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Engine Details

Please fill in these details at moment of purchase - it really will help you!
(and it will really help us specify the correct spare parts for you).

A\ IMPORTANT!

Engine Type: Power: bhp Speed: rpm

BETA WOC NO: K

Gearbox Type:

Purchased From:

Invoice Number:

Date Commissioned:

Specification / Special Details:
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OPERATION AND MAINTENANCE MANUAL FOR THE FOLLOWING

BETA MARINE ENGINES BASED ON KUBOTA

WELCOME TO BETA MARINE

Thank you for purchasing a Beta Marine Engine. We have made this manual to provide
you with important information and recommendations to ensure trouble free and
economical operation of the engine.

As manufacturers we have obviously written this “Operators Maintenance Manual”
from our ‘involved technical viewpoint” assuming a certain amount of understanding of
marine engineering. We wish to help you, so if you do not fully understand any phrase
or terminology or require any explanations please contact Beta Marine Limited or its
distributors and we will be pleased to provide further advice or technical assistance.

All information and recommendations given in this publication are based on the latest
information available at the time of publication, and are subject to alteration at any time.

The information given is subject to the company’s current conditions of Tender and Sale,
is for the assistance of users, and is based upon results obtained from tests carried out
at the place of manufacture and in vessels used for development purposes. We do not
quarantee the same results will be obtained elsewhere under different conditions.

w FREQUENTLY USED TOOLS

Useful tools when working on Beta 43, 50 & 60 engines are:

«

n
Sockets and/or spanners in sizes: Allen key in sizes: When working on jubilee clips on
10, 12. 13. 14 5 6 8&10mm hoses in restricted or awkward
17 1'9 2'2 &'24"'““ Y positions a3 7mm flex-drive socket
7 4

is highly recommended.



w ENGINE IDENTIFICATION

A IMPORTANT! - We are asking you to always provide the'WOC (Works Order Card)
number and or the engine serial number in all communications concerning your engine.

0 Beta Marine WOC Number

>

\ 2 GCBETA MARINE LTD

............. K12345
Engine Type... Beta 50
Engine No...... 171234 =
Output.........50 BHP @ 2800 RPM

Tel: UK (44) 01452 723492 Fax: UK (44) 01452
Email: sales@betamarine.co.uk

(Quote WOC number for spare

The engine serial number is shown on the rocker cover
label. It is also stamped into the crank case just below the
fuel injection pump, on the starboard side of the engine.

w INITIAL RECEIPT OF THE ENGINE

A full inspection of the engine must be made immediately on delivery to confirm that there is no damage. If there
is any damage then write this clearly on the delivery note and inform your dealer or Beta Marine within 24 hours. A
photograph would always help.

w ENGINE STORAGE

The engine must be stored in a dry, frost free area and this is best done in its packing case. If storage is to be more
than six months then the engine must be inhibited (contact your dealer or Beta Marine). Failure to inhibit the engine
may result in the formation of rust in the injection system and the engine bores, this could invalidate the warranty.



A Safety Precautions!

A Keep the engine, gearbox and surrounding area
clean, including the area immediately below the
engine.

B Drives - Power Take Off Areas
i) Gearbox Output Flange

The purpose of a marine diesel propulsion engine is to
provide motive power to propel a vessel. Accordingly
the gearbox output shaft rotates at between 280 and
2400 rev/min. This flange is designed to be coupled
to a propeller shaft by the installer and steps must be
taken to ensure adequate guarding.

ii) Forward End Drive

Engines are supplied with unguarded belt drives to
power the fresh water pump and battery charging
alternator. The installer must ensure that it is not
possible for injury to occur by allowing access to this
area of the engine. The three pulleys run at high speed
and can cause injury if personnel or clothing come in
contact with the belts or pulleys, when the engine is
running.

iii) Power Take Off Shaft (Engine Mounted Option)

Shaft extensions are available as an option and rotate
at between 850 and 3600 rev/min. If contact is made
with this shaft when the engine is running, injury can
occur.

C Exhaust Outlet

Diesel marine propulsion engines emit exhaust gases
at very high temperatures - around 400 - 550°C.
Engines are supplied with either wet exhaust outlet
(water injection bend) or dry outlet (dry exhaust

stub) - see option list. At the outlet next to the heat
exchanger/header tank, the exhaust outlet can
become very hot and if touched, can injure. This must
be lagged or avoided by ensuring adequate guarding.
It is the responsibility of the installer to lag the exhaust
system if a dry system is used. Exhaust gases are
harmful if ingested, the installer must therefore ensure
that exhaust pipes are led overboard and that leakage
in the vessel does not occur.

D Fuel
i) Fuel Lines

Diesel engines are equipped with high pressure fuel
injection pumps, if leakages occur, or if pipes fracture,
fuel at a high pressure can harm personnel. Skin must
be thoroughly cleaned in the event of contact with
diesel fuel.

ii) Fuel supply Connections

Engines are supplied with 8mm compression fittings.
The installer must ensure that when connections are
made, they are clean and free of leaks.

E oil

The Beta propulsion unit is supplied with 2 dipsticks,
one for the engine and one for the gearbox. Ensure
dipsticks are returned and secure after checking, if
not oil leaks can cause infection when touched. All ol
must be removed from the skin to prevent infection.

F Scalding

An engine running under load will have a closed circuit
fresh water temperature of 85° to 95°C. The pressure
cap on the top of the heat exchanger must not
be removed when the engine is running. It can
only be removed when the engine is stopped and has
cooled down.

G Transportation / Lifting

Engines are supplied on transportable pallets. Lifting
eyes on engines are used for lifting engine and
gearbox assembly only, not the pallet and associated
kit.

GENERAL DECLARATION

This machinery is not intended to be put into service until
it has been incorporated into or with other machinery. It is
the responsibility of the purchaser / installer / owner, to
ensure that the machinery is properly guarded and that all
necessary health and safety requirements, in accordance
with the laws of the relevant country, are met before it is
put into service.

Signed:

ool

J A Growcoot, C.E.0, Beta Marine Limited.

NOTE: Recreational Craft

Where applicable, the purchaser / installer / owner and
operator must be responsible for making sure that the
Recreational Craft Directive 94/25/EC is complied with.



Technical Specifications

standard Engines
Cylinder

Bore (mm)

Stroke (mm)

Displacement (cc)

Combustion
Power Qutput kw
EN 150 8665 at rev,/min
, Nm
Maximum Torque
at rev/min

Capacity of standard sump (litres)
Capacity of shallow sump (litres)

Nett dry weight with gearbox (kg)
Fuel

Coolant

Coolant capacity approx. (H/E litres)
Electric starting - standard

Starter motor output (kW)

Alternator (battery charging) standard

Min. recommended battery capacity

Beta 43

4
83
92.4
1999

30.0
2,800
130.3
1,600

9.5
7.0
270

7.4

1.4

Maximum Angle of Installation: 15° flywheel up or
flywheel down when static; and up to 25° when heeling.

Rotation: Anti-clockwise on flywheel, clockwise on output

gearbox output flange - for use with right hand propeller

in ahead, with mechanical gearboxes. Hydraulic gearboxes

can be left or right handed.

Fuel: Diesel fuel must conform to EN590 or ASTM D975.

Engine Lubrication: Engine oil must meet AP

(lassification CF (CD or CE have been superseded by CF).

Gearbox Lubrication: See gearbox operator’s manual for

the gearbox oil type and capacity.

0il Pressure: Minimum (tickover) 0.5 bar.

Beta 50
4
87
924
2197

3 Vortex, naturally aspirated, indirect injection

33.0
2,800
143.2
1,600
9.5
7.0
300
Diesel fuel oil to EN 590 or ASTM D975
50% antifreeze : 50% water
7.4
12 Volt
1.4
70 Amps
12 Volt, 120 Ah (600 CCA Minimum)

Beta 60
4
87
102.4
2434

33.6
2,700
158.6
1,600

9.5
7.0
310

7.4

2.0

Power Outputs: These comply with EN I1SO 8665

propeller-shaft power.

1. Declared powers are measured at the gearbox output
flange (as coupled to the propeller shaft) as per
EN 1SO 8665, developed from our standard engine
specification, including gearbox and accessories as
detailed in our current price lists. Additional accessories
or alternative gearboxes may affect the declared
powers. Declared power outputs are subject to the

stated tolerance band.

2. Operation at parameters outside the test parameters

may affect the outputs / powers.



w INSTALLATION RECOMMENDATIONS

The installation details are basic quidelines to assist
installation, however due to the great diversity of marine
craft it is impossible to give definitive instructions.

Therefore Beta Marine can accept no responsibility for any
damage or injury incurred during the installation of a Beta
Marine Engine whilst following these quidelines.

All engines shall be placed within an enclosure
separated from living quarters and installed so as to
minimise the risk of fires or spread of fires as well as
hazards from toxic fumes, heat, noise or vibrations in
the living quarters.

Unless the engine is protected by a cover or its own
enclosure, exposed moving or hot parts of the engine
that could cause personal injury shall be effectively
shielded.

Engine parts and accessories that require frequent
inspection and/or servicing must be readily accessible.

The insulating materials inside engine spaces shall be
non-combustible.

w VENTILATION

Ensure water trap is fitted
to prevent ingress of water

o Ventilation

Engine room temperature
to be no more than 60YC

VN

Extraction fan as high as
possible. Recommended
fan size for Beta 10 -

Beta 85: 220m3/h

Air Intake as low as possible (approx.
crankshaft height) and opposite to the
fan. The size should be x2 the size of
the Outlet

The engine compartment needs air.
a) as air (oxygen) to burn the diesel fuel, and

b) as air to keep the engine cool (still hot at 100°C)
by ventilation.

It is important that the engine compartment has adequate
ventilation, and this is your responsibility. If there is no
ventilation the engine can overheat and damage can be
caused. As a general statement an engine will produce

radiated heat - approximately equal to /5 of the engine
output power. Also the larger battery charging alternators
create lots of heat. (A symptom of overheating problems
is often black belt dust). If you have any doubts about
the temperature of your engine compartment please
check with a thermometer on a hot day, the maximum
temperature in the engine compartment should be less
than 70°C - the cooler the better!



Engine compartment ventilation is normally best with two
holes; an inlet allowing colder air to enter below to the
alternator and drive belts and a second outlet (about the
same size) for the hot air to rise and ventilate out from
the top of the engine compartment.

Typical ventilation sizes

10hp 20hp 30hp
Combustion 14 cm2 28 cm? 43 cm?2
Ventilation 13 cm2 25 cm? 37 cm?
Inlet / Outlet dia. 6 cm 9 cm 11 cm

The required air flow volumes in m3/min = 0.05 x engine
power in hp (naturally aspirated) or 0.06 x engine power
in hp turbo-charged aspirated. Installations require a good
quality reliable electric ventilation fan wired into the
ignition switch to remove the hot air. The required air flow
volumes in m3/min = 0.05 x engine power in hp.

40hp 50hp 75hp 100hp 150hp
57 cm? 71cm2 106 cmz  142.cm? 213 cm?
50 cm? 62 cm2 92cm? 123 cm2 185 cm?
12 cm 13 cm 16 cm 19 cm 22 cm

w INSTALLATION RECOMMENDATIONS FOR KEEL COOLED ENGINES

Keel cooled engine overheating is sometimes caused by:

a) Not fully venting the engine cooling system of air. It is

necessary to remove all air from the cooling system -
including the “skin” tanks and (if fitted) the Calorifier
and associated piping.

b) Incorrectly sized “skin” tanks that have been sized for
‘usual’ canal use, rather than maximum engine output
that can sometimes be required on fast flowing rivers.
An additional “skin” tank may need to be fitted.



w ENGINE MOUNTING

To ensure vibration free operation, the engine must be
installed and correctly aligned on substantial engine
bearers, extending as far forward and aft as possible, well
braced and securely fastened to form an integral part of
the hull. The engine must be installed as low as possible
on the flexible mount pillar stud. This will limit vibration
and extend the life of the flexible mount. To assist

with engine replacement we offer ‘Special Engine Feet’
manufactured to your dimensions, as an optional extra to
suit your existing engine bearers and shaft alignment /
installation.

2\ WARNING!

Do not set the engine feet high up the flexible mount
pillar stud. This will cause excessive engine movement
and vibration. Pack steel shims under the flexible
mount and ensure that the flexible mounting is
securely bolted to the engine bearer.

° Engine Mount Alignment

o ¥ -

° Engine Mount

~
AN
Y

The pillar stud on the flexible mount is secured into
position by the lower locknut, do not forget to tighten
this. Also ensure that the stud is not screwed too
far through the mounting body so that it can
touch the bearer. This will cause vibration and
knocking noises which are very hard to find! If
the flexible mounting is too far offset then the loading
on the flexible mounting will cause premature failure,
modifications are needed.

Recommended

Acceptable

Correct height Shim(s) required to achieve

and positioning correct height and positioning

NOT Recommended

Positioning too high on the

NOT Acceptable

NOT aligned - requires

pillar stud - requires shims bearer modifications to correct

w ENGINE INSTALLATION AT AN ANGLE

Beta Marine propulsion engines can be installed at angles
up to a maximum of 15° flywheel up or flywheel down
when static, and can be run at up to 25° when heeling.
However if you are considering installing above 12°
please contact Beta Marine or alternatively consider the
7° down angle gearbox. When our engines are installed
at varying angles of inclination the normal markings on

the dipstick should be disregarded. It is probably better to
totally drain the sump, and completely refill the engine
sump with the recommended quantity / volume of
lubricating oil - noting its position on the dipstick - and
then marking the dipstick accordingly (don't forget to
replace the oil filter). If in doubt ask Beta Marine!



To obtain accurate alignment the flexible mountings must ~ mounted on a magnetic foot so that they are aligned
be adjusted until alignment is attained, and the mountings ~ within 0.125mm (0.005"). (Obviously the propeller shaft
must be locked in position. The engine / gearbox unit has  must be centered in the stern tube and running true -
to be aligned with the propeller shaft in two ways. The through the cutless bearing; if the propeller shaft is not
traditional engine alignment method involves measuring correctly centered you will experience vibration).

with either feeler gauges or a DTl (Dial Test Indicator)

ANGULAR ALIGNMENT
Angular Mis-alignment

Engine / gearbox Propeller .
flange shaft
Vo0

g —

~NOO
-——--——-——--—_'__-__- ey Y
PARALLEL ALIGNMENT
. Parallel Mis-alignment
Engine / gearbox Propeller
flange shaft
X1 [ S— | ee
S - g I ===
~O © N0 |
~.
\.\.\'\. ~
\.\.\. H

The engine mountings and the couplings must now be tightened in position and the alignment re-checked.

10



w FLEXIBLE OUTPUT COUPLINGS

A flexible coupling is mounted on the gearbox output flange and is strongly recommended in almost every case. Flexible

couplings do not resolve bad alignment, they are designed to absorb torsional vibrations from the propeller (transmitted
along the propeller shaft).

We normally offer two types:

R&D with a flexible nylon disc and optional Clamp Coupling - a very good economical solution.

@ R&D Clamp Couplings - Optional

The excellent ‘CentaFlex’ coupling design includes lots of rubber to absorb torsional shocks and loads. The
‘CentaFlex’ coupling is complete, replacing both the R&D flexible and the R&D clamp couplings above.

@ Constant Velocity Drive-Shafts

When fitting a constant velocity drive-shaft it maybe
necessary to have the standard engine drive plate that
is supplied replaced to avoid torsional noise problems.
Please contact us for technical quidance.

11



w EXHAUST SYSTEMS

There are two main types of exhaust system:

1) standard yacht - wet exhaust system with a
water injection bend and waterlock silencer

2) Dry exhaust system (see page 18)

We recommend care when designing your exhaust
system. The most important aspect is to ensure that water
cannot enter the engine’s combustion chamber from the
exhaust system (this applies to both wet and dry exhaust
systems).

STANDARD YACHT - WET EXHAUST INSTALLATION

Owners need to be aware of three major problems that
can easily occur when installing an engine in a sailing
yacht or motor boat and allowing the engine to ‘hydraulic
lock”.

Seawater syphoning past worn impellors in the
seawater pump, flooding the exhaust system, and
back filling into the combustion chamber when the
engine is stopped.

Seawater washing into the combustion chamber from
the exhaust system due to either a very shallow
exhaust run from the injection bend to the waterlock
silencer, or because the waterlock silencer is too small
to accept the total amount of cooling water in the
exhaust hoses, or both. This can happen when the
yacht is sailing into a big sea and a surge is set up in
exhaust system as the yacht pitches - with the engine
switched off.

Q Standard Exhaust System

Waves forcing water up the exhaust due a poorly
designed system with no ‘gooseneck’. Small work
boats moored on exposed beaches are very vulnerable
to this as waves hit the stern before the boat can
swing into the wind on a rising tide.

It is therefore very important to ensure that the engine
will not “hydraulic lock’. This can be a problem with
engine installations. When water enters the combustion
chamber and ‘hydraulics” against the rising piston, a bent
con rod, emulsified engine oil and a wrecked fuel pump
can be the result. It's best avoided!

If your engine is installed below the water line, the
potential for water entering the engine is considerably
increased. The important dimension that must be
measured is from the normal ‘static’ sea level to the point
at where the cooling water is injected into the exhaust

- this should be a minimum of 30 cms. If this can not be
achieved the following options must be taken (see 12, 13
and 14).

Normal Sea
Water Level

Waterlock Sllencer

Mtrw

>

Gooseneck
N\

40 cm

—— Propeller Clearance

\\ (

Rope Cutter .



w HIGH-RISE EXHAUST

In yachts, engines are mostly installed low down and
often below the water line. There are several ways to
avoid cooling water entering the engine.

Syphoning of cooling water can occur when the rubber
impellor of the sea water pump becomes worn. If our

G Exhaust with High Rise

standard injection bend is too low then we can offer a
high-rise injection bend that adds 15 ¢ms to the height.

If this is still not enough then you have to fit an
‘antisyphon” / vacuum valve 50 cms above the ‘loaded’
water line sea level (see 14 below).

Less then 30 cm - Not acceptable
MUST be 30 cm Minimum

standard exhaustsystem for comparison only

w EXHAUST WITH ANTI-SYPHON VALVE

When the engine is installed with the standard injection
bend - and the water injection point is still less than 30
cms above the ‘static”’ seawater level or is below it, then
you should either install a high rise injection bend adding
15 cms to the height or an anti-syphon valve to resolve
the problem.

Some installers will always fit an ‘Anti-Syphon” valve in
yachts, regardless of the position of the injection bend -
just to be as safe as possible. When fitting an anti-syphon

@ Exhaust with Anti-syphon Valve

I Al
l =

A

valve to a yacht, it must be mounted as near as possible
to the centerline so that there is no possibility that the
valve goes under the water line when the yacht heels
over.

A\ IMPORTANT!

These valves need to be checked reqularly as they have
been known to block up with salt crystals over time.

Standaid’exhaust-system for/ comparison only



w WATERLOCK / SILENCER

You must always fit a waterlock / silencer to stop any injection bend, being as low as reasonably possible, so
water in the exhaust system back filling the engine. The that all the water can drain down into it. The waterlock
water lock should always be fitted at least 30 cms away should have sufficient capacity to hold an exhaust system
from the injection bend and at least 30 cms below the full of water - draining into it.

G Waterlock / Silencer

‘4— L—>
' ?
H
it
You should always create a ‘gooseneck” with the exhaust Position of silencer in relation to exhaust hose length:
hose (or purchase a propriety one) by raising the exhaust
hose 40 cms above the waterline before exiting the Length (L) Height (H)
transom at least 5 cms above the waterline. This will stop 20 @i 20 @
any waves pushing seawater down the exhaust.
120 cm 40 cm
A\ IMPORTANT!
If measurement ‘“H’ cannot be met, a high rise exhaust With longer lengths of exhaust hose you may need to
injection bend must be installed so that any residual water — support the hose to avoid a drooping hose and water build
flows / drains into the waterlock / silencer or overboard. up.

Exhaust Hose ‘Gooseneck’

Loops Holding Water
MUST be Avoided!

14



w SEA WATER INLET FOR HEAT EXCHANGER COOLED ENGINES

Your engine is fitted with a gear driven sea water pump
which sucks in seawater (raw water) to cool the closed
circuit system via the heat exchanger.

Seacock Inlet / Seawater

Engine Pump Hose I.D.

