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UNIFIED THREADS AND

Unified Threads

Al threads used on 499, 4,107 and 4,198 Marine
engings, except on proprietary eguipment are Unified
Series and Amaerican Pipe Series.

Engine Number

The engine number is stamped on the top edge of
the facing on the cylinder block to which the fuet
injection pump is secured as shown in the accompany-
ing diagram. The number should be quoted when
requesting information or ordering Parts.

Three systems of engine numbering have been used.

On early engines, the serial number consisted of seven
digits i.e.. —

Enging Type Typical Engine No,
4.108 F300268
4.107 7100398
4,99 7000251

Diagram showing location of Engine No. on earlier
4.99 Engines.

ENGINE No. LOCATION

On later engines, the number consisted of figures and
iettersi.e.;

Engine Type Typicat Engine No.
4.108 10BUZH1
4.107 1671251
4.99 S9LI251

The first three figures represent the capacity of the
engine in cubic inches, the letter U signifies the
engine was built in the United Kingdom and the last
group of figures comprises the engine number.

With current gngines, up to fifteen figures and letters
are used, a typical number being EDI13BAIUL102560.
For further detatls, see Page 5.

Engine Number Location on Current Engines.
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A new system of Engine identification is being introduced into various Menufacturing Operations throughout the
workd, within the Perking Group of Companies,

This new number consists of up to fifteen letters and numbers which represent;

Engine Family
Engine Type and Phase
Parts List
Country of Origin
Production Serial Number
Yaar of Manufacture

- COUNTRY OFORIGIN CODE

T Dl bwid clistmeiers dry feiierg. e st b whch rebnabss
It exigpi FARUELY awud ihe gegond lwrise m 1he ongme TYPE
ainf PHASE
EARLLY ivFE CODE FAMILY TypE CODE
RPN A B3R 1
[AVEIH AA =] 24
6.288 Eal:]
. .35 7L
Py CA PHE. 300 #L
3o LB
P3.44 &4 6247 B
3182 (o) €247 Fa
{5,152 <
030482 Lk 6 384 1
P3.i% (4] B. 306 TA
6.335 TH
£.304 L1
4.99 Ea HE 354 Y
4107 EB 14354 H3
LERE RS ELC HTE 354 TF
& 108 E( & 3541 )
TH. 3841 453
T - § 342 i
4 154 GA L6 3547 TK
& 3643 FlL
4 i {8 3543 af
& 16k [T HE g3 T
fh. ol e
AN & HiE 3543 Fo
4 Y §.452 iR
4 183 B 64780 1)
REREYS e PR B ir
4 13 S TE o4 T
[ 243 Wik &.3724 v
34 253 JF i Jeda W
4.0 i 6. 4584 S
& v L 6857 B v
& 217 LA T.a87 WA
G4z LB §.3572 -]
Lyprl LC £6.3577 Wi
4338 i e wir
G4 13 LE
4 748 LF WE B X
VH 319 XA
o M PR B} xE
b 47R WA VE. 540 *G
&4 o (-] VE 605 X
4 18 V1%
Vi B4 £
Vi 4t ZA
IvH b} iB

A e, s Dalow elcdres the gounby @ owdech 1te hass enging
wias sldnfaniurer

A . ARGENTINE I U5 A

B - BRAZIL P POLAND

c AUSTEALIA K-

8] GERMANY ] PNLHA

3 SPAN T = TURKEY

F FRANCE ] UNITED KINGDOM
G GREECE Voo

H w IRAN

4 JAPAN X PERL

K KOREA ¥ YUGOSEAVEA

i ITALY Z

it MEXICO

 YEAR OF MANU iR

The last character indicates the calendar year of

manufacture: -

1878
1876
1877
1878
Etc.

WOMW

The jetters 1, O and Q, will not be used.

| EXAMPLE OF MAIN ENGINE NUMBER'

Exarnple (ED13541U5102560

THUS
E = 4108 Family
D = 4,108 Type
138471 = Paris List Number
U = Builtin United Kingdom
510256 = Berial Number
0 = Buiitin 1977




This publication s produced by the Service Publications
Department, Perkins Engines Ltd., and every endeavour is
made to ensure that the information contained in this Manual
s correct at the time of publication, but due to continuous
developments the Manufacturers reserve the right to make

aiterations without notice,

PERKINS PARTS
for
PERKINS PRODUCTS

TO ENSURE YOU OBTAIN THE BEST RESULTS FROM

YOUR ENGINE AND TO SAFEGUARD YOUR OWN

GUARANTEE, FIT ONLY GENUINE PERKINS PARTS.

THESE ARE READILY OBTAINABLE THROUGHOUT THE
WORLD.
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FOREWORD

This Workshop Manual has been compiled for use in conjunction with normal workshop practice.
Therefore, certain accepted practices have been purposely omitted in order 1o avoid repetition.

Reference to renewing joints and cleaning off joint faces, has to a great extent been omitted from
the text, it being understood that this will be carried out where applicable.

Similarly, it is understood that in reassembly and inspection, all parts are 1o be thoroughly cleaned,
and where present, burrs and scale are {0 be removed.

It follows that any open ports of high precision components, e.g. fuel injection equipment,
exposed by dismantling, will be blanked off until reassembled, to prevent the ingress of foreign
matter.

Where left hand or right hand is referred to in this manual, it is that side when viewed from the
fiywheel end.

This engine manual is to guide you in dismantling and re-assembly. For information regarding the
application of the engine, the reader should refer to the Perkins “MARINE INSTALLATION KNOW-
HOW" Publication No. 235,
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Engine Photographs




ENGINE PHOTOGRAPHS A2

Perkins engines are built to individual requirements to suit the applications for which they are intended and the following
angine views do not necessarily typify any particular speciication,

16.
17.

18.

18.
20.

21,

24,

2.

Index to Engine Photographs

Fresh Water Filier Cap.
Header Tank.

Qil Filler,

Air Filter.

Fuet iniection Pump.

Atomiser Leak off Pipe,

Pressure nipes, Injection Purmp to Atomisers.

Atomiser.
Fuei Pipes, Fiiter to Injection Pump.

Exhasst Maniold.

. Ahsgad and Astern Engagement Lever,

Gearbox O# Filter,

Reduction Gearbox Oil Filler.

Cutput Flange.

Rear Engine Support.

Water Pipe, Gearbox 10 Sea Water Pump,
Lubricating Qi Filter,

Connection for Qil Sump Pump*

*Where a8 2" Drive Transom unit is fitted, the
sump drain pump is connected 1o the dipstick tube.

Sump,

Ot Cooler Pipes.
Front Engine Support.
Cranikshaft Pulley,

Sea Water Pump.

Water Pipe Exhaust Manifold o Cylinder biock,

Fresh Water Pump.

26.

27

8

31,

32.

¥

&

4%,

42.

45,

47.

8

51.

Gearbox Pressure Gauge Connection,

Rear Lifting Eye,

Fiywheel Housing.

Cvlinder Head Cover,

Fuet Filter,

Breather Pipe,

Fuel Lift Pump.

Indisction Manifoid,

Coid Starting Aid,

Front Lifting Eye,

Sea Water Cutiet Connection.
engine Gil Cooler.

Dynamo Driving Beit.
Dynamo,

Tappet Inspection Cover,
Tachometer Drive,

Dipstick.

Starter Motor,

Gearbox Dipstick.

Gearbox Water Drain Plug.
Heduction Gearbox il Level Plug.

Gearbox Water Inlet Connection.

Gearbox Water Qutiet Connection,

Heat Exchanger,
Alarnator,

Sump Drain Pump.
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TECHNICAL DATA-B.2

Engine Data

Bore iNominal - see Page B.4)
Stroke

No. of Cylmders

Cubic Capacity ..
Compression Ratio

Firing Order

Cycle ..

Combustion System

Engine Rotation ..

4,108 and 4,147
3125 in {79,37 mm}
35in{88.9mm}
Four

107.4in® (1,760 litre)
221

1,342
Four-Stroke
indirect injection
i.eft Hand viewed

4.99

3.0Gin (76,2 mm)
3.5 {88 9 mm}
Faour

9%in3 {1,621 litre)
)y

1,3.4,2

Four Stroke
indirect Injection
Left Hand viewed

from rear from rear
Rating Details
4,108 4167 499
Pleasure Craft 47 shp (38 kW) at 48 shp at 43 shp at
{high speed} 4,000 rev/ min 4,000 rev/min 4,000 rev/rmin
Pleasure Craft 45 shp {36 kW) at 48 shp at 40 shp at
3,604 rev/min 3,600 rev/ min 3,600 rev/min
Commercial Craft 37 shp {30 KW} at 36 shp at 33 shpat
3,000 rev/min 3,000 rev/min 3.000 rev/min

Note: Maximum rev/min is dependant on huli design as the correct engine rating should be matchad to the duty of the
koat.

ENGINE WEIGHTS {(Dry Approx.)

Direct cooied engine with mechanicaily operated direct

drive gaarbox . . 520 3 (236 kg}
Heat exchanger cooled engineg wnh mechamcaily

operated reduction gearbox 590 ib (268 kg}
Direct cooled engine with hydraulically Operated derCt

drive gearbox _ . 505 i (229 kgt
Heat exchanger coaled thh hydraahcally Ope{ated

reduction gearbox 570 b {259 kg}
4.108 {Low line}
indirect cooted engine with hydraulically operated direct

drive gearbox . . 575 1b {261 ky)
Indirect cooled englne w:th hydrau%scaiiy operated

reduction gearhox 605 1h {275 kg}
Direct cooled engine with hydrauhcaily operated durect

drive gearbox . 504 i (229 kg}
Direct cooled engine w:th hydraulically operated

reduction gearbox 53h1b (243 kgl

De-Rating for Altitude
This is not usually necessary for 4.99, 4.167 and 4. 108 marine engines, A small loss of power will accur when temperature
and humidity are particularly adverse and allowance for this should be made when designing the propelier.

Where engines are called upon to operate in rarefied atmospheres oceasionad by altitude, such engines should be de-rated.

The following table.is given as a generat guide, which may be applied on & percentage basis, where specific figures for a
particular engine rating are not available.

Maximurn fuel defivery da-rating

Altitude measured at 800 rev/rmin pump speed
L 2,000 feet { 600 metre} No change
2,000 - 4,000 feet (1,200 metre) 6%
4,000 -~ 6,000 feet {1,800 metre) 12%
8,000 —~ 8,000 feet {2,400 metre) 18%
8,000 — 106,000 feet {3,000 metra) 24%
10,000 - 12,000 feet {3,600 metre} 30%

Any necessary adjustments in this respect to the fuel pump should be carrigd out by tha C.AV. daaler for the
tarritory concerned,

For any further information apply to Service Department, Perkins Engines Limited, Peterborough, or to those Overseas
Companies listed on Page 2.



TECHNICAL DATA-B.3

Recommended Torque Tensions

The following torque figuies will apply with the components lightly oiled before assembly: .

4108 4307 and 4,99

hi/ft  kgf/im Nm Ibiift kgf/m Nm
Cytinder Haad Nuts . 60 83 a1 42 58 57
Connecting Rod Setscrews 42 5,8 57 42 58 57
*Main Bearing Setscrews .. 85 1,75 115 85 11,75 115
Flywhee! Setscrews . . . . 60 83 81 60 83 81
idler Gear Hub Setscrews . 36 5.9 49 36 5,0 49
Crankshaft Pulley Setscrew . Hy 20,7 203 150 20,7 203
Atoriser Securing Nuts 12 1,7 16 i2 1.7 i6
Fuel High Pressure Pipe Nuts o L 15 2,1 20 i5 21 26
Dynamo Puliey Nui 20 28 7 20 28 27
Alternator Pulley Nut . . . 30 4.1 A 30 4,1 1
Thermostart Unit 190 1,38 13 10 1,38 13
Thermostart insulating Adaptor ... 10 1,38 13 10 1,38 13

“The tab and shim washers may be discarded where used on earfier engines, but the setscrews must be tightened to the
torgue ioading indicated,

All threads used, except on proprietary equipment are Unified Series and American Pipe Serigs,
The ciankshait and puiley retaining setscrew are threaded 5/8in U.N.F. {18 T.P.1).

SERVICE WEAR LIMITS

The following “wear limits'’ indicate the condition when it is recommended that the respective items should be serviced
or reptaced.

Cylinder Head Bow Longitudinal . . 0.006 in (G, 15 mm}
Transverse . 0.063 in (0,08 mmi concave
0.005 in (G, 13 mwmi convex
Maximurm Bore Wear {when new liners are necessary) 0.006 in (G, 15 mmi}
Crankshaft Main and Big End Journat Wear ... 0.0G1 in (0,03 mm)}
Ovality 0.0005 in (0,01 mm)

Maximem Crankshaft End Float . 0.020in (0,51 mm}
Vaive Stem 1o Guide Clearance inlet G.005 in {G, 13 mm)

Exhaust G006 in {G, 15 mm!}
Valve Head Thickness at outer edge . - G.02%5 in {0, 64 mm}
Rocker Clearance on Shaft G.O05 i {0, 13 mm}
Camshaft Journals-Ovality and Wear . . G.002 in {0,056 mm}
Camsghaft Fnd Float G.026 i 40,51 mm}
Idler Gear End Fioat G.01Gin 40,25 mm}



- TECHNICAL DATA--B.4

MANUFACTURING DATA AND DIMENSIONS

The following data of clearances and tolerances are given as a guide for peisonnel engaged upon maior overhauls and
the figures are those used in the factory for production pauposes.

Cylinder Biock
Total Height of Cylinder Block between

Top and Botiom Faces 4,108, 4. 17, 4.99
Farent Bore Dia. for Cylinder Liner 4,108
Parent Bore Dia. for Cylinder Liner 4.1G7, 4.95
Main Bearing Parent Bore 4,108, 4.107, 499
Camshaft Bore Dia. No. § 4,108, 4.107, 4.99
Camshaft Bore Dia. No, 2 4.108, 4.4137, 4.99
Camshaft Bore Dia. No. 3 4.108, 4.167, 4.95
Tappet Bore Dia. 4.108, 4.1G7, 4.99
Fuel Pumnp Drive Hub Bearing

Boie [ha. 4.108, 4. 107, 4.98

Cyilinder Liner 4108

Type

interference Fit of i.mera. o

inside Dia. of Liner after Finish Borlng and Hanlng o
Height of Liner in refation to Cylinder Block Top Face ...
QOverall Length of Liner

Cylinder Liner 4.107 and 4.99

Type
Inside Dia. of Llner Pre- ?lnlshed 4 99
Inside Dia. of Liner Pre- Finished  4.307
Thickness of Top Flange 4.99
Depth of Recess in Block for Liner Flange 4 99
Thickness of Top Flange  4.1G7
Depth of Racess in Biock for Linel Flange 4 3{)1'
Height of Liner in1eiation (o

Cvlinder 8lock Top Face 4,107 and 4.95
Linel Flange Gutside Dia. 499
Cylinder Biock Top Bore for Liner Flange 4. 99
Clearance Fit of Liner Flange to Biock Bore

4. )7 and 4.9%

Pistons 4.108

Type
Overall Height (Siurt 1o own)
Piston Height in relation to

Cylinder Block Top Face
Bore Dia. for Gudgeon Pin .
Compression Ring Groove Width - Top
Compression Ring Groove Width — 2nd
Compression Ring Groove Width - 3rd
Oil Control Bing Groove Width - 4dih
Oil Contrel Bing Groove Width - 5th

9.936/9.938in {252, 374/202, 451 mmj
3.248/3.2601in 182, 525/82 D50 myn)
Woet Liners

2.3050/2.3055 in {60,833/60, 846 mnm)
1.794/ 1.7955 i {45, 568/45, 606 mm)
1.784/1.787 in {45, 314/45 3090 mm}
1.776/1. 778 in {45, 110/45, 161 mm)
0.562/0.56325 i {14,275/ 14,307 mm}

1.8125/1.8141in {46,037/46,078 mmy)

Cast ron

Dry — interference Fit

0.003/06.005 in {0,076/6, 127 mmi
3.125/3.126 in (79,375/779,40 mm)
G.023/0.,027 in (0,584/0,686 mm) above
6.495/6.505 in {164,973/165,227 mmi}

Castlron

Wet — Push Fit

3.0G/3.06%in {76,20/76,225% mm}
3.125/3.3261in {79,374/79, 4 mm)
{.3125/0.3145in{7,937%/7,988 rmm}
$3.311%/0.3135in (7,912/7,963 nyn)
{.2506/0.252 in{6,35/6,4 min}
(3.249/0.251 n 46,325/6,375 mun)

0.003 i {0,076 sm) Abaove, 4,001 in (0,025 mim} Below

Z618/3.6211n (91,898/91,973 mm}
3.825/3.627 in (32 G75/91 125 rain}

0.004/0.008 in {0,102/0,229 mim)

Flat fopped
3.147/3.15010n $758,534/80,810 mm}

G.002/0.006 in {G,081/3, 152 min) Above
1.06255/1.06275 in (26,989/26,994 mm}
G.0B0S/G.OB15in {2,045/2,070 )
0.0645/0.06550n {1,638/1,664 mmy)
0.0645/0.0655 in {1,638/1.664 mm}
D26/0.127 i 43,200/ 3,725 run}
G.190/1.191 in 4, 826/4 851 nuwul



Pistons 4,107 and 4.99

Typae
Overad Heighit {Skirt 1o {,l()wn)
Pistos Height iinielation to Cylinder Biock Top Face
Bore DGia. lor Gudgeon Pin
aten 4.99 and all 4107 engines
Early 4.93 engines .
Compression Ring Gicove W|d£h Top
Compression Ring Grooves Width 2nd and 3rd
Qit Control Ring Giooves Width 4th and 5th

Piston Rings 4.108

Top - Compression

Second and Third Compression

Fourth - Gil Control

Fifth — Qit Control

Tep Compression Ring W|dth

Hing Clearance in Groove ..

Second and Third Compressmrz ng Wldth
Ring Clearance in Groove .

Fifth Scraper Ring Wigth

Ring Clealance in Groove

Ring Gap - Top Compression .
Ring Gap - Second and Thild Compression. ..
Ring Gap - Fifth Scraper

TECHNICAL DATA--BS

Flat Topper
3,346 11 (79,91 miny
GO0B5/0.012 in (G,22/0 .30 mm) Above

0.83755/0.93775 in (23,81/23,82 mm)
G.87506/0.87825 in (22,22/22,23 mm)
0.0801/0.G8%1in (2,034/2,06 mm)
(.0645/0.0655 {1,638/1,664 mm}
0.190/1.191 in {4,826/4 851 rmm}

Parailel Faced

Internally Stenped

Laminated Segment

Slotted Scraper

G.O774/0.0G781 in {1t 958/1,984 mm}
0.0024/0.0044 in (0,061/0, 112 mm}
6.0615/0.0625 IN {1,562/ 1,587 mm}
G.002/0.004 in 10,051/0,102 mm}
G.1865/0.1875in {4,737/4. 762 mun}
G.0025/0.0045 in (H,063/0, 114 ram)
0.009/0.014 i 40, 229/0,356 mm)
0.0609/0.014 in 10,229/ G, 356 mm}
0.008/G.014 in 0,229/(, 356 mm)

Piston Ring Gaps guoted are meesured in a Ring Geuge of 3,125 in {79,38 mm) Bore. In prectice for avary 0.001 in
{0.254 mm) difference in Cylindar Hore Diameter from Gauge size, 6.003 in {0,762 mm) showld be aliowaed.

