inner
Bent shiding rail »n cylinder head lett cuter
Bearing pin n crankcase 8 x 51

Stiding rait i crankcase left

Beni shding radl in crankcase right

Bearning mn

Tensiontng rad

WO NDNHBWN -
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Right sliding rail in cylinder head

1 Remove aiternator with holder.
2 Knock out bearing pin with an impact extractor.

3 Guide gown sliding rait and remove.

Left sliding rail in crankcaze

1 Remove front crankcase cover (01-215).

2 Knock out bearing pin {3) with an impact extractor.
Remove sliding rail downward.

When installing watch position of sliding rail.

Right bent shiding rail in crankcase

1 Rernove water pump housing (20—-2301.
2 Femaove tensioning rail {05—330).

3 Knock out bearing pin (2) with an impact extractor.
Remaove stiding rail upward.

When installing watch position ¢! sliding va+: - arrow)
v .ee &lso sliding rail 7).

OQil pump chain tensioning bracket

1 Remove front crankcase cover {01215},

Remove retainer and tensioning bracket.

1 Tensioning bracket
2 Tensioning spring
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05-434 Removing and installing intermediate sprocket for distributor drive

Tightening torques Nm s (kpm)
;_evel control pump bolts on cyl. head 10 )]
Screws for shaft on intermeaiate sprocket (hydraulic oil pump) 10 in
Intermediate sprocket shaft to intermediate sarocket {distributor drive) 10 {1
Camshaft sprocket bolt _ ) 100 {10}
Special tcols

roN

Bearing pin impact extractor {basic tool) ‘W 116 589 20 33 00

Threaded pin 6 x 50 mm for 116 589 20 33 00 P 116 689 01 34 00

R )

Socket screw wrench 5 mm T

116589 0700

—— ]

Removing

1 Remove intermediate sprocket and shaft for leval
control pump {05-436).

2 Rernove distributor housing with distributor,
Note: Ignition distributor-identification:

Standard version
Bosch No. 0 237 404 007 TGFUDS

National version (5, @8
Bosch No. 0 237 405002 TGFUS

3 Unscrew intermediate sprocket shaft {3} at inter-
rmediate sprockei (7) and remove with spacer (6).

Note: From engine series no. 00D 228 intermediate
sprocket {7), part no. 100 157 01 14, is instatled
instead of intermediate sprocket {7},

part No. 100 157 00 14. Space: {6) is omitted.
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4 Remove intermediate sprocket {7} upward.

& Pull out rear bearing bushing {B) with internal claw
extractor.

Instelling

6 Check basic bore in cylinder crankcase for correct
dimensions.

Note: The bearing bushing should attain an overlap
of 0.015 mm to 0.045 mm in cylinder crankcase.

7 Knock bearing bushing into cylinder crankcase up
to stap, while paying attention to position of oit
groove (arrow).

£ Heat distributos housing to about 80 °C and press
in bearing bushing that lubrication grcove is at lowest
point (arrow}.

9 For further instailation proceed vice versa.
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05-436 Removing and installing intermediate sprocket for hydraulic oil pump drive

Tightening torques Nm {kpm)
Bolts for hydraulic oil pump on cylinder head 10 . {1)
Bolis for shaft on intermediate sprocket (hydr. oil pump) 1 {1}
Fastening screw for camshaft sprocket 100 {10)
Spacial tools
rN

Bearing pin impact extractor (basic tool) 3 LR ' 16589 20 33 00
Threaded pin 6 x 50 for 116 589 20 33 00 @ 11658901 3400
Socket screw wrench 5 mm i 116 589 02 07 00
Internal puller 185—23.5 mm >'=i:i‘$ 000 589 26 3300
Counter-support for 000 589 26 33 00 77 000 589 33 33 00

s im g . -
Remaoving

1 Remove hydrauli oil pump after unscrewing holts
{arrows).
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2 Remove dog and bearing flange with gasket.

3 Mark position of left camshaft sprocket and timing
chazin to each other.

Unscrew camshaft sprocket mounting bolt.

4 Unscrew bolts (8) for shaft (10) on intermediate
sprocket.

5 Knock out sliding rail pins {arrows) and remove
sliding rail.

8 Remove chain tensioner spring (05-310).
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7 Take off left camshaft sprocket, shaft {1k) and
intermediate sprocket {1i).

8 Pull out rear bearing bushing with an internal claw
extractor.

Installing

8 Knock-in rear bearing bushing up to stop. Check
position of oil groove {arrow).

10 Rcst of installation in reverse sequence.

055-436/3 F2
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05—440 Removing and installing guide sprocket

Tightening torgues Nm {kpm) -
Closing plug for chain tensioner 50 {5}
S.erem for hydraulic oil pump on cylinder head 10 {n
Screws for shaft on intermediate sprocket (hydraulic oil pump) 10 n
intermediate sprocket shaft to intermediate sprocket {ignition distributor drive} 10 {1}
Fastening screw for camshafi sprocket 100 (10}‘
Drain plug radiator 10 {n
Water pump housing to cylinder crankcase 30 3
Viscofan clutch to coolant pump hub 25 {2.5)
Thermastat housing to coolant pump housing 23 12,3}
Coupling nut for oil hoses {apply counterhold) 30 {3}
Special tools
£\
Impact puller for bearing boit {basic unit) W 116589 20 33 00
Threaded bolt 6 x 50 mm for 116 589 20 33 00 :@} 116 589 01 34 00
R 1]
Allen wrench 5 mm : e 11658902 07 00
Puller for bearing bolt (basic unit) :ﬂa B W 1158920 33 00
Threaded bolt M 8 x 30 mm for 115 589 20 3300 @m'w 115 589 00 34 00
| i #  f

Internal puller for bearing bushing #_@_ 000 589 28 33 00
Counter-suppart for 000 589 28 33 00 ¥ 9" 000 589 33 33 00

.

3 el . .

_::"“
Tester for cooling system and radiator cap % 001589 48 21 00
2

Double connection for checking radiator 4«
and expansion tank cap _ '.’.j _ 000 589 73 63 00

.
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Note

The guide sprocket used up to now and the bearings
must be raplaced by the new guide sprocket and
bearing in the event of repairs. The modified guide
sprocket with bearing is installed as standard
equipment starting with engine end No. 001 817,

Guide sprackat and bearing starting
engine end No. 001817

Guide sprocket and bearing up to
engina ano No. 001B16

Replacement

1 Remove battery and battery frame.

2 Drain coolant from radiator.
3 Remove radiator by unscrewing radiator sheil at

top and pulling out of holder at bottom. Cover con-
densator for air conditioner inside.
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4 Unscrew viscofar coupling and remove together with
fan. :

5 Remove air filter and righthand cylinder head
cover,

6 Unscrew thermostat housing on cooiant pump.

7 Unscrew coolant pump housing and remove. For
this purnose, pull refrigerant compressor slightly away.

8 Completely remove chain tensioner (05—310).

Note: Prior to installation, move chain tensioner into
assembly position.




