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Section 1

INTRODUCTION

WELCOME TO THE WORLD OF
YANMAR MARINE!

Yanmar Marine offers, engines, drive systems and
accessories for all types of boats, from runabouts
to sailboats, and from cruisers to mega yachts. In
marine leisure boating, the worldwide reputation of
Yanmar Marine is second to none.

Yanmar designs engines to respect nature. This
means quieter engines, with minimal vibrations,
cleaner than ever. All of our engines meet
applicable regulations, including emissions, at the
time of manufacture.

ABOUT THIS MANUAL

This manual provides boat designers, naval
architects, installers and builders with the
instructions necessary to safely install Yanmar
Marine propulsion systems. Optimum boat and
engine performance are achieved when the
appropriate diesel marine engine, marine gear,
propeller and accessories are selected for an
application.

Accurate information is required during the engine
selection and space planning processes for each
pleasure craft application. Numerous calculations
are needed in determining vessel performance
characteristics. Boat designers, naval architects,
installers and builders use the data and formulas in
these three volumes to provide systems that
satisfactorily answer the operator’s exacting
requirements.

The manual is organized into three volumes.
Volume 1 contains important formulas and
procedures while Volumes 2 and 3 represent a
comprehensive collection of critical engine, marine
gear and mounting specifications.

Please note that this manual does not include
guidance about the safety regulations of each
country. Also, the diagrams, figures and
information in this manual are subject to change in
accordance with technical improvements made to
our engines. Engine data and optional accessories
are subject to change without notice.

The Yanmar Installation Manual set is intended as
a guideline for marine pleasure craft engine
installations. It cannot cover every conceivable
situation or unique application. If any value,
standard, etc. is unclear, or if you intend to deviate
from these specifications for any reason, first
contact the Yanmar distributor or Yanmar RHQ for
guidance and/or approval.
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INTRODUCTION

REVISION HISTORY

This manual is a living document. Periodic manual
revisions are published to document product
improvements and changes. This practice ensures
the manual has the most current information.

As manual revisions become necessary, individual
pages are prepared and sent to those who need
the information. If a page, or number of pages
should be replaced, the replacement information is
sent along with a revised Revision Control Table.
Discard the older, obsolete information.

Revision Control Table

At times the revision involves inserting additional
pages in one or more sections. Insert the new
information and only the Revision Control Table
should be replaced.

This method of revision control represents the most
cost-effective solution to providing fresh, updated
information as needed.

Revision date New page humbers R Initiating
L . emarks
Revision humber involved dept.
June 2.0.06 All Re-release YMI
1st edition
December 2008 Update template, safety and multiple edits
. All YMU
2nd edition throughout manual
July 2009 6-11 Removed impeller matching reference YMU
3rd edition 7-111 Added gear PTO information YMI
716 Multiple Battery Systems (Added a diode type _
January 2013 battery isolator: VALEG 12 V - 120 A alternator) o I\/tla?z:trifns
4th edition 7-48, 49, 50 Added new panel (B20, C30) [p)ivision
7-74 Added fuel inlet label (ULSD)
3-2 Added Emission-related installation instructions
i Revised Speed pulse value Marine
January 2014 750 (YM/JH4/JH5 with VALEO alternator) Operations
5th edition - s
7-74 Deleted Fuel inlet label Division
7-102 Added Measuring Exhaust Gas Emission
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INTRODUCTION

Model Numbering System

Yanmar Marine engine models are identified by a
six- to ten-character numbering system that
provides specific information about each model.
The first character represents the number of
cylinders. The next two or three characters indicate
the series. The last group of characters provide
some general information about a specific model in
the series. If a hyphen separates the last group of
characters from the first characters, that model
number is describing a turbocharged engine. A
graphic explanation of this numbering system
follows:

f XX [=] [XXXX]
Number of

cylinders
1,2,3,4,60r8

Series
GM, YM, JH,
LH, LP, LV, LY,
CX, BY or SY

Hyphen

General information
(Turbo, HP rating)

EXAMPLE
6 LY3 STP

T —Eurbo
L Y3 series

6 cylinders

Details for each engine model are found in vol. 2
and 3.

Marine Installation Manual - Volume 1 YANMAR



Section 2

SAFETY

Yanmar is concerned for your safety and the
condition of your marine engine. Safety statements
are one of the primary ways to call your attention to
the potential hazards associated with Yanmar
Marine engines. Follow the precautions listed
throughout the manual before operation, during
operation and during periodic maintenance
procedures for your safety, the safety of others and
to protect the performance of your marine engine.
Keep the decals from becoming dirty or torn and
replace them if they are lost or damaged. Also, if a
part needs to be replaced that has a decal attached
to it, make sure to order the new part and decal at
the same time.

This safety alert symbol appears
with most safety statements. It
means attention, become alert,
your safety is involved! Please read

and abide by the message that
follows the safety alert symbol.

A DANGER

DANGER indicates a hazardous situation
which, if not avoided, will result in death or
serious injury.

WARNING indicates a hazardous situation
which, if not avoided, could result in death or
serious injury.

A\ CAUTION

CAUTION indicates a hazardous situation
which, if not avoided, could result in minor or
moderate injury.

NOTICE

NOTICE indicates a situation which can cause
damage to the machine, personal property and/or
the environment or cause the equipment to operate
improperly.

YANMAH Marine Installation Manual - Volume 1
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SAFETY

SAFETY PRECAUTIONS

There is no substitute for common sense and
careful practices. Improper practices or
carelessness can cause burns, cuts, mutilation,
asphyxiation, other bodily injury or death. This
information contains general safety precautions
and guidelines that must be followed to reduce risk
to personal safety. Special safety precautions are
listed in specific procedures. Read and understand
all of the safety precautions before operating or
performing repairs or maintenance.

A DANGER
* Never permit anyone to install or

operate the engine without proper
training.

* Read and understand this Installation Manual

before operating or servicing the engine to

ensure that safe operating practices and
maintenance procedures are followed.

» Safety signs and decals are additional
reminders for safe operating and maintenance
techniques.

e Contact your Yanmar RHQ for additional
training.

Crush Hazard

* Never stand under a hoisted
engine. If the hoist mechanism
fails, the engine will fall on you.

.4

* Always secure the engine solidly to prevent
the engine from falling during maintenance.

Explosion Hazard

* While the engine is running or the
battery is charging, hydrogen gas
is being produced and can be
easily ignited. Keep the area
around the battery well-ventilated
and keep sparks, open flame and
any other form of ignition out of
the area.

e Always turn off the battery switch (if
equipped) or disconnect the negative (-)
battery cable before servicing the equipment.

Fire and Explosion Hazard

¢ Diesel fuel is flammable and
// 2 explosive under certain
conditions.

* Never use a shop rag to catch the fuel. Vapors
from the rag are flammable and explosive.

e Wipe up all spills immediately.
* Never refuel with the engine running.

* Store any containers containing fuel in a
well-ventilated area, away from any
combustibles or sources of ignition.

¢ Always keep sparks, open flames or any other
form of ignition (match, cigarette, static
electric source, etc.) well away when
refueling.

* Never overfill the fuel tank.
* Never use diesel fuel as a cleaning agent.

* Always put diesel fuel container on the
ground when transferring the diesel fuel from
the pump to the container. Hold the hose
nozzle firmly against the side of the container
while filling it. This prevents static electricity
buildup which could cause sparks and ignite
fuel vapors.

Marine Installation Manual - Volume 1 YANMAR



SAFETY

Fire Hazard

e Have appropriate safety
/l " equipment available. Have all fire
/] extinguishers checked
periodically for proper operation
and/or readiness.

* Always read and follow safety-related
precautions found on containers of
hazardous substances like parts cleaners,
primers, sealants and sealant removers.

* Undersized wiring systems can cause an
electrical fire. Be sure to use proper size
wiring for the application.

Entanglement Hazard

* Never leave the key in the key
switch when servicing the engine.
L Attach a “Do Not Operate” tag
’ e /% near the key switch while
performing maintenance on the
equipment.

* Always stop the engine before beginning
service.

* If the engine must be serviced while it is
operating, remove all jewelry, tie back long
hair and keep hands, other body parts and
clothing away from moving/rotating parts.

Piercing Hazard

¢ Avoid skin contact with
high-pressure diesel fuel spray
caused by a fuel system leak such
as a broken fuel injection line.
High-pressure fuel can penetrate
your skin and result in serious
injury. If you are exposed to
high-pressure fuel spray, obtain
prompt medical treatment.

* Never check for a fuel leak with your hands.
Always use a piece of wood or cardboard.
Have your authorized Yanmar Marine dealer or
distributor repair the damage.

Flying Object Hazard

Always wear eye protection when
servicing the engine or when using
compressed air or high-pressure
water. Dust, flying debris,
compressed air, pressurized water
or steam may injure your eyes.

Coolant Hazard

Wear eye protection and
rubber gloves when
handling Long Life
Coolant (LLC). If contact
with the eyes or skin
should occur, flush eyes
and wash immediately
with clean water.

YANMAH Marine Installation Manual - Volume 1



SAFETY

Sever Hazard

* Never wear jewelry, unbuttoned
cuffs, ties or loose-fitting clothing
and always tie long hair back
when working near
moving/rotating parts such as the
flywheel or PTO shaft. Keep
hands, feet and tools away from
all moving parts.

0;~

'-@

* The propeller may rotate during towing or if
the engine is running at idle speed. Never
service the engine while being towed or when
the engine is running.

¢ |f the vessel has more than one engine, never
service an engine if either of the engines is
running. In multi-engine configurations the
propeller for an engine that is shut down may
rotate if any of the other engines are running.

* Never operate the engine without the guards
in place.

* Never operate the engine while wearing a
headset to listen to music or radio because it
will be difficult to hear the warning signals.

* Before you start the engine, make sure that all
bystanders are clear of the area.

* Keep children and pets away while the engine
is operating.

Electrical Hazard

} I * Make welding repairs safely.

4

e Always turn off the battery switch (if

equipped) or disconnect the negative (-)
battery cable and the leads to the alternator
when welding on the equipment.

Remove the multi-pin connector to the engine
control unit. Connect the weld clamp to the
component to be welded and as close as
possible to the welding point.

Never connect the weld clamp to the engine
or in a manner which would allow current to
pass through a mounting bracket.

When welding is complete, reconnect the
leads to the alternator and engine control unit
prior to reconnecting the batteries.

Always keep the electrical connectors and
terminals clean. Check the electrical
harnesses for cracks, abrasions, and
damaged or corroded connectors.

Never turn off the battery switch (if equipped)
or short the battery cables during operation.
Damage to the electrical system will result.

Exhaust Hazard

* All internal combustion engines
create carbon monoxide gas
during operation and special
precautions are required to avoid
carbon monoxide poisoning.

Never block windows, vents or other means of
ventilation if the engine is operating in an
enclosed area.

Always ensure that all connections are
tightened to specifications after repair is
made to the exhaust system.

Marine Installation Manual - Volume 1 YANMAR



SAFETY

Burn Hazard

* Some of the engine surfaces
become very hot during operation
and shortly after shutdown.

¥ nsim..mb

* Keep hands and other body parts away from
hot engine surfaces.

* Handle hot components with heat-resistant
gloves.

Sudden Movement Hazard

* To prevent accidental equipment movement,
never start the engine in gear.

* Shift the marine gear into the NEUTRAL
position any time the engine is at idle.

Lifting Hazard

* The engine lifting eyes are engineered to lift
the weight of the marine engine only. Always
use the engine lifting eyes when lifting the
engine.

¢ Additional equipment is necessary to lift the
marine engine and marine gear together.
Always use lifting equipment with sufficient
capacity to lift the marine engine.

¢ |f transport is needed for engine repair, have a
helper assist in attaching it to a hoist and
loading it onto a truck.

Alcohol and Drug Hazard

Never operate the engine while
under the influence of alcohol or
drugs, or when ill.

Exposure Hazard

Always wear personal protective
d equipment including appropriate
clothing, gloves, work shoes and
eye and hearing protection as
required by the task at hand.

A\ CAUTION

Poor Lighting Hazard

Ensure that the work area is adequately
illuminated. Always install wire cages on
portable safety lamps.

Tool Hazard

¢ Always use tools appropriate for the task at
hand and use the correct size tool for
loosening or tightening machine parts.

* Always remove any tools or shop rags used
during maintenance from the area before
operation.

NOTICE

Any part which is found defective as a result of
inspection or any part whose measured value does
not satisfy the standard or limit must be replaced.

Always tighten components to the specified torque.
Loose parts can cause equipment damage or
cause it to operate improperly.

Only use replacement parts specified. Other
replacement parts may affect warranty coverage.

Never attempt to modify the engine design or
safety features such as defeating the engine speed
limit control or the diesel fuel injection quantity
control.

Never attempt to adjust the low or high idle speed
limit bolt. This may impair the safety and
performance of the engine and shorten its life.
Modifications of this type may void the warranty. If
adjustment is ever required, contact your
authorized Yanmar Marine dealer or distributor.

Modifications may impair the engine’s safety and
performance characteristics and shorten the
engine’s life. Any alterations to this engine may
void its warranty. Be sure to use Yanmar genuine
replacement parts.
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SAFETY

NOTICE

* Follow the guidelines of the EPA or
other governmental agencies for the
% proper disposal of hazardous
materials such as engine oil, diesel
fuel and engine coolant. Consult the

local authorities or reclamation
facility.

* Never dispose of hazardous materials by
dumping them into a sewer, on the ground or into
groundwater or waterways.

If any indicator illuminates during engine operation,
stop the engine immediately. Determine the cause
and repair the problem before continuing to operate
the engine.

Make sure the engine is installed on a level
surface. If a Yanmar Marine engine is installed at
an angle that exceeds the specifications stated in
the Yanmar Marine Installation Manuals, engine oil
may enter the combustion chamber causing
excessive engine speed, white exhaust smoke and
serious engine damage. This applies to engines
that run continuously or those that run for short
periods of time.

The anode of the gear or drive is only calculated for
the gear or drive. Changing the material of the
propeller may require additional anodes to be
installed on the gear or drive.
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EMISSION-RELATED
INSTALLATION INSTRUCTIONS

(EPA Requirement for USA and Other Applicable Countries)
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EMISSION-RELATED INSTALLATION INSTRUCTIONS

EMISSION-RELATED
INSTALLATION INSTRUCTIONS
(REQUIREMENTS FOR THE
ENGINE THAT MEET EPA
REGULATIONS OF §1042.130)

No modification for emission-related
parts

You are not allowed to modify the emission-related
parts without the permission of YANMAR.

The typical emission-related parts are as follows:
Common rail system (fuel supply pump, rail, fuel
injection nozzle), ECU, turbocharger, air cooler,
temperature sensor, pressure sensor.
Mechanical fuel injection system (fuel injection
pump, fuel injection nozzle)

If you are making modification from the
specification confirmed in the installation
evaluation, be sure to contact YANMAR in advance
to have a re-evaluation.

Failing to follow these instructions when installing a
certified engine in a vessel violates federal law (40
CFR 1068.105(b)), subject to fines or other
penalties as described in the Clean Air Act.

Emission control information label

As an evidence of receiving the approval for the
emission control regulation, Yanmar attached an
“‘EMISSION CONTROL INFORMATION” label on
the engine.

EMISSION CONTROL INFORMATION

THIS ENGINE COMPLIES WITH U.S.EPAMARINE AND CALIFORNIA OFF-ROAD
REGULATIONS FOR 2014 M.Y. DIESEL ENGINES.
ULTRA LOW SULFUR DIESEL FUEL ONLY.

ENGINE FAMILY:  EYDXNO.57P2N DISPLACEMENT. 0.570 LITERS
ENGINE MODEL: 2YM15 E.C.S..EMIFI

FUEL RATE: 17 AMM¥STROKE @ 10.0kW / 3600RPM (8:==kW<19)
STANDARDS NOx+HC:7.5g/kW-hr CO:6.6g/kW-hr PM:0.40g/kW-hr

APPLICATION:VARIABLE-SPEED PROPULSION ENGINES USED WITH
FIXED-PITCH PROPELLERS.

YANMAR.

YANMAR CO. LTD.

iy
128790-07712-E

Figure 3-1

If you install the engine in a way that makes the
engine’s emission control information label hard to
read during normal engine maintenance, you must
place a duplicate label on the vessel, as described
in 40 CFR 1068.105.

Contact Yanmar Customer Support below:
Yanmar Customer Support

EMAIL: cs_support@yanmar.com
PHONE: +1-855-416-7091

Installation of recreational engine

Installing a recreational marine engine in a
non-recreational vessel is a violation of 40 CFR
1068.101(a)(1).

For the engine certified as a recreational engine,
Yanmar attached a label stating as below:

‘INSTALLING THIS RECREATIONAL ENGINE IN
A COMMERCIAL VESSEL OR USING THE
VESSEL FOR COMMERCIAL PURPOSES MAY
VIOLATE FEDERAL LAW SUBJECT TO CIVIL
PENALTY (40 CFR 1042.601)”

Fuel inlet label

In accordance with the EPA emission control
regulations 40CFR1042.135, it is a requirement to
attach a fuel inlet label near the fuel inlet of the
boat.

The EPA Tier 3 (40CFR1042) certified models are
attached with the labels (Figure 3-2). If they are
lost or damaged, please contact your Yanmar
dealer or distributor.

[EPAREGULATION

ULTRALOW SULFUR
DIESEL FUEL ONLY

128790-07750

Figure 3-2

Note: Itis also described “ULTRA LOW SULFUR
DIESEL FUEL ONLY” on the EMISSION
CONTROL INFORMATION label attached
on the EPA Tier 3 (40 CFR 1042) certified
engine.
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EMISSION-RELATED INSTALLATION INSTRUCTIONS

Installation of exhaust system

Installation method of the exhaust system is
described in this installation manual (Volume 1).
See Exhaust System on page 7-94.

Measuring Exhaust Gas Emission

Measuring exhaust gas emission method is
described in this installation manual (Volume 1).
See Measuring Exhaust Gas Emission on

page 7-102.
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ENGINE SELECTION GUIDE

MAIN CONSIDERATIONS

Selecting the ideal propulsion system for a vessel
is a process that requires special analysis. Boat
manufacturers generally specify a range of
propulsion requirements for specific vessels.
Selecting a propulsion system within the
manufacturer’'s parameters involves meeting
specific manufacturer’s requirements while
addressing the desired performance characteristics
of those individuals who use the vessel.

Overview

One user’s performance requirements for a
particular vessel might differ from those of another
user's expectations for a vessel of the same
dimensions. Because of the differences in
requirements by the users, re-power projects do
not automatically imply replacing an existing
engine, marine gear and propeller with similar
equipment. Each project (re-power or original
equipment) is unique.

Operating range and economy are often the first
items explored. These factors are used to
determine the initial investment costs and an
acceptable operating budget.

After identifying the desired operating range,
available initial costs and fuel economy
requirements, the primary considerations are
vessel purpose, hull design, hull size and weight,
and desired performance characteristics.
Understanding these factors is necessary when
selecting the propulsion system.

Vessels larger than approximately 6.7 m (22 ft)
might be powered with a twin-screw configuration.
Twin-screw applications have advantages and
disadvantages, as do single-screw applications.
Consideration must be given to these advantages
and disadvantages as part of the engine selection
process.

Speed and acceleration performance
characteristics are driven by the user's needs in
that area. Ski boats, for example, might require
favorable acceleration curves, while cruising boats
might best be served with the best fuel efficiency.
Power output requirements are driven by the
vessel's mass and need for speed.

Specifying the marine gear and propeller requires
attention to the desired performance
characteristics.

Re-Power Projects

Manufacturers generally specify propulsion
equipment in terms of minimum and maximum
weight and horsepower. These parameters often
represent a wide range of possibilities. Because a
vessel's purpose might change, re-power projects
can involve increasing or decreasing engine
horsepower.

Range

Range is a function of drivetrain efficiency and fuel
capacity. It can be defined as the distance the
vessel can be expected to travel with the maximum
amount of fuel available on board. Generally, the
larger the fuel tank capacity, the greater the range.

Economy

Fuel economy is a function of engine efficiency. It
can be defined as the cost of exhausting the
vessel's fuel capacity and full range.

The most efficient engines move a vessel further
on a unit of fuel than less efficient engines. Slower
vessels are generally more economical to operate.

Vessel Purpose

The purpose for which a vessel is used must be
determined as part of the selection process. This
three-volume manual addresses pleasure vessel
applications.

YANMAH Marine Installation Manual - Volume 1



ENGINE SELECTION GUIDE

Bl Pleasure vessels

NOTICE

All information within this manual is relevant only to
pleasure vessel applications.

Pleasure vessels range in size from runabouts as
small as 5 m (16.5 ft) to larger crafts in excess of 15
m (50 ft). Because these vessels are classified as
pleasure craft, they generally are burdened with
relatively light workloads. Pleasure craft either have
short-duty cycles, small power requirements or
both of these elements.

Pleasure vessel engines are designed for pleasure
vessel applications. These engines are designed to
be operated at: maximum throttle for less than 5 %
of its total operation time (30 minutes out of every
10 hours). Pleasure vessel engines should be
operated at a cruising speed of (maximum min-1
(rpm) minus 200 - 400 min-1 (rpm)).

Pleasure vessels require a variety of different
propulsion systems, depending on the operating
environment and performance needs. Ski boats,
fishing boats, cabin cruisers and sailboats might be
operated in lakes, rivers or oceans. Like their work
vessel counterparts, pleasure vessels may be
operated in a variety of sea conditions.

For addition information, refer to the Yanmar
Marine warranty “Limited warranty handbook” for
recreational and light duty commercial applications.

B Definition of a light duty commercial
application

NOTICE

All information within this manual is relevant only to
pleasure vessel applications.

Work vessels range in size from fishing charter
boats as small as 5 m (16.5 ft) to large fishing
trawlers larger than 15 m (50 ft). Because these
vessels are classified as work vessels, they
generally are burdened with heavy workloads.
Work vessels either have long-duty cycles,
high-power requirements or both of these
elements.

Any engine used in a revenue producing,
government service or rental use is considered a
non-recreational craft application and is not
covered by the Yanmar recreational limited
warranty policy. Rental use is defined as a vessel
used for pleasure charter, typically sailboats,
sailing catamarans, power catamarans and
trawlers. For an engine to be considered for a light
duty commercial application it must fall within the
following guidelines:

* Engine is operated at maximum output for less
than 5 % of total operation hours.

» Standard operation is at less than 90 % of the
maximum output RPM.

» Wide open throttle RPM’s, under load, must
reach rated speed in any operating condition.

» | oad factor must not exceed 35 %.

* Annual operation hours must not exceed 1000
hours.

* An approved application must be on file with the
Yanmar regional headquarters before any
commitments are made and before the project
begins.

For addition information, refer to the Yanmar
Marine warranty “Limited warranty handbook” for
recreational and light duty commercial applications.

Work vessels require vastly different propulsion
systems, depending on the type of commercial or
government activity for which the watercraft is
used. Water taxis, rescue vessels, tow boats and
others might be operated in lakes, rivers or oceans.

Attention must be given to sea conditions (rough,
oceanic vs. calm, inland waterways).
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ENGINE SELECTION GUIDE

Hull Types

Watercraft are generally built in one of three basic
design categories:

* Planing
» Displacement
* Semi-displacement

Each hull type exhibits performance characteristics
with distinctive properties, each different from the
others.

H Planing hulls

Planing hulls are driven up on top of the water
rather than being driven through the water
(Figure 4-1).

Koo00ss7

Figure 4-1

They are relatively fast hulls and typically have flat
bottoms near the stern. These hulls are typically
less seaworthy in high seas than displacement or
semi-displacement hulls. When equipped with high
power, high rpm propulsion systems, planing hulls
offer extremely high speed capabilities.

B Displacement hulls

Displacement hulls are driven through the water,
rather than being pushed up on top of the water
(Figure 4-2).

Figure 4-2

They are relatively slow hulls but can
accommodate highly powerful propulsion systems
and have useful cargo and towing capacity,
compared to planing designs. The approximate
maximum hull speed is defined as:

(1.34)3/LWL = V
Where:

LWIL = Vessel length in feet (at waterline)
V =Maximum hull speed in knots

While additional horsepower can help maintain hull
speed in adverse weather conditions, it cannot
improve the maximum hull speed of displacement
hulls. These hulls are typically very stable in high
seas. When equipped with high power propulsion
systems, displacement hulls offer favorable towing
ability.
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B Semi-displacement

Semi-displacement hull designs represent a
compromise between planing and displacement
hull designs (Figure 4-3).

Figure 4-3

These hulls are slightly faster than displacement
designs but more stable than planing hulls. While
additional horsepower can help maintain hull speed
in adverse weather conditions, it cannot improve
the maximum hull speed of semi-displacement
hulls. This hull design offers favorable cargo and
towing capacity compared to planing designs.

Hull Displacement

Hull displacement is defined as the weight of water
displaced by the total mass of a vessel. The greater
the vessel hull displacement, the greater the
horsepower required to move the vessel.

Displacement and semi-displacement hulls are
most often driven by inboard engines. The engine
power, marine gear, propeller and the number of
engines are all a function of the hull displacement
and the total power requirements.

Total maximum hull displacement is the sum total
of all material and personnel mass onboard:

Vessel displacement (empty weight)

* Engine

Marine gear

Ancillary equipment

Cargo and provisions

Fuel storage

» Passengers

When determining the horsepower requirements,
consider the total hull displacement of the vessel.
Determining the horsepower required to achieve
maximum hull speed, given a specific hull
displacement, involves calculating the
speed-to-length ratio (SL). The horsepower
requirement is typically calculated by the vessel
manufacturer. The power and weight of the
re-power propulsion system should not exceed the
specification of the original design without
consulting a naval architect.

B Performance characteristics

Desired speed and acceleration are the
determining factors when selecting the engine,
marine gear and the propeller. Refer to General on
page 6-3 in Propeller Selection.

Twin-Screw Applications

Most pleasure craft of modest dimensions and
displacement or semi-displacement hull design, are
candidates for single-screw applications. Larger
vessels and fast planing vessels might best serve
their users with twin-screw applications. The
following table illustrates the advantages and
disadvantages of twin-screw and single-screw
applications.

Twin-screw
applications

Single-screw
applications

Advantages

Greater
maneuverability
Greater speed
and power
Safety after one
engine loss

Greater fuel
economy
Greater range

Disadvantages

Greater fuel
consumption
Shorter range

Less
maneuverable
Slowerandless
powerful

No redundancy
for engine loss
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Marine Gear

Selection of a marine gear requires consideration
of torque limits, rpm requirements and propeller
selection. Horsepower loss inside the transmission
is assumed to be 3 % (shaft hp - hp x 0.97). Some
Yanmar Marine engines are equipped with marine
gears and drives. Others can be matched with that
equipment separately. In any case, the selection of
this equipment is dependent upon gear reduction
requirements, rpm and the propeller. For more
details on propeller requirements, refer to Propeller
Selection on page 6-1.

Inboard marine gears are installed in three different
drive configurations:

* Parallel (Figure 4-4)
* Angle (Figure 4-5)
* V-drive (Figure 4-6)

Also within these configurations are mechanical
and hydraulic clutch, mechanical or electric shift,
and trolling.

Note: Some mechanical gears need power
capacity corrections when used with two or
three cylinder engines.

B Parallel drive

The output shaft of the marine gear is parallel to the
crankshaft (Figure 4-4). The engine is installed at
an angle. This configuration offers the greatest
engine efficiency but might not provide the best
possible hull efficiency.

Figure 4-4

B Angle drive

This configuration is sometimes called the
down-angle drive system. The output shaft of the
marine gear is inclined at 7 to 10° to the crankshaft
(Figure 4-5). The gentle inclination of the
engine/marine gear package reduces space
requirements in the engine room.

o e

K0o000854

Figure 4-5

B V-drive

In this configuration, the output shaft of the marine
gear forms a V-shape with the input shaft. The
propeller shaft leads aft compared with propeller
angle drive and the engine is installed with the
driveshaft facing forward (Figure 4-6). The
advantage of this type of marine gear is that a stern
engine installation leaves more room for living
space.

Refer to section 4 for more information on drives
and gears.

= —

i

K0O000855

Figure 4-6
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Power Rating Standard

The output of Yanmar's main propulsion engines
for pleasure boat use is rated according to the
Yanmar Industrial Standard (YIS).

The output testing conditions of the YIS are as
follows:

B Standard atmospheric condition
(ambient condition)

Unit YIS
Atmospheric pressure kPa (mmHg) 100 (750)
Temperature °K (°C) 298 (25)
Relative humidity % 30
Inlet seawater temperature °K (°C) 303 (30)

B Diesel fuel, Japanese Industrial Standard
(JIS), K2204 No. 2
Note: For biodiesel information, refer to the latest

service advisories or contact a Yanmar
distributor.

