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PREFPARATION OF THIS DOCUMENT

Agsistance is frequently required by boatyards in developing countries in the technical
reqvirements for goved engine installation in emall fishing vessels. This paper has been
prepared to provide a basic handbook covaring all details of insiailation and the necessary
maintenance procedures to be adopted for small hoatyards, boat owners ard fishermen.
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INSTALLATION AND MAINTENANCE OF ENGINES IN SMALL FISHING VESSELS

Contente

PART ONE

Section 1 ~ Principles of engine ingtallation

1.1 Plaanning

1.2 Znglne installation angle

1.} Engine bearers of engine beds
1.4 Drip tray

1.5 Engine mounting

1.6 Vee drives

Section 2 — Stermgear

2.1 Propsller shafte

2.2 Couplings

2.3 Prop~ller phaft bearings
2.4 Inte -esdiate bearings

2.5 Uni.,water fittings

2.6 Prupeller shaf't glands

2.7 Shaft greasing arrangements
2.8 Propellers

2.9 Alignment

Section 3 — Cooling systems
3.1 Introduction

3.2 FPlanning

3.3 Direct cooling

3.4 Indirect cooling by heat exchanger
3.5 Keel cooling

3.6 Air cooling

[= WY . B W R P

11
11
11
15
18
19
21
22
24
24
26
26
26
21
28

31




vi

Seotion 4 - Exhaust systems

4.7 Introduction
4.2 Planning

Section 5 = Fuel systems

5.1 System types

5.2 Tuel *anks

5.3 Water trapa and filtere (primary and secondary £1lter)
5.4 Pipework

Section 6 — Electrical system

6.1 Introduction

6.2 Batteries

6.3 Alternators

Section 7 = Controls and instruments
7.1 Controls

7.2 Inetrumente

Section § -~ Starting systems
8.1 Band starting

8.2 Electric starter motors
8.3 Spring starter motors
8.4 Hydraulic starter motors
8.5 Compressed air starting
8.6 Cold start systems
Section 9 - Engine boxes

9.1 Flamning
9.2 Inatallation
9.3 Daily rumning
9.4 Servicing

32
32
j2

36

36
3
39
39
39

43
43

25
55
55
55

55
58
58
58
58
58



PART

vii

Section 10 - Noise

Section 11 ~ Bilge pump and bilge systems
171.1 Hand pumps

11.2 Electric bilge pumps
11.3 BEngine driven bilge pumps
1.4 Bilge system

Section 12 - Power take—off

TWO

Section 13} - Ingtallation details

13.1 Eetablishing the shaft line (boat with stern iube,
boat with eghaft log and "P* brackst)

13.2 Plarning the engine bearers
13.3 Making an engine template
13.4 Pitting engine bearers (wooden boats)

Section 14 ~ Sterngear and alignment - installation

14.1 Cutting shaft to length

14.2 1Installing shaft and shaft bearings
14.3} PFitting a propeller

14.4 Drilling holes in engine bearers

14.5 Alignment

Section 15 — Cooling gystems - installation
15.1 Direct oystem

15.2 Indirect by heat exchanger

15.3 Keel) cooling

15.4 Air coaling

Section 16 - Exhaugt gystems - installation

16.1 Installation ~ general
16.2 Wet axhaust system

16.3 Dry exhaust gystem

o
992‘:8}5

61
62
63

64

64
64
65
68

[
73
73
73
76

8

81
85.
85
85




7iii

Section 17 — Fuel tanks and fuel systems — ingiallation

17.1 Installation — general
17.2 Primary filter and pipework

Section 18 - Flectrical - installation gystem

18.1 Battery care

18.2 Battery ingtallation
18.3 Alternatore

18.4 Wiring

18.5 Fupes and fuse boxes

Saction 19 -~ Instruments and controls — installation

19,1 Ingtallation - general
19.2 Typical instrument panel
19.3 Engine controls

Section 20 = Starting gysteme — installation
20.1 Hand starting

2.2 Electrioc starting
2.3 Spring and hydraulin starting motors
20.4 Cold starting systema

Section 21 = Engine boxes - installation

Section 27 = Noige = installation

Section 23 — Bilge pumps and bilge syetems -~ ingtallation

23.1 Hand pumps

23.2 Electric pumpse
23.} FEngine driven pumps
23.4 DBilge gystems

Section 24 - Power tale-off installatiocn

24.1 Bolt on wmit

24.2 Bolt up to units

89
89
89

8

9
92
94
94
94
95
98
98
98
98
98
101
102
104
104
104
104
105
107
107

107



PART THREE

Section 25 - Engine selection

«2+1 General
25.2 Make of engine
25.3 Type of engine — long term costs

Section 26 -~ Ordering equipment

26.% Qeneral guidance
26.2 Example
26.3 Spare—parts

26.4 Inetruction bookw, service manuals,
spare-parts liste

26.5 Service tools
26.6 Torque spanner

Section 27 - Care and maintenance

27+1 General

27.2 Major service

108

108

108
109
m
111
121

112

114
115
115
118
118
119




xi

INTRODUCTION

This handhook on the inatallation and maintenance of =small marine dieael engines is
intended for thogse working in developing countries who are employed eith.r in boat
building, or in the mechanized fishing induatry.

Its aim 1e to give & basic introduction to the various principles esployed in marine
angineering which have been proved, over the years, to be the best for situations which
may prevail in mmall boat yards all over the world.

The handbook is in three partas:

- Part One deals with a brief introduction to the various ocomponents and theix
functions.

~ Part Two gives a guide in ssquence (where possible) ms would be dome by the
engineer or boat bullder actually in the boat yard doing the inestallation.

= Part Three is concerned with servicing and maintenance of engines and installed
equipment.
The author has trised to put himself in a teaohing situation all the way through, and
the emphasis is on being simple, practical and pogitive. It ip not possible to foresee
all the "mnags" but many that the author has »~xperienced personally have been included.

Some of the literature end illustrations have been based upcn engine manufacturere'
handboolm and instsllation guides, and the ackmowledgemenis appear pelow.
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SECTION 1

Principles of engine installatjon
1.1 Plann

When the design of a boat is planned decisions to be mado right at the beginning are
the type of boat, aize, atyle, draft, the kind of work it will be doing, the epeed required,
stc.

In the early stages it will also be decided what size and type of engine is required,
the type of propeller shaft and bearinge to be fitted, the size of the propeller and the
arrangement and position of the engine.

When all theas points have been carefully considered, a clear picture will emerge
giviag the boatbuilder and engineer concerned with building the vessel all the facts they
require,

Onces orders have been placed for the equipment and work is to commence on the building
of the boat and the ingtallation of the 'mechinery', it is important to have a plan or
sequence of the work involved to follow.

Thie chapter is concerned with some of the . :3zi+ options and a general introdustion to
the variows estandard methods to be conmeldored rvicr vo actually starting to install ac
angine.

1.2 Eggine installation sngle

Most engines are designed to run from a 'level' position to a 'front-end up' poeition
ur to a mayimwm of 20°.

As the boat riess at the front when it ie moving at full speed by about 3-5°, the ncre
mal marisum angle of installation when measured on a static or stationsry boat is about 15°.

When a boat {g being designed it ie most important to work out the angle of installation
to make sure the engine to be pelected will operate safely at the angle concerned.

Never expect an engine to work st a greater angle than the manufacturers allow. If an
engine is incorrectly angled, the iavel of 0il in the sump may not come up to the inlet on
the oil pump, and severs damage would result because of lubrication failure.

Similarly an engine should uot be installed ‘mose down' as poclketa of air in tl.. water-
cooling system could be formed with the result that the engine would overheat.

The sngle >f the ghaft, and therefore the installation of the engine to it, is governed
by the shape ana design of the craft, the size of the propeller selected to match the engine
for the craft and the clearance neceseary between the tips of the propeller and the bottom
of the boat. Cenerally, the aim of the designer, whean all other things are considered, ie
to keep the angle of the ghaft as flat as poesidle, and the propeller as deep as possible in
the water for the paximum efficiency of the propeller.

Once the line of the shaft has been established the engine bearsrs have to be considered.
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1.3 Engine bearers of engine bedy

The engine bearers are one of the most important parts of any installation, and in many
oasep ars not given enough thought und consideration. In rough sea conditions the effect of
the boat being lifted and dropped by the waves can produce forces as strong as 8 times the’
weight of the engine belng felt by the engine bearers. !

Therefore, the bearerz have to be extremely strong to withstand this, ae well as vibra—
tion, propeller thruat and engine torque whilst all the time maintaining the correct align-
nent of the engins to the propeller shaft.

Normally, the engine bearers should be:
(1) at least one and a half to two and a half times the length of the engine;

(1) in wooden boats, the engine bearers should be of thick hardwood treated to
pravent rot;

(iii1) = system of cross-bracing to spread the weight over as much of the hull as
posaible should be adopted;

{(iv) all fastenings should be through-bolted - wood and cosch screws should not be
uned;

{(v) pressure pads between the engine feet and wooden engine bearers should be pro-
vided. 1In gome cases full-length mild steel angles can be bolted on the
bearers on which the engine feet sit.

Holding down bolt
location holes

Engine &rip tray

ENGINE BEARERS
Mg, 2




Nost engine beds are made parallel and run "fore and aft™ down the boat. Some
engines are manufactured which need bearers which taper, e.g., Sabb, which are designed to
fit double-ended vessele.

The following sketch shows typical Sabb engine ingtallation.
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1.4 Drip tray

During the plamning and construction of the sngine bearsrs it is wise {0 male provision

for a drip tray under the engine.

Kade of fibreglass, galvanised mild steel sheet or mild steel sheat whioch has besn
theroughly primed and painted to prevent corrosion, it should be fastened to the engine
tearer: 2efore the installation of the engine, Careful planning of the drip tray is
necen:ssry to pravent the engine components, shaft, coupling, stc., from fonling the tray.
Provision of a sunp or well from which any oil, fuel or water leaka can be pumped out is
aleo necemsAry.

The drip tray ie an iuportant item, and the provision of one under esch engine will
belp preserve the cleaniiness and hygiene of the craft especially to prevent contaminstion
of fish in small bosta by fuel and oil.

1.5 Engine mounting

EBngines may be mounted directly on to the angine bearers with solid and rigid engine
nounting feet, or on flexible mountings to reduce noise and vibration, whichgver is pre—
ferable and practical.

(a) Solid mowntings - Many workboats, barges and fishing boats whare noiee and
vibration are not ec important use engine mountings which bolt directly on o
engine bearers., A typical solid mounting foot is sbown in fig. 4.

Engine mounting
bracket

1
Morficed hole through L Steel pressure
engine bearer | plates

ARRANGEMENT OF ENGINE HOLDING
DOWN BOLTS IN WOODEN BEARERS

Hs. 4




(b) Flexible mountinge — permit a certain amount of movement by the engine to absorb
vibration, especially noticeable when an engine is "idling"» The comnexion of
the ungine to the bearer is by way of m rubber block bonded between the two
which is soft enmouy™ to flex.

Typioal flexible mounting~ are shown in Figures 5 and 6.

I% is obvious that as the engine is permitted to move by flexible mountings, all the
connexrione to the angine must alec be flexible. For example, the following components have
to bte flexibly connected:

(i) exhaust, from engine to hull fitting;
(i1) fuel pipes to and from the engine;
(11i) coeling water pipes to and from the engine;
(iv) o4l gauge and ingtrment connexions;
(v) engine and gearbox controls;
{vi) flexible shaft log connexjon or flaexible coupling to the propeller shaft;

(vii) any drive to auxiliary equipment that is not mounted on the engine itself,
8.g.y bilge pump, power talke—off;

(viil} any part of the engine protrviing through an engine box must be given space
) to move without hitting the box, e.g. starting handle shaft.

Frow the above it will be seen that for simple or small work-boat engine installationms,
it im often prefarable to use eolid engine mountings to avoid the additional coat and
axpertise required to flexibly mount an engine. This is particularly true where long,
Leavy solid engine bearers can be utilized to absorb vibration and noise,

1.6 Vee drives

A Vee—drive gyptem is used on some craft where engine space is saved by poaitioning the
engine over the shaft, instead of in line with the shaf't, thus taking up lees length.

The Vee=drive gearbox may be an integral part of the engine, or may be peparated from
it and driven by an intermediate shaft.

In the latier case, the Vee-drive gearbox is solidly mounted to the boat in line with

the propeller ghaft and the engine is mounted on flexible mownting feet, with a flexible
coupling on the intermediate shaft.

The Vee-—drive gearbox usually requires & cooling water supply.
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Pig. 8

From exhaust manifoid
Sea water outiet

Muorine Diesel engine Intfermediote shaft with flexible coupling
on flexible mountings to engine ond gearbox

N\ |

Vee-drive gearbox
on solid mountings

\ Georbox oit cooler Sea woter inlet scoop
Seu water intet

Sec woter inlet and outlet
on Vee-drive topped %/8 in. BSP

TYPICAL VEE -DRIVE ARRANGEMENT
Pig. 9



11

SECTIN 2

2.1 Propeller shafis

Propeller shafte are made from mild steel (preferably with liners of non-ferrous
material for corroveion protection), bronze, marine stainless steel or monel metal. The
shaft is machined at the propeller end with a taper, keywsy {with parallel key to f£it) and
a thread to take a eplit rin for locking the nut. There are also different methods of
locking, where the gpinner nut im locked to tka propeller.

On very small engine installations (up to 10/12 hp) the half coupling at the engine and
of the ohaft may be clamped tc the shaft, without the shaft having to be machined resulting
in a eimple installation and lower cost.

On otbars, the shaft is fittei with a keyway, and the coupling fitted by means of a
ksy and held with set sorews in the ooupling.

The larger engines require a stronger method of fizxing the coupling to the shaft, and
the best way is to machine the shaft emaoctly the same at both ends and machine the coupling
%o fit, with a keyway and rcom for an internal mut. 1If this is done, it means the shaft
cen be reversed if it begins to show any sign of wear, thus saving a major expense.

2.2 Couplings
Nethods of fitting the coupling to the shaft are shown in figures 10 and 11.

PROPELLER SHAFT
COUPLING WITH CLAMPING

Hg- 10

(1)  Solid couplings - On most small and medivm horsepower engines the coupling
oconnecting the shaft to the englne or gearbox is made up of 2 'matched' precision-made
half couplings bolted together.

One half coupling is usually supplied and fitted to the engine, whilet the shaf't
half coupling is supplied loose, and has to be made to fit the shaft. It is ncrmally
"pilot-bored™, i.s., provided with a =small hole in the cenire which has to be bored or
turned out to the correct size of the shaft.
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If the shaft is tapered at both ands (see previous section on shafta) then the half
coupling has to be made with the corresponding taper and keyway and with a recesa to take
the threaded nut and locking device.

Care should be taksn to ensure that the mating faces of the couplings are undamaged,
as when the engine has to be aligned to the shaft the use of the feeler gauges is required,
which can only be accurately used on precision faces {see alignment).

Never split couplings which have been boited together, by the use of hammers and
wedges.

{(ii) PFlexidle couplings — There are several designs and types of flexible shaft
couplings which usually consiet of a rubber cushion either in one part or several elements.
Sandwiched between two coupling halves, *hey are able to transmit the engine power (or
thrust) both in ahead and astern, as well es permitting the movement of the flexibly wounted
Qngin'JC

Couplings shoula be specified by the engine malmrs as there are many different sizes
to suit various engines and gearboxes, reduction gear ratios and typee of craft ianto which
they are fitted.

Most flexible couplings can be dismantlsd, but care must be talen to mark the coupling
parts first so that they will be reassembled axacily as they wmre.

Ap with solid couplings, flexible couplings are supplied pilot-bored omly.

TN .

IA?
7,

Plain hexagon
nut

INBOARD COUPLING ARRANGEMENTS

Hgo 1
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FLEXIBLE PROPELLER SHAFT COUPLING

Fig. 12

FLEXIBLE PROPELLER SHAFT COUPLING

Pig. 13



14

(111) Universal coupling - Universal couplings are used when it is impossible to
arrange the engine and the propeller shaft in the game line.

Although it looks relatively easy to achieve, the installation of an engine on a
differant line to the shaft ocan be quite difficult in practice, and advice from the engine
panufacturers should be obtained as to the type of wniversal couplings to use and the degree
of alignment to be accommodated.

Pigure 14 showa a preferred universal coupling arrangement where the thrust is taken
in the stern tube.

UNIVERSAL COUPLING

Fig. 14
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2 3 Propeller shaft bearings

The propeler shafi has to be supported by bearings to maintain ite correct position
and to allow the shaft to turn freely without bending or wiipping.

The type of bearings to be used and their poeition is nmormally decided upon by the
designer of the craft; the choice of which gystem to ume 1s dependant upon many factors
including:

(1) the length, diameter and material of the shaft;

{31) the speed of the propeller shaft;
(411) the shape of the hull and the materials with which it ie built;
{iv) whether the engine is mounted molidly or flexibly, etc.

There are two main designs, as follows:

a) Rigid atern tube ~ The gyetem commonly used for working boata and fishing boate of
small to medium horsspower. It vweually conelstes of a solid metal tube threaded at both
ende. The tube is fixed through the kmeel, skeg or ehaft log and stern post of the veessl,
with a threaded portion protruding through the ll both inside and outside.

On the outside of the bull ig screwed the stern bearing which is fastened to the atern
post, on the inside of the hull is fitted a water—tight gland (or 'stuffing' box) (vhich may
or may not contain a bearing) with packing which is fastened to the inner face oy the shaft
10‘0

Figure 15 show the component parts of a typical rigld stern tube containing white
metal bearing. The bearing in thie ocase ie lubricated by grease in the grease cap.

Gregse cop

1. (Oland packing box
2. Stern tube, threaded at both ends
3. Stern bearing (grease lubricated)

Fig. 15
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In other cases, the bearings in the stern tube arc made of rubber, which have to be
lubricated by water. The water cooling aystem of the engine is tapped and a pipe carrying
water is connected to ths stern tube. Alternmatively, water is scooped by a fitting on the
outside of the craft and fed into the sterm tube bearing to be lubricated.