Piston Rings 4.107 and 4.99

Top Compression

Second and Third Compresamn

Fourth and Fifth Qi Control

Top Compression Ring Width

Hing Clearance in Groove ..

Second and Third Compressu}n Rtng W|dth
Ring Clearance in Gioove

Fourth and Fifth Scraper ng chith
Ring Clearance in Gioove ..

Ring Gap -~ Compiession Hlngs Chrome
Biivg Gap - O# Control Rings Cast tron

Parallet Faced Chrome Plated
internaily Stepped

Slotted Scraper

G.O774/0.0781in {1,96/1,984 mm}
G.002/0.004 in {3.051/0,102 mm}
C.0615/0.0625 in (1,562/1,587 mmi
G.002/0.004 in {0,061/0,102 mmy}
G.1865/0.1875in (4,737/4, 762 mm}
G.0025/0.0045 in {0,084/, 114 mm}
0.012/0.017 1 10,30/ 0,43 imrn)
0.009/6.014 in 40,229/ 0,356 mm)

Piston Ring Geps quotad ere meesured in e Ring Gauge of 3.008 in {76,20 mm} Bore for 4,99 anginas and 3125 in
{79,38 mmj Bore for 4.107 engines. In practica, for avery 0.001 in (0,254 mm} differance in Cviinder Bora Diametar

from Geuge size, 0.603 in {0,762 mm} should be allowed,

Gudgeon Pin 4,108

Type

Cutside Dia. of Gi}dgeon Pm
L.ength of Gudgeon Pin

Fit in Piston Boss

Gudgeon Pin 4,107 and 4.99

Type

Ouiside Dia. of E;udgecn ?m
Earlier Engines .

Fitin Piston Boss

Fully Floating

1.0625/1.0827 in (26,987 /26,993 mmi
2.673/2.687 in {87,894/68,250 mm}
Transition

Fully Floating

G.9375/0.8377 in {23,812/23,817 mm}
G.876/0.8752 in {22,225/ 22,23 mmj)
Transition
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Smal End Bush 4.108

Type . . Steel Backed, lL.ead Bronze Lined
Length of Small End Bush . (.935/0.955 in {23,749/ 24 257 mmi}
Cutside Dia. of Small End Bush . . 1.223/1.227 in £31,613/31,039 mm}
inside Dia. before Reaming . 1.0495/ 10545 in {26,857/26, 784 mmy)
inside {ia. after Reaming .. ' 1.068315/1.0632 in {27,004 /27 005 mm}
Ciearance between Small End Ba%h and Gudeqcm Prn 0.00045/6.0007 in 10,0114/8,0178 mmy}

Smali End Bush 4.107 and 4.99

Type .. o Steel Backed Lead Bronze Lined
Langth of Small End Bush . . 0.865/0.885 in {22,00/22 48 mm}
Cutside Dia. of Smai End Bush

Later 4.99 and alt 4107 engines . . . 1.965/1.066 in {27,065/ 27,08 mmi
Early 4.98 engines 1.0625/1.0035 in {25,467 25,49 mim)
Inside Dia. after Redmrng on Edtf‘i 4 99 and all 4. 101

engines - . 0.9382/0.93875 in {23,83/ 23,84 mm}
Early 4,99 engines . . . o 0.8757/0.87625 in {22,24/27,26 mm)
Clearance between Small End o

Bush and Gudgeon P | . 0.0005/0.00125in {0,01/0,03 mm)

Note. Bushes to be r&amed 1o suit respect;ve Gt}dgeeﬂ Prns and are provided with a reaming allowance.

Connecting Rod 4.108

Type ... H Section
Cap Location to Canneczmg Rod ... . Serrations, Offset 459 1o the Mornzontal
8ig End Parent Bore Dia. .. . 2.146/2,1465 in {54, 508/54 521 mmi
Smait End Parent Bore Dia. o 1.21875/1 21975 in {30,956/30,981 mm}
Length from Centre Line of Big Fnd

to Centre Line of Small End . . 6. 211/6. 219 in £157,912/157 963 mnv}
Connecting Rod End Float . 5.0065/0.610% in {0, 165/0, 267 rman}

Connecting Rod Alignment

Large and small end bores must be square and parallel with each other within the limits of 1 / - 0.010 i 10,25 mmi measured
5in (127 mmi each side of the axis of the rod on test mandret as shown in Fig. 8.1, With the small end bush fitted, the
it of +/—0.010n 10,25 mm} is reduced to + /- G.0025 in 10,06 nun).

-
;
|
F

i

L+0-010in
0,254m
A
I
L+0-010in
+0.254mm

5in 5in
127mm 127mm

-

el
i}

N

Fig. B.1.
Connecting Rod Alignment Test Mandrel.




Connecting Rod 4107 and 4,99

Type o
Cap Location 1o Conﬂectmg Rod .
Big End Parent Bore Dia. .
Srnall £nd Parent Boe Dia. .
later 4.99 and all 4,107 engines ...
Eariy 4.93 engines
tength fiom Centre Line 0? Big ?nd to (entre Ling of
Sl End .
Connecting Rod End Float
later 4.99 and sl 4107 engines
Eaily 4.99 engmes

Crankshaft

Oweralt Length

Main Jouinal Dia. Nos, 1 aud 2
Main Jouwnal Bia. No. 3

Main Jownat Length No. 1
Main Journal Length Nao, 2
Main Journat Length No. 3
Main Jous nal Fillet Hada
Crankpin Dia.

Crankpin Length

Crankpin Fillet Radi

Sarlace Finish - Al Journals
Main Journal and Crankpin Regrind Unders:zes
Gil Seal Helix Dia,
Gil Seat Hebx Width
Cit Seal Helx Depth
Flange Dia,
Flange Width
Spigot Bearng Hecoss Depth
Spagat Boeanng Reeess Bowe
Crankshalt BEnd Float

Main Bearings

Type

Shell Width

Outside Dia. of Main Bear;rzq
Inside Dia. of Main Bearnng
Runming Clearance — Nos. 1 and 2
Runring Clearance - No. 3

Steet Thickness

Alurminium Thickness

Crankshaft Thrust Washers

Tyne

Positon in Engme .
Thiugt Washer Thicknass { 5?D
Thiust Washer Thickness {G/51
Thrust Washer Qutside Dia.
Thrust Washer inside Dia.

TECHNICAL DATA--B.7

'H Section
Senations, Offset 45° 1o the Honzontal
2.1468/2. 14865 In (54, 508/54 521 mm}

1,0625/1.0635 in {26,99/27.01 mmy
1.00/1.001 in {25,4/25.43 mmy

£.405/6 407 n 1162,68/162, 74 mm)

{.0065/0.0105 in {0, 16/0,27 mm}
0.0075/0.0105 in 10G,18/0,27 mmi

21.125 0 {536,575 mmy

2.248/2.2485 in {57 (99/57 112 mimj
2.2475/2 248 in (57, 086/57,099 mm}
1.40626 i1 {35,719 mm)

1.496/1 504 in {37,998/38,202 mm}
1.499/1.507 in {38,075/38,151 mm}
0.125/0.141 in (3,175/3,681 mm}
1.8893/2.0001 in {50,78/50,80 rmmj
1,1875/ 11898 in 130,162/30,213 mmy
0,166825/0. 17187 m {B/32/11/64 in}
{3,860/4,366 mm}

8 - 16 micro-in {3,2-0,4 micrond

(3.010, G.020, 6.030 in {0,728, 0,51, 0,76 mm}
2.21075%/2.2117% n (D6, 153/56, 178 mun}
0.050/0.080 in {1,270/2 (32 rmm)
0.004/0.008 iy 10, 102/0, 203 mrn)
3.998%/3.9995 1 {101,562/ 101,587 v}
£.500 1y {12,700 mm)

G875 in 122,225 mm)

1,250 i 131,750 mmy

0.002/0.075 1 {§,0508/0,381 mnmy}

Pre-finished, Steel Backed, Aluminium Tin Lined
1.245/1.205 in 131,623/31 877 mm)

2.3955 in {60,846 reumy}

2.26800h/2 2515 n (57,163/57 188 mmi}
G.002/0.0035 in 10,051/0,089 mmy)

0.0025/0.004 in tG,063/0,102 mi

0.060 1 {1,524 mm} Max.

0.012/0.01226 in {0,305/0,311 mm)

Stee] Backed - Lead Bionre Faced
Rear Main Bearing

0.089/0.091 in {2,261/2.311 mun}
0.0965/0.1005 in 12,451/2,553 mimy
3.245/3.265 in {82 423/82 677 mm}
2.5080/2.600 in (65,786/66,040 mm}
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Connecting Rod Bearings

Type ...

Shelt Width

Quiside Diz, of Con, i’-{od ﬂearmg
inside Dia. of Con. Rod Bearing
Running Clearance

Steel Thickness .

Aluminium Thickness

Camshaft

Mo, 1 Journal Length

No, 1 Journal Dia.

No. 1 Cylindar Block Camshaft Boreﬂ Daa
No. 1 Journal Running Clearance .
No. 2 Journal Length

No. 2 Journal Dia. -

No. 2 Cylinder Biock Camshah Bore Dha,
No. 2 Journat Running Clearance
No. 3 Journai Length

No. 3 Journat Ina.

No. 3 Cylinder Block Camshaft Bo:e Dia.
No. 3 Jouinal Running Clearance
Cam Lift

Oilways for Rocker Shaft Lubracataon

Camshaft Thrust Plates

Type
Thrust Plate (}msade Daa . .
Cylinder Block Recess Dia, for Thmst Plate .
Clearance Fit of Thrust Plate in Regesg
Thrust Plate inside Dia.
Thrust Plate Thickiess
{ylindar Biock Recess Depth {o Thmst Plate
Thrust Plate Heght in relation to

Cylinder Block Face
Camshaft End Float

Cylinder Head

Cveralt Length of Cylinder Head

Overall Depth of Cylinder Mewd

Skimming Allowance on Cylinder Head Face

Pressure for Water Leakage Test

Valve Seat Angle

Bore in Cylinder Head for (:uzde

Bore in Cylinder Head for Combustion Chdmbw Inserts
Depth of Bore in Cylinder Head for Combustion
Charnber inserts

Combustien Chamber inserts

Gutside Dia. of Insert
L.ength of Insert . .
Height of Insert in reid!i()n 18
Cylinder Head Face
Clearance Fit ol insert in Cylinder Hosd Bore
Method of Location in Cylinder Head

Pre-finished, Steet Backed, Aluminium Tin Lined
G.870/0.880 in 122,088/22,32% mmi

2.1465 in {54,521 mmi

2.0015/2.0025 in {80,838/ 50,863 mm}
0.0015/0.603 in {6,038/0,076 mm}

G.060 in {1,524 mm) Max,

G.0312/0.06122% in {0,305/0,311 mim)

1.347/1.351 in {34,214/34,315 mmj
1791/ 1,792 in {45,491/45,517 mmj
1.794/1.7958 in (45 568/45, 606 mm)
0.002/6.0045 in {0,051/0, 114 mmni}
1.258 in {31,750 mun}

1.781/1.782 in {45, 237/45, 263 mm)
1.784/1.787 in 145,314/ 45,390 mm}
0.002/0.006 in G,081/0,152 mmy)
1.9000 in 425,400 i)

1.773/1.774 i1 {45,034 /45 050 mm)
177671778 n {45, 110/45, 161 mmi}
0.002/0.006 in 40,051/0, 127 mm}
40,266 10 {6,766 run}

No., 2 Journal

180° Cil Impregnated Sintered lron
2.000/2.557 in 164, 897/64,848 mm)
2.5585/2 5685 in {64,986/65, 240 mmi
0.0015/0.013 in (0,038/0,336G mm)
1.500 i {38, 106 mm)

G.160/0.162 in {4,060/4, 115 mmy)
0.158/0.164 in {4, 009/4, 116 ramd

0.064 in 10,102 mm} Above or Below
G.003/0.013 in {(0,076/0,330 mmi

20000 3y (508,000 mm}

2.617/2.633 in {66,472/66,878 min}

NIL-~0n no account gan the cylinder head face be
skimmed.

20 bt/in? 41,4 kgf/cm?) - 138 kN/m?

45°

0.4995/0.5005 in {12,687/12,713 mmi

1.250/1.252 in {31,750/31 B3 ram}

0.373/0.376 in {9,474/9,550 mmj

1.248/1.249 {31 .895/31,724 mmunj
0.374/G.375 in {8,495/9,525 nun}

(3,062 in 13,0511 Above or Beldow
0,007 /0004 & (L0250, 12 tnand
By Cylinder Block Face ond Expansion Washar,




Vaives Guides {inlet}

Inside Dia.

Osstaide Dia.

Interference fit of Guade in Cylmdor H(,acf Bore
Overall length ol Guide

e Protrusion Above Top Face ()I C\ﬂ!lldf‘l Ilfmd

Vaive Guides {Exhaust)

Inside Dia.

Quiside Dia,

interference fit of Guide in {“yilnder Head Bere
Depth of Counterbore

Overall Length of Guide

Guide Protrusion above Top Face of Cyi:ndel Head

Vatves {iniet]

Valve Stem Dia. . .
Clearance fit of Vdive Stem in Gulde

Vabve Mead Dia.

Valve Face Anqie -
Valve Head Depth Below Cvlinder Head Fau“—

Overadl Length ol Valve
Sealing Arrangement

Valves {Exhaust}

WVaive Stemn Dia.

Cleaance Fit of Valve Stem i {:mde

Valve Head Dia. .

Valve Face Aﬂqle .
Valve Head Depth Below Cylmdel Hedd che

Overall Length of Valve
Seuling Arrangement

Guter Valve Springs

Frited Length
Load at Fitted Length
Fitted Position

inner Vaive Springs Where fitted

Fitted Length
Load af Fitted Length
Fittedd Position

TECHNICAL DATA-B.S

0.3141/0.3155in {7,978/8,814 mm}
G.5021/0.5026 05 (12,753/12, 766 mmi)
G.0016/G.0031 in (6,041/0,079 rm!}
2.1304n {54,102 mm)

(G.800/0.815 in (20,3204 20,701 mm}

G.3141/0.3155 0 (7,978/8,014 mmy
G.6021/0,5026 i {12,753/12,786 mn)
G.O016/0.0031 in {0,041/0,079 miny
(3.38G in (G, 650 mmi

2.440G in (61,98 mmi

0.80G/0.815 in {20,320/20, 701 )

(3.312/G.313in (7,925/7 950 rrun)
G.0011/0.0035 in {0,028/ 0,089 rrun}
1.410/1.4714 0 {35,814/35,816 mumn)
450

3.028 17 (0,711 oun} Minimum

0.048 in (1,220 mmn} Maximum
4.592/4.608in 4116,637/117 043 1ran)
Rubber Gi Seal

0.3115/0.3128in (7,.912/7,937 mm)
G.O0I6/G.004 i {D,041/0, 102 mmi
1.191/1.195n §30,251/30,353 mm}
45

0,021 i 10,53 mmi Minimum

0.648 in {1, 220 )} Maxirmum
4.600/4.616 in {116,840/ 117,246 mmi}
Mo Seal fitted 1o Exhaust Viaive

1.7800in (45,212 )
565.0108 + /o 28168 {28 4kgf + /- 1,27 kgt
Dampe: Coil to Cylinder Head

1.530in {38,862 mum}
286 &/ - 218 {33.0kgl + /- 0,97 kgt}
Camper Coll 1o Cylinder Head
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Rocker Levers

l.ength between Centre Line of Adiusting Screw and
Centre Line of Rocker Shaft

Length betwesn Centre Line of Rocker i,ever Pad cznd
Centre Line of Rocker Shaft

Ingide Dia. of Rocker Lever Bore

Qutside Dia. of Rogker Lever Bush .

intarference Fit of Bush in Rocker Lever

Finished inside Dia. of Rocker Lever Bush

Clearance of Rocker Lever Bush on Rocker Shaft

Vatve Clearances

Clearance between Vaive Stem Tip and Rocker Lever ...

Rocker Shaft

Cvgrall Length of Shaft
Critside Dia. of Shaft
Lubrigation

Push Rods

Overall Length
Outside Dia.

Tappets

Overall Length

Outside Dia. of Tappet Shaﬂk

Cylinder Block Tappet Bore Dia.

Tappet Runming Clearance in Cylinder Blogk Bore
Qutside Dia. of Tappet Foot

TIMING GEARS
Camshaft Gear

Number of Teeth

inside Dia. of Gear Boss
Cutside Dia. of Camshaft Hub
Transition Fit of Gear and Hub

Fuel Pump Gear

Number of Teeth .

Inside Dia. of Cylinder Block Bore ?cr Fuel ?ump Dnve
Hub Bearing ...

Qutside Dia. of Fuel Pumg [}{we Hizb Bearlag

interference Fit of Drive Hub Bearing 1 Cylinder Blocic
Bore

Inside Dia. of Fuei Pump Dﬂve Hub Beafmg

Qutside Dia. of Fuel Pump Gear Drive Hub

Running Clearance of Drive Hub in Bearing . .