Flash point Above 50 °C (122 °F)

Distillation temperature (90 point) 350 °C (662 °F)

maximum
Flow point Below _70'5 °C

(18.5 °F)
Carbon residue on 10 % residuum Mass below 0.10 %
Cetane number Above 45

Kinematic viscosity 30 °C 2.5 ¢St minimum

Sulfur content Below 0.05 %

B Equipment attached to the engine when
testing output

In the YIS, the engine output is measured with the
following equipment installed. There is no need to
consider any loss of output due to these engine
attachments.

* Fuel feed pump

» Cooling water pump

* Alternator

* Intake air silencer

B Output indication

Shown in KW and hp metric.

Yanmar conversion: 0.7355 kW = 1 hp metric

B Rated output

Continuous rating output: The maximum output
that the engine can produce continuously at a fixed
engine speed under the standard atmospheric
condition. Refer to Engine Specifications in vol. 2
and 3.

Maximum rating output: This value is determined
by using international standards and is listed in
each Engine Specification Chart of vol. 2 and 3.
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Adjusting Output (De-Rating)

The engine output rating for Yanmar pleasure boat
series engines is specified at the following standard
atmospheric conditions:

Atmospheric pressure (P,): 100 kPa (750 mmHg)
Ambient temperature (T,): 298 °K (25 °C)
Relative humidity (®,): 30 %

If the operating conditions are different from the
standard atmospheric conditions, use the following
formulas to adjust the engine output.

Formula 1: Formula for adjusting output (P)

P = kP

]

P : Adjusted output kW
(Output under standard
atmospheric conditions)

Po: Actually measured output kW
k: Coefficient of adjustment

Formula 2: Calculating the coefficient of adjustment

(k)

f
k=(f)"

k: Coefficient of adjustment
fy: Coefficient of atmospheric environment
fm 1 Coefficient of adjustment for air-fuel ratio

Formula 3: Calculating the coefficient of
atmospheric environment (f,)

The coefficient of atmospheric environment (f,)
varies with conditions (atmospheric pressure,
ambient temperature and relative humidity) of the
air taken in by the engine.

» Natural aspirated engine

- (s

» Turbocharged engine

= (o) (1)

X r

fy: Coefficient of atmospheric
environment
P,: Standard atmospheric kPa
pressure (mmHg)
@, : Relative humidity under
standard atmospheric
condition
Psr: Saturated vapor pressure kPa
under standard (mmHg)
atmospheric condition
Py : Atmospheric pressure in  kPa
operating environment (mmHg)
@, : Relative humidity in %
operating environment
Psy: Saturated vapor pressure kPa

in operating environment (mmHgQ)
Ty: Intake air temperature in  °K (°C)
operating environment
T,: Intake air temperature °K (°C)

under standard
atmospheric condition

YANMAH Marine Installation Manual - Volume 1



ENGINE SELECTION GUIDE

Saturated vapor pressure in relation to
atmospheric temperature chart

Formula 4: Calculating the coefficient of adjustment
for air-fuel ratio (f,,)

Ambient temperature Saturated vapor pressure Note: Air-fuel ratio is the mass ratio of air and fuel
°K °C °F kPa | mmHg | in.Hg supplied fo the engine cylinder.
293 20 68 2337 | 17.53 | 0.6902
295 22 72 2642 | 19.82 | 0.7803 fm = 0.036q,-1.14
297 24 75 2983 | 2238 | 0.8811 q
298 25 77 3.172 | 23.80 | 0.9370 9% = T
299 26 79 3360 | 2521 | 0.9925 .
300 57 81 3560 | 2674 | 1.0528 ro: Batlo of turbocharger outlet pressure to
inlet pressure
301 28 82 3779 | 2835 | 1.1161 : :
» Naturally aspirated engine: 1
303 30 86 | 4243 | 3183 | 12531 « Turbocharged engine: 1.2 - 2.0 (varies
305 32 90 4755 | 35.67 | 1.4043 according to revolution speed and
307 34 93 5319 | 39.90 | 1.5709 output)
309 36 97 5941 | 4457 | 1.7547 : :
qc : Air-fuel ratio (mg/L-cycle)
311 38 100 6.625 | 49.70 | 1.9567 . :
33 70 o2 —77 5532 (23787 q : Fuel supply quantity per cycle for engine
' ' ' displacement volume of one liter
315 42 108 8201 | 61.52 | 2.4220 (mg/L-cycle)
317 44 111 9.103 | 68.29 | 2.6886
319 46 115 | 10.088 | 75.68 | 2.9795
321 48 118 11.164 | 83.75 | 3.2972 _ Specific fuel consumption x Output (kW) x 1000
323 50 122 | 12338 | 9256 | 3.6441 60  ENgine speed  ny; o010 cement
2
Specific fuel consumption: g/kW
Displacement: liter
Note: The coefficient of air-fuel ratio (f,,) is 0.3
when the air-fuel ratio (q;) is less than
40 mg/L-cycle, and constant at 1.2 if the
air-fuel ratio (f,,) exceeds 65 mg/L-cycle
(Figure 4-7).
£
5512
&%
5w
E“?OG T
= 5 : L i L L L s '
O 10 20 30 40 50 60g570 80 mgli-cycle
Air-fuel ratio(gc) 051215-00ENGO
Figure 4-7
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Calculating Engine Output
Adjustment
The 6LY-STE engine is used for this example.

Under standard atmospheric conditions the engine
has the following characteristics:

Maximum output (at 3300 min-1): 257.4 kW
Specific fuel consumption (at 3300 min-1):
252 g/kW-h

The following values are from the standard
atmospheric conditions presented in theSaturated
vapor pressure in relation to atmospheric
temperature chart on page 4-10 and will be used in
this example.

Atmospheric pressure (P,): 100 kPa (750 mmHg)
Intake air temperature (T,): 298 °K (25 °C)
Relative humidity (®,): 30 % = 0.3

Saturated vapor pressure (Pg,): 3.172 kPa
(23.80 mmHg)

In this exercise we need to calculate the maximum
output for the 6LY-STE under these operating
atmospheric conditions:

Atmospheric pressure (Py): 96 kPa (720 mmHg)
Intake air temperature (T,): 323 °K (50 °C)
Relative humidity (®,): 60 % = 0.6

Saturated vapor pressure (Pgy): 12.338 kPa
(92.56 mmHg)

Calculation of engine output adjustment:

In Formula 1 we substitute 257.4 kW for “P”.
Note that we need to determine the value of “k”.

P=kP,=P, = 2—5Z-4

To determine the value of “k” we will use Formula 2
and 3. Recall that Formula 2 is:

f
k=(f)"

In Formula 3, we will substitute the values for

standard atmospheric conditions and operating

atmospheric conditions presented in the
assumptions.

v e (@)

(100_0.3 X 3.172)0-7 y (9@)1-5

fa= 36 —0.6 x 12.338 208

a

= 1.218

Recall that Formula 4 is:

fm = 0.036q,-1.14

For turbocharged engine:

2~2.0
a9
1.8

r=1

Qe =

_ Specitic fuel consumption x Output (kW) x 1000

q :
60« w x Displacement
_ 252 x32350764 x 1000 _ 456 39mg/L-cycle
60 x =5= x5.184
q, = 1216§9= 70.22

Substituting value for q; back into Formula 4:

f,, = 0.036 x 70.22-1.14 = 1.39

Substituting f, and f,, back into Formula 2:

k = fa™
= 1.218"%
k =1.32
Substituting value “k” back into Formula 1:
P
P, = "
_ 2574
1.32
P, = 195kW
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Altitude Correction for Atmospheric
Pressure (P,)

Formula:
= P,(1-0.00002257h)

I:)X

Py: Atmospheric pressure at kPa (mmHg)
altitude, h (m)

P,: Standard atmospheric 100 kPa

pressure at O (zero (750 mmHg)
meters above seal level)
h: Altitude m

Calculation of Altitude Correction for
Atmospheric Temperature (T,)
Formula:

T, =T, —(1-0.0065h)

Ty : Atmospheric temperature GC°
at altitude, h

T,: Standard atmospheric 25 °C
temperature at 0 (zero
meters above sea level)

h: Altitude m

4-12
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Relationship Between Atmospheric Pressure and Temperature

Atmospheric

Atmospheric

Atmospheric

Atmospheric

Altitude Altitude

(m) pressure tengpetature (m) pressure ten:petature

kPa (mmHg) K (°C) kPa (mmHg) K (°C)

0 100.0 (750) 298.0 (25.0) 1400 84.5 (634) 288.9 (15.9)
100 98.8 (741) 297.4 (24.4) 1600 82.5 (619) 287.6 (14.6)
200 97.7 (732) 296.7 (23.7) 1800 80.5 (604) 286.3 (13.3)
400 95.4 (716) 295.4 (22.4) 2000 78.5 (589) 285.0 (12.0)
600 93.1 ) 294.1 (21.1) 2500 73.7 (553) 281.8 (8.8)
800 90.9 (682) 292.8 (19.8) 3000 69.3 (520) 2785 (5.5)
1000 88.7 (665) 291.5 (18.5) 3500 65.0 (488) 275.3 (2.3)
1200 86.6 (650) 290.2 (17.2) 4000 60.9 (457) 272.0 (-1)

Obtaining Relative Humidity by Dry and Wet Bulb Hydrometer

Note: Relative humidity is obtained from the following table when the wet bulb is not frozen.

Dry bulb Difference between dry bulb and wet bulb K-K’ (t-t")
K () 273.0 273.5 2740 2745 275.0 2755 276.0 276.5 277.0 277.5 278.0
(0.0) (0.5) (1.0) (1.5) (2.0) (2.5) (3.0) (3.5) (4.0) (4.5) (5.0)

313 (40) 100 97 94 91 88 85 82 79 76 73 71
308 (35) 100 97 93 90 87 83 80 77 74 71 68
303 (30) 100 96 92 89 85 82 78 75 72 68 65
298 (25) 100 96 92 88 84 80 76 72 68 65 61
293 (20) 100 95 91 86 81 77 73 68 64 60 56
288 (15) 100 95 89 84 78 73 68 63 58 53 48
283 (10) 100 93 87 81 74 68 62 56 50 44 38
278 (5) 100 92 84 76 68 60 53 46 38 31 24
273 (0) 100 90 80 70 60 50 40 31 21 12

268 (-5) 100 87 74 61 48 35 22 9
263 (-10) 100 82 64 47 29 12

Dry bulb Difference between dry bulb and wet bulb K-K’ (t-t")

K () 2785 279.0 2795 280.0 280.5 281.0 281.5 282.0 2825 283.0
(5.5) (6.0) (6.5) (7.0) (7.5) (8.0) (8.5) (9.0) (9.5) (10.0)

313 (40) 68 66 63 61 58 56 53 51 49 47

308 (35) 65 63 60 57 55 52 49 47 44 42

303 (30) 62 59 56 53 50 47 44 41 39 36

289 (25) 57 54 51 47 44 41 38 34 31 28

293 (20) 52 48 44 40 36 32 29 25 21 18

288 (15) 44 39 34 30 25 21 16 12 8 4

283 (10) 32 27 21 16 10 5

278 (5) 16 9 2

273 (0)

268 (-5)

263 (-10)
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Air Volume Necessary for Engine
Combustion

The minimum theoretical air volume necessary for
the complete combustion of one kilogram of fuel is
about 14.6 kg ~ 12.5 m3. In practice more air is
needed. The ratio of auxiliary air volume to the
theoretical minimum is called the excess air ratio.

In diesel engines, the excess air ratio is 1.5 - 2.0 at
full load, i.e., the air volume needed is 1.5 - 2.0
times more than the theoretical minimum air
volume.

The simple calculation to obtain the required air
volume from the engine’s total displacement is as
follows.

Formula of required air volume:

Q = Kt><VS><N><C><1O_3

Q4 : Required intake air volume m3/min.

Ki: Volumetric efficiency
» Naturally aspirated engine  0.85-0.9

* Turbocharged engine 13
Vg : Engine displacement L
N: Engine speed min-1
C: Constant, 4-cycle engine 1/2

Example: Engine model 4JH4-TE
» Type: 4-cycle, vertical water-cooled diesel engine

» Aspiration: Turbocharged with intercooler
* Displacement: 1.995 L
* Maximum rating output: 55.2 kW (75 hp)/3200

min-1

1.3 x 1.995 x 3200 x 0.5
1000

4.15 m3/min

4-14
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ENGINE AND DRIVE
CONFIGURATIONS

Engine alignment and mounting is a critical
operation that requires a high level of accuracy and
attention to detail. Engines need to be aligned and
matched properly with shafts and marine gears
while maintaining the appropriate positional
relationship between the propeller and the vessel.
The entire propulsion system (engine, shafts,
marine gear and propeller) must engage the water
in the most efficient way possible, answering the
operator’'s performance requirements. For large
vessels driven by high-power propulsion systems,
a qualified naval architect must verify the
application’s structural integrity.

Each engine has inclination angle limits. Exceeding
these limits causes engine cooling or lubrication
problems. Refer to the engine specifications for
appropriate data.

Engine and propeller selection are critical to
successful installation and mounting. Engine
selection precedes propeller selection. Refer to the
Propeller Selection and Engine Selection Guide
sections for more information.

Inboard Applications for
Displacement and
Semi-Displacement Hulls

H Trim tabs

Since inboard propulsion systems have propellers
that are generally fixed, trim adjustments are not
possible on such systems. Separate trim systems
can be installed. A hydraulically controlled trim
system contributes to vessel stability while
underway (Figure 5-1).

Figure 5-1

Adjusting the trim tabs brings the vessel to level
roll, compensating for changes in weight
distribution as passengers move about the deck or
cabin.

Marine Gear Systems

The marine gear is installed to transfer and control
power from the crankshaft to the propeller
driveshaft. Through a system of gears and
reducers, engine power can be transferred to one
of three positions:

« FORWARD
o AFT
« NEUTRAL

B Type of marine gear

The basic types of marine gear are the mechanical
and the hydraulic mechanisms. These are operated
by the remote control handle.

Mechanical

Mechanical gear systems are usually used with
pleasure craft engines under 100 hp. More force is
needed to shift gears when using the mechanical
gear.

Hydraulic

The hydraulic gear is usually used for boats with
high output engines, especially powerboats.
Hydraulic gear systems make shifting easier and
are often used for dual station control systems.

Engine Configurations

Inboard or sterndrive engine configurations are
installed in single- or multi-screw arrangements.

B Single-screw configuration

The most basic configuration is the simple single
engine application (Figure 5-2).

-

Figure 5-2
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The ideal installation is one in which the propeller
shaft is aligned with the vessel’s center line. In
small vessels, when right-hand propeller rotation is
used, the helm is best situated on the starboard
side. Propeller force tends to torque the vessel,
sinking the port side of the vessel lower in the
water. The helmsman’s weight tends to counter
that force. When left-hand propeller rotation is
used, the helm is best situated on the port side.

B Twin-screw configuration

Two-screw applications allow for greater power and
maneuverability than single-screw applications.
The power of both engines contribute to added
thrust (Figure 5-3). In congested harbors, marine
gears can be shifted counter to one another. For
example, if the port gear is shifted forward and
starboard gear is shifted aft, the vessel can come to
port far more sharply then a single-screw vessel.

Since the port propeller rotates counter to the
starboard propeller, the propeller wash is equal on
both sides with no measurable tracking.

I

@

Figure 5-3

The ideal installation is one in which the propeller
shafts are aligned with equal distance to the center
line, maintaining perfect symmetry.

B Triple-screw configuration

Three-engine applications allow for greater power

and maneuverability than two-engine applications.

The power of all engines contribute to added thrust
(Figure 5-4).

i

i

Figure 5-4

The ideal installation is one in which the port and
starboard propeller shafts are aligned with equal
distance to the center line. The center engine is
aligned with the center line, maintaining perfect
symmetry between all propellers.

Staggered triple-screw

Staggered triple-screw applications allow for closer
propeller shaft positions than traditional
side-by-side systems. With the propeller shafts
closer together, a more stable cruise is achieved,
especially at top speed (Figure 5-5). Some power
losses are associated with longer shafts and
additional hardware.

The center propeller rotation is best when it rotates
counter to the helm position.

Figure 5-5

Stern Drive Applications for Planing
Hulls

Engines matched with sterndrives are nearly
always level-mounted with no forward-to-aft
inclination when the vessel is at rest in the water.
Multi-engine sterndrive applications are installed in
standard or staggered configurations. The same
principles of geometric symmetry and weight
distribution that apply to inboard installations also
apply to sterndrive applications.
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ENGINE ROOM PREPARATION

A DANGER

Crush Hazard

Never stand under a hoisted engine. If the hoist
mechanism fails, the engine will fall causing
serious injury or death.

Exhaust Hazards

* Never operate the engine in an enclosed area,
such as a garage, tunnel, underground room,
manhole or ship’s hold, without proper
ventilation.

* Never block windows, vents or other means of
ventilation if the engine is operating in an
enclosed area. All internal combustion
engines create carbon monoxide gas during
operation. Accumulation of this gas within an
enclosure could cause illness or even death.

* Make sure that all connections are tightened
to specifications after repair is made to the
exhaust system.

Fire and Explosion Hazard

The starter motor, alternator and other
electrical components are not classified as
“ignition protected” components. Be sure to
use caution to prevent accidental ignition
within the engine room.

The single most important area in the engine room
is the space occupied by the engine. It is the
engine position that is established first. All other
equipment must be arranged around the engine in
its ideal position. The angular position of the engine
relative to the vessel is critical to overall
performance.

Plan and install critical engine and support
equipment before the actual engine installation.
Special devices and fittings for the engine are often
best installed before securing the engine onto the
mounting system. The seacock cover location and
related hull drilling are best addressed at this point
in the process.

Preparing the engine room for engine installation is
an exercise in space planning. The main
considerations are:

» Seawater pickup and cooling water requirements

* Engine angular position relative to the vessel
(yaw, roll and pitch)

» Propeller shaft surface depth relative to the
waterline

* Space requirements for engine systems in the
engine room

» Serviceability (service space around the engine)
* Symmetry and weight distribution (affects roll)

* Engine room ventilation and combustion air
requirements.
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Hull at Rest in Water

NOTICE

Make sure the engine is installed on a level
surface. If a Yanmar Marine engine is installed at
an angle that exceeds the specifications stated in
the Yanmar Marine Installation Manuals, the
engine lubrication system and cooling system may
fail causing serious engine damage. This applies to
engines that run continuously and those that run for
short periods of time.

The propeller shaft angle varies depending upon
the hull shape and the engine installation
arrangement.

The maximum allowable engine angle is up to 20°.

The maximum permissible engine angle is
measured between the crankshaft center line and
the waterline. The peak angle is the maximum
engine angle that continues for under ten seconds
during pitching (B & A) or rolling (o) (4, Figure 5-6).
These angles differ depending upon the engine
model. The propeller shaft angle (1 and 2,

Figure 5-6) relative to the waterline (3, Figure 5-6)
influences the engine inclination.

famm

2 /3

ZASY:
Nl
§
)
<o W

4 052830-00X00C
Figure 5-6
Installation Constant Peak
o (left/right) 0° 0° to 20° 0° to 30°
B/% (up/down) 0°to 8° -2° to 20° -10° to 25°

Engine inclination angles that exceed the engine’s
allowable limits can cause engine seizure,
overheating or decreased propulsion efficiency due
to hampered cooling and lubrication capacity.

Yaw Angle

Consider the propulsion system symmetry relative
to the vessel’s center line before engine installation
and mounting. In both single-screw and multi-screw
applications, driveshaft yaw angle relative to the
center line must be held to a minimum.

The center line (1, Figure 5-7) is defined as a
theoretical line constructed parallel to the sea
surface (3, Figure 5-7) from the forward-most
portion of the bow to a point on a vertical line
constructed at the aft-most portion of the stern (2,
Figure 5-7). The center line is aligned with the
vessel's true course line (ignoring current and wind
influence) when underway.

KCGGO01560A

Figure 5-7

Driveshaft yaw angle is defined as the angle
between two theoretical planes:

* Propeller shaft plane - A theoretical plane
constructed perpendicular to the sea surface and
parallel to the propeller shaft.

» Vessel center plane - A plane constructed
perpendicular to the sea surface and parallel to
the center line.

In a theoretically perfect single-screw installation,
these two planes are one in the same. In practice, a
margin of error is present for which correction is
required (Figure 5-8).
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Figure 5-8

The stringers might not be parallel to the center
line. They might not be level with the sea surface. If
the stringer system is asymmetrical, alteration to
the stringer system is needed. The angle between
the stringer edge and a line constructed that is
parallel to and adjacent to one end of that stringer,
represents the stringer yaw angle.

Measuring Stringer Symmetry

1. Locate a point at the center line on the aft-most
portion of the vessel.

2. Locate a point on the center line at least 5 cm
(2.0 in.) forward of the forward-most portion of
the stringers (1, Figure 5-9).

KO001E561R

Figure 5-9

3. String a reference line between these two
points.

4. Measure the distance between the center
stringers to the aft center on both the port and
starboard (1 and 2, Figure 5-10) sides.

/1
3/ 2 3 —— |2
3 4 1 2 3 4 1 2
Figure 5-10

5. Measure the distance between the center

stringers to the forward center on both the port
and starboard (3 and 4, Figure 5-10) sides.

If measurements from the port stringer to the
center line are equal to the measurements from
the starboard stringer to the center ling, the
stringers are properly centered. If not, modify as
needed.

Identify the mounting hole locations for each
stringer set based on installation drawings or
templates.

Measure the cross-dimensions between the
stringers in each stringer set (3, Figure 5-11).
These measurements should be equal. If not,
modify the stringer system as needed.

2
1—> e ] 4—1
g o )I

3
3\7
RX: ° d |
1— |- I N
2
Figure 5-11
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8. Measure the stringer length mounting hole
dimensions center-to-center for each stringer
set (2, Figure 5-11). These measurements
should be equal. If not, modify the stringer
system as needed.
9. Measure the individual mounting hole
dimensions center-to-center for each stringer
set (1, Figure 5-11). These measurements
should be equal. If not, modify the stringer )
system as needed.
10. String a reference line (2, Figure 5-12) Figure 5-13
between points as shown (1 and 3,
Figure 5-12). \ —
| 2
© i)
1 |
e © e ©
N
© N 1
S | S ‘—“_\
2 3 | /
\ 4 [ 1
\ (o) ‘ )
3 -3 -] o o 1 |
KOOU1564A |
Figure 5-12 § § § § \g \§
N
11. Measure the angle between the line and the J; S 5 -
stringer. _
1 — Straightedge
12. A measure of 90° (4, Figure 5-12) indicates 2 _ﬁ":ir‘?ert board check
. . . — Fort-to-starboard chec
symmetry in the stringer system. Modify as 4 — Acceptable mounting
needed. ;
5 —Unacceptable mounting
13. Use a straightedge to ensure that the engine .
bed or stringer system is even, both Figure 5-14
forward-to-aft and port-to-starboard (1, Note: The purpose of this exercise is to assure a
Figure 5-13). Levels can be used if the vessel firm platform for mounting the engine
is moved, bringing the mounting system to a mounts (rubber isolators) on a parallel plane
level position. The engine mounting hardware to the engine center line.
receives uneven stress if the engine mounting
surfaces are uneven. This can loosen the
mounting hardware during engine operation
(Figure 5-14).
5-8 Marine Installation Manual - Volume 1 VANMAR
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Propeller Shaft Centering

The following steps represent the traditional
process by which the propeller shaft is properly
centered and aligned. Drilling for shaft clearances
is critical. Jigs can be designed for this purpose but
the geometry is critical and must be verified before
using such a jig.

Note: There are many other procedures in use
today including laser beam technology.

1. Determine the forward-to-aft positions “0” and
“y” of the propeller shaft center line as shown
(Figure 5-15).

2. Drill a pilot hole smaller than the stern tube
diameter(1, Figure 5-16), (7, Figure 5-17).

Figure 5-15

Apply the following formula when determining the
forward-to-aft positions:

o
h
X=0+Yy

sin o =

Where:
sina = Propeller shaft angle
o = Side opposite length
h = Hypotenuse length
y = Propeller height

X = Forward engine height

KO000323A

Figure 5-17

3. Pass a centering line (4, Figure 5-17) through
the pilot hole (3, Figure 5-17) and fasten one
end to the steering post (1, Figure 5-17) and
the other end to the forward engine room
bulkhead. Observe the positional relationship
between the stringer system (5, Figure 5-17)
and the centering line. Measurements must
indicate symmetry. If not, modify as needed.

4. Measure the shaft angle between the hull floor
and the centering line (6, Figure 5-17) and
ensure that the angle is consistent with the
specification.

5. Ensure that the propeller dimensions are
compatible with the space between the steering
post (1, Figure 5-17) and shaft penetration
point (2, Figure 5-17).
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6. Construct a parallel cross-frame jig and attach it

to the aft bulkhead (Figure 5-18). 1 \ 2
“\? 3 4
1 ( /
f%ﬁ/ 5
3 > >/ G'\ I l r

8 3
3 / \ 6 4 KC0000224A

1 —Rudder
2 2 —Steering post
3 —Centering line
4 —Jig
5 —Transom
6 — Stringer system
7 —Hull floor
8 —Shaft drilling

Figure 5-19

K0000325A

Final Drilling and Stern Tube
Installation

1. Observe the centering line. This is the

Figure 5-18

7. Insert plate “A”, (5, Figure 5-18) which carries
the centering line. Plate A should be moveable

in all directions so that the line position can be reference for the final drilling (1, Figure 5-20).
corrected.

8. Fasten the line as illustrated in (2, Figure 5-18) \_\ 1
for easy removal. The hole in this plate permits

pencil marking or inspection after line removal.

9. Thejig (1, Figure 5-18) allows for fine
adjustments to the center (3, Figure 5-18) line @
by moving the centering bar (4, Figure 5-18). |

10. Refer to the installation drawings to determine a
mounting arrangement on the stringer system
that is consistent with the propeller shaft angle
and engine inclination requirements. Build onto
the stringer system as needed (Figure 5-19).

L——— Kooooz26

Figure 5-20
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2. Using the centering line as a reference, scribe a
precise cutting mark on each side of the stern
box for the stern tube hole (Figure 5-21).

1 2 3
G &%

KOGGO0327A

1 —Pilot hole

2 —Squaring

3 —Temporary drill centering block
4 —Scribing mark

5 —Final hole location

Figure 5-21

3. Drill the final hole while maintaining the proper
drill angle.

H Fitting to stern tube tightening surface
There are different types of stern tubes:

» Attached to the stern port
* Attached with bolts
* Dripless shaft seal

1. When the stern tube attaches with bolts, apply
sealing agent and secure with bolts (1,
Figure 5-22).

KO000328A

Figure 5-22

Note: Shaft stern tube shown is with bearing.
Refer to accepted engineering standards
(such as ABYC) to determine if bearing
is necessary.

. Apply an appropriate sealing agent on the stern

tube exterior and press it into place.

Ensure that the stern tube is clear of sealing
agent or any other foreign material.

Note: The dripless shaft seal system requires
seawater lubrication. Refer to individual
engine sections (vol. 2 and 3) for location
of seawater supply.

Installing the Propeller Shaft

. Apply an appropriate sealing agent, insert the

propeller shaft and secure with bolts
(Figure 5-23). Avoid damaging the rubber or
metal with the threaded parts.

Koo00z22

Figure 5-23

2. Temporarily attach the propeller shaft joint to

the engine side and ensure that it rotates freely.

YANMAH Marine Installation Manual - Volume 1
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Engine Alignment Engine Mounts

1. Attach the alignment device (2, Figure 5-24) to 1. Fabricate an accurate jig based on the
the propeller shaft flange (1, Figure 5-24) and installation drawings (Figure 5-26). This jig
prepare a centering line as shown. must have indicating tabs that represent the

true shaft location relative to the center line (2,
Figure 5-26). The jig must also indicate space
for the marine gear (1, Figure 5-26).

\\\ 053668-00K00
Figure 5-24
2. Slowly turn the propeller shaft. The alignment .
device (3, Figure 5-25) rotates around the Figure 5-26
center line (2, Figure 5-25). With the center line . . .
centered in the shaft (1, Figure 5-25), the 2. Temporarily attach the engine mounts to the jig.

amount of eccentricity is indicated by observing
the end of the alignment tool relative to the
center line.

3. Place the jig on the stringer system over the
centering line (Figure 5-27).

053669-00X00

Figure 5'25 5 < 053670-00X00
3. Adjust the centering line as needed. 1 —Adjusting nuts
2 —Stringer
3 -Jig

4 —Engine mounts
5 —Propeller shaft flange
6 —Center line

Figure 5-27

Note: For alternative methods of jig construction,
refer to Figure 5-28.
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4.