8 5
ol (217 3 g
, \ 6 4 e
il
"'_'-L._______________:l—-
I intermediate shoft 7 Stern bearing
2 Shaft bearing 8 Propetler
3 Shaft coupling 9 Key
4 Tail shoft IQ Retgining nut
5 Packing gland. May or may not 'i Split pin
contain bearing

6 Stern tube

PROPELLER SHAFT COMPONENTS
TYPICAL ARRANGEMENT
STERNTUBE TYPE

Pig. 16

b) PFlexible shaft log — A fitting shaped 4o the hull, with provision to bolt the fitting
through the ekin of the boat. The shaft tube or log is not fitted with a gland or bearing,
btut & heavy duty rubber hose is olipped to it. A gland packing box is in turn fitted into
the rubber hose thus allowing it to be fleating or gelf-aligning to absord any engine move-
ment,
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FLEXIBLE LOG

Fig. 17

Por 1ight duty use a combimation of the floating gland fitted on to the rigid stern
tube arrangement is sometimes found. An example is shown in figure 18, with the stern
bearing incorporating a scoop for weter lubricating the rubber bearing.

1. Glsnd packing box

2. Hose attachment

3. Stern tube

4. Stern bearing with scoop
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2.4 Intermediate bearinge

If the propeller shaft ie very long, because the engine is mounted a long way forward
of the gtern tube bearings, 1t wmay be necessary to fit an intermediate bearing.

Table 2.1 gives recommended maximum epacing of shart bearings for different shait
diameters for propeller shafts of manganese brouse, monel metal or marine stainlaese steel
with minioum tensile strength of 28 tons/eq. ins. The spacing given is for shaft
revclutione of not moye that 1000 rpm.

TABLE 2.1.

Diameter of Maximm Shaft Bearing |
Shaft Spacing (crs to crs)
(rom) . (metree)

25 1.21
k') 1.37
35 1.52
40 1.66
45 1.80
50 1.93
55 2.05
65 2.29
, 75 2.52

Mininun distance from gearbox flange to the first bearing
= 12 times the dlameter of the shaft
8.8:9 35 mm shaft -~ distance = 0.42 metres but,
Preferable distance
= 20 times the diameter of the shaft

e.g., 35 mn shaft - distance = 0.70 metres.
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2.5 |Undermmter fittings

'P' bracket = In conjunction with the fitting of a shaft log, where the shaft actually
goes through the hull, a bearing is required for the shaft close to the propeller. The
wost usual method is to fit a 'P' bracket containing a water lubricated bearing. Usually
constructed of brass or bronze to prevent corrosion {wooden and fibreglass boats only) the

'P' bracket is through-bolted to the hull.

The ‘P' bracket ecmetimee incorporates a 'fin' below, to protect the propeller if the
boat grounds.

TYPICAL 'P* BRACKET
Pig. 19




Shaft coupling 7 P brocket
Packing gland . May or may not 8 Stern bearing
contain bearing 9  Propeller key

Flexible coupling - Solid connection 0
used for larger than motor bogt sizes

Retaining clamps for coupling
Chaft log
Propeller tailshaft

Propeller
Il Castellated retaining nut
12 Split pin

PROPELLER SHAFT COMPONENTS
TYPICAL ARRANGEMENT
SHAFT LOG AND P. BRACKET

m.m
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'P' bracket ciutless rubber btearing - Contained in the 'P' bracket ie a fluted rubber
bearing bonded to a bronze tube and held in place by countersunk threaded screws.

The bearings are long lasting (if shaft alignment is correct) but can be replaced
quite eapily with new onea. ¥any siges are available.

Similar bearings are used in water lubricated stern tube bearings.

7N

CUTLESS BEARING
Fig. 21

2.6 Propeller shaft glands

The purpose of the propeller shaft gland is to prevent water entering the boat through
the propeller shaft tube or through the shaft log.

As we have pesn, the gland may be rigidly fitted, by being screwed on the propeller
shaf't tube or flexibly fitted by means of heavy duty rubber hose, either to a shaft tube or
to a shaft log.

It consiste of an sdjustable flange or adjusting nut which presses on to special gland
packing material around the shaft.

Ideally the gland should be adjusted so that there is & very slight amount of water
passing into the boat past the gland. If the gland is overtightened to gtop all the
water coming in the propeller shaft will overheat at the gland and damage will result.
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RIGID GREASE
LUBRICATED FLEXIBLE

RIGID WATER
LUBRICATED GLAND PACKING MATERIAL

Fig. 22

In some conditions engine makers recommend fitting a gland at the propeller end of the
stern tube to kesp water out, and gresse within the stern tube, to lubricate metal bearings.

2.7 Shart greasing arrangements

Shaft bearinge made of metal, usually called 'white metal’ require grease for lubrica-
tion.

One method for gremeing these bearings is Ly a amall grease cup on the inboard end of
the shaft tube behbind the gland. Thia cup has to be filled with a special water resistant

greape and turned down at regular times whilst the boat is being run.

Ancther method is to use a larger container, like a grease gun, but with a threaded
handle. By twming the handle, grease is forced into the stern tube.

Similar arrangements to the above are also used to grease variable pitch propellers.

Remember, shaft tubes fitted with rubber bearings must NEVER be greased.
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2.8 Propellers

Usually made of bronze alloy, a propeller is a very carefully made pracision part.
They are of various designe, usually with 2, 3 or 4 blades and "handed™, i.e., either
made for right hand rotation - clockwise, or left hand rotation — anticlockwise whan
viewsd from the aft end.

Propellers are made to fit a variety of shaft sizes and therefore if & new or replace-

ment propeller is to be ordered, precise information mugt be given sc that the correct one
is aent.

The information needed by the manufacturer or agent is:

1. diameter of propeller;

2. diameter of shaft, length of taper and size of keyway;

3. number of blades;

4. direction of rotation (either LH or RH);

5. pitch of the blade (usually stamped on the propeller hub).

The pitch of blade may be hard to undergtand, but iV is the distance the propeller
would proceed axially (i.e. in direction boat is going) during one revolution if it did not

®alip™ in the water. It may be compared with the distance a screw tightens when twrned one
complete revolution {in theory onmly).

2.9 Aligoment

«Zignment means the careful and exact placing of the engine to the propeller ghaft

80 tis. the engine driven coupling (whether on the engine, gearboz or reduction gea.r'bozs
is perfectly in line with the propeller shaft coupling.

The engine is always lifted or lowered to make this poesible., NEVER try to move the
shaft tube,

On wooden boats the craft must be in the water and left for several days before trying

to align the engine. This im because a wooden boat changes ite shape as the wood becomes
sosaked, and it may take time to do that.

On boats made of other materials, e.g., fibreglags, the alignment may be donme as soon
a8 the boat is in the water.

—————

The method used to align an engine is fvlly described in Part 2.
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SECTICN

Cooling gygtems

3.1 Introduction

3.1.1  Hater cooling - There are three different methods of water cooling a marine
engine as follows:

(a) Direct cooling where water is picked up from the sea or lake passed through
the water jacke.e of the engine, and returned overboard, either with the exhaunst
or esparately.

(b) Indirect cooling by the heat exchanger. The engine water jacket is filled
with fresh water in a closed circuit. Sea or lake water is picked up and paszad
through a special unit (called a heat exchanger) which cocls the fresh weter with-
out mixing with it. The sea or lake water is returned overboard.

(c) Keel cooling, The engine water jacket is filled with fresh water in a
closed system. To cool the water in the system, water pipes containing the
fresh water pass outside and undemmeath the hull of the boat. As the water
eround the outeide of the pipee (in the sea or lake) in cold, the hot water in
the pipes is cooled.

3.1.2 Air cooling - The engine drives a fan, which blows cold air around special
cooling finc on the engine, taking away the hot air, by a syster of ducts if necessary.

3,2 Planning

The variely of cooling systems avamilable give the inptallation enginesr a choice of
*hich type is best suited to the conditiona where the boat will be working. These points
<& be conasidered at the planning stage so that the engine type and extra equipment can then
bYe orderad.

Diract water cooling -

Advantages ~ A  heap and easy installation, requiring only an inlet fitting on the bull
(sea—cock and strainer) and the outlet connexion, either to the hull direot,; or with the
exhaust syetenm.

Note: The sngine must of course have itas own water pump.

Disadvantages - The engine mupt be constantly checked to maks sure cooling water is
circulating, Weeds, grass, mud, etc., cause biockages in strainer causing lack of water
and overheating.

Raw water (e.g., salt water) can cause corrogion problems in engine and low engine
temperatures, causing dirty iubricating ojl.

Indirect cooling by heat exchanger -~

Advantages - Enables engine water jackets to be cooled vy fresh water, reduocing corro-
sion. 4in easy installation requiring only an inlet fitting on the hull (eea=cock and
strainer) and outlet as in direct cooling system. Failure of raw water cooling not so

quickly damaging, Higher engine running temperatures keep engine~oil cleaner.

Disadvantage® -More expensive with heat exchanger/tank, pump {nsually impeller type)
for freeh water and second pump for raw water (ordered and bought as a complete set fitted

to the engine).
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Keel cooling -

Advantages - Enables engine water jackets to be cooled by fresh water, as in indirect
gyetem. No possibility of overheating cauned by weeds, mud, etc., as in other two mystems.

Dissdvantages — Slightly more diffioult to fit. 1If keel cooling pipes become damaged,

the craft has to be taksn out of the water for repair. Some engines are not suitable for
keel cooling so manufacturers must be consulied.

Air cooling =

Advantages - Engy to install in open boat. Requires very little maintenance, other
than cleaning.

Disadvantagea — More nolgy. Under-deck installations need careful plamning of air-
ducting to .D.l‘tl.l"ﬂ enough air to and from the engine. Air ducting can take up a lot of room.

3.3 DPirect cooling
A typical direct cooling aystem is shown in Fig. 26.

Exhgust silencer

R
N,

£ -
xhaust pipe
o
- /
;R - R CUR J_ b ow
\\\ \
Sea cock Weed trap Water pump

TYPICAL DIRECT COOLING SYSTEM

Pig. 26
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Raw water is picked up by the punp through the sea cock and weed trap. The water
passen upward through the engine cooling water jacket to the highest point of the engine.

It is then lead by a pipe to the exhaust silencer where it coola the exhaust gases
by mixing with them, and then flows back to the sea or lake.

Note: The exhaust water cooling is not a necessary part of the system. The water,
after leaving the ang:.ne, can be directed siraight overboard by a separate pipe. In
practice though, it is often very simple to use the water for exhaust cooling as shown
above.

3.4 Indirect cooling by heat exchanger

Raw water is picked up by the pump through the sva cock and weed trep. Then it
passes through the heat exchanger to be pumped into the exhaust manifold cooling jackete
and then overboard, either mixed with or separate from the exhaust gases (as in the direct
cooling method).

The engine water jackets contain fresh water in a closed circuit which is cirvulated
by a fresh water impeller around the gystem. The heat generated by the engine is absorbed
by the fresh water, shich is in turn taken (exchanged) by the raw water in the heat exchangen

A thermostat controle the working temperature of the fresh water; +to enable the englne
to un at high operating temperatures the sysiem ie under a slight pressure controlled by a
preasure valve in the Presh water filler cap.

s— Fresh wgter!filler
cap and valve
r—h =1
' 2 I\ 7] Hea
Discharge [ exchanger
overboaord Exhaust 29 9

wlfp——
—/—J T Fresh water pump
{ impeller)

Raw water pump

Filter —

Slacork — j

=

e

—  RAW WATER
————3> FRESH WATER - CLOSED CIRCUIT

TYPICAL INDIRECT COOLING
SYSTEM - BY HEATEXCHANGER

Fig- 21
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A sea~cock and strainer (or weed trap), see . 28, is required in both the direct
(raw water) cooling or the indireot (heat exchanger) cooling systems. This is & fitting
whereby ths water comes through the skin of the hull. It is then passed through a filter,
which can be removed for oleaning.

.- Removable
strainer

Gate valve type

TYPICAL FULL FLOW SEA-COCK
INCORPORATING A STRAINER

Fig. 28




3.5 [Keel cooling

A cloged circuit method of cooling ueing fresh water only, whioch gets »id of the heat
produced by the engine by pasesing through tubes fitted to the outside of the hull.

A typical oystem ia showm in PFig. 29.

Note: The amount of heat produced by the engine depends largely on the horse power and
the length of the keel oooling pipes is calvulated accordingly.

Outlet from
exhgust manifold

o  Water cooled

Cooling woter hegder tonk must be
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engine cooling system

exhoust manifold

Rubber hose

Thermostat
Water inlet maonifold
/to cyiinders
{ e
N, o Qil cooler for
o t reverse gear
a"" ':_“ Y H
b = )
T Water pump
-  r— ‘1i - - —
1
L " m—

—
f—

Kee! cooler to

/Skin fitting

pump suction

—li

To suit size and arrangement of engine

TYPICAL KEEL COOLING ARRANGEMENT

Fig. 29
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3.6 Air oooling

Cooling air is drawn in by a fan driven by the engine. On small engines, the f ..
ie often part of the flywheel, whilst on larger unite it is driven by Vee belts from the
crankshaft.

The air is directed around the engine, which is specially made with a large number
of cooling fins at the cylinder head and cylinder - the hottest parte of the engine.

The air, after pasring over the cooling fine, becomes hot, and is then directed WAy,
by ductu on larger engines to the outside.

It is important to note that the hot air after cooling must not be allowed into the
inlet side of the fan.

A typical installation 1s shown in Fig. 30.

Casing lid hinged or rempvable

advisabie to open when operahing T

in hugh ambient temperatures ﬂ'ﬁ\ T,
- Rodiont hegt ] i

- vent \ %':;.\

.

Cooling oir
cutlet duct 7]

™ Combustion
air inlet

Cooling gir in ~

;
To exhagust silencer

TYPICAL ENGINE HOUSING SHOWING
COOLING AIR REQUIREMENTS

Fig. 30
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SECTIN

Exrhaunt gyetens

4.1 Introduction

There are two main types of exhaust system for marine engine installations. They

-

(a) Wot axhauwt ~ The axhaust gesee are cooled by the addition of water from the

apngine cooling system at some point along the exhaust amyetem. The exact point at

which the water joins the gases depends upon whether the engine is mounted above or
balow the waterline.

(b) Dry exhaust - The axhaust geses are not mixed with water, the exhaust syetem is
completely dry and therefore very hot. All the pipe~work therefore has to be 'lagged’,
i.e., wrapped with a heat resistant material, ususlly asbesgtos tape.

§4.2 Plp.nn!._ng

With a choilce of systems; the enginesr can plas which system would be most suitable.
The following points are to be oconsidered:

4.2.1 Wet exhaust

Advantagee - The gystem has leas fire risk, the amount of heat given off is less and
it i= also quieter,

Disadvantages — Instsllation may be more expensive especially if engine is nounted
below the waterline.

Note: It is important to make pure that water in the exhaust aystem cannot gt oack

into the engine by suction when the e engine is being etarted or stopped, There are three
poaslble methods of wet exhaust gystems,

(a) Hater injection exhaust aystem — The point at which water is injected into the
exhaust pipe is just after the geses leave the manifold, which must be the est
point of the gystem. The gases and water then are blown out together "do ",
This system ie only for engines mounted above the waterline (ses Fig. 31).

Water cooled
silencer
]

Pipe should - pe

ter injected
downwords ¢ “afly Water in}

here

,_.,_..___
{

Pig. 31
Note: May or may not be fitted with a silencer, as preferred.




33

(b) Watertrap exhaust system A mixing chamber is mowited above the engine and :
wtorline, with a dry exhauat . ..exion to it, which is lagged. Raw water from the :l
cooling gystem can be takan to vo- top of the mixing chamber and injected into the |
exhaust gases. The mixed gas an. water then im blown out together as the pipe
gradually slopes downward to the outeide of the boat (see Fig. 32).

Mixing chomber

—-———Water injection pipe

WL

WATERTRAP EXHAUST SYSTEM

Pig, 32

This gystem is suitable for engines mounted below the waterline, as long as the
alxing chamber oan be fitied well above the waterline.

{c) ater-lock exhaust aystem - The water~lock exhaust mystem oan be uged if there
is not snough room for a mixing ohamber to be fitted above the waterline as in the

previous paregraph.

Raw water is injected into the exhaust aystem just after the manifold. The water—
look chamber partly fille with water up to the bottom of the outlet pipe, then extra
water blows out mixed with the exhaust. (See Fig. 33)
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Note: (i) The water—lock chamber should be big enough to hold the water in the
two pipes when the engine im stopped.

(ii) A bleed~off pipe should be fitted above the highegt point of the exhaust
aystem to prevent water ooming in by "siphoning” and connected to the outside of the

hutl.
The above mystem is quite complicated and the engine manufacturers' advice should be
obtained.
Vacuum  relief volve
( alternative to bleed pipe)
Bleed pipe T~
i \h
¥ 1 e -
'
A i — —_——
1 -4
p— ...1 — I[ m mm
. mintmum

—_ *\”Vl . - 9' _J!__,

WATER - LOCK EXHAUST SYSTEM

Fig. 33

4.2.2 Dry exhaust system (horizontal and vertical)

Advantages = Simple low cost—inatallsllion, which may be either for horizontal or
vertical dimcharge to suit the installation.

Disadvantages - Noisy, also a great deal of heat can come from pipework, causing
hot engine compartment and therefore cooling difficulties. Possible fire risk if
incorrectly fitted, particularly in wooden bosate.

Pigs. 34 and 35 show both typiocal horisontal and vertical installatione respectively.
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SECTIN

Fuel eystems
5.1 System types

Fuel tanks may be fitted sither above the engine, or below it, depending upon the
deslgn of the boat and the pize of the engine in the following ways:

5.1.1 CGravity fed syetem

The fuel is fed to the sngine by gravity, i.e., the tank level is above the engine.
(Often uned in small boat engine installations where in some cases the tank is even mounted
on the angine itaelf,

May also be used on larger craft where the engine is mounted low down in ths boat,

snd the tanks can be fitted either side of the engine, in the engine compartment or acroes
the transou, above the engine height.