Drive Hub End Float

1.042/1.058 in {26, 467/26,873 mm)

1.567/1.683 in (39,802/40, 208 mmj}
0.71825/0.71950 in (18,243/18,275 mmy)
0.7205/0.7215in {18,301/ 18,326 mm}
0.001/0.006325 in (0,025/0, 082 mm)
0.6245/0.62575 in {15,862/ 15,834 mm)
0.00G75/0.0035 in 10,619/0, 088 mmyi

0.012 in {0,360 mm} Coid

14 5625 in (369,887 mmi

0.62225/0.62375 in 115,805/15,843 mwni}

Qil Feed from Cylinder Head through Centrat Passage
to Individual Rocker Levers

8.527/8.560in 1216,58/217,42 mn}
(3,253 in (6,350 mm)

2.250 in {67,180 mm}

0.560/0.561 in {14,224/ 14,243 mm}
0.562/0.56325 in (14,2757 14,307 mm)
0.001/0.06325 in (0,025/0,G82 mm}
1.245/1.265 in {31,623/31,877 mm)

48

1.750/1.7514 in {44,450/ 44,486 mm}
1.7496/1.7508 n (44,430/44,473 mm)
0.0003/0.0018 in (0,023/0,046 mmj}

48

1.8125/1.8141 in (46,037/46,078 mm}
1.8145/1.8152 in (46,088/46, 106 mm)

0.0004/0.0027 in (0,010/0,063 mmi}
1.3126/1.3135in {33,34/33, 78 mm3
1.3105/1.3115n133,287/33,312 mm}
0.0031/0.0051 in {0,078/0,129 mm!
0.002/0.010 in {0,051 /0,254 mm}
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Lubricating Qi Pump Drive Gear

Number of Teeth

Inside Dia. of Gear Bore

Outside Dia, of GH Pumyp Drive ‘)hdft
Interterence Fit of Gear on Shaft
Lubricating Oif Pump Drive Gear Backlash

Relief Valve

Type -

Pressure Settmg

iL.ength of Plunger

Gutside Dia, of Plunger
Inside Dia. of Valve Housing Bore
Clegrance of Plunger in Bore

Qutside Dia. of Spring

Soring — Free Length

Spring - Solid Length

Lubricating O Filter

Type
Elerment Typs
By-Pass Valve Setting

- Type of Valve

COOLING SYSTEM

Type
Cylinder Block :md Head (inci:rect Caoied ansrwe}
Cylinder Block and Head {Birect Cooled Engine)
Engine Coolant Capacity

4,99

4107 and 4, 198

Thermostat {indirect Cooled Engine)

Type

Gpening Temperature

Eully open at

Mirimum Travel at Fully (}pen ”{emp

Thermostat {Direct Cooled Engine}

Type .

Upening ?emperature

Fully Open at

Mindmurm Travel at Fully {Jpen Temp

Water Pump {Fresh Water, Direct Cooled Engine)

Type

Outside Dia. of Shaft for ?uitey
Inside Dia. of Puliey Bore
interference Fit of Pulley on Shaft
Outside Dia. of Shaft for impeller
fnside Dia. of Impetler Bore .
imerference Fit of lmpe#ier on Shaft
Cutside Dia. of impeller

Water Purnp Seal Type

12

0.4965/0.4970in 112,611/12,624 mm}
0.4383/0.4986 in {12,655/12,664 mm}
0.0013/0.0021 in (0,033/0,053 :mm)
0.0155/0.0191n {(,384/0,483 mm}

Spring Loaded Plunger

BO/E5 IbE/In? (3,5/4.6 kgl/om?) 345/ 448 kN/my?
0.9375 m {23,813 mm)

3.5586/0.6545 in 14,19/14, 21 mmy}
0.5606/0.5625 i {14,24/14, 28 mm}

0,001 /0,004 in {0,025/0, 102 mm)

0.368/0.377 1 {9,347/3,576 mun)

1.5# 38, W mm)

0.7%4 10 019,15 mm)

Full Flow

Paper Canister

Opens between 13/ 17 Ibi/in?

{0,91/1,2 kgt/orm®) 90/ 117 kN/m? pressure differential
Spring Loaded Bal

Water Cooled
Thermo Syphon Impeller Assisted
Purmp Circulation

HWhImp Pt 6305, O, GLitre
13 imp Py, 78105, Gt 7.4 Litre

Wax Capsule
1HE°F {BA°C)
188°F {B7°L}
0.281 in {7,086 rnmy

Bellows
125VF {B2°CY
1B09F {664 C)

- 0.281in {7,064 mm}

Centrifgal - Belt driven from Crankshaft Pulley
0.5905/0.5908 in {14,999/15, 008 mm}
0.588/0.589 in (14,935/ 14,961 mm}
9.0015/0.0028 in {0,038/0,071 mm)
0.498/0.499in (12,649/ 12,675 mm)
0.497/G.4975 in {12,624/ 12 636 mm)}
0.0005/0.002 in (0,013/0,051 mem)

3.094/3.125 in (78,588/ 78,376 mm)

Synthetic Rubber— Carbon Faced







TECHNICAL DATA—B.14

ELECTRICAL SYSTEM (12 volt)
Alternator

Make

Type
Maxumum Dutput ACH
Maximum Qutput 11AL

Dynamo

Make .
Type
Rotation
Cutput

Starter Motor

Make

Type .
Maximurn Current .
Starter Cable Resistance
No. of Teeth on Pinion

Starting Aid

Make ..

Type

Voltage

Maximum Current Consurnption

Fuel Flow Rate through Unit
Height of Reservoir above Centre of Tharmostart

C AV or Lucas
ACH, 11TAC

554 (hot)

434 thot

Lucas

C40, 2 pole, 2 brush shunt wound, voltage control
Clockwise

22A

Lescas

MAGG

S00A

G.00Y7 ohwns
10

CLAV.

Thermostat

12 Voit

12.9 Amperes at 11.5 Volis
4.3-4.9 o/ min at TOUE (219C)
4510in{11,4.25dcm)
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Operating and Maintenance




OPERATING AND MAINTENANCE-C.2

Preparation for Starting

Check the header tank water level, when fitted.
Check the engine sump oil level.
Check there is sufficient fuel oil in the tank,

Check that the starter battery is fully charged and that
all electrical connections are properly made and all
circuits are in order,

Check that sea cock is open, when fitted.

Priming the Fuel System

For new engines or engines which have been standing
idie for any length of time bleed the fuel system, as
described on page N.8.

Starting the Engine

i the engine is warm, with the throttde in the fully
open position, engage the starter motor by turning the
starter switch in a clockwise direction 0 the “HS”
position {See Fig. €1

Following initial start, check coolant water flow from
discharge pipe and lubricating oil pressure.

To Operate the Coid Start Aid

Turn on the fuel supply tap of the cold starting ad
reservoir {where fitted).

<

Current Heat/Siart Switch.

1. O#f Position. 3. Hest Position.
2. Run Position. 4. Heat and Start Position.

Tum the starter switch to the “H” position and hokd 1t
there for fiftteen to twenty seconds {see Fig. C. 1%

With the throttle in tha fully open position, turn tha
starter switch to the “'HS" position, thereby engaging
the starter motor,

I the engine does not start within fifteen seconds,
return the switch to the “H” position for ten secorls
and then re-engage the starter motor by switching to
the “"HS™ position,

As soon as the engine starts, the switch should be
wrned to the "R position and the tap on the cold
starting aid reservoir (whare fitted), tumed off,

Alternative Method

With some engines a different starter switch is pro-
vided and the cold start aid is operated by means of a
separate push button switch,

The cold starting procedure is the same j.e.: -

Switch on by turning the starter switch in a clockwise
direction to the first position,

Press the heater button {0 fifteen to twenty seconds
and then, with the heater button still pressed, turn the
starter switch in a further clockwise direction to
engage the starter motor, as scon as the engine starts,
release starter switch and heater button,

Earlier Heat Start Switch

The cold start switch fitted to earlier engines is shown
in Fig. C.2.

With this switch, starting a warm engina is etfected by
turning the switch in a clockwise direction to the 78"
position,



In ¢old weather, the switch should be tumed 1o the
“H" position for fifteen to twenty seconds and then to
the "HE" peosition in order to engage the starter
motor.

As soon as the engine starts, the switch should be
returned to the "' Position.

Where this type of switch is used, it was customary
10 have a separate switch for the electrical circaits and
s should be turned on before starting the enging and
turned off after stopping the angine.

Things to Note

Always be sure that the starter pinion and flywheel
have stopped revolving before re-engaging the starter,
otherwise the ring or pinion may be damaged.

Ensure that the electrical connection 1o the cold
starting aid is correctly made,

Always ensure that the chamber feeding fuel to the
cold starting aid s full and not leaking.

Extended use of the cold starting equipment above the
time pericds already stated should be avoided, other-
wise the cold start aid in the induction manifold may
be damaged.

In the event of difficult starting, check that fuel
is 1eaching the cold starting aid in the induction
manifold by unscrewing the inlet fuel union. 1Y fuel is
reactung It satisfaciordy, then it may he that the cold
starting aid itself is not working correctly. This can be
checked by removing the air filter and observing the
coldd starting aid while the equipment is used. When
the starting switch is turned to the heat position, the
element should glow and on engagement of the starter
mator fuel becomes ignited.

To prevent thermostart {cold starting aid) damage, it is
essential that the thermostart is not operated dry.
After an operation that allows fuel to drain from the
thermostant feed pipe, the pipe must be disconnected
at the thermostart and all air bled from the pipe before
the thenmostart is operated,

Where a thermostart cold starting aid has to be re.
placed, care must be taken not to exceed the torgue
ioad inte the manifold given on Page B.3. Excessive
torque loading can crack the insulating adaptor
causing an electrical short and cold starting  difi-
cuities,

4.99, 4.107 and 4.108 MAsine engines are fitted with
efficient cold starting equipment and no responsibility
can be accepted for any damage arising from the use
of unauthorised starting aids.
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o Yo

C2

Earlier Heat/ Start Switch.

1. Off Position .
2. Start Position.

3. Heat Position.
4. Heat and Start Position.

Ausiliary yacht installations may require the engine to
be wn while beating to windward, Under these
conditions, the boat may heel up to 25° without
adverse effect on the lubricating system providing the
boat is righted accasionally in order to lubricate the
valve assembly.

Stopping the Engine

A spring Ioaded stop control is located near the
normal engine controls and functions by cutting off
the fuel at the fuel injection pumgp.

Yo operate, pult the knob and hold in this posftion
until the engine ceases 10 rotate. Ensure that the
cont¥o! returns to the “'run’’ position, otherwise
difficuity may be experienced in re-starting the engine.

Running In

it is not necessary to gradually run-in a new or factory
replacement engine and any prolonged light load
runsing during the early life of the engine can in fact
prove harmful to the bedding in of piston rings and
liners.

Fall load can be applied on a new or factory replace-
ment engine as soon as the engine is used provided
that tha engine coolant is first allowed to reach a
temperature of 140°F {(60°C).
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7. Hemove atomisers and spray into cylinder bores a
178 pint (6,19 firest of lubsricating ot divided
between the cylinders,

8. Tum crankshaft to lubricate ovlinder bores and
repiace atomisers Using new washers.

3. Remove air filter and any intake pipe which rmay
be fitted between the air filter and air intake. Seat
air intake orifice with water-proofed adhesive
tape.

10. Remove exhaust pipe and seal opening in mani-
fold as in 'Y,

1. Discornect battery and before storing in a fuily
charged condition, preserve the battery terminals
0 prevent Corrosian,

12. When rubber impeller type water pump is fitted,
remove water pump end plate and pack pump
with MARFAK ZHD GREASE. Where this grease
is not available glycerine may be used as an
alternative,

The fuel system should be charged with a suitable
preservation fuel.

Before re-commencing operations prime the fusl
SYSISH.

Preparations for starting the engine should be in
accordance with instructions given on page £.2.

Nota. .

Preservative used in the lubricating ofl surmp should be
replaced by normal lubricant prior to re-starting the
engine at the end of the storage period. Preservative
utilised to charge the fuel system need not necessarily
be drained off before returning the engine 1o service.

Recommended Qils for the Preservation
of the Fuel System*

L.owest Temperature

during Lay-up

Esso {LR1B 25°F {490
Esso 111047 O°F (- 18°C)
Shelt Calibration Fluid “C” {U.K.) 0°F {--18°C)
Shell Calibration Fluid "B" {Overseas) - 70°F { =57
Shell Fusus A" - 15°F { . 26°(}
Shell Fusus A" R1476 {Old Type) 25°F (. 420}

C3

No atternpt should be made 1o restart the engine unti
the temperature has been at least 15°F (8°C) above
that shown in the table for not less than 24 hours.
Otherwise there may be difficulty in obtaining a free
How of fuel,

“fhe proprietary brands of oils listed may not be
available in all parts of the world, but suitable oils
may be obtained by reference to the off companies,
the specification should include the following:

Viscosity: Should not be greater than 22 centistokes at
the lowest ambient temperature likely to be experienced
on re-starting,

Pour Point: Must be at least 15°F {8°C) lower than
the lowest ambient temperature to be experienced on
restarting and should be lower thanm the lowest
temperature likely to be met during the lay-up period.

The oils selected are not necessarily suitable for
calibrating or testing purnps.

PREPARING THE ENGINE FOR RETURN
TQ SERVICE

When the engine is 10 be returned to service, the
following procedure must be observed: -

1. Clean external parts of the engine.

2;  Bleed the fuel pump as described on Page N.&.

3. Ensure that the cvlinder block and heat exchangar
drain taps are closed and fill the system with
coolant as described on next page,

4. Rotate water pump by hand to ensure freedom
of pump seals.
5. Lubricate rocker assembly with engine oil.

Rernove adhesive tape from air intake orifice and
ensure that the gauze is clean.

7. Remove adhesive tape from exhaust manifold
arifice and refit exhaust pipe using new joints.

8. Connect batteries, fully charged, into cireuit.



OPERATING MAINTENANCE—-C.6

Keel Cooled and Heat Exchanger Cooled
Engines

The following instructions should be foliowed when
putting the engine back into service following the
winter lay-up petriod, or at any time the fresh water
coofing system has to be refiled. The initial "bleeding’
of the cooling system must be affected when the
engine is first installed by the boat builder but air
venting is necessary foliowing cemplete or partal
draining for jay-up, top overhaul or other engine
repairs,

With the 4.108M low line engine, air-venting the
cooling systemn is provided for by a single air bleed
screw situated on the top sight hand side of the header
tank - see Fig. C.3.

When refilling or topping up the cooling system,
remove the blesd screw and pour in ceolant through
the filier until it issues from the bieed point.

Repiace the bleed screw and continue to fill the
header tank to a level approdémately 1 in (25 mm)
below the pressure sealing cap.

Recheck for presence of air by unscrewing the bieed
point after the engine has been run at sbout haif
throttle for a few minutes or if overheating occurs
on the first run under normat load conditions.

Keel Cooled Engines. Under certain conditions of
outhoard pipe instaliation, an air lock can ocour where
the pipes bridge the keel at their ends farthest from
the infet and outlet connections, This air should be
removed and the pipes left compietely full of water
before the engine is started, and the following pro-
cedure adopted: -

1. Disconnect the pipe hose {water cutlet to keet
pipe} at the upper stisb at the forward end of the
exhaust manifold and the pipe connaction (water
inlet to engine) on the header tank.

2. Fill pipe through the connection taken from the
exhaust manifold by means of a funnel, unti
pipas are full to the header tank connection, and
secufe connection. After water has been added
to fill the pipe to the manifold connection, this
pipe can also be re-connected. In the event of &
bridge connection betwesn the keel pipes being
inside the hull, and the connections being of the
type that can be lposened, air can be removed
more easity by loosening an inboard connection
on the pipe bridge, topping up through the pipe
as described above and re-tightening the connec-
tion when free of air,

Heat Exchanger Cooled Engines

To ensure that no air is trapped in the cyknder
Block or cylinder head on fresh water cooled engines,
the foliowing procedure should be adopted on heat
exchanger cooled units and in addition to the above
on keel coolad uniis,

1. Remove the sguare headed plugs in the top faces
of the cylinder head and exhaust manifold marked
1, 2 and 3 in Fig, C.4 and add water steacily
to the coeling system header tank.

2. Replace plug 1 at rear end of cylinder head as
watel appears.

3. Start engine and run in neutral at about 700
- 800 rev/min,

4. Continue topping up header tank, replacing plug 2
at front end of cylinder head, and later plug 3
at front end of exhaust manifold as the water
appears at these points in turn. Finally topping
the header tank to a level approximately 1 in
{264 mm) below the pressure cap sesling tange.

5. Re-check for the presence of air at plugs 2 and 3
by gently unscrewing after engine has been run at
ahout halt throttle for a period of a few minutes,
or ¥ a tendency to overheat is observed on the
first run under normal load conditions.
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SECTION D
Fault Finding




FAULT FINDING-D.2

fault finding chart

Fauit

Pogsible Cause

Low cranking speed

1,2 3. 4

Will ot start 56,7 80 10,12, 13, 14, 15, 18, 17, 18, 19, 20, 22, 31, 32, 33.
Difficult starting B, 7,89 10, 11,12, 13, 14, 15, 16, 18, 19, 20, 21, 22, 24, 29, 31, 32, 33.
Lack of power 8,8 10,11, 12, 13, 14, 18,19, 20, 21, 22, 23, 24, 25, 26, 77, 31, 22, 33,
Misfiring 8,9, 10, 12, 13,14, 16, 18, 19, 20, 25, 28, 28, 29, 30, 32.

Excessive fuel consumption 11,13, 14,18, 18, 18, 20, 22, 23, 24, 25, 27, 28, 79, 31, 32, 33.

Biack exhaust

11,13, 14, 18, 18, 19, 20, 22, 24, 25, 27, 28, 29, 31, 32, 33,

Blue/white exhaust

4,16, 18, 19, 20, 25, 27, 31, 33, 34, 35, 45, 58,

Low oil pressure

4, 36, 37, 38, 38, 40, 42, 43, 44, 53, 58,

Knocking 8, 14, 16, 18, 19, 22, 26, 28, 29, 31, 33, 35, 36, 45, 48, 59,

Erratic running 7,8,8 10,11, 12,13, 14, 16, 20, 21, 23, 28, 28, 29, 30, 33, 35, 45, 59,
Vibration 13, 14, 20, 23, 25, 2B, 29, 30, 33, 4B, 47, 48, 48,

High oll pressure 4, 38, 41,

Overheating 11, 13, 14, 16, 18, 19, 24, 25, 45, 50, 51, 52, 53, 64, 57,

Excessive crankcase pressure

25, 31, 33, 34, 45, 55.

Poor compression

11, 19, 26, 28, 29, 31, 32, 33, 34, 46, 68,

Starts and stops

16, 11, 12,

Key to Fault Finding Chart

. Bettery capacity low

Bad electrical connections
Feulty sterter motor

Iincorrect grade of hubricating oil
L.ow cranking speed

. Fuel tenk empty.