9 Remove alternator with upper holder.

10 Knock out bearing bolt for slide rail in righthand
evlinder head.

11 Pul. out bsaring bolt for tensioning rail and
remove tensioning rail.

12 Unscrew spacer (3) and remove.

Guide sprocket and bearing up to
engine end No. 001816

13 Pull out bearing bolt (arrow)} for timing chain
lock.

14 Remave guide sprocket {4) and shaft {5).
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15 Pull out front bearing bushing (6) and rear bear-
ing bushing (7) by means of internal claw-type puller.

Guide sprocket and besring up to
engine end No. 001816

16 Knock out bearing bott of guide sprocket 2nd
version with impact puller and remove guide sprocket
in upward direction.

Guida sprocket and bearing starting
angine end No. 001817

Note: The bearing bushing (2} is shrunk into cylinder
crankcase with overlap and need not de replaced.

Guide sprocket and bearing starting
angine end No. 001817

17 Measure basic bore for bearing bushing of cooled-
down cylinder crankcase with internal measuring instru-
ment.

Basic bore dia. = 40.00t¢ . Y3 mm.

18 Measure new bearing bushing.

Bearing bushing dia. = 4C.04 1o 40.06 mm
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Attention!

The now bea: ing bushing (2) should have an overiap of
0.0t to 0.06 mm in cylinder crankcase. If this mini-
mum overlap is not attained, replace crankcase.

19 Undercoal bearing bushing {2) with liquid nitro-
gen for approx. 10 minutes and then immediately
introduce 1.2 to stop into cylinder crankcase

Attention!

Bearing bushing {2) shou:d be flush with cylinder
crankcase {1) and should not project (arrow) since 1 Crankcase 4 Bushing

the end play of the guide sprocket would be too ] Bombuhes 3 ot i
small. The oil bore should come to rest in cownward

position.

20 Introduce guide sprocket in such a manner that
the collar of the pressed-in bushing (4) rests against

bearing bushing {arrow).

21 Lubricate bearing-bolt {5) with bearing washer

{6) and lock-in with an aluminum mandrel until
bearing washer is flush with cylinder crankcase. .

22 For further installation proceed vice versa.

Press off radiator, check cooling system for leaks,
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13-335 Instructions for renewing and tensioning of V-belts

Adjusting values
V-belts New V-belts Used V-belts
{width of profile in mm) (KG-scale on KG-scale on
measuring instrument) measuring instrument)

9.5 30 20-25
125 £ 40-45
Special tool
Krikit measuring instrument for ‘G_T%ﬂ1_ 1. ; | 000 589 63 21 00

measuring V-belt tension

Checking condition of V-balt

Henew cracked, porous, burnt or worn V-belts.

Checking tension

For handling of instrument, refer to operating
instructions and renewing and tensioning V-belts
{13-340).

The adjusting values named refer to KG-scale of
measuring instrument la,row).

M
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Used V-belts

Check tension of V-belts and compare with the values
for used V-belts named in table {e.g. V-belts, width of
profile 9.5 mm = adjusting value 2025} and re-ten-
sion accordingly, if required.

Mounting and tensioning of naw V-belis

Perfect mounting of a V-belt requires loosening of

respective auxiliary unit or of tensioning device of

V-belt to the extent that the beit can be mounted

without effort. In addition, the running surfaces on
- nulleys should be free of burr, rust and dirt.

Double V-beits may be installed only in pairs made
by one an:. the same manufacturer.

Keep a'way oils, greases, chemicals. Do not use belt
wax or similar agents. By the following optimal ad-
justment of V-belt tension {for adjusting values refer
to table) complaints such as squealing V-belts and
low life wilt be avoided.

Within scope of maintenance jobs, mount V-beits
prior to engine checkup and tension to value for new
V-belts named in table {e.g. V-belt, width of profile
9.5 mm = adjusting value 30).

If the V-belt tension is checked during finat inspection
or following a ast drive, the value measured then
should be the same as value for used V-belts on table
{e.g. V-belts with width of profile 9.5 mm = adjusting
value Z20-25). If vatues are less, re-tension V-belit 1o
this vaiue.
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13—-340 Replacing and tensioning V-belts

V-bsit dimensions and adjusting va'ues

A B C D
V-belt Coolant pump Air pumrn Refrigerant Alternator
power steering compressor
pump
. . 1 12.5 x 1000
Dimensions 125 x 1200} 9.5 x 940 12,5 x 10252) 95x 1184
Adjusting value new 50 30 50 30
KG-scale on
easuring ued  40-45 20-25 40-45 20--25
instrument

3} pouble V-belts may be instalted in pairs only and made by one and the same manufacturer.
3 Up 10 chassis end No. 000846 with 5 5/8” clutch on refrigerant compressor (pulley dia. cpprox. 143 mm).

Special tool

Krikit measuring instrument for

measuring V-belt tension

000 589 69 21 00

Note

~Nh MRWN-

Refrigerant compressor
Tensioning roller or
auxiliary oil pump
Power stesring pump
Air pump (USA}

The recess on fan (arrow) serves for mounting and

removing V-beits.

For checking V-belt tension, the measuring instru-

ment “Krikit"” is recommended.
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Handling of measuring instrument

To check V-belt tension, the measuring instrument
can be held in several ways:

a} With thumb and forefinger at rubber loop, with
finger tips resting on pushbutton.

b} With forefinger from above in rubber loop.

c} With farefinger laterally between rubber loop and
pushbutton.

Chacking

1 Conceal indicating arm on measuring instrument.
2 Place measuring instrument on V-belt in center

between belt pulleys. The lateral stop of measuring
instrument should rest Jateraliy against V-belt (arrow).
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Attantion?
With double belt drive, make sure that the measuring
instrument rests on one V-belt only.

3 Exert uniform, vertical pressure against top of
V-belt by means of pushbutton until click spring
di~engages audibly or notizeably.

Note: Following disengagement of click spring, do
not continue pushing against measuring instrument,
since otherwise a wrong ..2asuring value will be indi-
cated.