Beta 10 to Beta 38 19 mm (3/4") min.
Beta 43 to Beta 60 25 mm (1”) min.
Beta 75 to Beta 105 28 mm (11/4") min.

1. Itis very important that the seawater inlet should have
a strainer system either ‘A’ built into the sea cock, or
‘B’ a high level system with visual inspection glass (as

@ Sea Water Inlet / Filter

IBI

Sea Water Level

Standard skin fitting without
scoop recommended

4. A normal inlet sea cock type ‘A’ (as shown in 18
above) is recommended as this can be ‘rodded out’ to
remove blockages. We do not recommend the use of
‘Scoop’ type water pickups, because if fitted the wrong
way around the water will be forced through the

e Sea Water Inlet - Scoop

shown) mounted just above the water line.

2. Good access to the inlet sea cock from inside your boat
is essential so that plastic bags or seaweed trapped in
the intake can be poked out.

3. All pipe work should have approved marine grade
stainless steel hose clips. Any loose clamps or bad
connections can cause flooding and sinking of the
vessel. It is accepted practice that two stainless steel
clips should be used at each end of raw water pipes
for security. Ensure that you use the correct grade of
hose.

Note: The maximum lift of the sea water pump is 2m
when primed.

pump and into the exhaust system whilst the vessel
is sailing. This is very dangerous as the exhaust will
eventually fill and sea / raw water will back up into
the engine through the exhaust valve. Catastrophic

failure will result as soon as the engine is restarted.




Beta 10 to Beta 60 - can be connected to the heat
exchanger end cap using our ‘Stern Bleed kit" and drilling
and tapping the end cap.

16

w STERN GEAR LUBRICATION

A IMPORTANT! - ENGINE COOLING

If 3 ‘water feed take off’ is required for stern gear
lubrication of the cutlass bearing or if you have an anti-
syphon valve with ‘continuous bleed’, then the connection
must be taken after the heat exchanger (not before) and
the maximum size should be an 1/8 inch BSP fitting with
a 5mm hose.

(Installations that have excessive water ‘bleed” will effect
combustion temperatures and exhaust emissions; and
taken to the extreme could either seize the engine and/or
melt the exhaust system).

e Stern Bleed with Anti-syphon Valve

[——0p
F

Beta 75 upwards - need a ‘T" piece with an 1/8" BSP
connection fitted just after the heat exchanger as shown
in the drawing. It is important that this ‘feed” is taken
from the engine side of an anti-syphon valve or you can
‘hydraulic’ the engine with catastrophic results.



w PROPELLER CLEARANCE

There must be a propeller clearance between the tip of This should be a minimum of 10% of the diameter of the
the propeller blade and the underside of the hull. propeller (some say 15%) to reduce ‘tip noise’.

e Propeller Clearance

10% of Prop Dia.

\

\"—

Wet exhaust hose should be matched to the injection

. . _ A Engine Exhaust Hose I.D.
bend diameter. An engine correctly installed in accordance
with this handbook will meet the emission requirements Beta 10 to Beta 60 50 mm
of the RCD (Recreational Craft Directive). Beta 75 & Beta 90 0 A
Beta 105 75 mm

w EXHAUST BACK PRESSURE

Keep exhaust systems to a minimum length and have

Engine Exhaust Back Pressure
gradual bends (NOT right angle elbows). Exhaust back -
pressure should be as low as possible; it is increased Beta 10 to Beta 25 Max. 70 mm Hg
by long exhaust length and sharp bends. Back pressure Beta 30 to Beta 60 Max. 80 mm Hg
should be measured with the complete exhaust system

Beta 75 @ Beta 90 Max. 90 mm Hg

connected and the engine running at full speed. The
correct measuring point is before the injection bend (at Beta 105 85 to 115 mmHg
the manifold flange).



w DRY EXHAUST INSTALLATION

a)

An engine correctly installed in accordance with this
handbook will meet the emission requirements of the
RCD (see back of manual).

b) Keep exhaust systems to a minimum length and have

gradual bends, refer to ‘exhaust back pressure” bottom
of page 17 for futher information.

The dry exhaust system installed in a canal boat
or work boat should be 17/,” minimum internal
diameter.

The engine is fitted with a 17/, BSP male connector
stub as standard - Valid for exhaust systems up to 3
metres in length. A flexible exhaust bellows and dry

exhaust silencer should be used. It is up to the installer

to work out his own pipe run but care should be taken
as follows:

@ Dry Exhaust System

Never use a flexible exhaust bellow as a bend, it will
crack, always keep them straight.

Ensure that rain water (or any other water - say from
the side of the loch) cannot enter the exhaust port and
run back down the system, flooding the silencer and
eventually the engine (see drawings below).

The system should be lagged if there is any danger of
the crew getting near it.

A dry exhaust system will give off considerable heat
and suitable insulation and ventilation must be
provided.

Flexible
Exhaust Hose

Site s
r

4|

e

Ensure exhaust raises then falls to outlet



w FUEL SUPPLY & LEAK OFF

Engine (All Fuel Connections Supplied)

([ e N
[ |
: |
‘ |
//:Mﬂ:/ |
[ |
[ |
[ |
I Fuel injectors I
7\ Vent )\ : :
[ |
[ — |
e - I Fuel injection I
[ |
Flexible Fuel [ Pamp |
Fuel tank Connections ' |
' ' to be used : :
[ |
[ , |
I Fuel filter I
= [ |
ey %} | |
[ |
[ |
: o O | |
: ) [ |
, [ . DEHE |
[ |
Stop tap / valve Fuel / water —_— | |
BETARINEN 50D arator : :
\T/ - ]
Fuel lift pump
NOTES: 5. Fuel lines and hoses connecting the fuel tank to the

engine, must be secured, separated and protected
from any source of significant heat. The filling, storage,
venting, fuel supply arrangements and installation
must be designed and installed so as to minimise

the risk of fire. When connecting the engine to the
fuel supply and return lines, flexible fuel hoses must
be used (next to the engine) and must meet the
requirements detailed in standard 1S07840:1995/
A1:2000 and/or as required by your surveyor /
authority.

1. A fuel / water separator must be installed.

2. The mechanical fuel lift pump is fitted to all engines
3s standard, but if a suction head of 0.25m or more is
required, then an electric fuel lift pump must be fitted
(ask your dealer or Beta Marine).

3. Itis very important that the excess fuel from the
injectors is fed back to the fuel tank and not back to
any point in the supply line. This will help prevent air
getting into the system.

level with the bottom of the tank before it enters the
top of the tank - see drawing. This prevents fuel ‘drain

cause poor starting and erratic running and must be
corrected immediately. These leaks will allow air to be

down’. sucked in when the engine is running.
w FUEL & COOLING CONNECTIONS

Engine Connector Hose 0.D.

Fuel supply and leak-off connections
are 8 mm conex with olives

8 mm 0.D. piping for both,
a flexible section is required
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w CALORIFIER SYSTEM
All Beta engines can be fitted with the calorifier

connections to allow the coolant from the closed circuit
cooling system to circulate through a calorifier tank, which >
in turn heats up domestic water. Calorifier connections on
this range of engine are shown.

a

1. The big problem with a calorifier is to remove all the
air from the system. If this is not achieved then they
don't work! ‘ 2 &l

2. Try and keep the supply and return pipes either v
horizontal or sloping down in a continuous fall towards < b
the calorifier. This avoids air pockets being created.

3. Extra care must be taken when first connecting the

calorifier circuit system to the engine as the coolant changer Calorifier System N \
) W\_ e \

level in the heat exchanger may appear to be full but W\\‘

it soon disappears into the calorifier pipe work. Run *-‘ "

the engine off load for 10 minutes then check the \ % ; Calorifier
level as described in ‘Filling The Fresh Water System’. -
Also check to see if the pipe going to the calorifier is
getting warm. Top up the water level as required and
run for another ten minutes then repeat.

4. If the water level is steady but no warm water is
getting to the Calorifier then (with engine stopped)

very carefully remove the pressure/filler cap using .
a large rag/cloth to protect you hand from scalding. @ Heat Exchanger Calorifier System
Now very carefully open the Calorifier bleed valve i o

Calorifier

(see manufacturers instructions) or if none is provided e

then very carefully loosen the jubilee clip securing
the supply pipe to the Calorifier. Air should escape.
Refasten securely when no further bubbles are seen.

5. If the calorifier tank is fitted above the heat exchanger
/ header tank then you will need to fit a remote
header tank slightly above the calorifier tank.

A\ CAUTION:
TO AVOID PERSONAL INJURY!

Do not do this when the engine is hot as scalding hot
water may be forced out of the pipe under pressure.
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w BOATS WITH KEEL COOLING

Keel cooling ‘skin” tanks are normally welded into the
‘swim’ of the narrowboat. They use the hulls" 8mm steel
plate as one side of the keel cooling tank that transfers
the engine heat into the canal water. The larger the
engine / horse power the larger the ‘skin” tank surface
area that is required for keel cooling our engines. Keel
cooling pipes under the hull of yachts or work boats, that
achieve the same surface area can also be used.

Generally the keel cooling tank should have a surface area
that is exposed to the canal or sea water of:

0.25 x the hp of the engine = the square feet of
cooling tank area required (for steel hulls).

Engine B43 B50 B60
Steel Tanks (Ft2) 10.8 12.5 15.5
Steel Tanks (M2) 1.00 1.16 1.43

The ideal keel cooling tank should:

a) Efficient keel cooling tanks are side mounted, as
detailed in the illustration.

b) The rubber hoses connecting the engine to the keel
cooling tanks should be designed and manufactured
as hot water heater hoses suitable for operation up to

100°C.

The ‘baffle” must be continuously welded to the outer
skin and to one end as shown, and should be close to
the inner skin.

@ Ideal Keel Cooling Tank

Engine B43 - B60
Supply & Return Pipe 28mm
Baffle Gap Minimum 40mm
Baffle Gap Maximum 85mm

d) The tank should be thin in section (C = 30mm to
40mm) as it is the heat transfer to the canal or river
water that is important.

The engine coolant for keel cooling (is the same 50:50
ratio of fresh water / antifreeze solution as heat

exchanger cooling) and flows around the engine, then
the keel cooling tanks, before returning to the engine.

The keel cooling tank must have air bleed valves fitted
on the top at both ends of the tank.

The hot water feed enters at the top of the tank and
the colder engine return comes out of the bottom.

q)

Note: If your boat has a hydraulic drive, you will need
to increase the surface area of the keel cooling tanks by
approximately 30% percent. If you have any questions
about keel cooling please refer to our design guidelines
detailed on our website, or ask us.
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Ideal Keel Cooling Tank

N

ff Gap

”
_}—Side wall of
cooling tank
Baffle
//’\
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Baffle Gap
T

ELECTRICAL INSTALLATIONS

Bleed Screw

A x B = SURFACE AREA

(MUST BE BELOW WATER LEVEL)

/0

Hot
Water In B

Cold
Water Out

N

All our engines are supplied with 12 volt electric starting
as standard. We therefore supply the main components:
starter motor, battery charging alternator, fuel control
solenoid, glow plugs, engine temperature sensor,

oil pressure sensor, control panel and a wiring loom
connecting everything together. We do net supply as
standard either the starter batteries or battery cables.

CONTROL PANELS

Heat Exchanger Cooled - We offer 5 control panels: the

ABV is standard and the A, ABVW, B, C and D are optional.

The engine harness is common to all. With our Keel
Cooled Canal range the AB panel is standard or the 'C’
panel is optional.

1. Control Panels must be fitted in a location where the
helmsman can either see or hear the alarm system.
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2.

Our control panels are supplied as standard with a 3
metre multi-core cable for connection to the engine
wiring loom. As an optional extra, Beta can provide

various lengths of extension looms for runs of 5m or
more, and this kit includes a start relay to overcome
the voltage drop. (See drawing 300-58520).

For standard wiring diagrams see back of manual.

All electrical equipment must be protected from sea
water. Sea water or rust in the starter motor will
invalidate the warranty. Care must be taken when
pushing the two halves of the plug together to ensure
that individual pins do not fall out. To prevent corrosion
and assist in assembly we recommend that the plug

is packed with petroleum jelly (Vaseline) and then
carefully pushed together. The plastic boots should
cover both halves and overlap. A cable tie is then put



to hold the two halves in position and help prevent
any ingression of water.

5. The control panels must not be installed where sea
water spray can get at them. We recommend that a
suitable flap or cover is fitted.

6. All cables must be adequately clipped and protected
from abrasion.

7. Electrical systems shall be designed and installed so as

to ensure proper operation of the craft under normal

conditions of use and shall be such as to minimise risk
of fire and electric shock.

8. Attention shall be paid to the provision of overload
and short circuit protection of all circuits, except engine
starting circuits, supplied from batteries.

9. Ventilation must be provided to prevent the
accumulation of gases, which might be emitted
from batteries. Batteries shall be firmly secured and
protected from ingress of water.

w BATTERY CHARGING

For efficient charging of the batteries we recommend
setting the engine to a3 minimum of 1,200 RPM.

This also applies for A.C generation through an inverter.

Charging below 1,200 RPM risks damage.

BETA MARINE
IMPORTANT

When battery charging and/or generation AC
the engine must be run at 1200rpm

OTHERWISE DAMAGE MAY OCCUR

w BATTERY INSTALLATIONS - SOME CONSIDERATIONS

& J

Starter batteries and battery cables are a major consideration for engine starting systems. Incorrect selection of both

battery and cables is a major cause of starting failure.

BATTERIES

1. Battery sizes: These should never be of less capacity
than the maker’s recommendation. If in doubt - ask.

2. In extreme conditions, low temperatures, battery
capacity needs to be increased as performance will

decrease. This needs to be allowed for during selection

of a battery.

3. Battery terminals and connections must always be kept

clean, in good condition and tight. Faulty connections
can lead to poor performance and even (in extreme
conditions) explosion.

4. Batteries must be in good condition and must hold
voltage. An idle standing battery would be expected to
be at least 12.6 volts and we would like to see at least
12v on the starter motor terminals.

5. Charging circuits must be sufficient for the battery
system used. In other words make sure you have
enough battery capacity but bear in mind the recharge
capability. Depending upon the battery type the
recharge voltage will be in the region of 14.7 volts.



BATTERY CABLES

1.

Starter batteries should be as close to the engine as
practically possible. The reason for this is to ensure that
the maximum voltage from the battery is available to
the starter motor. The longer the cable run - the more
will be the voltage drop. This is due to the resistance
of the cables.

Generally speaking for smaller engines we recommend
battery cables of 25mm2 conductor cross sectional
area with length up to 1.5m per cable. That equals a
cable run of 3m total which would have a voltage drop
in the region of 0.8v if the starter motor was using 160
amps when motoring. Battery cables that are too small

will overheat and their insulation could catch fire.

3. When the supply is switched on to the starter motor
there will be a massive inrush of power in the region

of 5 times the motoring current. The battery will

be expected to supply this inrush and then recover
sufficiently to give the motoring current (often called
the ‘rolling” or “cranking” current).

25mm?2 Cable

Engine Cranking Amps Cable Volt drop*
Up to Beta 38 100 0.0017V
Up to Beta 50 120 0.0017V
Up to Beta 60 170 0.0017V
Up to Beta 105 210 / 2507 0.0017V
Beta 150 333 0.0017V

35mm?2 Cable

Engine Cranking Amps Cable Volt drop*
Up to Beta 38 100 0.0013V
Up to Beta 50 120 0.0013V
Up to Beta 60 170 0.0013V
Up to Beta 105 210 / 2507 0.0013V
Beta 150 333 0.0013V
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If the correct battery is selected but the engine will
not crank at sufficient speed after the inrush then
(assuming battery cables are the correct size) the
battery is either discharged or faulty.

. If the voltage at the starter motor terminals after the

inrush is not at least 10.5 volts it is likely that the
motor will either crawl at insufficient speed or not turn
at all. Battery cables could overheat.

. Battery cables are sized on the motoring or rolling

current of the starter motor and the length of battery
cable run. This length is the total distance of both the
positive and negative cables added together. Under
normal circumstances the voltage drop in the starter
battery cable circuit should not exceed 0.8 volt and in
any circuit should not exceed 1.2 volts.

Please note that cranking time should be no longer
than 10 seconds with at least a 10 second rest
between attempts.

Max length, both cables added together
4.7m
3.9m
2.8m
Not suitable

Not suitable

Max length, both cables added together
6.2m
5.2m
3.6m
2.5m

1.8m (70mm?2 cable preferred)



70mm2 Cable

Engine Cranking Amps Cable Volt drop* Max length, both cables added together
Up to Beta 38 100 0.00063V 12.7m
Up to Beta 50 120 0.00063V 10.5m
Up to Beta 60 170 0.00063V 7.5m
Up to Beta 105 210 / 2507 0.00063V 5.0m
Beta 150 333 0.00063V 3.8m

“ Voltage drops for pvc insulated cables are ex table 9D1 of the IEE Wiring Regulations.

** Varies between models and builds.

The above tables are based on a maximum conductor temperature of 70°C in an ambient temperature of 30°C.

w KEYSWITCH TERMINATIONS

The standard panel keyswitch can be used to tap off

a switched positive ignition feed to power additional
gauges. In this way these gauges will only be live whilst
the engine is running, the engine is starting or the heaters
are being used.

For silver keyswitches, the terminal to achieve this ignition
switched positive is marked ‘AC’.

For panels without any keyswitch, gauges can be driven
from the 1Tmm?2 brown wire which terminates at 11 way
connector terminal 4. This is a lower power switched
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positive, any additional power required from this
connection must be feed through a relay, as noted below.

Note: these keyswitch terminals are rated at 10 amps
maximum, since they are already utilised for panel and
alternator feeds Beta Marine recommend any additional
requirements from these terminals must be fed through
a relay. This relay should then be connected to it's own
fused positive supply directly from the engine battery.

Please refer to page 61 for an illustration of a typical
electric fuel lift pump with ignition switched relay.



Section 2

w GUIDELINES FOR OPERATION OF ENGINE

/\ IMPORTANT!
CHECKS PRIOR TO INITIAL USE

1.

Generally, a new engine has the oil and anti-freeze
removed after the works test. Fill the engine with the
correct oil and antifreeze (see sections on Engine ol
and Cooling). Check gearbox oil level - see gearbox
‘Owners Hand Book'.

Ensure the engine is free to turn without obstructions.

Ensure battery is fully charged and connected with the
battery isolator in the “ON" position.

Ensure “Morse” speed and gearbox cables are fitted
correctly and that cable travel lengths are correct.

Gear selection lever - all mechanical gearboxes: care
must be taken to ensure that the remote control cable
is adjusted so that the selector lever on the gearbox
moves full travel and is brought “hard up” against its
end stop in both directions.

Failure to achieve the correct adjustment will reduce
efficiency of the clutch and may cause slippage at
low revs. Warranty will not be accepted on gearboxes
returned in the warranty period for failure due to
incorrect adjustment.

Open the sea water cock - carefully checking there are
no water leaks.

Bleeding the fuel system for initial start up.

The fuel system must have all the trapped air carefully
‘bled” out; starting at the fuel tank and progressively
working through to: the fuel /water trap, the fuel filter,
to the fuel injection pump.

Open the fuel tank stop tap/valve and then bleed the
fuel /water separator of air as shown in manufacturer’s
literature.

Fuel should now arrive at the fuel lift pump.

Open the fuel bleed screw on top of the fuel filter by
110 2 turns, see photo 33.
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e)

Move the hand priming lever on fuel lift pump up and
down (photo 33) until fuel with “no bubbles” comes
out of the fuel filter bleed screw (photo 34). The hand
priming lever normally has about 90° travel; but the
camshaft lobe may block this travel requiring you
to rotate the engine 90° to obtain full travel.

E

Shut/tighten the bleed screw.

Open the bleed screw on the fuel injection pump and
again ‘bleed’ through to the injection pump. Continue
to hand prime for 30 seconds to push fuel and any
remaining air through the fuel pump. Clean all areas
thoroughly of fuel with tissue paper.

Ensure engine is out of gear and set to /5 throttle -
see “single lever control” instructions/manual.