. Faulty stop control operation

. Blocked fuel fead pipe

Faulty fusl lift pump

. Choked fuel filter

SwoNprswn -

J p—
A wa

Ar in fuel system
Faulty fuel injection pump
Faulty atornisers or incorrect type

B I T R
FEHE L

Faulty cold starting equipment

. Broken fuel injection purnp drive
Incorrect fuel pump timing
tncorrect valve timing

Poor cornpression

. Blocked fuel tank ven

ncorrect type or grede of fuet

SERBNEBEES

Exheust pipe testriction
Cylinder head gasket leaking
Overheeting

. Cold running

Incorract tappet edjustment
Sticking valves

incorrect high pressure pipes

&

£BE

. Restriction in air cleaner or induction systemn

incorrect use of cold start equipment

Sticking throttie or restricted movement

. Worn eylinder bores

. Pitted valves end seats

. 8roken, wom or sticking piston ringls)

- Wom velve stems and guides

. Overfull air cleaner or use of incorrect grade of oif
Worn or demaged bearings

nsufflcient oil in sump,

inaccurate gauge

Ol pump worn

Pressure refief valve sticking open

Pressure relist valve sticking closed

8roken refief valve spring

Faulty suction pipe

Choked oil fifter

Piston sefzure/plok up

Incorrect piston height

Sea cock streiner or hest exchanger blocked
Faulty engine mounting {Housing}
Incorrectly aligned fiywhes! housing, or flywheel
Faulty thermostat

Restriction in water jacket

Loose water pump drive belt

Gearbox of engine oif cocier choked

Feulty water pump

Choked breether pipa

Damaged valve stem oil deflectors {if fitted)
Coolant level too low

Blocked sump strainer

8roken valve spring

EBUSBRBRIEBEABSRO028888RRREEE
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Cylinder Head







14. Remove high pressure fuel pipes,
15. Remove atomisers,
16, Uncoupie generator adjusting link,

17. Remove cylinder head secusing nuts and lift off
cylinder head complete with inlet and exhaust
manifolds.

MNOTE. On 4.99 and 4.3107 engines, to prevent liner
maovement, when rotating the crankshaft with the
cyhinder head removed, the liners should be secured in
position by suitable tubing placed over two of the
cylinder head studs and locking with nuts  and
wWashers,

To Ramove the Valves

With earlier engines, the valves were numbered and
the cylinder head was marked with corresponding
numbers (see Fig. £.3).

With current engines, the valves and seats are not
rumbered and where a valve is to be used again,
it should be suitably marked to ensure it is replaced
in its original position.

1. Remove coliets by compressing valve springs.
{Fig. £.4),

2. Remove spring caps, springs, seals twhere fitted)
and spring seats. Remove valves.,

Combustion chamber inserts

These can be gently tapped out of their locations by
means of a short length of curved bar through the
atomiser bore. When refitted they must be located by
means of expansion washers in the recesses provided,
{Figs. £.6 and E.7},

CYLINDER HEAD--E.3

a -_ L -

Method of Vaive and Vaive Seat numbering. £3

‘ E
I

Removing the Valve Retaining Collets. £4

Combustion Chamber (nsert. £S5
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E6
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Fitting the Combustion insert Locating Washer,

Securing Combustion Chamber Insert.

Renvsoviing o Valve Cagide,

Cleaning

Remove alf traces ol carbon from the cylinder head.
If the water jacket within the cylnder head shows
sigrs of excessive scale, then a proprietary brand of
descaling solution may be used, # possible the cylinder
head shouid be tested for water leakage after such
neatment at the pressure given on Page B.8.

VALVE SPRINGS

It is advisable to fit new vailve springs whenever the
engine undergoes a major overhaul, Where & top over-
haul only is being carfied out the springs should be
examined, paying particular attention o sguareness of
ends and pressures developed at specific lengths, the
detdils of whicly can be found on Page B9, Maine
engine valve springs ae zinc plated.

VALVE GUIDES

Worn guides should be removed either by means of a
press and a suitable “dolly” or the vaive guide removal
toot shown in Fig. £.8.




Before fitting the new guides remove any burrs from
the cylinder head parent bores, then smear the bores
with clean od and either press in the new guides or
pult them in by means of the tool shown in Fig. E.9,
untit the guide protrusion above the head top face is
that quoted on Page 8.9,

NOTE: Because the guides are made of cast iron and
are comparatively brittle, special care, should be
exercised during this operation.

VALVES AND SEATS

The wvalves should be checked in their respective
guidies for wear,

The wvalve and valve seat faces should be recon-
ditioned in the normal way using specialised equip-
ment or with grinding compound, according to their
condition. A wvalve seat cutting tool is shown in
Fig. E1G. Vaives should always be refitted to their
onging seats and any new valve fitted should be
marked to identify its position. {See Fig. E.3).

Before refitting the valves it should be ascertained
whether the valve head depth relative to the oyiinder
head face is within the imits given on Page B.$. This
depth can be ¢checked, as shown in Fig. £.11.

Where this depth exceeds the maximum limit and
even the fitting of a new valve does not reduce this
daepth below the maximum limit, then fit a valve seat
insert. See page E.8.

Hand Grinding

When grinding or lapping-in valves make certain that
all signs of pitting are removed from the seats.
Check vaive head depths after lapping.

CYLINDER HEAD—E.5

Fitting a Valve Guide. ES

Recutting a Valve Seat. £E10

Checking the Vatve Depth, £t
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VALVE SEAT INSERTS

Valve seat inserts are not fited to 4.949, 41037 and
4,108 series production engines, but may be fitted n
service,

When fitting inserts proceed 9s follows: -

Fit new valve guldes as described on Page E.4.

2. Using the pew wvalve guide bore as a pilot,
machine the insert recess in the ovlinder head jace
1o the dimensions shown in Fig. £.12,

Clean the insert recess,

tsing the valve guide bore as a pilot press the
insert home with the inserting tool {Fig. £.13).

Note: The insert must not be hammered in por
may lubrication be used,

b, Inspect to ensure that the insert has been pressed
fully home,

8. Recut the vaive seat at an included angle of 80°
unt the valve head depth reaches the minumum
firmit which is given on Page B.9. Lightly lap the
valve to its new seat.

INLET Exriaust
VALVE

E12

Exhaust

A, —1.296/1.297 in {32,92/32,84 mm)
B.--0.3125/0.3175 in {7,84/8,06 mm)
C.—0.015 in {(,38 mm) chamfer at 45° {Max)

inlat

A —1.530/1.531 in (38,86/38,89 mm}

8, ~0.3125/0.3175 in (7,94/8,06 mm)

€. —0.015 in 40,38 mm} chamfer at 45° {Max.}
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E13

Press Tool for Valve Seat Inserts.
Material EN3IZA Case Hardened and Ground.

Exhaust Dimensions

A, 2,75 iy 169,85 mim)

8.2 n (80,8 mm)

C. 0,75 in {19,056 mm}

2. —0.309/0.310 i {(7,85/7,87 mmy
E.—1/16in {1,589 mm) at 46°
F.—1/16in (1,59 mim} at 457
G.—1/32in (3,79 mm) Radius

M. 1.018/1.018 in (25,86/25,88 mm)
S 0.222/0.225 in (5,64/5,72 mmi}
N, —1.28771. 297 in (32,69/32,84 mm}

Inlet Pimensions

A, —2.75 in (89,85 mm}

B.—2in (80,8 mm)

C.—0.75in 118,05 mm}

0. -0.308/0.310 in {7,85/7 87 mm)}
E.—1/186 in {1,598 mm) a1 46°

Foow 1716 in {1,589 nmun) at 46°

G- 1132 i 40,79 mm) Radius
H.—1.238/1.239 in {31,45/31,47 mm)
S 0222702795 in {5,84/5,72 mm)
K.--1.523/1.533 in (38,68/38,9%4 mm)
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Exploded view of an Iniet and Exhaust Valve Assembly.
1. Retanung Collets 3. inner Valve Springs
2. Spring Caps 4. Outer Valve Springs
5. Spring Seating Washers
6. ‘0’ Sealing Ring {Infet Valves only}
7. inlet Valve B. Exhaust Vaive

To Re-Assemble the Rocker Shaft
Assembly

Fefit oil feed banjo and locute with feed pipe.

2. Refit rocker levers, springs and support brackets
in the opposite order to which thet were temaoved.
{Fig. £.14). Lightly ot the components duting re-
assembly and ensure that each rocker lever does
not bind on the shaft.

PUSH RODS

Check the push rods for straighiness, # any are bent
then fit new :eplacernents.

To Refit the Valves

1. il valve stems and inseit each valve into its
respective guide.

2. Locate the spring seat washers, valve springs and
spiing caps i position.
NGTE: The valve springs should be fitted with
damper coils towards the ¢ylinde: head top face.
The longer spiing caps fit on the inlet vaive
sDTingS.

3. Compress the vaive springs in turn and locate the
retaining coliets.

Vaive Seals

Rubber ‘O’ ring seals are fitted on the inlet valves ondy.
They fit inside the valve spring cap bore and iegister
with an annular gioove on the valve stem. (Fig. £E7)
He-assembly of the inlet valve assemblies should be
carried out as follows: '

1.7 Place spring seating washe: i position,

2. Position valve springs comrectly on the seating
washer .

3. Place valve spring cap in position.



4. Compress valve spring until valve stem protudes
through cap sufficiently 1o allow the ‘() ting 1o be
firted.

B, Fit 'O’ ring over valve stem and slide down unti
it locates in annular groove. (Fig. £.18).

6. Locate retaining collets.

CYLINDER HEAD GASKET

Always use s naw cylinder head gasket. Ensure the
correct type is used.

4.108 Engines

The gasket is made of a black composite material and
is knowr as the Klinger type. #t must be fitted DRY,
fointing compournd is pot used,

Gaskets differ for direct cooled and indirect cooled
engines.

It is very important that the gasket is placed correctly,
otherwise the steel beading may be ‘nipped’ between
the cylinder head face and the top of the liner.

4.99 and 4.107 Engines

These engines use a copper and asbestos or a copper,
steel and asbestos gasket. These gaskets should be
fitted with a light coating of Perking Hylomar jointing
compound o both sides,

To Refit the Cylinder Head
Check that the rocker assembly 0il feed passage in the
cylinder head is free from obstruction.

1. Place cylinder head gasket in position {the gasket
15 marked "TOP FRONY”} {Fig. £.19 shows a
4 108 engine gasket}.

Lower cylinder head into position.

Lubricate cylinder head studs and nuts, then
tighten nuts progiessively in three stages in the

CYLINDER HEAD—E.S

Locating & rubber "0 Ring.

E18
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16.

11

12.
13.

15,

18,
17.

sequence shown in Fig, £.20 1o the torque given
on page B.3. This final torque tightening stage
should be repeated,

Fit push rods in their locations and fit rocker shalt
assembly, noting that the oil {eed to the rocker
shaft is located correctly.

Lacate oif feed pipe nut finger tight at this stage,
then evenly tighten rocker shaft bracket securing
nuts to a torque of 16 ibf ft {2 kgt m) —-20 Nm
row tighten the oil feed pipe nut. When correctly
located the oil feed pipe will be as shown in
Fig. B.2.

Adjust valve clearances {Page E.11) to 0.012 in
{0,3 mm.

Replace generator adjusting link and tension belt
{Page M.10}.

Replace atomisers but do not tighten the securing
THits.

Replace leak off pipe assembly and four high
pressure fusel pipes to atomisers. Tighten atomiser
securing nuts. Tighten high pressure fuel pipe
nuts to 15 b {21 kgt mi - 20 Nm and the
atomiser securing nuts to 12 ibt 1 4AL7 kgf m) -
16 Nm.

Replace fuel olt titer and low pressure fuel pipes
between fiiter and §ft pump, and filter and tuel
pumg.

Reconnect slectrical and fuel suppiies to starting
aid.

Heconnect exhaust pipe to manifokd,

Recannect water outlel connection dt the front of
the cylinder head.

Fit the cooling system and check for water leaks,

Blesd air from fuet system as described on Page
N.8.

Reconnect battery.
After warming up, the engine shouwld be shut

E20 Torgue tightening sequence for Cylinder Head Nuts.




down and the cylinder head nuts again tight-
ened 1o the conect toique in the sequence shown
in Fig. £.20 {Refe: 10 Note below}.

18. Heset the valve cleatances to §.012 in (0,30 ram
coid {Fig. E.21). Fit the cylinder head cove:.

NOTE

It s dmportant that the oylinder head suts ate re-
nghtened 10 the corect toique, it the corect
sequence alter 25/50 hoas sevvce foliowing  head
fitrent

Adjusting Vaive Clearances

Check valve tip clearances by placing the appsopriate
strexd feeler gauge between valve stern and rocker lever
tip, if any adjustinent i necessary, slacken tocknut and
iy adjusung screw 1o increase oF decrease  the
clearance as shown in Fig. £.21. When conect clear-
ance s obtamea, lock the adjusting screw and re
check the clearance. Pioceed 1o next valve in the
adjusting sequence.

Valve Adjusting Sequence

Turn engine so that walves of No. 1 cylinder are in
position of ‘valve overlap’, Le. period between apening
of the irdet valve and closing of exhaust valve. In this
position adjust clearances of No. 4 cvlinder, siimdfarly
with No. 3 cylinde: valves in the ‘valve overlap
position adjust vaives of No. 2 cylinde:, with No. 4
cyiinder on ‘valve overlap” adiust clearances of No. 1
oylinder and finally with No. 2 ovlinder vatves on ‘valve
ovellap” adust clemances of No. 3 oylinder

CYLINDER HEAD—E. 11

Adijusting Valve Tip Clearance.

£21
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PISTONS AND CONNECTING RODS--F.2

F1

F2

F3

i

Removing a Piston from the Cylinder Block.

Rorsoving @ Piston Bag,

To Remove Pistons and Connecting Rods

1.

Rermove ovlinder head assembly {Helfer to Page
£.2} and oil sump. (Refer to Page L3}

NOTE: Any nidges of carbon deposits around the
top of the cylinder bores should be removed with
a suiteble scraper before piston removal 1S
altermnpted.

Rotate the crankshaft until one pair of big ends
are at bottom centre, and remove lheir respective
connecting rod cap securing boits,

Remove the connecting rod caps and bearing
shells. {Refer 10 Fig. F. 15

NOTE: 1§ the bearing shells are serviceable, they
should be suitably marked to idenify them to
their original focations.

Push the pislons and connesting rods through the
top of the block and remove as shown in Fig,
F.2.

flotate the crankshaft through 1807 to bring the
remnaining pair of big ends 1o bottom centie and
repeal removal operations.

When piston removal has been carried out keep
each piston and rod assembly separate, each 10
each as marked. Mark the pistons on the crown
{hefore removing the gudgeon pin} 1o indicate the
FRONT' in refation to the 'FRONT marking cast
on the connecting rods.

To Remove Pistons and Rings from the
Connecting Rods

1.

Remove pislon rings from each piston, using a
suilabie piston ring tool. Fig. F.3.

NOTE: The laminaled segments fitted in the
fourth ring groove on 4.108 engines should be
removed by hand.

With 4,108 Pislons there is 2 steel inserl rolted
into the top fing groove during piston manufac-
ture, it should be regarded as an integral part of
the piston and no attemnpl should be made to
remove it from its location,

Remove gudgeon pin retainimg circlip and push
out gudgesn pin, Showuld difficulty be experienced
in removing i, warm the piston in a suitable clean
Hgwid 1o a0 lemperatere ol 100120900 {40
8701 this will then enable the pin 1o be pushed
o0 guile sasdy.
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Fitting the Piston Rings

The piston ring layout is given on Page B.5.

NOTE: All the rings except the laminated type may
be fitted by means of an expanding tool of the
type shown in Fig. F.3.

Internally stepped compression aAngs should be
fitted with the step uppermost.

The top compression and slotted oil controt rings
may be fitted either way up.

After an appropriate period of service, when
indications of piston rng and/or bore wear
become apparent, a replacement ring pack has
been made available for 4.107 and 4.99 Marine
Service engines and includes a taper faced ring
tor the top groove. This ring is marked "7 or
"TOP”,

Earlier 4.98 Marine engines had a different ring
layout 1o that already guoted. This consisted of a
chrome piated compression ring in the top
groove, two taper faced compression rings in the
second and third grooves and two siotied scraper
rings in the fourth and fifth grooves.

The procedure for fitting the laminated type is
different, as the ring comprises four separate
segments; these may be fitted by hand in the
foltlowing sequence with the piston crown upper-
rmost,

O~

&\w \

SECOND AND FOURTH SEGMENTS

FIRST AND THIRD SEGMENTS

Fit the first segment to the piston se that when
heild horizontally between the thumb and fingers
and radially compsessed the ring ends point down-
wards {see Fig, F.7,

Piace this ring on the bottom face of the fourth
ring groove with the gap over the gudgeon pin
bore.

Fit the second segmert on top of the first, so
that when compressed as described sbove the
ends point upwards. Position the gap at 180°
io that of the first segment.

Fit the third segment as in {1} above with the
gap immediately above the gap of the second
ment.

Fit the fourth segment as in {2) above with the
gap immediately above the gap of the second
sogrment. If all the segments have been fitted
correctly then they will be positoned as shown
above.

The gaps of the semaining rings should be
staggered alternataly.

Lubricate the rings in their grooves and see
that they can move freely in their locations,
this does not apply to the laminated type in the
fourth groove {4.108 engine}, which if correctly
fitted shouid not move freely due to the outward
pressure of the top and bottom segmeants on the
ring groove wails.

PISTON CROWN

=7 Mathod of fitting Laminated Segment Piston fings,




When all the rings have been fitted, they should
be as shown in Fig. ¥.8 {4108 engine} or Fig. .9
{4.99 and 4,107 engines).

To Fit Piston and Connecting Rod

Assemblies

1. Turn engine unti} crankpins of numbers 1 and 4
cyhinders are at bottom centre.

2. Using s suitable ring clamp of the type shown
mn Fig. F.H), compress rings of No. 1 piston and
hold in this position,

3. With the word ‘FRONT on the connecting rod

facing the front of the engine, insert rod into
No. 1 cylindsr bore,

NOYE: The cylinders are numbersd 1, 2, 3, 4
starting from the front {water pump} end of the
engine. it is extremely important that these
components {markaed as shown in Figs. .4 and
T.5), are returned to their original focations.

Showing Piston Ring Layout, 8

PISTONS AND CONNECTING RODS—F5

G B L

Fiston and Connecting Rod Assembly.
Plain Parallet Faced Compression Ring,
Internaily Stepped Compression Ring.
Internaily Stepped Compression Ring.
Slotted Scraper Ring.

Slotted Scraper Ring.

F9
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Cvlinder Block and Liners







CYLINDER LINERS {4.99 and 4.107}

Cylinder liners fitted to 4,107 and 4.99 Marine engines
are of the centrifugal cast iron wet type. They have
flanges at the top and are sealed at the bottorn by
means of  two  mbber sealing  fings which fit in
rachined recesses i e oylinder Block.

Earlier 4.99 engines had only one sealing fing at the
bottom of the liner,

499 and 4107 cylinder liners have a pre-finished
bose,

The cyhnder bners can be removed without removal
of the crankshatt.

Liners to be removed and refitted must be suitably
marked so that they may be refitted to their onginal
parent bore and in the same position in that bore, that
is, thrust side of the liner 10 the thrust side of the
cylinder block.

Te Remove Liners

Remove all compoenents from cylinder block,

Remove liners using & suitable liner removing 1oct
{See Fig. G.4}.