4 Carefully lift measuring instrument from V-belt.
Avaid knocks and do not change position of indicat-
ing valve.

5 Read tensicning value at point of intersection of
indicating arm {upper scale, arrow).

The adjusting values shown refer to KG-scale of
measuring instrument.

Raplacement

Check condition of V-balts

Renew cracked, burnt or worn V-belts.

Attention!

if on double belt drive for coolant pump and power-
steering pump one of the two V-belts shows exces-

sive wear, always replace both V-belts.

Use only V-belts which are made by one and the
same manufacturer.

V-belts as spare parts are available in sets only.

13.5-340/3 F 3
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1 Set holders and/or units at starting position.
2 Install V-belt without force.

3 Tighten V-belt.

Tensioning

V-belt A Coolart pump — power steering pump

1 Loosen nut {1) and fastening screw (2).

2 Loosen nut {3).
3 Tension V-belt with tensioning screw (4).

4 Tighten nuts {(3) and (1), as well as fastening screw
(2).

Vet B Airpump | @D , @D oniy)

1 Loosen fastening screw (1).
2 Tension V-belt with tensioning screw (2).

3 Tighten fastening screw {1).
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V-belt C refrigerant compressor standard version

1 Loosen fastening screw (1).
2 Tension V-belt by swiveiling tensioning wheel (2).

3 Tighten fastening screw (1}.

V-belt C @S @sd

1 Loosen fastening screws (1 and 2).

2 Tension V-belt with toothed plate (3).

3 Tighten fastening screws {2 and 1).

V-belt D alternator

1 Loosen nuts {2 and 1).

2 Tension V-belt with tensioning screw (3).

3 Tighten nuts (1 and 2}.

13=-10540




18-005 Oil circuit, oil &~ 2ssure, pressure relief valves and oil filter

Qil circuit  standard version

W GNONh W=

-.-.-u—.m
-
I~

Oil cacler
From oil filter to oil cooler
From oil coo'zr to oil filter
{not filtered)

Oil filter

Recirculating pump

Oil pressure pump

Vent tine

From oil supply tank

10 oit pressure pump
From recirculating
pump to oil supply

tank

Qit supply tank
Hydraulic chain
tensioner

Qi tube for cam
lubrication

Camshaft, hollow-dritted
for camshaft bearing
lubrication

Oit pressure gage

Main passage

Bore for hydraulic valve
clearance correction parts
Piston pin ubrication
Timing case oil return .-

Qil return bore between cylindars 2+ 3and 6+ 7
Rear oil return bore

I iga caz2n1

Oil circuit @5 Gsd

L PWYvaoh

B 123 8 [
Qit filter N
Recirculating pump

Oil pressure pump

Vent line

From oil supply tank

to oil pressure pump
From recirculating

pump o oil supply tank
Qit supply 1ank
Hydraulic chain tensioner
Qil tube for cam
lubrication

Camshaft ollow-drilled
1o lubrice < camshatht
bearings

Qil pressure jage

Main passape

Bore for hydraulic valve
clearance correction pars
Piston pin lubrication
Timing case oil return

Qil retur~ bore between
cylinders 2+ 3and G+ 7
Rear oil return bore

11Ba-4427/2
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Opening pressures of relief valves

Overtlow valve in filter cartridge

Relief vatve built in oil pump

Oil filter thermostat (with air oil cooler only)

Starts to open at 95+4°C
Fully open at 10+4°C
Qil pressure

With engine at operating temperature and running at
idle speed the oil pressure must nct drop beiow 0.3
bar (0.3 atii}.

¥/hen the acceleratcr pedal is pressed the oil pressure

must rise again immediately and reach at least 3 bar
at 3000/min.

Oii filter

1 Mounting boit

2P

3 Seal

4 Spring

S Querfiow vaive tor filter
cartridge (3.5 bar)

6 Filter upper secrion

7 Seal

B Filter cartridpe
9 Fifter lower section
10 Sprina with spring retainer
11 Seal
12 Seai
13 Hexagon hsad boit
A From ol pump
B8 To man oil passage

Note

it for any reason whatsoever the ail cooler has to be
disconnected, eith .r the two adaptors on the filter
upper section have 10 be connected with a bypass line,
or the adaptors must be plugged and the thermostat
{14} removed together with controi stiding valve {15)
and spring {16). Otherwise the supply of oil to t.2
bearings would be interrupted after about 95 °C.

14 Thermostat 18 Plug

15 Contraol sliding valve 8 To oil cooler
16 Spring € From oil cooler
17 Seal
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18-120 Checking thermostat in oil filter

Oil fiiter thermosiat

Starts to ofer 1t 95 + 4°C
Fully open at 110+ 49C
Special toc!

Temperature gauge 11558927 2100

R
e s

e g,

1 Take cap off of oil supply tank and insert probe
of temperature gauge.

2 Let engine run at kigh speed and observe tempera-
ture gauge,

3 At 80 — §59C a definite increase of temperature
must be felt by hand on the oil cooler.

Note: Due to the temperatiire drop between oil filter
and ocil supply tank, the temperature of the oil in

the oil suppiy tank will be below the opening
temperature of 95 * 4°C.
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18125 Removing and instailing thermostat in oil filter upper section

Filling capecity
Air oil cooler approx. 0.5 itr,
Tightening torques Nm (kpm)

Plug (18} for thermostat

80

i8)

Qil cc. ‘er drain plug linstall without seal)

(3-3.5)

Note

A well functioning thermossat snou’™ . - be
removed at temperatures below 60°C, sir : otherwise
the aperating pin would be pressed out.

Operating pin {1) should never be puiled out of wax

thermostat (2), since otherwise the function can no
lenger be guaranteed.

Removing

1 Drain cil from air oil cooier.

2 Unscrew plug 118).

3 Remove thermostat { 1) with control sliding valve
{19} and spring (16).

Installing

Instaliation is in reverse sequence.

Run engine and check for teaks.
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18-210 Removing and installing oil pump

Tightening torques Nm {kpm;
Oil pump to crankcase 25 (2.5}
Sprocket to oil pump drive shaft 30 (3

Note

The oil pump part No. 100 180 10 01 {1st version)
with integrated oil pressure relief valve has been
replaced by oil pump part No. 100 180 11 01 {2nd
version} with screwed-in oi! pressure relief valve
starting engine exd No. 001 155.

151 version

In the event of repairs, replace oil pump st version
with oil pump 2nd version.