Adjust the engine mounts to the approximate
position that represents the propeller shaft.
When fixing the flexible engine mount (1,
Figure 5-29) to the jig, ensure that dimension
“H” is in the center of the adjusting range.

2/
i

=

053677-00X00

Figure 5-29

When the center of the propeller shaft is
aligned, and the engine mounts are properly
positioned, clearly mark the engine mounting
hole locations.

Label the mounts “port forward,” “port aft,”
“starboard forward’ and “starboard aft’
accordingly.

Remove the jig.

Remove the flexible engine mounts from the jig.

With the mounting hole locations positively
identified and marked, drill the holes.

Precise drilling reduces stresses across the
mounts. If no jig is available, the holes can be
drilled after the engine is set on the stringers. This
method allows the engine with mounts attached to
be used as a hole-marking template. If the holes

are

drilled before the engine is installed, the hole

pattern must be accurate to within 1.5 mm (0.06in.)
on all the dimensions.

5-14
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MARINE ENGINE MOUNTS

A DANGER Setup Guidelines

* Engine bed and/or stringers must be level and
Crush Hazard J J

square with the engine installation.
Never stand under a hoisted engine. _ _
» Stringers should have tapped metal inserts or nut

inserts for fasteners.

The following information describes basic marine
engine mount installation and adjustment. For
additional information, refer to Installation vol. 2
and 3.

NOTICE

Always follow the marine mount OEM installation
and adjustment procedures, as supplied by the
OEM. Contact the marine mount OEM directly for
additional information.

* Do not screw lag bolts directly into wood or
fiberglass stringers.

Mount Styles

Typical marine mounts are shown in Figure 5-30.

Typical marine mounts

4
10 /
J@% ,' . %/ \%
1 —Pin style mount 6 —Adjustment nut
2 —Cushioned snubber style mount 7 —Jam nut
3 —Concealed cushioned snubber style mount 8 —Top nut
4 —Type 1 mount 9 —Leveling stud
5 —Snubber gaps 10 - Engine mounting flange (typical)
Figure 5-30
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Installation Guidelines

NOTICE

Always follow the marine mount OEM installation
and adjustment procedures, as supplied by the
OEM. Contact the marine mount OEM directly for
additional information.

1 —Correct installation

Mounts must be installed parallel to the engine
support bracket or engine feet (Figure 5-31).

Mounts must be installed perpendicular to the
engine support bracket or engine feet
(Figure 5-31).

KOOOD6261

2 —Incorrect installation

Figure 5-31

* The engine bed or stringers must be parallel to
the engine feet. Correct un-level stringers or use
shims under the isolators. Shims should only be
made of non-compressible material, such as
aluminum or steel.

* When assembling the mounts to the engine
support brackets, position the nuts to allow thread
adjustment in both directions.

* |nstalled mounts should be upright and parallel to
the engine support bracket and stringer to within
4° in all directions.

* When initially lowering the engine, lower the

engine slowly and check to ensure the engine is
setting in the desired position. Once position is
verified, lightly tighten the bolts, keeping the lifting
hoist attached and some engine weight
supported.

When aligning the engine and marine drive, keep
some engine weight supported by the hoist.
Slowly lower the engine while adjusting the
mount nuts on all the mounts to the desired
position.

When adjusting the nuts, use the hoist to lift
engine weight slightly to avoid damaging the
mount threads.

5-16
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H Installation procedure (typical)

1.

Raise the engine to a working height and attach
the mounts and any other equipment as
required.

Lower the engine into place, bringing the four
mount bases to the correct position on the
stringers.

NOTICE

Never move the adjustment nuts without using a
hoist to take the pressure off the engine mount.
Damage to the stud and nut threads may result.

Insert the bolts into the stringers and tighten
finger-tight. Align the engine and marine gear
with the propeller shaft to specification and
begin to transfer the weight of the engine from
the hoist to the mounts by using the adjusting
nuts on all the mounts.

NOTICE

Never move the adjusting nuts without lift
assistance from the hoist until the engine weight
is nearly evenly distributed. Failure to support the
engine could resultin damage to the stud and nut
threads. Once the weight is evenly distributed,
the hoist can be removed.

Adjust mount load, refer to Adjustment
Guidelines on page 5-18.

Note: Adjusting the mount snubber gaps could
change the shaft flange alignment.
Check alignment and repeat the process
as needed to ensure that the isolators
are properly loaded and the engine is
aligned with the shaft. If major
adjustments are needed to achieve the
proper loading and alignment, shims or
stringer modification could be required to
center the isolator studs to the engine
support bracket. When the nuts are
tightened, ensure that the top nut is
equal to or less than 2.0 mm (0.08 in.)
from the flattened region of the stud. If
the nut is too high on the stud, shims
must be added under the mount.

Adjust the base flanges in or out as needed and
tighten the stringer flange bolts.

Tighten the lower and the upper nuts to
specification. Hold the adjusting nut and tighten
the jam nut against the adjusting nut. Hold the
flats on the stud and tighten the top nut.

Top nut

14 mm diameter stud 140 N-m (105 ft-Ib)

16 mm diameter stud 210 N-m (155 ft-Ib)

20 mm diameter stud 110 N-m (80 ft-Ib)

0.75 in. diameter stud 195 N-m (144 ft-Ib)

1.0 in. diameter stud 285 N-m (210 ft-Ib)

Note: On some mounts, it is normal to refer to
the rubber portion of the mount bulge out
with adjustments (1, Figure 5-32).

KO000343A0

Figure 5-32

YANMAH Marine Installation Manual - Volume 1

517



ENGINE MOUNTING

Adjustment Guidelines

NOTICE

Always follow the marine mount OEM installation
and adjustment procedures, as supplied by the
OEM. Contact the marine mount OEM directly for
additional information.

* The mounts are fully adjustable to accommodate

engine alignment and weight distribution. Any
mounting adjustments can influence weight
distribution. Ensure uniform weight distribution

between mounts by adjusting the mounts to bring
the engine’s center of gravity as close as possible

to the center of the mounting pattern. This

equalizes the engine and marine gear weight that

each isolator mount bears. In some applications,
the forward-to-aft loads cannot be completely
equalized. The port-to-starboard load must
always be equalized.

* To apply aload to a mount, turn the adjusting nut

upward, against the engine, lifting the engine at
that corner and compressing the snubber. To

reduce the load to a mount, turn the adjusting nut

downward, away from the engine, lowering the
engine at that corner and decompressing the
snubber.

» Always re-check mount adjustment, mount nut
torque and engine to drive shaft alignment

approximately one week after installation. Mounts

will settle slightly three to five days after
installation.

* Pin mounts (1, Figure 5-30) - A pin is used as the

load indicator. Typically, pin mounts are correctly
loaded when the pin is approximately 3 mm
(0.125 in.) from the edge of the hole in the cast
housing. If the pin is touching the top of the hole,
the mount is under loaded. If the pin is at the
bottom, the mount is overloaded.

Cushioned snubber mounts (2, Figure 5-30) - A
rubber snubber, located between the cast
housing and the stringer is used as a load
indicator. Typically, the isolator is properly loaded
if the rubber snubber is not touching the housing
or the stringer, with approximately 3 mm (0.125
in.) gaps above and below the snubber. If the
snubber is touching the housing, the mount is
under loaded. If the snubber is touching the
stringer, the mount is overloaded.

Concealed snubber mounts (3, Figure 5-30) -
This type of mount is similar to the cushioned
snubber mount, however the opening to insert a
feeler gauge is restricted. A feeler gauge is
inserted through the small opening under the
base casting. Typically, if the gap is 8 mm (0.312
in.) or greater the mount is under loaded. If the
snubber is touching the stringer, the mount is
overloaded.

Type 1 snubber mounts (4, Figure 5-30) - Adjust
the mount loads until the port and starboard
forward mounts have equal snubber gaps and the
port and starboard aft mounts have equal, or near
equal, snubber gaps.

5-18
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MARINE GEAR ALIGNMENT

Before connecting the marine gear driveshaft to the

propeller shaft, ensure that the flange surface of

both parts are parallel to each other and that their

centers are aligned. Adjust the centering of the
engine as follows:

1. Attach the shaft to the marine gear finger-tight.

2. With the propeller shaft loose, pull it up as far
as it can travel. Then push it as far down as it

can travel. Next, move the shaft to the mid-point

between these two extremes and tighten the
bolts enough to hold the shaft in that position.

3. Insert a feeler gauge between the propeller
shaft coupling halves at four equally-spaced

points around the circumference (Figure 5-33).

Adjust as needed and torque to specification.

Koo00338

Figure 5-33

4. Using a dial gauge (2, Figure 5-34) turn the
propeller shaft (4, Figure 5-34) and measure

the outside run-out. Adjust to minimize run-out

as needed (Figure 5-35).

\ —
%
b
( Fan\
\J

sl

4 KOG00339A

Figure 5-34
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1 —Vertical error eccentricity (A)

2 —Horizontal error eccentricity (A)
3 —First bolt axial alignment (B)

4 — Second bolt axial alignment (B)
5 —Third bolt axial alignment (B)

6 — Fourth bolt axial alignment (B)

Figure 5-35
Measuring point Limit
. . 0.1 t0 0.3 mm
Coupling alignment, A (0.004 t0 0.012 in.)
0.0t0 0.2 mm

Coupling face run-out, B (0.010 0.008 in.)

After tightening the bolts, ensure that the shaft
coupling face has not slipped. If shaft coupling
has slipped, readjust as needed.

Recheck shaft centering after launching once
the sealing agent is completely cured. If there is
any change in the centering, readjust.

YANMAH Marine Installation Manual - Volume 1
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7. Tighten the propeller shaft coupling flange with
the output flange of the marine gear.

Bolt size Tightening torque

4.7 to 5.3 kgf-m
M10 46.1t0 52.0 N-m
(34.0 to 38.3 ft-Ib)

8.510 9.5 kgf-m
M12 83.4 10 93.2 N-m
(61.5 10 68.7 ft-Ib)

12.0 to 13.0 kgf-m
M14 117.7 t0 127.5 N-m
(86.8 t0 94.0 ft-Ib)

Note: Any type of shaft misalignment will cause
vibration that can potentially lead to
component failure.

ENGINE MOUNTS AND
VIBRATION

NOTICE

Excessive vibration may cause damage to the
engine, marine gear, hull and onboard equipment.
In addition, it causes noticeable passenger and
crew discomfort. Carefully select engine mounts
and propellers when you design Yanmar Marine
engine applications.

Vibration produces useless kinetic energy that is
expended in areas that do not contribute to vessel
propulsion. Mechanical noise and performance
deficits are unwanted by-products of excessive
vibration.

Damage to the engine, marine gear, hull and
onboard equipment all result from excessive
vibration. It also causes noticeable passenger and
crew discomfort. Minimizing vibration results in
smoother, quieter cruising while reducing or
eliminating the discomfort and damage it causes.

Accelerometers are used to measure the frequency
(Hz) and force (G) associated with vibration. Sound
level meters (SLV) are used to measure the
frequency (Hz) and amplitude in decibels (dB) of
audible noise generated by energy as it radiates
from vibrating equipment through the air. These
instruments are sometimes used for sea trials.

The two factors that most affect vibration are:
* Engine mounts

* Propeller selection

5-20
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The flexible engine mounts that are shipped with
Yanmar engines reduce vibration. Yanmar flexible
engine mounts are designed to reduce vibration
through the engine’s operating range. At the
resonance point the amplitude is at its greatest.
This peak vibration is rolling, centered around the
propeller shaft (1, Figure 5-36).

KOOCC216R

Figure 5-36

Vibration severity changes as a function of hull
speed. Figure 5-37 illustrates the relationship
between marine gear and engine vibration at
varying speeds. Lowering the spring constant
lowers the resonance point.

2 KO000314R

1 —Anti-vibration characteristics

2 —Vibration transition rate

3 —Idling with marine gear in NEUTRAL
4 —Increasing vessel speed

5 —Operating range

6 — Flexible engine mounts

7 —Rigid engine mounts

8 —Zero point

Figure 5-37

The upper part of the engine vibrates to a larger
degree than the propeller. For information on
propeller vibration, refer to the Propeller Selection
section of this manual.

SHAFT CONSIDERATIONS WITH
FLEXIBLE ENGINE MOUNTS

Engines mounted on flexible mounts have a
measure of mobility relative to the hull. At rest, a
non-operating engine could exhibit a measure of
static distortion.

Engines that are installed with flexible engine
mounting systems may be equipped with a flexible
coupling or a flexible tube (Figure 5-38).

Note: Even if the flexible coupling and flexible stem
tube are used, they will not be effective if the
centering alignment between the marine
gear output shaft flange and the propeller
shatft is too large.

KOO0O218A

1 —Shaft tube

2 —Self-aligning shaft seal
3 —Flexible marine gear shaft coupling
(refer to Figure 5-39)

Figure 5-38
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The following illustrations represent examples of
flexible couplings (Figure 5-39), (Figure 5-40).

Figure 5-40

VIBRATION

NOTICE

Excessive vibration may cause damage to the
engine, marine gear, hull and onboard equipment.
In addition, it causes noticeable passenger and
crew discomfort. Carefully select engine mounts
and propellers when you design Yanmar Marine
engine applications.

The effects of vibration and noise are felt in poorly
matched propulsion systems through the human
senses. Propeller vibration is a rapid propulsion
component movement caused chiefly by
imbalances in propellers, shafts or engines. This
vibration produces useless kinetic energy that is
expended in areas that do not contribute to vessel
propulsion. Mechanical noise, rattling and lateral
vessel tracking are all unwanted by-products of
excessive vibration.

Damage to the engine, marine gear, hull and
onboard equipment all result from excessive
vibration. It also causes noticeable passenger and
crew discomfort. Minimizing vibration results in
smoother, quieter cruising while reducing or
eliminating the discomfort and damage it causes.

Accelerometers are used to measure the frequency
(Hz) and force (G) associated with vibration. Sound
level meters (SLV) are used to measure the
frequency (Hz) and amplitude in decibels (dB) of
audible noise generated by energy as it radiates
from vibrating equipment through the air. These
instruments are sometimes used during sea trials
which help confirm that the proper propeller was
selected for the application.

Refer to Torsional Vibration on page 7-108.
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PROPELLER SELECTION

GENERAL

The process of matching marine engines to
appropriate propellers is a complex one that
requires a wide range of special considerations. An
analysis of the engine, the hull, the vessel purpose
and the required vessel performance
characteristics are all integral components of the
propeller selection process. It is a process that is
best left to engineers and technicians who are
specifically trained in this highly specialized area of
marine propulsion technology.

Propeller manufacturers are interested in ensuring
that the best possible match between the vessel’s
engine and its propeller is achieved. Seek advice
from the manufacturer's application specialists in
selecting the best possible propeller type and size.

The degree to which the propulsion system
answers the operator’'s requirements for a
particular vessel is the extent to which the project is
successful. When the appropriate propeller is
selected, the result is a propulsion system that is
ideally matched to a vessel. When the process
completely meets all of the operator’s
requirements, the process is successful.

This material is published to aid qualified boat
builders, engineers and technicians in selecting the
best possible propellers for a wide range of
applications. Attention is given to propeller types,
performance issues, shaft considerations,
multi-engine applications, power rating standards
and sea trials. Rarely is the best possible match
identified with engineering data alone. Generally,
extensive experimentation during sea trials is
invaluable in identifying the absolute, best possible
propeller.

To allow for increased weight and hull resistance,
mechanical engines are generally propped when
new to operate at about 100 min-1 above the
engine’s rated wide open throttle rpm. Electronic
engines are generally propped when new to
operate at 95 % load at rated wide open throttle
rpm.

PROPELLER STYLES

Propellers are manufactured in a variety of styles,
addressing different power and speed
requirements. Propellers are available in two,
three, four and five blade configurations. Propeller
style is determined by the vessel performance
requirements.

Two-Blade Style

A two-bladed propeller is practical for slow speeds
as in light trawler or sailboat applications
(Figure 6-1).

Figure 6-1
Multi-Purpose Style

The most common propeller style is a three-bladed
multi-purpose type. It provides adequate
performance over the widest range of power and
speed applications (Figure 6-2).

K0000349

Figure 6-2

Finished, sharp sections tend to maximize
performance for faster, planing hull applications.
More rounded, sweeping sections tend to provide
greater power at slower speeds.
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Surface-Piercing Style

Surface-piercing propellers are designed to operate
with each blade out of the water half of each
revolution while underway (Figure 6-3). This
generally requires that the propeller shaft be
extended some distance aft of the transom. When
the vessel is underway, the effective waterline
passes through the propeller’s center at the hub.

Fixed-shaft surface-piercing arrangements require
a rudder, while articulated arrangements can
actually change the propeller attitude achieving
steering and trim settings (Figure 6-3). Articulated
drive systems for surface-piercing propellers do not
need rudders.

Figure 6-3

Surface-piercing systems are heavily ventilated.
This drive arrangement produces the least amount
of drag and is seen most often in high-performance
applications. The vessel draft is not limited by the
propeller to the same extent that traditional inboard
or stern drives limit draft.

Adjustable Pitch Style

NOTICE

All Yanmar designated pleasure vessel engines,
are designed to conform to worldwide emission
standards. Yanmar pleasure vessel engines are
designed for use with fixed pitch propellers only.
The use of variable, adjustable or other non-fixed
types of propellers is prohibited. Use of non-fixed
style propellers will void Yanmar Marine engine
warranty and will violate emission certification.

Folding Style

Sailboats are also power boats. They have auxiliary
power for use in harbors or when the vessel is
becalmed. The engine power and speed
requirements are relatively small in sail
applications.

A folding propeller provides propulsion under
power, while folding under the water pressure that
results when the vessel is operating under salil
(Figure 6-4).

Figure 6-4

As the vessel is driven through the water by sail
power, the water pressure folds the propeller
blades aft, reducing unnecessary drag. The net
result is increased speed under sail.
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Folding propellers have four main liabilities:

» Folding propellers are less efficient than fixed
propellers.

* Folding propellers have moving parts that are
more likely to fail than fixed propellers with no
moving parts.

» Folding propellers are less effective in slowing
the forward momentum of vessels than fixed
propellers. These propellers are sometimes
unreliable or ineffective during reverse thrust
demand. As a result, safe maneuvering speed in
congested harbors and waterways is reduced
compared to fixed propeller installations.

* Folding propellers, when unfolding, create
potentially damaging shock forces to the
drivetrain. Damage to the drivetrain is not
covered under Yanmar warranty.

Contact a Yanmar distributor or dealer for
specifications on acceptable folding propellers.

PROPELLER PERFORMANCE
AND DIMENSION
CONSIDERATIONS

The performance characteristics of a propulsion
system are influenced by three factors:

» Hull size and shape
* Engine power curves
* Propeller size and type

Performance characteristics are observed in the
areas of speed, power and maneuverability.
Propeller selection is the process of matching hull
and engine characteristics to the operator's
performance requirements with the appropriate
propeller style, size and material.

Speed

When top speed is achieved, it is at the expense of
power at lower speeds and acceleration. The top
speed is limited by the hull type and displacement
combined with engine power. If these components
are treated as constants, propeller variables can be
manipulated to achieve top speed.

Power

When peak power is achieved at slower speeds, it
is at the expense of top speed. The peak power is
limited by engine power. If engine power is treated
as a constant, propeller variables can be
manipulated to achieve peak power.

Pitch

Pitch is the theoretical distance that a vessel
travels for each revolution of the propeller.
Propellers are manufactured in constant pitch or
progressive pitch configurations. Constant pitch
configurations offer a uniform effective pitch over
the full range of engine rpm. Progressive
(sometimes called variable pitch) configurations
have different pitch characteristics at various points
on the blade. In both cases, high pitch propellers
require greater power to operate at higher speeds.
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Rake If the rake is neither negative or positive, it is zero
, , . degree (Figure 6-7). This design represents a
Rake is the angle (negative or positive) of the compromise between negative and positive rake

blades relative to the shaft. Positive rake propellers propellers
are generally high performance propellers that are '
slanted aft (Figure 6-5).

J

KGO01571

Figure 6-7

KOoGG1572

Any rake angle can have a parabolic shape,

Figure 6-5
increasing area and cup (Figure 6-8).

Negative rake propellers are propellers that are

slanted forward (Figure 6-6). %\
*

KO0Oo1573

KOLOLET0 Figure 6'8
Figure 6-6
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Diameter

If an imaginary circle were scribed around the
propeller tips, the diameter of that circle would be
the propeller's diameter.

Skewback

Line of maximum

Projected thickness

outline .
Cross-section of

blade with round
back

Developed —-1:

Area

Increasing the surface area improves propulsion
efficiency. Increasing the number of blades
increases total area, resulting in greater efficiency
over propellers with fewer blades. An increase in
the area and number of blades reduces blade
loading and cavitation. Blade area is the surface of
the individual propeller blade. The most common
two measurements are projected blade area and
developed or expanded blade area (DAR or EAR).
Projected area is the area of the blades as viewed
from directly astern or a shadow cast than the true
blade area (DAR or EAR). The expanded or
developed area is the true total frequently used in
making propeller calculations.*1

*1: David Geer, Propeller Handbook

Rake angle

eading edge

outline { Trailing edge . Leading surface or
Working back of the blade
Leading surface
edge
Blade root
thickness -7 i }ececee- “
=z 7
SO R v
\
Kooo2848
Figure 6-9
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PROPELLER SHAFT
CONSIDERATIONS

Diameter

This section describes Yanmar recommended
propeller shaft diameter calculations. Three
methods are described.

H JCI method

The following method is equivalent to the Japan
Craft Inspection Organization (JCI) rule.

Formula

d = 154 x —— x 5/d+H
3T R

Where

d : Propeller shaft diameter (mm)

T : Allowable torsional stress,
5.0 kgf/mm = Stainless steel, JIS SUS304
10.5 kgf/mm = Stainless steel, JIS
SUS630

Y : Torque fluctuation factor
(4-cycle diesel engine)

H : Max. engine output hp

R : Propeller shaft revolutions  min-1
No. of cylinders Factor
1 0.6
2 0.4
3 0.3
4 0.2
Over 6 0.1

Note: The above formula assumes the use of JIS
SUS304 and SUS630 stainless steel for the
propeller shaft and the shaft bearing being
installed within 1.2 m (3.9 ft) from propeller
shaft.

Example:

Engine: 4-cylinder, 4-cycle diesel engine
Maximum output: 40 hp/3600 min-1

Reduction ratio: 2.5

Material of propeller shaft: SUS304 and SUS630

Propeller shaft rpm:

R _ 3600 (Max. Eng. speed) _ 4440 min-~’

2.5 (Reduction ratio)

1. With stainless steel, SUS304

d = 154 x 1y, [(1£0:2) x40
3fE 1440
= 154 x 0.58 x 0.32

= 28.58 mm diameter

2. With stainless steel, SUS630

1 (1+0.2) x40
X 3
3/10_5 1440

154 x 0.46 x 0.32

d = 154 x

= 22.67 mm diameter

B One-fourteenth method*1

The oldest and simplest rule for determining
propeller shaft diameter is simply that it should be
one-fourteenth of the propeller diameter. In spite of
its simplicity, this rule works surprisingly well. A
914 mm (36 in.) diameter propeller would require a
65.3 mm (2.57 in.) diameter shaft, by this method.

The one-fourteenth rule, however, does not take
into account many of the variables in selecting the
best propeller shaft. It does not reflect differences
between shaft materials — tobin bronze has roughly
60 percent of the strength of monel 400, for
instance. It also does not take into account that
many possible combinations of shaft horsepower
and rpm of propeller shaft will dramatically affect
torque, though it makes some allowance for this by
assuming that the propeller is correctly sized to
absorb the engine’s power.

*1: Dave Gerr, Propeller Handbook (Maine, International
Marine, 2001).
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In spite of its shortcomings, the one-fourteenth rule
should be considered in making a shaft selection, if
only for the fact that if a selected shaft diameter
varies very widely from the rule, the propeller hub
may require special machining.

Shaft diameters formulas

The following equations can be used to compute
shaft diameters and safety factors.

5 Ci/321,oooxPxSF
StXN

D°x Sy xN

SF =
321,000 x P

D = Shaft diameter (inches)

P = Horsepower

SF = Safety factor

S; = Yield strength, torsional (Ibs/in2)
N = Shaft speed (min-1)

The diameter for shafts of any suitable material and
any desired safety factor can be calculated by
inserting the appropriate value for the yield strength
of that material and the desired value for safety
factor in the shaft diameter formula.

Table 5-6 Mechanical properties - aquamet 22

Diameter of shaft Strength torsion psi
3/4"to 147 86,600
Over 1%4” to 2” 70,000
Over 2" to 212" 63,000
Over 212" to 3" 50,000
Over 3’ to 12” 36,600

Aquamet 22 H.S.

215" to 434” 70,000
5”10 6" 60,000

SHAFT BEARING

B Determining shaft-bearing spacing

The propeller shaft must be supported by
intermediate shaft bearings, pillow blocks, between
the flange coupling at the engine or gearbox and
the stern bearing, unless the shatft is relatively short
in proportion to its diameter. The shaft diameter
formula gives the maximum spacing between shaft
bearings for propeller shafts with flexible bearings
at both ends. Most small craft have a rigid bearing
at the engine and a rigid stern bearing, just ahead
of the propeller. Such shafts should have maximum
bearing spacings 50 percent greater than that given
in the formula. Use the following formula to
calculate shaft bearing spacing.

Bearing spacing formula

The formula below is for computing maximum
shaft-bearing space.

L. ,[21D, [E
N AW,

L = Maximum unsupported length, feet (m)

D = Shaft diameter, inches (mm)

N = Shaft Speed (min-1)

E = Modulus of elasticity in tension (Ibs/in2 (MPa))

W= Weight of one cubic inch (cm3) of material,
pounds (gm)

Note: The minimum required spacing for rigid
bearings should exceed 20 shaft diameters
when possible to facilitate alignment.

B The twenty-times/forty-times*1

Bearing spacing guideline: The simplest rule for
determining shaft-bearing spacing is that the
bearings should be no closer together than twenty
times the shaft diameter, and no further apart than
forty times the shaft diameter.

Note: This is only to be used as a guideline or to
double-check the formula. Very frequently,
bearing spacing is considerably more than
forty times the shaft diameter. Additional
bearings simply add expense and unwanted
shaft rigidity.

*1: Dave Gerr, Propeller Handbook (Maine, International
Marine, 2001).
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Distance Between Propeller Shafts
for Twin-Engine Two Shaft
Propulsion

The rough standard minimum distance (A,

Figure 6-10) between the outside diameters of two
propellers should be more than 2.5 times the
propeller’s outside diameter (A, Figure 6-10). If the
inter-shaft distance is too small, propeller
efficiency, and therefore boat speed, will fall and
excessive hull vibrations and other problems will
result.

Note: Also very important is the serviceability
space between engines. Refer to individual
engine sections for specifications or contact
a Yanmar distributor for guidance.

A= B¢ X 2.5 or more

[( Propetler

=

Y

K0003847

Figure 6-10

B Engine revolutions of twin-engine
installation

When building a boat for twin engine installation, it
is difficult to distribute a strictly equal load balance
between the port and starboard engines. It is also
almost impossible to set the port and starboard
engines with identical revolutions in a completed
boat, for the following reasons:

Variations in engine performance.
Variations in tachometer performance.
Variations in propeller performance.
Possible variation in hull construction.

ok 0N~

Possible variation in hull shape and weight
when all inboard equipment, including fuel and
water tanks and engines, is installed.

M Tip clearance*1

In general, it is important to use the largest
diameter propeller possible. For single-screw
vessels, diameter is limited by the size or height of
the propeller aperture. On twin-screw craft, the
diameter is limited by the shortest distance from the
center line of the shaft-strut bearing up to the
underside of the hull. For a new design, this
distance can be found by measuring from the
buttock lines at the half-breadth of the propeller
shaft, and cross-checking on the sections or body
plane at the location of the strut and propeller. On
an existing vessel, the distance can be measured
directly. (Remember that the shortest distance may
not be straight up. When measuring, swing your
ruler through an arc centered at the shaft center
line. The shortest distance will often be found with
the ruler angled slightly up and inboard.)

Once the maximum distance from the shaft center
line to the hull (and down to the skeg below, in an
aperture) is known, the largest acceptable propeller
diameter can be determined. Generally, there
should be a tip clearance of approximately 15 % of
the overall propeller diameter between the blade
tips and the hull. However, additional tip clearance
is usually found at the cost of the overall propeller
diameter. Since smaller diameters mean lower
efficiency, you are faced with a trade-off between
the increase in efficiency from larger diameter and
the increase in efficiency from improved water flow
to the propeller and reduced vibration from greater
tip clearance.