Once the finer has cleared the rubber sealing ring in
the oyiinder block, the finer can be removed by hand.

CYLINDER BLOCK AND LINERS—G.3

R B %3 ®

LY

s

Liner Sealing Ring Recess in Cylinder Block. (3

Rernaving Cylinder Liner, G4




CYLINDER BLOCK AND LINERS—-G 4

G5

Fitting Cylinder Liner.

To Fit New Liners

Over a period of service, corrcsion may have taken
place at the inner erdds of the landings. This corrosion
and any burrs which may be present should be
1emoved,

Fit new rubber sealing rings in the grooves provided
irt the bottom land of the cylinder biock.

in order 10 facilitate the fitting of the liners when the
lings have been placed i position, smear them with
soft soap.

Place liner in position and press home by hand,
ensuring that the rubber sealing rings remamn In their
grooves {See Fig. G.5)

The liners e & push fit and no foice is required.

Aftar fiting the liners, the eylinder block should be
water tested to a pressuie of 20 hf/in® {14 Kgb/om”)
----- 138 kN/m?2.

Reassemble engine as required and to Instiuctions
given for the various components.

Al 4107M) and later 4.99 engines have four small
holes drilled along the fuel pump side of the cylinder
block, each one breaking through into the aea
between the two sealing rings at the bottom of each
aylinder liner. These holes permit any coolant which
may have leaked past the upper sealing ring ¢ escape,
thus refieving the bottom sealing 1ing of any pressuie
above H and peventing coolant fiom entering the
enging sump.

In the case of a new engine, or where new cylinde
liners and/o1 sealing rings hove been fitted, it s
possible that a slight leakage of coolant could ocour
from these holes. This shouid cease as the lineis and
sealing lings setile down after the initial period of
running, but where difficulty is experienced, then the
use of BARSEAL in the cooling system (in accordance
with the manufacturers instructions) s approved for
use in engines using ciosed circuit cooling systems.
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CRANKSHAFT AND MAIN BEARINGS —H.2

Description

The crankshaft runs in three pre finished replaceabie
thinwall, steel backed, aluminiurg tin lined bearings.
Crankshaft end Hoat is controfied by thrust washers
lncated both sides of the rear main bearing, 0.007% n
019 mm}, oversize thrust washers are avatlable,
which, if used on ong side of the rear main bearing
only, will reduce crankshaft end float by 0.0075 in
0,19 vyt and by 0.015 in 16,38 smim) if used on Both
sides. The limits for the crankshaft end float are given
on Page 8.7,

The main bearing caps are numbered and are not
interchangeable. The main bearing shells are located
by tabs which locate in slots in the bearing housings.

NOTE: Before renewal of the main bearing ensure that
the correct replacements are available, reference to the
relevant parts list will ensure this, but for identifica-
tipn purposes the new bearings should have an
annular groove machined in the hner {bearing} face
along the centre line of the feed holes, when the
bearings me correctly located these fead holes will
correspond exactly with thosa machined in the eylinder
block.

G later 4107 engines the annular ol groove in the
main bearing parent bore {oylinder block and bearing
cap! has been deleted. Adequate lubrication is rmain
tained by repositioning the oil fesd holes radially in the
shell bearings and continuing to machine the annular
groove in the bearing on the centre line of these feod
hotes,

These later type shell bearings may be used on both
early and later type angines, whereas the early type of

H1 View of Clankcase showing serial number locations on
Cylinder Block and Main Bearing Caps,




shell beating must NOT, on any account, be fitted to
the later engines where the annular groove in the main
hearing parent bore has been deleted.

To Ranaw Main Baarings and Thrust
Washars

Remaval of the main bearings and thrust washers
can be carried out without removing the trankshaft as
foliows.

1.

Remove sump and suction pipe assembly.
Slacken main bearing cap setscrews.

Remave one of the main bearing caps and rémove
hearing sheit from cap.

Hemove top half of bearing shell by pushing
it, on the opposite side to the one having
the locating tag, with a suitable strip of wood
and rotating it on the crankshaft as shown in
Fig. H.2.

inspect hearing shells and # replacements are
necessary continue by lightly ilubricating and
inserting the new top half bearing sheil, piain end
first, into the side having the tag location in the
plock.

Hotate bearing shelt on crankshaft until it locates
correctly with the tag in the machined slot.

Locate lower half bearing shelt in main bearing
cap, ubricate and refit, )

Tighten the two securing setscrews to positively
locate the bearing shells then slacken & turn or
twa,

Repeat items 3—8 for the remaining two bearings.

NOTE: To snable the rear main bearing cap to be
removed, first remove the two oil seal housing
setscrews as shown in Fig. H.3,

Finally téghtah the main bearings to the torgue
given on Page 8.3.

Renewal of thrust washers is carried out as follows: —

1.

Remove the two setscrews securing the two rear
main bearing oil seal half housing as shown in
Fig. H.3.

Remove rear main hearing cap securing set-
SCIEWS.

Remove rear main bearing cap and from it the
two tower halt thrust washers. {Refer Fig, H.4},

CRANKSHAFT AND MAIN BEARINGS—H.3

Hemoving & Main Bearing Shell with the H2
Crankshaft “in situ”.

Hemoving the rear Main Bearing Cap H4
complete with Thrust Washers.




CRANKSHAFT AND MAIN BEARINGS-H 4

The single upper half thrust washer is removed
by rotating it with a thin piece of wood untit it
can be lifted out of its recess.

NOTE: The steel faces of the lower thrust
washers should face inwards towards bearing cap
{Refer Fig. H.5}, the steel face of the upper thrust
washer should also face inwards,



To Remova the Crankshaft

To remmove the crankshalt o owill be necogsary o
roneoves the enging froenn Hw ol

1. Homows guerbox, slistn noser, Hywhard and fly
whenl hisubing Bsee Saction )

2. Ramove crankshait front pulley, taming  case
gover, timing gears and fuel pump drive bub,
tReter 10 Page J.2. for details of their removal}.

3. Remove setscrews {also any studs) and remove
timing case back plate,

4. Remove sump and lubricating ol pump complete
with suction and delivery pipes. {Refer to Page
1.3 for removal of thesel..

5. Remove connecting rod seiscrews, caps and bear-
ing shells. {Refer to Page F.2}.

NOTE: All bearing shelis should be rarked 10
indicate “top’ or “bottorn’’ and number of the
rod assembly.

6. Unscrew main bearing cap $e1screws,

NOTE: The rear seal half housing securing
setserews will reguire removal to enable rear main
bearing cap to be removed. {Refer to Fig. H.31.

7. Lift out crankshatt
8. Remove top half main bearing shells.

Finally, remove the top half oil seal housing.

Crankshaft Regrinding

Crankshafts fitted to 4.108 and some 4.107 engines
are Tufftrided and these crankshafts must be re-
hardened by the Tufftriding process after regrinding. If
facitities for Tuffriding are not available, the crank-
shaft can be re-hardened by the 20 hour Nitriding
process, but if this cannot be carried out, then a re-
placement crankshaft should be fited. Yuffrided
crankshafis can be identified by the part number
stamped on the crankshaft nose or No. 3 web.

Crankshafts fitted 1o 4.92 and most 4.107 engines are
induction hardened and do not iequire re-hardening
after regrinding.

Data for the regrinding of the crankshaft is given on
FPage H.7.

CRANKSHAFT AND MAIN BEARINGS —~H.5

To Refit the Crankshaft

1.  Ensure that crankshaft oilways are clear.

7. Place the thron top bamsy) shills in position

thimry oil.

NOTE: Unless a now set of ammin bearings 1s
haing fitted, those rermoved must be returned to
thesr original locations.

Place crankshaft in position.

4. Locate upper thrust washer in position as shown

in Fig, H.6.

5. Fit the three lower bearing shells, oil and fit the
three main bearing caps in their respective loca-
HoNs,

NOTE: Ensure at this stage that the two lower
thrust washer halves are positioned correctly
aither side of the rear main bearing cap when
fitted.

6. Check main baaring setscrews psor to fitting for
signs of stretch or thread damage. Heplace where
necessary.

NOTE: Stweet shim washers fitted bensath the
sgtscrew heads are fitted to maintain torgue
settings.

7. Fit getscrews using new shim washers and tighten
10 torque tension given on Page B.3.

8. Check that crankshaft can be rotated freely, and
check crankshaft end float as shown in Fig. HY/.
Should it be outside the limits quoted on Page
B7, then oversize thrust washers are avsilable to
give the necessary adjustment. {Refer to Page
H.2h

9. Fit new sealing strips to rear main bearing
ol seal housings and refit housings as des-
cribed under the heading “'Crankshaft Rear End
Qit Seal” on this page.’

10. Oil crankpins, locate connscting rod beanng
shells, ensuring their correct refative positrons,
then fit connecting rod caps as described on
Page F.6. The crankcase should now be as shown
in Fig, H.1.

11. Refit lubricating oil pump. {Refer 10 Page 1.5
and surmp {Refer to Page L.3).

12. Refit timing case back plate, fuel pump drive
hub, timing gears, timing cover and crankshaft
front pulley. {Refer 1o later text commencing on
Page J.2 for their reassembly),

13. Refit and correctly stign the fiywheel housing,
{See Page P.2} flywheel, starter motor and
gearbox.

CRANKSHAFT REAR END OlL SEAL

This sealing arrangement consists of two half housings
Bolted around the rear of the crankshaft. The bore of
these housings is machined to accormmaodate a rubber




CRANKSHAFT AND MAIN BEARINGS—H.6

Bedding in the rear Main (i Seal.

cored asbestos strip which, In conjunction with a helix
machined between the thwust collar and the flywhest
mounting flange, acts to return surplus oil reaching the
seal. The two half housings fit over this helix and the
contact of the sealing stripg with the crankshaft pre-
vents leakage beyond this point.

NOTE. When traces of oil become apparent from
behind the flywhee! and & faulty rear oil seal is
suspected, first ensure that the erankcase is breathing
normally. Any build up in crankease pressure could
cause oil to be forced past the rear sealing arrange-
ment. |f crankcase pressure i normal and new seals
require to be fitted the following procedure should be
adopted with crankshaft in position,

1. Set up a half housing in the vice with the seal
18CeSS uppernmost.

2. Settle approximately 1 in {25 mm} of the strp,
at each end, into the ends of the groove ensuring
that each end of the strip projects 8.010/0.020 in
10,25/0,50 mm) beyond the half housing joint
face. Allow middle of seal to bulge out of groove
during this operation.

3. With thumb or finger press remainder of strip into
groove, working from the centre, then use any
convenient round bar 1o turther bed in the strip by
rofling and pressing its inner diameter as shown in
Fig. H.8. This procedure takes advantage of the
friction between the strip and the groove at the
ends to compact the rope, whilst ensuring that
the projections 0f the end faces of the rope e
mam as set.

4. Fit sealing strip to other half housing n a similar
manner.

5. Resmove afl traces of the old joint from cylinder
block rear face and fit & new joint treated with
a suitable jointing compound,

Lightly coat the faces of the housing with a
suitable jointing compound and spread a film of
graphite grease over the exposed inside diameter
gurface of the strip,

6. Assemble half housings arocund crankshaft rear
joursial and fasten together by the two setscrews
{See Fig. H.3)

7. Swivel the complete geal housing on the shaft
to bed in the strips, and to establish that the
assembly turns on the crankshaft. Bolt the
sea] housing i position on the block and the
rear man bearing cap and tighten securing set-
SCTEWS.
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TIMING CASE AND DRIVE--J.2

Ji

H

Removing idler Gear and Hub.

TIMING CASE AND DRIVE
To Remove the Timing Case Cover

1. Stacken generator mounting bolts, release adjust
ing arm selscrew and remove genesator driving
beit.

Rermove ses water pump {see Page M 31

o

3. Remove crankshaft pulley retaining setscrew or
dognut and withdraw putley which is a keyed fit
on the crankshaft.

4. Remove securing setscrews and nuts from the
timing case and remove cover, faking care not
to darnage oil seal :ubber Bp on the crankshaft
pulley locating key.

To Remove the Crankshaft Front Qil Seal

1. Using a suitable dolly and press, remove the oil
seal from the timing case cover by pushing ouwt
through the front.

7. tocate the new seal in position so that the p
fuces wwards.

3 Press in new seal fiom front untl it just butts
against seal retaining Hp, goang local suppost
to cover as seal is pressed home.

To Refit the Timing Case Cover

1. ising a new joint, lightly coated with a suitable
jinting compound, place front cover in position
taking care not to damage oil seal rubber lip on
ctankshatt puliey key.

2. Loosely fit fiont cover securing setscrews and
it

3. Fit grankshatt pulley to centiahse seal, then
tighten securing setscrews and nuts.

4.  Fit the crankshaft puliey retaining setscrew o
dognut and torgue to value given on Page 8.3,

Retit sea water pump,

=3

Refit generator dibving belt and tension as des
gribed on Page M1,

To Remove the ldler Gear and Hub

1. Remove timing case front cover,

2. Tap back locking tabs and unscrew idler hub
SeCuUIing 5etscrews.

3, The setscrews, idler gear and hub may now be
removed together as shown in Fig, J.1.






TIMING CASE AND DRIVE-~J.4

To Refit the Camshaft Gear

1. Remove idler gear and hub, cylinder head cover
and 1ocker shaft {if not previously removed)

2. Relit gear to camshatt ensuning that "D’ marks on
gear and camsiiaft hub align as shown in Fig. J.5,
Hetit the thiee securing setscrews and tighten to
a torque of 2% I1bf 11428 kgf m) 28 Nm.

3. Befir idler hub and gear, timing case front cover
a1,

To Remove the Fuel Pump Gear

1. Hamowve timing case hiont cover and remove idler
gear bub.

2. Remove serscrews ardd withdraw gear from s
facation.

3. Clean and thoroughly examine the gear for signg
of excessive wear, cracks, pitting, etc.

To Retit the Fuel Pumgp Gear

. Rebt fusl pinp gear so that timing marks on
gear and hul respectively are i alignment as
shown in iy, 0.6

2. HRefit setscrews and tighten 10 8 toigue of
21 b {29 kgt my 28 Nm,

2 3. Refit the idler gesr and hub, timing case trom
J6 Refitting Fuel Pump Gear. cover, ete.

To Remove the Fuel Pump Drive Hub

1. Hemove timing case front cover and fuel pump
gear.

2. Remove low and gh pressure fuel pipes from
fuel injection punip, :

3. Remove fuel punip secunng setscrews and with
drawy pung.

4. Hemowe drive huly localing chclip and withdraw
drive hab from its bearing {Refer Fig. 3N,

5 Examine drive hub and beasing for signs of
excessive wear, surface cracks, pitting, elo,

NOTE: The bearing s an intetference it o the
cylinder Dock and replacement is carried out Dy
means of a suitable dolly and puller or press if
the block is completely stripped, the new one
being fitted i the reverse manner.

The earlier bronee service bearing had a G.010 in
10,25 mmi allowance for machining in situ. The

o - current steel bearing is fitted with 2 pre-finished
J7 Rermoving Fuel Pump Gear Drive Hub. wiapped bushes.
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To Refit the Fuel Pump Drive Hub -

1. BReplace drive hub in bearing and locate with
circlip as shown in Fig. J.8.

2. Check drive hub end float by means of feeler f
gauges placed between front face of the bearing ;
and rear face of the drve hub. Limits are given
on Page 8.10.

3. Refit fuel pump, low and high pressure fusl pipes. "

4. Refit tuel pump drive gear, idler gear and hub,
timing case front cover etc.

e ;

Circlip securing Fuel Pump Driving Hub. J8

To Remove the Timing Case Hack Plate
1. Remove timing case front cover, timing geals,
fuel pump and drive hub,

Z. Bemove securing setscrews and studs {whers
fittedi.

3. Lift timing case back plate clear from the cam-
shaft hub ancd crankshatt gear,

NOTE: The ciankshaft gear is an interference
fit on the ciankshaft and can be removed using
a suitable puller.

To Refit the Timing Case Back Plate
1. Fit timing case hack plate 1o cylinder Dlock
using a new joint and suitable jointing compound,

2. Retit any studs removed andd secuie backplate
with setscrews.,

3. Refit fuel pump drive heb and fuel pump,
Refit timing 1 Lt
i Tvep e

: imi ase |
itflﬂr'-;e

i

ver g

none
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J1

Removing a Tappet from its focation.

NOTE: At this stage if it is not possible to wmn
the engine over then the tappets should be liftad

to the top of thei locations and secured with
suitable clips.

Remove sump and lubricating oif pump assembly,

Remove timing cover back plate, this will show
the camshaft and thrust plates as illustrated in

Fig. J.9. Withdraw camshaft from block as shown

i Fig. J.10 ensuring that cams and iournals are
not damaged, during this operation.

the tappets may now be removed by lifting them
out of their focations {Refer 1o Fig. 411} or by
temoval of retaining clips # the engine s atill the
normat way up.

Examine camshaft and tappets for signs of ex-
cessive wear, surface cracks, pitling, etc.

J12

i

2.

Drive Hub.

Lubricating Oil Pump Drive Gear.

»
)

Camshats.

i

3. Groove for reduced oil pressure feed

to Rocker Shatft,

4. Bearing Journals,



To Rafit the Tappets and Camshaft

1.

if tappets have been removed, off and return
to thair respective locations. Secure with clips
tif applicable).

Refit camshaft into cyiinder block exercising
the same care as used dusing its removal.

Hefore camshaft s pushed fully home locate
the two thrust plates {Refer 10 Fig. J.13} {one of
which locates on the dowsl in the recess} in
position, either side of the camshaft hub, when
correctly located the camshaft can be pushed
fulty home and will appear as in Fig. J.8.

Refit uming case back plate, lubricating oif pump
assembly and sump.

Tusn engine over so that cylinder head is upper-
most.

Hehit timing gears, timing case front cover, etc.

Hefit fuel HH pump operating push rod {See
Fig. J.14), tappet inspection cover, (after re-
moving any retaining clips) and fuel li#t pump.
Refer to Fig, N.&.

Re-assemble remainder of engine components,

TIRMING CASE AND DRIVE--J.7

4

Refitting Camshaft Thrust Plates.

Refitting the Fuel Pump Operating Push Rod

413

J14
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Pogition thing ool on pulnp diive shaft with master
splines angaged and tool locating on spigot.

Turn pump in normat direction of rotation as shown on
namepiate until pump locks.

In this position, slide pointer forward until it is halfway
over pump flange and check that timing mark is

. central to slot in pointer, see Fig. K.6.

Remove tool and replace fuel injection pump ensuring
that both timing marks aligt as shown in Fig. K.2,

Where the timing tool MS67B is not available, fual

pumyp timing can be checked as follows: —
Remaove fuet injection pump from engine.