2nd version

rRemoval

1 Completely cemove oil pan (05 —-310).

2 Unscrew hex. bolt (1) on sprocket.
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3 Press off chain sprocket.

4 Logien bolts (25} snd remove oil pump.

bratelting

S Bolt oil pump to crankcase.

§ Turn cut on drive shalt, that cut and key of chain
sprocket align.
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7 Press chain sprocket to height of drive shaft with
a serewdeiver and slide chain sprocket onto drive
shaft.

8 Tighten bolts {1-5) to specified torque.
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18-215 Removing and installing oil pressure relisf veive in gil pump

Tighunilrtom Hm tkpon}
Plug {A) or oil relief valve 1st version k) ] €35
Plug (A) f&'r oil relief vaive 2nd version 40 {4h
Qil relief valve 4 L)
1st varsion

Up to engine end No. 001154 or up to chassis end
No. 001125 tha oil pump 160 180 10 01 has been
used with oil pressuse relief valve {A) located at front.

in the event of repairs, this oil pump should be re-
placed by oil pump 100 180 11 01 with improved
output and shunt capacity.

st version

I Qil pump housing
2 (il pressure retief valve

A Ciosing piug
& Pressreend
b Suctionend

2nd varsion

Starting engine end No. 001158 or starting chassis end
No. 0011286 the oil pump 100 180 11 Ot has been
used with oil pressure relief valve (A} located at the
rear,

Starting engine end No. B31628 the oil pressure refief
valve 100 180 03 5 (shunt holes not in offset posi-
tions} has been replaced with the oif pressuse retiet
valve 616 180 01 15 {shun: holes in otfset positions)
to efiminate breaking of compression spring.
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in the event of repairs, compression spring

100 933 09 02 in pressure refief valve 2nd version
must be replaced by comgpression spring 616 993 02 Ot
{starting engine end No. 601626 standard).

nd varsion

1 Ol pump baddly
2 Ol pressure nediof vatve
Part no. 616 18001 15

A Plug
a  Pressure side
b intgke sde

Removing

1 HAemove complete oil pan {01 —-310).
2 Unscrews plug (A},

3 Unscrew oif relief valve {2}

installing

Far instatiation proceed vice versa to removal.
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20005 Coolant circuit and engine cooling

The coolant delivered by the caolant pump, after
flowing through crankcase and cylinder heads, flows
out again at intake pipe front and from there to
thermostat housing (arrow).




During the warm-up phase the disk of the main valve
{1} is shut and the bypass disk (2} open. Fiow (A)
to the radiator is interrupted and the coolant flows
through the bypass {ine {C) and coolant pump back
to the engine.

Es"‘ When the engine is at operating temperature the main

© valve and bypass valve will be open to an extent match-
ing the engine load and outside temperature. The
coolant will fiow through the radiator {A} and the
Jypass line {C) depending on the thermostat positio:.

When engine loads are heavy and cutside temperatures
are high, the bypass line (C} will close at e latest

at a coolant temperature of 102 °C. The entire amount
of coolant must flow through the radiator. Thus it
would he completely wrong to vuant to “improve” the
engine’s cooling by removing the thermostat.

Engine cooling

A pressure of about 1 bar is produced in the cooling
system by way of the spring-loaded radiator cap
{code 100;.

The cooling system is filled at the factory with a
coolant, which consists of water to 55 % by volume
and aniifreeze to 45 % by volume, thus offering atl
year service.
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The system guarantees protection against freezing
down to —30 °C and prevents corrosion in the cooling
system because sf additives in the antifreeze. Since the
additives are subject to an aging process, the coolant
must he replaced cvery three years.

To provide adaguate protection against corrosfon the
concentratio.: of antifreeze shouid not be less than
30 % by volume {protection down to —20 °C).

If an antifreeze is not available and only water is
added, it is essential to mix 1 % of purifier {corrosion
inhibitor) (10cc/itr. water).

The antifreeze will increase the boiling point of the
mixture filled at the factory to about 125 °C, while
for water and at a pressure of 1 bar it is about 118 °C.

The red mark on the temperature gauge begins at
122°C.

This point deserves special attention, if only water
with a purifier is added. Water could be forced out
before the needle of the temperature gauge has reached
the red mark.

Fuil throttle, mountain or convoy driving, fast higt -
way driving followed by a traffic jam or driving in
areas with high outside temnperatures and an antifreeze
for protection of at least —30 °C could cause the cool-
ant temperature gauge needle to rise up to the red
mark, without that coolant is forced out or that it
means angine trouble.

If the engine must run for a long time with the car
stationary, e. g. in a traffic jam, it would be advan-
tageous to move the selector iever to position “N”,
This will reduce the development of heat in the trans-
mission and consequentiy the additional heating of
the coolant from the transmission oil cooler.

Hf coolant is lost through a ieak in the coolant system
or because of boiling over, an appropriately prepared
coolant must be added. The small amount missing by
way of evaporation can be replaced with drinking
water.
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20010 Draining and filling coolam - antifreaze chart

——

Mixing ratio between antifrecze') and water?! in litres

Protection down 1o Antifreaze Water

-30°C 7.25 8.75

-40°C 8.25 775

Total filling capacity in liters 16

1 Qnly approved antitreozes may be used, refer to specificetions for service products page 325.

2 Reter to specifications for service products page 310. i

Tightening torque Nm (kpm;
Radiator drain plug ! 610 {0.5—-1.0)

Self-made tool for vehicles with automatic climate control

Coupler (1), part No. 002 545 49 28
approx. 1 m cable 1.5 mm?, black (b) +
approx. 1 m cable 1.5 mm?, brown {¢} ~
t cable terminal +

t cable termina} —

a = Locating groove

1 OGpen closing cap on expansion tank in steps
{only below 90 °C). Set both operating levers of
heater to "‘warm’ {upwards).
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2 Unscrew drain plug on radiator.

3 Unscrew drain plug on engine clock right.

4 Unscrew drain plug on engine block teft.
Attention!

Do not mix up drain plugs {arrow} with fastening
bolts of crankshaft bearing cap undernaati.

'Filting

Vehicles without sutomatic climate contro! and with-
out auxiliery haster

i Set both operating levers of heater to "“warm’’
{upwsa: ds),

Add coolant slowly up to mark on expansion tank.
2 Run eng:ne warm under intermittent acceleration
and with coeling system closed starting at 60 °C

until thermgstat opens.

3 Check cooiant levet {below 90 "C) and add coclant
up to specified level,
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Vehicles with automatic climate control

1 Fill-in colant stowly up to mark on expansion
tank.

2 Start engine and run warm up to approx. 40 °C.
3 Disconnect plug (arrov., of heating water pump

from supply fine. Connect heating water pump to
battery with special tool and push “DEF"-button.