8. Start engine (see normal starting). Note the engine
may have to be turned over with the starter for a few A CAUTION:

seconds before it fires. TO AVOID PERSONAL INJURY!
Do not run the starter for more than 20 seconds. If
the engine has not started after 20 seconds there is
probably still air in the fuel system; disengage the

Do not bleed a hot engine as this could cause fuel
to spill onto a hot exhaust manifold creating a fire.

starter and continue to hand prime the engine with * Do not mix petrol / gasoline or alcohol with diesel
the fuel lift pump lever for a further 30 seconds, then fuel. This mixture can cause an explosion.

repeat. - Do not get diesel fuel or oil on the flexible mounts -
If engine does not start after 3 attempts then allow 5 they will deteriorate rapidly if soaked in these.
minutes for the starter to cool down before repeating - Fuel must be removed from skin to prevent infection.
6 (0) to 8.

Note: The starter motor windings can be burnt
out with continuous cranking.

9. If the engine does not easily start at the first or second
attempt, do not over crank the engine with the
seawater inlet seacock turned ‘on’. (This problem may
have been caused by air in the fuel system, running
out of fuel, or changing a fuel filter, etc).

You should close / shut off the seawater inlet seacock
to stop seawater being pumped into the exhaust
system and eventually filling up the combustion
chamber, causing severe damage.

When you have resolved the problem, and the engine
starts you must immediately open the seacock.
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w NORMAL STARTING

BETA CONTROL PANELS - ABV, A, AB, B AND C DELUXE - WITH KEYSWITCH.

To operate the engine: with the engine out of gear, set 3. Turn to ‘START' position and engine will motor, hold in

speed control lever to /5 throttle. position until engine fires (see initial start-up section
1. Turn key anti-clockwise to "HEAT’ position and hold for for maximum time starter can be used).
fifteen seconds maximum. 4. Release key (when engine has started) to ‘RUN’
2. Turn key clockwise to ‘RUN’ position. At this stage the position.
instrument panel should illuminate: - All red warning lamps should extinguish and buzzer
Red lamp for ‘low oil pressure’ should illuminate. should stop sounding. The oil pressure lamp may take a

Red lamp for ‘high engine temperature’ should not few seconds to switch off and the charge fail lamp may

illuminate (when engine is cold / cool / warm). This remain on until engine rpm is increased to approximately

lamp will only ever illuminate if the engine is over 1,000 rpm if the engine was started on tickover.

temperature. - Green lamp for ‘panel power on” should still function.
Red lamp for ‘no starter battery charge’ should - If the “charge fail" lamp remains on then “blip” the
illuminate. engine speed up to 2000 rev/min and it will go out

Red lamp for ‘no domestic battery charge’. Only fitted (split charge relay drain).

with panels AB and € and will illuminate only if 2nd - RuUN the engine on fast tickover (1500 rpm) for it to
‘domestic’ alternator is fitted. Warm-up.

Green lamp for panel ‘power on’ should illuminate.

Buzzer should sound.
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w NORMAL STARTING

BETA CONTROL PANEL ABVW - KEYLESS (WITHOUT KEYSWITCH)

This panel controls the engine with three water resistant
push buttons instead of a keyswitch, and is less prone to
damage and corrosion from sea water spray.
To operate the engine: with the engine out of gear, set
speed control lever to 1/3 throttle.
1. Press and hold ‘HEAT" button for fifteen seconds
maximum.
Red lamp for ‘no starter battery charge” should
illuminate.
Red lamp for ‘high engine temperature” should not
illuminate (when engine is cold / cool / warm). This
lamp will only ever illuminate if the engine is over
temperature.
Red lamp for ‘low oil pressure’ should illuminate.
Green lamp for panel ‘power on" should illuminate.

Buzzer should sound.
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2. Press ‘'START  button and hold in position until engine

fires (see initial start-up section for maximum time
starter can be operated). Release button (when engine
has started)

All red warning lamps should extinguish and buzzer
should stop sounding. The oil pressure lamp may take a
few seconds to switch off and the charge fail lamp may
remain on until engine rpm is increased to approximately
1,000rpm if the engine was started on tickover.

Green lamp for ‘panel power on” should still function.

. To stop the engine press the ‘STOP” push button, hold

in until engine stops. This button also switches the
power off to the gauges, engine and ‘power on” lamp.

. To re-start the engine, simply repeat steps from ‘1’

above, there is no need to switch battery isolators off
whilst remaining on board.

. If leaving the boat, isolate start battery from engine

and panel, to prevent accidental start up of engine and
stop power leakage.



w STOPPING

Every propulsion engine is fitted with a stop solenoid.

To stop the engine simply press stop push button, hold
in until engine stops, then turn key from ‘RUN" to "OFF’
position. Do not turn the key to the off position when
the engine is running, this will not allow the alternator to
charge the battery.

A\ WARNING!

DO NOT leave the key in the ‘OFF position when
engine is running. This will not allow the alternator
to charge and will damage the alternator.

DO NOT leave the key in ‘HEAT’ position for more
than 15 seconds - this will damage the heater /
glow plugs and eventually lead to poor starting.

When leaving the boat for an extended period:
Turn off sea-cock (heat exchanger cooled engines).
Turn off battery isolator.

DO NOT depress the stop button for more than ten
seconds as this will lead to overheating and failure
of the solenoid.

These engines are equipped with a mechanical stop
lever in the event of electrical system failure. This lever
is located on the starboard side of the engine below the
speed control lever. See illustration below. Move the
stop lever aft to stop the engine then return it to the run
position.
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w MAINTENANCE SCHEDULE

DAILY OR EVERY 8 HOURS RUNNING
Check engine oil level.
Check gearbox oil level.
Check coolant level.
Check battery fluid.
Check belt tension and alternator bolts.
Ensure raw water inlet strainer is clear.
Check stern gland lubrication if used.

Drain off any water in fuel /water separator.

AFTER THE FIRST 25 HOURS RUNNING

Change gearbox lubricant (See separate gearbox
manual).

Check that all external nuts, bolts and fastenings

are tight. See table for torque values. Do NOT over
tighten. Special attention should be paid to the
flexible mount lock nuts, these should be checked for
tightness, starting with lower nut first in each case. If
the lower nuts are found to be very loose, then the
alignment of the shaft to the gearbox half coupling
should be re-checked. Poor alignment due to loose
flexible mount nuts will cause excessive vibration and
knocking.

Check and adjust all drive belt tensions, see page 41.

Check ball joint nyloc nuts for tightness on both
gearbox and speed control levers. Grease both fittings
all over.

AFTER FIRST 50 HOURS
Change engine lubricating oil.
Change oil filter.

Check for leaks on header tank tubestack. Tighten end
cap bolt if required.

Drain off any water in fuel /water separator.
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AFTER 150 HOURS

If shallow sump (option) is fitted, change engine
lubricating oil and filter.

EVERY YEAR OR 250 HOURS IF SOONER

Change engine lubricating oil (standard sump)
Change lubricating oil filter

Check air cleaner element

Check sea water pump impeller and change if worn.

Check wasting anode condition, replace when
necessary. In some environments this may be six
monthly or less.

Remove heat exchanger tube stack, by undoing the
bolt each end of the tube stack. Remove end cover,
pull out tube stack and clean. Replace rubber ‘0’ rings
and re-assemble. Top up with antifreeze. Immediately
engine is started check for leaks.

Spray the key switch with WD40 or equivalent to
lubricate the barrel.

Check that all external nuts, bolts and fastenings are
tight. See table for torque values.

Check ball joint nyloc nuts for tightness on both
gearbox and speed control levers.

EVERY 750 HOURS (IN ADDITION TO 250
HOURS MAINTENANCE)

Change air cleaner element.
Change fuel filter.

Change antifreeze.

Change gearbox oil.

Check electrical equipment, condition of hoses and
belts, replace as necessary.



Maintenance Schedule

Daily or After After Every Every Year Ever
every 8hr first first 150hrs with | or 250hrs 750h¥s
running 25hrs 50hrs shallow sump | if sooner
Check engine oil level [ o o o o [
Check gearbox oil level [ [ o
Check engine coolant level o [ o o [ [
Check battery fluid o [ J [ [ [ [
Check belt tension
o [ [ [ [ o
and alternator bolts
Ensaw raw water inlet
o [ o [ [ [ o
strainer is clear
Check stern gland lubrication [ [ [ o [ [
Drain off any water in fuel
’ / o o o o o °
water separator
Change gearbox oil o See separate gearbox manual
Check all external nuts, bolts and fas-
tenings are tight. Check belt tension and o o [ o
alternator bolts. Check for leaks.
Change engine oil [ [ L L
Change oil filter [ [ [ [
Lubricate keyswitch on control
MDA o o °
panel with “vaseline” or WD40
Check coolant “sacrificial” zinc anode
and replace if necessary - sometimes o [ [
frequently
Check general condition [ [ o
Remove heat exchanger tube stack
* o o
and replace rubber 0-rings
Check sea water pump impeller
PP o o
and change if worn
Check air cleaner element
. . [ [
and change if required
Change air cleaner element o
Change diesel fuel filter )
Change gearbox oil o
Drain and replace engine
P g °®

coolant / anti-freeze
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w LUBRICATING OILS

Engine oil: Engine oil quality should have the minimum The following table gives grades of oil viscosity required
properties of the American Petroleum Institute “API” for various ambient temperature ranges.
classification CF (CD and CE have been superseded by CF).

, ‘ , Ambient Temp. Multi-Grade
A good quality SAE 15W /40 mineral based multigrade
oil as used in most car diesel engines will meet -30°Cto 0°C SAE 10W/30
requirements. -15°C to +15°C SAE 15W /40
An acceptable alternative are mineral based lubricating 0°C t0 +30°C SAE 15W /40
oils that are sometimes called semi-synthetic (or

25°C and above SAE 15W /40

‘synthetic blends’) and are blends of mineral oil with no

more than 30% synthetic oil. , -
Note: Do not use lubricant additives, and we do not

recommended totally synthetic oil.

w CHECKING THE ENGINE OIL LEVEL

For quantities of oil required please page 6. When When using an oil of a different make or viscosity from
checking the engine oil level, do so before starting, or the previous one, drain out the old oil. Never mix two
more than five minutes after stopping. different types of oil.

1. To check the oil level, draw out the dipstick, wipe it Engine oil should be changed after first 50 hours running
clean, re-insert it, and draw it out again. Check to see time and then every year or every 250 hours if sooner
that the oil level lies between the two notches. (Shallow sumps are every 150 hours).

2. If the level is too low, add new oil to the specified 0il filter is a cartridge type mounted on the side of the
level. engine and should be changed when you change the oil.

A IMPORTANT! - po not over fill!
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w CHANGING THE ENGINE OIL

1.

Run the engine for 10 minutes to warm up the oil,
then stop it and open the oil filler cap.

Your engine is provided with a sump drain pump.
Unscrew the end cap on the end of the pump spout,
turn the tap to ‘on’. Use the hand pump as shown
to pump out the oil into a bucket. Turn the tap to off
position and replace end cap. See photo 40.

Unscrew the oil filter and replace with a new one.
See photo 41.

S
Sump pump

The gearbox is fitted with a dipstick and oil filler plug,
see photo 42.

Each engine is supplied with a gearbox ‘operators
manual” which specifies the type of lubricating oil to be
used, the capacity and frequency of changing of the oil.

New engines are normally supplied with the gearbox
topped up with lubricant but check the level before
starting the engine for the first time.

The oil can be changed via the drain plug at the bottom
of the box or sucked out with a hand pump via the filler

plug.

A quide to the type of oil to be used is as follows:

Note: It is best to have a plastic bag wrapped round
the filter to catch any oil left in the system. (Always

keep your bilges clean!) Before screwing in the new

filter spread a thin film of oil round the rubber gasket
to ensure a good seal and screw in - hand tight.

4. Fill the engine with new oil as described on the
previous page and replace the oil filler cap.

5. Run the engine and check for oil leaks.
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Gearbox Lubricant Capacity (approx.) Gearbox Lubricant Capacity (approx.)

TMC40 ATF 0.2 L PRM 80 ATF 0.6 L
TMC60/A ATF 0.8 L PRM 120 ATF 0.8 L
TMC260 ATF 12 L PRM 150 Qil 1.4 L
TI\/\345/A Qil 1.6 L PRM 260 Qil 151L
TM93 /A Qil 2.4 L PRM 500 Qil 251L
TM170/A Qil 2.8 L PRM 750 Qil 25t035L
PRM 1000 Qil 3.0t04.0L

Gearbox Lubricant Capacity (approx.)
IF 25/A ATE 181 Note: ATF is Automatic Transmission Fluid.

For additional information please see manufacturers
/F 45/A ATF 251 .

websites:
/F 15 MIV ATF 1.0L

PRM: www.prm-marine.com
ZF 63 IV ATF 4.0 L Technodrive: www.twindisc.com
IF: www.zf.com

Note: Over-filling your engine with oil can be as detrimental as under-filling.

w CHANGING THE GEARBOX OIL

1. Run the gearbox for 10 minutes to warm up the oil. 4. Run the engine to allow oil to circulate, then stop and
allow the oil to settle. Re-check the oil level and top

2. Switch off the engine, remove the dipstick and begin
up if necessary.

to drain oil from the gearbox and cooling system. The
drain plug is located on rear right hand side of the 5. Ensure dipstick and cap are firmly secured and check
gearbox on most models. for oil leaks, especially around the output shaft oil seal

3. Allow to drain, before refilling the gearbox with new and gasket sealing surfaces.

oil as recommended.
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w FUEL SYSTEM

A\ IMPORTANT!

Always fit a fuel /water separator in the fuel supply
system. Water in the fuel can seriously damage
the injection system.

If a fuel supply shutoff valve is fitted do not use a
taper tap, only use a ball valve tap. The ball valve type
are more reliable and less likely to let air into the fuel
system.

Be sure to use a strainer when filling the fuel tank.
Dirt or sand in the fuel may cause trouble in the fuel
injection pump.

Low sulphur diesel fuel - requlations changed recently
reducing the sulphur content by 99%, in many
countries. The European standard is EN590:2009, and
in the USA ASTM D975-09. The engine is designed to
run on low sulphur fuel, and this is now preferred.

We know that some customers are using 100%
Biodiesel fuel, if you use a higher percentage of
Bio-diesel fuel you must fit an electric lift pump into
the fuel supply line, and the fuel filter and oil filter
must both be changed together when the oil filter is
normally replaced.

A\ IMPORTANT!

Beta Marine warranty will not cover fuel equipment
when more than 7% Biodiesel is used.

Always use diesel fuel. Do not use paraffin /
kerosene, as this has a low cetane rating and
adversely affects the engine.

Bio-diesel fuel can be added to the normal diesel fuel
up to a maximum limit of 7% without affecting the
warranty.

Most diesel fuels now contain up to a maximum limit
of 7% Biodiesel and this does not affect the engine
warranty. The recent changes to fuel specifications
allow the addition of FAME (fatty acid methyl ester)
biodiesel EN14214:2009, to diesel fuel, but please be
aware that biodiesel does allow bacteria to grow more
easily in the fuel and this can clog your fuel tank, pipes
and filters. If you experience an outbreak of bacterial
growth you can either empty and clean out your fuel
pipes and tank, or use biocide additives and filtering.

Be careful not to let the fuel tank become empty, or
air can enter the fuel system, necessitating bleeding
before next engine start.

The fuel lift pump will only lift fuel through 0.25m.
If this is insufficient then an electric fuel lift pump
must be fitted. Drawing 202-06421, illustrating
recommended wiring for this pump can be supplied
upon request.

w FUEL FILTER REPLACEMENT

1. The fuel filter is a spin on type. Remove by turning

anti-clockwise when viewed from below.

. Replace the fuel filter cartridge every 750 hours or
every 2 years. See photo 43.

. Apply fuel oil thinly over the gasket and tighten into
position - hand tight.

. Bleed as detailed - see ‘initial start up’.

. Check for leaks.

. Do not get fuel on the flexible mounts, this will
degrade and damage the rubber.




w HEAT EXCHANGER COOLING

!

Sea Water Level

All diesel engines require a cooling system. Generally
all modern seagoing boats with wooden or GRP (Glass
Reinforced Polyester) hulls normally have a Heat
Exchanger ‘Fresh Water’ cooling system.

Heat Exchanger cooling takes in sea water through the
bottom of the hull via a seacock usually with a strainer,

to the seawater pump mounted on the engine. The
seawater is pumped through piping to the heat exchanger
where it passes through the cupronickel ‘tubestack’; first
though the bottom pipes, then back through the top pipes
and then out into the exhaust injection bend. From the

w ENGINE ‘FRESH WATER’ COOLANT

@ Heat Exchanger Cooled Engines

injection bend the seawater falls into the waterlock and

is then blown with the exhaust through a ‘gooseneck’
and out of the stern of the boat. The engine cooling has

a closed circuit that uses a coolant solution of 50% ‘Fresh
Water and 50% antifreeze. This coolant circulates round
the engine collecting heat and transfers the heat to the
seawater in the heat exchanger as it circulates around the
outside of the cupronickel ‘tubestack” pipes.

A typical heat exchanger cooling system is shown on the
inside front cover, and detail drawings are included in the
following pages to ensure a reliable installation.

The coolant solution must be a mixture of fresh water
and anti-freeze (Ethylene Glycol based conforming to
BS6580:1992) with the antifreeze being a 50% solution
(this also applies to warm and tropical climates). This not
only stops ‘freezing up” in winter, but it also prevents
overheating and corrosion. The warranty is invalid if the
correct percentage / ratio is not used.

The anti-freeze in the fresh water system enables the
boiling point of water to rise to 124°C with a 13 psi
pressure cap fitted. The water temperature alarm switch
will however be activated at 95°C to 100°C. If no anti-
freeze or a very weak solution is used, then the water
temperature switch may not be activated before coolant
is lost.

w RAW WATER COOLING - KEEL COOLING

Older marine engine designs have used ‘Raw Water’
cooling. This is when the seawater circulates directly
through the engine cooling circuit and will over time
corrode the inside of the engine. Seawater is very
corrosive and the salts can also cause scale build-up in
narrow coolant passageways. Beta Marine do not offer
‘Raw Water’ cooling.

Keel Cooling is often used on steel work boats, fishing
boats and inland waterway boats where 3 grid cooler or
heat transfer tank are built into the hull to give a closed
circuit system. In these applications no seawater pump is
used and the engine circulating pump pushed the water /
antifreeze solution round the closed system.



w FILLING THE FRESH WATER SYSTEM

New engines are supplied with the fresh water ‘coolant’
drained off. The following instructions must be followed to
fill the system.

a) Pour into a clean bucket a mixture of both fresh water
and anti-freeze; with an anti-freeze ratio of 50% (see
next page). For the required volume see technical
specification page 6.

b) Check that the coolant drain tap or plug is turned off.
See photo 45.

<) Fill engine with freshwater / anti-freeze solution
through the top of the heat exchanger or header tank
with the filler cap removed. See photo 46.

water /
antifreeze goes

d) Fill header tank to the top of the filler neck and
replace cap. Press down firmly on filler cap and hand
tighten in a clockwise direction.

Note: For keel cooled engines a large quantity of coolant
(anti-freeze solution) is required depending upon the size
of the keel cooling system (refer to builder’s instructions).

e) Run the engine for 5 minutes on no load (out of gear)
and check coolant level, this will help remove air from
the system. Top up as necessary.

f) Check system for leaks.

Note: For keel cooled engines it is very important to
bleed all of the air out of the complete cooling system
before the engine is run on load (check with builder’s
instructions).

g) If a calorifier is fitted care must be taken to see that
this is also full of coolant and all the air is expelled.
(See calorifier fitting notes under Section 1).

Run the engine on one third load for 15 minutes,
preferably with the boat tied up. As the system warms
up coolant may be expelled from the overflow pipe
into the bilge. Stop the engine and allow the engine to
cool down before removing the pressure cap and top
up the coolant to 25 mm / 1" below the filler neck.

A\ CAUTION:
TO AVOID PERSONAL INJURY!

Removal of the pressure cap when the engine is hot

can cause severe injury from scalding hot water under
pressure. Always allow the engine to cool and then use
a large cloth when turning the cap anti-clockwise to the
stop. This allows the pressure to be released. Press firmly
down on the cap and continue to turn anticlockwise to
release the cap.
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Repeat (h) if coolant level is more than 1 inch below
the base of the filler neck when the engine has cooled
down.

Run engine on 2/5 full load for 20 minutes, check for
leaks and repeat (i).