HRemove fuel pump inspection plate enabling scribed
lines on fuel pump rotor to be seen. -

Check the position of the cirglip by connscting No. 1
cviinder outlet {marked "W} to an atomiser tester and
pump up 10 30 atrm {31 kgf/ere) o 440 Ibi/in?, Tuen
pump by hand in its normal direction of rotation until
it locks up. The squared end of the citclip can now be
adjusted untit it lines up with the letter "A” on the
pump rotor. Refit fuel pumg 1o engine.

Turn engine in normal direction of rotation  untit
the scribed line marked A" coincides with the
squared end {or in cases of eatlier engines, the scribed
line see Fig. K.7} of the timing circlip {see Fig. .8

This is the point of static timing for No. 1 cylinder
which should be 8% B T.D.C. for 4,108M engines,
19° B.T.D.C. for 4.107M engines or 26° B.T.D.C, for
4.99 engines.

TIMING K. 5

Showing marking on Fuet Pump Rotor and K7
Timing Circlinp {Earlier Typel.

Showing Scribed Line on Rotor Aligned with end of
Circlip.



TIMING—K.6

AGHLE B2

KS Ciock gauge meuntad on Valve Stem for checking
Pump Timing,

The point of injection can be checked by dropping a
valve onto the top of No. 1 piston and by means of a
clock gauge, fsee Fig. K.8) checking the piston move-
ment B.7.0.C. which shouid be 0.108 in 12,74 mmi
tor 4.108M engines, 0,120 in {3,058 mml for 4.107M
engines or G.228 in 15,74 mm} for 4,99M engines.

Take care not to drop the valve nto the cylinder

Timing gear backiash can be eliminsted by turning
gnging backwards and then forwards in norreat
diraction of rotation unti the timing point is reached.

Make any necessary adiustments 10 fuel pump timing.
The holes in the fuel purnp gesr are siotied {o allow
adiustment.

Re-mark fuel pump drive gear and fuel pump driving
hub.

The holes in the fuel pump mounting flange are
also slotted and fuel pump timing adiustment may
he effected by releasing the securing nuts and turn-
ing fuel pump in the direction raguired.

After testing the engine, final adjustments may be
necessary to find the perfect injsction point.

MOTE: it is imporiant to note that the breaking of the
seals of the fuel injection pump should only be camed
out by authorised personnel who must reseal with
suitable identifiable seals.
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LUBRICATING SYSTEM 1.3

Draining the Sump

A drain plug is provided at the rear of the sump,
aithough in most installations, this is not accessible,

A hand operated drain pump is therefore available and
tts to the connection on the sump on the opposite
side to the dipstick,. The exception is 4.107/4.108
engines fitted with @ “Z" drive transom unit where the
pump connects to the dipstick tube.

THE LUBRICATING Ol PUMP

The ol pump fits into a machined bore in the cylinder
block and is located by means of a screw locked by a
tab washer on the right hand side of the cylinder block
telow the tachometer drive.

The ofl pump is driven through spiral gears from the Removing Sump Strainer. L2
camshaft, on the other end of the drive shaft is
pressed and pinned a three or four Iohed rotor. This
rotor meshes with and drives a four or five tobed rotor
whict: is free to rotate within the cast iron pump body.

To Remove the Sump
1. Drain Oil.

2. Remove dipstick, sump securing setscrews and
1IMOVe SUmD.

To Refit the Sump

1. Apply a coating of suitable jointing compound to
arankcase and sump faces,

When the joints are being placed in position it is
important that the mitred ends go right up into
the recesses in the front and rear main bearing
caps.

2. Apply 2 coating of ointng compound to the
cotk strips, then press these strips into  the
grooves provided in the main bearing caps.

3. Place sump in position and fit retaming setscrews,
tightening evenly.

4. Replace dipstick and sump drain plug, than refil
with new ot of an approved grade to the correct
tevel, Do not overfill,

To Remove the Oil Pump

Drain engine oil and remove sump.

2, Remove strainer from end of lubricating ol
suction pipe. (Refer to Fig. L.2}. Remove tacho- _ .
meter drive shaft retaining circlip, See Fig. 1.3, -

Withdraw tachometer drive shaft, See Fig. L.4. Hemoving Tachometer Drive Shaft, 1.4

B ]
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3. Usnscrew delivery pipe securing nut to cylinder
block, and setscrew secufing suction pipe
assembily to main beanng cap.

4. Tap back tab washer locking jocating screw and
after removing locating screw remove the lubri
cating oil pump assembly.

To Dismantle the Qil Pump

1. Remove delivery and suction pipes. Pump wil
now be as shown in Fig. 1.6.
Withdraw drive gear by means of & suitable pulier.

With pump suitably held in a vice, remove end
cover assembly, which aiso incorporates the retief
valtve housing.

4. Withdraw drive shaft compiete with inner rotor.

5 Withdraw outer rotor.

inspection

inspect for signs of wear, cracks, pitting, etc.

2. install drive shaft complete with inner rotor, then
outer (driven) rator, ensuring that the face which
carries the chamfered edge enters the pump body
first (Fig. L.75, now cary out the following
dimensionat checks,

{a} Check clearance between inner and outer
rotors {Fig. L.8).

(b} Check clearance between ocuter rotor and
pump body {Fig. L.9.

L6 Lubricating Ol Pump Assembly. fc} Check clearance betwsen rotors and end
1. Retief Valve Housing. 3. Hole for Locating Screw. cover assembly using a straight edge and
2. Rotor Housing. 4. Pumgp Drive Gear. feeler gauges {1Fig. L. 10}

NOTE: The relevant clearances for these dimen-
sional checks are given on Page B.11, they are
clearances applicable to 2 new pump and are
intended to be used as a guide. Should a lubri
cating oif pump be worn 10 such an extent that it
adversely atfects the working oll pressure, then a
replacemnent pumyp should be obtained.

To Re-Assembie the Qil Pump

1. insert outer rotor ensuring that face which camies
chamfered edge enters pump body frst. {Fig.
L7

2. insert drive shaft complete with inner rotor into
pump body.

3. Replace end cover assembly and fit securing
setscrews. Ensure correct positioning so  that
suction and delivery pipes will focate corractly,

" : 4. Press oil pump drive gear onto shaft and rotate
.7 Assembling Outer Rotor to Pump Body. pump by hand to ensure that it turps quite freely.



To Refit the Ol Pump

1. Refit suction and delivery pipes, do not tighten
the pipes at this stage.

Prirse pump with clean ubricating o#,

Place iubricating oil pump assernbly in position,
locate with the securing screw and lock it with
tab washer.

4. Tighten delivery pipe at both ends, refit setscrew
securing suction pipe assembly,

5. Tighten suction pipe at pumnp end then refit
strainer on end of suction pipe.

NGTE: The strainer which fits on the end of the
suction pipe shouid be thoroughly cleaned befora
heing refitted. 11 is good practice to remove this
strainer and clean it every time the sump is
rernoved.

6. Heplace sump as previously detailed and securs
with setscrews,

7. Fill sump to correct level with clean of of an
approved grade,

To prime the lubricating system, motor the enging on
its starter motor for 10-20 seconds before allowing
the engine 1o fire.

On starting the engine, keep its speed 0 a minimum
until oil pressure is registered,

OIL PRESSURE RELIEF VALVE

The oil pressure relief vailve is contained in a housing
integral with the o#f pump end cover. This reief vaive
controls the maximum oif pressure by allowing a spring
loaded plunger to move and by-pass excess oil back
to the sump when the pre-determined spring pressure
given on page 8,12 is exceaded,

To Dismantle the Oif Pressure Ralief Valve
1. Drain engine oil and remove sump.

2. Hemove suction and delivery pipes and remove
oil pump assembly end cover setscrews releasing
reltef valve housing.

LUBRICATING SYSTEM—LS

Checking the Clearance betwsen inner and |8
Quter rotors,

Chacking Outer Rotor 16 Pump Body Clearance. L9

Checking Rotor End Clearance, L10
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.11 Exploded view of Pressure Relief Valve Assembly.
1. Qutlet to Main Oil Fitter.

4, Spring Cap.

5. Retaining Splitpin.

4. Retlief Valve Plunger.
3. Plunger Spring.

3. Remove split pin from end of housing and with-

draw spring cap, spring and plunger. Exploded
view of assembiy shown in Fig. L.11.

4. Inspect for wear or damage and renew if neces-

sa7y.

To Re-Assemble the Qil Pressure Relief
Valve

1. Repiace plunger, spring and spring cap then
sacure with split pin.
Secure to lubricating oit pump body.

3. Continue as detaied for refitting lubricating oil
pump.

OIL PRESSURE

Always ensure that with the engine running, oil
pressure is registering on the gauge or the oil
pressure warning light is extinguished.

Pressures do vary according to climatic conditions
ard even between individual engines, but the oil
prassure fangs at normat working speed and tein-
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Two methods of cooling are availlable for the 4.99,
4107 and 4.108 Marine engine, these being open
circuit and closed circuit cooling. :

Open Circuit Cooling

With this system water from a source outside
the boat is utilised, te. sea or river water, The
coolant is fed by a rubber impeller type water pump
into the exhaust manifold water jacket. The coolant
then Hows from the exhaust manifold into the front
of the oylinder biock where it chrculates around the
cylinger iness and the cylinder head water jacket by
means of thermo syphon action. The coolant is finally
discharged via a connection on the front of the
cylinder head.

With eariier engines, the cooliant was controlled by a
hand operated valve on top of the water outiet
connection, in order that the water temperature could
he maintained 8t a maximum of 140°F (60°Cl. With
sea water cooling, this temperature shouwld not be
exceeded otherwise salt deposits are liable to form in
the water jackets of the eylinder block and head, thus
causing a restriction.

With later engines, the coolant temperature s con-
trofled by a thermostat and a pressure refief valve
relieves the excess water pressure when the thermo-
stat is closed.

Where conditions necessitate the use of an oil
cooler, this is mounted on the front of the cylinder
block and the coolant passes thrpugh the cooler
hefore entering the biock.

Closed Circuit Cooling

With this systermn a heat exchanger or keel pipes are
utlised 10 cool the coolant after it has circulated round
the water jackels.

Wihen keel pipes are used the coolant s drawn
from the pipas into the cylinder block on the nght
hand side, where it circulates round the cybinder
liners and the cvlinder head water jackat, move
ment being assisted by a centrifugal type water pump.
The coolant is discharged from the front of the

cylinder head into the header tank, which embodies a
cooler for the lubricating oil. From the header tank the
coclant flows 1o the exhaust manifold and finally
returns to the keel pipes,

With standard engines empltoving a heat exchanger, a
combined header tank and heat exchanger is mounted
at the front of the cylinder head. Coolant s drawn
from the heat exchanger into the exhaust manifold
witer jacket. The coolant then flows from the manifold
1o the right hand side of the cylinder block where it is
circulated round the cylinder liners and cylinder head
water jacket, being assisted by a centrifugal type water
pumnp. The cooiant is disgcharged from the froot of the
cylinder head into the hsat exchanger. which in some
cases also embodies an oil cooler. in the combined
heat exchanger, the oil and water, in their respective
compartments, are passed over a senes of tubes
running the length of the unit. Sea or river water is
pumped, by a rubber impeller type pump, through
these tubes and cools both the engine coolant and
the jubricating oil.

With low-line engines incorporaling heat exchanger
cooling, the header tank is mounted at the froot of the
cyiinder head and a separate hoat exchanger at the rear
of the cylinder head. On the open side of the system,
water is delivered by the seawater pump through the
enging oit cooler to the gearbox. From the gearbox,
the water is delivered to the heat exchanger where it
cools the fresh water coolant., The sea water then
fiows 1o the exhaust outlet and is discharged over-
board. On the closed circuit side, fresh water flows
from the heat exchanger to the header tank and then
to the water cooled exhaust manifold and back to the
heat exchanger. Coolant also flows from the header
tank to the cylinder block. The block and cylinder head
are cooled by thermosyphon action being assisted by
the fresh water pump mounted on the front of the
cylinder block. The coolant is then discharged from
the front of the cvlinder head hack to the header
tark.

With a closed circuit cooling systermn, a thermostat is
provided at the cylinder head outlet connection to




ensure that the courect operating temperature is main-
tained. The normal operating temperatute measurad at
the cylinder head outles connection is 150/200°F
{65/93°C).

SEA WATER PUMP

The water pump, used for open cireuit cooling, or in
cotjunction with a heat exchanger is mounted on the
front of the timing geat cover and is diiven at haif
engine speed from the fuel pump gear. The pump =
self priming but it is advisable to prime i when first
commencing service ot after the engine has been laid
up for any considerable period,

To Remove Pump

Uncoupie inlet and ocutlet connections.

tinscrew the four nuts, thereby enabling the pump to
be lifted away from the timing case (See Fig. M.2},

NOTE: Do not remove sea water pump adaptor plate
from front of timing case as this will require special re-
alignment upon refitting. See page M.4,

The pump may be replaced by reversing the abave
proceduse,

Dismantling

To dismantie the pump, proceed as follows: —
Hemove front end cover, impeller and wear plate,

A suitabie press may be used to press out impelier
shaft together with water pumgp bearing,

The cam in the impeller housing may then be
detached by removing the single securing setscrew.

Remove rubber seat in impeliar housing, ‘0" ting and
seal in beating housing.

in the event of wear being present on the impetier
wear plate or water pump end piate, both these may
be reversed. In the case of the end piate, it may be
necessary o remove the stamped instructions by
means of emery paper. This will remove the arrows
showing the rotation of the impeller, but this :otation
can be ascertained by tuining the engine and noting
the rotation of the pumnp cougpling.

To reassemble the water pump, the reverse order of
the above procedure should be adopted, care being
taken when ieplacing the rubber impsfier that the
blades all lay in the same direction relative to the
rotation of the pumg i.e. blades trasing.

COOLING SYSTEM—M.3

‘i‘ig’ [

Removing Sea Water Pump.

Rernoving Sea Water Pump &nd Plate.

M3
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When reassembling snsure that the rubber impeller is
coated with MARFAX 2ZHD Grease or glycerine as an
alternative.

When replacing cam fitted in impeller housing, be
cerisin to coat the entire top surface, rear face and
securing setscrew holes with a suitable jointing com-
pound.

Note that the cam will go into place one way only.

IMPORTANT NOTE:

As the water pump contains a rubber impelier, on no
account must it be run in a dry condition. H the
enging is to be iaid up for any period, the water
pump should be packed with MARFAKX 2HD grease or
coated with glycerine,

Alignment of Sea Water Pump Adaptor
Plate

Shouid it be necessary to remove the sea water pump
adaptor plate, it must be aligned on refitting by means
of the tool shown in Fig. M.4,

Yo line up the adaptor plate, loosen the holding nuts
and insert the tool in the water pump drive position to
centralise the adaptor plate to the sea water pump
driving shaft. Once the tool is located, the adaptor
piate securing nuts should be tightenad, The tool can
then be removed and the sea water pump fitted.

To cover conditions where a centralising tool is not
avaifable, the following interim measure can be taken.

Loosen the adaptor plate securing nuts so that they
st support the weight of the sea water pump.

Rotate the engire two or three turns by hand: this

- A

'

M4 Tool for Alignment of Sea Water Pump Adaptor Plate.

A—4in {101,60 mm}
B—2.2156 in (54,00 mm}

€ —1.625 irs {41,30 mm)

B —0.0625 in (1,80 mm) at 45°
£—1.3726 in (34,90 mm}

F—0.0625 in (1,80 mm} at 45°
G—0.0937 in (2,38 mum} at 45°
H—Brif .25 in {6,385 mm} dia air hole
J--1.28G in (31,75 mm}
K-—0.B768/0.8778 in {22,27/22.30 mm}




will ensure that the adaptor plate/sea water pump will
eontralise to the fusl pump gear shaft. Then retighten
the adaptar plate securing riuts.

I+ should be remembered that the latter procedure
should only be used as an interitn measure as it is not
a5 an aocurate alignment when using the tool pre-
vicusly described.

FRESH WATER PUMP

The water pump for closed cireuit cooling is mounted
on the front of the cyiinder block and is belt driven
from the crankshaft.

Two ditferant pumps have been used, the later type
having two separate bearings and earlier pumps having
integral bearings combined with the impeller shaft.
Different water pump seals are aiso used. The latest
arrangement incorporates a  stationary seat that
registers on a ceramic counterface revolving with the
impelier. The earlier type has a revolving seal which
registers on a stationary counterface in an insert fixed
to the pump body {see Fig, M.7}.

Frash Water Pump Seais

Where ceramic counter face water pump seals are
fitted, # the engine is run without coolant, even for a
few seconds, the haat build-up between the carbon
seal and ceramic counter face is very rapid, rasuiting
in the cracking of the ceramic. This often creates the
misunderstanding that the cause of leakage is due to
the incorrect assembly of the sealing arrangement of
the water pump,

To Remove Water Pump

Stacken generator securing setscrews and remove
driving belt.

Unscrew the four setscrews securing the water pump
and backpiate to cylinder biock and rermove.

To Dismantie Watar Pump

Remave pulley securing circtip {4,108 engines).

2. HRemove water pump pulley by means of a
suitable puller, the holes in the pulley face may be
utilised for this purpose. (See Fig, M5},

3. Remove drive shaft locating clip {sarly engines)
see Fig. M.6, and press shaft out of pump body
from pulley end complete with water pump
thrower, insert, seal and impeller,

4.  Remove impeller from pump drive shaft by means
of a suitable pulier or press,

5. Remove bearing retaining circhp {fater engines)
then using a suitable mandrel press the two shaft
bearings complete with distance piece out
through the front of the pump body.

6. Remove feit seal and retaining flanges,

COOLING SYSTEM—MS5

Removing the Water Pump Pulley, ME

Removing Shaft | ocating Clip. M6







front face of the impeller and the water pump
body should be 0.006/0.010 in {0,12/0,258 mmi.
This can be checked by means of a feeter gauge
through the outlet channe! of the pump body {see
Fig, M.8).

11. Before faung pulley ensure that pump bhody to
cylindar block securing setscrews are placed in
respective holes, Press pulley fully onto shaft and
fit the securing circip (whaere fitted}.

NOTE: -When the pullgy is originally pressed
onto the shaft during production, a pressure of
2% 3 tonfin? {39G-470 kgf/om® or 38,6-48,3
N/mm¥ is required. Therefore # is recommended
that if pulley interference on sha®t is such that a
substantially reduced pressure will press the puliey
back onto shaft, then a replacement pulley and/or
shaft shouid be fitted.

Te Refit the Water Pump

Fit new back plate ioint to cviinder biock, followed by
watar pump back plate and then water pump joing,
using fointing compound.