4 Run engine warm under intermittent acceleration
with cooling system closed starting at 60 °C, until
thermostat opens.

5 Connect plug of heating water pump again to
supHly line.

6 Check ccolant level (below 90 °C) and add coolant
up to specified level.

Vehicles with auxiliary heater

1 Set both operating levers of heater 1o "warm”
(upwards}.

2 Connect plastic hoses (self-made from part No.
002 997 59 82 or 010 997 89 82} to venting valves
{a) and open venting valves.

3 Add coofant slowly up to mark on expansion tank.

4 Run engine warm under intermittsnt acceleration.
Switch-on auxitisry haster at approx. 60 °C and close
cooling system with cap.

5 Vent until thermostat opens and coolant comes
out of venting valves free of bubbles.

6 Check coolant level below 90 °C and add coolant
up to spe cified level.
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20—-015 Cleaning the cooling system

A. De-oiling

1 Completely drain coolant.

2 Remove coolant thermostat and set heater lever to
warm.

3 Fill cooling system with a 5 % solution of water
and a neutral cleaning agent or with a miid alcaline
cteaner such as P 3-Croni (supplier: Henkel) or
Grisiron 7220 {supplier: Farbwerke Hoechst).

4 Run engine warm at medium speed up to approx.
80 OC (176 ©F) and ho:d at this temperature for
approx. 5 minutes.

5 Stop engine and let cooling system cool down to
approx. 50 9C (122 OF).

6 Completely drain solution.

7 Immediately thereafter, fifl cooling system twice
with fresh water, let system run warm {approx. 5
minutes) and drain.

B. De-calcification, de-rusting

Attention!
Prior to de-calcification, be sure to de-cil the cooling
system. even if there is no visible oiling up.

1 After second flushing job during de-oiling, fili
cooling system with a 10 % {100 g/i} solution of
water and citric acid, tartaric acid or oxalic acid
{so!d by the chemical wade) while giving preference
to citric acid.
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2 Run engine warm at medium speed up t~ approx.
80 °C {176 °F) and hold for approx. 10 minutes at
this temperature.

3 Stop engine and permit cooling down to approx.
50 °C {122 °F).

4 Completely drain de-calcification solution.

5 Flush cooling sysiem at least 3 times with fresh
water, while running engine for at least 5 minutes
with each fiushing charge.

Badiy calcified co_oling-:-.vstem may require a repeti-
tion of treatment. Always prepare a fresh de-calcifi-
cation solution and repeat flushing steps.

6 Install coolant thermostat with new sealing ring.

7 Fill cooling system with specified coolant {speci-
fications for service products sheet 310 to 325).

Note: For de-calcification and de-rusting, commercial
products made with the acid named above may also be
used.

Chromic acid or products containing chrome are
prchibited by sewage regulations.
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20-210 Removing and installing coolant pump

Tightening torques

Nm (kpm}

Radiator drain plug

6-10 (0.6-1.0)

Coolant pump to coolant pump housing 10 (1.0}
Visco fan clutch to coolant pump hub 25 (2.5)
Thermostat housing t¢ coolant pump bearing housing 23 {2.3)
Coolant capacity
Cooling system with heater approx. 16 ltr.
Special tools
Tester for cooling system 001 589 46 21 00
Radiator cap with hose ]
f .
for leak test d (,“ S ¢ 605 589 00 25 00
1

Note 2

- 3
A modified viscofan clutch is installed since
February 1979, starting engine end No. 005889, 4
chassis end No. 005779. The coolant pump and the
coofant pump housing were also changed. -8

Viscofan clutch 2nd version
5 Noiched pin
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Viscofan clutch st version

The modified viscofan clutch 116 200 01 22 can be
attached only to madified coolant pump with
housing.

Coolant pump and housing
starting engine end No. 005889

Coolant pump and housing
up to engine end No. GO5888

The coolant distributing pipes (arrows) are no longer
installed starting engine end No. 001915,

On engines up to engine end No. 001914 be sure to
remove coolant distributing pipes during repair jobs.
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Removing

1 ODrain coolant (20-010}.
2 Loosen upper coolant hose.
3 Loosen V-belt A at power steering pump {13—340).

4 Disconnect upper oil line at air oil cooler and piug
openings with plastic caps.

5 Loosen radiator sheil.

6 Unscrew visco fan clutch and take it away together
with the radiator shell upward.

7 Take puilley off of coofant pump.

8 Loosen and pull heater hose and lower coolant
hose off of coolant pump.

9 Unscrew thermestat housing at coolant pump.

10 Unscrew the six boits on the bearing housing
{arrow) and remove coolant pump.

Installing

After replacing the gaskets and seals, installation is in
reverse sequence. Pay attention to different lengths
of bolts.

11 Add coolant (20--010).

12 Check cooling system for leaks.
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20225  Sealing coolant pump

5

Special tool

impeller extractor

i

[}

o ivooa-mas

10C 589 153300

Seif-made tools

Installer sleeve

-942- =
- P34

11004 - 6055

Impetler tightness tester

”~
F

Disass. mbling

1 Pull off impeller.

205--225/1 F 2
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2 Press sliding seal ring out of bearing housing.

3 Press counterring out of impelier.

L

2o

Assembling

4 Apply a tight coat of sealing compound to brass
casing of stiding seal ring and drive or press the sliding
seal ring into the bearing housing.

Attention!

Only use bearing housing, and not coolant pump
shaft, as a support.

5 Coat O-ring on counterring with brake cylinder
paste and press it with its chamfered side forward
(arrow) into the threioughly cleaned impeller.
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6 Clean sealing surfaces of counteiring (6} and slid-
ing seal ring (B} of ‘ust with a chamaois,

7 Install impeller; watch distance ,,a™.

4
5
6
7
B

1
2

3
4

Bearing housing
Sliding seal ring
Countarring
Q-ring

Impeller

Fan hub
Coolant pump shaft
with compact bearing
Key

Bearing housing

5 Sliding seal ring

6
?
8

Counterring
O-ring
Impeller

- +Q2
=10_ a1

8 Check distance ,,2” with a feeler gauge.

9 Check tightness of impeller with a torque of 35

Nm (3.5 kpm).
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20-230 Removing and instatling coolant pump housing

Tightening torques

Nm {kpm}

Radiator drain plug

6-10 {0.6-1)

Coolant pump housing to crankcase

25-30 (25-3)

Visco fan clutch to coolant pump hub

25 {2.5)

Thermostat housing to coolant pump bearing housing

23 (2.3

Coolant capacity

Cocling system with heater

approx. 16 Itr.