Anti-freeze solutions should be drained off every
2 years and replaced with a new solution.

Note: When draining fresh water system, ensure the
engine has cooled sufficiently to prevent scalding from hot
pressurised water. Prior to draining a cold engine, remove
the filler cap from the header tank and then open the
water drain tap. This allows the water to drain freely from
the system.




w FRESH WATER EXPANSION TANK KITS

Fresh Water Expansion Tank Kits are available as optional
extra's, individual drawing and price available upon
request.

w SEA WATER PUMP AND COOLING SYSTEM

3. Check impeller for cracks in the rubber, excessive
A IMPORTANT! wear or lost vanes. Replace with a new impeller as
Before working on the sea water system ensure that the necessary. A drop of washing up liquid on the impeller
sea cock is in the off position! will help to push it into position.
1. Itis very important that the correct sea water flow 4. Make sure the impeller blades are bent the right way
is maintained to cool the closed circuit system of the relative to the rotation of the impeller shaft.

engine. The key component in this system is the sea
water pump impeller. This should be checked every
year by removing the circular plate. See photo 48.

Note: If any pieces of rubber impeller are missing then
they must be found as they are most likely to be trapped

in the entrance to the heat exchanger cooling stack.
2. Withdraw the rubber impeller from its drive shaft as See ‘Cleaning Tube Stack’.

shown. See photo 49. Pliers may be required. 5. Run the engine up to temperature to check for leaks.
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w HEAT EXCHANGER TUBE STACK AND ‘WASTING ZINC ANODE’

1. The wasting zinc anode should be checked reqularly
at least every six months and replaced every year or
sooner, as necessary. The anode is attached to the bolt
inserted in the end cap of the heat exchanger. See
photo 50. On most engines this is on the aft end.

-
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2. Unscrew the bolt and replace the complete unit with a
new one.

A

g /4

A / b
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3. Itis possible for fine sea weed and other debris to get ¥
past the inlet filter and into the tube stack. This should
be removed and cleaned. See photo 51.

4. Drain off coolant into a bucket. Zinc anode"

5. Unscrew the 6 end cap retaining bolts using a 5 mm
Hex key (3 each end of the heat exchanger). Remove
the "0’ rings and slide out tube stack. Carefully clean
tube stack and end caps.

6. Re-assemble using new ‘0’ rings. The tube stack
can be fitted either way around but must be aligned
correctly with the horizontal line and rubber seal
between the alignment marks at the exhaust end of
the heat exchanger. (This ensures correct coolant flow

in the heat exchanger) Do not over tighten end cap - Ensure rubber
bolts. g .- sealing strip is in

7. Re-fill engine with coolant (water / anti-freeze
solution) and run engine up to temperature to check
for leaks.
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w BELT TENSION

A\ WARNING!
Belt tension must only be checked with the engine i ) = k
Yy g iy G‘ D\

switched off. " ot )
70 AMP ALTERNATOR (HEAT EXCHANGER COOLED)
These engines are fitted as standard with a single belt

that drives both the 70 Amp battery charging alternator
and the fresh water / engine coolant circulating pump.

1. The belt tension is adjusted by swinging the alternator
outboard as it pivots on its support bolts. See photo
53.

2. With the engine stopped, loosen the support bolts and
the link adjusting bolt.

3. Push alternator outboard by hand to tension the belt,
then tighten link bolt.

4. Check that the depression of the belt (at position
shown) is approximately '/,” or 12 mm when pushed
down firmly by thumb. Tighten support bolts. See
photo 54.

5. Belt tension should be reqularly checked especially
during the first 20 hours of running in a new belt, as
stretching occurs.

LARGER ALTERNATOR (OPTION)

The same method applies as outlined above with the
‘polyvee’ flat belt, but final tensioning must be by hand
only. Over tensioning will cause premature failure of
components.

1



w AIR FILTER

These engines are fitted with an air intake filter which should be checked every season and changed every 2 years or
sooner if badly clogged. If badly clogged check more often.

w ELECTRICAL MAINTENANCE

/A WARNING!

UNDER NO CIRCUMSTANCES SHOULD THE BATTERY BE DISCONNECTED OR SWITCHED
OFF WHEN THE ENGINE IS RUNNING. THIS WILL SERIOUSLY DAMAGE THE ALTERNATOR.

w PANELS AND WIRING

SEE INSTALLATION NOTES, PAGE 30.

w GENERAL MAINTENANCE

1. The control panel must be protected from rain and 2. (Check batteries for acid level and top up if required.
sea water, see installation. Sea water entering the key For low maintenance and ‘gel’ batteries see
switch will eventually cause corrosion and could result manufacturers instructions.

in the starter motor being permanently energised and
burning out. Spray key switch every month with WD40
or equivalent; or apply ‘vaseline’.

3. Loose spade terminal connections are the most
common cause for electrical faults - check on a reqular
bases (see maintenance instructions).



w WINTERISING AND LAYING UP

a) The engine lubricating oil and lubricating oil filter
should be changed at the end of the season rather
than in the spring. See section 2.

b) The closed circuit cooling system must contain an
anti-freeze coolant solution. The coolant solution is a
mixture of fresh water and anti-freeze (Ethylene Glycol
based conforming to BS6580:1992) with the anti-
freeze being a 50% solution (this also applies to warm
and tropical climates). The warranty is invalid if the
correct percentage/ratio is not used.

) For cold climates where the air or water temperatures
can fall below 3°C, the sea water circuit must be
protected in addition to the fresh water system. This is
best achieved as follows:

Close the inlet seacock to the engine (engine stopped).

Disconnect the sea water inlet pipe and dip it into a
small bucket containing 50/50 anti-freeze solution.

Start the engine (out of gear) and run for 5 to 10
seconds until the anti-freeze is used up and can be
seen coming out of the exhaust outlet.

Shut engine off and reconnect the inlet pipe to the
seacock. The sea water or raw water circuit is now
protected by anti-freeze.

Ensure instrument panel is well protected and give
the key switch a spray of WD40 / Petroleum Jelly or
equivalent.

With the engine stopped, disconnect the battery
(always disconnect the negative cable first and
re-connect the negative cable last) and take it ashore
for trickle charging and top up as necessary. If AC
power is available then this can be done on the boat.

Fuel tanks should be kept full during the lay up
period to eliminate water condensation in the tank.
Water entering the fuel injection system can cause
considerable damage.

w LAYING UP ASHORE

a) Change the engine oil before the boat is taken out of
the water. Remember that warm engine oil is much
easier to pump than cold!

b) Cooling system - As above in ‘Winterising and Laying
up” paragraphs (b) to (f) should be followed.

) If the engine is to be laid up for more than 6 months
then remove the sea water pump impeller.

d) If the engine will not be used or run for periods longer
than 6 months we recommend that the engine is
‘inhibited” - this involves running the engine for about
5 minutes to:
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Replace all the diesel fuel in the fuel system and
injection pump by running the engine with ‘calibration
fluid” (fuel pump test oil 1SO 4113).

Allow ‘Ensis’ to circulate around the lubricating oil
system by draining out the standard lubricating oil and
replacing it with a rust preventative oil such as ‘Ensis’
or similar.



Trouble Shooting

Beta diesels are very reliable if installed and serviced correctly, but problems can occur and the following list gives the
most common ones and their solution.

Problem: Engine does not start but starter motor turns over OK

Possible Cause Solution

No fuel: Turn fuel cock on and fill tank.

Air in fuel system: Vent air (see initial start-up)

Water in fuel: Change fuel filter, check fuel /water separator
and bleed system.

Blocked fuel pipe: Clean out and bleed system.

Fuel filter clogged: Change filter and bleed system.

Fuel lift pump blocked: Remove and replace.

Blocked injector: Remove and clean.

Fuel return not fed back to the tank: Re-route fuel return pipe.

Heater plugs not working: Check wiring to the plugs, and replace plugs

if they are burnt out.
Stop solenoid stuck in off position: Check solenoid is free to return to run position.

Problem: Starter motor will not turn or turns over very slowly

Possible Cause Solution

Battery discharged: Charge battery or replace. Check alternator
belt tension.

Starter motor flooded with sea water: Remove and clean, or replace.

Wiring disconnected or loose: Check circuit for loose connections.

Water in cylinders: Incorrect installation. This is serious - check engine
oil for signs of water (creamy-coloured oil). Ring
your dealer.

Engine harness fuse blown: Replace fuse located by starter motor (or above

flywheel housing) and check for wiring faults.

Fuse.

Note: For convenience, some engines are supplied
with a spare fuse and holder attached to the main
engine fuse holder.
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Problem: Low power output

Possible Cause

Propeller is too big:

Check gearbox reduction ratio relative to propeller size:
Blocked fuel filter:

Blocked air filter:

Air in fuel system:

Governor spring incorrectly mounted:

Single lever control not operating correctly:

The electrical load is too large on start up:

Problem: Erratic running/hunting
Possible Cause

Air in fuel supply:

Fuel lift pump faulty:

Clogged fuel filter:

Fuel return not fed back to the fuel tank, or blocked pipe:
Air filter blocked:

Worn or blocked injector:

Engine rpm in gear is too low, this must be 850 min:

Faulty stop solenoid:

Broken fuel injection pump spring:
Fuel suction head is too much:
Problem: Hunting at idle

Possible Cause

Idle adjustment screw may need adjusting:

Problem: Hunting at higher speeds
Possible Cause
Fuel supply problem:
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Solution

Change or depitch.
Change.

Replace.

Replace.

Check system and bleed
Dealer to adjust.

Disconnect speed control cable and move the lever
by hand. Adjust cable.

Disconnect or reduce the load.

Solution

Check supply system for leaks and fix.
Replace.

Replace.

Re-route pipe or clean.

Replace.

Service injectors.

Increase engine tick over speed.

Disconnect wiring to solenoid. If running improves
check for a wiring fault.

Replace, this is usually caused by water in the
engine oil /fuel

Fit electric fuel lift pump.

Solution

speak to Beta Marine for advice with idle adjustment
- discuss problem.

Solution
Change fuel filters and check fuel supply.



Problem: White or blue exhaust gas
Possible Cause

Engine oil level too high:

Blocked injector:

Piston ring and bore worn or con rod bent due to water
ingression, giving a low compression:

Check that the breather pipe is clear and not obstructed:

Problem: Black exhaust gas
Possible Cause

Blocked air filter element:

Over pitched propeller - engine will not reach its full rpm:

Accumulated debris on hull:

Solution
Reduce the level.
Service injectors.

Get compression checked by your dealer or Kubota
service agent. He will advise action to be taken.

Remove and clean out

Solution
Inspect and replace.
Get the propeller re-pitched if necessary.

Inspect and clean if required.

Problem: Low oil pressure warning light on when underway

Possible Cause

0il frothing due to high installation angle or too high oil level:

Solution

Refer to Beta Marine for advice

Problem: Low oil pressure warning when engine speed reduced to tick over

Possible Cause

Faulty switch sender:

Engine running too hot:

0il relief valve stuck partially open with dirt:
Blocked oil filter:

Wiring fault:

Insufficient oil:

Problem: High oil consumption
Possible Cause

0il leaks:

Piston rings worn:

Valve stem and guide worn:

Piston rings gap facing the same direction:

Problem: Water in lubricating oil - general

Possible Cause
Core plug pushed out due to frozen block:

Water pump seal damaged:
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Solution

Replace.

Check cooling water flow (see section 2 Cooling).
Remove and clean.

Change.

Check circuit.

Top up and check for leaks.

Solution

Check for leaks.
Overhaul required.
Overhaul required.

Shift ring gap position. Service Agent to check.

Solution
Service Agent to check and replace.

Service Agent to check and replace.



Problem: Water in lubricating oil - heat exchanger cooled
Possible Cause Solution

0il goes “milky” due to seawater entering exhaust manifold: Check installation - has anti-syphon valve been fitted?
Change engine oil and run engine for 10 minutes
each time to eliminate any water. Get fuel injection
pump and compression checked by Service Agent.

Problem: Water in lubricating oil - keel cooled

Possible Cause Solution
0il goes “milky” due to water entering exhaust Check installation - has dry exhaust system been
manifold and then into the sump: fitted correctly, and ensuring rain water cannot enter

the exhaust port and run back? (See Dry Exhaust
System).Change engine oil and run engine for
10 minutes each time to eliminate any water.
Get injection pump checked by Service Agent.

Problem: Engine overheats - general

Possible Cause Solution

Low raw water flow: See below.

Check coolant level: Top up.

Pressure cap loose: Tighten correctly or replace.

Switch sender faulty: Replace.

Insufficient restrictions in pipe to calorifier: Clamp off pipe to confirm.

High exhaust back pressure: Must not exceed the information given in

‘exhaust back pressure” in the installtion section.

Keel cooler insufficient size: Contact boat builder

Problem: Engine overheats - Heat exchanger only

The most common cause of overheating is insufficient seawater flow due to a blocked intake (weed or a plastic
bag!). If this happens then clear the blockage. If the problem is not cured then check the system for sea water flow
which should be 18 litres / minute minimum at 1,500 rpm as follows:

(a) With the boat tied up and out of gear run the engine up to 1500 rpm. Hold a plastic bucket over the exhaust
outlet for 10 seconds and measure the amount of water collected®. Multiply this value by 6 to give the flow in
litres / minute. Repeat twice and take an average. If the flow rate is noticeably less than the 18 litre per minute
minimum at 1,500 rpm, then:

(b) Check impeller in sea water pump - if worn replace.

(c) If impeller has a vane missing then this will be lodged either in the pipe to the heat exchanger or in the end of
the exchanger. This must be removed.

(d) Check flow again as in (a).

“Note: This operation must only be done in safe conditions, in port and with two assistants. Working from a rubber
dinghy is best. The person holding the bucket should take precautions against breathing in the exhaust gasses.
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Problem: Engine overheats - Keel cooling only

Sometimes overheating is caused by:

(3) Not fully venting the engine cooling system of air. It is necessary to remove all air from the cooling system -
including the “skin” tanks and (if fitted) the Calorifier and associated piping.

(b) Incorrectly sized “skin” tanks that have been sized for ‘usual’ canal use (rather than maximum engine output
that can sometimes be required) on fast flowing rivers. An additional “skin” tank may need to be fitted; please
refer to our website: Inland waterways - Guidelines: keel cooling tank sizes.

Problem: Battery quickly discharges
Possible Cause

High load and insufficient running:

Low electrolyte level:

Fan belt slipping - black dust in engine compartment,
engine compartment temperature too high:

Alternator defective:
Battery defective:

Poor wiring connection:

Problem: Morse control cable will not fit
Possible Cause

Incorrect fitting:

Solution

Reduce load or increase charging time. Large
domestic battery banks subject to high electrical
loads will take a considerable time to recharge from
a single alternator.

Top up.

Adjust tension/replace belt with a high temperature
type and/or improve engine compartment ventilation.

Check with Agent.
Replace.

Check wiring system.

Solution

(ables are being fitted the wrong way around,
switch over and fit the opposite way.

Problem: Panel rev counter not working (when fitted)

Possible Cause

No W connection to alternator:

Wiring fault:

Problem: Transmission noise
Possible Cause

Check gearbox oil level:

“Singing” propeller:

Drive plate rattle at tickover:

Worn drive plate:

Propeller shaft hitting the Gearbox half coupling:

Propeller torsionals causing gears to rattle at low rpm:
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Solution

Check output from ‘W’ connection.
Should be about 9V AC

Check circuit

Solution

Top up.

Check with propeller supplier about ‘harmonics’.
Check engine rpm (must be 850rpm min. in gear).
Change.

Move shaft back to give 5mm - 10mm clearance
(Type 12/16 couplings only).

Fit a torsional flexible coupling such as Centaflex
type 16 or equivalent.



Problem: Vibrations
Possible Cause

Poor alignment to shaft:

Flexible mounts not adjusted correctly to take even weight:

Flexible mount rubber perished:

Loose securing nut on flexible mount:

Insufficient clearance between the propeller
tip and the bottom of the boat:

Loose zinc anode on the shaft:
Worn cutless bearing or shaft:

Weak engine support / bearers:

Problem: Knocking noise
Possible Cause

Propshaft touching gearbox output coupling
through split boss or Type 16 coupling:

Flexible mount stud touching engine bed:
Drive plate broken:
Engine touching engine bed:

Injectors blocked through excess carbon
caused by water in the fuel:
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Solution

The alignment must be accurate even if a flexible
coupling is used (see section 1, Alignment).

Check relative compression of each mount.

Replace. (Diesel or oil will eventually perish
most rubbers.)

Check alignment and then tighten the nuts.

There must be at least 10% of the propeller
diameter as tip clearance between the propeller and
the bottom of the boat. Reduce propeller diameter/
increase pitch.

Tighten or replace.
Replace.

Check for cracked or broken feet.

Solution

Adjust, giving correct clearance give 5mm - 10mm
between gearbox and propeller shaft

Adjust stud to clear
Replace / repair
Re-align engine / modify bed

Remove and check injector nozzles, replace
if required.



w ELECTRICAL FAULT FINDING (ENGINES AFTER JULY 2005 ONLY)

The following chart is compiled to aid diagnosis of
electrical faults, based on the Beta 10 - 90hp range of
engines. If your engine was built before July 2005, contact
Beta Marine for the relevant electrical trouble shooting
quide.

Note: our standard control panels are for earth return
installations only (where battery negative cable is
connected directly to engine ground). For insulated earth
(where battery negative cable is isolated from engine
ground) different harnesses, alternators, switches for oil
pressure and engine temperature are fitted.

Standard sea specification engines (heat exchanger
cooled) are supplied with a single alternator, mounted
port side, supplying power to starter battery and control
panel. Standard canal specification engines (keel cooled)
are supplied with twin alternators:

1st alternator, mounted port side, supplying power to
starter battery and control panel

2nd alternator, the standard mounting position for this
is above the engine on the starboard side (or below
1st alternator on 75 and 90hp), supplying power to the
domestic battery system.

Both of these alternators work independently, if the
domestic battery system is disconnected, the engine will
still run correctly but:

Domestic charge warning lamp will not function
Warning buzzer will remain on at all times

Note: The two way plug on panel loom will only have a
corresponding socket to connect into from the engine if
a 2nd alternator is fitted which requires this connection.
Engines with only one alternator do not utilise this
connection.

'Battery negatlve
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STANDARD KEYSWITCH CONTROL PANELS ARE
SUPPLIED WITH FOUR OR FIVE LAMPS.

Four lamp panels: A, ABV, B these panels utilise
bulbs inside sealed lamp holders.

Five lamp panels: AB and C; these panels also utilise
bulbs inside sealed lamp holders, having an additional
lamp for ‘domestic battery charge’.

Turn on battery isolating switch. With keyswitch™ in
run position and engine off:

Red lamp for ‘low oil pressure” should
function.

Red lamp for ‘high engine temperature’
should not function (when engine is cold/
cool/warm). This lamp will only ever
function if the engine is over temperature.

Red lamp for ‘no starter battery charge’
should function.

Red lamp for ‘no domestic battery charge’
should function (Note: this will only
function if a second alternator is fitted to
the engine and connected to a charged
battery).

Green lamp for ‘panel power on’
should function. Buzzer should sound.



w ELECTRICAL FAULT FINDING (ENGINES AFTER JULY 2005 ONLY)

ABVW - KEYLESS FOUR LAMP PANEL
(WITHOUT KEYSWITCH)

This panel controls the engine with three water
resistant push buttons instead of a keyswitch, and is
less prone to damage and corrosion from sea water
spray. This panel utilises bulbs inside sealed lamp
holders

Turn on battery isolating switch.

1. Press and hold ‘HEAT' button for ten seconds
maximum.
- Red lamp for ‘low oil pressure’

should function.

Red lamp for ‘high engine temperature’
should not function (when engine is
cold/cool/warm). This lamp will only
ever function if the engine is over
temperature.

Red lamp for ‘no starter battery charge’
should function.

Green lamp for ‘panel power on’
should function. Buzzer should sound.
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2. Press 'START" button and hold in position until

engine fires (see initial start-up section for
maximum time starter can be operated). Release
button (when engine has started).

All red warning lamps should extinguish
and buzzer should stop sounding. The oil
pressure lamp may take a few seconds
to switch off and the charge fail lamp
may remain on until engine rpm is
increased to approximately 1,000rpm if
the engine was started at tickover.

Green lamp for ‘panel power on’
should still function.