5.2.50 Preggure fod system

The engine uses a fuel lift pump to feed the engine with fuel from a tank or tanke
gounted lower than or in line with the engine.

5.2 Fuel tanks

For diesel fuel, the tanks may be made of ateel {not galvanized) or glass fibre which
is reinforced. Copper or galvanized steel shculd NEVER be uped to hold diesel fuel.

Ready made tanks are available for small engines from the manufacturers. Other tanks
to fit specific boat shapes may have to be specially made.

Careful plamning of the fuel tank by & specialiat may be necessary. Always obiain
information from engine makers or their recommended agents.

It is also important to place the tank in the boat so that it will not adversaly
affect the ptability or trim of the craft; the boat builder or designer should be comsulted
if there ie any doubt.

The capacity of the tank ehould be sufficient for the type of work the boat will do,
with enough reeerve for emergencies.

For example, for a boat engaged in daily fishing which normally takes say, 10 hours,
?hen the fuel capacity of the tank should be enough for about 1% engime yunning hours
minioum).

All fuel tanks must have a ‘sludge trap' within the tank, so that water and heavy
sludge will eettle in the sludge trap, and may be drained off.

The fuel pipe inside the tank must be arranged po that it doee not draw from the very
bottom of the tank, thus eneuring that clean fuel only goes to the engine.

Clean fuel is very important.

5.3 Water traps and filters (primary and secondary filter)

A fuel ingtallation wust inciude a water trap and filter, sometimes called a primary
filter, in the pipeline. This unit is designed to filter out water and heavy solid
particles of dirt. It muet be emptied and clesned in eservice,

There ie also a second filter or mecondary filter, usually with a replaceable paper
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elemant, fitted on the engine itself Ly the manufacturers.

It is not neceasary io add more filtere than this to the system - to do so would
possibly cause difficulties by overloading the fuel pump.

5.4 Pipswork

Plpes should be of the correct diameter, as per the aengine makerg' recommendations.
Annealed copper pipe ie most often used, and this should be clipped o prevent damage
caused by any sovement,

Connections to the engine should be by flexible metal-coversd pipe to allow for
angine wibrationa.

Plastic fuel lines should not be usged.

Vent
f
t Filler
Fuel cock
m—
 Emm—
Flexible pipe ——4 Injectors
Sludge trop r\
with drain ]

Primary fitter Secondary fitter Fuel injection pump
{ on engine )

TYPICAL FUEL SYSTEM - GRAVITY FED

Plg. 36
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Electrical aystem

6.1 Introduction

6.1.t Small engines - On simple engines of small horse power there may only be a
very mimple elacirical asystem for ihe purposes of stariing the engine. This may conaist
of only a battery, starter motor and switch. When the battery becomes flat, the battery
is removed for re-—charging, or & eeparate battery charging unit, either engine driven or
from ™maine alectricity", ie uaed to re~charge the battery in position.

On this type of small inetallation there would be no other electrical equipment used.

6.1.2 — Small/medium enginee - On most types of engines an electrical system is fitted
which will start the engine by starter motor, re—charge the battery, and provide a supply
of electrical power to run lights, and smz2ll navigational or fishing aids, e.g., echo
gounder, radio, etc.

This requires a system consisting of battery, starter motor, switch, generator
(dynamo) or alternator with regulator and sut—out and wiring to comnect it into a
cogplete gystem. In the system thera is a fusebox where electrical power may be taken
off for various cther equipment; lights, inetrument.  radio, etc.

6.2 Datteries

There are peveral kinds of batteries, but in mos- casens the {ype used is the LEAD-ACID
tattery. It consists of a plastic case divided intc :ells. Each cell contains lead
plates coated with a chemical paste, which are immer: 1 in a solution of sulphuric acid and
water (Electrolyte) and pealed. The battery is firs "charged" with electricity, when each
cell can 'hold! aosout 2 volts. Once the battery is s8ed, and electrical energy is required
the chemicale begin to change and produce a steady f. ¥ of electricity. Whem the chemical
change ie complets, the energy becomes used up and t: battery is gaid to be 'flat’.

The energy in the battery can be saved or store oy being continually connected to &
generator, which replaces the emergy as it is drawa .¢. In this way a battery can be
used over and over again for many years, provided it .s looked after properly.

Each cell of a battery has a "Pogitive™ and a ™ sgative" connexion, and they sre
linked together in a battery eo that the batterv has a Positive {or +) and a Negative
(or =) terminal.

In most cases the electrical gystem is of 6, 12 or 24 volts, which means that
batteries used ars either 6 wolt (with 3 cells) or 12 volt (with 6 cells). A system may
be made of & or 12 woult batteries connected up in verious ways to give the required voltage.

i
I
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NOTE: In Fig. 40 the voltage of 2 x €6 wolts batteries in 'series' im made into 12 volte.
In Fig. 41 2 x 6 volte batteries in 'parallel’ gives a voltage of 6 volts, but
the 'capacity' of the power ies twice as much.

6.3 Alternators

Alternators are used on most modern marine enginea to provide the power for battery
charging and the elecirical system, instead of dymamos {or generators) as in earlier years.,

The advantages of the altermator are that it can produce a much higher charging rate
than the dynamo, and especially at slow engine speeds, this makes the use of amaller
batteries poseible, ilnstead of having to provide large storage of power by heavy
batteriea. Alec, the alternator needs very little maintenance.

The disadvantages of the alternator are that it is eagily damaged by misusme.
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SECTIN § 7
Gontrols and instruments
7.1 Controls
Most amarine engince have the following controls for the operation of the engine:
1. [Engine starting switch or ley
2. Throttle or engine speed lever

1. Gearbox control lever
4. Engine stop or fuel cut—off contrel

7-1.1 Engine starting ewitch

Usually & combined gwitch operated by a key which provides one or more of the
following:

Poaition 1

Turns on the inetruments

Pogition 2

Operates the cold starting electrical aid
Position 3

Turne the engine by starter motor

The use of a key is to prevent theft, or accidental turning of the starter motor
while the engine is running.

7.1.2 Throttle lever

A mechanical connexion to the fuel pump which increases or decreases the apeed of the
engine. It ip fitted within esagy reach of the operator so that he can control the apaed
of the engine from the gteering position.

On engines fitted with a lwd.rsulic/oil operated gearbox the throttle is often combined
with the gear lever so that ths seslection of engine speed and gearbox "ahead"” or "astern"
is done by one lever.

7.1.3 Gearbox control lever

A mechanical connexion to the gearbox, or clutch to allow the operator to select
"shaad™ or "astern™ from the pteering position.

Engines fitted in an open hoat mre often close to the operator, who can reach the
lever which is fitted directly tc the gearbox/clutch.

T7:-1.4 Remote controlas

On boats with a forward gteering position the throttls and gearbox control lovera
are by 'remote’ controle, and connected to the engine by cables which have a flexible rod
inside a flexible outer tube or comduit. The most common are NMorse or Teleflex controls
shich may be either a 2 laver syetem, i.e., one for throttle and one for gearbox, or the
combined single lever aystem as already mentioned. These are illustrated in Fige. 41

and 42.




7.1.5 Engine stop or fuel cut off control

This is a mechanical connexion, usually a Moree or Teleflex or similar, with a
'epringy' wire (piano wire) inside a flexible outer tube, connected to the fuel cut off
lever on the fuel pump. Typical Morse through bulkhead mounted engine stop, fuel cut off
or choke controle are shown in Fig. 48.

When the lever is pulled, the engine stops because the fuel pump control is moved to
the 'no-~fuel' position.

7.1.6 Remote propeller control

On engines fitted with a variable pitch propeller, it is possible to vary the pro—
peller either on the engine itself, or by remote control as shown in Fig. 48.

1.2 Instrumenta

Most smsll engines can be supplied with an instrument pack, consisting of an instro-
ment panel with tachometer {rev counier) oil pressure ammeter and temperature gauges or
warning lights.

Other instruments may include gearbox oil pressure gauge (on oil operated/]wﬂ.raulic
gearboxes), oil temperature gauge, cold-start warning lamps, etc., as used by certain
engine makers.

Many modern instruments are electrically operated, for example, tachometer, or it
pay be mechanically driven by a flexible drive inaside a flexible tube. Temperature
gauges also may be either electrically operated, or by a hollow copper pipe linking the
thsrmometer bulb ia the engine to the gauge.

Where instrumenta are not supplied with the engine, they have to be purchased
separatoely and made up to fit the engine and to an instrument panel. (See Part II, under
nstruments) .

Most instruments are quite delicate and phould Le handled with care, and inatalled
in a position where they are not exposed to damage, water or strong sunlight, but where
they can be eagy to get to for removal, bulb replacement, etc.
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SINGLE LEVER MODEL
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TWIN LEVER MODEL

Ms. 41
REMOTE CONTROLS
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TWIN LEVER

TWIN LEVER

Pig. 42
REMOTE CONTROLS
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FEATURES OF PATENT "MORSE CONTROL SYSTEM
Fig. 43

1. Putented stainless gteel cores

Patented armoured gtrand cores are double—~wrapped with stainless steel for extra
flexibility. Rotary ewaged under high pressure for ultre smoothnese, the stainless flat
wire donble wrap tends to etay straight for incrsased efficiency. Smaller sized cables
havs guper-smooth, solid wire, stainlees corea.

2. Low friction, high efficiency

Reavy-walled liner tube ims an exclusive compound of high density polyethylene and
lubricaat with an extremely low coefficient of friction. Result - higher efficiency
lower input load for a given output load and because the liner tube has axtra heavy
walln the cables maintain that high efficiency longer.

3. Strong, long lay protec*ive conduit

Made of non-preformed, oil tempered spring wire, the exclusive long pitch conduit
construction gives good longitudinal compreseive and tensile strength, reduces "spongi-
nese®, minimizes lost motion. Conduit etrength incresses proportionately with the load
capacity of the cable. More and larger wires are used as the cable size increases.
Result -~ additional strength, more protection for the core where it is needed.
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4. Heavy-duty jacket

The heavy duty extruded plastic jacket is especially focrmulated to resist abrasion,
conmon solvents and temperatures ranging from - 60°F. to 225°F.

5. Triple-asealed dopendability

The heavy duty jaclket is rotary swaged under the hub to form a tight, posmitive barrier
aguinst dust and moisture. An internal seal inside the hub keeps moisture and foreign
materials out of the tube and conduit. 4 flexible, abrasion resistant sleeve seal protects
the ewivel and the rod seal is a specially designed seal that cleans the rod with every
cycle, excluding dirt, moisture, and other foreign materials.

6. Built—in swivel

Swivel joints built into both bulkhead and clamp end fittings allow 8% angular
deflection of the rod end in amy direction. This {eature compensotes for control am arc
movement and slight misalignment at the work end and control end of the cable.

7. Corrosion resistant emd fittings

Cadmium-plated steel hud (including nuts and washers on bulkhead cables). Nickel-
plated brase sleeves and stainlees gteel rod reaeist the most severe corrogion conditions.
For unusual corrosion resistant requirements custom end fittings can be provided, such as
all stainless stesl.

-Bulkhead fitting

Clamp fitting

—
_LJ -

MORSE CONTROL CABLES
Pig. 44
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Control

_head Brackets yClarps,
f s ferrniqa!s

MORSE CONTROL SYSTEM

Fig. 45
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Figure 46 illustrates various Morse remotas control ingtallations ae follows:

1. A typical single station twin engine installation showing engine room disconnect
for over-riding engine room control.

2. A typical dual station single engine installation showing engine room disconnect
for over~riding engine rvom control.

3 A dual station single engine installation. The control is in the main station
because of the geparate throttle run~up facility on the control head.

4 A typical triple station eingle engine installation, using & common jack-shaft
arrangement {these shafts not supplied by Morse)

(-
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FOR CHOKE AND STOP OPERATION

Fig. 47
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REMOTE PROPELLER CONTROL

F‘ig-
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Water
Tachometer Ampmeter temperature

Gearbox oil
g. — pressure

WA
Key operoted combined Engine oil Stop control
start and hegter switch pressure

TYPICAL INSTRUMENT PANEL

Fig. 49
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SECTIN 8

Starting gysteme

£.1 Hand starting

A gimple systsa usually used on emall angines, with the starting handle cornected
directly to the crankshaft or camshaft extension, or by a raised shaft turning the
crankshaft by a chain and ratchet wheel.

A deconmpressor is fitted to allow the engine to be turned uniil fast enough to fire
when decompresgor is moved to 'off' position. A system with a grooved Flywheel or
starting handie shaft is sometimes umed to drop decompressor in automatically.

The most common starting system, used on high speed, multi-cy.rinder or larger
engineg,

An clectric motor fitted with a pinion gwar which meshes with the toothed ring on
the engine flywheel and turne when the starter switeh is operated,

8,3 Spring starter motors

A unit containing a heavy coiled spring which can be wound up by hand until tight,
When the starter is required, the heavy spring unwinds, turning the engine by rotating a
gear driving the flywheel.

5.4 HWriraulic starter motors

A similar method as 8.3} above, usnally fitted on the crankshaft direct. 0il in the
unit is pumped to a high pressure by a emall hand operated lever. When the pressure ie
r-lesaged Uy the operating lever, the engine is turned very guickly.

9.5 Compressed air g*arting

Usnally used on larger, particularly slow/medium speed engines in an 'engine room'
ingtallation, Thias aystem consists of a compresesor, either driven by the engine itgelf
or a peparate auxiliary engine, storage bottles or reservoir of air under high pressure,
and a compreased alir starter motor.

When the system contains sufficient air under pressure, the air starter motor is
operated by lever, and the motor turne the engine.

Another variation is that the compressed air is connected to the cylinders of the
engine itself, so that the compressed air drives the piston down, thus turning the
engine.

There are other starting systems, such as cartridge starting, donkey engine sterting
etc., but outpide the mcope of this publication.

6.6 Cold start systems

In countries shere temperatures fall to around 0°¢ or below, diesel engines are
usually fitted with a 'cold siart' system so that tbe engine can be started eacily in
celd weather.

As the diesel engine works by compreasing air until it is hot enough to burn fuel
sprayed into the combustion chamber, the cold start syetems use either a method of
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warming the air, adding extrs fuel, or by improving the compression.,

8,6.1 &ylinder "Cigarettes"

Used on mmaller englnes, this system uses a "cigarette" of puper and a special
chem.cal which will automatically burn and warm the air in the cowmbustion chamber when
the engine is turned.

A 'holder' is unscrewed and removed from the engine, 'the cigarette' placed in the
bolder and screwed back into the cylinder, so that the “cigarette" is actually in the
combustion chamber, As the engine is turned, the air is compressed and heate up,
oausing the cigarette to burn, therefore heating the air still wore and heiping the
engine to start. See Fig. 51.

8.6.2 Heater plugs

On enginee with an electrical syetem, there is a apecial heater plug (which looks
something like a spark plug) screwed into the combustion chamber of each cylinder.

When the switch is used, the heater pluges heat up and glow, therefore heating the
air in the cylinder and helping the sngine to start. A warning light is often fitted
which tells the operator when the pluga are hot aenough to astart the engine, and the
engine ie not turned over or cranked until then.

8.6.3 Thermostart

A gmall reservoir of fuel is fitted to the engine or bulkhead, and connected to
heater unit in the inlet manifold. When the electric key operated combined heater/
gtarter switch is operated, a small quantity of fuel is antomatically allowed to the
heater unit as it heats. The kmy is beld in the heat position for about 10 - 15
seconds only before turning the engine.

8.6.4 0il plungers

On emeller, usually handstart engines, starting can be helped Ly adding a amall
quantity of lubricating oil to each cylinder of the engine, or to the inlet manifold
through special oil plungers.

The addition of oil improves the comipression of the air by stopping the air
leaking past the piaton and rings, therefore the air is compressed more and so hecomes
hotter.

Some manufacturers recommend a mixture of fuel and lubricating oil to be added to
the plungera.

1t ip important to use as directed only, and never to use any other fuel or too much
0il, as damage can be caused.



51

STARTING CIGARETTE

Plg. 51




58

SECTICN

Enﬁine boxes

9.1 Planning

In an cpen boat ingtallation, it is necessary to fit a protective box over the engine
to prevent damage by rain and spray, to reduce noise and to protect the operator, crew and
passgengers on board from being caught in the engine or burned by exhaust, etc.

The dewign of the engine box ie important, as many factors should be carefully consi-
dered before it is made. A manufacturer's 'General Arrangement' drawing is helipful and
&ives the measurementa of many parts, and clearances for various controls.

In pome cases ihe lid of the engine box may need io be opened to get at various parts
for starting and ciosed as soon as the engin is running.

In general, the box may be designed to be removed completely for servicing or with
removable pansls or gections in the case of larger enginea.

On aircooled engines, the box must be made to allow for enough air to enter the
ovoling fan, and for the eacape of the hot air. The most common fault with an air-
cooled engine is that it is not given enough cooling air. Thie resulte in difficult
astarting when hot, loss of power, engine stalling at low rpm and engine seizure in
axtreme caser.

A list of things to check when planning the engine box follows, and it is broken down
into )} sections: Installation, Daily Running and Servicing.

9.2 Ingtallation
Follow the manufacturer's general arrangements drawing to allow for:

Air cooling, intake to the cooling fan, and hot air exhaust,

Air intake into the engine,

Starting handle swing and decompressor access.

Placing controls, like throttle, gear lever and stop control. Give them
gufficient movement.,

Placing inatrumentes.

The engine to be moved when aligning to shaft.

Engine movement on flexible mountings.

Movement of flexible exhaust pipework.

Fitting of noise ineulation and baffles. See Section 10, Part 1.