Special tools

Taster for cooling system and radiator cap

001 589 48 21 00

Double connegction for radiator and
expansion tank clgsing test

000589 736300

Removing

1 Drain coolant {20—-010).
2 Remove upper coolant hose.

3 Loosen V-belt "A” at power steering pump
{13—-340).

4 Disconnect upper oil line at air oi! cooler and plug
openings with plastic caps.

5 Unscrew radiator stell.
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6 Unscrew visco fan clutch and remove together with
radiator shell upward.

7 Loosen and take heate: nose and tower coolant
hose from water pumgp.

8 Loosen thermostat housing at upper connecting
hose.

9 Unscrew thermostat housing at coolant pump.

10 Unscrew coolant pump housing mounting bolts
and remove coolant pump housing upward at an angle.

Installing

11 Installatizn is in reverse sequence.
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20-320 Viscofan clutch (rpm-controlled)

Operation

With this viscofan clutch the fan speed depends on
the engine speed.

Up to an engine speed of about 3500 rpm the fan will
run proportional to the engine speed, whereby a fan
speed of about 1900 rpm resuiting from *he belt drive
ratio and visco clutch slip is not exceeded.

As the engine speed increases further the fan speed
will drop to about 1000 rpm and is about 1200 rpm
- at maximum engine speed.

This control is performed by a spring-loaded valve
lever (10), which closes bore {11} because of centri-
figal force and interrupts the transmitting fluid cir-
euit.

Checking switching-off

Increase engine speed stowly. Fan speed must drop,
which is heard clearly, at maximal 3500 rpm.

5

Checking switching-on

Increase engine speed stowly to about 4000 cpm and
hold for about 2 minutes. Slow down engine speed
gradually, At the latest at 2450 rpm it must be heard
that the fan switches on.

Repairing

A defective visco fan clutch cannot be repaired with
normal workshop equioment. It must be replaced by
a new clutch.

Note

A madified viscofan clutch is installed since

February 1979, starting engine end No. 005889,
chassis end No. 00577 The modified viscofan clutch
can only be attached to the simultaneously modified
¢oolant pump with coolant pump housing.
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2nd version starting engine and No. 005889

1 Housing 7 Storage chamber
2 Bearing bushing 8 Closing cap
3 Inclined hail bearing 9 Closing spring
4 Flange shaft 10 Closing lever
5 Notched pin 11 Feed bare
6 Primary disc 12 Working gap

1

'3_

2

1

0

9

a

15t version up to enginz end No. 005888

1 Drawspring 9 Spacing ring

2 Sealingring 19 Gasket

3 Lockingring 11 Radial ball beanng
4 Radial ball beaning 12 Covar plate

5 Crankshaft 13 Cap

6 Primary disc 14 Ciosing lever

7 8asic body Bore

8 Oring



20-420 Remaoving and installing radiator

Tightening torques Nn: {kpm}
Radiator drain plug 6-10 {0.6—-1)
Oil cooler drain plug (install without seal) 30-35 {3-3.5)
Oil hose couplings (counterhold) 20-30 {2--3;
Capacities

Oil rooler approx. 0.5 itr.
Special tools

Tester for cooling system and radiator cap 31 58948 21 00
Double connection for radiator and =
expansion tank closing test gfim“m‘ 000 589 73 63 00

Removing

1 Drain radiator of coolant and oil cooler of oil.

; 2 Disconnect upper and tower coolant hoses as well
as supply and return hoses to tank at radiator.

3 Unscrew hoses for oif cooler and transmission oil
cooler, and plug with plastic caps.

4 Unscrew radiator sheil at top, pull out of
bottom holder and place it over the fan.

5 Press left and right brackets outward {arrow} and
remove radiator upward.
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instaliing

Installation is in reverse sequence.
6 Add coolant {20-010).
7 Check cooling system for teaks.

Note: The drain plug on the air oil cooler is installed
without a seal.

After instailation of radiztor clean arch of air quide
plate underneath radiator from oil and water.
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"20—430 Checking expansion tank closing cap

Closing cap

Pressure relief valve opens at 1.0 fg:}s bar gauge pressure

Vacuum valve. starts opening at 0.1 bar vacuum

Special tools

Tester for cooling system and radiator cap 00158948 21 00

Double connection for radiator and \gj 000 589 73 63 00
expansion tank closing test {gj,,m anze

Checking pressura relief valve

1 Attach double connection on leak tester by means
of holding clips.

2 Place closing cap on double connection.

3 Check opening pressure by pumping.

Chacking vacuum valve

Vacuuim valve (arrow) should rest against rubber seal,
lifting-off shouid be easy, valve should spring back
when released. .
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22-210 Removal and installation of engine mounting

Engine mounting front

1 Unscrew fastening bolt for engine carrier on engine

mount (arrow).

2 Unscrew engine damgper at bottom.
3 Lifr engine with pit lift against oil pan.
Noie: Usa2 woaden support to avoid damaging cil pan.

4 Unscrew engine mounting on cross member and

remove.

5 For installation proceed vice versa.

6 Tighten fastening screw to 75 Nm (7.5 kpm).

Attention!

Check regutating shaft for correct function.

Nut

Plate spring 115 241 07 12 {30 9)
Aubber buffer 115241 1765
Engine mounting

Washer A8

Screw M 8 % 60 (3 each)
Screw M B = 75 {1 eachl
5 plate

D~ PNhWA =

Combination screw M 8 x 18
Engine mounting
Snapring 12

Fastening screw M 12 x 40
Engine shock absorber
Plate springs 108 241 00 12 (26 ¢)
Rubber butfer 1038 241 0D 65
Retaingr on siche



Engine mounting rear

Attenticni

For removal of engine mounting (3), the engine

carrier {5) is not screwed off.

Observe correct instatlation position of sim (4).

1T NutMi12x1.5

2 Spring washer

3 Engine mounting
4 Shim -

5 Engine car-.er

6 Washer
7 Snap ring
8 Screw

9 Shim

19 Snapring
i1l Screw

Note: Screw engine mounting to engine carrier

free of tension.
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22240 Removal and instaillation of engine damper

Note

Far logsening and tighiening lower hex. nut apply
counterhold to piston rod at flats (arrow) provided
for this purpose.