Fit water pump to cylinder block and secure with four
SetSCrews.,

Replace driving belt and tension as described on page
10,

HEAT EXCHANGER AND OiL COOLER
General

The purpose of the Heat! Exchanger is to provide: —

tal A reservoir of fresh water in the header tank to
allow for expansion and contraction, evaporation,
and unavoidabis loss.

{1 A method of cooling the fresh water by means of
sed water. This is accomplished by passing the
sea water through a series of small bore tubes and
flow the fresh water over the tubes with the aid of
a number of circular shaped brass baffles.

{c] A method of cooling the engine lubricating oif
by means of sea water. This is accomplished by
passing the sea water through a series of small
bore tubes and flowing the oil over the tubes with
the aid of a number of girqular brass batiles.

With standard engines, the unit therefore basically
COMPses; —

tal An aluminium casing providing the header tank
and a machined bore into which the heat ex-
changer tube stack is located.

{bi A smalier aluminium cylinder into which the of
cooler tube stack is located.

COOLING SYSTEM--M.7

Checking Impefier tp Pump Body Clearance, M8







Dismantling

1. Hemowve the two sea water pipes from  their
respective end covers.,

Disconnect the two oil pipes.
Remove brass cap nut.
This end cover can now be removed.

S

The other end cover complets with tie rod can
now be withdrawn. Care shouid be taken to
support oif cooler and spacing ring after ge rod
has been removed, as this wilt not be attached to
main casing.

6. The 707 ring seals can now be removed from the
ond of the tube stacks allowing the latter to he
withedrawn,

7. The main alursinium casing can now be removed
from the engine if necessary; this will enail dis-
connaction of the frash water flangas,

Cleaning

i the whe stack appears to be badly choked the best
rmethod of cleaning is to place the assembily in a hot,
preferably boiling caustic soda solution. This will
ioosen all foreign matter adhering to the unit. The
fresh water side and the cil side, i.e. the outside of the
tubes, shouid be relatively clean as these are on the
closed circuit. The inside of the tubes, which have salt
water passing through them, are more likely to require
cleaning. If these are not choked enough to require the
Caustic Soda treatment detailed above, they can be
cieaned by pushing a length of 1/8 in {3,18 mm! dia.
steel rod down the the so as to dislodge alf foreign
matter. 1t is IMPORTANT when doing thls, not to
push the rod into the wall of the tubes. Ensure that
the rod is pushed through the tubes in the opposite
direction to that in which the sea water flows, The
other components of the heat exchanger should be
cleaned before assembly, and as these contain no
hidden surface no special instructions are required.

He-assembly

I# the main aluminium casing has been removed from
the engine it is best to re-fit this to the engine first
bafore reassembling the heat exchanger itself,
although if conditions are too cramped it is possible to
completely re-assemnble the heat exchanger first, and
then: refit it to the engine.

1. Place the two tube stacks in their respective
casings and fit new 0" ring seals, over each end,

2. The complete oil cooler should now be siid along

the tie rod, taking care that the tube stack is
lpcated in the end cover.

COOLING SYSTEM M9

Removing the Thermaostat,
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3. The spacing ring should be replaced in position
and the tie rod compilete with oil cooler assembly
fitted to the main casing.

4. The other end cover can be replaced and the
cap nut compiete with iis. copper and ashestos
washer refitted. Tighten cap nut to & torgue of
25 1bf #t (3,46 kgf m) - 34 Nm. v

Whaere ng oif cooder is fitted in the cooling system, the
heat exchanger may still be serviced in & similar manner
to that described ghove, though it will of course have
only one tube stack.

To Remove Thermostat
1. Drain coolant from system,
2. BRemove heat exchanger.,

3. Remove water outiet casting and joint from
cylinder head.

4. Lift out thermostat {ses Fig, M. 11}

To Test Thermostat
1. immerse thermostat in water and slowly heat.

2. Note the temperature at which valve opens. The
correct temperature is stamped on the unit by the
manufacturer.

3. If the unit does not function properly a replace-
ment will be required as thermostats cannot be
adiusted.

To Refit Thermostat

Replacing the thermostat is a reversal of the removal
procedure. On later engines where cviinder head nuts
are utilised for holding down the water outiet con-
nection casting, the washers of the same thickness as
the outlet joint must be fitted on the long head studs
under the casting, and the cyinder head nuts torqued
down o their correct value.

Water Pump Belt Adjustment

incorract adiustment of the belt can result in the fray-
ing of the belt and eventual fallure. The belt adjust-
ment shouid be checked every 106 howrs.

Where engines are rated above 3,000 rev/min, the belt
tension should be checkad monthly.

Tight adiustment will tend to overioad the bearings in
the generator and the water pump.

I the adjustment is too slack, beit slip will occur.
Where the water pump is belt driven this could result
in overheating of the engine due to the reduced
efficiency of the pump. The output of the generstor
would also be considerably reduced,

Checking for Correct Adjustment

Check the depression of the longest run of the hels,
the amount of movemaent shouid be 3/8 in {10 mmi.

Adjustment

Unscrew the generator adjusting lever bolt and
generator support brackst boits. The generator can
then be moved inwards towards the engine to stacken
the belt orin an outwards direction to tighten it. When
the position of the generator provides correct tension
of the bslt, tighten generator adjusting lever bolt and
support bracket bolts.

New Belts

Check the adjustment of a new belt after a few hours
ranping to ensure no initial stretching has occnred.
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AIR FILTER

The time period for cleaning the air filter depends on
operating conditions, therefore, under extremely dirty
conditions, the time #mits recommended should be de-
creased.

The correct maintenance of the filter will greatly
assist in reducing bore wear, thereby extending the
iife of the engine,
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The diaphiagm spring should be renswed |f
faulty o couroded. A new spring should have
the same colows identificationl (Refer 1o Page
B.13.

Renew valves to housing joints and vabves them-
salves unless they appear to be in perfect con-
dition, Examing the casting and ensuse that there
s sufficient matesial to provide a sound staking
when new valves ase fitted.

Exarmine iacker arm, operating lever, rockes asm
retaining pin and iocke: aun etuin spring for
weat.

Exarnine upper and lowes castings for wear or
distortion. # necessary lightly linish to iestose
flatness,

To Re-Assembie the Lift Pump

1.

Y

19.

1.

12.

13

14,

15.

Clean the valve iecesses to allow the new valves
1o e contectly seated,

Inseit a new valve gasket in each valve recess.

Place new valves in the iecesses. The wvalve i
the let post should be fitted with the spring
omtwaids fie., wowards the diaphiagm flange)
and the vealve outlet poit fitted In the reverse
position,

Piass the valves home with a suitable piece of
steel tubing, approximately 8/16 in {1428 mm}
inside diameter and % in outside diamete:

Stake the casting in six places {between the
ofiginal stakings), round each valve, with a suit-
able punch,

NOTE: The valves fitted to easlies pumps wese
held in position with a ietaining plate and two
serews. On no account should attempts be made
to stake the valves of this earlier type pump.

Place rocke: arm retaining pin in appiopsate hole
in lowe: casting and push thiough until 1t pro-
tiudes inside.

Fit one packing washe: and link into casting
moving pin in slightly to retain them.

Fit rocker arm and setusn spring and setain by
rroving pin in fusther.

Fit temaining packing washes, then push ocker
arm retagining pin through link, washe: and casting
until ends protiude equally beyond outside of
casting. Retaisr with clips.

insett new iubber sealing washe: followed by
steel seating washe: and diaphsagm return $pring.

Place diaphiagm asseimbly ovesr spiing with sl
rod downwaids, locating top of spring in dia-
phiagr protector washes.

Position pul tod so that flat notched blade bas one
of its thin edges facing socker asm. Fiess down-
waids on diaphiagm assembly and  twist it
through 90% in either direction, this action will
engage and retain pull rod in fork of link.

Opeiate iocke: aim against diaphragm  spring
pressute until diaph:agm is tevel with body flange.
Place cove:r assembly in position and line up file
matks made on flanges.

St holding diaphiagm level with hody flanges,
tit flange secuiing screws, tighten evenly.

To Refit the Lift Pump

1.

Enter pump operating leve:r Into recess in tappet
inspection cove: as shown on Fig. N8 and
secure,

Reconnect fuel pipes.

Biead fuel system {see page N.B).




FUEL INJECTION PUMP
Description

The fuel injection pump is of the D.P.A, distributor
type. It is a precision built unit incorporating 3 simple
hydrauic governor,

The puimp is flange mountad and is driven from the
enging timing case.

To Remove the Fuel Injection Pump
1. Hemove high and low pressure fuel pipes.
2. [sconnect stop and throttie controls.

3. Remove the two nuts and setscrew. Remove fuel
pump.

To Refit the Fuel Injection Pump

1. Replace fuel pump, ensuiing that master spline
ont its quill shaft is positioned to engage with
femate spling within drive hub.

2. Before tightening, align timing rparks scribed on
fuet pump mounting flanges as shown in Fig. K.2.

Hefit low and high pressure fuel pipes,

Heconnect throttle and stop controls,

Wk

Prime fuet systemn as detaifed on Page N.8.

Maximum Speed Setting {Refer to
Fig. N.71

The maximum speed screw {5) is set and sealed by
the manufacturers and must not be altered unless
factory authority is first obtained. As with all seals on
the pump unauthorised removal may render the
guarantee void,

The maximum no load speed may vary and reference
may be made to the code number stamped on the fuel
pump data plate. The last four numbers in the code
indicate the maximum no load engine speed, therefore
in the case of the following exampie it would be 44890
rev/min. Code Example EH39/ 1206/ 4480.

NOTE: i the fuel punyp data plate is damaged or
defaced so as to make it impossible {o read
accurately, or if there is no code stamped on the
plate you are advised to contact vour nearest ©. AV,
Usstributor, or alternatively, Service Dept., Perking
brgines Limited, to obtain the required information.,

NOTE: The engine must not be allowed fo operate
at & speed in excess of that specified.,
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Hydrauticatly Governed Fuel Pump (interim typel. N7
Anti-stall devige body.

Anti-stall device body tocknut,

Ay vent screw.

idiing adjustment screw.

Maxirmum Speed Sorew.

S

IDLING SPEED ADJUSTMENT

This adiustment is caried out by means of the
idling adiustment screw (4}, in conjunction with the
setting of the anti-stall device with the engine warmed
through as detailed in the following text.
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N8 Hydrautically Governed Fuel Pump
{early and current type).

Anti-stall Device Body.

Anti-stall Device Locknut,

Al Vent Sciew.

idiing Adjustment Screw.

Rl

Anti-Stall Device (Refer {0 Figs. N.7 and
N.8), '

Asg from Engine No., 705061 4.99 maiing engines and
ali 4.107 and 4.8 marine engines an anti-stall device
was fitted to all engines incorporatmg a hydrachcaily

governed fuel injection pump. This device & situated
on the top of the fuel pump governol housing. (see
Fig. N.&.

When slackening or tightening the alr vent screw {33,
two spanners should be used, one to uniock the air
vent 13} and one to hold the anti-stall device hady {1),
to prevent it from turning and therefore upsetting the
adjustrment.

{a} Slacken locknut (2} sufficiently to enable anti-stall
device body {1} to be unscrewed two complete
urns.

b} Adiust idling speed 1o 625 rev/min® with idiing
adjustment screw {4}

fc] Now screw down anti-stall device body {1} until
there is a very stight increase in engine sdpeed,
bring back hait a turn and lock with ock nuat (2),

{di Accelerate engine to maxinm no lcad 1ev/min
and immediately return 10 idlng.

Should period of return from maximum rev/min to
idling exceed thvee seconds the device has been
screwed in too far,

Howsever should stidling ocour, then the device hasg
nat bears screwsad in far enough. Therefore necessasy
adjustment shouid be made to suit whichever is the
case.

On some hydraulically governed fuel pumps a re-
versible governo is fitted. The bieed screw position {3}
has been moved from above the anti-stall device on the
top of the housing to a position on the side of the
housing as shown in Frg, N.7.

*This wling speed may vary according 1o apphcation,
wefer 1o relevant manufacturers service liteiature or 1o
Perking Engines Limited, Peterborough if in doubt,

ATOMISERS
General

When eplacing atomisers in oylinder head it s
essential that a new, correct type coppel washe: s
fited between nozzie body and cylinder head.

The correct fightening torque for the atomiser securing
nuts is 12 f 1t 11,7 kgf mi or 16 Nm.

Atomisers should be taken out for examnation at
reguiar intervals,

The first symptoms of atomiger trouble usually
come under ane o1 more of the foliowing headings:

Misfiring.

Knocking in one {or morej cylinders,
Engine overheating.

l.ass of power.

Sinoky exhaust {hlack).

S AW N

nagasad fuel consamption.
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Bleeding the Fuel System

in the svent of alr entering the fuel system, it will be
necessary 1o bieed the whole fiel system before
starting can be effected. Air in the fuei system can be
either due to running out of fuel or leakage on the
suction side of the fuel supply lire.

To bleed the system, proceed as follows: —

Unscrew by two o1 three tums vent plug {where fitted}
on top of fuel filter cover {npt return pipe to tank}
{see Fig. N.11%L

Slackes vent screw on hydraulic head locking screw
on the side of the fuel injection pump body (see
Fig. N.12).

Slacken air vent screw near top of governor housing

on fuet injection pump (see Fig. N.13L (For earlier

an c rent 1N S see | nur ant st
ce 15 not 1t , p eiN

ert pornan |, £ £ 1 Wt pi p 19
i N e 1 th a en In mh t dnw
s o a1 o m hft, 2 wil nt
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injection pump arxd the bleeding procedure, should be
repeated, gt the same lime checking for air leaks on
the suction side, such as loose connections or faulty
joints,

Priming Procedure after Changing a Filter
Eiement

Mote: Where the fuel fiter cover does not incorporate
a vent screw, the priming of the fuel filter is auto-
mtic.

1. With vent sciew (if firted) on filter cover removed,
anG the union at the fiter end of the return pipe
fiter to tank} slackened, operate feed pump
priming lever untid fuel, free from air bubbles,
issues from fiter cover vent.

2. Heplace vent plug and continue 1o operate
pritiing lever untit fuel, free from air bubbles,
issues from arounf threads of return pipe union.

3. Tighten return pipe union,

4. Slacken union at filter end of filter to iniection
pump feed pipe, and operate priming lever until
fugl, free from air bubbies, issues from around the
union threads.

5. Tighten feed pipe union. Pump and filter are now
fited and primed,

Fael Oil

The fuel used in the engine must be clean and
should conform to the specification given in ‘Data and
Dimensions for Fuel Systeny.

The importance of clean fuel passing through your
fuel injection pump and atomisers cannot be too
strongly emphasised,

Some applications have a gauze trap in the filler of the
fuel tank. This must not be removed when fuet is
being poured into the tank.

lf there is no filter in the filer and any doubt exists
as to the cleanliness of the fuel, the fusl should be
poured through g fine gauze strainer,

Do not store fuel ot in a galvanised container.

AIR FILTER AND FUEL SYSTEM N9






SECTION P
Flywheel and Flywheel Housing




FLYWHEEL AND FLYWHEEL HOUSING— P.2 l

Alignment of the Adaptor Plete, Flywheel
Housing and Fiywheel

It is most important that the adaptor plate, flywhee!
housing and flywheel be correctly aligned with the




With base of “dial” gauge still bolted to adaptor
plate adjust dial so as to set needie against verticat
machined face of flywheel. {See Fig, P.3).

Press crankshaft one way, to take up end fioat,
and turn flywheel. The run-out on the fiywheel face
should be within G.001 in (0,088 mm) per inch
(25,4 mm} of flywheet! radius from crankshaft axis 1o
clock gauge plunger,

When fiywheel s correctly aligned, fock securing
setscrews by means of tab washers.

Finally grease spigot bush or bearing i fitted.

Alignment of Flywheel Housing Bore

Secure housing to adaptor plate with setscrews and
spring washers, but not overtight to allow for adjust-
ment.

Attach dial gauge to fiywheel centre and set needle
of gauge to imterior of bored hole in flywheet
housing (See Fig. P.4}.

Turn crankshaft and check that this hole is truly
central. The housing is adjusted until the bored hole is
acentral.

The hole in the housing shouid be truly central with
the crankshalt within the following limits (total indi-
cator reading}.

Fiywheel Housing Diamster Daviation
Up to 14 % in (362 mm} 0.006 in {0,15 mm)
Over 14 % in (362 mm} to

20 1/8in (611 mm} 0,008 in {0,20 mm}
Over 20 1/8n {511 mm} to

25% irt {648 rmm} §.010 in {0, 25 mm}
Over 25% in (4B mmi to

3 in {789 mm) 0.012in 40,30 mm)

Alignment of the Flywheel Housing Face

With base of dial gauge st bolted to flywheet
centre, adjust dial to set needle against vertical
machined face of flywheel housing, and again turning
crankshaft, check that this face is perpendicular 1o
crankshaft axis (See Fig, P.5),

The timits for this facing are the same as those
given for the adaptor plate fasing. When the housing
is propedy aligned to the above limits, tighten the
SeGuring setscrews eveniy.

Ream dowel holes and fit correct length and size
dowels,

Checking Alignment of Fiywheel Eace, P3

Checking Alignment of Fiywhee! Housing Face. PH
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ALTERNATOR
Models ACH and 11AC

1. Precautions

. The diodes in the alternator function as one-way
valves and the transistors in the reguiator/control box
operate as fast switches. Both are accurate and
sensitive,

They do not wear out and seldom require adjustment,
but hecause they are sensitive to voltage changes and
high temperature, the precautions are vital to prevent
them from being destroyed.

ta) DO NOT disconnect the battery whilst the engine
is runming. This will cause a voltage surge in the
alternator charging system that will immediately
ruain the dicdes or fransistors.

b} DO NOT disconnect a lead without first stopping
the engine and turning al electrical switches to the
off position.

{c} DG NOT cause & short circuit by connecting
leads to incorrect terminals. Always identify a lead
to its correct terminal. A short citguit or wrong
connection giving reverse polarity will immediately
and permanently ruin transistors or diodes.

{d} DO NOT connect a battery into the system
without checking for correct polarity and voitage,

{e} DO NOT “#Hash” connections to check fo: currerst
Hiow. No matter how biief the contact the tran-
sistors may be ruined,

2. Maintenance

The alternator charging system will normally require
very little attention, but it should be kept free fiom
build-up of dirt, and a check made # it fails to keep
the battery charged.

{a} Regularly inspect the driving belts for wear and
correct tension. It is important to ensure that all
belts on a rauttiple beit drive have equal tension
and are each carrying their share of the ioad.
Stack befts will wear rapidly and cause slip whicl:
will not drive the alternator at the required speed.
Drive beits which are oo tight impose severe side
theust on the alternator bearings and shorten thei
iife. Periodically ensure that the altemator is
correctly aligned to the drive.

ib} Do not :eplace fauity belts individually in a muiti-
belt system. A complete matched set of drive
belts must always be used.

fcl Keop the alternator clean with a cloth moistened
in kerosene or cleaning fluids, Ensuse that ventila-
tion slots and air spaces are ciea: and un-
obstructed.