Note: Modern CNC machined propellers can
accept less tip clearance.

Actually, the slower the shaft rpm and the lower the
boat speed, the lower the minimum tip clearance
may be.

*1: Dave Gerr, Propeller Handbook (Maine, International
Marine, 2001).
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PROPELLER MATCHING

The selection of a main engine for a boat is decided
by the type of boat, hull size, hull weight and
loading weight. The selection of an appropriate
propeller that matches the output of the main
engine is very important for the economical
operation and durability of the engine.

When the propeller is too small for the engine
output, there will be a loss in both engine output
efficiency and boat speed. When the propeller is
too large for the output, the engine will be
overloaded at full throttle. Prolonged engine use at
full throttle will cause engine damage.

The size of the propeller is determined at the
design stage of the boat in consideration of the
boat’s speed and size, the shape and weight of the
hull, main engine output, the reduction ratio of the
marine gear and the maximum number of the crew
(maximum loading weight). However, it is
extremely difficult for a boat to be built strictly
according to the design drawings. Accordingly, the
final checks of the boat speed, propeller matching
and other aspects of boat performance must be
made by sea trials. If the boat’s performance is
unsatisfactory, it can be improved by changing the
propeller specifications such as the number of
blades, diameter, pitch and extended area ratio of
blades.

It is easier to change the propeller than the engine
or the shape of the hull.

There are various ways to calculate the proper
propeller size for pleasure boats, but there is no
perfect formula.

Note: Itis wise to contact the propeller
manufacturer to determine estimated

propeller size or to confirm your calculations.

Checking Results of Propeller
Matching Against Target Value

Electronically controlled engines generally provide
a digital reading of the calculated engine load.
Electronically controlled engines should be loaded
(by propeller matching) to 95 % load at maximum
output rpm. This is the target value.

For mechanically controlled engines, the calculated
load can be estimated by measuring exhaust gas
temperature, boost air pressure and fuel
consumption. The match point for mechanically
controlled engines is 100 min-1 above maximum
output rpm at wide open throttle. This is the target
value.

Tip: Recommended propeller matching point;
Continuous rating output at propeller shaft:
95-100 %

Note: To ensure appropriate propeller matching,
consider the following factors, (keeping
some output in reserve):

* Increase of boat resistance due to
contamination of hull.

» Increase of displacement due to increase of
ship’s fitting and crew.

e Horsepower required to drive auxiliary
equipment such as generator set or pump set
powered by the main engine (excluding
auxiliary equipment not driven while the
propeller is operated).

» Engine de-rating factors (factors that reduce
engine output):

o Lack of air intake volume

& Excessive temperature (over 30 °C [86 °F])
& Excessive exhaust back pressure

+ High temperature fuel

YANMAH Marine Installation Manual - Volume 1
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Simple Propeller Matching Testing

This test must be performed in open waters
where it is safe to run at full speed and ensure
that the boat is clear of all obstacles forward
and aft before performing this test.

It is possible to find if the propeller is too large for
the engine output (i.e., the engine is overloaded) or
too small (i.e., a loss of engine output) by the
following simple procedure during the sea trial.

A CAUTION

Tachometer and rpm readings must be
confirmed by using an optical tachometer.

1. Check the engine’s maximum speed (high idle)
with no load.

1- Move the shift lever of the marine gear to
NEUTRAL.

2- Raise the engine speed gradually with the
engine speed control handle, moving the
lever to the full throttle position.

3- Check whether the engine speed at the full
throttle position is within the no load
maximum speed range.

Note:

» Tachometer and rpm readings must be
checked and confirmed with an optical
tachometer.

* Referto the no load maximum engine speed in
the applicable specification table in Vol. 2 or 3.

« If the engine speed is below the no load
maximum engine speed range, the problem
may be due to the absence of remote control
stroke or faulty contact of the remote control
cable.

2. Check the engine’s maximum speed under
load. After establishing that the engine can
reach the acceptable no load maximum rpm
(high idle). Then proceed with under load test.

1- Move the marine gear shift lever to
FORWARD at the idling speed of the
engine.

2- Raise the engine speed gradually with the
engine speed control handle to the full
throttle position.

3- Check the loaded maximum rpm at full
throttle. Repeat this test in opposite
directions. The results must reach the target
value.

Note: The engine must be able to reach the
maximum output rom under full load at
all times. Failure to do so can lead to
reduced engine performance, lead to
increased smoke levels and cause
permanent damage to the engine.

6-12
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PROPELLER POSITION
(PROPELLER APERTURE)

This boat’s full speed will not be obtained if the
spacing between the propeller and hull is not equal
to, or greater than, the value given in Figure 6-11.
The position of the propeller selection shaft center
must be at least one propeller diameter beneath
the surface of the water with the boat fully loaded.

Recommended dimension
D = Propeller diameter
(a) = D x 0.12 more than
(b) = D x 0.15 more than
(c) = D x 0.12 more than
(d) = D x 0.08 more than

(a) (b)

., {c)

R A

(e)

KO003851

Figure 6-11

Note: Propeller overhang shall be limited to 1X
propeller shaft diameter (E).

SEA TRIALS

Improper Operation Hazard

Sea trials can only be performed safely when
the vessel is adequately manned. Do not
attempt to collect and record performance data
while operating a vessel alone.

Sea Trial Test Procedure

This test must be performed in open waters
where it is safe to run at full speed and ensure
that the boat is clear of all obstacles forward
and aft before performing this test.

Check with your Yanmar distributor for current test
protocol.

YANMAH Marine Installation Manual - Volume 1
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ELECTRICAL SYSTEM

A DANGER

Explosion Hazard

* Keep the area around the battery
well-ventilated. While the engine is running or
the battery is charging, hydrogen gas is
produced which can be easily ignited.

* Keep sparks, open flame and any other form
of ignition away while the engine is running or
battering is charging.

* Never check the remaining battery charge by
shorting out the terminals. This will resultin a
spark and may cause an explosion or fire. Use
a hydrometer to check the remaining battery
charge.

¢ |f the electrolyte is frozen, slowly warm the
battery before you recharge it.

A DANGER

Fire and Explosion Hazard
* Only use the key switch to start the engine.

* Never jump-start the engine. Sparks caused
by shorting the battery to the starter terminals
may cause a fire or explosion.

Burn Hazard

e Batteries contain sulfuric acid. Never allow
battery fluid to come in contact with clothing,
skin or eyes. Severe burns could resulit.

* Always wear safety goggles and protective
clothing when servicing the battery. If battery
fluid contacts the eyes and/or skin,
immediately flush with a large amount of
clean water and obtain prompt medical
treatment.

Shock Hazard

* Always turn off the battery switch (if
equipped) or disconnect the negative (-)
battery cable and the leads to the alternator
when welding on the equipment.

* Always keep the electrical connectors and
terminals clean. Check the electrical
harnesses for cracks, abrasions, and
damaged or corroded connectors.

NOTICE

* Never turn off the battery switch (if equipped) or
short the battery cables during operation.
Damage to the electric system will result.

» Always ensure that all connections are tightened
to specifications after repair is made to the
exhaust system.

YANMAH Marine Installation Manual - Volume 1
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TYPICAL ELECTRICAL SYSTEM - MECHANICAL ENGINE
Single Station

1 —Alternator

6 —Extension wire harness
2 —Cooling water temperature switch 7 —Wire harness
3 — Starter motor

4 —Battery
5 —Battery switch

8 —Instrument panel
9 —Tachometer sender
10— Lubrication oil pressure switch

Figure 7-1

Note: For details about wiring, refer to the wiring diagrams for the specific engine model in vol. 2 or 3.
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Dual Station

1 —Upper bridge instrument panel (option)

2 —Relay
3 —Standard equipment
4 —Battery

Figure 7-2

FOGGO0411A

5 —Wire harness for dual instrument panel (option)
6 —Buzzer

7 —Main bridge instrument panel (option)

8 —Extension wire harness (option)
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Typical Two-Pole System

Note: Instrument panel combinations differ depending on the engine model. Please refer to the information
for the specific engine model in vol. 2 or 3.

B Wire harness (engine side), two-pole type

m (] Cooling water temp. Switch.

@ Tachometer sensor

[©
Starter

Koo03871

Figure 7-3
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B Applicable instrument panels

B2/new B, C/new C, D/new D and E-type

B2 & New B-type instrument panel

E-type instrument
panel

C & New C-type . D & New D-type

instrument panel instrument panel

&Extension wire harness (3 Connector type)
\

Wire harness, engine side
esce

e

Starter relay

ube oil pressure switch

@_Air heater
__ Foost pressure sender

Starting motor

Tachometer sensor

AC Alternator Battery

Battery switch

Water temp. sensor

Water temp. switch K0003872

Figure 7-4
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Electric Wire

B Voltage drop in the wire

Fire Hazard

Undersized wiring systems can cause an
electrical fire. Be sure to use proper size wiring
for the application.

When electric current flows in a wire conductor, the
voltage drops due to conductor resistance. The
voltage entering the electric device (load side) is
therefore lower than the voltage at the power
source outlet.

The resistance of a wire is proportional to its length
and inversely proportional to its diameter. That is, a
wire which is too long or too small has a larger
voltage drop.

The use of such a wire could cause damage to
electrical components. On electronically controlled
engines, a voltage drop could cause malfunction or
damage.

Note: Yanmar wire harnesses are designed to
comply with international standards. Any
additional wiring added must also comply
with international standards. Refer to ISO or
ABYC standards.

Batteries

A battery, or a system of batteries, provides
electrical power for the engine and all DC electrical
equipment on the vessel.

H Installation
 Install batteries in a well-ventilated location.

* Place batteries in an easily accessible location for
inspection, replacement and wiring.

» Use a battery box or frame to attach the battery to
the hull. Use a bolt and clamp or a strap to secure
the battery to the hull (Figure 7-5).

KOOO0416R

1 —Clamp

2 —Battery box

3 —Strap

4 —Battery frame
5 —Frame bolt

Figure 7-5

Note: Refer to ISO or ABYC standards on battery
installation.

B Battery capacity

Required battery capacity varies depending on the
amount and type of electrical equipment used in
the vessel. For electrical equipment other than that
needed for the engine, check the requirements for
each unit and use an auxiliary battery as needed.
Refer to the Marine Installation Manual, vol. 2 and
3, for specific information on required engine
battery capacity.

7-10
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B Battery switch

Shock Hazard

e Always turn off the battery switch (if equipped)

or disconnect the negative (-) battery cable
before servicing the electrical system.

¢ Check the electrical harnesses for cracks,
abrasions, and damaged or corroded

connectors. Always keep the connectors and

terminals clean.

A CAUTION

Never turn off the battery switch (if equipped) or

short the battery cables during operation.
Damage to the electric system will result.

To determine the battery switch capacity

specification and installation requirements, refer to
ISO or ABYC standards. To determine the engine

starter ampacity, refer to the individual engine
sections in installation vol. 2 and 3.

Note: Do not place the battery switch in a place
where the handle might be accidently
touched or moved. If the battery switch
accidently disconnects the battery circuit
from the alternator circuit during engine

operation, the IC regulator built into the AC

alternator could be damaged.

B Wiring the battery

1. Connect the cable clamp on the red battery
cable to the positive (+) battery post
(Figure 7-6).

Figure 7-6

2. Connect the cable clamp on the black battery

cable to the negative (-) battery post
(Figure 7-6).

A CAUTION

Observe battery polarity. Failure to do so will
damage the IC regulator of the alternator and
other electronic equipment, including the
engine ECU.

When you select the battery cable for the
application, choose a cable that corresponds to
the rated voltage, rated output of the starter
motor and whether or not a battery switch is
used. Refer to Battery cables on page 7-13.

Fire and Explosion Hazard

Always attach the positive (+) battery cable to
the battery first, then the negative (-) battery
cable.

Connect the cable clamps to the battery posts
(Figure 7-7). Firmly tighten the cable clamp bolt
to ensure good contact. It is advisable to apply
anti-corrosion material to the clamps.

NOTICE

Always use a proper battery tester to check the
battery current. Never use a metal tool, suchas a
screwdriver, to short across the battery terminals
to check for current. Always remove the battery
cables before quick-charging batteries.

K0000419%

1 —Positive (+) battery cable
2 —Negative (-) battery cable

Figure 7-7

YANMAH Marine Installation Manual - Volume 1
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5. Secure the cables with clamps as needed to
avoid damage from vibrations created by the
hull of the boat (Figure 7-8). Route the cables
away from moving parts and make sure they do
not lay in the bilge area (Figure 7-9).

Note: Refer to ISO or ABYC standards.

1 —Clamp

KO0004218

1 —Bilge
Figure 7-9

B Battery wiring precautions

1.

K0000425

Figure 7-10

Route cables so they do not come in contact
with sharp edges or heated areas.

1 —Fuel tank
2 —Fuel lines

Figure 7-11
Do not clamp the cables together with the fuel
lines. Keep them away from the fuel lines.

Use wire of the correct size. Carry out correct
wiring according to the wiring diagram for each
model.

Refer to ISO or ABYC standards.

7-12
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H Battery cables

Note: For the allowable cable diameter and length, refer to the engine wiring diagram for the specific
engine model in vol. 2 or 3, otherwise refer to table below or ABYC standards.

Allowable maximum length by battery cable diameter (YIS values)

Unit: m
Rated voltage 12V 24v Resistance of wire (2 m)
Starting motor rated | g 5 kw Over 2 kW Below 6 KW | Over 6 kW

output

Battery switch with or without with with or AV, wire IV, wire

without without
Nominal section of wire
15 mm?2 0.86 - - - - 0.00188 -
20 mm? 1.3 - - - - 0.000887 -
30 mm2 2.3 1.5 0.76 - - 0.00052 -
40 mm?2 2.8 1.8 0.9 2.8 - 0.000428 -
50 mm? 3.5 2.3 1.2 2.9 2.9 0.000337 0.000378
60 mm?2 4.1 2.7 1.4 3.4 3.4 0.000287 0.000303
85 mm? 5.5 3.7 1.8 4.8 4.8 0.000215 -
100 mm?2 7.1 4.7 2.4 6.0 6.0 0.000168 0.000180
125 mm?2 - 5.5 2.8 6.9 6.9 - 0.000144
150 mm?2 - 6.7 3.4 8.4 8.4 - 0.000118
200 mm?2 - 8.6 4.3 10.8 10.8 - 0.0000922
250 mm?2 - - - 13.8 13.8 - 0.0000722
A”O"Vab'ev\r/ﬁzismnce o1 000120 | 00008 | 0.00040 0.001 @ -

Note: AV wires are used for 15 to 100 mm?2 and IV wires (600 V vinyl insulated) for 125 to 250 mmgZ.
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H Total resistance of battery cable (YIS
formula)

Allowable wire resistance (Q)*1

L(m)=
(m) Resistance of the wire used (/m)*1

*1: The resistance varies depending on the wire standard of
each country.

Note: The battery cable length, L (m), shows the
full cable length of both the positive (+) and
negative (=) cables (total of Ly + Lo+ L3 + L4
in Figure 7-12).

1 2
\ L1
=) — 9] ¢ 6

K0O03874

A A4

1 —Starter motor
2 —Battery switch

Figure 7-12

Multiple Battery Systems

Marine applications often require more than one
battery to maintain sufficient power for onboard
electric appliances, such as fans and refrigerators.
Insufficient power can cause starter motor failure
and alarm device malfunction.

Use a dedicated battery (main battery) for the
engine’s starter motor and alarm devices. Use a
separate battery (auxiliary battery) for onboard
electric appliances.

Adding a battery does not prevent main battery
discharge unless a charging isolator is integrated
into the charging circuit. A properly installed
charging isolator can charge both the main and
auxiliary batteries concurrently from one alternator.
This arrangement isolates reverse current flow. The
diagram in Figure 7-13 shows three multiple
battery configurations.

7-14
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(1) Simple addition of battery (2) Switch used
Wiring
Alternator Alternator
+ + Switch
Starter =— Starter-=—
El x Ifl El + [T”L
Main |™ JAux. Main Aux. i
battery battery battery battery
Alternator Vi A Viai A
. amn UX. ain UX.
(operating) battery battery battery battery
Alternator (off)
(Aux. battery Switch Off
operating)
Starter
started Switch On
Remarks Main battery discharges due to use of aux. Main battery discharges by turning on the switch
battery. for charging aux. battery.
(3) Charging distributor used (4) Battery Integrator
Wiring
Alternator ) Alternator
Charging Battery
J distributor integrator
Starter Lamp etc. Starter Lamp etc.
e i M = Bl
e Main |7 jAux. r_”l' Main |7 jAux.
battery battery battery battery
Alternator ) )
(O eratin ) Main Aux. Main Aux.
p g battery battery battery battery
Alternator (off)
(Aux. battery
operating)
Starter
started
Remarks Discharging from the main battery prevented. This system is an automatic control system, in
which charging method is adopted to avoid the
discharge and charge failure problems caused
by misoperation of the battery switch.
Figure 7-13
Note:

» When adding a battery, check the battery capacity in respect to the alternator capacity.
 For wiring of a charging isolator, consult the manufacturer for information.
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B When using a diode type battery isolator 1. Remove the tape and pull out the Connector R.

(VALEO 12V - 120 A alternator mounted (with Red and Black wiring)

engine: YM/JH4/JH5 only) 2. Remove the Connector B (Red wiring) from the
VALEO 12V - 120 A alternator is equipped with a Alternator B+ terminal and connect the
multiple function type IC regulator. When using a Connector R to the Alternator B+ terminal.
diode type battery isolator, the following wiring 3. Tie up the Connector B to the engine harness
change is required. with tape.

When 2 batteries are connected with the use of
diode type battery isolator, the alternator cannot be

* When using a diode type battery isolator
generated as the initial exciting current does not 9 yp i

flow.
VNS e NN
f///(\/;\ 'S \ ‘
VA 1 IR
Nlor Y - N/(Qeam
! i onnector \ )
! ) ‘\\I\D\v //;;/Q
Y
. SN
\\\\\Q AN
N
NN
Connector B
Red)
2
022224 -00ENO1 Figure 7_16
1 — Starter motor
2 —Change over battery switch
3 —Aux. battery (house bank) A CAUTION
4 —Main battery (engine start bank) Be sure to isolate the Connector B with tape,
5 —Diode type battery isolator otherwise there can be a short-circuit when
Figure 7-14 starting the engine.

When the alternator does not generate after starting
the engine, the charge failure alarm lamp is lit.

Harness connector (YM/JH4/JH5)
- Alternator terminal | When not using a . .
B Procedure of wiring change (VALEO SG10S078) | diode type battery When using a diode
. . . . type battery isolator
* When not using a diode type battery isolator isolator
W Connector W Connector W
Default setting from the factory (Orange wiring) (Orange wiring)
L Connector L Connector L
// %\ /O\Q}i:’/// &‘&f \\\\\\\ \\\QU\ (Blue and Black wiring) | (Blue and Black wiring)
,,/ \\\\ ~ B+ Connector B Connector R
/'\\_ i R NS (Red wiring) (Red and Black wiring)
/ i )\ NI
/\U/\? N Tied up with tape Connector R Connector B
ﬁ\ <V\\\%\\77 P Pe  |(Red and Black wiring) (Red wiring)
2504 LE\ Ry A
o N o L
Ar ’\Q\\Q\\w N
S AN )R
B GOIRSNS
Wl NG N .
S ‘;\r\\\i\?\\\\\\}\\\\b
ol Connector R
- k\ (Red and black)

SR

(051443 -00ENOC

Figure 7-15
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Two-Pole Wiring

The Yanmar 12 V two-pole wiring system is a
semi-two pole system that becomes an earth float
system during engine operation, but not when

starting. This helps to prevent electrolytic corrosion.

Battery positive (+) cable (1, Figure 7-17) and
connection on the solenoid (3, Figure 7-17): Use a
battery cable with the recommended diameter for
each model.

Starter motor (2, Figure 7-17) and battery negative
(—) cable (7, Figure 7-17): Starter current flows
only when the engine is started. Connect the
battery negative () cable to starter mounting bolt
to minimize the leakage of current to the engine
and hull. Use a battery cable with the
recommended diameter for each model.

N

Earth terminal (4, Figure 7-17) and battery
negative (-) cable (7, Figure 7-17): Attach the
engine operation earth line between the earth
terminal and battery (). Do not connect the earth
terminal to starter earth.

Note: Not applicable to meter sensor assembly for
dual instrument panel type new C + C and
new C + D combinations.

Battery

/6

1 —Battery positive (+) cable (red)

2 —Starter motor

3 —Solenoid

4 — Earth terminal (earth terminal bolt)

KGOOO0520A

5 —Ground cable

6 —Battery

7 —Battery negative (-) cable (black)
8 — Starter mounting bolt

Figure 7-17

YANMAH Marine Installation Manual - Volume 1
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STARTER RELAY

Limit the length of extension wire harness to within _
6 m (19.5 ft) (for engine models without a starter NOTICE

relay connection to the starter circuit). Starting failure can result due to voltage drop if an

extension wire harness longer than 6 m (19.5 ft) is
directly connected without using the starter relay.

Wiring for Starter Relay

10

1 — Starter relay
2 —Red

3-8

4 —Battery switch
5 —Battery

Specifications

4

eemeanen 5

03 |- ® O

i

: ..,_é___ / S 5

=Ty

9 K0000488A

6 —Earth bolt

7 -B

8 —Red

9 —Starter switch
10— White

Figure 7-18

Yanmar part No.

129490-77910

Rated voltage

DC12V

Rated load

80 A at 30 seconds
240 A at instantaneous

Minimum operation voltage

below DC 8 V at 20 °C (68 °F)

Release voltage

below DC 4 V at 20 °C (68 °F)

Exciting current

below4 Aat12V

Note: The standard accessory for the JH3 series
engines changed at the end of March 1999.

7-18
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ENGINE STOP SOLENOID

The stop lever of the fuel injection pump is
connected to the solenoid with a connecting rod.

The device is operated by the stop switch on the
instrument panel.

KGGO0E06A

1 —Engine stop solenoid
2 —Solenoid bracket

3 —Link

4 —Pin

5 —Engine stop lever

6 — Fuel injection pump

Figure 7-19

Solenoid Specifications

Type ES1

Solenoid model 1504-12A7U1B

Rated voltage 12V

Loaded current 41 A

Holding force 9 kgf (19.8 Ibf) at 25 °C (77 °F)
Holding current 0.75 A

Pulling force 5 kgf (11.0 Ibf) at 25 °C (77 °F)
122
3B
o
6
@ “
4

3 KO000507E

1 —When the current flows

2 —M®6 screw depth 20.8 mm (0.82 in.)
3 —Constant volume boot

4 —8-32 screw terminal

Figure 7-20

YANMAH Marine Installation Manual - Volume 1
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_ Relay
Example: 4JH2-TE Unit: mm
approx. 123 Rated voltage 12V
) Lamp: 20 A
1 ~ 7] i Contact current Extra lamp: 25 A
N f A g, APPIOX. 42
= N Range of operation -30t0 +90 °C
Lo s geotop (-22 to +194 °F)
¢6.2 T" P NS & !
Cable connect } FJL Pt i, Yanmar part No. 124617-91850
:mie of normal 4| ' =8 : ' - v ‘K: Brackel
ype ool AT
28 o 5 4, o6Ghole
%Z‘ifwmed T I anine stop : 7
lectric type T i lever
s ol =
N
= || "w
= ; ) \ )
— o
- ) ﬁ o
= | :
Figure 7-21 ' M ¥ [

- 31.;2 - 194
. 284 o
©
o ¥ “’1
[« -
/Compatible coupler.
/ Sumitomo Wiring Systems Ltd. 6020-6161 or equivalent 021495-008
Figure 7-22
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SENSOR UNITS

Sensor Assembly by Instrument Panel

Type of instrument panel B2 and Cand D and
A-type B-type new B new C new D E-type
Sensor and alarm switch B2 | NewB | C [NewC | D | NewD
1. Tachometer sensor X 0] 0] 0] 0] 0] 0] 0] 0]
2. Alarm switch
¢ Cooling water temperature O O O O O O O O O
¢ Lube oil pressure O O O O O O O O O
¢ Sail drive seal leak 0] 0] 0] 0] 0] 0] X X X
* Lube oil pressure for marine gear*1 X X O O O O O O O
» Cooling water (closed cooling) level*? X X X O X O X O X
+ Fuel filter (water level)*1 X X O O O O O O O
* Boost pressure high*? X X X O X O X O X
3. Meter sensor
¢ Lube oil pressure X X X X O O O O O
¢ Cooling water (closed cooling) temperature X X X X O O O O O
* Boost pressure*? X X X X X X 0 0 0
*1: Differs by engine model. Refer to the specific engine model information for available equipment.
Note: O = Equipped on panel, X = Not equipped on panel
YANMAH Marine Installation Manual - Volume 1 7-21




SYSTEMS

Tachometer Sensitivity limit of sensor unit
The tachometer indicates the number of revolutions -
per minute by means of an electrical input signal 10 |
that is generated as a pulse signal from the 8
magnetic pickup sensor. 6 B /
A —
The function of the sensor is to convert the rotary 4 //
motion into an electrical signal by means of 5 // C
counting the number of teeth of the ring gear //
connecting with the flywheel. —0 05 15 15 25 28
| . . . . . |
l
D KOOOC490A
A —Ring gear speed (m/sec)
B -G zone
C —NG zone
D —Sensor unit and ring gear clearance (mm)
Figure 7-24
gl D
1 3
_Z
Ik
1 —Ring gear
2 —Clearance
3 —Sensor unit
8 KOO00482R .
Figure 7-25
1 —Tachometer sensor
2 —Orange
3 —Red/Black
4 —Tachometer
5 —Black
6 —Blue/Red
7 —Rotation detecting sensor
8 —Ring gear

Figure 7-23
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Dimensions of sensor

#16
$23.8

2505 345 Unit: mm
5 45
15 55
-—-QT .
1 -
/J;*‘ "
? < u }

\

1 -M18x P1.5

Tightening torque of sensor: 5 kgf-m, 49 N-m (36.2

ft-Ib)

Dimensions

Figure 7-26

K0000492R

723 Unit: mm
10—
w
2 g
1 —Identification mark
Figure 7-27
B Specifications
Rated voltage DC 12V
Range of operating voltage 10to15V
lllumination lamp 3.4 W12V

Engine Oil Pressure Gauge Sensor

A sensor unit for engine oil pressure gauge is
mounted on the oil filter bracket for some engine
models. Qil pressure is measured when the oil
enters the main gallery after being fed from the oil
cooler and passing through the oil pressure control
valve. Be sure to mount a vibration damper when
mounting the oil pressure sensor unit.

1 —Damper
2 —Engine oil pressure sensor unit
3 —Engine oil filter

Figure 7-28
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B Specifications and dimensions

Note: New design sensors are interchangeable with existing sensors.

New design sensor

Type

Single meter

| Dual meter

Rated voltage

DC 12/DC 24

Maximum operating pressure

800 kPa, 8 kgf/cm?2 (116 psi)

Yanmar part No.

119773-91501

129574-91561

ID mark/ID color

LP1/Gold

8KT/Gold

82.4

39.2

1 —M5 x P0.8

Figure 7-29

Unit: mm

14

KOCC0495A

2 -PT1/8

7-24
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B Damper

Example: 4LHA series

47 Unit: mm
g 12 17
SRR /3

/
G AR
N/
/ ]
4
3 -PT1/8
4 —PT 3/8

Figure 7-30

Closed Coolant Temperature Sensor

The closed coolant temperature sensor is installed
where the highest expected coolant temperature
will be, such as the thermostat housing, etc.

B Specifications and dimensions

Type Single | Dual
Rated voltage 12V/24V
Yanmar part No. 144626-91570 | 129574-91570

1 —Inlet for water heater
2 —Cooling water temperature switch

3 —Cooling water temperature sensor unit
4 —Outlet for water heater

Figure 7-31
570 Unit: mm
17 22.7 ) 205
L] 14 ¥
\
4

KO0004 28R

1 -M5x P0.8
2 —Black insulator material

3 —ID mark 2 of dual meter sensor
4 —PT 3/8

Figure 7-32

YANMAH Marine Installation Manual - Volume 1
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Turbocharger Boost Pressure Sensor

B Specifications and dimensions
Note: New design sensors are interchangeable with existing sensors.

New design sensor
Type LH | LY/CX1
Rated voltage DC12V/DC 24V
Maximum operating pressure 200 kPa, 2 kgf/cm?2 (29 psi) 300 kPa, 3 kgf/cm? (43.5 psi)
Yanmar part No. 124413-91301 119773-91301
ID mark/ID color 2K/Gold 3K/Gold
Unit: mm

It
— 1

o -4 .\LLA

o3 P - —— o

¢ d—__ == §

, -
12 ] 14
15 88
1 -M12 x P1.25 3 —LY/CX-type
2 —LH-type
Figure 7-33
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ALARM SWITCHES

Engine Oil Pressure

If the engine oil pressure drops with the key switch
on, the contacts of the oil pressure switch are
closed by a spring, the lamp is lit and the audible
alarm sounds at the instrument panel. If the oil
pressure returns to normal, the switch contacts are
opened and the lamp and the audible alarm turns
off.