Engine damper left and right

1 Loosen hex. nuts {1} top and bottom.
2 Compress engine damper and remove.
3 For installation proceed vice versa.

Note: Cbserve different plate springs and rubber
buffers.

[FER S

3

T Nut 12 Engine damper
2 Piare spring 13 Plate spring
3 Rubber butfer 13 Rubbers bulfer
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Prog.ammed repairs engine 100.985  Mechanical

* Job No. of flat rate unit (AW} or standara text and flat rates dara.

0%  Engine removal and installation, cylinder crankcase, cylinder head, engine breather

Complaint:

0il leaks at cylinder head hood seal

Causefremedy:

Studs come to rest inside cap nut, but no pressure is
exerted against cylinder head hood seal.

~ Check and correct screw-in standout of studs {shoutd
be max. = 20.4 mm).

"
B

Complaint:

~ Righthand cylinder head hood seal moving inwards and developing oil leaks.

Cause/remady:

Hoses at idle speed air distributor and engine bn » .thor
are contracting and interrupting engine breathing.

Mount new, reinforced hoses available as standard
starting engine end No. 003786. Part No. 100094 11 91,
100 094 12 91, 100054 13 91, 700094 02 82,

116 090 01 82.

Complaint:

Oil leaks at oil pan rear.

Cause/remady:

The three rear threaded bores for fastening oil pan are
drilled through into oil chamber. Mount screws with
sealing compound.

PRO1S/t F3



Complaint:

Cylinder head gasket damaged.

Causef/remedy:

To prevent pinking damage on cylinder head
gaskets starting engine end No. 005595 10 001 202'),
the cylinder head gaskets (Elring; 105016 24 20
{left} and 100 016 25 20 (right) had io be replaced

" by cylinder head gasket {Reinz} 100 016 21 20 {teft)
and 100 016 23 20 (right) within scope of an action
up to the end of 1976.

) Except engine end No.:
000892

001094001095 0071133

000839 001098 001133--001141
000934 001103 001143--001159
000958 001105-001108  001161-001367
000980 00t110-001111 001168001172
001023 001113-001116  001174-001179
001043 001117 001181-002001
001050 001120

001083001085 001127-001128

In this connection, starting engine end No. 000001 to
001451, a thermo valve (1) for shutting-off the vacuum
advance of the ignition distributor at temperatures
above 65 °C (149 OF) had 15 be installed into intake
manifald.

Starting engine end No. 001 452 the depth of the

piston cavity had to oe changed from 2.65 mm to

3.9 mm, as a result of which the pinking boundary
has been improved. (e = 8.4, formerly e = 8.8).

As an intermediate version, starting engine end No.
001340 to 001451, pistons with cavities 2.95 mm
deep were installed (¢ = 8.6}.

Coolant distributing pipes {arrows) were installed up
to engine G01915. During repair jobs, particulariy in
connection with ¢ Ainder head gasket damaye caused
Ly overheating, these pipes must be removed since
they are obstructing the coolant circuit by distortion.
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03 Crank assembly

Complaint:

Rear crankshaft radial sealing ring leaking.

Cause/remedy:

Damaged, worn sealing ring running surface cannot
be repaired. Crankshaft must be renewed.

Complaint:

Ring gear damaged by starting into engine coming to a stop

Causefremedy:

install ignition starter switch 116 462 00 93 with
larger repaat-turning angle (standard since August
1978).

18 Engine lubrii:ation, engine oil cooling

Complaint:

Oil pressure at idle not above 0.3 bar. At approx. 2500 rpm not until 2.5 to 2.0 bar.

Causefremedy:

Bushing for ignition distributor drive on shaft seizing.
Bushing rotates in crankcase. Measure basic bore

for bushing in crankcase. Nominal : 28.000—28.021
mm. H max. dimension is exceeded, renew crankshaft
housing {in this connection refer to job No. 05—434).
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Revisions engine 100,985  Mechanical

This film replaces microfiim No. 07 102 2009 02.

Below is a survey of revisions and additions in keywords. They are already known from service informations
published at an earlier date. National versions@us)and @sa) are included.

Job. no. Coordinates
Checking intermediate flange during installation not only for concentric running,
but also for axial runout.
Respective job number:
installation and centering of intermediateflange . ... ... ............... 01-220 N 2-P 2

Different cylinder heads between standard version and (S @D

Cylinder head bolts of different length-: Starting engine no. 001285 with spacing sieeve
13 mm high. If not used, damage to cylinder crankcase may resuli.

Respective job number:

Remaoval and instélfation ofcylinderhead. . . ... ..................... 01415 G 3-F 4

Minimum dia. of necked-down shaft of connecting rod bolts increased from 7.7 to 8 miy..
Respective job number:

Checking, renewing and tightening connectingrod bolts .. ... ... ... . 03-310 L 4-0 &

Simpiified renewal of valve guides.
Flespective job number:

Checkingand renewingvalveguides. . . .. .. ... ......... . ........... 05-285 ENn-J4n

Measuring instrument for tensioning V-belts newly included (known from SI € 174).
Respective job numbers:
............... 13-335 E14-H 14

Information concerning renewing and tensioning of V-beits

Renewing and tensioning V-belts. . .. . ..., ... ... ... .. ... ... ... .. 13-340 H14-P 14
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2nd version oil pressure relief valve added.

Res sective job No.

Removal and instaliation of oil pressure relief valve inoilpump .. ......... 18--215 L15-2 15
Reinforced coolant pump and viscofan clutch 2nd version added
{known from S1 20/13).

Water distribution pipes are omitted starting engine no. 001 915. On former engines,
remove within scope of repair jobs.

Respective job number:
Removal and installation of coOlant pump . . . ... v v o v eannennennn 20-210 G15-L 15
Programmed repairs newly included. . . .. ... ... ... o ool - D18 -H 18
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Contents engine 100.985 Mechanical

01  Engine removal and installation, cylinder crankease, cylinder head, engine breather

Engine Job. no.
Checking cornpression f.ressure. . . ...... e 01-010
Checkingcylindersforleaks. . . . ......... ... . ... L L. 05
Evaluatingcylinderbores. . . . .. .. ... .. .. i i s 020
Measuring ofl consumption . .. .. . ... ... ... .0 0... e 025
Removing and installing engine {oil capacity) . ....................... 050
Engine breather —operation . . . .. ... .. ...t iveennrnnennnsnsn 040

Cylinder crankcase
Measuring, boring and honingcylinderbores . . . ... .................. 110
Facing eylinder crankcase partingsurface . . . .. ..... .. ... ... ... . o, 12

Front crankzase cover and intermediate flange

Removal and installation of frontcrankcasecover ... ... ............... 215

instatiation and centering of intermediate flange .. ... ................. 220
Qil pan .