{d} Remove any dirt accumulated on the regulator/
control box housing, and ensure that cooling air
can pass freely over the casing.

3. Fault Finding on ACH

The ACBE alternator is so designed that a flow of
current indicated either by the extinguishing of the
warning lght, or as shown on the ammeter, i
sufficient evidence that the system is in proper
working order. Thetefore, no open circuit, voltage of
current output checks should be performed on the
instaliation UNLESS: ~

tal The warning light fails to iHuminate when the
generator is stationary, and the switch is closed
OR fails to become extinguished when the
aiternator is running,

{b} No charging current is shown on ammeter.
{cl The battery is flat.

{d} The battery is "hoiling”, indicating loss of voltage
control.

i any of the above symptoms occur, the procedure -

indicated below should be foliowed.

fa} Connect a good guality moving co# voitmastar
0—50 wolts range across the battery or regulator
negative terminal, and one of the three positive
terminals marked O, MED, HI. Disconnect
altermator output terminal. Fit a good guality
moving coil 0— 100 amp ammaeater in series with
the alternator terminal and output lead., The
battery should be in a charged condition,

(b} Close the warning light switch {master selectric
switchh on dashboard) when the warning lamp
should Hght up.

fcl Switch on a 16— 15 amperes load such as lghts,
etc, for fifteen minutes.

{d} Stast engine and run at fast idle speed wher

1. The waming light shouid go out.

2. The ammeter records a small charge de-
pendant on engine speed.

{e} inciease engine speed momentarily to maximum
speed, when the charging cuiient should be
about 55 Amperes for 12 volt systermns.

(9 With the alternator running @1 spproximatoly
hatt speed, {engine speed about 1,500 rev/irun}
switch off electrical load. Depending on the con-
nection selected for the positive sensing wire
L0, MED or Hi, the voltage should rise 1o
between 13 — 14 volts on 12 voit systems and
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minutes. ¥ the charging current is still greater than ten
amps, continue to run engine untif this figure is
reached. Then compare the voltmeter reading with the
appropriate setting limits, as specified for the particular
control unit as follows;

12V {37423}/ {37449) 13.9--14.3 volts

12V {37429} 13.7—14.1 volts
{Part No. marked on upper edge of the moulded cover
of Control Linit).

If reading obtained is stable but outside the appro-
priate lirnits the unit can bs adjusted as follows:

ADJUSTMENT OF VOLTAGE SETTING

Stop the engine and remove the control unit from
its mounting. At the back of the unit is 2 sealed
potestiometer adjuster. Carefully scrape away the seal
ing compound. Then start the engine, and while
running the alternator at charging speed, turn the
adiuster slot—CLOCKWISE to INCREASE the setting
or ANTI-CLOCKWISE to DECREASE it-—untit the
required setting is obtained,

Recheck the setting by stopping the engine, then
start again and slowly “run-up” to charging speed.
if setting is now correct, remount the control unit,
disconnect test meters and restore original wiring
connections. If, after adjustment, the voltmeter read
ing remains unchanged, or increases in an un
controlied manner, then the controf unit is faulty and a
replacement must be fitted,

TEST4
Check of Aliternator Qutput

Disconnect battery earth cable, and cosnect test
armyneter between the alternator main terminal and
disconnected cables. Reconnect battery earth cabla,
and switch on the full electrical load and leave on for 3
or 4 minutes. Leave load on and start engine and run at
approximately 2000 rev/min. The alternator output
should balance the load, and at the same time shiow
charge to the battery.

Check Warning Light Control

If warning light does not function either by remainirg

o’ or "off, but the system is charging satis-

factorily, connect voltmeter between the alternator
“AL" terminal and earth. Reading shoukd be 7.0--7.5
max {12 volt abernatert. Connect leads ‘B and ‘WL
together. If wamning lamp lights the warning Hght
control is fautty and should be replaced.

5. Fault Diagnosis Procedure for 11 AC
Alternator Fails to Charge

faj Check driving belt for correct tension and wear.

{b) Apply Tests T and 2,

Low-Unsteady Charging Rate

ta} Check driving belt for correct tension and wear,

{b} Theck for high resistance at battery terminals and
in the circuit wiring and connection.

{c}  Check all connections made to earth,
dy Apply Test 2.

Flat Battery or Low State of Charge

fa) CHECK condition of battery with hydrometer and
high rate discharge tester.

{b) Check driving belt for correct tension and wear.

{c] Check that the field isolating relay contacts open
when mastes switch is off, otherwise battery will
discharge through rotor winding.

td} Check that flat or low battery is not caused by
insufficient electrical output caused by abnormal
elecrrical loads by applying Test 4,

Excessive Charge Rate to a Fully Chargad
Battery

{a} Apply Test 3.

Noisy Alternator

{a}  Alternator loose in rmounting brackets.

fht Worn fraved or loose drive beilt.

{cl  Worn bearings, fully out of alignmaent,

{d} Rotor darmaaed or pulley fan loose on shaft.

{e} Open circuited, or short cireuited rectified diodes,
or stator winding open-cireuit,

ifi  Loosz puliey.
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I# voltage does not rse rapidly and without
fluctuation, the unit must be dismantied for
internat examination,

Excessive sparking at commutator in above test
indicates a defegtive armature which shouid be
replaced.

NOTE: If a radio suppression capacitor is fitted
between output terminal amd earth, disconnect this
capacitor and re-test dynamo before dismantling, H a
reading s now given on the voitmeter, then the
capacitor is defective and must be repiaced. If dynamo
is in good order, rernove link from between terminals
and restore originat connections.

{b} Brush Gear
Checking with Yoke Removed

1. Lift brushes up into brush boxes and secure
thaim in that position by positioning brush springs
at the sides of the brushes.

2. Fit commutator end bracket over commutator
and release brushes.

3. Hoid back each of the brush springs and maove
brush by pulling gently on i1s flexibie connector.
If the movement is sluggish, remove brush from
#s holder and ease the sides by lightly polishing
on a smooth file. Always refit brushes in their
otiginat positions,

I¥ brushes are badly wom, new brushes mist
be fitted and bedded to the commutator. The
minimum permissible length of brush is 8/32 in
{7.14 mmi i.e. when the spring arm reaches the
brush box.

NOTE: Brushes of grade B carbon are specified
for the model C4G-A dynamo.

STARTER MOTORS
General

Two types of drive are available and both ara covered
in the following section. Should information be re-
quired in connection with any other type of starter
motor then the relevant manufacturer shouid be
contacted,

STARTER MOTOR-—Run-off Helix Drive
1. Description—Model M46G Type BF 17

This electric starter motor is a four-pole four-brush
machine having an extended shaht which carries the
engagement gear, or starter drive as it is more
generaily known.

The starter motor is of a simifar construction to the
dynama except that heavier copper wire is used in the
construction of the armature and field coils. The
fietd coils are series-parafiel connected between
the field terminat and the insulated pair of brushes.

The armature has 23 winding slots. The drive portion
incorporates a special overload protective device
knowsn as the Run-off Helix.

2. Routine Maintenance

{a} The starter motor requires no routing main-
tenance beyond the occasional inspection of the
electrical connection, which must be clean and
tight, the brush gear, and the commutator.

(b} After the starter motor has been in service for
some time, remove the starter motor from the
engime and submit it to a thorough bench in.
specton.

MODEL  C 401 GEMERATOR DESMANTLED
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Check that brushes movs fresly in their hoiders
by heiding back brush springs and pulling gently
oni the Hexibie connectors {Refer to Fig. Q.31
movement is sluggish, remove brush from is
holder and clean is sides with a fuffless petrol
moistened cloth. Replace brush in Hs original

position. Brushes which sre worn to less than

/16 iy {14 mm) long must be renawed.

MOTE: This is the lengih when haif the avaiabls
waaring ength has worn away, The tima tken to
reach this stage normally extends well bevond
that 6 reach the point of major enging overhaul,

The commutator must be clean and have a
polished appearance. if necessary clean it by
pressing a fine dry cloth against it whilst the
armature is turned by hand. If the commutator is
very dirty, moisten the cioth with petrol.

Keep alt electrical connections clean and tight,
Any which have becoms dirty should be clegned
and contacting surfaces lightly smeared with
petroleum jally,

ELECTRICAL SYSTEM--Q.7

BRUSHES COMMUITATOR END COVER BAND COVER BAND

BRACKEY NUT

/ /

Checking freedom of Brush Movement,

Starter Motor Dismantled.,

DRIVE END
BRACKET

BEARING BULK
E
f
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standard 'S’ pattern drive spring. In addition, the
traffing faces of the pinion and helicaily screwed
sleeve are machined o form indented ratchet recesses.

in the event of a back-fire occouring during starting,
the pirdon {being able o rotate but incapable of
further axial movement} forces the helically screwed
sleave along the straight-spiines of the starter shaft,
This further compresses the main spring and parmits
axial movernent of the screwed sleave to continue
until it s clear of the interior of the pinion. At this
stage, axial movement of the screwed sleeve ceasas
and the penion, now jointly supported by the fixed
sleeve and the recessed end of the screwed sleeve, is
fres to De rotated by the engine ring gear. In this way,
gxcassive torgue is harmlessly dissipated by the
ratchstting action of the pinion and screwed sleeve

ELECTRICAL SYSTEM-—Q.98

against the reaction pressure of the main spring.

The operation of a '‘Run-off Helix’ drive can be checked
by securing armature and drive assembly in a vice {using
wouoden vice-clamps) and applying a torgue wrench to
the pinion. The ratchet action must ocour at a torgue of
not iass than 36 ibf #t (B kgf m}.

{b) ROUTINE MAINTENANCE

i any difficulty is experienced with the starter
motor not maeshing correctly with the fivwhesl, it may
be that the drive requires cleaning.

The pinion showld move frealy on the screwed siseve;
i there is any dirt or other foreign matter on the
steeve it must be washed off with dleaning fuid.







LUBRICATING OILS

Luhricating oils should meet the requirsments of the U.5. Crdnance Specification MiL-L-46152
or Mi.-.-2104C,

Some of these oils are listed below. Any other oils which meet these specifications are also
suitable, i

MIL- 46162 Qils
S.A.E. Designation
Company Brand 0°F {-18°C) | 30°F {—1°C) Over
to 10 80°F
30°F {1°C) | 804F (27°C) {27°C)
B.P. L. Vanellus M HY W K1)
Vanelius M 200 /50 20W /50
Castrol Lid. Castrol/ Deusol CRB 10W 20 3G
Castrol/ Deusot CRB BW/20
Castrol/Deusol CRB 10W /30 W /36 10W /30
Castroi/ Deusol CRB e 200750
Deusot RX Super 20W /40 20W/ 40
A. Duckham & Co.L1d. | Fleetol HDX 10 20 30
3 Motor O 20W /560 20W /80
Flaatol Muiti V 20W /50 20W/50
Fleetol Muttilite 100 /30 10OW /36 10W /30
Farmadeol HDX 20 30
Mobil £ Co, Lid, Delvac 1200 Series 1210 1220 1230
Pelvac Special 0OW/30 10W/30 0w /30
Shell Rotella TX 10W 20W /20 30
Roteila ¥X 20W /40 20W /40

ML L-2104C OQils

5.A E.Designation

Company Brand O°F (-~ 18°C) | 30°F (—~1°C) Over
10 10 BOOF
30°F {—1°C} | 8O°F {27°C) {27°C)
B.P. Ltd. Vanellug C3 oW 20W /20 30
Castrof Lid. Castroi/ Deusol CRD 10W 20 30
Deusol BX Super 20W 740 20W /40
Agricastrol HDE oW 20 30
Agricastrol MP 20W /30 JOW /30
Agricastrol MP 20W /40 20W /40
A, Duckham & Co. Lid. | Flestol 3 3/10 3/20 3/30
Farmadcol 3 3/10 3720 3/30
Essg Petroleum Co, itd.]| Essclube -3 HP 10W 20w 30
Mobil Qil Co. Lid. Delvac 1300 Series 1310 1329 1330
Shell Rimuia CT 0w 20W /20 30
Rotella TX 10w 20W /20 30
Rotella TX 20W/ 40 20W a0

Where oils to the MIL-L-46152 or Mii.-L-2104C specification are not available, then oils to the
previous specification MIL-1-2104B may continue to be used providing they give satisfactory
Service.

Lubricating oils for use in Parkins Diesel engines should have a minimum viscosity index of 80.

The ahove specifications are subject to alteration without notice,



EXAMPLES OF SERVICE FACILITIES
Service Publications

The following Service Literature may be purchased through
vour local Perkins Distributor

Workshop Manuals,
Workshop Data,

Operators Handhooks,

Valve Seat Inserting and Cylinder Head Skimming,

Crankshaft Regrinding,

Fault Finding Guide,

Instaliation and Maintenance Guide for Static Standby Engines

Etcetera,

Service Instruction

Parkins Engines, Inc.
24175 Research Drive

P.0. Box 283 » Farmingion, Michigan 48024 » U S A,
Tel {313) 477-3900 » Talex: 023-8300

|






Tool No. Description
PR1R0-8 ADAPTORS FOR PRS0
Suitable for cylindars ¢f 3.125" dia.
Remaoval and reptacement,
1558 BASIC PULLER
The crucitorm head with muliple holes
at different centres is used with
adaptors listed balow,
P 1881 ADAPTORS FOR PD.155A
Lised to remove water pump pulleys.
MF.200-26 WATER PUMP OVERHAUL KIiT
{sed with 370 Taper Base and Press.
o
E 33 CON ROD NG & 3368 MASTER ARBO#H
7 ., s,
& ’:«,‘.
T 2
R‘“"‘“ﬂw_ oy
W
336-101 ARBOR ADAPTOR
Used with 335
611188 VALVE SERING COMPRESSOR
#6181 ADAPTOR FOR 6118R




y

Tool Mo, Description

MGE678 TOOL FOR CHECKING FUEL PUMP TIMING

VALVE SEAT CUTTER

VALVE SEAT CUTTERS
The basic tool is the 316X HANDLE
Tha {nllowing cutters and pilots are all designad 10 be usad with this handis,

Tool No. Desoription

316-10 Piot {8/18" dia. Valve Guidel
PD.31718 Valve Seat Cutter — Exhaust
PDAYT22 Valve Seat Cutter — inlet

317G 18 Valve Seat Glazebreaker — Exhaust
317G-22 WValve Seat Glazebreaker - inlet









INDEXN Continued

Plate, Carmshiaft Thrust — To Remove
Prates, Camshalt Theust - To Hefi
Prepayation, Enging for Feturn to Servige
FPressure, Lubricating Ol — Deta
Prassure, Lubricating O — General
Preservation of Laid-Go Engine
Preventive Maintenance
Prirran the Fusl System
Brirming the Fuel System after Fuel Filter

Element Change
Puing, Fresh Water
Puimg, Fresh Weater - Data
Purri, Frash Wates — To Dismantle
Pumgp, Fresh Water — To Re-Assemble
Pumgp, Fresh Water — To Refit
Furng, Frash Water - To Remove
Purnp, Fusl lisection

Agntegiall Dovice

Coding

Dota

Daseription

tdlitgg Speed Adjustmen

Maxirmur Speed Satting

To Refir IFuel Pump)

To Remove (Fuel Fumgp)
Pumngs, Fuel Lt - Data
Purng, Fuel Lifs - To Dismantie
Purng, Fuel Lift « To Re-assembie
Farmp, Fuel Lt - To Relit
Pump, Fuet Litt - To Rermove
Pump, Fuel Lift - To Test in Position
Burep, Lubricating Gif - Data
Purag, Lubsicating Q# - To Dismantle
Purmp, Lubsicating O - To Re-assemble
Puanp, Lubncating O3 - Description
Bumgp, Lubricating O - To Refit
Fump, Lubticating G# — Tn Rermove
Pump, Sea Water — Description
Pump, Ses Water Dismantiing and fe-assembly
Pumg, Sea Water - Presgrvation
Purmp, Sea Water — Removal and Firting

Rating Details

Rings, Fiston — Data

Fings, Piston - To Refit

Aings, Pision — To Remove
Rod, Connecting — Algnment
Rods, Donnecting — Daita

Rods, Connaciing - To Refit
Reds, Conngoing - To Remove
R, Push

Running-in PFroceduse

Sorew Thigads

Geal, Crarkshaft Fronr End Q6 - To Renew
Seat, Ciankshal{t Rear End Gil - To Benew
Seal, niet Vahve Stem

Servica Facifities

Service Insiruction

Shaft, Rocker - Data

Shait, Rorker - To Disreantle

Shaft, Rogker - To R assemble

Shaf, Bocker — To Hafir

Shaft Rocker — To Remove

Springs, Valve

Bprings, Valve - Data

Sorings, Vatve — Vo Retit

Springs, Valve — To Remove

Jg
A7
£.5
Bt
L&
C.4
C.4
IR

M5
B.12
M5
M.B
M7
MLE

R
B.13
B.13

8.3

J.2

HES

EB
Appendix
Appendix
§.10

£

EB

E.10

£2

F.4

3.9

£8

E3

Starting Procedure

Stonping the Engine

Swaine, Lub. O Pump

Sump, Luiricating O - Data

Sump, Lubricating O — To Remove and Refit
Switch, Starter

Tachometer, Diive Shaft
Tappels - Duta

Yappets -- To Refit

Tappets - To Ramove
Theimostat ~ Dats
Therrnostat — To Remove
Timing Case and Drive

Tirning Gears - Data

Timing - General

Timning Marks

Timing Pin

Timing, Euel injection, Data
Timing, Fusl Injection - To Reset and Check
Timing, Valve — To Check
Timing, Valve — To Reset
Torgue, Recommended Tenston

Valve Clearances - Data
YVatve Clearances -
Mathod of Adjustment and Adjusting Sequence
Yalves, Infet and Exhaust — Data
Valves -. To Refi
Valves - To Remove
Valves and Valve Seats
Vahee, Lub. (i Filter By-pass - Data
Vabve, Lub. (il Fiitar By-pass — Operation
Valve, (i Pressure Relief . Daota
Valve, Oif Pressure Relig -~
Yo Remove and Dismantle
Valve, (it Pressure Relief -
To Re-assemble and Refit

Washers, Crankshatt Thrust - Data
Washars, Crankshatt Thwust — To Renew
Weights, Engine - Data

c2
C3
L3
8.1
L.3
c.z

L3
B.10
3.7
4.5
B.14
MG
L2
B.1g
K2
K2
K.3

K.4
K.3
K.3
8.3

8.10

E 11
8.9
EB
£3
£5
8.12
L7
B.12

LG
LG
B.7

H.3
.2