L

O o= Ohvn ol B

9.3 Dailly running
Consuit the engine handbock for daily running taske, and allow for easy access when:

1. Checking engine and gearbox dipeticks and filling points.

2. Checking water huader tank, and weed trap on inlet mea cock.

3. Turning grease caps, if fitted, on raw water pump or gearbox (e.g. Sabd
Varisble Pitch propeller engines).

4. Fuel priming levers, or excess fuel button, if fitted.

9.4

Servicing

It muet be sasy to service the engine in position without removing major parts or
frame of tha engine box, unlees the box is designed to 1lift off in one piece or in panels.
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Foints to congider on sarvicing are ap followe:

1. Draining engine sump, gearbox and reduction gearbox.

2. Changing oil filter.

3. Changing fuel filter, and bleeding fuel system.

4. Checking water pump impeller.

5. Changing any drive belts (e.g. alternator)

6. Checking valve clearances and decompressor adjustments.

7. Changing injectors.

8. Checking and ad justing ahead clutch and astern brale band.
9. Checking propeller shaft coupling.

10. Cleaning out sngine driptray.

AIR
COOLED
DIESEL
ENGINES

LET ME

D 0

Pig. 52



SECTICR 10

Noise

Diesel engines are noisy anyway, and air cooled engines are worse than water cooled

engines.

The ™thiclkness" of the water and the water cocling jacket around the cylinder

helps to reduve the noise on water cooled engines.

Air cooled engines also "let out" the ncise with the ducts needed for the air cooling,
and are therefore harder to quleten,

Fibreglase boats are genarally noicier than wooden boats, because the large panels
vibrate with the engine, and alec "reflect” noige.

In soms work boat installations, especially open boats, the noiss aspect is not alwmye
considered important. |When it is, there are various ways of reducing noise, but it is
better to consider the whole subject from the begiuning and plan to reducs noise bdefore
installation, rather than as an after—thought.

If noise is to be reduced from the beginning, the following poinits should be considered,

and the

1
2
3
4.
>
6
7.
8.

9.
10.

manufacturer's advice followed carefully:

Choice of construction of hull, whether wood, fibregiasa, stesl, aluminium, etc.
Choice of engine, either water or air cooled.

Type of engine bearers, and construction. Woodeu engine bearers shonld be as
long, wide and thick as practicable for quietness.

Engine mounting, Flexible mounting is quieter than solid mowmting, with
flexible coupling.

Propsller aperture. The propeller should turn in an unobstructed position for
least noige.

Air intake (induction) moise. This can be reduced by fitting or the choiloce of
an approved air gilencer.

Exhaust system. Water injected system, with flaxible joints, is the least nolgy.
Direct, dry exhaust or vertical exhaust, are both noiay.

Cooling air ducts can be made gquieter by fitting sound absorbing linings as
recommended by manufacturers, and similarly around engine compartment or box.
All gape around the engine compartment or box should be sealed as completely as
poseible.

Whers controls, pipes and cables leave the engine compartument, they should be
fitted with seals or baffles, ag illustrated in Fig. 5.

Rubber grommet

/! Flexible section
Thick rubber
flaps Casing

Fig. 53
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SECTION 11

Bilge pumps and bilge uystems

All small boate should have an efficient bilge pump which may be hand operated,
engine driven, or electric. In some countries there are safety laws which apply to
various mizes of boata, and which therafore must be followed. In the absence of laws
or legiplation about safety, any woridng boat should be fitted with an efficient engine
driven or electric bilge pump, able to pump out most of the boat; additional hand bilge
pumps should also be carried or fitted to be able to pump ovt the boat if the engine or
electrical supply has failed.

1.1 Hand pumps

The best pumps are those which are self-priming and which can be quickly and eagily
repaired if they stop pumping, with cheap and easy to find spare parts,

Diaphragm pumps are quite efficient, and on some models a replacement diaphragm can
be made out of a car or lorry inner tube.

Semi-rotary pumpe are not go widely used as bafore, as the valves can be troublepome,
and gome are not self-priming.

On gmall open boate it is convenient to place the hand pump on the gunwhale, near
the engine go that the pump collects bilge water near the stern or aft locker. Any hand
pump should be fitted with a strainer or strum box to prevent solids entering the pump.
The strainer ahould be easy to get to for cleaning.

1.2 Electric bilge pumps

The trend towards submersible pumps has made electric bilge pumpa more popular, as
they have bacome more trouble—fres in yecent years.

Electric pumps are made in & variety of voltages, and capacities, i.e. the amownt of
water pumped per hour or wminute, and therefors it is important to order the correct voltage
motor, with a sensible capacity for the size of craft,

The electric bilge pump mugt be installed for easy access for cleaning and periodic
servicing as recommended by the manufacturers.

11.3  Engine driven bilge pumps

These may be driven by the main engine, or have a eeparate engine/pump wnit, or engine
generator/pusp unit (eometimes called a "donkey” unit), all usually by Vee belt drive.

Most of the earlier bilge pumpa were of the twin gear type, but the most popular type
now found is of the singl: "impeller® kind, with a neoprene or plastic impeller fitted
alightly “off—centre” in the pump housing. This creates suction as well as acting as an
impeller and pushing the water through the pump.

One of the moet euccessful manufacturers of these pumps is "Jabsco™, and they are
found on many meakes of marine engines.

One of the most cormon faults on the plastic impeller type of pump is that it cannot
run for long when dry, as the impeller is lubricated by the water passing through the puamp.
It will eventually overheat and damage the impeller if run in e dry state for more than a
few minutes,

It is important that spare impellers are carried on board, and that someone in the
orew lmows how te change an impeller ghould the pump stop working.
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11.4 Bilge eystem

On larger cralt, the bilge pump is usually connected to a system of pipee able to
punp out each section or watertight compartment of the bost.

In this case there are valves to open and cloae of sach cumpurtment, and the vulves
have tc be numbered or namped, showing to which it refers. In each comparthent there 1g a
atrainer or strum box which prevents asolids entering the agystem, and the gtraiger should be
positioned for eagy cleaning, and ususlly at aft end or lowmst point of ekeh compsartment.
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SECTION 12

Power taks off

The engine fitted to drive the boat through the water, can algo bLe used to power olhen
equipment on the boat, depending upon the nature of the work that the boat is requirel o
do.

For exsmple, the main engine may be used to power one or more of the folluwing:

Fishing winch, powerblocks, line hauler, anchor winch, derrick or cargo winch, extra
electrical generator, water or bilge pump, compressor, etc.

On small working boats the most usual power take—off is for a small fisaing winch or
hydraulic oil pump for line hauler or power blocks, or bilge water/deckwash pump.

The powar has to be taken from the engine either by a direct drive clutch from the
oend of the crankshaft or camshaft, or by Vee-belts from pulleys fitted to either crank or
camghaft.

It ip most important to follow the engine malkers instructions on the maximum loads
and power that can be taken from the engine without damage.

Any power take-off driven equipment must be positioned to allow for the realigmment
if neceasary when the engine is aligned to the propeller shaft.

Belt driven equipment must allow for the adjustments of belts as they stretch ard
wear, and the replacement of belts. All belts should have belt guarde to protect tbe
crow and loose clothing from being caught up in moving belts, pullsys and shafte. This
is very important in ocouniries where flowing robes or long clothes are worn by tradition.
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PART TWO

SECTION 1)
Installation details

It is hopad that the taxt which follows will provs adaptable for the installation of
shaft and engine into any amall craft, whether built of wood, glass fibre, steel or ferro-
oement. For *his reason it has to be assumed that the atarting point of the text is from
the time that the shaft tube ia fitted intc the bwoat.

Obviously, if the boat is of glass fibre or ferro—cement conastruction, the ahaft tube
will have besn moulded or cast into places by the boatbuilder.

1351 Establishing the shaft line (boat with stern tube, boat with shaft log apd P!
breoket

With the ghaft tube in position, the first etep is to find the position that the shaft
will tais called the "ehaft line". This is done as follows:

a) Make a plug whioh will fit into the ghaft tube, with a hole im the centre and
place it in the tube from the outeide of the boat. (See Pig. 54)

b) Thread & long thin nylon string or thin piano wire through the shaft tube aso
that it comes into the boat. The string/wire must be long enough to go to where
the front of the engine will be. (See Fig. 54)

¢) Look carefully at the string/wire as it comes out of the shaft tube, and by
moving the string/wire find out where it sits in the centre of the tube.
{see Fig. 55)

d) Fix bracket or suitable wooden strip and fasten string/wire secursly to it.
Make sure bracket camnot be knoclked out of line or moved, and is well forward of
engine position (see Pig. 55). This line will be the basis of the 1ine for the
engine bearers and should not be moved till bearers are made snd fitted.

13.2 Planning the engine bearors

Before beginning to install the engine bearers 1t 1s important to obtain from the
engine malers a "General Arrangements" drawing, similar to that shown in Pig. 56, which
will give detailed information of measurements of the engine and the amount of apace
various items on the engine require. For example, if the sngine ias provided with hand
egtarting or twrmning, there must be room t¢ turn the handle once the engine is in place.

Similarly, it must be possibles to service the engine once it is fitted, and details
liks "how much room it needs to drop the oil filter out and put in a new one™ must be
congidered at the heginning.

A check list of itema like this which need careful planning before the engine bhearere
and engine box, floor boards, etc., are made, is as followe:

filling and draining the engine sump;

filling and draining the gearbox;

filling and draining the reduction gear or Vee drive;

checking dipsticik and c¢il pressure gauges;

checiking water header tank, if fitted, tuwrning water pump grease caps;
changing air, oil, fuel and raw water filters;

allowing sufficient air into and out of the engine for cooling purposes (air
cooled engines only);

g e A TR




sufficient air for the engine to rmm properly;

enough room to turn starting handle and decompressor lever if fitted;
enough space for the gear lever and throttle linknage to move freely:
gpace to get at the drip tray under the engine for cleaning;

space for the engine to move (if on flexible ncintings).

13.3 Making an g:_xg._lne template

Flan - An engine template is easily made from a piece of 10mm plywood, given the
"Ceneral Arrangement™ drawing of the engine « plan view:

o M

a) Select a piece of plywood that you know will be long and wide enough and draw a
centre line down the middls. Mark the template "Front® and "Back".

b) Along the ocentre line, mark the distance apart of the engine mounting feet —
engines usually have 4, sometimes 6.

c) Mark the width of the feet apart (the centre of the fixing hole) frow the cenirc
line by using a large T-square. Mark the puaition of the 4 {or 6) wounting holw:.

ESTABLISHING SHAFT LINE

q5_==___ _. L ) e -

- ) String or wue

Plug Shaft tube

SKETCH |

Puli * ght

g

——

———
L
—

Shaft tube

of WiTe

e cxing

Deadwooud

SKETCH 2

Fig. 54




66

ESTABLISHING SHAFT LINE

Position of engine
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through stern tube

Fig. 55
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Check by measuring from one corner foot to the other. Repeat, measuring the
opposite pair. The measurements shouid be the same. TYou can also check by
measuring the engine iteelf.

Drill the holiee carefully using a small "pilot" drill, and then drill out the
holes the same size as the boli holes on the drawing of the engine.

Draw around the bolt holes the mize of the engine feet, and cut out the shape.

You then have an acourate template, showing the 4 {or 6) engine feet.

Profile = If there ia the possibility that the depth of the engine could foul the
transverse frames cr any timbers between the engine bearers, maim a "profile" tamplate
ingtead of a "plan” template (as described in the previous section) from the "General
Arrangement" drawing.

a)

b)
o)

Seleot a suitable piece of 10 mm plywood and aocurately draw the full size pro—
file on to it.

Cut around the drawing with a jig-saw.

Measure and mark the position of the engine bearers on to 75 mm x 25 mm batiens
and accurately elcet tham into the profile.

Water inlet
i

Exhaust outiet Speed conleal

| " {Port side)

FETTER - MINI - TWIN AC 2W

MARINE DIESEL ENGINE

TYPICAL GENERAL ARRANGEMENT DRAWING

Fig. 56
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d4) Fit supporting braces so thai the vertical profile is at right angles to the
cross Dlecea.

e) The cross pieces should accurately represent the poaition of the engine feaot.

f) The completed profile template can now be used to check the position of the pearers
and of clearances between the engine bearers and any frames.

g) Any main components, e.g., exhaust outlet can also be marked on template to give
an idea of how they will be arranged.

13.4 Pitting engine bearers (wooden boats)

Having decided upon the shaft line and with wire or siring marimr in position, the
next sten is to put in the engine bearers, with the ald of an engine template.

Depending upon the design of the boat, the engine bearers may bolt directly to the
ptringers shich run the length of the boat, or they may bolt on to trensverse frames.

Transverse frames heln to spread the weight of the engine across the boat, and usually
bolt to the kwel and posaidly to the stringers alse. They should be as heavy as possible,
and can be further supportsd by "kmees" (made from either metal or wood).

Oraw profile full size
on 1Q mm plywood from
engine diagram

X Mark gccurotely for mounting ifugs
and main occessories

Cross orms
through plywood
ond well broced

Holes match those
in mounts

ENGINE TEMPLATE

FMg. 57
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I+ ie important that the frames are shaped to fit the hull exactly, and that the
weight of the engine is spread over the hull. An incorrectly made frame touching the hull
in one or two places only ocould put “presesure"” on those parts of the hull, which could
cause trouble later on.

Once the preparation for the engine bearers is complete the next move ie to place
them in posgition as follows:

8)

b)

c)

Using the engine template as a guide, position the engine bearers exactly parallel
4o the shaft line, and the correct distance apart, 8o that the bolt helea for the
engine come in the centre.

Mark the poasition of the beareras in the boat and then check that the bearers are
parallel to the shaft line in helght.

Note: On many engines, especially with reduction gears, the output shaft (where
the propeller shaft will bolt up to) is lower than the engine faet.

Make sure that the height difference between the engine feat and the shaft centre
line is planned carefully, see Note i) below.

when you are satisfied that the bearers are in the correct posiiion, fasten them
to the boat, by bolting. All fastenings should be either of bronze or gulvaniszed
gteel, to prevent corrosion. Always use flat washers underneath nuts.

Refer to the "Ceneral Arrangement" drawing, the profile template or, by measuring
the engine 1tself, adjust any part of the bearers {by removing any wood
necessary) to sllow the engine to sit on the bearers without "jamming®.

Note: 1) If a oteel angle or flat strip is to be fastened on top of wooden
bearers, the thicknesg of the metal must bs allowed for.
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SECTION 14
Stern gear and alignment = installation
14.1 Cutting shaft to length
Careful planning of the engine positlion and the length of the ghaft must be done.

If the shaft is supplied with the engine and has to be cut to length, the following
should be noted:

i) PFixed propeller
On boats to be fitted with a fixed propeller, the shaft length must be sufficient for

the balf couplings to be bolted up while there is still a slight clearance between the
stern bearing and the propeller hub, as follows:

SHAFT LENGTH

Stern bearing
!

\ / Couplings

!/ Shqft tube

} 3 ) Engire

Gop must be not more
than JE' diometer of shaft

Fig. 59

The gap must not be more, or less than half the diameter of the ghaft. For example,
if the shaft is 30 mm in diameter, the gap between the end of the bearing and the pro—
peller hub must be 15 mm approximately.

If it ie too close, the propeller will not work so well, if it is too far apart, the
shaft could become bent or even break off after being in use for a while.

ii) Varisble pitch propellier

The installation of the shaft and enrine using certain types of variable pitch pro-
peller is rather different.

Where the propeller pitch ia wvaried by moving the shaft beokward and forward, it is
important to follow the naker'a recommendations on how to set about cutting the shaft &t
the correct length so that full propeller pitch in ahsad and astern is still pomsible.

With some makes, e.g., Sabb, firstly, the shafi is fitted into the shaft tube, and
the stern bearing fitted to the boat.

The propeller is then apsembled, as it consists of & propaller boez in two pieces,
with three internal thrust rings, ana 2 propeller blades with operating blocks.
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When the propeller iv correctly assembled and bolted (]_j,ght]_y) together it can be secn
that the propeller bledes can be iwisted from ahead to astern, Ly pulling or pushing the
shatt forward and baolkweu.d.

The moveasnt of the chatt in this way is donc by a onntrol on the gearbox of the
engine.

When cutting the shofi to fit the inetallation it 15 iuportent to eet the geurbox
control at full agterm.

The bladey of the propeller are also set at full astnrn (check you lmow which way the
propeller shaft turms first).

The coupling on the shaft can then be slid along the shaft %o meet the gearbox half
coupling position. Nark the ohaft, remove it frowm the boat and cut it off.

Thie operation in vary inportant, ae it ie possible to ~ut the shaft too short, and
then not be able to get the full ahead position of ‘he prapeller.

CUTTING SHAFT TO LEMGTH

Piteti lever

- -

OL‘/[ ~ 1 G/ Box Engine
- - —m————— - -

Shaft short; prop in gstern position

e
Coupling Tully out to
ostern posstion

Pitch lever

|

. G/Box Engine

-t

Shaft long; prop in ahead position —'|£J'\—_

Counling fully in to
ohead position

i
t
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14.2 Installing ehaft and shaft bearings

a) Once the engine bearers are in position the shaft alignment marking etring or
wirs can be ramoved.

b) Check that shaft is clean and fres from any damage, burrs, ete., which could
make difficultiss later. If necessary rub damaged areae with fine emery cloth
or sven & fine file on bad burrs.

c) Slide shaft into shaft tube from outside the boat, then slide rear stern bearing
on, and screw on to shaft tube. If fitted with 'P' bracket and rubber bearing
ingtead of shaft tube, wet the rubber bearing with watar (not oil or grease) to
assist fitting shaft.

d) Qo inside the boat and fit the inboard gland {and bearing if fitted). Pack the
gland but do not tighten adjusting nuts. (See gland packing note later).

e} Fit shaft half coupling and tighten.

f) Fit propeller and tighten {(see following note).