B Specifications

0.1 to 0.3 kgf/cm?2

Operating pressure (0.014 t0 0.043 psi)

Rated voltage DC 12V

Lamp capacity 5W

Yanmar part No. 124060-39451

Approximately 34 mm (1.34 in.)

KO0005G0A

1 —Spring
2 —Contacts
3 -PT1/8

4 —QOil pressure

Figure 7-34

Closed Cooling System Temperature
Switch

If the engine coolant is too hot with the key switch
on, the high-thermal expansion material contacts
with the end of the cooling water temperature
switch, the lamp is lit and the audible alarm sounds
at the instrument panel.

57.7

@21

Unit: mm 2

051217-00X00

1 —Identification color
2 —PT 3/8

Figure 7-35
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B Specifications

Operating | ON

63 to 67 °C
(145 to 153 °F)

9310 97 °C
(199 to 207 °F)

97 t0 103 °C
(207 to 217 °F)

10310 109 °C
(217 to 228 °F)

temperature

Hysteresis

7°C (12.6 °F) or less

7°C (12.6 °F) or less

10 °C (18 °F) or less

10 °C (18 °F) or less

Rated capacity

DC12V, 1A

Response time

within 60 seconds

Range of ambient
temperature

-40 to 130 °C (-40 to 266 °F)

|dentification color

White

Green

Black

White

Yanmar part No.

128275-91340

127610-91350

120130-91370

128990-44500

Applicable engine type

Direct seawater cooling
type

Coolant cooling type

Coolant cooling type

Coolant cooling type

Note: Tightening torque of PT 3/8 thread: 240 to 320 kgf-cm, 23.5 N-m (17 ft-Ib).

7-28
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Fuel/Water Separator Water Level Level Switch for Closed Cooling
Switch System Tank

The fuel/water separator separates water from the This coolant level switch detects the quantity of
fuel. The separated water drains to the bottom of coolant in the coolant tank (heat exchanger). It is
the fuel filter. When the water exceeds a certain activated when the coolant quantity falls below a

level, the water level switch turns the alarm lamp on certain level. It turns on the alarm lamp and sounds
and sounds the audible alarm to alert the operator the audible alarm to alert the operator (the new

that water must be drained from the filter. B-type instrument panel does not have this warning
L device). The coolant level switch is installed on the
B Specifications top of the coolant tank (heat exchanger).
Fuel filter B Specifications
Filtration volume cm3 (qt) 3200 (3.38)
Rated flow volume L/min (qt/min) 2(2.11) Rated capacity DC 12V, 3.4 W (lamp load)
Maximum water reservoir mL (cu in.) 300 (18.3) Operating voltage DC8to 16V
Water level switch Range of ambient -20° to +120 °C
temperature (-4° to +248 °F)
Rated voltage V 12 - -
Cooling water Engine coolant
Operative position of water mL (cu in.) ON:80to 120
level . (4.88 to 7.32) Yanmar part No. 127695-91220
Yanmar part No. 119773-55500
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Dimensions

2 3
P FU —
F E
J
H

)

w

7

2

BEEN

.
-
A

__
N

c <
1
K 4
) Salt
1 —Float 3 -OFF
2 -ON 4 —Wire harness
Figure 7-36
A B c D E F G H J K L
mm (in.) | mm (in.) mm (in.) [ mm (in.) | mm (in.) | mm (in.) | mm (in.) mm (in.) mm (in.) | mm (in.)
60 46 M36 x P15 225 10 555 16 23 39+4 15 6
(2.36) (1.81) x (0.98) (0.39) (2.18) (0.63) (0.91) [(1.5x0.16) | (0.59) (0.24)
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Intake Boost Pressure Switch

Note: This information is for reference only. The intake boost pressure switch has been discontinued for

some current production models.

The wastegate valve regulates the intake pressure of the turbocharger to raise combustion efficiency. If the

wastegate valve fails, the intake pressure will rise and the turbocharger will be damaged. The boost

pressure switch monitors the intake pressure and when the pressure exceeds a specified level, it turns on

the alarm lamp and sounds the audible alarm to warn the operator.

B Specifications

Type

LPLHA

LY2

Rated capacity

DC12V,6 A

Operating pressure

2.4 to 2.8 kgf/cm?2
(34.1 to 39.8 psi)

2.65 to 3.05 kgf/cm?2
(37.7 to 43.4 psi)

Range of ambient
temperature

-40° to +120 °C
-40° to +248 °F

|dentification color

Blue

Yellow

Yanmar part No.

119773-91380

119595-91290

H Dimensions

PR

]
82,

\ [V

N —

D

o]

1 —Identification color 2 —-PT1/8
Figure 7-37

A B C D E ID color
61.3 mm 17 mm 42.7 mm 25.5 mm 20 mm Blue
(2.41in.) | (0.67in.) | (1.68in.) | (1.00in.) | (0.79in.)
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Audible Alarm

An audible alarm (buzzer) is included in the same package as the C, D, and E-type instrument panels.
Install the alarm near the panel. The alarm is not designed to be installed on the instrument panel. It is the
boat builder's responsibility to install an audible alarm if it is not supplied by Yanmar.

H Installation

1. Install the alarm in a place that is well-protected from rain and seawater. The rear of the alarm is not

waterproof.

2. Select a position with the least amount of hull vibration.
3. Connect the two wires of the panel (Black/White and Black/Red wires) with the wires of the alarm.

H Dimensions

37
12 25

66 Unit: mm

45

¢34

1 —Lead wire (-) White/Black
2 —Lead wire (+) Red/Black
3 —Spigot terminal (+)

4 L
3 KCCO0EOBA

4 —Socket terminal (-)
5 —Rated voltage: DC 12V

Figure 7-38

Note: Refer to audible alarm marine service advisory for details.

7-32
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INSTRUMENT PANEL Determining the Angle of the

Instrument Panel
(for Panels Manufactured by
Since the gauges on the instrument panel work

Yanmar) within a fixed range of the installation angle, ensure
that the panel is attached at a permissible angle.

Panels provide critical information to the operator.
Note: Allowable angle: within 45 to 75° (Instrument

Proper Positioning of the Instrument panel manufactured by Yanmar)

Panel B Procedures for installing the instrument
Locate panel in a protected area. Install the panel

instrument panel in the cabin if possible. If it must
be installed outside, consider the following
precautions:

1. Drill the mounting holes in accordance with the
instrument panel mounting holes.

2. The instrument panel comes with packing.

1. Install in a location where there is no danger of When attaching the instrument panel outside
the panel being splashed by seawater or rain. the cabin, apply an auxiliary packing agent to

2. If the instrument panel must be installed where the packing to protect the rear terminal of the
it may be splashed by seawater, install it in a panel. Point the extruded parts toward the hull.
recessed position and add a cover
(Figure 7-39). 1

3. Install the instrument panel in a place with little - 7
vibration.

1 —Hull side
Figure 7-40

KC0000422A

1 —Instrument panel
2 —Transparent cover

Figure 7-39
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Precautions when |nsta||ing * Route the cable so that it does not come in
Instruments contact with the sharp edges of the engine or with

heated areas.
NOTICE

When you install instrument panels:
* Avoid wet locations

* Avoid locations subject to vibration
» Set meters at correct angle

Failure to follow these instructions may cause
inaccurate or unreliable instrumentation.

1. Avoid places where rain or seawater is
expected.

2. Select a position with the least amount of
vibration.

3. The angle of the meter is 45 to 75° to the

K0000425

horizontal plane (Figure 7-41). Figure 7-42
4. Install at the specified angle to avoid errors on * Do not clamp the cables together with the fuel
the meters. lines. Keep them away from the fuel lines as

. . much as possible.
Allowable installation &

? s

45-759 - P
(I Z
/ ///r//] {//—_::A Koo00426n
Figure 7-41 Figure 7-43

.. » Use wire of the correct size. Wire the panel
Wiring according to the wiring diagram for each model.

» Provide suitable cover to protect the lead wire
from friction damage and attach it firmly to the NOTICE
bulkhead, etc. . .
For electronic controlled engines, please refer to
 When connecting the lead wire, make sure that appropriate Electronics Installation Manuals.

water cannot pass along the wire to the electrical
equipment.
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B Extension wire harness 2. Dual station instrument panel - When
installing the dual station instrument panel, use
the correct wire harness for the dual instrument
panel option. The dual instrument panel is not
available for some engine models.

3. Up to two extension wire harmesses may be
connected and used, but do not connect more

Fire Hazard

Undersized wiring systems can cause an
electrical fire. Be sure to use proper size wiring
for the application.

than two.
4. Attaching the extension wire harness - The
Note: instrument panel and engine side terminal are

connected with an extension wire harness. A
coupler is provided at each connection. Be sure
to clamp the wire harness near the couplers at
both ends (instrument panel and engine side

* Limit the length of the extension wire harness to 6
m (19.5 ft). For engine models without a starter
relay, connect to the starter switch.

e If an extension wire harness of more than 6 m couplers). Take special care to prevent the
(19.5 ft) is directly connected without using a coupler connected to the instrument panel side
starter relay, starting failure can result due to a from falling out under the weight of the
voltage drop. extension wire harness.

1. Connect the wiring of the instrument panel and
engine side to each coupler. Wiring between
the engine installation position and the
instrument panel is made by the extension wire
harness (optional).

1- The length of extension of the wire harness
varies depending on engine models. For
details, refer to the specific engine model
options in vol. 2 and 3.

2- The voltage will decrease excessively if the
extension harness is longer than the
specified length. This leads to engine
starting failure and malfunction of the
instrument panel gauges. The specified
harness length differs depending on the

engine model. 1 —Instrument panel
s ) ) 2 —Coupler
3- It is impossible to interchange new and old 3 —Clamp
harnesses, unless an adapter is used. 4 —Extension wire harness
5 —Clamp
6 —Engine side
Figure 7-44
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Layout of new extension wire harness
Single panel, one extension wire harness

’II 2 3
00O ‘ |
] ol il

l
4

052819-00X00

1 —New panel

2 —New extension wire harness
3 —New connector

4 —Engine

Figure 7-45

Single panel, two extension wire harness

4
3 l

1 2
|
0 —.—4\‘4—

CE2820-00X00

1 —New panel

2 —New extension wire harness
3 —New connector

4 —Engine

Figure 7-46

Dual panel, two extension wire harness

00O 4

] oHE- 23 l

}1 1
000 A.J_}
) oH

1 —New panel

2 —New connector wire harness for dual panel
3 —New connector

4 —Engine

5 —New extension wire harness

Figure 7-47

052821 -00¥00

Dual panel, three extension wire harness

00O 4
o_._L 2| 3 |
- _
>1 -
00 O
cess| O
5 052822-00X00

1 —New panel

2 —New connector wire harness for dual panel
3 —New connector

4 —Engine

5 —New extension wire harness

Figure 7-48

New and old connectors

Spme

1 —New connector (coupler)
2 —0lId connector (coupler)

Figure 7-49

U52823-00X00

New and old extension wire harness layout

1ﬂh

Hi

052824 -00¥00

1 — Connector (coupler) of new extension wiring
harness

2 —Connector (coupler) of old extension wiring
harness

Figure 7-50
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Old panel, old extension wire harness with new

and old connectors

00 34
o] oH—— IN
———{THH
1 2 |
S
1 —Old panel

2 —0Old extension wire harness
3 —New and old connectors

4 —New connector

5 —Engine

Figure 7-51

Old panel, new extension wire harness with new
and old connectors

e ]
cees | O
1 s

4

052826 -00XC0

1 —Old panel

2 —New and old connectors

3 —New connector

4 —Engine

5 —New extension wire harness

Figure 7-52

Old dual panel, old two extension wire harness
with new and old connectors

e, ]
.- ] O
1 s— — i

4

052826 -00K00

1 —Old panel

2 —New connector wire harness for dual panel
3 —New connector

4 —Engine

5 —New and old connectors

Figure 7-53

Old dual panel, new two extension wire harness
with new and old connectors

000 4

—|oml—l_':|” |
>1

000

§
|
AR O u352 27-0

1 —Old panels
2 —New and old connectors

3 —Old connector wire harness for dual panel
4 —New connector

5 —Engine

6 —New extension wire harness

Figure 7-54

B Wiring for drawing additional electricity

When drawing additional electricity to power a
radio, fan, light, pump, wireless, or other electrical
apparatus used in the boat, connect these loads to

the positive (+) terminal of the battery by way of the
main battery switch.
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B Functions by instrument panel

Type of instrument panel A type 9 B2 type C type D type E/E1 type

1. Switch unit

" Loes (apontionswichy | © | O [0 | x | x| x [ x| x | x x| x x| x| x| x]|x
" START (apostionswich) | X | X | X |0 |o|o|ojo]ofojojolojojo]o
1-3. Push button switch for engine start OO O | X | X[ X | X[ X | X[X]|X[X]|X[X]|X]X
1-4. Push button switch for engine stop X[{X|x|]ofojojo|jojo|lOoO]J]OoO|O]J]O[O]0O0]O0
1-5. ;l:;rr:ri]r}:ﬂr:;SSWitCh for meters and xIxlololololololololololololol!o
1-6. Buzzer stop switch X[ X]| X | X[X]|X|X]|]O0O]|]O|O]O|O]|]O[O]O]O
2. Alarm buzzer O|l0O[O0O|]O0O|]O0O|]O0O|0OC | ®@ @® @& & o o o o o
¢ Cooling water high temperature ojojlo|jojo|lojo|lojofjfo|j]ofo]j]ofO]0O0]O0O
¢ Lube oil low pressure ojojlo|jojo|lojo|lojofjfo|j]ofo]j]ofO]0O0]O0O
¢ Sail drive seal leak* O|OC[O|O|]O|IX|]O|O|O|X|O|X|X|X|X|X
¢ Lube oil lowpressureformarinegear' | X | X [ X [ X | X[ O | X [ X | X | O [ X | X | O | X[ X |O
3. Alarm lamp unit

¢ Battery not charging ojojlo|jojo|lojo|lojofjfo|j]ofo]j]ofO]0O0]O0O
¢ Cooling water high temperature ojojlo|jojo|lojo|lojofjfo|j]ofo]j]ofO]0O0]O0O
¢ Lube oil low pressure ojojlo|jojo|lojo|lojofjfo|j]ofo]j]ofO]0O0]O0O
¢ Sail drive seal Leak” X]O0|O|O[O|X[O]JO|O|X|O|X|X]|X|X]X
¢ Lube oil lowpressureformarinegear' | X | X [ X [ X | X[ O | X [ X | X | O [ X | X | O | X[ X |O
¢ Lube oil filter clogged* X X[ X ]| X[X]O[X]|X[X]O[X]|X|O|X|X]O
e Fuel water separator (water level)* X[ X | X X[ X]|X[X]|X[X]|X]|X]|X]|X|X]O]|X
4. Tachometer

e Tachometer |.D. No. P =97 O X | X | X | X | X | X | X | X|X|X]|X]|X]|X
e Tachometer |.D. No. P =114 X[TO[X [ X[ X[O[X|[X[X|[X|[X[X|[X]X
e Tachometer |.LD. No. P =116 X[ X[ X[ X[O[X[X[X[O|[X|[X|[X|[X]X
e Tachometer |.D. No. P =127 X[ X[O[X[X[X[O|[X|[X|]O|[X[]O|] O] X
e Tachometer |.D. No. P =129 X[ X[ X[O[X[X[X[|[O[X|X|O|X|X]O
5. Meters

¢ Lube oil pressure meter ojoflo]J]OoOfO]J]O|O]|]0O]|O
¢ Cooling water temperature meter ojoflo]J]OoOfO]J]O|O]|]0O]|O
¢ Boost meter (turbo) X[ X]| X[ X]|X]|]O|X]|]O|O
5-1. Operation hour meter ojoflo]J]OoOfO]J]O|O]|]0O]|O
6. Other

6-1. Quartz clock XX X|X|O0O|[|O|O|O]|O
6-2. Fuse box olofofo|fOo|lO|O|O0O]|O
Note:

» O = Equipped on panel, X = Not equipped on panel, @ = Installed by boatbuilder

» Depending on the instrument panel type, the asterisk (*) functions may not be activated because the
corresponding sensors are not installed on the engine.
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H Internal Yanmar code

Type of panel ID number
Panel Yanmar part No.
A1 D28270-91101
A2 D28371-91100

B D28170-91110
B2-1 29171-91101
B2-2 D24411-92890
B2-3 D27675-91200
B2-4 D29670-91110
C-1 D29171-91201
C-2 D24411-92920
C-3 D27675-91170
C-4 D29171-91180
D1 D24411-92850
D-2 D27675-91300
E-1 D19171-91130
E-2 D19182-91130
E-3 D27675-91100
E-4 D27675-91110

Instrument Pa

nel Configurations

B B and B2-type

170

Unit: mm

156

78 78

6-85.3

[e] [¢]

76
90

1 —Tachometer

2 —Alarm lamps

3 —Key switch

4 —Engine start push button
5 —Panel illumination switch
6 —Alarm buzzer

Figure 7-56

B C-type

052704-00X00

Unit: mm

4 4-g7

176
148

B A-type
170 Unit: mm
156
78 78
4-5.5
' 7 / ) “
( .
HS WTR Olj (@2 Oj
— N
/ f“\\\ / O\ \ S
\{[§TAR‘/} [\OO})
12
O
..
| |
4 3

1 —Alarm lamps

2 —Key switch

3 —Alarm buzzer

4 —Engine start push button

Figure 7-55

052703-00X00

@ p:%\@

qﬁ$wm

10

987 6

5

0E2705 ~00XCC

1 —Meter

2 —Tachometer

3 —Meter

4 —Alarm lamps

5 —Key switch

6 —Engine stop push button
7 —Panel illumination switch
8 —Buzzer stop switch

9 —Fuse box

10—Hour meter

Figure 7-57
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B D-type

432 Unit: mm
135 136 135
1 2 3 4 5 |87

187
167

©

052721-00X00

1 —Meter

2 —Meter

3 —Meter

4 —Tachometer

5 —Hour meter

6 —Key switch

7 —Engine stop push button
8 —Panel illumination switch
9 —Buzzer stop switch
10-Fuse box

11— Alarm lamp unit

12— Quartz clock

Figure 7-58

M E-type

180
160

1 —Meter
2 —Tachometer
3 —Meter
4 —Meter

5 —Alarm lamp

6 —Quartz clock

7 —Alarm lamp

8 —Key switch

9 —Engine stop push button
10— Hour meter

11— Fuse box

12 —Buzzer stop switch
13—Panel illumination switch

Figure 7-59

052722-00X00
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B Functions by new type instrument panel

Type of new instrument panel New B New C New D
clylelzie|e (S22 |F | -|alo|s|v]|o|~o|lo|r|a|o|s|v]|o|~
Functions AR R R R R AR EHEEEEE
D000 8888 ggoo|eoes|d|dc|alalalalalala
1. Switch unit

1-1. Key switch for

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

GLOW/OFF/ON/START
1'2';Lc‘):hb““°”s""”°hf°re”9'”e x|olo|o|olololo|o|o|o|o|olo|o|o|ololo|o|olololo|o|o|o
1-3. Alarm buzzer o|Oo|Oo|ofo|ofO|O|O|O|O|O|0O|0O|O|0O|O|O|O|O|0O|O|0O|l0O|0O|0O|O
1-4. Alarm buzzer stop switch O|O[O[O|O0|O[O|O|O|O[0O|0|0O|0O[0O|0|0O[|0O|0|0|0O|0O|0O|0[0O|0O]|0O
1-5. lllumination switch for meters |O[O|O|O|O|O|O[O[O|O|O|O[O|O|O|O[O|O[O|0O|O|0O[O|0O|0O|0O|O

1-3. Alarm buzzer

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

¢ Cooling water high temperature

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

¢ Lube oil low pressure

+ Sail drive seal leak*! O[O|O[X[X[O[X|X[X|X[|X|O|O|X|X|O|X|X|X|X|[X|X[X[X|X[X[X

¢ Hydraulic oil low pressure for
marine gear or sterndrive gear | X | X | X[O[X|X|X[X|X|X|X|[X|X]|O|O[X|O|O[O|O|X|O[O|O|O|O|O

oil level*1
’E%Z'l)ﬁv1aterseparat°r(Water x| x|x|x|o|x|x|x|o|x|x|x|o|x|o|x|x]|o|x|x|x|x]|o|x|x|o|x
e Seawater flow X X[X|X]O|X|O|X|O|O|X|X|X|O|O|X|X[O|O[X|X[O|O|X|O|O|X
¢ Cooling water level for closed

cooling tank*! X X[X[|O|X|X|O|X|X|O|X|X|X|O|O|X|X[O|O[X|X[O|O|X|O|O|X
* Boost pressure high*? X X[X[|X]|O|X|O|O|X|X|X|X|X|O|O|X|O|O[O|O|X|O|0O|0O|0O|0O|0
2. Alarm unit (6-lamp type)
¢ Battery not charging O|0[O|0O|0|O[0O|0O]|0O|0O|0O
¢ Cooling water high temperature | O| O[O O|O|O[O|0O|O| OO
¢ Lube oil low pressure O|0[O|0O|0|O[0O|0O]|0O|0O|0O
+ Sail drive seal leak*1 O|O|OX|X|O[X|X|X[X]|X

¢ Hydraulic oil low pressure for
marine gear or sterndrive gear

>
>
>
©)
>
>
>
>
>
>
>

oil level*1
* Lube oil filter clogged*? XIX|X[O[X|X|X[X]|X]|X]|X
e Fuel \ivaterseparator (water xIxIxIxlolxIxIxlolx!|x
level)*1
+ Seawater flow*? X|X|X[X]|O[X|O|X[|O]|OX
. Coo!lngwat%r level for closed xIxIxlolxIxlolx!x!|x!|x
cooling tank
* Boost pressure high*1 XIX|X[X[O]X|O[O|X|X|X
* Preheat*! X|X[X[|X|X|X|X|X]|O|O|O
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Type of new instrument panel New B New C New D
clale|zie|lels|e(2(2(E No|ld|v|lo|~|w|lo o= |w|o|~
Functi z|IZ|Z2(z|1Z2(2(z(=2(Z2(Z(Zz|Z|Z2|2|2|2|2|Z|2|Z2|Z|2|2(2|2(2]|2
unCIons NNNNNNNNNIIIIIIIIIIIIIIIIII

3. Alarm unit (10-lamp type)

¢ Battery not charging O|0[O[0O]|0|0O[O|0|0|O|O|0O|0|0O|0O]|0O
¢ Cooling water high temperature O|0[O[0O]|0|0O[O|0|0|O|O|0O|0|0O|0O]|0O
¢ Lube oil low pressure O|0[O[0O]|0|0O[O|0|0|O|O|0O|0|0O|0O]|0O
+ Sail drive seal Leak*? O[O X[X[X|X[X|X[|X|X|X|X|X|X]|X]|X

¢ Hydraulic oil low pressure for
marine gear or sterndrive gear

P
P
O
O
P
O
O
O
O
P
O
O
O
O
O
O

oil level*1
* Lube oil filter clogged*1 X|X[O|X|X|X|X|O|X|X|O|X|X|O|X]|X
. ll:aL\chzll)vlqaterseparator (water xlolololxIxlolxIxIx!xlolx|x!lolx
+ Seawater flow*1 X|X|O|O|X[X|O[O|X|X[O]|O|X|O|O|X
. Coo!ingwat?rlevelforclosed xIxlololxIxlololxIxlololxlololx
cooling tank*1
* Boost pressure high*1 XIX|O|O[X[O]|O|O[O|X]|O|0O|0O|0]|0O|0O
+ Preheat*1 X|X[X[|X]|X]|X]O|O|O|X|X|[X|X|O[O|O

4. Tachometer unit

* Tachometer with hour meter,

.D. No. P = 97

* Tachometer with hour meter, |y | oy | x| x | x| x| x| x| x|x|o|x|x|x|x|x|x|[x|x|x|x|x|x|x]|x]|x
I.D.No. P =114

* Tachometer with hourmeter, |y |y |y Iy | ololx|x|o|x|x|x|x|x|olo|x|o|x|x|x|x|o|x|x|o|x
I.D. No. P = 116

* Tachometer with hourmeter, |y |y | ol y [x Ix|x|o|x|x|o|x|o|x|x|x|o|lx|x|o|lo|x|x|o|x|x|o
I.D. No. P = 127

* Tachometer with hourmeter, |y |y |y I ol x Ixo|x|x|o|x|x|x|o|x|x|x|x|o|x|x|o|x|x|o|x]|x
.D. No. P = 129

5. Sub meters

5-1. Lube oil pressure meter O|0[O[0O]|0|0O[O|0O|0|O|O|0O|0|0O|0O]|0O

5-2. Cooling water temperature olololololololololololololololo
meter

5-3. Boost meter (turbocharger) XIX|X[X[X[X]|X|X[X]|X]O]O|O|0O|O|O

6. Clock unit

6-1. Quartz clock x|x|x|x|x|x|x|x|x o|o|o|o|o|o|o

*1: Varies by engine model. Refer to information for specific engine model in vol. 2 or 3.

Note: O = Equipped on panel, X = Not equipped on panel
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Note: The instrument panel ID number is specified  Instrument Panel Configuration
at the instrument panel frame. (New-Type Panel)

Type of panel ID number This is a module-type instrument panel. It consists
Panel Yanmar part No. of the switch unit, alarm lamp unit and meter unit.
Bo-N1 12839191130 Each module unit can be used separately in a
B2-N2 129170-91130 panel frame.

B2-N3 129574-91130 B New B-type

B2-N4 119573-91130

B2-N5 119773-91130 1 2 3 4

B2-N6 129670-91130

O O o

B2-N7 119575-91130 TE

B2-N8 119175-91130 \Q Q/ []
B2-N9 119773-91131 [m"]] @ 5
B2-N10 119575-91131 oo
B2-N11 119175-91131 C'

C-N1 129170-91161 s \

Q Q O
C-N2 129574-91161 \\
8 7 6

C-N3 127675-91161 ST
C-N4 119773-91160

CN5 129670-91161 1 —Alarm lamp unit - 6-lamp type

C-N6 119175-91160 2 — Tachomster

. . 3 —Buzzer stop switch

C-N7 119773-91162 4 —Panel illumination switch

C-N8 127675-91163 5 —Engine stop switch

C-N9 119175-91162 6 —Key switch

D-N1 129574-91191 7 —Alarm buzzer

- . 8 —Hour meter
D-N2 127675-91193 Fi .60
igure 7-

D-N3 119773-91190 gure

D-N4 119175-91190

D-N5 127675-91193

D-N6 119773-91192

D-N7 119175-91192
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Bl New C-type

JO

BUZZER ILL UM

CI‘n
I O °
oG

®] [©] @]

10 9 8 vareas aox
1 —Oil pressure meter
2 —CW temperature meter
3 —Tachometer
4 —Buzzer stop switch
5 —Panel illumination switch
6 —Engine stop switch
7 —Starter key switch
8 —Alarm buzzer
9 —Hour meter
10— Alarm lamp unit - 10-lamp type

Figure 7-61

B New D-type

e

a@{ -

@5

O

12 1110 9 8

032649-00X

1 —Turbocharger boost pressure meter
2 —Engine oil pressure meter

3 —CW temperature meter

4 —Tachometer

5 —Buzzer stop switch

6 —Panel illumination switch

7 —Engine stop switch

8 —Starter key switch

9 —Alarm buzzer

10—Hour meter

11 —Quartz clock

12— Alarm lamp unit - 10-lamp type

Figure 7-62
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Instrument Panel Parts (New Type
VDO Panel)

B New type B (VDO) - JH4, JH5 and YM
series

140

~—6

050G792-00X00

1 —Coolant high temperature indicator and alarm

2 —Engine oil low pressure indicator and alarm
3 —Water in sail drive seal indicator and alarm
4 —Battery low charge indicator

5 —Stop switch

6 —Key switch

7 —Moisture cap for key switch

8 —Hour meter

9 —Tachometer

Figure 7-63

B New type C (VDO) - JH4, JH5 series

255

140

12 11 10 9 8

050724 -00X00

1 —Coolant high temperature indicator and alarm

2 —Coolant temperature gauge

3 —Water in fuel filter indicator and alarm
(4JH4-TE, 4JH4-HTE1 and 4JH4-HTE engines
only)

4 —Water in sail drive seal indicator and alarm

5 —Battery low charge indicator

6 — Stop switch

7 —Key switch

8 —Moisture cap for key switch

9 —Hour meter

10— Tachometer

11— Engine oil pressure gauge

12 — Engine oil low pressure indicator and alarm

Figure 7-64
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B B (keyless) - type B C (keyless) - type
/ |
,@‘ g@/ “/:\
ff’i\/“/m\

.