. To stop the engine press the ‘STOP" push button,

hold in until engine stops. This button also switches
the power off to the gauges, engine and power on
lamp. Before investigating any specific electrical
problem, always check:

Connection between panel harness and panel
loom. It must be clean, dry and secured with a
cable tie.

Check the start battery is connected to the
correct terminal on the starter motor.

Check the domestic battery is switched on and
connected to the correct terminals for the 2nd
alternator.

Battery connections, inspecting condition of
cables from battery to engine. If in doubt
measure the voltage at the engine.

If alternator charge problem, measure battery
voltage with engine off and again with engine
running, if there is an increase alternator is
functioning correctly, if not refer to check list.



w ELECTRICAL FAULT FINDING - ALL LAMP PANELS

Problem

No warning lamps or buzzer
functioning, engine will not
start or stop

Non function of warning lamp.

The water temperature lamp
will not function unless engine

is overheating or there is a
wiring fault

Water temperature warning
lamp on when engine is not
over temperature (Not B or
C deluxe panel see table on
following page)

Buzzer not functioning.
The buzzer will not sound
for green ‘power on’ lamp

Starter battery charge lamp
not functioning

If tacho not functioning

Domestic charge lamp not
functioning, buzzer remains
on with engine running

Domestic charge lamp not
functioning, buzzer switching
off with engine running.

This lamp will only function
if a second alternator is
fitted to the engine

Possible Cause and Solution

- Battery isolation switch in off position - switch on

- Starter battery discharged - charge

- Engine fuse blown - check fuse (above starter motor or flywheel housing)
and replace if necessary

- (Check for wiring faults

- Disconnect switch wire to non-functioning lamp: green/blue -water temperature,
white/brown -oil pressure, brown/yellow -alternator charge. Reconnect wire
temporarily to another warning lamp that is functioning; if wire switches lamp
on replace faulty lamp

- Disconnect positive feed to non-functioning lamp. Reconnect temporarily with
wire from another warning lamp that is functioning, if wire switches lamp on
rewire with new connection

- If none of the above, check continuity of connections from panel to engine

If engine is cold:

- Faulty wiring, check connection and continuity (small green/blue) from switch
to panel lamp. Ensure this connection is not shorting to earth (ground)

- Faulty temperature switch - if lamp switches off on removal of connection to
switch unit, replace

If engine is warm:

- Switch wire connected to large sender terminal of switch/sender unit.
Remove and refit to smaller (switch) terminal

- If lamp is functioning but buzzer not sounding, check connection and
continuity from illuminated warning lamp (red not green) to buzzer board
- Faulty warning panel buzzer board - replace

If tacho not functioning:

- Alternator not connected properly, check continuity of small brown wire from
rear of alternator to ‘AC" position on keyswitch

- Alternator connected properly, faulty alternator - replace

If tacho functioning correctly:

- Check continuity of small brown/yellow wire from rear of alternator to no
charge warning lamp on rear of panel

- If alternator connected properly, faulty panel warning lamp - replace

- Check connections on rear of tacho, especially black/blue wire, terminal ‘4’

- Check connection of black/blue wire on rear of 1st alternator (W connection,
usually a bullet on flying lead, or lowest connection on alternators with
3 pin coupler)

- Check continuity of black/blue wire from alternator to tacho

- Measure voltage from alternator W connection to earth (ground), should be
approx. 7.5 - 9.0 volts AC

- Domestic battery not connected

- Domestic battery not connected correctly:
B+ to domestic isolation block on starboard rail (port on 75 - 95hp)
B- to engine earth (ground)

- Domestic battery flat

- Panel relay faulty / incorrectly wired: Check voltage at relay terminal 86,
white wire is positive feed for warning lamp from AC position of keyswitch

- No second alternator fitted to engine, domestic lamp not used
- D+ (charge indication) lamp connection at rear of alternator not connected
- Two way plug and socket disconnected between engine harness and panel loom
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w ELECTRICAL FAULT FINDING - C DELUXE AND B PANELS

In addition to the fault finding detailed on the previous table, the following is specific for the deluxe panel (Also
applicable for the B panel with Murphy water temperature gauge)

Problem Possible Cause and Solution

0il pressure warning lamp not functioning, oil pressure
gauge showing maximum deflection. Engine off and
keyswitch in run position

0il pressure gauge showing no movement - even when
engine is started. Warning lamp functioning correctly

0il pressure showing no movement,
warning lamp not functioning correctly

Oil pressure showing normal operating pressure
(0.75 - 5 bar). Buzzer sounding and lamp illuminated.

Water temperature gauge showing 120°C / 250°F.
This also applies to the B Panel with Murphy gauge

Water temperature gauge showing normal operating
temperature (85°C). Buzzer sounding and lamp illuminated.
This also applies to the B Panel with Murphy gauge

Water temperature gauge showing no movement,
lamp not illuminated, engine warm.
This also applies to the B Panel with Murphy gauge
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- Faulty wiring - check wire connection and continuity

(small white/brown) from sender to panel lamp.
Ensure this connection is not shorting to earth
(ground)

- Faulty wiring - check oil pressure sender wire

(small white/brown) is connected

- Check connection to oil pressure gauge, if plug is

not connected to socket on rear of gauge, reconnect

- If all connections are correctly made, possible faulty

sender unit - check resistance to earth, approx.
50 Q. Replace if no reading or short-circuited

- If adjusted correctly and buzzer still sounding,

possible faulty switch gauge unit - replace

Engine warm:
- Incorrectly calibrated switching point for warning

lamp, adjust on rear of gauge to 0.5 bar (minimum
adjustment on gauge)

- If adjusted correctly and buzzer still sounding,

faulty switch gauge unit - replace

Engine cold/cool:
- Faulty wiring, check water temperature sender

wire is not shorting to earth (ground)

- Faulty sender unit, - check resistance to earth,

approx. 3.5k Q (cold) - 0.5k Q (warm). Replace
if notably less

Engine warm:
- Incorrectly calibrated switching point for warning

lamp adjust on rear of gauge to 100°C/210°F.

- If adjusted correctly and buzzer still sounding,

faulty switch gauge unit - replace

- Check connection to sender, if disconnected gauge

will not function

- Check connection to temperature gauge, if plug is

not connected to socket on rear of gauge reconnect.
If all connections are correctly made, faulty sender
unit - check resistance to earth, approx. 3.5k Q
(cold) - 0.5k @ (warm). Replace if no reading



w ELECTRICAL FAULT FINDING - NON-BETA PANEL

Engines can be supplied wired up to suit VDO switch
senders, usually fitted to a non-Beta control panel. If so
refer to our wiring diagram 200-60971/01 (also part
number for replacement harness)

Loom is configured differently in the 11-way plug to
accommodate the extra wiring.

Small brown wire (battery sensed alternator feed)
fitted with bullet connection beside harness plug.

0il pressure and water temperature switch / senders
fitted to engine, requiring individual connections for
driving gauges and warning lamps.

Note: Water temperature switch/sender

(Part number 200-01133)
Large spade is sender connection (green/blue)
Small spade is switch connection (blue/yellow)

0il pressure switch/sender
(Part number 200-62680)

G Gauge wire (white/brown)
M Earth (ground) (black)
WK Warning lamp (green/yellow)

w ELECTRICAL FAULT FINDING - EXTENSION HARNESSES

Some installations require one of the ‘panel extension
11-way connectors’ to be removed to allow the cable to
be passed through bulkheads etc.

If any panel problems are experienced, after this has
been done, visually check all 11-way connections on
engine harness to panel extension (and panel extension
to panel on C ‘Deluxe’) to ensure wire colours to

each terminal match up to the correct colour in its
corresponding terminal.

Extra attention must be given to black (ground) and
black/blue (tacho), also brown (switched positive to
alternator) and brown/yellow (charge fail) as these
connections are harder to distinguish between in poorly lit
areas. Whilst doing this check integrity of each connection
to ensure terminals have not become damaged. Once
checked, re-fit cable tie around each connection to keep
them secure.

w ELECTRICAL FAULT FINDING - INSULATED EARTH

If your application is wired as insulated earth return and
the engine will not operate correctly, always check starter
battery negative is connected to the correct terminal on
the isolating solenoid.

It should be connected to the terminal which is also used
for all the small black wires, NOT the terminal with
the single black wire connected directly to engine
ground.



w STANDARD NUTS & BOLTS (GRADE/CLASS 4)

ITEM SIZE NM KGF M LBF FT (FT LBS)
Mé 6 MM 79 ~93 0.8 ~ 0.95 5.8~6.9
M8 8 MM 17.7 ~ 20.6 1.8 ~ 2.1 13.0 ~ 15.2
M10 10 MM 39.2 ~45.1 4.0 ~ 4.6 28.9 ~ 33.3
M12 12 MM 62.8 ~ 72.6 64~74 46.3 ~ 53.5

w SPECIAL NUTS & BOLTS (GRADE/CLASS 7)

ITEM SIZE NM KGF M LBF FT (FT LBS)
M6 6 MM 9.8 ~11.3 1.0 ~ 1.15 7.2 ~ 8.3
M8 8 MM 23,5~ 275 2.4~ 28 17.4 ~ 20.3
M10 10 MM 48.1 ~ 55.9 49 ~ 5.7 35.4 ~ 41.2
M12 12 MM 77.5 ~ 90.2 7.9 ~9.2 57.1 ~ 66.5
ITEM SIZE X PITCH NM KGF M LBF FT (FT I.BS)
CYLINDER HEAD BOLT M11 X 1.25 93.2 ~ 98.0 9.5 ~10.0 68.8 ~72.3
CONNECTING ROD BOLT M8 X 1.0 45.0 ~ 49.0 45 ~5.0 33.0 ~ 36.0
FLYWHEEL BOLT M12 X 1.25 98.1 ~ 107.0 10.0 ~ 11.0 72.4 ~79.5
MAIN BEARING CAP - BOLT 1 M9 X 1.25 46.0 ~ 50.0 4.7 ~ 5.2 34.0 ~ 37.0
MAIN BEARING CAP - BOLT 2 M10 X 1.25 69.0 ~ 73.0 70~17.5 51.0 ~ 54.0
NOZZLE HOLDER ASSEMBLY M20 X 1.5 49.0 ~ 68.0 50~7.0 37.0 ~ 50.0
CYLINDER HEAD COVER BOLT M6 X 1.0 6.9 ~11.2 0.7 ~1.15 51~83
GLOW PLUG M10 X 1.25 20.0 ~ 24.0 20~25 15.0 ~ 18.0
OIL PRESSURE SWITCH BSP 1/8" 15.0 ~ 19.0 1.5~2.0 11.0 ~ 14.0
ROCKER ARM BRACKET SCREW M8 X 1.25 24.0 ~ 27.0 2.4 ~2.38 18.0 ~ 20.0
IDLE GEAR SHAFT BOLT M8 X 1.25 24.0 ~ 27.0 24~ 28 18.0 ~ 20.0
CRANKSHAFT NUTS M30 X 1.5 138.0 ~ 156.0 14.0 ~ 16.0 102.0 ~ 115.0

We recommend that you refer to the Kubota Workshop Manual for detailed maintenance and torque setting information,
or contact your local Dealer, or direct to us. We can provide Workshop Manuals as a ‘PDF" if required.
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Diagram Index

1. Typical starter motor ratings Page 6
2. Suggested engine starter battery size Page 6
3. Keyswitch terminations Page 25
4. Beta 43 - Beta 60 H/E engine harness (70 Amp) Page 57
5. Beta 43 - Beta 60 H/E engine harness (100/120 Amp) Page 58
6. Beta 43 - Beta 60 K/C engine harness (45 Amp) Page 59
7. Starter relay wiring - over 4 metres Page 60
8. Electric fuel lift pump Page 61
9. Diagram of panel ‘A" & cut-out Page 62 & 63
10. Diagram of panel ‘AB" & cut-out Page 64 & 65
11. Diagram of panel ‘ABV" & cut-out Page 65 & 67
12. Diagram of panel ‘ABVW’ & cut-out Page 68 & 68
13. Diagram of panel ‘B" & cut-out Page 70 & 71
14. Diagram of Deluxe panel 'C" & cut-out Page 72 & 73
15. GA of Beta 43/50 H/E PRM150 Page 74
16. GA of Beta 43,/50 H,/E PRM280 Page 75
17. GA of Beta 43/50/60 H/E PRM260 Page 76
18. GA of Beta 43/50/60 H/E PRM500 Page 77
19. GA of Beta 43/50 H/E TMC60 Page 78
20. GA of Beta 43/50 H/E TMC60A Page 79
21. GA of Beta 43/50 H/E TM(260 Page 80
22. GA of Beta 43/50/60 H/E TM345 Page 81
23. GA of Beta 43/50 H/E TM345A Page 82
24. GA of Beta 43/50 H/E ZF15MIV Page 83
25. GA of Beta 43/50 H/E Saildrive Page 84
26. GA of Beta 60 H/E ZF63IV Page 85
27. GA of Beta 50 H/E Bobtail Page 86
28. GA of Beta 60 H/E Bobtail Page 87
29. Diagram of extension harness Page 88
30. Declaration of Conformity for Recreational Craft Page 89
31. Emission durability Page 90
32. Service record Page 94

Note: Further information and arrangement drawings can be found on our website at: www.betamarine.co.uk

56



(o]
v102/2Leg  awa b1 sovw| SIN ses[ gL oo N P
90 1G¥50-00C ev [ 17 AL LALI L B
WP (LIV dWY 02) OILYIWIHOS ONIMIM 3INIONI 098-€¥8 LSPS0-00Z FNVYN 3114 Lavd
(L7V dAV 04) DILYWIHOS
1 ML ez 031¥0dN INIMWO) o
NMVHa Q.ddv 3iva NOLLdI¥OS3a LEE]

ONIMIM INIONI 099 ‘059 ‘€vg

saLoN

T

TVINYIN SY01YY3d0 IHL 0L 4343

(0€€L0-009 Nid)

SAZIS F18v] AY3LLYE ¥0d

O YIONISHILMS IO © o YIONIS/HILIMS INY100D
' 1% 9md
0£9¢9-009 0G€¥6-00C ©©02829-009 - 8%¢80-00C ' 49220-009 Nid
HOLIMS [ H3AN3ISIKNT3A | . HOLIMS 1 VE I (I E OIONS0S dOLS L 3SIRN3
, s ” ” 1.l
. . . . T
, s ” @| 0 fl
== , Lo ” VI RILLYE [
” I\~ INION3
= | s 0B Ny 0y
. : (034 + A¥3LLYE 3SN4 3avg

(0£91L-009 N/dI
SONTdM019

AT AY3LLYE

57

03y wusg -1}

YIv1g wuy -0L
MOTIIA/NMOYE wul - 6
NMOYE/ILIHM Wy, - 8
N3349/3mg ww - £
ma/mdvig wwy -9
J1dind W - §

NMOYE W =4
MIVIG/ILIHM WUSE - €
034/3LIHM WUsE - ¢
JLIHM/NMOYE WUSZ - |

SNId 3TV

1S51L0-00Z Nfd)
dWY 0L JOLYNEILV

®

N

(0%500-009 N/d) 058
(80%L0-009 N/d) €8
HOLOW dILHVLS

aasn LoN a3sn 10N

gn1d AYM L}




vL0zZ/ghET  aiva] bjoL  sow| SIN Iwos[ L
A8 03H03HO ==
- ev =
€0 ., S1090°00k o] S| 117 o weo

UP (LY dINY 004) OILLYWIHOS ONIYIM 3NIONS 098-E78 510907001 ‘FNYN 3114 18vd

17V diAV 021 OILVINIHOS
ONIMIM INIONI 099 ‘059 ‘evg

FuL

saloN

C YIONISMHILMS IO :

0.929-009 0S€¥6-00C -
HOLIMS @ ¥3AN3S IxnT13a
RS

JIONIS/HILIMS INVI00]
02829-009 8%280-00
HOLIMS HIN3S 3K

HT1D

03y wwsg -1l
Y18 wuwy -0l

SNId 3TYW34

MOTIIA/NMOYE wwl - 6

NMOYE/ILIHM Wy, - 8
N3349/3Mm1g ww = £

ma/dvig wwy -9
J1dind W - §

NMOYE W =4
MIVIG/ILIHM WUSeZ - €
034/3LIHM WuseZ - ¢
JLIHM/NMOYE WUSZ - |

9N7d OING M3IA

Ps
L 4

@|

INLYIIN AY3LLYE

I INIONG

30IS 0¥Y0YYLS NO 03L¥201
0OnLS H1dv3

(0£91L-009 NidI
SIMd MO19

L 4

od
MNe

(€8180-00Z N/d)
JOLYNYILTY dWVOZL

»

1 Y K4
Nmvad | Gddv | 3iva

NOILJOS3q

031v0dN ONIMYYD

73]

TYNNYW SH0LYY3d0 FHL 0L y3434
NEVANELLADNETIAER[IE

(0€€L0-009 N/d)
1% 9md

(79220009 N/d)
0ION310S dOLS 0L 351943N3

il f

o

dWv O
3Sn43avd

(034 + AY3LLYE

| — 3\ A3LLvE

(790£0-009 Nid 098
(07500-009 N/d) 058
(807L0-009 Nid) €48
Y0L0W ¥3LAYLS

03sn 10N @3sn LON

L 4

O
<
Yo
N

58

Y
OMd AVM |}




vL0zibe  awva] oL s SIN smes| ML

€0 .., Z¥50-002 ev [Ir

oNoma | 3z A8 NV

UP"@3700D 133X OILVWIHOS ONINIM INION3 098-€¥8 2¥S0-00Z “3WVYN 3114 Lavd

OILVINTHOS ONIFIM INIONT

d37009 133X 099 ‘059 ‘svd o008 i S N — —
ST salon 1% 9md Nuvaa | addv | aiva NOILANOS3a =Y
“““““““““““ N 4220-009 N/d
YIONIS/HILIMS 10 oo YIONIS/HILIMS INVI00D - Q0N 01 01 359303 TYANYIN SY0LVY3d0 JHL 01 ¥34
0/929-009 . OSEV6-00Z . - 02829-009 . 8% 80-00Z g SIZIS 18V AGILLYE d04
HOLIMS 1 d3ANIS3IXNTIa ¢ HOLIMS JRYE 1 VERNE (I E I Y Lé04 NO 04301 JNILISOG A¥3LLYE
' ' ' ONLS H1yv3 I MoNT
© X0 NOILYTes|

[ 72N |

I+ AY3LLVE

(0%500-009 N/d) 058

me ” Lo -W ” M ” IN- AM3LLYE
, Lo ” , 490L0-009 N/ 098

(80%L0-009 N/d) €v8

, ” ” ” 0£31-009 Nid) SOL0W 4L -
. . . . SAMMOT9
” ” ﬂ @ : A i
- - J dnv 07
I ST 3SN4 3av1d
¥4 DYOSHYLS NO 031301
OIS HI¥3
MOTI3A/ANTG W, -¢| R
MOTIIANIRYY wuy -z| eI g (030 A3 LLY
9N1d NId-0ML JILSIWod MOTTZANIINY W] MOT13A/3NT8 W]
. S v
(39 wwse - I JLSIWOD
WIY1g W, - Y1078 NOILYIOS!
MOTTIANMOYE WU, - 6 _I_I_Lm N_I_I_L _I_I_LP SNid W34 v Iv13d
NMOYE/ILIHM W, - g n = 9l
N3349/3n79 ww, - £ 9 L g LI % LI
IMa/xIvig wwy -9
J1ddnd wuwj - § g 592L0-009 Nid)
I N TR P
- 0350 LoN
NIVIG/3LIHM WUST - ¢ _ﬂcﬂ_ N2 dW SL by 4
O3Y/3LIHM WiSE = 2 [ J [ ] [ ) [ K ] » h [ ] ®
JLHMNMOYE WS = | 8 yA [ ole ol g ¢l gl e 9% 6
9N1d 0INO M3IA
S J

ON1d AYM L}

59




c0/0L/9l ava _ [ 39Vd _ wN Twos| WA N avzz19 TvLE8BTSYL(0) P+ XV T6VETL TSWL(0) b+ 131