Note: It is often necessary to fit half coupling and propeller at the same time, to
tighten one against the other, Make sure all lockang pinas, tab waghers, etc. are
Titted,

g) Fill grease cap or reservoir if fitted. Water lubricated bearings may need a
conmnexion from the engine cooling system, when the engine is installed.

14.3 Fitting a propseller

It ie important when fitting a propeller to ensure that the shaft taper and propeller

taper are in proper oontact, so that the drive to the propeller ig not just through the

ny.

It is very eagy and quick to do the following check:

a) Place propeller on shaft without the lkey and push on,

b) Maks a line with & sharp scriber on the ghaft at the front of the propeller.
¢} Remove the propeller, fit the key to the shaft.

d) Pugh the propeller on. It should come up to the scribed mark.

e) If it does not, the propeller is sitting on the luy instead of on the taper.
f) Remove the propsller, file the kesy on the top only.

g) Refit the propeller to oheck.

h) Continue to file the lmy and check by fitting the propeller until it reaches the
mark as in d).

i) The propeller nut ocan now be screwed on tight and looked with the locking
devioa.

14,4 Drilling holee in sngine bearers

Where there are facilities f~r the easy lifting of the engine by chain blocks, crane,

oto., it is alwmys better to 1ift the engine and lower it on o the bearers when the shaft
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FITTING PROPELLER

Propeller

Scribed tine here

I_’rj.ligﬂ key in keyway

Shaft
fm Propelier
Scribed line
Key fitted
/
Shoft

Space

Propeller not up to mark

File top of key, and repeat unti!
propelier comes up to mark with
key fitted

Pig. 61
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is in position before drilling the hoiding down bolt noles,

If this is done the engine position can be checked by offering it up to the shaft to
seq if the alignment is approximately correct.

The step~-by-step method is as followa:

a)

b)

<)

a)

Arrange lifting wire strop or chain to fir to the engine as recommended by the
mapufacturers. De careful of pinching pipes or fragile parts of the engine with
the wire gtrop or chain.

Carefully lower engine down toward bearere, always checking that nothing is going
to get damaged.

Note: Keep the engine forward of the shaft and coupling.

When the an?'ine is down (keep some weight of the engine on the chain blocks for

eagy moving) lever the engine to its correct place, using the shaft coupling to
give the exact position.

When correctly placed, lower the chain block until all the engine weight is on
the bearers and check the alignment,

Checks before engine finally lowered.

Make pure that everything underneath where the angine will be is completed beforas
lowering the engine to be finally positioned. A check lig:t Plilows:

1.
1)

2.
1)
i1)
3id)

iv)

Engine

Make sure &ll bolts and nuts on the angine which cannot afterwards be reached,
are tight, particularly around the engine mump, around clutch housing and
reduction gearbox.

Boat

All bolte tightened around the engine hearers, and frames.

All limber holes out »ut (to prevent pockets of water lying in one place).
Any wood or gteel is properly painted for protection.

Engine drip tray painted and fitted.

The engine oan now be lowered, tighten holding down bolts slightly io prevent engine
moving when boat is moved,

Do not attempt to bolt the sngine and shaft couplings together until the hoat has
beon launched (see later under Alignment).

Note:
CQ.I‘OMG

e}

£)

It may be found that the en;ine has to be raised or lowered slight.y.
measure 1o gee where alteration is required and mark.

If all is correct, mark the engine bearers exacily where the engine mounting
feot ait.

Sometimes it ims 5oesible to drill scme bolt holes with the ~ngine in position,
but uwsuaily it is not possible to get at them all.
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g)

b)

14.5
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As long as everything is clearly marked, the angine may be 1ifted again snd moved
on* of the way.

When driliing, select & drilil 1o give a clearance hole for the mounting bLolte,
i.e6., slightly larger ihan bults. If drilling into a uteel angle, always use
& moall drill to make "pilot” holes first. Wher drilling, always wake gure the
drill ie at right angles, i.e., side to side, and backward to forward to the
engine boare». DO NOT drill a vertical hole on gloping engine bearers.

The holes should then be mortiged out to take a prereure pad and nut, as in the

next drawing. Make the mortised holes as low down in the bearer, keeping the
raximm thickness of wood between the engine foet and the mortise.

Alipgnment

lligm:en* mugi only be done when ihe boec is in the water — NEVER on land. A wooden
wint be left to moak for ceveral days to take its "water—borne" shape.

Once it is pure that the boat iy ready, the sngine ip aligned as follows:

a)
b)
c)

d)

e)

£)

g)

h)

1)
i)

1)

Relesse engine holding down bolts.
Pull shaft and coupling up to meet the engine (driving) coupling.

By the use of a gtraight edge, check to see if the ocoupling halves are "parsllel",
mee Fig. 62.

If the coupling halves are in iine when viewed from side and top, the engine and

ahaft are "parallel”. If not, the engine has to be raised or lowered, or moved
from side to side until the above check shows it is correct.

The riext check is to ses if the engine coupling is in line as shown in Fig. 63.

This must ba checlsd, KOT BY LOOKING, but by THE USE OF FEELER GAUGES as shown
in Pig. 64.

Une feeler gauges to check that the couplings are in line ms follows:

Tale a fairly thick feeler gauge 0.4 mm or eimilar, and pull the coupling and
pr-‘)pe%lt)sr' shaft up ti11 it lightly grips the blade of the feeler gauge in poai-
tion (A).

Check in positions (B), (¢) apd (D). The same clearance (the pame amount of
grirping of the feeler hlade) should be felt in all 4 places.

If not correct, continue placing shims under the engine faet wntil it is axactly
correct.

Note: Keep checking that tbe couplings are still parallel as in Note (c).
When correct, tighten engine holding down bolta.

Check again - MOST IMPORTANT, as tightening the bolts may alter it.

When finally correct, put the coupling belte in, tighten them and teat the
engine and boat under way (i.e., moving).

Wnen testing the boal, listen for any vibration and check the stern gland and
bearing if fitted, Any heating of the gland or bearing may be ceuged by mig-
alignment (see further note on Testing in Part 3).
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Note: Flexible couplings must be aligned in exactly the same way as solid couplings.
Do not think because it is a flexible coupling, it will be able to work if not exactly in
line; this will only cause trouble in future.

The importance of careful alignment of the engine cannot be smphasised too atrongly.

| l | | l Straight edge | l I

» % ‘ 7
Engine /,’/: Shoft coupling Engine 2% /‘;',//’; Shaft
- g AL
[ Ny
Driwing coupling ,/ ,//;/ /1
A ";/4_/ Y.
CORRECT WRONG ENGINE TOO LOW

VIEWED FROM SIDE

|
|

] A 4
Engine '/_ /1  Shaft 77, {; Shaft
/ Enot % 7/
/ ngine 2 /] [
;?ﬁ 7 1 %%
v ) L
CORRECT WRONG ENGINE TOO FAR TO ONE SIDE

VIEWED FROM ABOVE

Pig. 62

SHAFT ALIGNMENT
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Engme_‘ 1 Shaft A Engine Shafs
| —_—
Move front
of enqgine
|
-
o
= !
b f
CORRECT WRONG ENGINE TOQ LOW AT FRONT
VIEWED FROM SIDE
|
[ .l"il
o Move front I
P of englne ;
Engine |~ Shaft l Enging Shaft
CORRECT WRONG FRONT OF ENGINE
TOO FAR TO ONE SIDE
VIEWED FROM TOP
Fige 63

SHAFT ALIGNMENT
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USE OF FEELER GAUGES




SECTION 15

Cooling syutem - ine®=:.ation

15.1
a)

b)

c)

d)

15.2
a)

b)

g)

Direct system

The sea—cock and strainer unit must be of the correct size for the engine. It
must be pogitioned se close to the engine as roseible, and easy to get at for
tuming on and off and for cleaning the filter. It must also be low down uwhere
it can draw water even if the boat rolls or pitches.

The connexion between the seaa-coclc/strainer pipe and the engine must be by rubber
hose, to allow for movement and vibration, etc,

The discharge pipe must be connected by a rubber hose as in b} if water is piped
dircctly overbeard. It it discharges into the wet exhaust system it must be as
per instructions on exhaust systems (see Section 16). The discharge pipe must
always be above the waterline so that it can Ve seen that iho pwp is pumping
water.

It must be possible to drain the gmystem dry in cold countries where it may freeze
and burst the engine,

Indirect Ex_ heat exchanger

Notes a}, b) and c) relating to a direct cooling system alse apply.

The addition of anti-freeze into the fresh water system will prevent the engine
from freezing. ‘The raw water system must also be fitted with draining taps tc
enpty the pipes and eepecially the pump.

Keel cooling

With a keel cooling installation it is important to use the right type, diameter
and length of pipe under the boat to maintain the correct running temperature of
the engine. Some manufaciurers produce a kit for their own engines, whilet soma
do not aedvise keel cocling. A general guide to the length and diameter of keel
cooling pipes is about 150 mm of 25 mm pipe per hp of the angine. (These
figures are for & guide only). For cxample, & 25 hp engine would require about
3,75 m of 25 mm keel cooling pipe.

The pipes can be mounted on one or both sides of the oraft, depending on the
length of the pipes compared to the length of the boat.

The fittings on the hull can either be factory made, or fabricated from standard
xalvanized iron water pipe fittings (fresh water only), copper pipe is better for
the gea.

It ie common practice to fit a strong rubbing strale outeide the hull, parallel
and close to the pipes to give the maximum protection when beaching cr grounding.

The internal pipework should be as short as possible, with rubtber hose comnexions
to prevent vibration. Avoid sharp bends in the pipswork.

A water header tank must be fitied above the highest point of the engine, to keep
the eystem full of water. The connexion to the header tank must be of rubber
hose, to permit movement.

Anti-freeze may be added to the gystem to prevent the engine being frozen.

Note: Some sngines carmot be keel cooled. Therefore, obiain information from
the makers of the engine befora installation. :




15.4
a)

b)
o)

d)

a)
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Air oocoling

The cold air inlet to the engines for cooling purposes is usually drawn from below
the engine, and plenty of apace must be left, with nothing in the way. Refer to
engine handbook for sise of opening to be made.

The outlets must be arranged to lead the hot air away from the engine, so that it
camnot get back into the inlet area.

The inlet air to the engine air filter (for the engineo use)} must be in a cool
position. It can be removed from the engine and fitted away from the original
place, for example, on top of the engine box, and comnected by a pipe of the
sane diameter and rubber hoses.

If the angine is in an open boat, the engine box must be drilled with large holez
all round the top, usually 25 - 50 mm in diameter, amd 25 many as vopsible. The
box lid should ba left off when the engine is roming.

If the engine is below decks, the angine must be fitted with ducts to lead the
¢old air in, and the hot air away, with the hot air duct higher than the cold
(inlet) duct. These should be fitted po that they do not get in the way of
engine controls, or interfere with the removal of the engine.

Avoid eharp bends in ducting, and the use of wooden slats across the opening.
If elither are necessary open up the aslze to give about 25 per cent more area.

R

g
¥

RIGHT WRONG
Pig. 65
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Iypical installations in open boat
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Qutlet

b LS /
- Portable ducting of Hot air to be vented from
— T T plywood or heavy canvos top of engine fo otmosphere
—_— expanding from engine
PLAN VIEW SECTION LOOKING FORWARD

TYPICAL INSTALLATION WITH ENGINE
BELOW DECK

Fig. 68
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SECTIN 16

Exhaust eystems — installation

16.1

Installation ~ general

The important points tc note on the installation of exhaust systems are:

1)

2)

3)
4)

5)
6)

16.2

16.2.

the wator

The exhaust system should not produce excessive back presgure. Thig can be
caused by the following:

a) too small diameter;
b} too sharp bends or angles;

¢) too long lengths of pipework. If a long system 1s nezeesary, increase the
diameter of all the pipes;

d) too much water in the wet exhaust system. Fit an extra pipe to take some
of the water before it entars the system., Do not reduce the water for
angine cooling;

e) asilencer in wrong place, or too amall -
i) from manifold to silencer should be as short as possible;
ii) frow silemcer to tall pipe must be more than at i) above;

if1i) volume of milencer too emall, should be 3}=H times the swept volume of
the engine;

iv) silencer diameter compared to exhaust pipe diameter muet be as large
ag poselible.

f) tail pipe from silencer to outlet too short. Am a guide, the length of
the tail pipes should be 10 times the diameter of the axhaust pipe (inside
measuremente) -

Water must not be allowed to enter ne system.
a) from oukside wher the engine is stopped;

b} from inside, by the engine sucking back water in the pipes when etopping or
starting the sngins.

No risk of fire — dry gyetems particularly.
Visible water outlet, mo tha® it can be seen that the cooling water is flowing,

Failure tc gtop an angine with no water through a wet exhauet can cause damage
to rubber axhaust Loees.

The use of galvanized iron or mild steel exhaust pipes with diesel engines.

To fit drain taps on the sxhaust system in cold countries, where there is a
rigk of freezing., Taps should be at the lowest position.

Wot exhaust mysten

1  Water injection system, using water injection bend (for engines mounted above
line only).

»




1)  The water injection bend should be fitted on tc the exhaust manifold or as near
as possible and should be at the highest point of the gystem.

2) T.e water injection bend should immediately be conneoted or to a rubber exhaust
hoge to allow the engine to move.

3) Make gure the water is injected so that it cannot be drawn back into the engine
by suction (on stopping or starting).

4) The exhaust pipe should slope or fall gradually towards the outlet, with no sharp
benda (see Note i} below).

5} The ouwtlet for the aexhaust should be above the water-line., Flaps of rubber onthe
outeide of the outlet sometimes help %o quieten the exhaust nolse.

6) Galvanized pipe or mild steel is quite satisfactory.
Hote: for engines mounted partly below the water—linet
i} This system can be used, but the exhaust pipework must include a swan-neck,
i.e. the curve of the exhaust pipe must go above the water—lins and fall to
the outlet.
ii} If a silencer is fitted, it should be on the outlet side of the gwan-neck.
16.2.7 Water trap exhaust system - using mixing chamber,

1) Mixing chamber muet be mounted well above water—line to allow remaining exhaust
pipe to fall or slope gradually dcwn to the outlet.

2) Raw water from the cooling system must be comnnected to mixing chamber at the top.

3) The exhaust pipe from the manifold to the mixing chamber must be dry and therefore
lagged and flexible.

4) The exhaust pipe from the mixing chamber tc the outlet cun bs connected with
rubber exhaust hoge.

16.2.3 Water lock exhaust system = using water lock chamber.

1)  Mixing chamber must be mounted 8s low as poasible.

2} The mixing chamber must be blg enough to hold all the water held in the pipes
either gide of the chamber when the engine is stopped without being able to suck
the water into the engine.

3) A pipe to prevent a vacuum (and water entering the engine} must be fitted and
looped 300 mm above the water—line.

Note: The water lock aystem oan be guite complicated apd advioe should te
obtained from the manufacturers if this system is to be used.

16.3 Dry exhaust system

it.
16.3.1 lagging - Dry exhaust pipework must be lagged to reduce heat radiating from
Asbestos tape or cord is normally used, and covering the pips %o a thickneas of 12 mm.
Plaster of paris, or similar type material, e.g., Polyfilla, can be used to coat the
acbestos for protection.
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16.3.2 Horisontal axhaust - sultable for all engines, either ahove or below the

water—-line.

1) The smystem must include a silencer of the correct size.

?) It is necessary for all pinework to be lagged including the silencer, eapecially
where pipes go through a wooden bulkhead.

3) A flaxible metal section should be used to allow for expansion and vibratiop.
Note: Rubber exhaust hoge cannot be used on a dry exhaust ayetem.

4) A drsin tap should be fitied at the lowest point of the system to drain off
water formed by condensation.

5) The exhauat pipe should have a "swan—neck® if engine is below water-line (see

Fig.69) to prevent water filling the system from outgide.

3
See Notes i) and ii) below, at the end of 16.3.4 "™Vertical exhsust®.

16.1.3 Vertical exhbaust

1)
2)
3)
4)

5)

1)

The system muet include a silencer of the correct size (see Note i)).
All pipework %o be lagged, Including the silencer.
A flexible esction should be used to allow expansion and for flexibility.

A water trap with a drain tap should be provided at the loweet point, to drain
off rain-water and condensation,

A self-opening and olosing rein-water flap should be fitied io prevent the weight

breaking the exhaupt pipework, especially the manifnald.

Notet

i) On both vertical and horizontal axhausts the size of the silencer is
importent. It should be ordered with the engine, or the dimensions given
by the engine manufacturer,

Some manufackurers supply their own exhaust flexiblie piping which must not
be lagged with asbestop tape. Refer to makers instructions if in doubt.
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Fuel tanke and fuel syetems - instaliation

17.1
1)

2)
3)

4)
5)

6)
7)

8)
9)
10)

17.2

1)
2}
3)

4)

5)

6)

7)

Ingtallation = general

It is important to ingtall the fuel tanks In the correct positiom for craft
ptability and alac to suit the angine,

Fuel tankes should be fully painted, extermally only, before fitting in place.

The tanke must be fitted securely, in fittings stirong amough to take the ieight
cof the tank when full, with ample strength to stand ehocks of rough weather.

Filling pointes ghould be arranged so that any fuel spilled goes "“over the side"
not into the biige of the boat.

Filling pipes should be as short as possible and directly over the tanks, not a
long eystem of pipes with bends, etc.

Fuel breather or vent pipes ghould be twice the diameter of the filling pipes.

Filling pipes and fuel tanks should be “bonded" to the earthing point of the
craft — larger boats in particular.

It must be possible to get at the sludge trap drain.

A fuel cock or valve must be fitted as close to the tank as possible so that the
fuel may be turned off in an emergency or while servicing or replacing parte of
the fuel system.

Taniks must have a dipstick or gauge to show accurately how much fuel is in the
tank.

Primary filter and pipework

The primary filter {water trap)should Le fitted close to the tank but after the
fuel valve, and in a position eo that it can be cleansd easily.

Pipework should be of the correct size copper seamless tube and clipped to stop
it moving and getting damaged.