\

4

4

.
)

D
2

(N )
\\\\ 3% ®//
\\\z\/
\©\ /| \ =
\ 12 11
5 1 — Coolant high temperature indicator
2 —Coolant temperature gauge

3 —Not used on this engine
4 —Water in fuel filter indicator

026102-00X

1 —Coolant high temperature indicator
2 —Engine oil low pressure indicator

3 —Water in sail drive seal indicator 5 —Water in sail drive charge indicator
4 —Battery low charge indicator 6 —Battery low charge indicator
5 ~ON/OFF/START switch 7 —ON/OFF/START switch

7 —Hourmeter
8 —Tachometer

9 —Hourmeter
10— Tachometer

Figure 7-65 11— Engine oil pressure gauge
12— Engine oil low pressure indicator
Figure 7-66
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B Functions by JH4, JH5 and YM series - VDO type instrument panels

. New type B (VDO) for New type C (VDO) for
Type of instrument panel JH4, JH5 and YM series JH4 and JH5 series
Function

Switch unit
Key switch for GLOW/OFF/ON/START

o . O 0]
(4-position switch)
Engine stop switch O O
Alarm lamp unit
Battery low charge indicator O O
Cooling water high temperature indicator

o) X

and alarm
Engine oil low pressure indicator and 0 X
alarm
Water in sail drive seal indicator and o*2 o2
alarm
Water in fuel filter indicator and alarm X o™
Meters (gauges)
Engine oil pressure gauge X O
Coolant temperature gauge X O
Hour meter 0] 0]
Tachometer 0] 0]

*1: 4JH4-TE, 4JH4-HTE1 and 4JH4-HTE engines only
*2: Sail drive only

Note: O = Equipped on panel, X = Not equipped on panel

Type of panel Yanmar part No.
New type B (VDO) for JH4, JH5 and YM series 129271-91113
New type C (VDO) for JH4 and JH5 series 129271-91163

Note: Refer to marine service advisory regarding the adjustment of tachometer for tooth count of flywheel.
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B B20 type (Medallion) - JH4, JH5 and YM
series

[
8
9

SE
T 10
11

042563-00X05

1 -LCD

2 —Tachometer

3 —Engine oil low pressure indicator and alarm

4 —Water in fuel filter indicator and alarm
(4JH4-TE, 4JH4-HTE1 and 4JH4-HTE engines
only)

5 —Coolant high temperature indicator and alarm

6 —Water in sail drive seal indicator and alarm

7 —Battery low charge indicator

8 —Start switch

9 — Stop switch

10— Glow switch

11— Power switch

Figure 7-67

B C30 type (Medallion) - JH4, JH5 series

255

140
125

P
9)

10

"
12

13

043796¢-00K01

1 — Engine oil pressure gauge

2 —Coolant temperature gauge

3 -LCD

4 —Tachometer

5 —Engine oil low pressure indicator and alarm
6 —Water in fuel filter indicator and alarm

(4JH4-TE, 4JH4-HTE1 and 4JH4-HTE engines

only)

7 —Coolant high temperature indicator and alarm

8 —Water in sail drive seal indicator and alarm
9 —Battery low charge indicator

10— Start switch

11— Stop switch

12— Glow switch

13- Power switch

Figure 7-68
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B Functions by JH4, JH5 and YM series - Medallion type instrument panels

Type of instrument panel

B20 for
JH4, JH5 and YM series

C30 for
JH4 and JH5 series

Function

Switch unit

Start switch

Stop switch

Glow switch

Power switch

O|0|0| 0O

O|0|0| 0O

Alarm lamp unit

Engine oil low pressure indicator and
alarm

Water in fuel filter indicator and alarm
(4JH4-TE, 4JH4-HTE1 and 4JH4-HTE
engines only)

Coolant high temperature indicator and
alarm

Water in sail drive seal indicator and
alarm

o*2

0*2

Battery low charge indicator

O

O

Meters (gauges)

Tachometer

LCD

Engine oil pressure gauge

Coolant temperature gauge

X|[>*x]0]| 0O

O|0|0| 0O

*1: 4JH4-TE, 4JH4-HTE1 and 4JH4-HTE engines only

*2: Sail drive only

Note: O = Equipped on panel, X = Not equipped on panel

Type of panel

Yanmar part No.

B20 type (Medallion) for JH4, JH5 and YM series

164100-30101

C30 type (Medallion) for JH4 and JH5 series

164100-30200

Note: Refer to marine service advisory regarding the adjustment of tachometer for tooth count of flywheel.
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Setup Screen Access and Control
(Setting the engine speed pulse value
for B20/C30 type panel)

Use the buttons on the bottom of the LCD display
to set the instrument panel.
Press the left button to switch between displays.

g} Press and hold both buttons until “SET UP”
appears.

B3 Press the left button and go to the screen
“UNIT”.

E] Press the left button and go to the next screen
“‘ENGINE”.

3 Confirm that the display says “ENGINE”. Press
the right button and “P***=” appears.

Note: The pre-set value of speed pulse is
indicated on the box of each panel.

B Next, press the left button and select the speed
pulse value for each engine model.

Engine model Speed pulse value
1GM10 97
va'l\t/lk{Jlm?l'/,:CH)al alternator 1029
YM/JH4/JH5 12.10
with VALEO alternator
JH3-T 127

@ After confirming the value is changed correctly,
press the right button to return to the “ENGINE”
screen.

Press the left button again to go from the
“ENGINE” screen to the “EXIT” screen.

£ After confirming the display, press the right
button to re-start the panel and return to the
hourmeter display.

Select

Engine type select
=
ENGINE
a

4
v Select

Exit setup

ﬂ Return to LCD control

043719-G2ENOZ

Figure 7-69
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Combination of Dual Instrument

Panels

Instrument panel combinations differ depending on
the engine model. Please refer to the specific

engine model information in vol. 2 or 3.

B Length of extension wire harness (old
and new type)

New type New/old
panel Old type panel mixed
BxB B2 x B2 B2 x New B
BxC B2x C B2 x New C
Panel BxD B2 x D B2 x New D
type
CxC E1xE -
CxD - ~
1
000 2
-] oHE— |
1
00O
500 O _._ 0E282%-00X00
1 —Panel
2 —Engine
Figure 7-70

4

=

Tvpe Name L Yanmar part No.
yp m (ft) (old type code)
Extensmn 75 10 2.85 D28391-94500
EWN3 | wireharness, (9.02 to 9.35) 2-connector type
3m (9.8 ft) : : (D28170-91500)
Extensmn 37510 3.85 D29574-91510
EWN4 | wireharness, (12.30 to 12.63) 3-connector type
4m(13.1 ) : : (D24611-77840)
Extensmn 5 75 10 5.85 D29574-91520
EWNS6 | wireharness, (18.86 10 19.19) 3-connector type
6 m(19.7 ft) : : (D19171-91501)
1
L

KOoo0485A0

1 —6P, connector (8P, connector, new type)
2 —4P, connector (3P, connector, new type)
3 - 6P, connector (8P, connector, new type)
4 — 4P, connector (3P, connector, new type)
5 —4P, connector (8P, connector, new type)

Figure 7-71
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B Extension wire harness for dual instrument panel

Tvbe L1 L2 Yanmar part No.
yp (old type) (old type) (old type code)
CWN1 370 mm (14.6 in.) 200 mm (7.9 in.) D29574-91590
(340 mm (13.41in.)) | (200 mm (7.9 in)) (D19171-91590)
1 —6P, connector (8P, connector, new type) 4 —4P, connector (8P, connector, new type)
2 —6P, connector (8P, connector, new type) 5 —4P, connector (3P, connector new type)

3 —4P, connector (3P, connector, new type)

Figure 7-72
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H New and old connectors

L1 L2 Yanmar part No.
100 mm 100 mm
(3.91n.) (3.9n.) 129574-77860

1 —6P, connector
2 —Old type connector
3 —4P, connector

KCO000487A

4 —3P, connector
5 —8P, connector
6 —New type connector

Figure 7-73
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COLD STARTING AID

An air heater or glow plug may be available for warming intake air during starting in low temperatures. The
air heater is mounted between the intake manifold and intake manifold coupling.

The device may be automatic or may activated by a preheat switch. Refer to the Operator’s Manual or
Service Manual of your equipment for specifics.

By

Joint

Gasket

Air heater

intake manifold

Koooz882

Figure 7-74
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Air Heater

|

G
Figure 7-75
B Specifications
Type Unit AH 1 AH 2 AH 3
Yanmar part No. 129100-77500 119005-77050 127695-77500
Rated output w 400 500 500 (2000)
Rated current A 35 42 42 (90)
Rated voltage \Y 12 12 (24)
Rated operation interval Seconds ON: 60, OFF: 30
Dimensions
A mm 78 88 178
(in.) (3.07) (3.47) (7.00)
B mm 60 70 80 + 80
(in.) (2.36) (2.76) (3.15 + 3.15)
c mm 60 70 90
(in.) (2.36) (2.76) (3.54)
D mm 78 88 108
(in.) (3.07) (3.47) (4.25)
E mm 18 18 20
(in.) (0.71) (0.71) (0.79)
F mm 4 x g9 4 x g9 4 x g9
G (thread size) mm M6 x P1

YANMAH Marine Installation Manual - Volume 1
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Heater Plug Specifically, the heater function as described below
was added to the conventional starting operation of
turing the key switch manually to GLOW to start
the heater and starter motor.

The heater plug heats the areas around the
combustion chamber to make the engine starting
easier. The plug is installed in the cylinder head or
intake manifold. The number of plugs varies Note: Low cetane number diesel fuels cause the
depending on the engine model. engine to emit more bluish white smoke. We
recommend the use of diesel fuels with a

Note: Production started end of September, 1999. minimum cetane number of 45.

Besides the conventional function of heating intake

air for easy starting, the function of reducing W Specifications

exhaust (bIU|sh.wh|.te smoke), which is emitted Rated voltage DC 12V
soon after starting in cold areas, has also been
added. Rated current 58 A
Yanmar part No. 119775-77600
B Dimensions
| A
B c D

g
—e ([0 T
.\\ -
F e
Figure 7-76
Type A B C 5 = -
AGT (Igsr?:) (gi;n irr?.) (gfs;n irr?.) (g.%sr;n irr?.) M18xP15 | M4xP07

Note: Tightening torque:
M18: 3 to 4 kgf-m, 29.4 to 39.2 N-m (21.6 to 28.9 ft-Ib)
M4 Nut: 0.1 to 0.15 kgf-m, 0.98 to 1.47 N-m (8.7 to 13.0 in.-Ib)
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B Operation of cold starting aid

The heater starts with the key switch on GLOW;
turning key switch to OFF turns off the heater.
Turning the key switch to ON will cause the heater
to start and the preheat lamp to go on. The heater
stays turned off when cooling water temperature
exceeds 42 °C (108 °F), and the preheat lamp will
also remain off. When the key switch is turned to
the START position (engine starts), the preheat
lamp goes out and heater continues to work even
after releasing the key switch to the ON position.
The heater, however, will automatically turn off
within 3 minutes maximum or when cooling water
temperature reaches 42 °C (108 °F), whichever
happens first.

Except for key operation, all operations of the
preheat lamp and heater are automatically
controlled by the timer.

Note: To reduce bluish white smoke during engine
starting (if preheat lamp goes on when the
key switch is turned to the ON position), hold
the key in the ON position until preheat lamp
goes out.

Operation timing

Operation of key switch Heater plug Preheat lamp
GLOW ON OFF
OFF OFF OFF

ON (maximum 30 seconds or
engine cooling water

ON (when key turned from

ON temperature reaches OFF to ON). Alarm buzzer not
42 °C (108 °F)) activated.
START ON (3 minutes or until engine | OFF
i i cooling water temperature
ON (engine running) reaches 42 °C (108 °F)) OFF

Specifications
Rating 11 V58 A
Used heater plug 2 pieces/engine
Install thread diameter M20 x P1.5
. . 1.5 kgf-m, 14.7 N-m
Tightening torque (130 in.-Ib)

Note: Engines with new cold starting aid system
have large heater capacity. Accordingly,
install a large capacity battery.

YANMAH Marine Installation Manual - Volume 1
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Dimensions
A
D
B it o
c
T e AL )
il SN
AV
F ;'l K0002885
Figure 7-77
Type A B c D E F G H
89 mm 65 mm 50 mm 10 mm 18 mm 26 mm
AG2 (350in) | 256in) | (1.97in) | ©039in) | ©71in) | M2OXP15 M5 1 (oz2in)
Yanmar 119575-77050
part No.
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Cooling Water Temperature Switch

57.7

@21

Unit mm PT 3/8

Indentification

Figure 7-78

B Specifications

. ON 40to 44 °C
Operating (104 to 110 °F)
temperature -

Hysteresis 7°C (126 °F)
Rated capacity DC12V, 1A
Response time Within 60 seconds
Range of ambient -40t0 130 °C
temperature (-40 to 266 °F)
Identification color Orange

Heater plug type for
Applicable engine type cold starting aid
(optional)

Yanmar part No.

124616-91370

Note: Tightening torque of PT 3/8 thread:
240 to 320 kgf-cm, 23.5 to 31.4 N-m

(208 to 278 in.-Ib)

YANMAH Marine Installation Manual - Volume 1
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REMOTE CONTROL SYSTEM

Top mounted

Clutch regulator remote control head

Side mounted

Engine stop remate control cable

Cable clamp Cable connector

Governor lever

Eng. stop lever

Cable connector

Marine gear {clutch)
shift lever

Xo003887

Figure 7-79
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Remote Control Head and Cable

Use only super-responsive MORSE control cables.
These are designed specifically for use with
MORSE control heads.

This engineered system of MORSE cables, control
head and engine connection kits ensures
dependable and smooth operation with an absolute
minimum of backlash.

B Remote control head
Note:

e Only use the single lever remote control head for
the Yanmar mechanical clutch marine gear.

» The two-lever remote control head cannot be
used because too large a torque is need to
operate the marine gear shift lever at engine high
speeds (over 1800 min1). This exceeds its
capacity, and makes the mechanical clutch
inoperable.

Refer to the specifications for each engine model to
select the appropriate marine gear.

There are two types of remote control heads, the
top-mounted control and the side-mounted control.
Select the type for the installation position.

Top-mounted control type

C01597-02X00

Figure 7-80

Side-mounted control type

New expanded side-mounted series controls
include right- and left-hand models designed for
easier installation and servicing. The side-mounted
control can be pre-assembled and installed without
removing the side panels.

A pull-out button disengages the clutch for the full
throttle range in NEUTRAL for safe starting and
warm-up.

Controls have FORWARD, NEUTRAL and
REVERSE detents and built-in friction to prevent
throttle creep.

Kott3889

Figure 7-81
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B Dual station control

The following methods are available for operating
an engine from two positions (such as flybridge and
cabin).

A: Series type

Engine

CU9250-00EN0Z

Figure 7-82

The handling force has more resistance because of
the use of the relay cable between the No. 1 and
No. 2 units. Ensure that the cable stroke at the No.
2 unit has some allowance to compensate for the
cable stroke loss caused by the relay to the No. 1
control head.

B: Dual station unit type

Selector

DS unit I l Engine I

K0003891

Figure 7-83

Consult the remote control unit maker (MORSE) for
the dual station unit.

Selector

Engine speed cable
e

Engine speed cable

Marine gear cable

Engine speed dual station unit

To engine speed
control lever

Marine gear cable

marine gear
7
Selector
cable

Marine gear dual station unit

Engine speed DS

X0003832

Figure 7-84
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C: Hydraulic and electric remote control unit

The operating force of the control head of the
hydraulic/electric remote control device can be
smaller than with the mechanical type.

Examples of electric or hydraulic type

Remote control handle
Handle selector
o

S5, o

1Y

i
I

// //I\Jllarine gear shift cable
ng. speed control cable

Figure 7-85

Dual contorol unit

Engine

Koo02893

These control heads operate the marine gear shift
lever or engine throttle lever via the hydraulic
cylinder or DC motor by activating the hydraulic
valve or sensor unit.

Accordingly, these devices are ideal for 2-station
remote control of twin-engine two-shaft propulsion
boats or inboard outdrive boats on which shift and
throttle lever operation is heavy.

NOTICE

When selecting remote control heads:

* The unit must have sufficient operating force for
the engine throttle and marine gear levers.

* The unit must have an adequate operating stroke
for the engine throttle and marine gear levers.

Construction of Remote Control
System

The remote control permits one-handed control of
the engine speed, changes from forward to reverse
and stopping.

Fittings that allow for easy connections to the
remote control cables with the governor lever and
marine gear are provided with the remote control
set.

The use of MORSE remote control cables, clamps
and a remote control head are also provided. The
engine stopping device is electric and was
explained in Engine Stop Solenoid on page 7-19.

YANMAH Marine Installation Manual - Volume 1
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Remote Control Device Components

Component Description Type Yanmar part No.
MORSE, MT3 top mount MT3 D24070-86310
Remote control head -
MORSE, MV side mount MV D28170-86300
MORSE, 33C x 4 m (13.1 ft) RC4 D24070-86500
Remote control cable
MORSE, 33C x 7 m (23.0 ft) RC7 D29470-86500
. YANMAR made, 3 m (9.8 ft) SC1 D28170-67500
Engine stop cable YANMAR made, 4 m (13.1 ft) SC2 D29470-67500
(manual engine stop)
YANMAR made, 7 m (23.0 ft) SC3 D29470-67510
B MT3-type B MV-type
_ Newly expanded MV-series controls (Figure 7-87)
Unit: mm include right- and left-hand models designed for
easier installation and servicing. The MV control
N’ can be pre-assembled and installed without
e removing the side panels.
1 A pull-out button disengages the clutch for the full
- throttle range in NEUTRAL for safe starting and
< warm-up.
: MV controls have forward, neutral and reverse
detents and built-in friction to prevent throttle creep.
Unit: mm
@5
KOOD0521sA
Figure 7-86
Figure 7-87
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Remote Control Cable
MORSE-type 33-C push-pull control cables.

001599-00X04

Figure 7-88

Use only Super-Responsive MORSE Control
Cables. These are designed specifically for use
with MORSE control heads. This engineered
system of MORSE cables, control head and engine
connection kits ensures dependable, smooth
operation with an absolute minimum of backlash.
The thread size on the cable ends is 10-32,
UNF-2A. Travel is up to 76.2 mm (2.99 in.).

Engine Stop Cable

The stop lever of the fuel injection pump is
connected to the solenoid with a connecting rod.
The device is operated by the stop switch on the
instrument panel.

@)

KOC00524A

1 —Yanmar-made 1.5 mm (0.06 in.)
Figure 7-89

Installation of Engine Stop Knob

1 —3to5mm (0.12t0 0.20in.)
2 —g11.5t0 12 mm (0.45 to 0.47 in.) hole

Figure 7-90

The engine stop knob is common to both stop
remote control and decompression remote control.

Firmly install the knob with a bracket in a suitable
place that is convenient for operation.

1 —Knob
2 —Bracket

Figure 7-91
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When using the B, B2 and new B-type instrument
panel, install the knob at the knob hole
(Figure 7-91) provided in the panel.

\\\E = wg// //
=) @

1

1 —Knob installation hole
Figure 7-92

The knob installation hole is not completely
stamped out. Remove the knockout to install the
engine stop knob.

B Wiring of engine side

Connect the engine stop control cable as shown
(Figure 7-93). After installation, ensure that the
cable moves freely throughout its full range.

The metal connector fitting has a hole diameter of
2.5mm (0.1 in.) to accommodate the cable. A cable
of 1.5 t0 2.5 mm (0.06 to 0.1 in.) diameter can be
used in the connector.

1 —Governor lever

2 —Engine stop lever

3 —Cable connector

4 —Remote control cable
5 —Bracket

6 —Cable connector

7 —Bracket

8 —Remote control cable

Figure 7-93

7-66
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B Dimensions of engine stop cable (Yanmar-made)

1 2 Unit: mm
e $0 ¢ 45 $1.5
%U}\'“ e WCZ@M—
o~ L3
18 23
28 L1
L2
1 —M11 x P1.25 (thread diameter) 2 —M®6 x P1.0 (thread diameter)
Figure 7-94
Type Part name L1 L2 L3 Yanmar part No.
SC1 Engine stop cable 3 m (9.8 ft) (31’2%?1?:) 812‘:‘3%?:) (15)?;8?:) D28170-67500
SC2 Engine stop cable 4 m (13.1 ft) g%idf;?:) (ﬁ%(;%r?:) (?5?1??) D29470-67500
. 7000 mm
SC3 Engine stop cable 7 m (23.0 ft) - (275.6in.) - D29470-67510
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Cable Clamp

Yanmar cable clamps (Figure 7-95) are standard
parts. They are fitted to the brackets on the engine
and marine gear.

K0003898

Figure 7-95

Cable Connector

Yanmar cable connectors are standard parts. They

are

fitted to the marine gear shift lever and engine

speed governor (throttle) lever.

Engine Speed Lever Installation

The metal connector, which joins with the damping
spring, is at the tip of the governor (throttle) lever.
Screw the cable into the fitting.

Metal connector fitting

M5 thread

Governor lever

K0003899

Figure 7-96

Control Cable Installation

1.

The minimum radius of cable bending should
be 200 mm (7.87 in.).

The outer cable should be bent, if required, at a
point more than 100 mm (3.94 in.) from the
outer cable clamp in order to protect the clamp
from strain (Figure 7-97).

Clamp

More than
100 mm

More than 200 mm

KCG003900

Figure 7-97

3. The exposed portion of the inner cable should
be coated with a water-resistant grease for rust
prevention and smooth movement of the cable
(Figure 7-98).

K0003901

Figure 7-98

4. The cable should be routed so that it does not

come into contact with the heated area of the
engine, sharp edges or moving parts.

5. Do not clamp wire harnesses or other electrical

wires to the cable (Figure 7-99).

K0oo03s02

Figure 7-99
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NEUTRAL SAFETY SWITCH

To prevent the engine from starting when the shift
lever is in FORWARD or REVERSE, a neutral
safety switch is installed.

The neutral safety switch prevents the starting
motor from running except when the shift lever is in
NEUTRAL; the engine will not start when the shift
lever is in FORWARD or REVERSE.

The neutral safety switch can be installed to either
the remote control handle or to the marine gear.

Note: Installation of this device on pleasure boats
is required by law in some countries
including Japan.

B Neutral safety switch wiring example

Neutral safety switch {(Install the remote control

o handie or marine gear)

S %{i_LL
iy

Starter key switch \
Starter motor -

Figure 7-100

B Remote control head with neutral safety
switch

, Neutra!l Switch Plate

Screw ——9 Collar

i

i

&‘3.. Wire harness

K0003904

Figure 7-101

Type Yanmar part No.
NS1 D77074-06020
NS2 D19573-77110
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NS1-type NS2-type

-
- 4
1 A\
r
10 '
/‘L -
9 -~ - -
(8) 2 oS
7 /AR
AN
FAIN
\ U/
7 5
6
1 —Shift lever 6 —Bolt, M8 x 30
2 —Switch bracket 7 —Activator of safety switch
3 —Neutral safety switch 8 —Shift lever
4 —Bolt, M10 x 85 9 —Cable bracket
5 —Clamp bolt, M4 x 8 10— Safety switch rated capacity: DC12 V, 30 A

Figure 7-102
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ELECTRONICALLY
CONTROLLED ENGINES

Electronically controlled engine installation requires
special considerations that are not generally
encountered in mechanically controlled
installations. While electronically controlled engines
have added features like data logging, and
precision timing algorithms, they are susceptible to
electrical noise caused by voltage variations,
inadequate shielding or poor grounding practices.

Battery Requirements

Electronically controlled engines are equipped with
sensitive circuitry that requires a constant,
well-regulated voltage supply. Batteries must be
properly sized to accommodate the engine
electrons and auxiliary electrical equipment
onboard.

Battery Connection Designs

Battery post connections must be solid bolt-type
with tight contact. Loose or undersized connections
could introduce excessive electrical resistance,
causing unacceptable voltage drop.

Grounding Requirements

Electronically controlled engines usually have
traditional or two-pole starter wiring systems. In
either case, grounding must be in one central
location. Multiple grounding points can produce
ground loops. These ground loops can cause
electrical noise problems that interfere with normal
electronics operation.

FUEL SYSTEM

Fire and Explosion Hazard

Diesel fuel is flammable and explosive under
certain conditions:

¢ Always fill the fuel tank only with specified
diesel fuel. Filling the fuel tank with gasoline
may result in a fire and will damage the
engine.

* Place an approved container under the air
bleed port when you prime the fuel system.
Never use a shop rag to catch the fuel. Wipe
up any spills immediately. Always close the
air bleed port after you complete priming the
system.

e Always put an approved container under any
opening to catch the fuel when removing any
fuel system component to perform
maintenance (such as changing the fuel
filter).

Exposure Hazard

Wear eye protection. The fuel system is under
pressure and fuel could spray out when you
open the air bleed port.

NOTICE

+ If the unit has an electric fuel pump, turn the key
switch to the ON position for 10 to 15 seconds, or
until the fuel coming out of the air bleed port is
free of bubbles, to allow the electric fuel pump to
prime the system.

+ If the unit has a mechanical fuel pump, operate
the fuel priming pump several times until the fuel
coming out of the air bleed port is free of bubbles.

NOTICE

* Only use diesel fuels recommended by Yanmar
for the best engine performance, to prevent
engine damage and to comply with EPA warranty
requirements.

* Only use clean diesel fuel.
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The fuel system includes the fuel tank, fuel piping
from the fuel tank to the fuel feed pump, and fuel
return piping from the fuel injection pump to the fuel
tank.

An extra fuel feed pump may be attached when the
installation position of the fuel tank is low. Also, an
extra fuel filter with a fuel/water separator may be
installed to remove water and sediment from the
fuel.

Both the fuel feed pump inlet and fuel injection
nozzle fuel return outlet on the engine side are
provided with rubber hose joint, to which a rubber
hose can be connected.

Note: Be sure that the fuel tank specifications and
fuel line piping comply with local safety
regulations where applicable.

Fuel Tank

B Capacity of fuel tank

The capacity of the fuel tank is determined during
the design stage of the boat with consideration to
the cruising range, inboard space, fuel
consumption of the engine to be installed, etc.

C

Figure 7-103

To find the fuel consumption of the engine, use the
specific fuel consumption curve (g/hp-hr or
g/kW-hr).

The calculation is as follows:

.. _ Fxhp(or kW)
Fuel consumption: F = S 1000 L/hr

S = Specific gravity of diesel fuel (diesel fuel: 0.83)
f = Specific fuel consumption: g/hp-hr or g/kW-hr
Refer to the performance curve for the engine data
of each engine.

Example:

What is the fuel consumption of the 6LY-UTE (315
hp/3300 min-1) when used for 2 hours at
continuous rating (assume the specific fuel
consumption to be 165 g/hp-hr.)?

165 x 315

= ————=— = 62.62 L/hr x2hrs = 125.24 L
0.83 x 1000

Note: For power boat applications, it is
recommended to allow some reserve in the
capacity of the fuel tank and fo install the
tank on the hull bottom or close to hull side
where indirect cooling is expected. Surplus
fuel returning from the engine to the fuel tank
is heated to a high temperature. This raises
the overall temperature of the fuel in the tank
when the tank’s capacity is small. The output
of diesel engines tends to drop when fuel of
over 40 °C (104 °F) is supplied.
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Bl Fuel tank installation

The fuel tank must be installed within the distance
of the suction capacity of the engine’s fuel feed
pump. Install the fuel tank as follows:

1. Install the fuel tank within the head of the fuel
feed pump of the engine.

2. When installing the fuel tank lower than the
engine’s fuel feed pump, install the fuel tank
within the suction head capacity of fuel feed
pump.

3. lItis not necessary to consider the suction head
of the fuel feed pump when the fuel tank is
installed higher than the engine’s fuel feed
pump (fuel at a higher level flows smoothly
under gravity to the lower fuel feed pump).

4. Refer to the engine data for each engine model
for the suction capacity of the fuel feed pump.

Note:

Except for the higher installation position above,
when installing the fuel tank beyond the suction
capacity of the fuel feed pump, you must also install
an auxiliary fuel feed pump and a fuel service tank.
The fuel piping layout is as follows:

Main fuel tank — auxiliary fuel feed pump — fuel
service tank — water trap — fuel filter — fuel feed

pump.