Complete removal and instaltationofoilpan. . . . . ... ... ... ... ........ 310
Cylinder head

Removing and installingcylinderhead . .. ... ...... ... ... .. ........... 4i5

Facing cylinder head partingsurface .. ........._ ... .. e 118

Pressusetestingcylinderhead . . .. ... ... ... ... e 420

03 Crank assembly

Crankshaft, connecting rod and pistons

Checkirg, renewing and tightening of connectingrod®olts .. ............. 03-310
Repairing and squaringconnectingrods . . ... ....................... 313
Removal andinstallationof piston .. ... .. ..... .. ... ... .. ... ... 316
Checking and reconditioningcrankshaft . . ... ... . ... ... ............. 318
Mountingoferankshaft. . ... . ...... ... ............ . ... ..... B 320
Replacing front crankshaft radiat sealingring. . .. ... .................. 324
Replacing rear crankshaft radial sealingring ... ... ... ... ... .. ........ 327
Removal and installation of hub, vibration damper and pulley . ... ......... 342
Checking and correcting TDC transmitter adjustment . . . .. .. ... ....... .. 345
Removing and installing crankshaft sprocket . . ... ... ... ... ... ... .... 350
Driven plate and ring gear
Removing and installingdrivenplate .. . ... ........................ 410

Replacingringgear. . . ... ... ... ... .. ... ... .. 430
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Coordinates
B 1-C 1
D 1-F 1
G 1—-H 1t
H1-3 1
K 1-C 2
D 2-E 2
E 2-F 2
G 2-H 2
H2-M 2
N 2-P 2
A 3-F 3
G 3—F 4
G 4-J 4
K 4-L 4
L 4-90 4
0 4-C 5
D5-L 5
L 5-C 6
D 6-10 6
0O 6-B 7
B 7-& 7
E 7--L 7
L 72-P 7
A 8-E 8
E 8-F 8
G 8-H 8



05 Engine timing, vaives

Camshaft, rocker arms and valves

M52 F3

Checking and replacing hydraulic vz:ive clearance compensating elemeni. . . . . . . 05-211
Checking and correcting basic setting of hydraulic valve clearance
compensatingelements . . . . ... ... ...l e e e 213
Checking and adjustingcamshafttiming. . . . ........ ... ............. 218
Removing andinstallingcamshaft . . . ... ............. ... . ... ... 220
Grinding camshaft bearingjournals . . .. ... ... . ... .. ... ... .. .. .... 225
Removing and installingrockerarms . ... ....._ ... ... .. ... . e, 230
Removing and instatling of valve SPHNgS . ...t it i e 250
Checking valve springs. . ... . . .. i i ittt ittt it i e et e 260
Replacingvalvestemseals . _ . .. .. ... ..... ... ... . .. iiiiinrninnnn 270
Checkingandmachiningvalves . . . .. ..... . ... . _ ... .............. 280
Checking and machiningvalveguides. . . ... .............. .. ...u... 285
Replacing valveseatinserts . .. ... ..... .. ... 0ttt rmnnnninennnan- 290
Machiningvalve seat inSerts . . . .. . ...t . ii i in i netesen e ereee e 291
Timing ¢hain, chain tensicner, tensioning and slide rails
Removing and installing chain tensioner . . . . ... ... e e 310
Replacing timingchain . . ... ... ... .. e 320
Removing and installing tensioningrail. . .. .. ... ............ ... ... ... 330
Removing and installingstidingrails. . .. ... .. .. ... ... ... ... ... 340
- Drive for oil pump, ignition distributor and hydraulic oil pump
Removing and installing intermediate sprocket for ignition distributor drive . . . . 434
Remaoving and installing intermediate sprocket for hydraulic oil pump drive . . . . 436
Removing and installingguide sprocket . ... ................. ....... 440
13  Belt drives
Belt drives
information concerning replacing and tensioningof V-belts . . .. .. ... ...... 13-336
Replacing and tensioning V-beits. . .. . ... ... ...... ... ...\ ... 340
18 Engine lubrication, engine oil cooling
Ol circuit
Oil circuit, oii pressure, pressure relief valves and oil filter . . .. ... ......... 18-005
Qi filter
Checking thermostatinoil filter . .. ... ... ... ... . ... ... ... . .. . 120
Rermoving and installing thermostat in oii filter uppersection. .. ........,., 125
Qil pump
Removing and installingoilpump . .. . ......... . .. ... ... ... 210
Removing and instaliing oil pressure relief valve in oil pump. . .. ........... 215

HB-L 8
L8-P 8
AO-F 9
G 9-P 9
A10~C 10
D10—F 10
G10—-L 10
L10~M 10
N10—P 10
AMN—E N
E11 -4 11
K11 —M 11
N11—8 12
B12—F 12
G12-L 12
L12-0 12
012—-C 13
D13—-F 13
G13-L 13
L13—E 14
E14—H 14
H14—P 14
A15—-C 15
DIS—E 15
E15—F 15
G15—-L 15
L15-0 15



20 Engine cooling, coolant hoses, radiator

Cooling system
Coolant circuitandenginecooting. . . . ....... .. ... i
Draining and filling coolant-antifreezechart . ... .................. ...
Cleaningcooling SyStem . . . . . .. .. .ottt e 015 H186~L 16
ADeolling . ... ...t i i s it H16-J 16
'B. De-calcifying, de-rusting. . .. ......... et H16—-L 16
Coolant pump
Removing and installingcoolantpump. . ... ... ... i i 210 LI16-P 16
Sealingcoofantpump . . . . ... ... . i, e e et 225 A17-E 17
Removing and installingcoolant pump housing . . . .. ... ............... 230 E 17 —H 17
Viscofan clutch . .
Viscofanciutch (speedcentrolied) . ....... . ... .. . . . i, 320 H17-J 17
Radiator .
Removingandinstallingradiator. . .. ... ... .. it 420 K17 - M 17
Checking expansion tank closingcap . . . .. .. oo vt i i ittt i e 430 N17-017

22  Engine suspansion

Engine suspension
Removal and installation of enginemounting . .. .................... 22-210 017-8 18
Removal and instatlation of enginedamper . . . . . .. ... ... ... .......... 240 B18-C 18
Programmed cepairs . . . .. .. ... ...ttt D18-H 18
Revisions . . . ... ... .. e H18-1L 18
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