A flexible pipe suitable for diesel fuel should be conneoied between the clipped
copper pipe and the engine. (Some sngine manufacturers supply this pipe).

Many engines need a return pipe to the tank to carry excess fuel from the fuel
injection pump and the injector "leak-off”., This pipe should be flexibly joined
in the same way as the fuel supply pipe — see 3 above.

Pipes ghould be kept clear of hot parte of the engine, i.e., exhaust pipes,
cylinder head, w®tc.

Pay particular attention to preventing leaks by using fittings, copper waghers,
oto., as recommended or supplied. Diesel fuel will leal out of any loocee or
peor quality joint.

Follow any ingtructions and specificationse by the engine manufacturer.

Note: Never use plastio pipe for fuel lines.




SECTION 18

Electrical ~ ingtallation gystenm

18.1 Battery care

Batteries are very expensive, and can be easily damaged by being badly treated.
Balow is a list of things which should be done 1. look after the battery.

1} When carrying a battery do not drop it as the case will eplit.
2) Keep battery level. Do not spill the acid, it burms skin and clothes.

3} Keep battery charged when not in use. A flat battery will quickly spoil wken
pot being used.

4) Keep battery comnexiona clean and tight, emear with grease or petroleum jelly.
5) Replace old worn connexions, Never hammer on connexions.

6) Keep slectrolyts level correct. Add DISTILLED water only.

7) when charging, do not use a high current, the battery will heat up.

¢}  When charging, remove vent/filler caps to allow the gas to escape.

9)  When discharging do n-} drain battery quickly, or "flash" a battery acroee the
terminals, platea will apoil.

10) Do not use a flame or awtch near a batiery. The gas will axplode.
8.2 Battery installation

It is important that the battery is placed a3 near to the engine as possible, B0 that
the cables from the battery to the starter motor are short. Long battery cables reduce
the voltage available for the starter motor, which can cause starting difficulties. The
battery mugt be protected from excess heat or cold, and should be covered to lcaep it ary.
Salt water must be kept awsy from batteries.

It should aleso ba firmly fixed moc that it cannot move in rough weatlar. This is
veory important where there are eeveral batteries connected together in a "hank",

There must be plenty of ventilation to the batiery box. The gus given off &
battery is explosive and the gas must not be allcwed to build up in a confined space.

Batteries roquire frequent attention, topping up with distilled water and looking
after the battery connexions, so the battery box must be made to be sasily removable.

Batteries are heavy, in a small boat it ie important that the batteries are positioned
so that the trim and stability of the crafy ie not affected.

When comnecting up batteries make sure the VOLTAGE is correot, particular’: whea
somnecting two batteries together.

When connecting the battery to the electrical system, make sure the POLARITY
(Positive and negative comnexion) is correct.

18.3 Alternators

Extreme care mist be used when disconneci.ng and connecting batteries or carrying out
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anv servicing on engines fitted with alternators. They are easily damaged. The following
check list gzivee a guide:

1)  Never disconnect the battery while the engine is running.
?) Never "flash® the battsry connexions.
3} Never connect the batteries the wrong way around, i.e. positive to negative.

4) Electric welding on the engine or on a wmetal boat with the engine in place will
damage the alternator unless the alternator and the electrical system ies die-
connected.

5) Some electrical testing equipment will damage the altermator. Never use the
type of hand-driven generator tester for testing the electrical system or the
alternator.

&) Never try to adjust any parts of the electrical charging eystem without dias-
connecting the battery.

7) Omiy qualified electriciana ehould adjust or service an eslectrical system with
an alternator.

8) NEVER fit fuees in any wiring to the alternator.

18.4 MWiring

It is important that the wiring system is followed carefully am per the maksrs'
instructions. If the engine is supplied with an electrical wiring harness the
installation should be straightforward, providing the harnees is long envugh to reach the
propoeed poaition of the instrument panel.

Where a harness is not supplied, care must be taken to selmct the correct type and
thickness of wire to make up the electrical eystem, Many engine manufasctiurers supply a
drawing, with the size and type of wire specified for sach purpces. Stranded copper wire
with PVC insulation is recommended

vwhen an electrical wiring system or harness is installed, the following points must
be followed:

1)  All electrical joints should be by soldered terminal connexions, nmot twisted
wire.

2) Keep all wires away from bilge water, oil and fuel.

3) Wires and cables should be clipped to prevent movement and damage io insulation.,
Protactive conduit (plastic or metal) can be used to carry wires in exposed
positions.

4) Keep wires away from exhaust pipes and silencers.
5} Allow for movement of the engine on wiring.

&) The inetrument panel on an open boat should be fitted so that water and spray
cannot run on to it, preferably in an upright rather than a flat position.

7)  All lighte and fittinge should be wired up with ? wire system. On metal boets
the uee of a one wire system (with earth return through the metal hull) must NOT
be used.




8} Al components and extra squipment wired into the system must be protected hy a
fuse in mein fuse box.

9) An #igolation” switch, disoonnecting the batteries from the electrical eyeten,
should be fitted.

10) ©Engines fitted with an alternstor require very careful installation of the
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ov diaconnexion when running. Ses Section under ALTERNAVORS.
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18.5 Fuses and fuse boxes

All boat electrical systems e.g., navigation lights, deck lights, echo scundera, etc.,
sust be connected by & fuse or cen%ral fume box. In the avent of a fault in the systen,
the fuse blows instead of more eerious damage. Without a fuse in the gystem, a wire In a
harness can overheat and melt the insulation oi' the wires and others, which can caunse e
fire or other very serious trouble.

Fuses should be Titted in an easy position for access for changing fuses, and all
fuses clearly labelled for each gystem or item on the cirouit.

Note: NEIVIR use a fuss in wiring to an alternator = (See under 18,3 "Alternators").




TABLE 16.1

CABLE SIZES AND RATINGS TO LLOYDS REQUIREMENTS

'W-_sber and Nominal MAXTMUM CONTINUOUS RATING (Amperes) Registance
‘wabmeter croae—sactional for
{’nchea of arsa of stranded Bybber or PVC Butyl Minsial 1 foot
strands conductor Insulation Insulation Insulation of
ooaprising 2 2 Conductor
the inchan m 1 Core 2 Core 1 Core 2 Core 1 Core 2 Core (Ghmea )
nductor
1/.044 0.0015 | 0.97 9 7 15 12 19 16 0.00547
3/.029 0.002 1.3 1 9 19 16 23 19 0.00428
3/.036 0.003 1.94 14 11 23 1% 27 23 0.00275
1/ 029 0.0045 2.9 18 16 29 24 3 29 0.00183
1/.036 0.007 4.5 25 21 38 32 44 37 0.00118
1/.044 0.01 6.5 EY ) 26 48 40 56 47 0.00079
' 7/.052 0.0145 | 9.3 31 3 60 51 70 59 0.00056
7/.064 0.225 | 14.5 51 43 78 66 93 79 0.00037
19/.044 0.03 19.4 60 51 93 79 110 M 2.00029
19/.052 0 04 20.6 T2 61 115 96 13 115 0.00027
’ e
19/.064 0.06 38.7 92 78 145 120 175 150 0 00014

€6



94

SETIN 19

Instrumenis wad controls = inatallation

13.1 Installation - zeneral

1) Always naks sure instruments are positioned so that the operator/d.rivar can read
then easily when using the boat. It is nn good having warning lights which come
on 17T eomething is wrong with the engine if they cannot be eeen by the person
steering the boat.

2) Always place the instruments in a panel which ie protected from damage, water
gpray and strong sunlight. If in an open bost, install the panel nearly verti-
cally and provide some protesction for the parel.

3) If the instrument panel is supplied with the engire, and is also part of the
electrical harness, make sure the wires and cables are long enough to reach the
proposed ponition.

4) See also section 18.4 — Wiring.

5) An ingtrument parel will have to be serviced to replace bulbs, faulty gauges,
etc. Make sure it can be easy to reach without other equipment in the way.

If instruments are no+ supplied with the engine, they have to be bought locally (or
ordered) and fitted. Pa'» 'ure that all instruments that are needed for the engine are
fitted. Do not leave cut vital items. Most engines need:

i} A tachomuter.

ii) 0il pressure gauge or warning light.
1ii) Wster temperature gauge or warning light (water cooled engines only).

iv) Ammeter or warninig light. (Alternmators need either ammeter or battery state
indicator).

v) Gearbox oil pressure (Hydraulic/oil operated gearboxes only).

Whea mownting an instrument panel, it is better to fit rubber betwsen the panel and
the boat to absorb vibration. This gives a longer life to the bulbe and inetruments.

19.2 Typical instrument panel

When installing temperature gauges and oil pressure gauges of the copper tube
(canillary) type, do not bend the pipe ico sharply or "kink' it as it will bs damaged.
The pipe should be coiled at sach end to silow for vibration and movement, as shown in
HG. T1.

Tachometer drive cables must be ti1eated carefully also, and tight turne and ldnks
pust be avoided otherwise the inmer drive oable will break after a short while.

All cables, pipes and wires must be carefully clipped awey from bilge water, oil, fuel,
exhaust pipes and moving shafts and chaiis on eteering gear or deck machinery.

dooden or metal battens fastened to the inside of the frames where all wires and
instrusent cables and pipes can be slipped are recormended.
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Qil pressure gauge

cC————— | = Panel

TYPICAL
PIPE COIL

Pipes coiled
75 =100 mm

Pipe clippad to
prevent movement

19.3 Engine controls
19.3.1 o gtart awitch

Usually fitted so that it can be operated from the steering position on or clese to
the instrument panel, and near the throttle.

In open hoats, the starter switch is usually fitted on or near the engine box, or
inside. It should be protected from water and spray.

19.3.2 Throttle or engine gpeed lever

i) Should be fitted olose to the steering position so that the operator oan reach
it comfortably.

ii) If fitted on vertical surface, the lever should increase the engine speed when
1ifted, and slow the engine when lowered. If fitted on horizontal surface, the
engine speed whould increase when the lever is pushed awsy from the operator, and
decrease when lever is pulled back towards the operator.

1i1) Always install the throttle so that full speed can be reached without the lever
strilkdng any bullihead, etc.

iv) Make surs full movement of the throttle at the lever end alsc gives full movement
of the fuel pump lever on the engine,

v) If Morse/Teleflex type throttle units are fitted, there are adjustmente waich can
be made inside the control lever box to match the movement of the lever with the.
movement needed on the fuel pump. Also it may be necessary to reverse the umit
ineide the control box so that the movement is in the right direction, e.g.,
nPull" for Fast instead of "Push" for Fast (ai the fuel pump eni). Instructions
are usually found inside the packing box of the control box and should be Tollowed
carefully.
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159.3.3 (earbox c¢conirol lever

a)

b)

Mechanical gearbox/clutch - direct

On an open boat installation the clutch lever is fitted directly on to the gear—
box and is usually supplied with the engine. Cheok that the fixing bolte or net
acrews are tight, and that there is nothing in the way of the movement nesded for
"ahead to astern®,

Mechanical gearbox/olutch — indirect

Where the sngine is fitted awmy from the steering position it will be necessary
te fit a "Drop-amu" to the coperating shalt of the oclutch, and use a system of
rode or tubse to & gear lever fitted close to the operator. The operating rods
are usually fitted below the floor level (see Fig. 72).

1(

Geariever

_____4| . N il . S = - == S

Droparme — -

o)

Suppit beorings

F’ig. T2

It is most important that the materials used are strong enough to carry the force
required to operate the gearbox. Some mechanizal gearbhoxea are quite diffiounlt
to put in and out of ahead and astern, which pute a heavy strain on the operating
roda.

In this case, supports or bearings have to be fitted on long lengths of rods or
tubes to stop tham from bending or deflecting.

Normal steel water pipes of 12 — 25 mm dismeter can be used guite succesafully
for opereting rods. '

011 operated/hydreulis gearbozes — remcie ocontrel

The equipment needed to operaie il operated gearbtoxes oan be much lighter in
cona! ruotion than for mecharicel gearboxes and llorae/‘l'eleﬂex type oables are
often used, either am gear lever only or ocosmbined with the throttle to give
single lever oontrol of epeed and gearbo:.
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In thie case ingtallation details are similar to those of throttle installation
as in previous section.

It is most important that the direction and amcunt of movemant of the hydraulic
valve lever on the gearbox matches the direction and amount of movemant on the
operating cable, before they are connected togsiher.

Cables should be installed with very gradual curves without kinke to make sure
they work smeoothly and for long service lirfe.

Cables for both throttle and gear control have to be ordered or bought in the
correct made-up length for the boai, and care when meaguring for the orde: is
epsontial.

19.3.4 Engine stop or fuel cut—off control

1)

11)
134)

iv)}

v)

vi)

Must be fitted so that the operator can reach it eapily from the steering
poaltion in case of emergency.

Usually fitted close, to the throttle, or on instrument panel.

The moat common remote contral method is by "Bowden™ cable, a flexible oiuter
tube of wire with a stiff epringy steel inner wire, or Morse/Teleflex cable.

Male pure the amount of movement at the control lnob end matches the movement
needed on the fuel punp levar to move it to “no fuel position".

Also, when the contrel is pushed fully in, check the fuel pump lever iz free %o
return to the normal %off" position., A partly closed position will prevent the
engine from rumning at full speed.

The control is usually marloed 'Pull to Stop', for easy identification.
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SECTIN 20

Starting nystems -~ installatioa

20.1 lHand gtarting

It is important that the angine can be turned easily, 'with nothing in the way of the
ptarting handle and that it oan be turned fast enocugh for an easy start.

Some engines can be turned by rfitting the handle at either emnd of the engine, sc there
is a choice of starting positions.

It is important also to make sure that the decompresscr can be eagily operated for
hand starting, and therefore the design of the engine box must allow for thig.

20.2 Electric starting

The battery or batieries should be installed as cloee to the engine starter motor as
possible, and easy to get at for servicing (see note on Batteries, Seotion 18). The
position of the starter switch should be on or near the inatrument panel, close to the
rtarting position (mee also "Instruments”, Section 19).

In an open boat installation, all the electrical fittings should be protected fron
rain and spray.

1.3 Spring and hydraulic starting motors

Tho design of the imstallation and engine box should allow for the operator to have
sagy acoenas to wind up the motors aa the malers recommend.

20.4 Cold gtarting systers

There is very little to note on cold ctarting systems on inetallation as in most cases
the parts are included with the engine and engine instrumente. It is important to note
that the operator has to get %o the cold starting devices easily and therefore engine boxes
and fittings should allow for this.

The only cold starting aid which requires any installation ie the "Tharmostart™ which
nesds a amall fuel tank to be fitted, sither to a bulkhead or fixed engine box. The tank
should be fitted as per Fig. 73.
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Tep con be ieft on permanently
os fuel is metered by thermostart

Fuet
container

Thermaostart unit

/Air intoke

4 in;. min, -
12 ins. mox.

Cables to

heater switch

Off position

Run position

Heat position

Heat cond stort position

RadE C I VR

P

Qff

Start

Heat

Heat and start

THERMOSTART STARTING ARRANGEMENT

Fig. 73
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Sequence ol operations to start engine with apring ctarting motor

1)
2)

3)

Press reset button.

Fit winding handle, turn for about twelve revelutions, when fully
energised a rod indication appears in the inapection window.
Remove winding handle.,

Operate the trip lever.

Fig. 74
SPRING STARTER MOTOR
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SECTIN 21

Ejﬁlﬁe boxes

Moet of the information on engine boxes is ocovered in Section 9, dealing with the
plaming of engine boxes &nd in Sectione 10 and 22 wnder Noige.
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SECTICN 22

Noise =~ installation

In general terms, the engine box ehould be made of heavy materials, heavier material
Ea.g. thick plywood} absorbe noise and deadens vibration better than flimsy material,

e.g. thin plywood).

The engine box can be lined with sound deadening material, for example, expanded
polyetyrene foam, "porolan” (a foam matting), "vermiculate” (a heat ir.sulating material)
and sthers specifically deslgned for ncise ingulation,.

Care must be taken when ilnsulating an engine to malke sure the material cannot absorb
FUEL. Thie could make a very dangerous situation where thick foam or polystyrene could
become scaked in fuel, which could then lead to a serious FIRE risk.

The edges of the engine boxes muet be sealed to prevent fuel being soaked up in this
way. Similarly, water should not be allowed to soak into the sowund insulating raterials,
as this could caumse rot io the engine box.

1T TN L 08 ol Gy L §Lar oL o]l Sound absorbing
v = A materiqi
GA o
N &
cs A
Plywood ;}% 3‘[:;
. A
§c -
i c
2 i
LA —ll—— Sealed edges

TYPICAL ENGINE BOX

Fg. 715
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Fig. 76 covers some of the pointe mentioned.

Engine enclosure should be of Silenced vertiigtion ducts with
heavy construction and tightly inlets remote trom cabins

sealed \ T_—‘_

g |
o
3

_ . Silenced induction

Acoustic absorbent " system \ n
\ Y 11 K
\ o’

y g

4

. \ f
Guard ogoinst noise being ¢
tronsmitted vio lockers ond - x \ 1]
henches N

Water injected exhauyst <

Flexible mountings

\
Unobstructed propelier Acoustic absorbent

Flexible coupling

A "QUIET" MARINE INSTALLATION

Noise through louvres

in console

Noise through

weak areos in —

side lockers

Cabin Saloon
Unsilenced induction | |

Noise through gaps in bulkhead System\ . Noise through unsealed
radia’ing underfioor 4 . a— gap ot step

Noise through gaps
radiating undertioor

/ Solid mountings transmit

Strycture borne noise associoted vibrations

with a propelter in a smail aperture

Absorbent too thin
to be effective

WEAKNESSES IN A POTENTIALLY

NOISY INSTALLATION
Fig. 16




104

SECTICN 23

Bilge pumps and bilge systems - installation

It is moet important that any water in the boat can drain back to the lowest point
in the compartment, and the bilge pump can draw the water from there.