0258S-00€ [ . ANTAVIN VIAG

‘ON 9Ma | 3zIs —:A8 NMVYQ ‘AL ANV vL3g

.Wl@ JVOS LON 0a
(HONI) W _NI_SNOISNIWId

H19N31 VL0l Wy 43N0
SSANYYH A3AN3LX3 HO4
AVI3Y HALHVLS P Fr™
Juun S31ON NMVNA Q.ddv awva NOLLdI¥OS3a
ONTd AVM 1 IHL NI Z TYNINY3L !
WOOT INIONT WON4 THIM s%wwm_mwz\&
ILHWaTY T N
7 NvNwvw1a ) n
C yovia ) G I
3sn4 3avg

dY 0%

65600-00Z SN LNIWIDV1d3y _ _

92¥10-002 ¥3A0D "v310

JA- 1vE N\ 0%900-00Z ¥3ATOH 3sSNd
[T ~
w L —(3nrwNmoxs ) s

dA+ Lvd -

U

° wwg g 31IHW/A3H

HIALHVIS

60




G102/60/SL alva _ Lo 3ovd _ SIN 3wos| |7 3N ‘vz 219 "¥3LSION0TO 916622 (25v10) :Xv4 26vezs (2gv1L0) 3L
‘A8 d3M03HO X ‘A313903no - itTETe=T = TTiT = = = o=
1 Z2¥90-002 v [TML I ARG ERESZ T EY T
LEL] ‘ON OMa 3zIs ‘A8 NMVHA ‘aL7 ANV V138

90UBIe)l ON -Joug FWYN I14 E<n__ .WI@ Eoz_mﬂ%m_%ﬁmﬂméo
ONIMVHA ONIEIM ML T | SW60/5 0300V 310N A40SSIIIV €0
dANiNd 1417 13N4d 214103713 ML I OVOOY 310N 20
L0
D Z< >m O wwm OO< AL S310N NMVYHa addy 31lva NOILdI¥OS3a A3H

r JLIHM/NMOYE WWg'Z h
HOLIMS A3 —
INIYVIN V.L3E | |
HIHLO TV Jpoe

14€°0

NI A Muey
|eny Jeau payy

aq 1snw dwnd [an}
ouo9|3 ‘310N

STINVd LNVLSISTIH 431V M

13TING/EQVAS 3TYW HLIM Q3 LLIS
35V4 ¥OLOINNOD NO ONINOOT M3IA

¥ JdIM OL NIOr

I\
dinnd 1an4 “)H
21410313 a3y wuly N NMOYE TIVINS Ww i
MOvg wuwy ou\H_ -u.l‘o<._m_ wuwy R
..
T
_
sdwe g uey} siow _ 8 _
] AV13d
Bl/g8

spaau jey} Juswdinba
Aiossaooe Aue 10

Ad3L1vd ACL

3snd dAV Oy

3ISNd dAV 0}

61



G0/S0/S L 3wva _ Lo 39vd _ VvIN 3wos| WA NN Avez 19 /€88 TSYL(0) Wi+ XV T6VETL TSPL(0) i+ 131
—:A8 ABHOIHO [ ¥3LSIDNO1D 'AI13IDAIND
@ F@@OIOON AN ‘STIAMYILYM AVM AV MZNNQE Q\rﬁmm
A3y "ON 9Ma | 321S —:A8 NMVQ "1 INIYVIN v13d
Wl@ 3v0S 10N 0a
(HONI) WA NI SNOISNaWId
G00C AVIN Y314V
(27dWIS) TaNVd V €5§800-002 ¥3GNNN Lyvd TaNvd
HO4 JILVWIHOS ONINIM S0€90-002 DONIMVYHA 33S 3ZIS TINVd ANV LSI7 LHVd HOd
Juw S3lON | NMv¥a | addv | 3wa NOLLJINOS3a A3y
"SSANYVH L
JHL NI d3SNNN S3H00 A\ﬂ.__<._.m_m/v
JHVdS FNOS UV JHTHL —_—_—
"INFNIONVHAY SIHL NI P N
a3sN LONIHUVIANVSSNId . \&//
O
VY M3IA ‘ S

A

ON1d AVM |1

Movig - wwi - 0l

HIOVHL NIFHO/ANTT - wwi| - L
HIDVHL NMOXYE/ILIHM - wu| - 8
HIOVHL MOTIIA/NMONE - ww| - 6

a3y -wwgg- ||

7 7 HIOVHL A3H/3LIHM - WwWs'g - g

HIOVAL ALIHWNMOUE - WWgg - |

NMO¥g - wwj -

HIOVHL MOVIG/3LIHM - WWSg - €

}

/
\.
\\

/

N vvi3a )

[N ——

/o
[

1nojoD) alM - 821 aliM- "ON Uld

[
\

!

P — -

/ lw(wmzm<I ™00 YL )

—_—— e — — —

62



8007/60/50 ava _ ot uug_ SIN  aws| |7 NN Aave z1o TrLE88 TSYL(0) P+ XVd  T6YETL TSPL(0) bb+ TAL
-A8 ABDIHD ¥3153DN01D 'A31390IND
- ‘STIAMYILYM ‘AYM AAVA
10 50£90-00z __ [wimr | smowswinno INIJVIN VILHH
uw | B®  oummumoman
ML /60/S0 HOLIMS AIX JIDONYHD 10
|_mz<n_ < Jun SAION NMYYQ addv 3Lva NOILdI¥DS3a A3Y
S3HIM HO4 wwioe day ¢9
(87
l=0C
08

0S1L

63



!

LLv0122 m53_ 110 | va,E_ V/IN awos| WG YN avzzo Tv/€88 TSV L(0) by + XA C6VEZZZSL0) bb+ 1L
—:A8 @3HO3HI | ¥31SIDNOTD ‘AI1IDAIND
10 - v ML 'STIAMYILYM AVM AAVA m m 'N “ —N
AN N F m @ o o o N ‘ON 9Ma | 3ZIS —:A8 NMVYa (R ENENIRAEL] — Ngv\ AQNFN mm
JvOS 10N 0d
Wl@ (HONI) WW_NI_SNOISN3NIQ
LL0Z AVIN ¥3L4Y (OHOVL S3ANTOX3 SIHL)
73NvVd av 05800-00Z ¥IFNNN LYVd 1INV
HO4 JILYIWIHOS ONIMIM 70€90-002 ONIMVYHA 33S 3ZIS 1INV ANV 1SI7 L4Vd "O4 ML wa LLIp0iZe ONINIM OLLSINOT ANV OHOV.L 1o
Jun saoN [ nvda | addv | awva NOLLJOS3q A3
(vviEa)
—————— e - S IvEE
_ _ —_ ~
| w= | e N
| SSANYVH OLNO | \]4/
| 3ddITO 38 AVIN AV SIHL 810 | m oA —L
| STV.L3A AV13Y VH8Z g == [s | J ,\ 2 __
" " \ 1 \\
\
"SSIANYYH L = P
3HL NI @3SNNN S3HOD - wwl - h 1 3=
TvAS TNOS TMY AL _ ¥30VHL MOTIZANMONE L-6 7
vV M3INA T v ~
/1 ¥y MSHOLSISTY N
€l / \ e - >
NMOY] - wwi - ¢ — <
¥I0OVHL NIFHD/ANTE - ww) - £ \ 7
YIOVHL NMOYE/ILIHM - Wwl - g - \
/
I
I
. /
ON Nid HIOVHL NIIHO/MOTIIA - Wwl -2} - \
a3y -wwgz- | \ ;
v M3IA /o
= HYIOVHL MOVIG/ALIHM - WWGZ - € - :
i
g HAOVHL QFW/ALIHM - WWS'Z - Z \ ”
< YIOVHL ILIHWNMONHSE - WWG'Z - | - ;
m HIOVHL INTE/HOVIE - wuwi - 9 \ \
\ \
/ /
\ \
| / ————
/ / (¥ IvL3a H
I/
I
Lo
Iy
Iy
Iy
MOV1E - wwl - 0} T \
I O O\
[ \
I1duNd - wwy - § —+ \
HIOVHL MOTIZA/ANTE - Ww - ¢} _ - \.r
L } / 1/~ SSaNuvH 3900 71 ) (" AVT3Y vsz )
/ —_———— - — —_ ~—_—————
INOINOD BIIA - 9ZIS BJIM- ON Uld

64



£00T/01/50

alva _ zJotc mu,;_ SIN LV |_||_

~A8 @IMNDIHD

—\ o AY

70€90-00¢ vy [ ML

‘ON SMa 3z1s

-A8 NMvHa

AN Ave 1o /€88 TSP L(0) b+ Xv4 T6¥€TL TSPL(0) P+ 131
43153DN019 ‘AI135A3IN0
s INTIVIN VLA

‘a1 INIYW vi3g

JT¥DS LON Od
(HONI) WW NI SNOISN3WIQ

=

1 /60/S0 HOLIMS A3 dIDNVYHD 10
13NVd 8V L SALON NMVYQ Q.ddv wva NOILdI¥DS3a A3Y
I STHIM HO4 WwWoe aay €9
[ €C
NYHLS O ol - .
oL J tlm
/ST T T a T =Y 0T MM k- —~
j OOO
: ﬁﬂ §8 ) as
1S
I
40
] 081 01

.h__| D)

/o T T T Y
B
8
=

65



LIvoree ava _ Ljo ) 39vd _ V/IN 3wos| WA YN ave 219 Tv/E88 TSYL(0) b+ XVd  T6VETL TSWLIO) o+ 1L
—iA8 3¥0FHO |  ¥3LSIDNOTO ‘ATTIDAIND
10 - v ‘STIIMYILYM AVM AAVA m NI\ “—\
A3 @ F@@O OON ‘ON oma | 3zis ML —:A8 NMVAD ‘aLT3INIYYW v13g N zv\ vwrN mm
3V0S 10N 0
Wl@ (HONI) WA NI SNOISNINIQ
1102 AVIN J314VY OHOV1 S3dN10X3 SIHL
7ANVd AGY 1Z¥68-00C Y3IGNNN LYVd T1aNVd
404 DILYWIHOS ONIYIM 02€90-002¢ ONIMVHA 33S 3ZIS T3NVd ANV 1SI7 14Vd 04 #11 wa Luvoree, OHOVL 1o
Juu saloN | NMvaa | adav | ava NOLLJINOS3a A3
-
'SSANYVH PN (3uHm )
3IHL NI d3ISNNN S3H0D \\ /
FHVYdS FNOS FHV FHIHL \>_ 7 \
INFWIONVHY i / ! _
SIHL NI d3sn LON SIS Nid / | N )
YV M3IA /o N J
HAOVHL NMOYHE/ILIHM -wwi - g 7 \.. ﬁ\
HIOVHL NIFHO/ANTG -wwi - £ + 7 -
/
YIOVHL MOTIIA/NMOYE - Wl - 6 - \ P,
/ ( vviaa)
i I
/ !
/ / O ~ __ O
\ \
\ \
\ \
/ / g © N
< >>u_> HIOVHL MOVIG/ILIHM - WWgg - ¢ T - Yoo N\
¥3I0OVHL ANTGHMOVIg - Wi -9 T - [EEE) O = !
= / \\ <D oo \\
s / ] GENE=ME) \ (o) —
NA a3y -wwgeg- i ! = \\ ﬁ 05
2 L [ oo = 6l
m MOvg - wwi - oL \ T .
/ i e = 0¢
| / N Ll o)
¥30VHL A3Y/ALIHM -wwg'g - 2 ” \ O
ALY [
/
Y30VHL JLIHMWNMOYS - WWG'g - | \ =
L) 0 gV ¢B8O)Lo
/
NMOYg - wwi - ¢ \ -
/ /o o/
/ / | Iy
/ / | Iy
/ / | Iy
/ / | Iy
/ ! | L
L Inonog SuIM - 9ZIS 8- ON Uld |/ ~("GeINuVH 3400 ¥1 )

66



£00T/01/50

aLva _

cjot mui SIN ENA

00

A3Y

10/0¢€90-00¢C

144

‘ONSMa 3zIs

11

~A8 @3IMND3IHD

MU

-A8 NMYda

INavean /€88 TSP L(0) b+ X4 T6VETL TSL(0) b+ 131

43153DN019 ‘A3135a3IN0D
Smss INTIVIN VLA

1ANVd AGY

L

‘a1 INIYW vi3g
. 375 1ON OQ
o — .WI© (HONI) WW NI SNOISNIWIQ

S31ON

ML

11

80/60/50

HOLIMS AIM AIDNVHD

NMVYa

QiddY

ilva

NOILdI¥DS3a

A3Y

S3IHIM HO4 Wwoe MOTTY €9

=,

=3
[T

=

NYHLS O o/l

O—l*

ol

081

67



Y0/ZLIE0 ES_ L0} uo&_ VN Twos| WA YN ave z1o Tv/€8825vL(0) bb+ XVd  C6VEZZ ZShL(0) b+ 1AL
=8 d3%03HO | ¥3153ONOTO AT1I9AIND
z = T SRR ANTIVIN VLAG
A3y mmmwo OO F ‘ON oma | 3zis —A8 NMVAA ‘AL INIEYW V138
=05 10N 00
Wl@ (HONI) WA NI SNOISNINIQ
ML wa LLvosze OHOVL €0
l_m2<n_ >>>m< ML wa 90/10/°02 IHIM MOTIIANMONEE AIAOW 20
W_OH* O_._|<_>_u—|_om oz_m_>> ML wa Y0/0L/GL SYNOTOO IHIM 3]
Jun saloN | Nwwea | adav | ava NOLLJINOS3Q AR
(U
wwg'z a3y
¢ WWwig'Z d3d/3LIHM
_ WWs'Z ILIHMNMOYE
N
WWS'Z YOV 19/ LIHM
wwp JLIHM
8 Wi nmous/aLIM 0 35
| |5
AV13Y VY82 ”ﬂ m 3
6 e \ m m
ww i MOTTIANMOYE SANS
SNId 13008 3 o
onidAvm Ll 1 L ww) N33Y9ANTE 53
=
S
5
a3y wwgz- 41 m
ovig wuw - o} 3
HIOVHL MOTIIANMONE Wwl - 6 ¥
HIOVHL NMOME/ALIHM wuil - g ww NMOYE N \\3
HIOVHL NIFHO/ANTIG Ww| - 2 9 wwy anTg/iovia [EEFS]
¥IOVHL INTEHMOVIaWWL - 9 _l \J\\‘
Fidundwwy - g
(1
NMO¥E Wwl - ¢ ovia ___.
HIOVHL MOVIG/ALIHM WWGZ - €
HIOVHL AIW/ALIHM WWG'Z - 2 Nmoxa
YIOVAHL JLIHMWNMOHE WGz - | L \\
g/f ‘r\ H\\'\K ,A
7 §
—
Lo (2 nono =
Wl ov8 / \\ =
T o

1377N9/3Avds 3TVIN HLIM a3L1ld
30V4 YOLO3INNOD NO ONIXOOT MIIA

wwi 31THWNMOHd

wuw} 31LIHM

ww JLIHM
wwl MOTIIA/NMOHE

wwi N3I399/3nTg
ww} NMOYE/aLIHM

68



¥102/c0/61 EINT] _ 2oz 39vd _ SIN awos| |7 AN AV 219 TPLEBBTSPL0) b+ XVd  Z6BETZ TSPLI0) b+ 3L

00 1690002 Tw e ‘vamawomna ANTAVIN VLAT

A3Y onoma | 3zis A8 NMYHQ ‘AL 3NV V138
=755 10N G0
i _ g (HONI] I NI SNOISNIWIA

TANVd 400ddH3LVM

>>>m< izl s3LoN | nmvaa addv aiva NOILI¥DSIa

SIHIM HO4 WUIDE MO

[#-X e

[V
=
=
o
0
n

o

C

v

YT

69




G0/S0/91 3iva _ Ljo 39Vd _ V/IN Tvos _>_ﬁ_.>m P xm._.mmw_%onm__wwymm.wmooujo TrL€88 TS L(0) i+ XV4 6v€TL TSYL(0) b+ 131
10 - W[ L 'STIIMYILYM AYM AAVQ
AN o Nmm o O O N "ON 9Ma | 3zIS —=:A8 NMVia ‘A1 INIYVYW V139 mZNM E «VV.N mm
Wl@ ?oz_w.nmmz_smzz%mzuz_o
1102 AVIN ¥314Y
REINVZEE:|
HO4 DILVINTHOS ONIYIM ML wa LLP0/2e OHOVL 10
Juu S310N NMv¥a a.ddv 3iva NOLLJI¥OS3a A3d
(vvi3a)
N~— —— —
-_ ~
"SSINYVH |U L
3HL NI @ISNNN SIHOD 3LIHM
JHVdS INOS FHV FHIHL A
"INIWIONVHHY ) /) \
SIHL NI @3SN LON SI § Nid I \ w
vV M3IA /o =
HIOVHL MOVI/IALIHM - WWGZ - € \\ -
|
/
YIOVHL NMOH/ALIHM - Wuwj - g ~ \
YIOVHL MOTIIA/NMOYE - Wl - 6 \ -
ro]
[
I
I
I
/ i
[
Y M3IA YIOVHL INTG/MOVIE - Wwl - 9 \ -
oy | \
s /
=2 I
e} i
- / /
5 MOV1g - wwy - 0} T +
i
|
a3y -wwgZ - | - .
YIOVHL AFY/ALIHM - WWGZ - 2 . \
//; __ \ \ \\ HIOVHL JLIHWNMOYHE - WWG'Z - | —_—
NMONE - wwj - ¢ \ -
/ /
I/ ]
\ 82 768
/
/ S
YI0OVHL NIFHO/ANTE - wwy - £ - \ ©) d Q T
/ |
\ / » | \\
. GETIND
oo (5o
/
/ / | | /
. | P —_—————— -
L IN0NOD BUIAN - 9ZIS BUIA- "ON Uld /7Y 'SSINAVH 0D 71)

70



£00T/01/50

wva _ (4 5k4

mu§_ SIN ER

LO

A3Y

€0€90-00¢ vy

‘ONOSMa 3zIs

11

~A8 @IMD3IHD

M1

-A8 NMYda

ANAavezs
431530N019 'A3135A3IND
'STIIMYILYM AVM AAVA
RURENELIRE]

/€88 TSYL(0) b+ XVd

T6VETL TSYL(0) b+ T3L

ANINVI VIAd

LYW —

B®

ELLS

(HONI) WW NI SNOISN3WIQ

DS LON 0a

ML_IT__80/60/S0| __ HDLIMS AIX IDNVHD 0
I_ m Z <l m FHL S3LON NMvYa addvY lva NOILdI¥DS3a LELR
" SIHIM 404 WWOoE MOTTV £9
€T 00¢ =S
3‘ fn —
( sql

| N

0Lc

71



S0/S0/S1 Eé_ Ljo moé_ V/IN =wos| WA 3N Avz 719 TrLE88 TSYL(0) W+ XVd  T6VETL TSYL(0) b+ 1L
—'A8 dIMOIHO | ¥ILSIDNOTO A31IDAIND
20 - W[ L ‘STIIMYILYM ‘AVM AAVA Z
A3 w _\m©o OON ‘ON oma | 3zis —A8 NMvad ‘a1 INISYI Vi3g Irm N RQE <rN m m
Wl@ Tv0S_ION 0a
(HONI) WA_NI_SNOISN3NIG
1102 AVIN 4314V (S39nV9O S3ANTOX3 SIHL)
(3xN713a) 1aNvd O S¥YS0-002 ¥IAFGNNN LY¥Vd TaNVd ML wa LUp0rze SIYIM OILSINOT ANV OHOVL 20
HO4 DILVYINTHDS ONIYIM 90€90-00Z ONIMVYYA 33S 3ZIS TANVd ANV 1SI7 LdVvd Jd04 ML wa S0/60/61 GNNOYY YOV18 3 ALIHM GIONVHO 10
Juu SIION | NWAHG | Qddv | 3wva NOLLJIIOS3a A3y
r-———™"~">="">""~>""™"™>""™""™""™""™""™77 —
| ] | i I
| SSINYVH OLNO © | _ ‘¢ ANV Z SNId _ (vaviad)
99570-00Z N/d | G3dIT0 38 AVIN AVT3Y SIHL s= s =s | | ONVZONV L SNIdN3IMLIE | —
T3NVd SIHL HLIM | STVL3A AV Vaise c U= | NOILOILO¥d IOUNSSYH | S
SSANYYH FHOO +1 V SI FYIHL _ = _ | 39NVD 0 ANV dNILHLO8 | S
- L \
"SSANYVH L - | : /E
JHL NI d3SNNN S3400 ) / __ A J1IHMWNMOYHE v o |
3YVdS INOS TV IHTHL /o \ T
I \\
\
V MdIA HIOVHL NIFHO/MOTIIA - Wi} -z} \ - — — /E
| —
YIOVHL MOTIFANMONE - Ww| - 6 \\ -
NMOYE - wwl - ¢ -
! | L
[
o
O O
\WHJ
% 05
6l

a3y -wwgg- L

PN A

/-
(¥2y MG HOISIST

W_\v

HIOVHL HOVIG/3LIHM - WWG'g - ¢

¥YIOVHL FLIHWNMOY] - WWgg - |

/ L
NITIO

YIOVHL 3H/ILIHM - WWGZ - ¢

aﬁaN

é@w) . .....
A\

O
=

72

!