The auxiliary fuel feed pump supplies fuel to the
fuel service tank from the main fuel tank. The
engine’s fuel feed pump supplies fuel from the main
fuel tank.

Select a service tank that can hold sufficient fuel for
engine operation. The auxiliary feed pump is
activated by a sensor installed in the service tank
when a given amount of fuel is consumed. It
replenishes the service tank with the same amount
of fuel from the main tank.

B Fuel tank height

The fuel tank should be installed at the highest
possible point as close to the engine as possible.
For the suction head, refer to the fuel feed pump
capacity information in the engine data for each
engine.

Total Head

K0003910

Total Head

Figure 7-104
Piping
1. The hose must be as straight as possible.

Minimum bend radius: 50.0 mm (2.0 in.) or
more.

2. Be careful that the fuel piping does not touch
the engine exhaust manifold or other hot parts.

3. Make sure that there are no leaks.

4. When using separately purchased copper or
steel tube for the fuel piping, secure the pipe
with clamps (Figure 7-105) approximately
every 150 to 200 mm (5.0 to 8.0 in.) on the
bulkhead or hull to prevent the pipe from
breaking due to vibrations.
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Clamp

EEE K0oo02911

Figure 7-105

Auxiliary Fuel Feed Pump

When the installation position of the fuel tank is
considerably lower than the engine, or the piping is
long, calculate the suction head of the fuel feed
pump and install an auxiliary fuel feed pump. When
using an electric fuel feed pump, wire it so the
pump operates only during engine operation.

B Additional fuel filter with water trap

The engine is provided with an element-type fuel
filter, but in order to eliminate water and dirt
completely, it is recommended to install an extra
fuel filter with a water trap. Select a suitable
position in the piping between the fuel feed pump
and the fuel tank. The location must be free from
vibrations and be accessible for filter inspection
and replacement.

Note: Do not install the extra fuel filter onto the
engine.

1. Extrafuel filter capacity: The extra fuel filter with
water trap should have a current velocity
performance of more than 1.5 times the
delivery volume of the fuel feed pump.

2. Direct injection engine: Always use an extra
fuel filter and water trap for direct injection
engines.

Fuel feed

with water trap

K00o03912

Figure 7-106
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Bl Rubber hose

Unit: mm
2
1
4
2000
- §
z L= ¥
£ s o & =ik
&6
i KO0ODS61R
1 —Copper pipe g6 mm (0.24 in.)/ 4 —Clamp 14 mm (0.55 in.)
28 mm (0.31in.) x 45 mm (1.77 in.) 5 —Rubber hose g7 mm (0.28 in.)/
2 —Fitting 213 mm (0.51 in.) x 2000 mm (78.7 in.)
3 —Cap nut 6 —Clamp 14 mm (0.55 in.)

Figure 7-107

The fuel return pipe is not available from Yanmar.
Use an oil-proof rubber hose with a 13 mm (0.51
in.) inner diameter. Connect return pipe to the
fittings of the fuel tank and the fuel injection valve
sides. Secure the hose with clamps.

Note: Consult ISO or ABYC standards for
compliant materials and installation.
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Fuel/Water Separator

B Specifications

A

Type FWS 1 FWS 2
Yanmar part No. B;%Sg:gg;gg D27610-55150
Filter material Unit Glass wool
Pore size pwm 150
Flow resistance (ir:_ﬂg/%/!a‘/vm'i?]) 30/3 (1.18/0.79) 12/2 (0.47/0.53)
Filtration volume cm? (cu in.) 100 (6.10) 42.6 (2.60)
Dimensions
A mm (in.) 216 (8.50) 163 (6.42)
B @ mm (in.) 102.8 (4.05) 85 (3.35)
C mm (in.) 40 (1.57)
D @ mm (in.) 116 (4.57) 99 (3.90)
E mm (in.) 2 x 910.5 (0.08 x 0.41) 2 x 211 (0.08 x 0.43)
F (Thread hole) mm (in.) M14 x 1.5
G (Thread hole) mm (in.) M14 x 1.5
H (Thread hole) mm (in.) M14 x 1.5 | M8 x 1.25

G

7LJ

£

n;

PR WS

/F
il

Figure 7-108

K0003915
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COOLING SYSTEMS

The seawater is drawn up by the seawater pump
through a seacock installed on the hull. The water
from the seawater pump enters the heat exchanger
and various coolers.

The heat exchanger, oil cooler and charge air
cooler are cooled with seawater.

For the detailed cooling circuit, refer to the piping
diagrams in the engine data for each engine.

CLOSED COOLING SYSTEM

Engine coolant from the heat exchanger is
circulated around the cylinder block and cylinder
head by the engine coolant pump. The pump forces
the coolant through the cylinder block and cylinder
head cooling passages and back to the heat
exchanger, where seawater carries away the heat.
The coolant circulation is controlled by the
thermostat.

The thermostat is closed while the coolant
temperature is low. Engine coolant flows through
the bypass passage to the suction side of the
engine coolant pump and circulates inside the
engine bypassing the heat exchanger.

Some engine models equipped with a closed
cooling system have a water-cooled turbocharger,
intake air cooler and engine oil cooler. For details of
the cooling circuit, refer to the piping diagrams in
the engine data for each engine.

Filler cap

Coolant
recovery
tank

&

Heat exchanger
by-pass

{"Coolant pump_}4s{Thermostat |

\
Coolant reservoir £ S

Cylinder head

Mixing elbow
1 Seawater line
Coolant line
T
Sea-water === Seawater line

=== (Coolant line ¥0000385

Figure 7-109
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SEAWATER COOLING SYSTEM

1 —Seawater pump
2 —Seawater strainer
3 —Cooling water

021230-00X01

4 —Seacock cover
5 —Seacock

Figure 7-110

Seawater is drawn from the seawater inlet by the
seawater pump and flows through the cooling
system or heat exchanger to cool the engine.

After cooling the engine components, the seawater
then passes through the exhaust/water mixing
elbow and is discharged together with the exhaust.

The seawater inlet consists of the seacock and the
water hose which connects to the cock to the
seawater pump. When the boat is operated in dirty
water, provide a seawater strainer between the
seacock and the cooling water pump.

Note: Install the seawater pump at an appropriate
distance from the seacock, considering the
seawater pump capacity and the total head
and suction head. If the pump is installed in
an inappropriate location, the resulting
insufficient cooling water causes engine
overheating.
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Seacock B Dimensions
Unit: mm
ds .. 8% 2.-M2 thread
R14 \Flange type for
72 gp only type K&.
T &
KG000387B q“-"!“ &
7
1 —Seacock -
2 —Double nut
3 —Washer "\"*‘*-
Figure 7-111 -
ds
2
— /J-
re
—
———
do
Figure 7-112
dp ds IP d dg | T
Type Yanmar part No. mm mm mm m:n mm mm mm
(in.) (in.) (in.) (in.) (in.) (in.)
214 13 231 34 103
Ki D04214-48501 (0.85) a (0.79) M16 (1.89) | (2.07) | (6.29)
218 13 250 42 120
K2 D24770-48101 (1.10) a (0.79) M22 (3.05) | (2.56) | (7.32)
226 28 279 33 190
K3 D29795-48100 (1.59) - 171y | M3 1 42 | o) | (1159)
232 35 279 33 195
K4 D24411-48100 (1.95) a (2.14) M32 (4.82) | (2.01) | (11.90)
286 179
K5 D27610-48201 - PT1-1/4 - M39 (5.25) - (10.92)
i _ $40 _ 2112 _ 204
Keé D28610-48100 (2.44) M50 (6.83) (12.45)
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Positioning the Seacock

Locate the seawater inlet well under the waterline.
When the hull rolls, the inlet must remain
submerged beneath the waterline.

KO000383A

Figure 7-113

Determining the Direction of the
Seacock

In power boat applications, the inlet of the seacock
and the cover must be fixed in the cruising
direction. In the sailboat applications, the direction
must be reversed.

KoCooo289

Figure 7-114

Seacock Installation

1.

Determine the position of the cooling water pipe
and the direction of the cooling water pump inlet
joint.

Grind the contact face of the seacock hole
drilled in the hull bottom.

Install the cock using canvas on the outside of
the hull and canvas or rubber packing on the
inside.

After tightening the nuts of the seacock, coat
the attachment at both the inside and outside
hull surfaces with a sealing agent (silicone
rubber, etc.).

After installing the seacock, ensure that the
cock operates properly. If necessary, change
the intake direction of the cock and coat the
threaded parts with sealing agent.
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B Scoop strainer

The inlet section must have a double bottom to
prevent obstructions and engine overheating. This
can arise when foreign matter is sucked in at the
seacock inlet port.

1 —Seacock
2 —Packing
3 —Hull

Figure 7-115

1 —Scoop strainer
Figure 7-116

Attach the scoop strainer firmly to the hull with
SCrews.

B Piping
Install a seawater-resistant, oil-proof rubber hose
between the seacock and the seawater pump.

Use a length of hose that is as short as possible
and with as few bends as possible. A long, sharply
bent hose may not draw water efficiently.

Do not apply tensile stress between the seacock
and the seawater pump. Allow enough length in the
hose to allow for engine vibration and movement.

When the hose passes through the bulkhead,
protect it from damage caused by rubbing. Connect
the rubber hoses to the seacock and seawater
pump inlet. Secure with hose clamps. Seal with a
non-hardening compound.

B Using two seacocks

When one of the seacocks becomes clogged,
operation can be switched to the other while the
clogged seacock is being cleaned. If a three-way
cock is installed, this operation can be performed
while underway.

_.62
31 13

KOC00393A

1 —Three-way cock
2 —Cooling water pump
3 —Seacock

Figure 7-117

Seawater Strainer

When operating the engine in areas where the
seawater contains a large amount of mud, sand or
other foreign matter, a seawater filter must be
installed between the seacock and the seawater

pump.
Inspect the seawater filter periodically and clean as

needed. Remove the dirt and sand from the bottom
of the filter.

Note: Consult seawater strainer manufacturer’s
literature for sizing and installation data.
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1 —Seacock
2 —Seawater strainer
3 —Seawater pump

Figure 7-118

Test for seawater inlet restriction at the pump inlet.
Do not exceed maximum suction head. Check
individual engine sections in vol. 2 and 3 for pump
specifications.

Closed Cooling System

B Filler cap (pressure cap) and coolant
recovery tank

Filler cap construction

The filler cap that is installed on the closed cooling
system (typically on the heat exchanger) equipped
with a pressure control valve. To install the
pressure cap, align the locking tab and the flyneck
cam and turn to tighten the cap.

The top seal touches the flyneck tap seat while the
pressure valve touches the lower seat.

K0O0003%4A

1 — Overflow pipe
2 —Top seat

3 —Lower seat

4 —Top seal

5 —Locking tab

Figure 7-119

Pressure valve operation

[{f gig”g%q—]1

4—%\\| e /VI =3

G51219-CGUXOQ

1 —Pressure valve spring
2 —OQverflow pipe

3 —Pressure valve

4 —Rubber seal

Figure 7-120

Vacuum valve operation

051220-00¥00

1 —Vacuum valve spring
2 —Vacuum valve

Figure 7-121
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When the cooling system pressure is within the
specified range of 0.9 kgf/cm?2 (12.8 psi) the
pressure valve and vacuum valve are tightly seated
on the valve seats. When the pressure rises, the
pressure valve opens and vapor is discharged from
the overflow pipe. When the water cools and
pressure in the system is lower than atmospheric
pressure, the vacuum valve opens and air enters
the system through the overflow pipe.

To prevent coolant loss due to the pressure valve
opening, the cooling system can be equipped with
a coolant recovery tank.

Pressure valve Opens at 0.9 kgf-cm2 (12.8 psi) G

Opens at 0.05 kgf-cm2 (0.711 psi) G or

Vacuum valve
below

Coolant recovery tank function

When the cooling system pressure rises above the
0.9 kgf-cm? (12.8 psi), the pressure valve opens
and vapor is released, reducing the amount of
coolant in the cooling system. The coolant recovery
tank collects this vapor as it condenses. When the
cooling system pressure falls below atmospheric
pressure, the coolant in the coolant recovery tank is
siphoned back to the main tank on the heat
exchanger. Install a coolant recovery tank to allow
the engine to be operated for longer periods and
eliminate the need to open the filler cap on the heat
exchanger.

046391-00¥00

1 —Filler cap
2 —Coolant recovery tank

Figure 7-122

B Coolant recovery tank installation

046424 -00X00

1 —Coolant recovery tank
2 —Overflow pipe

3 —Filler cap

4 —Heat exchanger tank

Figure 7-123
Mount the coolant recovery tank at the same
height as the heat exchanger.

Ensure that the overflow pipe is not damaged or
leaking and the holes are not obstructed.

046425-01K00

1 —Hose

2 —Hose clamp

3 —Coolant recovery tank
4 —Bracket

Figure 7-124
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Bl Cabin water heaters

The temperature of the engine coolant during
operation is maintained by the engine thermostat at
a constant 70 to 85 °C (158 to 185 °F). This heated
coolant can be used to heat water for showers,
wash basins and other onboard hot water needs by
installing commercially available water heater
tanks.

Typical onboard hot water supply system

1 —Coolant (potable) tank
2 —Filter

3 —Coolant pressure pump
4 —Water heater tank

Some commercially available water heater tanks
use electric heaters, liquid propane or engine
coolant as heat sources. Typically, these water
heaters operate on AC shore power, onboard
electric AC generator power, onboard DC battery
power or liquid propane.

Figure 7-125 illustrates a typical layout for an
inboard hot water supply system.

K0000400R

5 —Engine coolant circulation pump
6 —Shower

7 —Wash basin

8 —Other onboard water needs

Figure 7-125
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Typical water heater tank construction

K00004G1A

1 —Hot (potable) water out 8 —Reset button

2 —Excess pressure/temperature safety valve 9 —Heating element

3 —To overboard 10-Black wire

4 —Coolant return to engine 11 — Thermostat

5 —Hot coolant from engine 12 —High temperature limit switch
6 —Heat exchanger 13- Cold (potable) water inlet

7 —Water heater tank 14— Pressure system check valve

Figure 7-126
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Allowable installation position of water heater tank

A B c Running condition
1. Engine output: 4/4 load
2m 05m 0.5m . _— .
661 | (19.7in) | (19.7in) 2. Connect rubber hose, inner dia. f: 16 mm (5/8 in.)

3. Installed reserve tank of (C) dimension

1 2
\ ;
! ' H
g 1 : 3
H i
ak;\i } i 2/
[ SRt 1
LRI e !
At LTS
i 9
4
i /
I y
1 —Reserve tank 5 —Engine
2 —Air vent hole 6 —Inlet
3 —Water heater - Installation above closed cooling 7 —Engine coolant circulation pump
pump outlet level (C) 8 —Outlet
4 —Water heater - Installation below closed cooling 9 —Engine coolant outlet level

pump outlet level (B)

Installation

When designing for and installing a water heater

tank:

* Avoid air locking - The highest point in the
system must be lower than the engine coolant
recovery tank level. The water flow system must

be designed to flow upward.

Figure 7-127

* Avoid cold weather freezing damage - Install
drain cocks or plugs at the lowest part of the
piping system.

* Prevent back-flow - Install a check valve in the
piping on the engine side to check the flow of the
cooling water when the water heater is not in use.

* Prevent damage from vibration or chafing -
Piping to and from the engine must be installed

with flexible connections.
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NOTICE

Where an internal piping coil is mounted
horizontally in the tank, forming a series of inverted
“U” bends, particular care must be paid to air
venting. The engine coolant level must be
rechecked several times to ensure that the total
system is free of air and that the heater tank level is
correct.

Note: If a water heater tank is installed, more water
will be needed than can be handled by a
single engine unit. A larger tank and more

5 piping is required. Since this additional water
capacity varies depending on the piping
1 —Water heater length, boat builders must measure the
2 —Ventvalves (necessary to release trapped air at additional water requirements when

high points of the system)

3 —Water heater tank piping must be below this
level.

4 — Stainless steel pipe clamps

5 —Drain cocks necessary at lowest points of the

fabricating the water heater tank piping.
Insufficient cooling water could cause engine
overheating.

Selection test (at Yanmar) water heater tank

system _ L with engine
6 — Clamps to engine bearers; flexible pipes to . . . )
engine. Water heater capacity and dimensions for test:
Water heater plumbing must not kink or chafe
and must allow for engine vibration water | A B ¢ D E F G
} Capacity mm mm mm mm mm mm mm
Figure 7-128 in. in. in. in. in. in. in.
i b h ible with th 27L 35.5 | 41.12 | 28.26 | 7.94 | 14.61 | 19.05 | 19.69
* Flpes must be as short as possible with the 6 gal 14.0 | 16.188 | 11.125|3.125 | 575 | 7.50 | 7.75
minimum number of bends.
* Avoid inverted “U” bends when possible - If
inverted “U” bends must be used, they must be A
fitted with vent valves or plugs to provide proper
venting.
* Increase the engine’s closed cooling tank
capacity and the piping leading to the cooling @
water tank. ﬁ
1 B
1 w P
47 |
Figure 7-129
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Test conditions:

Bench test, temperature:
12.5t0 14 °C (54.5t0 57.2 °F)

Engine - Yanmar model:
3HMF, 22.4 kW (30 hp) @ 3400 min-1,
coolant cooling

Bl Test data

Engine thermostat temperature:

Operating temperature 71 °C (159.8 °F)
Fully open temperature 85 °C (185 °F)

Connecting pipe for engine to water heater:

Engine outlet: Inner diameter 11 mm
(0.43in.),
Length: 2 m (6.56 ft)

Engine inlet: Inner diameter 613 mm (0.51 in.),
Length: 2 m (6.56 ft)

-
. 20 / ys Hot water outlet
T / /
2 w0 /
=
2 50 / /
g 40 / / / ~+— Cold water inlet
s | — /
s oL/ /
&8 20
50 Vv’
=2 10

0

© 100% Load. 75% Load.
() (30 HP/3400 min) (22.5 HP/3090 min-')

80 Coolant outlet
o e -«— (To water heater inlet)
D= 70 <— Coolant inlet
&8 60 (From water heater outlet)
£ 8
oG 50
=
© 40
8. S
g % 30 -— Seawater outlet
TE i
@ é 20 = Seawater inlet
2o 10

0

0 1 2 3 0 1

2 3 Engine operation time(Hrs.)

052828-00ENQQ

Figure 7-130
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LUBRICATION SYSTEM

Burn Hazard

Always stay clear of the hot engine oil to avoid
being burned.

A CAUTION

Improper Operation Hazard

Make sure the engine is installed on a level
surface. If a Yanmar Marine engine is installed
at an angle that exceeds the specifications
stated in the Yanmar Marine Installation
Manuals, engine oil may enter the combustion
chamber causing excessive engine speed,
white exhaust smoke and serious engine
damage. This applies to engines that run
continuously and those that run for short
periods of time.

NOTICE

» Always use only the engine oil specified. Other
engine oils may affect warranty coverage, cause
internal engine components to seize and/or
shorten engine life.

» Always prevent dirt and debris from
contaminating the engine oil. Carefully clean the
oil cap/dipstick and the surrounding area before
you remove the cap.

* Never mix different types of engine oil. This may
adversely affect the lubricating properties of the
engine oil.

* Never oveffill the engine with engine oil.
Overfilling may result in white exhaust smoke,
engine overspeed or internal damage.

» Always keep the oil level between the upper and
lower lines on the oil cap/dipstick.

NOTICE

* On the initial engine start-up, allow the engine to
idle for approximately 15 minutes while you check
for proper engine oil pressure, diesel fuel leaks,
engine oil leaks, coolant leaks, and for proper
operation of the indicators and/or gauges.

» During the first hour of operation, vary the engine
speed and the load on the engine. Short periods
of maximum engine speed and load are
desirable. Avoid prolonged operation at minimum
or maximum engine speeds and loads for the
next 4 to 5 hours.

» During the break-in period, carefully observe the
engine oil pressure and engine temperature.

» During the break-in period, check the engine oil
and coolant levels frequently.

NOTICE

» Always be environmentally responsible.

* Follow the guidelines of the EPA or other
governmental agencies for the proper disposal of
hazardous materials such as engine oil, diesel
fuel and engine coolant. Consult the local
authorities or reclamation facility.

» Never dispose of hazardous materials
irresponsibly by dumping them into a sewer, on
the ground, or into ground water or waterways.

* Failure to follow these procedures may seriously
harm the environment.

The purpose of the lubrication system is to reduce

friction that causes wear and to cool critical parts of
the engine. Heat energy is transfered to the oil and
distributed through the engine. Some engines use

heat exchangers to cool the engine oil.

Oil must be maintained to minimum levels and
changed at regular maintenance intervals.

Some applications have opposite side dipsticks that
allow easy access for twin engine installations. To
use, remove the dummy plug located below the
starter motor and insert the opposite side oil
dipstick.

YANMAH Marine Installation Manual - Volume 1
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KO000538A

1 —Crankcase oil dipstick - standard 3 —Crankcase oil dipstick - standard
2 —Qil dipstick - optional

Figure 7-131

Unit: mm

DP1 TYPE DP2 TYPE

125

s

198
157

1 —Lower limit 4 —Dipstick
2 —Upper limit 5 —Guide tube
3 —Flywheel side

Figure 7-132
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Draining Engine Oil
Generally, engine oil drain plugs at the bottom of the engine are not readily accessible. The same can be
said of the marine gear.

Using an oil evacuation pump eliminates the need to drain oil from the drain plug.

2 —Marine gear

1 —QOil evacuation pump (engine)
Figure 7-133

YANMAH Marine Installation Manual - Volume 1
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B Piston-type oil evacuation pump B Rotary-type oil evacuation pump

Type Yanmar part No.
EPP 1 D05584-39501

L]
] ! KOCCOE43A
Py— 2
1 c " e 1 —Rotary-type oil evacuation pump
8 I 3 Figure 7-135
i
Type Yanmar part No.
N
EPR 1 D20130-37100
\E/ EPR 2 D27695-37210
i
I |
[} / d

I
KOOoo542R

1 — Piston-type oil evacuation pump

2 —Hose clamp

3 —Hose - Inner diameter 15 mm (0.59 in.)
Length: 1000 mm (3.28 ft)

Figure 7-134
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4
3
2 N~
1
- ]
1 —Spring 7 —Qil seal
2 —Spindle 8 — Shaft
3 —Vane 9 —Spindle
4 —Cover 10— Spring
5 —Body 11-Vane
6 —Cover
Figure 7-136
B Specifications B Rubber hose
Delivery capacity of one stroke 0.13 L (0.137 qt)
Delivery pressure 15 kgffom? or less 1
vy p (21.3 psi or less)
Suction head less than 1.0 m (39.37 in.) /

C06612-00ENOL

1 —Rubber hose
Figure 7-137

212 x 1000 mm
(0.47 in. x 3.28 ft)

Yanmar part No. 43720-001220

Inner diameter x length
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EXHAUST SYSTEM

Exhaust Hazard

* Never operate the engine in an enclosed area,
such as a garage, tunnel, underground room,
manhole or ship’s hold, without proper
ventilation.

* Never block windows, vents or other means of
ventilation if the engine is operating in an
enclosed area. All internal combustion
engines create carbon monoxide gas during
operation. Accumulation of this gas within an
enclosure could cause illness or even death.

* Make sure that all connections are tightened
to specifications after repair is made to the
exhaust system.

Burn Hazard

Never touch hot engine surfaces, such as the
muffler, exhaust pipe, turbocharger (if
equipped) and engine block, during operation
and shortly after you shut the engine down.
These surfaces are extremely hot while the
engine is operating and could seriously burn
you.

NOTICE

For maximum engine life, Yanmar recommends
that when shutting the engine down, allow the
engine to idle, without load, for 5 minutes. This will
allow the engine components that operate at high
temperatures, such as the turbocharger (if
equipped) and exhaust system, to cool slightly
before the engine itself is shut down.

The exhaust systems of all Yanmar pleasure boat
engines are wet-type. Exhaust gas and cooling
water are gathered in the exhaust/water mixing
elbow (standard or optional) of the exhaust port for
discharge together. Accordingly, a heat-resistant
rubber hose can be used for the exhaust pipe. This
permits a simple exhaust pipe layout.

Exhaust Piping System

It is necessary to arrange the piping to allow for
inspection of the whole system. Also, a suitable
arrangement is necessary to prevent seawater
from flowing back into the engine. A water lock
must be installed to prevent water remaining in the
hose from flowing back to the engine side when
stopping the engine or immediately after starting.

The water lock must be fixed at the lowest possible
position and the hose must be tilted downward as
much as possible. It is also necessary to elevate
the exhaust hose at the exhaust outlet to more than
350 mm (13.77 in.) above the loading draft line.

NOTICE

Avoid corrosion failure of exhaust/water mixing
elbow.

The exhaust/water mixing elbow has a partial
double-pipe construction where the inner pipe is for
exhaust gas and the outer pipe is for the cooling
water (seawater) to flow. The exhaust and the
seawater are mixed on the way to the exhaust port
for discharge together.

Typical diesel engine exhaust contains the
following:

e Carbon monoxide = CO
* Hydrocarbon = HC

* Nitrogen oxide = NOx

e Sulfur dioxide = SO2

When mixed with seawater, these gases chemically
cause sulfuric acid corrosion of the exhaust/water
mixing elbow, which is made of cast iron or a
stainless steel alloy. Replace the exhaust/water
mixing elbow once every two years.
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B Water lock

The water lock is used when the engine’s exhaust
port is located below the waterline. This device is
especially useful for sailboats, which do not use
their engines frequently.

The installation of a water lock does not cause a
large horsepower loss due to the increase of
exhaust back pressure.The use of a water lock is
inappropriate for power boats, which use the
engine’s full output. If a water lock is installed on
the exhaust piping, back pressure will increase and
engine output will drop. In power boats, a high-type
exhaust/water mixing elbow must be used for the
piping layout to prevent the reverse flow of exhaust
water.

NOTICE

Be sure to install a drain plug or cock at the bottom
of the water lock. This is to prevent possible engine
damage due to the entry of remaining water into the
engine’s exhaust port when the hull is tilted stern
side up for transportation, etc.

B Exhaust piping layout

Cooling water/exhaust piping varies according to
the hull shape and engine room position.

1. When the water outlet of engine is below the
waterline (2, Figure 7-138), attach a vacuum
valve to the exhaust/water mixing elbow of the
cooling water pipe (recommended for
sailboats).

AN

Min. 300 mm

gf_ Min. 350 mm
\{ in. 150 mm

KOCCQ0269A

1 —Waterline

2 —Below waterline

3 —Mixing elbow

4 —Vacuum valve

5 —Cooling water pipe
6 —Engine

7 —Water lock

8 —Drain cock

Figure 7-138

YANMAH Marine Installation Manual - Volume 1
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2. Install wet exhaust line. Install anti-siphoning valve if needed.

-« D— =

AN

A 7

G ‘11Im“\

e il

B ‘I{‘M =5
c e ey =Ll
AT

K0006597

e 2l

K0co6598

Figure 7-139
Dimension Description Value
A Distance from DWL to apex of riser (Lift muffler and/or surge tube mandatory) Mlmmtj{g 325;':)80 mm
B Down angle of riser relative to DWL 15° minimum
C Declination of exhaust hose/pipe ~2°or 8.3 cm/m (1 in./ft.)
Distance from riser to muffler inlet. Must allow sufficient volume to crank engine
D i ” ) -
for15 seconds without flooding engine.
Exhaust outlet relative to DWL (distance must be checked under loaded water
E line (LWL)). If partially or fully submerged, exhaust back pressure will increase. | 150 mm (6 in.) above DWL
Back pressure must be checked under loaded waterline (LWL). Do not exceed (optimal)
30 kPa (118 in. Ag) at any RPM.
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3. Wrap lagging around the water mixing elbow to 5. Exhaust system with water injection point

prevent the engine room temperature from (5, Figure 7-142) less than 150 mm (5.9 in.)
rising. The engine room space in pleasure above the waterline:

boats is generally narrow, so be sure to provide

lagging to prevent excessive temperature rise Fore-and-aft inclination of muffler: 5 to 7.5°
in the engine room and also as a safety (7, Figure 7-142).

precaution.

KO000371A

1 —Rubber hose

2 — Exhaust/water mixing elbow
3 —Lagging

4 —Cooling water hose

5 — Exhaust pipe riser

Figure 7-140

4. Exhaust system with water injection point (5, 1 —Drain cock
Figure 7-141) 150 mm (5.9 in.) or more above 2 —Waterline
waterline: 3 —Muffler
4 —Water lock
5 —Water injection point
6 —Waterline

7 —Inclination of muffler

Figure 7-142

6. Athwart inclination of silencer, A = 25 to 45°

2
1
o 1-A
1 —Drain cock 2 —Waterline
2 —Waterline .
3 _Muffler Figure 7-143
4 —Water lock

5 —Water injection point
6 —150 mm (5.9 in.) or greater

Figure 7-141
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B Exhaust back pressure

Exhaust piping which develops an excessive back
pressure causes incomplete engine combustion,
the emission of abnormally-colored exhaust,
increased fuel consumption, engine speed (output)
drop and a rise in the exhaust temperature. To
prevent back pressure, observe the following points
with regard to the exhaust piping:

1.