In the case of a boat with more than one watertight compartment, each compartment
muet have its own picle~up point for the bilge pump.

Limber holes should he drilled in all cross frames to allow the water to flow from one
pocket to another, but not through watertight compartments. Limber holes should be at
lsast 1" in diameter to prevent them being blocked by shavings, bits of wood, etc. and
these should he ohecked and cleared out frequently.

23.1
1)
2)
3)
4)
5)

6)

23.2

Hand puaps

A hand pump should be fitted eecurely by bolts, not screws through a etrong
frame member or gunwhale of the boat, and whers the pump can be operated easily
and quickly.

The suction hoge to the collection gtrainer should be of thiok material which
will not collapse when the pump is being used.

The strainer should be fitted so that it can drew water with the least air, so
the holes through the strainer should be mostly at the botiom of the filter.

The diameter of the holes should be about 3 mm and sufficient to allow full
capacity of the pump.

The filter ghould be fitted in a place whioch is saay to get at for cleaning.
The discharge of the punp should be fairly low down on the hull to prevent the

water being pumped out being bPlowm back into the boat., A flap or shield omn be
fitted to help this.

Electric pumps

The installation of electric pumps must be as the manufacturers recommend, as they all
vary. General pointe to note are aa follows:

1)
2)
3)

1)

23.3
Mormt

The pump filter must be earily reached for clesaning.
Wiring to the pump must ba fitted so that it camnot be damaged,

The gwitch for the pump must be fitted where it can be sesn easily, and clearly
labelled so that it camnot be left switched on. An indicator light which lights
up when the pump 1e on, 1is recommended, if not part of the fitting kit.

Suction hose {if fitted) and discharge pipes should be installed as per "Hand
pumps”,

Note: if in doubt, ask the manufacturer, and follow their directione and
recommendations on fitting and use.

Engine driven pumps
wodern punps are of the "Jawsco" neoprene/plagtic impeller type of various eises

and capacitises.



There is usually a clutch fitted to engage and disengage the pump, the olutch may
aeither be an intermal part of the pump, or & separate clutch wmit outside the pump.

The pump may be driven directly Peing volted up to the engine as a specially
designed unit, or driven by Vee—belt{e) and mounted as an auxiliary unit.

Vhen installing an engine driven mwmp, espacially the type driven by Vee—belta, the
following should be noted:

1) There must be provision (an allowance) made for the belts to be adjusted to take
up wear, and for the fitting and removal of new belts.

2) Vee-belt driven pumps must have a guard over the belt to stop socidents by
getting fingers or clothing trapped.

3)  The suction hose and filter must be fitted ae per "Hand pumps®.

4) The discharge pipe should be fitted low down on the hull’ to prevent spray.

5}  The clutch lever shonld be easy to operate and clearly marked IN and OUT (of gear).

6) Neoprane/plutio impellera must not be allowed to rumn dry for long. If possible,
a clear plastic pipe on the discharge of the pump will le% the operator see when

the water hae atopped flowing and the pump can therefore be stooped at the right
time.

23.4 DBilge ayatens

When a boat has mora than one watertight compartment, there is usually a bilge gystem,
to allow for water t¢ be pumped from each compartment by the bilge pump.

In most cases the bilge suction pipe iz connected to a manifold, fitted with valves
which may be opened and closed one at a time to punp out each compartment (see Fig. 17)-

There is one discharge pips in the normal wry. It ie most important that:

1) The manifold is fitted in euch a way that the valves can be opened and closed
easily.

2)  Each valve must be marked to show which compartment it is controlling, e.g.
angine room, crew's compartment, steering compariment, etc.

3) The strainers should be fitted so that they can be cleaned easily.
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SECTIGN 24

Power tale—off = installation

The installation of a power talke—off unit has to be done according to the maker's
instructione and as per the engine manufacturer's recommendations.

Power may be taken off by either a direct driven unit belted on or up to the engine,
or by a belt driven unit, usually to the side of the engine.

24.1 Bolt on unit

This is quite easy to install as it is tailor-made %o suit the engine and fitted on
to a ready made mounting or flange. Fitting instructions are usually with the unit.

24.2 Bolt up to units

Usually fitted in front of the engine in line with and driver by the crankshaft, by
direct coupling.

The mopt important points to note are:

1)  If the unit is actually bolted to the boat and not the engine, it has to be
aligned with the engine. This means that if the engine has to be re-aligned,
there must be provision made to adjust the power take—off unit to swit the new
alignment.

2) If the engine is flexibly mownted, the wnit must be able to move with it, Care
must be taken that the drive coupling will operate under those conditions, and
that it can tolerate movement.

3) Make sure the clutch lever, if fitted, has enough room to be moved fully in and
out of gear, and is emay to reach by the operator.

4) Any belts driven by the power take—off must be adjustable to tale up wear.
Belts must be able to be replaced when worn.

5)  All belte must be guarded to prevent accidenta to crew.

€) Shafting driven by the power take-off must be installed so that belts are in line
with the puwer take—off, otherwise belts will wear quickly or throw off.

Note: always follow the engine maker's instructions about how much power can be
taken by the power take—off. Always follow the power take—off maker's instruo-

tions on ingtzallation.
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PART THREE

SECTIN 25
Engine pelection

25.1

It ie important that the engine selected should match the hull.
installing an engine which cammot do the jecb that the boat was designed for, becawse it is

General
senersl

tov emall, or too heavy or inefficient.

The selection of an engine and propeller to match the hull is a complicated process

In most cases, an engine and relative propeller,
gearbox, etc. will have been calculated very carefully by the architect and
metched to suit the vessel, and the job it will be doing, e.g. irawling.

and beyond the scope of this publication.

shafting,

The following list ehows the points which have to be considered and matched to the

engine and installation required:

1)

2)

3)

4)

6}

2% 2

The make of the engine to be selected has also to Le considered at an early stage,
baped on the factors in 1)and 2) in the previous peragraph 25.1.

Engine horse power.
Engine rpm.
':hg’j.ne ] ight .

Bigine dimensions.

Direction of rotation of engine.
Direction of rotation of gearbox.

Direction of rotation of reduction gearbox (if fitted).

Type of gearbox (manual or oil operated).
Type or reduction gearbox (ratios).

Other considerations:

Position of engine in boat (open boat or engine compartment).

Solid or flexible mounting of engins.

Air or water cooled; type of water cooled systenm.

Starting system required.
Special electrics required.
Power take—off required.

Shaft apeed.

Shaft diameter.

Shaft material (i.e. brass, monel, etc.)
Shaft length.

Number of shaf't bearings.
Type of stern gear (shaft log or sterr tube).
Type of coupling (flexible or solid).

Propeller diameter.

Propeller pitch,

Humher of propeller blades.

Size of propeller shaft it ie to fit,
Propeller locking method (nut, cone, ete.)

Make of ensine

It ia no grod



When it is known that the engine tc be chosen has to be of a certain horse power and
type, the manufacturers who produce such an angine can be “short-listed"”.

It may be fournd that there are geveral manufacturers who produce similar gize and
types of engines within the required epecification.

The choice may then be determined by one or more of the following:

1)

2)

3)

4)

25.3

Existing arents

If there iz an existing agent for an engine manufacturer, offering a spares and
gervice network with a good reputation, it is often wise {0 coneider that male of
engine.

The existing agent may carry engine parts and have contact with the manufacturer,
though not necessarily on marine engines. Engines usad in other fields, e.g.
agricultural tractors, road vehicles, bulldozers, dumpers, lighting generators,
or water pumps, etc., often use many spare parts found in their marine engines.
They may also have mechanics who are used to working om such equipment, although
not on marina engines.

deputation

Where two or more engine manufacturers'! products are known in an area, it is a
queatinn of finding out which make han the best reputation for:

long engine life;
low running costs}
good performance;
good spare-partsg availability and service through the agents.

Price and delivery

Veary often price im one of the main factors in choosing an engine, e.g., when &
boat has %¢ be built and equippad to a known budget.

Foreign exchange controls beiween certain countries, or the value of one
country's monegy ocompared to another can alse affect the price, depending on the
country where the engine ie manufactured.

Delivery is of major importance; engines produced in distant countries may take
many months even yeara to arrive at the boatyard concerned, whereas of'ten pre-
ference is given to a manufacturer who can deliver an engine in a relatively
short time.

Spare Ea.rtugservice coste

Wherever possible, where there is a choice of engines by different manufaoturers,
look very carefully at the comparative costs of spares, servicing, and the amount
03‘ sarvic)a:l.ns required, i.s., the frequency betwsen servicing and overbsul (pee

2} above).

Algo pome ppares are available through allied engineering agents, and may be
cheaper than through the main agente, although be cauticus about fitting "™norne

approved® ppare-parts.
Type of engine — long term costs

In seiller boats, the cholce between one engine and another may be considered on their
regpective typee of designs.
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Fov example, it may be found that two 30 horse power engines may be of puch different
design that the choice is between a alow/medium epeed engine of simple, robust construction
and a high speed marinized vehicle engine needing a complex installation and more frequant !
gervice and spare parts.

Although the initial differance in costsa of the two types of engines concermed may be
quite close, the advaniages for a olow/mdim engine could well be much greater when con—~
aidering the long-temrm costs.

Therefore when selecting an engine, coneider the short—term or initial costs, and the
expected long-term costs over the life aspan of the engine.
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SECTIM 26

Ordering equipment and spares

26.1

Gencral puidance

Ordering equipnent, particularly 217 tie nanhlaory and parts necessary to install an
engine in a boat requiras a great deal of plannirg and thought. As will have been sgeen
in Sectioh 29 on "Ingine lelection' Ltbhere zie a moat nany variaticns on engine selection

alone.

The follawing points way heln when faceu with the tuask o1 ordering equipment when
none or very litile is availeble locally:

1)

2)

3)

4}

5)

26.2

Always order as much from the engine wanufacturer (or agent) as the factory offer
with, or as "optional exiras", t» the engine. It ig better 1o order such axtra
ejuipnent with the engine, nct a, a geparate order.

Alwmys sand as much infermation about the bonl as pnasible und the work 1t will
e doing.

A seale drawing or bulldere' plana of the craft are necessary if any advice is
required on engine selection, suitabiliiy, components, etc.

Host engine manufucturers have an advisory service with staff very well qualified
to offer any advice or asgictance in the choice of engine, gearbox, shafting,
propeller or auxiliary -auipment,

When in doubt, ASK THE MANURACTURER of the engine in question,

Exanple

Having decided upon a vake of engine, model or type, horse power, etc., as per the
previous text, anl the various options on gearbox, reduction gears, cooling system, etc.,

the order

to the factory has to be written out.

A suggesied method is in the following example for a emall boat inatallationi

Engine

Maks - quote name of firm;

Model and hp - quote model number from sales particulars and pamphlete;
Gearbox ~ manual, ahead and astern;

Raduction gear -~ not required;

Cooling system = nair cooled;

Starting system - raiged hand start, handle ai "forward end” of engine;

Controle = remote throtiie and stop control wmits complete;

Exhaust - vertical, dry exhaust. Supply standard silencer, plus 1
petre threaded pipe and fittinge.

Extras required:

1)
2)
3)
4)
5)

Gearbox drop arm (for remote control) port eide fitting.

Forward gear lever wnit - floor mounted.

Tachomater and oll pressure gauges - cable and pipawork, 5 m length.
Remote control cable — % m length.

Bilge pump wnit, complete with streiner and 2 m suction hose, 3 m outlet hoss,
driving pulleya and 6 driving belts B.42 inch {107 om) section or nearest.
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) Extra ranges fusl tank, approximately 200 litres required (see drawing attached).

Shaft aterngear propeller

Shaft material - HWonel

Shaft diameter - 25 mm

Shaft length ~ 2.0n

Stern tube length - 1.5m
Propeller diameter -~ 260 mm
Propeller pitch w 210 mmn

No. of bledes - 1

Rotation = Laft hand
Accepaories ~ FPleage supply:

1) Sealed stern tube with gland packing at both ends —
operatinz in ailty water.

2)  Propsller locking spinner nut.

3} % coupling bored to suit 25 mm shaft ~ not pilot
bored. —

Special inetruotiona 1) Please quote delivery at the earliest, per air-
freight, f.0ub. t0 .vecvesaass dirport. Advise by

cakle,

2) Plane of the boat to be fitted are attached for your
infermation.

3) Method of payment by International Bankers Order,
payable in dollars ($ US) on confirmation of accep—
table delivery dates.

4) A epare-parts order will follow for the engine.
Expaoted annual working = 2,000 hours.

26.3 Spare-parts

When an order for an engine is placed with a manufacturer, it is good practice and
regarded ap necessary, %o order a quantity of spare-parts, any special service tools,
instruction bocks and workshop manuals sc that the engine can be looked after properly.

Many engines are left lying idle because of the simple mistake of not ordering spares,
or the correct spares with an engine, or the service tools to fit then.

Most manufacturers work on the basie of 10% of the value of the engine should he taken
ur in spare-parts - in other words a 35,000 engine should have $500 of spares ordered with
it. Whereas this is a guide, it should not be taken as & rule, but a more careful study
of the engine and its spare-parts requirement should be made.

Some sngine modele have potential weak pointe, whilst others never use certain spare-
parts that would be expected to be used. This is the difficulty in assessing which parts
an engine ia going to need.

Also it ie unnecessary to buy spare-parts {rom overseas if they are already available
in the country, perhaps on another machine, e.g., fuel and oil filters may be found on
tractor engines used in the country, with a good supply in the local ageni's stores.

The spare-parts order can be divided into three sections:
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1} Fast moving spares

These include all items which the makers recommend to be fitted or changed on met
servicing periods, e.g., oil filter elements every 250 hours, fuel filter element
every 1,000 hours, gasket, injector nozzles, eotc.

2) Slow moving sparee

Spare-parts needad on major overhauls. 'Thase include crankshaft bearings,
pistons, coylinder liners, cylinder head (certain models), etc.

3} Spares to replace breakagea/damqgg

The most difficult to asseas, as breakages and damage cannot be easily estimated,
and depend on local conditions and usage. On boate operating in difficult
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gear, propellers, etc., is likely.

Engires operated or serviced by inexperienced personnel will get damaged through mie-

engines imowing the annual heurs expacted running time, but only in Frat and Slow moving

sparag sactions,. A supervisor, or workshop managey may have some idea of the local condi-
tions where the boat ie operating and the axtent of the training of operators and mechanics
working with the engine, and thie experience ahould be sought.

The fclloving example shows how to find out where there are posmible weak points on
ths engine, no tuat 3 apare-parts order can include those parts which may be expected io
get broken. The engine is divided into its various sections, and by experience and with
loca] kowledge, the most likely breakages can be listed.

Possihle woal, points where damage may occur

1)

2)

3)

a)

5)

Lubrication system

Filter body, external oil pipes, o0il pressure gauge.

Fuel gk'at_g_g

Fuel injectors, injector pipes, fuel 1lift pump bVody, fuel sediment bowl
{eapecially glase), governor linkage and springs. Fuel feed pipes, especially
uniona. Fuel lesk-off pipes, flexible pipes.

Valve gear

Valve covers {espscially cast aluminium), valve cover gaskets, tappet adjusting
BUTOWH.

Clutch/gearbox (Mechanical)

wse, by negiecting to do basic daily running checks, by incorreot adjustment or diemantling
of parts.
Most manufacturere can reasonably estimate the apare—parts consunption of their

Astern brake band (where fltted), often brolmn by over adjustment and misuse.
Rear Arive bearings and ¢il seals, when engine missligned.

Flectrical systems

Most parts can be removed and repaired locally by electrical repair agents, e.g.
car garages. The most difficult are alternator, voltage regulators and control
boxes, which can be stocked as replacement parts.
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6) Instruments
Instrurents mounted in open boats and expoged to rain and spray will meed replace-
ment more frequently. Gaugen (non—electric) 8.2.y 0il pressure and temperature
are often broken by vibration and misuse.

7) Cooling gystem

Neoprene/plastic impellers on "Jabsco" pumps, thermostats, water pump diaphregm
(on certain engines only).

8) Propeller shaft and drive

Propeller shafts can be damaged by running out of line. Propeller shaft
bearings also damaged by misalignment.

Propellers (hitting underwater objects). 1In silty conditions, ehafte and shaft
bearings more prone to wear.

9) Anxiliary equipment

Controls — morse/teleflex systems, damaged by incorrect installation or "heavy-
hended" operator.

10) Difficult operating conditions

Extreme cold

ingines running in very cvold countries need careful attention to prevent freezing
up. Parts liable to damage by freezing should be stocked, e.g. core pluge,
cylinder head, thermogtat housing, etc.

11)  General

It is & good idea to stock various studs, set screws, nuts and bolte of the type
ussda on the eangine, i,e., wnified,metric, etec.

Commonir deaaged are injector studs, cylinder head studs, generator or alternator
telt uwdjusting bolts, rocker cover set screws, gearbox,clutch cover bolts, stc.

Generally the most prone to damage are the nute and bolte which have to bs undone
most frejuenily to carry out regular servicing of the engine,

The uge of & torque spanner will prevent a great deal of this kind of misuse and
vhould be stocked, mee Special Tools.

26.4 Instruction books, service manuals, spare—parts lists

Engiae munufacturers usually include an operator's inetruction book with each engine
sold, which should be available to the operator or owner of the boat in which the engine ie
fitted.

It is good practice to order extra instruction books which can be used to inatruct
those using the engine, Depending upon the ownership of the boat and the organisation
in which i* operates (if anys,: it may be necessary for the handbook to ve kept in the Lase,
or harbour offisce for eafety and reference.

In the case of the owmer aemploying an operator, it is most imporiant that the operator
has sufficient knowledge to use and maintain the engine correctly. MWhere this is not the
oase, the operator should be given a ocourse of instruction, either by a gqualified mechanic
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or someons with prectical sxperience of the engine and boats.

The service nanusl 1s available from the manufacturers and should be ordered with
the engine, together with a spare=parte munl/ostalogu.e. These books should not be kept
on board emall boate, but agein in a place of safety for easmy reference.