=3
3 HIOVHL INTEMOVTE - Wuil - 9
c / /
@ /
/ /
/ /
/ / o
|
HIOVHL NMOYE/ALIHM - Wwl - 8 — 2 v
T ! - o
\ / i _Hl
Id¥Nd - WL - § ; -
I = %
/ / == s b
HIOVHL MOTIIA/ANTE - W} - €} \ - s m mw m R
T 3 : ( o
HIOVHL NIFYO/ANTE - ww - 2 4 _
MOVIg - wwy - 0} \ - -
/ / 1/ {INIOr a3 V3S F —— .__/
/ / e o —_——— / -
. e o ( AV13¥ VH8e ) P
L anoinog s - 8IS M- ONUId 1/ SSINYUVH ) AY13Y vHez NG a3
——————
Sov1g
ILIHM




600¢/80/¢t Eqn_ Zlog muE_ SIN awos| |7 N avz 219 TrLEBB TSPLIO) o+ XV T6YETL ZSPL(0) b+ 1AL
-:A8 BIOIHD H3153DN0TO AIHEOAIND
- A 'STIIMYILYM AYM AAYD “ —N
F« O AZY @ Om @ O O O N onoma | azs ML - A8 NMYHO ‘QL1 3NV Y138 MZNNJNN ﬂw\!ﬁ mm
i _ Wl@ A:Uz_.m“(ﬂumu%(ﬂmﬂmsa
10
|_ m 2<n_ O Egiiny s3LoN | Nmvea addy aiva NOLLAI¥OS3a =
S3HIM HO4 WWIQE day 0S5
1€ \
fa— €7 { S 88¢C
991

=g

ANTEVIN VLA

862

73



¥L02/€0/¥C  3iva _ ciol 39vd _ SIN 3wos| |7 YN ‘avz 219 ¥3LSION0TO 91662 (25710) X4 26vezL (zov10) 3L
‘A8 GIIOTHO _AZ139@3n0 e o ==
¢0 661G0-001 [ ML SR AN FERIESE Y55
A ‘ONOMa | 3z1s A8 NMVHA ‘aL7 ANV V138
e o 5w iz e ] T o o
X0gdv3aO 05LNHd
JONVHOX3 LV3H 05-¢v v.13d

1Nd1NO XO0d4avi9

-
1 [
/m S ) ® »
vOv s
Q O, ° @o
Y3400 NOMA . T 1
NOILOINNOD 3SOH :w\m\@ =
4 056 MOLYNYILTY
\ A2l oy 0/ _ o2 e | 43174 u
LSNYHX3 IS HOH dv2 ¥4I T
MILVM HSTUA
NERRERON ¥OILSdIa 431714 13N
éw%@ YOILSAId 10 X0auYI0 - d¥0 ¥I T4 10 LCE NG \_ _
=N 5 © - DeOToearog
D p]
®) ¥3L14 0 s —N 5
via \
o =H o ]
L0/ % L dlo
L3N Y3IH04Y 10 _| °
6 o ° ° ds9.8/€ DI A\ 1| A\ 1] &9 {
© O ® J = \)
p @ @ o ] _
& o o 0| 5 ) o oty |
el . 9
ol dNNd dNNS e @ > _
INNOW F19IX4 14 ol @ A0 ) e Sofig 4 !
NEEopoRoll — dnnd L3 -
T J Tan4
NOILO3INNOD 3SOH ,8/S YA ¥V dOLS WANYA

0
L S31ON NMVYa A.ddv 3lva NOILdI¥OS3a A3Y
INILISOd _ sze sz |
IALYOIN 922 667
AY3LLYE mz@zm/ AYALLYE 3INION3 801 4 96
59 @ 528 @ *
. ob /// NETRIERe
001 @ oiz o
NS MOTIVHS HLIM
= ﬁ [N B WWOED BAYLINI
] a (€ dNNd Y3LYM V3S
0L 4
—

74



9102/01/S0 Jiva _ Ljo| 3ovd _ SIN 3wos| AAL N *QvZ 215 "3LSTON0TO 916622 (25v10) XV z6veeL (25v10) (1AL
‘A8 G3MO3HO _'AZ13903n0 S itTeT= i == ———=
10 G6901-001 v [ 1r S ARG JERIESZVEY Y52
A3 ‘onoma | 3zis ‘A8 NMYYQ QLT ANV V138
WSE’L0- §6901-001 ‘NN 3114 E<n__ (HOND it N SNORNINIG
XO0ddVv3ao 082INHd
IONVHOX3 1V3H 099/059/€v4
I salon | Nmvaa Qddv 31va NOILdI¥OS3a AZY
79070l
: INLYOIN INLISOd . .
06201 & Nﬁ.@,mmmvwv X 0066, AY3L1YE INIONT AMILLYE INIONT 00Gce 00Gce
oSl @ A
/ ! e |
€2e0l [ [ -
ans moTvHs 09 59¢
HLIM
000I¢
—le R
u (o)
T D
“ = d31114 7110
©,

° dANd Y3LVM V3S

oy @ 9 B

1NdLNO XO08dV30 oo

NOILO3NNOD 3SOH .8/

w < WWGZ@ IAYINI

ST ERY|Y
00v26-202 HOLYNYAL Y } 62€.2 G662 !
XYW 06 1SNVHX3 3SI-HIH HONI 9 AZI dwy 0/
o Y3114 13N VL ISOH WWg YL ISOH Wi
N dv2 ¥3T14 710 DIVINI T3NS NYNL3Y 713N
. . Y3714 X0g4v39
: ” MOILSdIa ~ \
. . 710 39N
O S o = »
T \dome > Y3114 10
R ¢ Q 5 ' ¥
[¢) o o ®
00°€l ° o
© O e
O]
iolE =%
0! 0 ®
00G.—
_Aoo.Oj dANd dWNS ]
(=)
868/ € e
_ dAnd L4
YIH0 TV WO dOLS WANYA N4
NOILO3NNOD 3SOH .8/S
eI [ERYY

INNOW F18IX3 14

75




91662 (2G¥10) :XV. z6vezL (z6710) 1AL

1Jo | mo<n__ SIN 3wos| |7 3N ‘avZ 219 "¥3LSION0TO
A8 AIHOIHO ‘A313903N0 e ——

¥102/€0/61 w,a_
‘STIIMEILYM

- ¢< .
F o m —\ omo Oo P ‘ON OMad 3z1s >\/|_| A8 NMVEA An_L.1_»W«\—b/_\,N_O\_V,_/.\/H\U_L.wm
37v0S LON O

A3Y
wse'D09zZWHd IH 0S-E#V.139 £1060-004 :INVN 314 EE_ .Wn@ (HONI WIN NI SNOISNINIG

X08g4dv3aO O082INHd

JIONVHOX3 1V3H 05 ANV €¥v139
L s3lonN | Nmvaa addv 31va NOILdINOS3a
66v sze Gze
801 - 6
8IS N
_ ™ , # — |+
# u - — — — dANS MOTIVHS HLIM 992 i
f oIz g
est G Y3174 7110
| E Q
._ TN\ (@
[]
| ° >
O}
: 2 1A%
. VLN YALYM VIS
(©) .,
)
¥Ov e
0S8 - @ o
[f ==
n\\./ N H3LT4 Iy
~— —7
1>
L~ LT
HOLYNYAL Y
AZI dWY 02 7 |

g NER PRI

@ @/ = X
INNOW F1dIX3 14

dhNd dANS
ENIER<]}]

76




AJILSdId 710 X0gdvY30
dANd dNS

34140V WOHA
NOILO3NNOD 3SOH .8/

l<EINIE| m_<m

dO1S VANV

¥102/€0/61 mh(n__ Lo m@(m_ SIN a3wos| |7 1N ‘QVZ 279 "¥ILSIONOTO 91662 (25¥10) XV 26v€2L (26v10) 1AL
‘A8 @3X03HO ., ‘A313903n0 E === F=:T = = -=
00 92060-001 v [ ML AN SEIMESTEY Y2052
A3 ‘ON OMa 3zI1s ‘A8 NMVYYHA ‘AL ANV V.L38
WISe'9z060-001 00SINNYd 3H 0S-€v V134 ‘SWVYN 3114 L.m<n__ .WI@ Azoz_wﬁ‘/ﬁum_._.wﬂ,m_mwﬂm_z_m
XOgdv3ao 009 INHd
JIONVHOX3 1V3H 09-06-¢¥ V1349
10
L S31ON NMVYHa addy 31va NOILdI¥OS3a A3Y
81190!
JAILYOIN AY3LLYE INION3
AY3LLYE INIONI
05592
) 000l¢ ® ®
jwa
Calmgal 3
J Q 0 O)
0,
Y3174 7110
w R =
)
1SNYHX3 3SIY HOIH HONI 9 . 8 Te
00%26-202 4144 = .
7 WWOED INVINI
XY 06 = dANd Y3LYM VIS
0058 HOLYNYALTY | —
NIN 9/ A2l dwy 0L —
~ EETRIEREI
dv0 ¥3TI4
Y3140 VD 0L g3V HS34 dvo ¥3TT14 10 08€.2 } 0£292 {
NOILO3NNOD 3SOH ..8/S VL ISOH Wuig
; TIVL ISOH wuig
. i MOILSdIa Y3114 13N NYNL3Y T3N4
00€l— (= YOG - 210 390 _ \  DVINTINS NS
L/ &)
a o o) Y3174 0 o o o S a !
b [4 pY
o | o iy ® -
00G.— _A I f * o O 0
0007 o o
. " G L] 9 oo
8681l o ° o 3 O £ \ L\ la
O [ ] ) )
INNOW F19IX3 14 O o o\ % : Y
f\ 0 Py
EERRIER (= SVER] °!
o =
0 y A @ %O —
dAnd 141
REQE 3

77



102/€0/61 3iva _ Gjo| 39vd _ SIN awos| |7 3N ‘Q¥Z 2719 “¥ILSIONOTO 916622 (25¥10) :Xv4 z6vezL (2610) 1L

‘A8 @INOIHO ‘A313903ND e —

STIIMYILYM 2S5 F 52

NO @ F@@Oloo _‘ w ML ‘AVM AAYQ SEIE EESE = .55 55
A3d ONOMa | 3zIs

‘A9 NMYHa

‘L7 3NIYVYIN V139

wse'090WL (£002A8) €7 V138 91980-001 3w 3112 Lava| F5-@)

37vOS LON O

(HONI) WA NI SNOISNIWIQ

X0g4dv39 0901 IONVYHOX3 LVIH

(£022Ng-£002Ag) 0S/€Y V139

FLL

10
S310N NMVYHa addv 3ilva NOILdI¥OS3a A3Y
L (818)__ o (818)_,
0See 0See
(71 6) (8/5 61) INLISOd
=~ ogee 066V AY3LLYE 3NION3 FUram (oI €)
8.0l €6
(8Ll
: 1€0y g
u —— —— — — A Lol o) NEIRER )
epieieipe; ‘668 S
| ANS MOTIVHS HLIM
O, * )
= ) 5 WUWIOER T INI
A dNNd J3LVM V3S
8 1o o=
LNdLNO X08YYI9 - E .
o 2 ° Y3714 73N
INLYIIN e
A43LLYE INIONT ] A _>T|_3_ sl e
(9 ° o ‘ Q o
-] -] = <
31480 TvO OL
NOLLOINNOD FS0H 8/ — 4
\ -
FE R = TGS ( W\Lm al) (7/e 1)
N d¥0 ¥3TT4 10 _ gelc 66¢ !
YO 06 OILSA0 10 X083\ HOLYNSALY 3NN 59
uss 8 ¥OILSdI AZI dwy 02
NIN 92 o | 70 3N
(% NEMERe / , -
{ i It
TN Lo [u GRS SRS
b )
. 0% &) 3| (@
O .JE =
o o o 1 L °
© O Q ™
5 a : \WIIWAN | N-
(ol 1) oo _
(9151 ) 00Sh N d s ° OO
s/ > VY
oy B )
-l o © °
N U e 2 Nd 147
REQE
Y3 T4 710 X08uY39
dAns

dANd

“ Y3110 TVO WOHH

NOILO3INNOD 3SOH .8/

dOLS VNNV

78



¥102/€0/61 mEa_ Lo} mo,a_ SIN 3wos| |7 N 'QvZ 219 "¥31SION0TO 916622 (25710) :Xvd 26vezs (2sv10) 3L
‘A8 d3X03HO ,.>m1_mmun_w30 ; i TE=E=FEiT == ==
00 /8060-001 [ TML SAmNG. SENELEYEY YEEE
A3d ON OMa 3zI1s ‘A8 NMVHa IR ENEVR7EE]
WSE V0SONL 3H €98 £8060-00+ 3N 3114 v | P ioni witni SnoNEw
XO0ddvao YO9OWN.L
JONVHOX3 1V3H €v v.13d
ML IS YRR 5010 J30R 035 o n
AL s3LoN | Nmvua Q.ddv 3iva NOILdI¥OS3a =N
ﬁ @E,mm v | ) ( )
8/. 8 8/, 8
(8/S 611 Gce Gcce
661
= * ——
—_— — — — dNS MOTTIVHS HLIM b— —— —i
RO TENON = (¥/18)
S S [ 9 9 (9l/20l)
(T ORArOpU U 25 ole 99z

z | A n

i - ®)
- )
16 \ = g
1Nd1NO XOgyvd9 E&Zm%%\_wmm Ol 1= \ NETRERI0)
b I 5 .
a i herhe e , LB LN
00¥¢6-¢0¢ ° dNNd ¥3LYM YIS
o o o -] 0, °
1SNYHX3 3514 HOH HONI 9
° ° e o JAILISOd s gy S
¢ AL 1Y INIONI
\ NETRERS )
_
=~ =
L ey o (5 o1 (g 1)
AZ) dwiy 02 | | |
Y30 VD WOY4 v e6e
NOILO3INNOD 3SOH .8/5 U,
Y314 134y VL 3SOR wuig VL ISOH wiwig
: JoEns / PIVINI T3NS NYNL3Y T3N3
c N I I WU LR > (Il
Q/V L i 314 70 - Q
— O) O)
. L _ o _ Vi /ﬁ S ) m
(o121 ] _A Y3714 X08dv30 , 68 T < Jflo
(2ns) L e °
IS g2 A @ = \WIWANIN-
(9111 2) o
(Al [] J )
. @ @ s - 0
INNOW F1dIX3 14 Q e 7o UEKARe : =

YILSAIa 70 X084Y39 = : @ 7,
¢l @ : O

dANd dNNS ) 1 dANd L41
Y30 YO 0L i RERE
NOLLOINNOD J50H 8/ NETRIERY dOLS NNV

79




¥102/€0/61 mEa_ cio | m9;__ SIN 3wos| |7 N 'QvZ 219 "43LSION0TO 916622 (25710) :XV. 26vees (2gv10) 3L
A9 QIHOIHO ‘A313903NO P ——
‘STIIMYILYM E
10 ¥1250-00L__, | v [ ML e LEE
A3Y ON OMa 3218 ‘A9 NMvHa L7 3NV V139
Wwse'09ZOW.L 3H 05V 139 ¥225S0-001 FWVN 3114 .E(u_ .WI@ foz_w“(%m_._%_vmmﬂms__a
XO0g4dv3ao 09¢ON.L
IONVHOX3 1V3H 0G-€v v.139
ML 1 o9 301 J3{DA D3S MaN 0
AL s3LloN | Nmvda addv a1va NOILdI¥0S3a JEN]
(VIE L£)
£956 JAILISOd e (BIL8) oy  (818)__ o
(8/S 6l1) . INLYOIN ) vg JNeng 05¢¢ 06e¢
066y AY3LLYE INIONT
NYHL G01 @
(911 €)__ _ & N
0€6 *
dANE MOTIVHS HLIM (9172 01 )
(v/18) GG9¢
00I¢ S,
k >
O fo)
(s/£e)_|
058 >
1Nd1N0O XO0g4v39 o
o)
0) ) o >
00¥26-202 ol
LSNYHX3 3SIY HOIH HONI 9 9 0.
XYW 06 - 2 WWSZ@ IAVINI
058 T dANd ¥3LYM V3S
NIN 92 ¢ HOLYNYILTY
4 AZI dwy 0/
] EEIRIERS
]
YOO 0L f m\.mmm A Wﬁm@_m, v '
NOILO3INNOD 3ISOH ..8/S dv¥0 ¥3 T4 7I0
MIILSdId VL 3SOH Wug Jzzw%w_u #ﬁw
- 710 38N SEIRIEREQE! IAVINI T304
o¢l ¢ 2 PP NI / ,
a va ./)i | H HALTIH 7710~ ® 2 o (@ ||\
: L fo) Vi O e 2
Aw_\m._mwv| _l ___JL] 9 o
(21G) e o
Gov! @ © \NIWAN S
(ol 2) Y
A Y3714 X0gv39 ° > ) S 0
® O Q
4 @ @ < A o soe
INNOW F19IX3 14 ® V) Fom 2
® . ] ‘
dANd dnns - O
YIH-HO VO WO ol ® A0 dAnd 141
NOILO3INNOD 3SOH ..8/S o RERE Fo \
131714 vy I dOLS TVNNYA

80



1JO| 3ovd a3awnN v [ AA ] SN ‘avz 219 *431S30N0TO 916622 (25¥10) XV. z6vezL (26v10) 1AL
‘A8 03%03HO ‘A313903N0 P—— —
‘STIEMYILYM = F £2
b oo 96901-001 Wl o AV A -
‘ONOMa | 3zIs ‘A8 NMYHA QL7 3NNV V138
; - 31v0S LON OQ
Y¥P'L-96901-001 VN 3114 Laivd 9102/01/50 :aaLvaro uba_ SIN  =wos _ .Wl@ (HONI) W NI SNOISNIWIG

X0g4dv3ao SYENL

‘S3LON

11116

JONVHOX3 1V3H 099/069/¢¥9
AL | G0 F 'S a30NVIIIOINN _ “Im_z_u__ YA mvea addv 31va NOILdI¥OS3a =Y
JALYOIN JAILISOd
ATINO dANS MOTTVHS
) Ad3LLYE INIONT AY3LLYE ANIONT
080!l & NO dn Mold dNs 0008! 0008I
/Y 0581¥
« WA } 00661
L 0511 D PN _ad M A
N . 00052 — I{I i
o )\ ) a (dins
8976 _‘ MOTIVHS HLIM 05692
o o) O ® ] 000l¢
.~| 1= T I
z€'16 _ 5 0
i (&8 A J DO =5/l L
T -
1Nd1NO X0g4¥39 N5 iISAS
O o= Y314 10
K 06 reAhedl _
0058 Y31404Y 10 W04 > F—— m slotv
NIN 9/ NOILO3INNOD 3SOH .8/G
e ° o0 HOLYNEILTY
dAv G2
~~—7 —
L EIRERY
I AOILSdId cv'862
one, 710 38N dvo ¥3TI4
1 Y3404y 10 OL avo ¥ T4 YILYM HSTHS
NOILO3INNOD 3SOH .8/S HALYM HSTH4
1 L [}
000¥! ° ©° élﬁE@dOm o _ _ﬂ.
£
868/ o g | o
INNOW F1dIX3 14 5 Y 1 e
r
O o
= @ Y3114 0 _ ﬂ@, \
> o o 3 =
@ m ¢ J 0
130 I ONY o | i :
il Y3174 1304
_- o
¥OILSdI oz<\ p Y
Y3774 10 X084v39 © = S
YL WY