The service manual is usually written giving a step=by-step description of the way in
which the engine can be dismantled and reassembled. It may be included in the operatort's
inptruotion book, or as & separate book. MNany menufacturers of mmall engines produce a
combined book, giving engine installation details, operating instructions, full service
instructions and spare-paris lists.

Note: always take a note of the engine model and serisl number, uwsually stamped on a
plate on the engine. This number should always be quoted shen ordering parts for an
engine from the agent or the manufacturer.

nL g A —r— ey
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Service tools or aspeclal tools are sold by the manufacturers of the engine or their
agents.

Some engines need several special service tools in order io carry out overhauls and
repairs, and without these tools it is usually impossible to do the job, or damage to ihe
engine resulte by trying to do it without the toole.

It is a good idea to find out from the manufacturers exactly which toole are conaidered
necessary and order them at an early stage, either with the angine or shortly afterwards.

Very often a liat of service toole required for an engine is given in the service
manual, as per example in Table 26.1

Note: do not attempt to carry out an overhaul of an engine or component part without
the correct gervice tools.

26.6 Torque spanner

Most engine repair stations or workehops should carry at least one torque spanner,
preferably more.

A torque spanner is essential so that the engine is correctly sssembled and adjusted,
without breaking off or etripping the threads on bolts, stude and nuts.

Torque settings for various sised nuts and bolts are often given in the instruction
book or service manual, and these should always be used correotly. Examples are given
in Tebles 26.2 and 26.3
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Table 26.1

Approved Service Tools

PDIC Valve Guide Remover and Replacer
Engine type: all
With this tocl all valve guides can be
removed and replaced, provided puller
bars are avalilable,

PD 1C-1 Puller Bars
Engine type: all
Two bars are supplied for umse with PD 1C
to mu1t 5/16 in and 3/8 in i/4 valve
guide bores.

PD 1C=2 Valve Guide Replacing Stop
Engine type: 4,99 4.107 4,108
When the valve guide is replaced usaing
one of these wiops it will ensure that
the guids protrudes the correct amount
above the top face of the oylinder head,

PD 1C~} Valve Guide Heplacing Stop
Engine type: P3 P3,144 3,152 4.192 4,20}
P4 P6 6,288 6.%5
Remarke: See PD 1C=2,

. 105 VYalve Guide Replacing Stop
Engins type: V8,510
derarkn: gee PD 10-2,

PD 1C-«6 Valwe Guide Replacing Stop
Engine type: 6,354
Ramarka: See PDI1C-=2,

PD 1C~] Valve Guide Replaoing Stop
Engine type: 4.154
Remar'ia: See PD 102,

38 U3 Piston Assembly Ring
Engine type: all
Thie is an expandable piston asseably
ring for 8td, and oversize pistons.

PD 41B Piston Height and Valve Depih Gauge
Engine type: all
For checking piston heighte and vaiwe
depths,

Note:

PD 1558 Small Adjustable Puller
Engins type: all
Can be used with suitable adaptore to
reamove water pump pulley, oil pump drive
gears and ocamshaft gear,

PD 155B-1 Small Adjustable Puller Adaptors
Engine type: P3 144 3,152 4,192 4,203
Removes water puwp pulley only on 6,305
L4 4.270 4.99 4.107 4,108,

Hemoves water pump pulley and camshaft
gear on 6,354 4.154 4,212 4,236 4.248,

PD 155B-2 Small Adjustable Puller Adaptors
Engine typa: P) P4 P6
To remove low position water pump pulley,

FD 155B-4 Small Adjustable Puller Adaptors
Engine type: P3,144 1.152 4,192 4,203}
Remcval of oil pump gear

ARL Teneion Wrench
Engine type: all
3/d in square drive 150400 1bf %,

Ro,13 Tension Wrsnch
Engine type: all
4 in square drive 50=170 1bf f%.

PD150 Cylinder 'aner Remover and Replaocer
Engine type: 6,354 4,212 4,236 4,248 3,152
D3, 152 4,203 D4,203 6,305

PD150-14 Adaptors for PD 150
Engine type: 3,152 D3,152 4,203 4,212
4,236 6,305 6.354

PD150=5 Adaptors for PD 150
Engine type: 4.107 4,108

PD150-6 Adaptors for PD 150
Engine type: v§.510
The replacer pad to be used with PD150-8
when crankshaft is in pomition,

PI150~7 Adaptors for PDISD
Engine type 4.248,

Engine types refer to Perkins Narine Engines,
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Table 26.2

Recommended Torgue Tensions

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

Screw Size
Component U.N.F. 1bf £t kgf m
Cylinder Head Nuts (or setsorews - 6.354.2 sngine) % in 85 117
Cylinder Head Nuts -1-& in 60 83
Big End Nuts (Cadmium Plated) # in 10 ° 7
Big End Nutes (Plain) % in 90 12 4
Main Bearing Setscrews *E in 150 20 7
Tdler Gear Mub Nute (early) 1% in 50 69
Idler Gear Hub Muts (current) % in 65 90
Tdler Gear Hub Nute (heavy duty) 4 in 24 33
S'mp te Cylinder Block Setscrews 1% in 12 17
iF‘l_v'dlael Setacrews + in 80 11 1
,Camshaft Gear Retaining Setsorew 3 in 50 69
[Cranieshert Pulley Setscrew (with § in wesher) % in 300 45
!':Zra.nkshai‘t Pulley Setscrew /. . % in washer) g in 250 345
Cranicghaft Damper Setscre s ?% in 19 26
Alcmiser Scouring Nute :l-g in 12 117
ynamo Pulley Nut % in 20 1
Aivernator Pulley Nut -1% in a8 52

-,
«

Notet 1; Connecting rod nute should be replaced whenever the big ends are disturbed.
Engine mumber referas to Perikins marine engine.
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Table 26.3
Recommended Torque Tensions (Listsr)

Spanner Torques (Metric

Torque
Thread . .
Size Kgf.o. 16f.0%. Engines Location
My x 0.5 0.07 0.5 LT Fuel hoge clips
M4 x 0.7 0.30 2.2 LT Governor link adjusting nutas
LT Decompresesor screw
M6 x 1.0 0.%0 6.5 LT Fuel filter to tank cap screw
LT Valve rucker adjusting screw
nuts
LT Manifold lower nuts
LT Fuel pwump holding domm bolts
M8 x 1.0 2.15 15,5 LT Connecting rod uuts
LT Injector clamp screw
M8 x 1.25 2.15 15.5 LT Manifold higher nuts
LT Main bearing housing screws
LT Sump retaining screws
M3 x 1.25 0.8/1.5 5.8/10.6 LT 0il starter adaptor taper thread
M0 x 1.25 4.20 30 LT Cylinder head nuts
PN x 1.5 3.50 25 J range Valve rocker screw nute
| IRV p—
f 17 x 1.5 3 21 ALL Fuel injection pipe nute
’_-n.-_.. - ———
S PO I 5 8 58 J range Shaft extension fan nute
M1 x 1.75 5.50 40 J range Injector claap nuts
M2z 1.75 3.50 25 J range Fuel pump inlet union
L
! Mid x 2.0 | 2C 145 J range Connecting 1vd nuts
hras o 2 smia T
K18 » 1.9 | 5.5 40 Lt Fuel punp delivery valve holder
TR ; H range
M15 »« 1.5 20 145 LT Flywheel ~elaining screw
l M8 2 1.5 19/21 140/150 JA Cylinder head nuts
M13 x 1.5 25 180 JH Cylindai head nute
M2 x 1.2% 2.8 20 LT Injector tor plug
M20 x 1.9 6.20 45 J range Fuel pump deli rery valve holder
M0 x 2.5 40 290 J range Flywheel Bet screws
M2t x 1.9 9 65 ST, H& Injector top cap and locknut
J_ranges
M24 x 3.0 /47 320/340 J range Main bearing cap nute
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Table 26.3 (continued)

Spanner Torques SUnifiad}

3

{ Torque
i Thread
Size Kgf.m. 1bf. . Engines Location
% tne.2q WNS 1,40 10 J range Fuel pump inlet union aut
12 ins, UNP 2.1 15 ST.H range Injector clamp nuts
. sT Balance weight szetscrew
é ins. UNF Aed 32 ST Connecting rod nuts
1-]; ing. TNF 6.0 50 ST Cylinder head holding down nuts
0.9 % H range Dynamo shafl nuis
- ins,. WF ed 64 H range Commecting rod nuts
I ing. UN® 31t 300 ST Flywheal crankshaft setscrew
e —- S|
<% iny. UNF 11,0 80 HR Cylinder head nute
12,48 100 HRW Cylinder head nuts
13.3 100 H range (4 & 6} Flywheel setgcrews
!
_—-15 inz. WMF 27.6 200 H range ¥ain bearing cap nute
"
1 in, T 55,2 400 H range {2 & 3}| Flyuheel crankshaft screw
. 1 e
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SECTION 2

Care and maintenance

2T7.1 Genoeral

Any engine must be cared for and maintained correctly as recommended by the engine
manufacturer. Failure to carry out normal maintenance will cause the engine to fail very
early in its life with the result that expensive repairs will be necessary to put the engine
back into service.

An engine which is looked after from its installation should give many yeoare of fairly
trouble~free mmning, with only the minimum of cost and expense.

Mogt mervicing (care and maintenance) is carried out depending upon the number of hours
the engine hae worked. Some engines have an ‘houre--meter" or odometer fitted, which records
the hourse that an engine runs. Where no odometer is fitted, the operator should make a log-
book, and write down the number of hours an engine is run and keep a "mmning total". In
this w1y, servicing can be done at the correct intervale.

The servicing intervals can be split up as in the following list. This is outlined
an & guide (MY and not to be umed in place of the engine maker's instructionas.

daiiy the engine should be checked before it is started, that is before the firgt
start of the day. E—

1)  Check erpine oil level,
2) Chack water cooling.

Weekl)s {or every 25 hours) certain emgines require greasing, by turning greassecapa,
A.g. on gearbux, propeller pheft, etc.

Bvary 1(:0/1"0 heurs

1}  Most engines need the lubricating oil changed, svme need the oil filter to be
changed.

2)  Air cleaners aleo nay need cleaning.

)  Butteries need checking end topping up with distilled water.
28,7300 honas

The irut completo service, when moet engines need the following:
1} Clean fuei filter and fuel feed filter.

1) Cheek valve clearances (some engines only).

b Adjiust all belts.

4} Adjuat clutch if necessary.

5)  Check oil in clutch and reduction gearbox.

6} Clean cooling fins and fan inlet (air=cooled engines).
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500/600_ hours

On working boate which do & great many hours & year, this service should be done at
the correct time (i.e. at 500 or 600 hours as the malers suggest).

On boats which do not run many hours, the 500/600 hour service may be done once a
year. 1In this case it may be when the boat is taken out of the water for its
annual repaint, and therefore van be part of an ANNUAL SERVICE.

1) Check and adjust valve clearancss (if not done earlier).

2) Check and adjust driving belts.

3) Check and adjust clutch and gearbo: (s.g. brake band).

4) Change all filters, or clean as recomaended.

5) Check injector nozzles. Renew if necossary and reset injectors.

6} Check and clean heater plugs {if fitted).

If boat is out of water

7) Draw propeller shaft out and check shait for wear at bearing points.
8) Check underwater fittings, e.g., water inlet, keel cooling pipes.
9)  CLetk propelier for damage.

10} <check aad renew zinc pads on rudder or hull, if fitted.

11} Check rudder for dapage and free movement.

27.¢ Majur Bervice

Many engine manufecturers suggest a major service ati ahout 2,000/2,%0 hours, vhen
an engine should be stripped and exammined thoroughly.

In most cames, where the engine has been running satisfactorily it may only need 2 top
overhaul, a1l decarbonisation. Thie entails removing the cylinder head or haads, cleaning
ths carbon deposit from the combustion chamber, regrinding valves, etc. '

‘This parvice may aleo include:

1) Cleaning out the crankcase and oil pump strainepr,

2) Removing and servicing starter motor, generator, etc.

3) Drawing pistons and checking piston rings, oil returm holes in soraper ring
grooves.

4; Checking crankshaft bearings.
5) Checldng injactors and nogzles, or fit serviced wunits.
6) Clenning out gearbox, adjusting clutch and brake band, as necessary.

7) Reassemble the sngine with new gaskets.
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8) Adjust tappet clearancea.

This service again depends upon the type of engine, the type of rmning it has had, e.g.
short runs produce more carbon deposits than lang periods of rmning.

Note: all manuvfacturere recommend the correct cor-ice intervals and the jobs which
phou>d be done then are carefully laid down (see Tables 27.1 and 27.2 and Fig. 78).

Some engines, especially alaw/medium spee. enginer, have much lenger service intervals
than high speed engines and therefore some of the jobs are done less frejquertly than may
be recommended Ly other makers.

IT IS DIPORTANT TO FOLLOW THE MAKER'S INSTRUCTIQNS AND SERVICE THE ENGINS AS
RECOMMENDED.



123

Table 27.1

Routine Maintenance (Lister)

When the engine is in deily use:

Daily: Check supply of fuel oil.
Check the level and condition of lubricating oil (also in gearbox if fitted).
Clean the air cleaner undsr very dusty conditionse.
Drain the moisture trap in the exhaust pipe, if fitted.

Every 100 hours:

Clean the air cleaner wnder moderstely dusty conditions. Renew the element
if necessary.

Check for oil and fuel leaks - tighten nute and fittings if necessary.

Wipe the engine and baseplate clean,

Clean the cylinder, cylinder head and injector fimning under very dusty
conditions.

Every 250 hours:

Drain the lubricating oil, renew filter element and refill with the ccurrect
grade and type.
Clean thLe fuel injector nozzle if the exhaust is dirty.

Every 500 hcura:

Decerbonies if the engire shows lony of compression, or blow-bv past tie
plistca. To uot disiwdb otherwise.

Ad just valve clearences.,

Wagh the enzine down with paraffin or fuel oil.

Glenma the cylinder, c¢jlinder head and injector finning wndor dusty ccmditionas.

Fvery 1900 hours

Decarionise.

Claan tha inlet manifold and exhaust systom.

Eraine the fan tlades and clean.

Check for free working of the governor linknge.

Drain and clean the fuel tank.

Raaeqs the fuel filter element.

Clean the fuel injector nozzle and adjust the pressure setiinrgs.

Check the fuel pump timing and balancing.

Clean the cylinder, cylinder head and injector fimning wider norsal conditionn.
Check the lubricating oil pump valve assemblies.

Every 5000 hours:

Check the big ends and main bearings.

A reasonable smount of time spent in checking over the details as described ir. the
foregoins is the user's best insurance against loss of valuable time ~ad costly ropnirs.
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Preventive Maintenance {Periins)

Daily:

Check coolant level.

Check sump oil level-

Check 0il pressures {where gauge fitted).

In extreme dust conditione, clean oil
bath air cleznar and empty dust bowl on dry
type air clsaner.

Every 5,000 Miles km), 200 h or
4 monthe {(whichever cccurs firat}:

Drain and renew engine lubricating oil
{ses approved Lubricating Oils).

Renew lubricating oil filter element.

Check drive helt tension.

Clean o0il bath air cleaner.

fmpty dust bowl on dry type air cleaner.

Clean compressor air cleaner (if fittod).

Clean water trap.

Check engine for lealmge of oil and
water.

Lubricate dynamo rear bush (where fitted).
Turbocharged Fngines. Renew turbo~
chercer lubrizating oil filter element (vhere

fitted).

Brery 10,00 Milen (15,000 lm), 400 hours or
17 monthe (vhichever ooours firgt):

Clean lift puwp gauze strainer.

Renew final fusl filter element - T.A.
and ipndustrial applications.

Checl hoges and nlipe.

Every 20,700 hilee (30,000 km), 800 hourss

Renew final fuel filter element — wehicle
snginen.

nNecarboaise compressor cylinder head.

Clear slement of dry type air cleaner or
renev.

Turbocharged Engines. Clean turbochar—
ger impeller, diffuser and oil drain pips.
Every 60,000 Miles

000 km), 2 hoursi

Arrange for examination and service of
proprietary equipment, i.e. compressor/exhau=
gter, starter motor, dynamo, etc.

Service atomisers.

Check and adjuet tappete.

Note: The "Pericde™ quoted are genaral in
their application. The operator should
comparc ine Routine Maintenance for his par-
ticular engine with the schedules as laid
down by the manufacturer of the particular
machine or vehicle into which hie Peritins
engine has been installed, and he should
adopt the phorter period, where relevant.

fhe maintenance periods should be reduced to
suit any exceptional operating conditions,
such as ntop~start, low mileage work, where
the hours or engine running time are more
applicable than the mileage rmm, or conti-
nuous sustained high apeede or temperatures.

The cleaning and replenishing of the oil
bath air cleaner, or the replacement of the
paper element filter should Le done far more
often than the periods quoted above if
extremely dusty conditions are prevalent.

Pogt Delivery Checkover

After a customer hag taken delivery of his
Peridns Diesel engine, a general checkover
of the engine must be carried out after the
firet 500/1000 wiles {300/1600 km) or 25/5

houra in service.

The checlover should compripe the following
pointa:

1) Drain lubricating oil swmp and refill to
full mark on dipstick with new oil.
Remove and c¢lean sump strainer whare
posaible. Change lubricating oil fil-
tor element.

Remove rocker assembly and check cylin—
der head nuts sre to correct torquae.

Refit rocksr assembly and set valve
clearance to 0.010 in {0.25 mm) hot.

Check covlant level in vadiator and
ingpect for leaks.

‘Check external mute, setacrew, mowr-
tings, etc. for tightness.

Check belt tenslon.

Check electrical equipment & c¢nnrexions,.
Check for lubricating and fue! oil leaks.
Check general performunce of enginc.
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RUNNING MAINTENANCE CHART
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RUNNING MAINTENANCE CHART

FIG. 18