' M3d0s d3378 13nd

dANd dNNS

3SOH 3404 4S9 .8/

43141401V NOUS

VL 3SOH wWwig

VL 3SOH wiwg  NINLIY TN

PAVINI T3NS

81



¥102/€0/61 WEB_ L0} 20vd _ SIN =zwos| |7 N ‘QvZ 219 "3LSIN0TO 916622 (25¥10) :XV4 26v€22 (2610 13L
‘A8 @3NOIHO _“A313903N0 i zez=rzir == zo=
00 10€60-001 v [TML e HERIETEY T2
A3Y ‘ON OMa 3z1s ‘A8 NMVYHA 'aL7 3NNV V138 -
wse’'1L0€60-00} VSYEWL IH 0S-€¥ Y139 -3NVN 3114 ._.w_<n__ .WI@ fuz%%%mx.wﬂﬂmn__‘mﬁ_n
XO0gyv3ao YSrenNL
JdONVHOX3 LV3H 0S-€v V139
10
L s3toN | Nmvaa Q.ddv 31va NOILdI¥0S3d A3Y
INIVOIN
ATINO dANS MOTIVHS Ad3LLYE INIONT }WEFF<M_\W,&MNM sce sce
NO dn 0Id dWNS 801 — 9%
8¢ /
T _ !
18 [ N
7 _ r a dANS MOTIVHS HLIM 992 n
! g oﬁjbmgdﬁ o O] oIz ——
Bw il || ot W | _ 7
h * (S / Q — X ) = N 0)
i 1 ° o
(YNOILAO) off © |k = e — 3
3SOH FH08 dS .8/S ) it —3 Y3174 710
Y310 VO NOYS / @ K= 5
L p— [ 1T} 4 = .
her el ) - -
dhNd dANS 494 2 95
-] -] [-] -] 0, o
o o o o \ . =
) 5 HOLYNYILTY +
AZI dwy 02|
= !
p dv0 Y3114
09 YILVYM HSTUA
N 0B 612 } 661 { } 2/¢C 662 {
NN G8 0€—= = 96
dvd ¥3 7114 V1 ISOH Wwig “IIVL 3SOH Wlig
= OLLSAIa ANV HILYM HSTA SIS IVINI T3N3 NI T
\_—_7 437714 10 X0guv39 ; 40 38
.= ¢ 1 I~ w wyoule o
= b [
Y3174 70 5 L
O, VI d¥0 ¥3 7714 TI0 /ﬁ X C
[] °l r | ©
</ o 1 50 dnNd 1411 - L_JLC] °
o] P! o e T3N3 ~—_] \ /\ Pl
\8) . 1 O O [] )
ovl N i @ @ i | o v}
6.1 % - o i po
NS
INNOW 379IXTT1Y up - ,, L
® A : 4
[YNOILdO) > = O

3ISOH 3404 4S9 .8/
Y314140TvO OL

dOLS VNNV

82



¥102/€0/61 mEa_ LjoL m@(m_ SIN awos| |7 N ‘avZ 219 "431530N0719 916622 (25710) :Xv. eevezs (zsylo) 3L
‘A9 d3ax03HO ,.>m1_mmqu30 c==T=rFTiT =T = ==
Z0 22190-001 v [ ML S GERFEFFVEY Y EEEE
A3Y ON OMa 3218 ‘A9 NMvHa dL7 3NV V139
WSe'AINGL4Z IH 0S-€¥ V1389 22190-001 ‘FNWVYN 3114 .E(u_ .WI@ foz:w“(/_\zom_._.wﬁw_ﬂumn__‘ms__n_
XOgdv3ao AINSGLHZ
IONVHOX3 1Vv3H 0S ANV €% v13d
ML 1 |oWzolez ¥3100J X08-0 ONY dWNd J3LvA M W0
AL s3toN | Nmvua A.ddv 3Lva NOILdI¥0S3a A3Y
(9l/gl 0l) . (8/56l) (8/,8) (8//8)
-~
Sic 667 — —=
_+ See see
(v ) (vicg)
( w:mm_%, _ \ IR g ' &
(ol &) m It & JA * =
1\ A D Iy b — — — — - dANS MOTTVHS HLIM (917 O] ) — —
! Sl f (/18] 99¢ — =
(9I/E1G) 0IC ¥3L714 0
Az | _
* o
= o 7
0,
= 3SOH a1 52
ENVAINREINIRES
MOLYNYILTY
1Nd1NO XOgyvyd9 e c y
(9l w (8/2G1) S 5
vOv o
O, -]
XY 06 2
¥31404Y 10 WO =
5 NOLLO3NNOD 3SOH 815 — |
NIN 92
NI el
(9115 68) (¥/€01)
666 vic
WS
o8z a YIS wmzz/ dhnd ._ME/ d3 TN 3yyIN TN
S/ . - . -
1 ; ¥31714 10 : w ‘C_._C(E\A,
— | [C ( O)
(21G) YOLSHA NY ¥ITI  ("(y 7=~ i ERRERo) d : 2
e xoguvaoy =’ Ut o [ L JL{]
or! 0 ) 0 WA
INNOW F1dIX3 14 : g =~ 5 . .
3 HI = T o Q
. @ © dv1 NIVHQ ¥3LYM ) . =
0 = = =
] Y [ ® o
(e
dNNd dnns 5 O <
d
¥31404v10 0L Cagll 4

NOILO3INNOD 3SOH .8/S

83



MANUAL STOP

CONNECTION

5/8" HOSE

1)
©

1T

(i

o)
o
9] ]
B
o
©
3 ®

UEL FILTER

b o
a8 &
Q Q
o ©=9
8
8 A4
) >
5
0

: O
®
&
[ R ©
S [
= of
o ¢ B
e o,

FLEXIBLE MOUNT

4_ FILLER CAP

@
i
=
[

FUEL SIDE

8MM

OlL FILLER CAP

FUEL RETURN

8MM

WATER FILLER CAP

5/8" HOSE CONNECTION

FROM CLAROFIER

x

ol

Fuw
we
Z <
53
°Q
&2

WATER FILLER CAP

B65AMP |2V
ALTERNATOR

froeel
=
Qu

J \\j
9|
ol
T e
7

/

OlL FILTER

| e

@©
(Ts)

- i
J] .
S almil
° L
i ﬁ ol oF
| Ao=0
Y, =gl o2
~ ° E{: O = o
° |
— °[§ O—=
° AL |
o PH L
° F
P 1 o of
Q [ANARY
il

||

|1
604
233/4)

(413/16)

bl
S
w o ]
[©} z |8
w (=3
s |
I
O ¢
X 8
wo
—©
< 0 <
wo — [
I ©o|°
R
15}
= S| (S|
we | ol
m A
=2 s o
2] 5 e
I | B
= e
L 5<|§
m
BlE
E . '—>
8|2 s
I E
g
<
@
w E]
2 g
Xl %
8|5.49x8
Z|ezgls
5|zZz8x
A
szHobE
<8558
o |gos53Y
MG 3
8 il
2 3
]
H
H
S
E
3
H
H
5 H
H 8
sy s
Eh g
z o) s
9 5
29| pn | &
o|! | #
@ 29
£ H
5 g
=z 5
z
H
H
g
o
g
g
kS
w
I
H
=
9
2
&
H
8
2
2
4
=
H
&

84



¥102/€0/61 mEB_ Lo m@(m_ SIN =3wos| |7 3N ‘Qve 219 ¥31S30N019 916622 (25710) X 26vezL (25v10) T3l
‘A8 @3XO3HO . ‘A313903ano == ==
00 66260-00L . | [MI . LdE
A3d ‘ON OMa 3zIs ‘A8 NMVYHA RIRENEVARAEE]
wse'66260-001 AIE94Z IH (€0¥ZAE) 09 V13g ‘FNYN 314 ._.w_<n__ WI@ AIUZ_W_U‘%M_L%‘_MWﬂ_mE_Q
XOgydv3ao AIE94Z
IONVHOX3 1v3H 09 Y1349
10
AL s3aton | Nmvaa addv aiva NOILdI¥OS3a JEN]
(8/S 61 )
2 | w%N m - [
— \
\
\ _
\ u (el zl)
N i 43
(O [0 wearosa o9 © vy
— U\ S T
o) (o) (e)
= - 9 DO =t £
(O)
0]
._\ el S ) Y3114 110
XY 06 JAILYOIN T U 5
S8 AY3LLVE 3NIONI EET (9I/51 Gl ) ® s
= =] SO O
° ° ° ° F - WWOEP IAVINI
JAILISOd
(<] o o o
AY3L 1Y INIONI = CALEERUNER
Y3408V 10 oY
NOILOANNOD 3SOH .8/S S .
HOLYNY3LTY (ol/Lol) (/1)
Azl dwy 0/ G9¢ 8¢ 1
dv0 43 T4 TIVL ISOH wiwig
(olsi el | HILYM HS 3N dvd 83 T4 10 VL 3SOH Wwig NYNL3Y 13N4
Sl (21g) — Y3114 13N VLN T3NS
ovl S
(9111 2) € o\ ©o © o oV (o
ol i Y1714 10 \ 7
Nl ® o
©
Lo [w s 5
INNOW F1dIX314 - X I IOVOCET °
3 3
_ )
'} ; ;
| 0 e =
Y3404V 10 0L o 1 N, o
NOILO3NNOD 3SOH .8/S © L & dAnd 141
b 0 ©
L ® 13n4 Q
O
&) 0 S 2 ®
dAnd dAns dOLS VNNV SOLLSAId
NETRIERSL 10 38T

85



¥102/€0/61 mEa_ Lo} mo<n__ SIN 3wos| |7 YN 'QvZ 219 "¥31SION0TO 916622 (25710) XV, 26vezs (2sv10) T3l
‘A8 @INOIHO ‘A313903ND P ———
‘STIIMYILYM = £ .55
00 ¢lv60-001 v o[ ML A v T EE
A3d ‘ON OMa 3zI1s A9 NMvHa AL 3NV V138
wseivL 8089 IH 058 ZLy60-001 FWVN 3113 EE_ .Wl@ HONPATOS LONCT
TivLl 90d
IONVHOX3 1V3H 0S v134d
10
L S31ON NMvda addy 3lva NOILdI¥OS3a A3Y
667
S sz _ sz
3OV4 ONISNOH
T33HMATS
8 99z
_ O, O}
D
o
ai O R
0,
0)
00 0] N 2
00¥% Q Lo
0s & P : VLN H3LYM ¥3S

LSNVHX3 13M
O

30V4 ONISNOH
THIHMATS

d31404v10 OL

31404V 10 WOY4
NOILO3NNOD 3SOH .8/

NOILO3NNOD 3SO0H .8/ @

w dvo {314 110

c¢le

86



vL0Z/E0/6L  awa | 1oL mova| SIN awes| |7 %N QvZ 219 43153001 10) XV
A@ a303HO 330080 —
'STI3MYILYM = ==
00 G1860-001 .., | & [MI e HAZE
A3Y ONOoma | 3ziIs ‘A8 NMVHa ‘AL NIV Y138

wse|.L 808 3H 09V.138 §1860-00} ‘FHYN 13 Lvl _

oS 0N 00
(HONI) WIW NI SNOISN3WIO

1ivigao049
JONVHOX3 LV3H 09v1349

=Y

S3LON

11612

00G —=f=—

00661

RGN
o

V=V N

o

[103S

H31404Y10 WOHH
NOILO3INNOD 3SOH .8/

dvO Y3114 ¥3LVM

S| | 0

S dv0 Y3114 7110

SETRERY] q\

H31404Y1D
NOILJ3NNOD 350

MOILS did 10

—

Y3AITI0HINOD 033dS

10

NG adav | 3wva NOILJIIOS30 AT

XYW 06
0068
NIN 9L

00G¢¢ —=—00GcC

—

¥/v0¥

dANd H3LYM VIS

© B D

fmwvwm 9¢ N@NL

MILS dId 10

31714 1304

31714 710

Y314 Y

87



¥0/0L/SL ava _ Lo uQE_ SIN 3Fwos| 11 3N vz 219 Zr/£88 TSPL0) b+ XV4  26vECL ¢SvLI0) b+ 131

00 88G10-00Z e e INTIVIN VL A9

A3 ‘ON 9Ma | 3z1S —:A8 NMVHQ ‘A1 3INIYYIN Y138

.WI@ JvOs ION od
(HONI) WW_NI_SNOISN3WIQ

SSINYVYH NOISNILX3

10

Jui SION | NAVEG | Qdav | 3lva NOLLdINOS3q

1377n9 IV 13778 ITVIN3L

e

ONOT wwopl LV IAVITISYITd SFHIM A3ISNNN TV

STIV.L wwoyl

=R

SNId 3TvYIW3d

_— A
aMIaA Y MI3A
GF WW0g GF W0 wwel
50/885¥0-002 N/d - ¥313N §
#0/885+0-00Z N/id - ¥3L3W ¥
MOTTRA Wl - L £0/88G%0-00C N/d - ¥ILAW € MOTIZA Wl - ¢
HIOVHL MOTTIA/ANTG W - €1 20/885¥0-002 N/d - ¥313N 2 HIOVHEL MOTIIA/ANTE Wi - €}
YIOVHL MOTIFA/NIIHO W} - 2| 10/885%0-00Z N/d - ¥3L3IW | HIOVHEL MOTISA/NIFHO Wi - g1
a3y wweg- L a3y wwgg- L
Movigwuwi - 0f MOovig wwi - oL
HIOVHL MOTIAANMOYG Wwl - 6 YIOVHL MOTIFA/NMOHE WWL - 6
Y3OVHL NMOYE/ALIHM wwy - g Y3OVH1 NMOHE/ALIHM wwi - g
HIOWHL NIFHO/ANTgWw - L YUIOVHL NIFHO/ANTg WWL - £
HIOVHL INTaMOvVIgwwL - 9 AIOVEL INTEMOVIg WwL - 9
Iddnd wwi - G Jiddnd wwi - g
NMO¥g wwi - § NMOYg wwi - ¢
HIADVHL AOVIE/ALIHM WWg'z - € YIOVHL MOVIG/ALIHM WWGZ - €
HIOVHL AFHALIHM WWSZ- 2 YIOWVIL ARI/ALIHM WG - 2
HIOVHL JLIHWNMOYEG WWe'z - | YIOVHL JLIHMWNMOYE Wwgg - |
137IN9/3avdS 3TVIN HLIM a3LLid 131N8/3avdS 3TVINT4 HLIM a3LLid

J0V4 MOLIINNOD NO ONIMOOT MAIA 30V HOLIINNOD NO ONIMOOT MIAIA

88



Declaration of Conformity for Recreational Craft Propulsion Engine with the Exhaust
emission requirements of Directive 94/25/EC as amended by 2003/44/EC

Name of engine manufacturer:

Street: Davy Way, Waterwells
Post Code: GL2 2AD

Beta Marine Limited

(Completed by manufacturer of inboard engines without integral exhaust)

Town: Quedgeley, Gloucestershire

Country: UK.

Engine type-approved according to:

Stage II of Directive 97/68/EC

(Name of Notified Body for exhaust emission assessment: TUV Krafifahrt GmbH, Flensburg, Germany
accredition number DAR KBA-P 00010-96)

DESCRIPTION OF ENGINES AND
ESSENTIAL REQUIREMENTS

Engine type: Inboard engine.
Fuel type: Diesel gas oil JIS K2204:1997 or equal.
Combustion cycle: 4-stroke.

ENGINE(S) COVERED BY THIS DECLARATION

Engine models and
engine family names:

EC Type certificate number
(exhaust)

BV2003 Beta 43
BV2203 Beta 50
YKBXL02.2FCD

el*97/68DA™2004/26KA*0072%09
el *97/68DA*2004/105KA*0072%13

ENGINE(S) COVERED BY THIS DECLARATION

BV2403 Beta 60
YKBXL0O2.4FCD

el*97/68DA*2004/26KA*0D0T3*05
el*97/68DA*2006/105KA*0073%09

Engine models and

engine family names:

EC Type certificate number (exhaust)

BV2607 Beta 70
SKBX1L02.6EAD

e1*97/68JA*2004/26*0494%00

BZ602 Beta 16
BD902 Beta 25
JKBXL89SKCD

el*97/68DA*2002/88*0266*00

BV3600 Beta 75
TKBXLO3.6BCD

e1*97/68JA*2004/26%0430*00

BV36007T
3KBXL03.3BAD

€I*97/68GA™2001/63%0144*00

BD1105 Beta 30
BV1505 Beta 35

BV1505 Beta 38

el*07/68DA*2004/26KA*0164%03
el*97/68DA*2006/105KA*0164*04

BV3307 Beta 85
SKBXLO03.3CAD

BV3800 Beta 90

e1*97/68JA*2004/26*0460%00

JKBXLO1.5BCD IKBXLO3.8ACD el*97/68GA*2001/63*0155%00

BVI505T Beta45
3KBXLO1.5BAD

BV3800T Beta 105

* 9 &, *|
el *97/68DA*2006/105KA®0160*02 IKBXLO3 . SACD

el *97/68JA*2004/26%0418%00

Essential requirements Standards Used Other normative document used See technical file

Annex |.B - Exhaust Emissions

engine identification MN/A 2033/44 annex 1B para 1. QA025

— . EC type certificate has
exhaust emission requirements N/A 2003/44 para 16, L214/19 s owh oebirs et Ble;
durability N/A 2033/44 annex 1B para 3. QA033

owner's manual BS EN I1SO 10240

2033/44 annex 1B para 4. /A

Annex 1.C — Noise Emissions see craft manufacturer's Declaration of Conformity

I declare on behalf of the engine manufacturer that the engine(s) will meet the exhaust emission requirements
of Directive 94/25/EC as amended by Directive 2003/44/EC when installed in a recreational craft, in
accordance with the engine manufacturer’s supplied instructions and that this (these) engine(s) must not be put
into service until the recreational craft into which it is (they are) to be installed has been declared in conformity
with the relevant provisions of the above mentioned Directive

Signature and title: ’

(identification of the person empowered to sign on behall of the engine manufacturer)

Name J. A. Growcoot
C.E.O.

Date: (yr/month/day) 2008 /10/22 Quedgeley, Gloucestershire
Certificate 2,06 Revision 09, 2015/06/08, latest models/approvals listed.
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Emission Durability

IN RESPECT TO THE RECREATIONAL CRAFT DIRECTIVE 94/25/EC
AND AMENDMENT 2003 /44/EC ANNEX 1, B3.

The engine must be installed, maintained and operated within the parameters detailed in the
Operator’s Maintenance Manual. Maintenance must use approved materials, parts and consumables.
Should the engine lie unused for a period in excess of 6 months it must be inhibited otherwise it
will deteriorate with resulting decrease in performance. See also the Winterising and Laying Up
procedures in the Operator’s Maintenance Manual.

The fuel settings of the diesel injection system must not be tampered with otherwise the guarantee
will be invalid and the performance may fall outside prescribed limit. Such adjustment cannot be
allowed under the terms of the emission certification.

Performance of the engine depends upon the use of correct fuels, lubricants and inhibitors. These
are fully detailed in the Operator’s Maintenance Manual.

Particular attention must be paid to the installation with respect to the exhaust system. The system
must be designed so that water cannot back feed into the engine. The run must be such that

the back pressure at the engine manifold does not exceed the level detailed in the Operator’s
Maintenance Manual. Wet, water injected, exhaust systems must be at least the bore mentioned in
the Operator’s Maintenance Manual and should the run be excessive this bore must be increased
accordingly. Back pressure is measured at the outlet of the engine manifold before the water
injection bend or dry bellows.

Our experience since 1987 has shown that properly installed and maintained engines hold their
performance without major mishap even when running hours exceed those mentioned in the
Recreational Craft Directive. It is the owners / users responsibility to ensure that the engine
continues to function properly and any malfunction must be immediately investigated. The
Trouble Shooting section as detailed in the Operator's Maintenance Manual is particularly helpful
in this respect. Engine performance, especially with respect to erratic running, exhaust condition,
low power output and high oil consumption are indications of engine conditions that may result
in emissions outside the prescribed limits and must therefore be investigated and rectified
immediately.
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Service Record

Service

Date

Responsible

Commissioned

First 25 hours

First 50 hours

Every 150 hours with shallow sump

Every Year / Every 250 hours if sooner

Every 750 hours

10

1

12

13

14

15

16
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Date
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20
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