Do not use a hose with a diameter smaller than
that of the exhaust hose of the engine
exhaust/water mixing elbow.

2. The back pressure rises when an exhaust

silencer or water lock is used. Make the hose
diameter at the outlet of the exhaust silencer or
water lock 25 mm (1.0 in.) larger than that of the
hose on the inlet side in such cases.

3. Avoid sharp bends in the exhaust piping hose.

4. EXcessive rise in back pressure causes surging

in turbocharged engines and this may result in
damage to the turbocharger. Accordingly, do
not use a water lock for turbocharged engines.

Note: When it is suspected that the exhaust
piping is causing excessive back
pressure, it is necessary to de-rate the
engine output and select a more suitable
propeller.

Refer to Appendix C on page 10-1.

Scupper

1.

The scuppers should be at least 150 mm (5.9
in.) higher than the loaded waterline of the boat.

KO000375A

1 —Scupper

Figure 7-144

The bow and stern rise and fall during cruising.
The exhaust port on the stern should be fitted to
be 150 mm (5.9 in.) above the waterline during
cruising.

Note: When the exhaust port falls below the
waterline, the back pressure rises and
engine output is lowered causing
abnormally colored exhaust and engine
trouble.

2. Use seawater-resistant material for the metal
fixtures of the scupper.

3. Provide complete sealing with a silicone 1 —Waterline

) bber-b (5) i 9 h h 2 —Exhaust rubber hose

rubber-based sealing agent at the exhaust 3 —Through-hull fitting
outlet location in the hull and on the threaded )
parts of the outlet. Figure 7-145
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4. Installation of a butterfly (flapper) cover on the
end of the scupper helps to prevent seawater
from entering the exhaust port when the engine
is stopped.

1 — Exhaust rubber hose
2 —Flapper cover

Figure 7-146

B Precautions for exhaust piping

1. Use an all-weather, heat-resistant, oil-proof
rubber hose.

When the hose passes through the cabin or other
section where people enter or exit, use a hose
with high durability.

2. When bending the hose, bend it in a large curve
so that the hose diameter is not altered.

3. Keep the hose away from substances which
may damage or distort it.

4. When the hose goes through a bulkhead or
other walls, protect the hose from distortion or
friction damage.

5. Attach the hose in a way which allows for the
flexible movement of the hose during engine
vibration.

1 —Flexible protection material
2 —Bulkhead or wall
3 —Exhaust rubber hose

Figure 7-147

6. Use at least two non-overlapping clamps at
each end.

Measuring Engine Output (Exhaust
Temperature)

A thermometer, thermocouple and tachometer
must be used to take this measurement.

Prior to measurement, be sure to measure the
ambient temperature (open air, engine room and
seawater) and the temperatures of the engine oil
and fresh cooling water.

For exhaust temperature values, refer to the engine
data sheet for each engine.

These values are based on the atmospheric
conditions of the Yanmar Industrial Standard (YIS).

Note: Keep the top end of the thermocouple in the
center of the exhaust port or the temperature
measurements will fluctuate.

YANMAH Marine Installation Manual - Volume 1
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B Naturally aspirated engines

1.

Make a slit in the gasket packing installed
between the exhaust/water mixing elbow and
exhaust manifold. Insert the thermocouple into
the slit and fasten the tip in the center of the
exhaust port.

Note: Use a thermocouple with a cable
diameter of less than 2.0 mm (0.079 in.).
If larger than 2.0 mm (0.079 in.), more
than two pieces of gasket packing are
required.

KCC00379A

1 — Exhaust/water mixing elbow
2 —Thermocouple

3 —Thermometer

4 —Center line

5 —Exhaust manifold

6 —Slit

7 —Gasket

8 —Thermocouple

Figure 7-148

2. Start the engine. Measure the engine speed

and exhaust temperature at 1/4, 1/2, 3/4, 4/4
and 11/10 of maximum loads.

B Turbocharged engine

1.

Remove the blind plug, PF 1/8 (1,

Figure 7-150) or PF 3/8 (1, Figure 7-149),
located between the exhaust manifold and
turbocharger inlet, insert the thermocouple, and
fasten the tip in the center of the exhaust port.

Start the engine. Measure the engine speed
and exhaust temperature at 1/2, 1/4, 1/2, 3/4
and 11/10 of maximum loads.

N
el
\

\

4

)

K0000380R

1 —Blind plug, PF 3/8

2 —Thermocouple

3 —Exhaust manifold

4 —Turbocharger

5 —Exhaust/water mixing elbow

Figure 7-149
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1 —Blind plug, PF 1/8
2 —Heat exchanger
3 —Turbocharger

Figure 7-150

Measuring Exhaust Back Pressure

If no test port is provided, it is necessary to prepare
a spacer for the manometer before measuring the
exhaust back pressure. When a manometer is not

available, install a vinyl hose and measure the
water level difference with a scale.

Refer to Appendix C on page 10-1.

B Naturally aspirated engine

1. Install the spacer for the manometer between
the exhaust/water mixing elbow and exhaust

manifold.

FKOGG0382A

1 — Exhaust/mixing elbow

2 —Spacer

3 —Vinyl hose

4 —Water level difference (mmAq or in.Aq)
5 —Manometer

6 —Water

7 —Exhaust manifold

Figure 7-151

2. Connect the vinyl hose of the spacer to the vinyl
hose of the manometer at one side and pour
water into the hose.

3. Start the engine, raise the load gradually and
measure the back pressure. The water level
difference of the manometer hose shows the
back pressure.

NOTICE

The fitting at the manifold end of the hose of the
spacer must be heat-resistant.

B Turbocharged engine

1. Install the spacer for the manometer between
the exhaust/water mixing elbow and
turbocharger. Follow the procedure for the
naturally aspirated engines.

YANMAH Marine Installation Manual - Volume 1
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4 3

S
R

FKOGG0382A

1 —To manometer

2 —Exhaust manifold

3 —Turbocharger

4 —Spacer

5 —Exhaust/water mixing elbow

Figure 7-152

Note: Beginning in 2006, many engines were
built with an exhaust sampling plug in the
exhaust elbow.

Measuring Exhaust Gas Emission

Method for measuring the exhaust gas emission
depends on the type of engine.

B YM series engine

In order to measure the exhaust gas emissions,
installation of the spacer is required because test
port is not provided on the engine. Specifications of
a spacer to adapt to each engine model are
described as “EPA exhaust test port size” in a table
in the section “Air Intake and Exhaust
Specifications” in “Installation Manual - Volume 2”
issued for each engine model.

1. Install the spacer between the exhaust/water
mixing elbow and an exhaust manifold.

2. Install a pipe, which has been threaded to the
same size as the test port of the spacer, to the
test port in the spacer.

3. Connect the pipe and an exhaust emission
instrument.

Note: No dilution of the exhaust gas by the
ambient air occurs because the pipe and the
spacer are screwed together.

To exhaust gas emission instrument

058972 -00ENO0

1 — Exhaust/mixing elbow
2 —Pipe

3 — Spacer

4 — Exhaust manifold

Figure 7-153

B Other engines except for YM series

A test port is equipped on the engine or in the
mixing elbow of each engine. The location and the
specifications of the test port are described as
“EPA exhaust test port size” in a table in the section
“Air Intake and Exhaust Specifications” in
“Installation Manual - Volume 2 and 3” issued for
each engine model.

1. Install a pipe, which has been threaded to the
same size as the test port on the engine or in
the mixing elbow of each engine, to the test
port.

2. Connect the pipe and an exhaust emission
instrument.

Note: No dilution of the exhaust gas by the
ambient air occurs because the pipe and the
spacer are screwed together.
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PTO SYSTEM 5. The alignment and surface run-out between the
engine’s PTO crankshaft pulley and the driven
machinery must be within the allowable values.

6. In belt drives, keep the crankshaft pulley within
30° of horizontal for both starboard and port

Sever Hazard

Keep hands gnd other body parts away from operation (Figure 7-154). When driving
moving/rotating parts such as the flywheel or machinery at both starboard and port sides
PTO shaft. concurrently, keep this angle within 15°.

Stop the engine before you begin to service it
and make sure all rotational parts have
stopped.

When operating a generator, pump or compressor
using the power from the power take-off (PTO)
crankshatft pulley on the front side (i.e., non-marine
gear side) of marine propulsion engines, be sure to
observe the following precautions:

General Precautions for Front PTO

1. The horsepower required to drive the 1 —Starboard
machinery must be within the allowable output 2 —Pulley
of the engine’s front PTO. 3 —Port

2. Pulleys and other rotating parts must be Figure 7-154
balanced.

7. Use the following formula to obtain the engine
side pulley diameter. Pay careful attention to
the thread hole size and the pitch circle

4. In belt drive systems, the belt tension must be diameter (PCD) of the crankshaft pulley face.
adjustable. Refer to the engine outline drawing for the

3. Use light material (aluminum, etc.) parts for the
pulleys and other rotating parts.

B Engine side pulley diameter

_ Machinery speed (R) x Machinery pulley dia. (d)
a Engine speed (N)

Engine side pulley dia. (D)

D : Engine side pulley diameter mm
R : Machinery speed min-T
d : Machinery pulley diameter mm
N : Engine speed min-T

Note: Pulley ratio within 3:1
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Front PTO Drive System

The front PTO drive systems of most marine
propulsion engines belong to the following types:
A-types or D-types. The criteria for selecting a
specific drive system are:

1.

Engine horsepower, usable front PTO
horsepower, and the required horsepower of
the driven machine

Engine room space

Engine installation (flexible engine mount or
direct engine mount)

NOTICE

For flexible engine mount installations, drive
systems are recommended. When using these
drive systems, however, the conditions for use
must be strictly observed. Misjudgment of steps
1 and 3 above could cause serious engine
trouble such as damaging the crankshaft.

B A-type - Side-pull belt drive system

1 2

A 3

LN

6 5
1 —Engine
2 —Face of crankshaft pulley
3 —Overhang (L)
4 —V-pulley center
5 —V-pulley
6 —Crankshaft pulley

Figure 7-155

Note: Overhang (L) varies depending on engine

models. Strictly adhere to the overhang (L)
specifications for each model. Surface
run-out: 0.2 mm (0.008 in.) or less.

B D-type - Direct coupling to machinery
using flexible coupling

1 2
—_\ 3

1 ‘ \
5

Koo00448A

1 —Engine

2 —Crankshaft pulley

3 —Flexible coupling

4 —Machinery

5 —Plate (securely fastened)

Figure 7-156
Note: Alignment must be within 0.2 mm (0.008 in.).

B D-type - Direct coupling with belt
combination drive

KO0004498

1 —Engine

2 —Crankshaft pulley

3 —V-pulley

4 —Machine

5 —Plate (securely fastened)

Figure 7-157
Note:

e Maximum take-off output: f; + fo
e Alignment: 0.05 mm (0.002 in.) or less.
e Surface run-out: 0.2 mm (0.008 in.) or less.
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B D-type - Direct coupling to machinery
using flexible joint

1
—\ ,
3 /4
-/
L —
R

5 KO000450R

1 —Engine

2 —Crankshaft pulley

3 —Flexible joint

4 —Machinery

5 —Plate (securely fastened)

Figure 7-158

Note: Alignment must be within 0.2 mm (0.008 in.).
This is dependant, however, on the
alignment capacity of the flexible coupling.

B D-type - Belt drive using one outside
bearing

KO000451%

1 —Engine

2 —Crankshaft pulley

3 —V-pulley

4 —Bearing

5 —Plate (securely fastened)

Figure 7-159

Note: Alignment must be within 0.05 mm (0.002
in.).

B D-type - Direct coupling to driven
machinery without belt drive

1

\ 2 4

Ly NN

+ { \ t

5 KO000452R

1 —Engine
2 —Crankshaft pulley
3 —Clutch

4 —Driven machine (generator, pressure pump,
etc.)

5 —Plate (securely fastened)

Figure 7-160
Note: Alignment must be within 0.1 mm (0.004 in.).
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B D-type - Belt drive using two or more
outside bearings

1T 2
— 3
f‘ ’ 4
t Y
yr pis
N o
- U
bt SO
i l \ 1 1
5 KOCC0453R
1 —Engine
2 —Crankshaft pulley
3 —Clutch

4 —Bearings
5 —Plate (securely fastened)

Figure 7-161
Note:

e Maximum take-off output: f; + f5

* f;y must be less than output possible with A-type
system.

e Alignment: 0.05 mm (0.002 in.) or less.
Surface run-out: 0.2 mm (0.008) or less.

B Conditions of use for front PTO when the
engine has vibration-proof rubber
mounts

Note: All models of Yanmar pleasure craft use
marine diesel engines with flexible engine
mounts.

The vibration-proof flexible mounts attached to
Yanmar engines cannot be used for installing the
engine and the driven machine on the common
bed. The Yanmar vibration-proof flexible mount is
manufactured for the weight and vibration of the
engine unit and the hull vibration as tested during
sea trials. Use of the engine’s front PTO increases
the weight of the common bed and driven machine,
and the driven machine’s vibrations are added.
Accordingly, the vibration-proof flexible mounts
attached to Yanmar engines will not provide enough
protection. Purchase suitable vibration-proof
flexible mounts locally.

Front PTO: Side-pull belt drive system engine:
Vibration-proof mounting

Machine: Direct mounting on hull

When using the front PTO of the engine with
flexible mounts, install both the engine and the
driven machine on the common bed. Install the
common bed on flexible mounts.

If only the engine is installed on the flexible mounts
and the engine drives the machine via its front
PTO, amplitudes will develop. These amplitudes
will be transmitted from the engine’s front pulley to
the driven machine and then to the hull, causing the
following problems:

* Increased hull vibrations
» Damage to vibration-proof flexible mounts
» Breaking of crankshaft

* Crankshaft bearing damage
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/

5

1 —Front pulley
2 —Machinery on the common bed
3 —Common bed

5 K0000454A

4 —Flexible mounts
5 —Engine bed

Figure 7-162

Note: Front PTO: Side-pull belt drive system
Engine: Vibration-proof mounting
Machine: Direct mounting on hull

Bl Criteria for selecting vibration-proof
flexible mounts locally

The positions for vibration-proof flexible mount
installation and the engine feet are determined by
calculating the center of gravity of the engine.
When the engine’s front PTO is used, however, the
loads of the common bed and the driven machine
are added to the engine load. Also, the center of
gravity of the engine varies according to the
common bed shape and the installation position of
the driven machine.

Where possible, it is recommended to determine
the center of gravity by setting the driven machine
on the common bed with the engine installed and to
install the vibration-proof flexible mounts where
they are actually needed.

In practice, this is extremely difficult for boat
builders as it necessitates modifications to the
engine bed. In such cases, Yanmar has to prepare
vibration-proof flexible mounts with the equivalent
spring constant to the compression ratio of the
vibration-proof flexible mounts under the engine’s
static load and then measure the hull vibrations in a
boat test.

It has been verified in hull vibration tests that when
the resonance point appears as a large vibration in
the engine’s service speed range, using soft
vibration-proof flexible mounts with a lower spring
constant moves the resonance point to a lower
speed range, while using hard vibration-proof
flexible mounts with a high spring constant makes
the resonance point rise to a higher speed range.

When using vibration-proof flexible mounts with a
low spring constant to lower the resonance point
speed, be sure to fully check the durability of the
vibration-proof flexible mounts, vibration amplitude
and thrust load at the time of engine starting.
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Torsional Vibration Information required is:

In addition to the vibrations caused by the engine 1. Length, diameter and material of shaft.

torque, torsional vibrations cause additional 2. Detailed drawings of coupling with stiffness
twisting of the crankshaft and external shafting. values. When the drawings are not sufficiently
Excessive torsional vibrations can cause high detailed for the moment of inertia tobe
stresses leading to failure of these components. It calculated, this information should be obtained
is necessary to ensure that the characteristics of from the manufacturer.

the total system (i.e., engine, flywheel, marine gear, 3. Moment of inertia of propeller (including
propeller shaft and propeller, and front end PTO entrained water).

drive) are such that excessive torsional vibration 4. Detailed drawings, stifiness value and moment

stresses will not occur. Fortunately, unless a very
long propeller shaft, heavy couplings, propeller or
massive front end PTO drive are used, torsional
vibration problems are unlikely to occur in the
normal speed range. On six- and eight-cylinder
engines a viscous type damper is fitted to the
crankshaft pulley and effectively “detunes” the
system, reducing the amplitude of vibrations and
the resulting stresses in the crankshatft, etc.

of inertia (if this cannot be readily calculated
from the drawings) for any driven components
at the front end (pump, generator, winches and
clutch or gearbox, if fitted to the front end).

Note: Any Yanmar part used in a front end PTO
drive or special propeller shaft drive, etc.
should be identified by a part number.

A calculation to check the probability of torsional
vibration problems can be made if full details of the
external shafting, etc. can be provided.
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Example: Front PTO drive system using common bed

1 —Special type engine flexible mount 2 —Common bed

Figure 7-163

2
e g g o T
s - I - Jatl W
[ - | I H e s ol et 3
(PP
| , Ly %\ 3
¥y L7
M i i, L
; H“'U: \j\\““‘“ 4
. b ,
6
o s b PY e AW
™ -y _ g ¥ ; g 3 ; i
L N a4 | [Ny g | \
5 KO000456A
1 —Crankshaft pulley 4 —Flexible coupling
2 —V-pulley 5 —Common bed
3 —Machinery 6 —V-pulley

Figure 7-164
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Side-pull driven system
1

e s i
i N
i AL \
2
|
S S AW
RS O N T\
S S \
3
1 —V-pulley
2 —Machinery
3 —Common bed
Figure 7-165
Direct driven system
f__—:"t___'!
A 1 a Jx e
1
N [FE
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|
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- - TRW!
IR
= = \
4 K00004538A

1 —Crankshatft pulley
2 —Machinery

3 —Flexible coupling
4 —Common bed

Figure 7-166

Horsepower Required for the Front

PTO Drive Machinery

Use the following formula to decide the capacity of
typical front PTO machinery within the engine’s

allowable horsepower.

B Required horsepower for hydraulic

pumps (Lp)
L= PpxQ
P 450 x Np
P,xQ
- P~ 7P
P = &z xnpkw
L, : Required horsepower for kW
hydraulic pumps
np : Total power efficiency %
Pp : Pump discharge pressure  kgf-cm?2
Qp : Pump discharge volume L/min
_gpxNxn,
Q, = 1000 L/min
o : Volume cclrev
ny : Volume efficiency %
N : Pump speed min-1

Note: To obtain the values for p and v, either refer

to the performance curves of the pump or
contact the pump manufacturer. The pump
efficiency and volume efficiency totals differ
depending on the pump manufacturer.

7-110
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B Horsepower (hp) required for generators
Formula generator capacity, kVA rating:

hp = kVA x cos6
0.736 x Gn
hp : Horsepower required for
generators
kVA : Generator capacity
cos® : Power factor 80 %
Gn : Generator efficiency %

Note: The Gn value varies depending on the
manufacturer. Contact the manufacturer for
details.

Formula generator capacity, kW rating:

kW
hp = ——————
P 0.736 x Gn

B Other machinery

Refer to the manufacturer's catalog to obtain the
horsepower required for driving other machinery or
contact the manufacturer.

Crankshaft

hp = H, xK

H. : Horsepower required for hp
machinery

K : Load coefficiency %

Key Lock-Type for Crankshaft Pulley

When using the front PTO through the crankshaft
V-pulley, use a key lock-type crankshaft pulley.

The standard specification crankshaft pulley is not
the key lock-type and cannot be used for front PTO.
If used, the pulley and crankshaft will be damaged
due to slippage.

B Specifications

Type Yanmar part No.

VK1 D29170-21300

VK2 D29490-21300

Figure 7-167

YANMAH Marine Installation Manual - Volume 1

7111



SYSTEMS

Front PTO Pulley

B Specifications

Type

Yanmar part No.

PV1

D19171-21400

H Dimensions

1 —Crankshatft pulley

36

Unit: mm

16

S
By

$140
$180

¢60

36°

12.7

12.17

Figure 7-168
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MARINE GEAR PTO (KMH SERIES)

B PTO spline sleeve and flange
Specifications

ltem Specification
Spline size SAE Z = 9, DP16/32,
30° Class |
Flange size SAE type A
Permissible input torque 120 N-m (88.5 Ib-ft)

Installation of the PTO spline sleeve and the
flange

KO0O1596A

Figure 7-169

. Remove the PTO cover bolts (3, Figure 7-169).
2. Remove the PTO cover (2, Figure 7-169) and

the gasket (1, Figure 7-169). Discard the
gasket.

Figure 7-170

Insert the spline sleeve (1, Figure 7-170) onto
the input shaft.

Use a new gasket (2, Figure 7-170), position
the PTO flange with the M8 x 30 hex head bolts
(3, Figure 7-170). Torque the hex head bolts
(4, Figure 7-170) to 22.6 N-m (204 - 252 in-Ib).

Install the PTO device with the M10x35 hex
head bolts (6, Figure 7-170).

NOTICE

Never operate the marine gear withouta PTO
cover plate or a device installed. Operating the
marine gear without a PTO cover plate ora
device installed will cause the marine gear oil to
leak out.

Note: The PTO device is purchased separately
by the customer.

Permissible
torque

120 N-m (89 ft-Ib) Equipment

Permissible
mass

PTO (flange and fitting)

Permissible
length

2.5 kg (5.5 Ib)
<110mm

Less than 110 mm
(4.31in))

030537-00E0L
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PROPELLER SHAFT COUPLING Tightening Torque of Coupling
Clamping Bolts

There are three types of propeller shaft couplings:
taper bore, slit and straight bore.

Bolt size Tightening torque
Both the slit and the straight bore types are 4.7 t0 5.3 kgf-m,
rough-bored, so it is necessary to provide finishing M10 44110 52.0 N-m
when matching with the propeller shaft. (34.0 to 38.3 ft-Ib)
8.5 10 9.5 kgf-m,
M12 83.41093.2N-m

(61.5 t0 69.0 ft-Ib)

12.0 to 13.0 kgf-m,
M14 118to 127.5 N-m
(87.0 to 94.0 ft-Ib)

Slit type

Coupling clamping bolt

K0003969

Figure 7-171
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Slit-Type

oD indicates rough bores. These should only be

used after fine boring within the range of the
maximum re-bore diameter.

For re-boring, insert a 4.0 mm (0.16 in.) spacer in
the slits, clamp with 4 or 6 hexagon socket head

cap screws, and re-bore.

J 4mm
A
\ .Y
w olT e Quw
J
—1__'?——
G P.C.D.
B A
Koo002370
Figure 7-172
B Dimensions
Maximum |5 | pep L A B c E F G H J
re-bore Yanmar
TyPe | giameter | MM | mm K T mm | mm | mm | mm | mm | mmomm | mm,mm o N
mm (In.) (in.) | (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) | (in.) | (in.)
3175 | 20 | 78 40 80 3 11 52 | 100 | 50 | 36 | 15 | Do4214-
CSG1 | (1350) [(0.79)| (3.07) |#*10-5|4xM8 | 157y | (3.15) | (0.12) | (0.43) | (2.05) | (3.94) | (1.97) | (1.42) | (0.59)| 85500
40 25 | 100 59 | 110 3 13 62 | 120 | 65 | 56 | 17 | D29470-
C8J1 | (157) |(0.98)| (3.94) |4*105[6xM12| a5y | (433) | (0.12) | (0.51) | (2.44) | (472) | (2:56) | (221) | (0.70)| 85500
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Taper Type (1/10 Taper)

Kooo2971

Figure 7-173

hih“N“
\
(W -
]

P.C.D.

i1

A
L
2mm l.l;:_
L]
— g
w % /\
Taper 1/10
M8, Thresd hole

K0003972

Figure 7-174
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H Dimensions

oD | PCD K A B c L E F G H J w N[

Type mm mm mm | mm | mm | mm | mm | mm | mm | mm | mm | mm | mm ar;n;lar
@in) | (@n) MM in) | @n) | Gn) | @ny | @Gn) | Gn) | Gn) | Gn) | @n) | Gn) | @ny | PR

TG 22 78 | 4 105 | 73 3 11 | 43 | 52 | 100 | 50 | 36 | 27 7 35 | DO5282-
(0.87) | (3.07) | (2.87) | (0.12) | (0.43) | (1.69) | (2.05) | (3.94) | (1.97) | (1.42) | (1.06) | (0.28) | (0.14) | 85100

25 34 40 | 15 DO5582-

CTG2 | oog | T T T T T ldeay| T T T syl ose| T T 85100
28 D05583-

cras | (B | 1 ? C I O S O O T N O 02
30 10 4 | D24771-

CTG4 (1.18) T T T T T T T T T T T (0.39) | (0.16) 55100
32 76 D29171-

ctes | 2| 1 (O NS A (-1 A
34 80 54 D29670-

CTG6 (1.34) T T (3.15) T T T (2.13) T T T T T T 85100
oTJ1 28 100 1 88 4 13 | 35 | 62 | 120 | 65 | 50 | 16 1 + | D24790-
(1.10) | (3.94) (3.46) | (0.16) | (0.51) | (1.38) | (2.44) | (4.72) | (2.56) | (1.97) | (0.63) 85100

30 D24791-

crz | (% | 1 ? L I O S O O I T N O =2
32 37 D28696-

crs | 2| 1 0 L I T PP/ T T I B
34 D21391-

cra | S| 0 0 S N N (S B A Bk
38 75 52 | 33 | 12 D29473-

CTs | (750 | T T T T T o5 | T T | 208 | (1.30) | 0.ary| T 85100
40 D29473-

cre | & | 1 0 D I (O O S S O I -
42 94 33 D29574-

€7 | e | T [ TCEC) I T 1 I L e L A 5
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Straight-Type, Rough Bore

oD shows rough bores. For use, provide fine boring within the maximum re-boring range.

A B8
l‘g— J
f: / P.C.D.
/I
w %I - i o w
) -
KO003373
Figure 7-175
B Dimensions

Maximum oD PCD K A B C E F G H J Yanmar

Type re-bore mm mm mm mm mm mm mm mm mm mm mm art No
diameter (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) P :
16 78 73 3 11 52 | 100 | 50 40 27 | Do4271-

CRG1 82(126) | og3) | (307) |4*" | (287) | (0.12) | (0.43) | 2.05) | (3.94) | (1.97) | (1.57) | (1.08) | 85300
22 78 73 3 11 52 | 100 | 50 40 15 | D05283-

CRG2 82(126) | og7) | (307) |4*" | (287) | (0.12) | (0.43) | 2.05) | (3.94) | (1.97) | (1.57) | (0.59) | 85100
CRUT 42 (1.65) 20 100 4x | 88 4 13 62 | 120 | 65 50 16 | D29470-
: ©079) | (3.94) | 105 | (3.46) | (0.16) | (0.51) | 2.44) | 472) | (2.56) | (1.97) | (0.63) | 85100
30 108 4x | 95 5 12 75 | 130 | 63 57 40 | D19171-

CRL1 50(1.97) | ({18) | (425) | 123 | (374) | (020 | 0.47) | (2.95) | (5.12) | (2.48) | (2.24) | (157) | 85100
28 | 12065 | 6x | 104 14 96 | 146 762 | 5 D19593-

CRY1 60(236) | (110) | (a750) | 163 | (409) | ~— | (055 | (378) | 575 | ~ | (3.00) | (020) | 85100
35 146 6x | 124 4 16 | 120 | 175 | 110 | 100 | 42 177066-

CRX1 70(278) | ({38) | (5.75) | 152 | (488) | (0.16) | (0.63) | (472) | (6.89) | (4.33) | (3.94) | (1.65) | 03750

Note: Type CRX1 for standard accessories.
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FLEXIBLE ENGINE MOUNT

Separate Type
T )
L SO oy O—- |2
N o
INZ4IN
LD.MarkJ H =i
P
L
T
Engine feet
NNNY AN
]
{ | ¥4

H Dimensions

WAL

Figure 7-176

Nut {Jack)

Spring Washer

Nut (Jack}h«@

=

Lock NmL—@
5
Poe,
72

Rubber mount

Plate

k00023974

H
— - K L P w A D T
Type |IDmark | Minimum | Maximum mm mm mm mm o Thread Thread
mm mm (in.) (in.) (in.) (in) mm Hole | diameter
(in.) (in.)
100 [80 120 [100 189 [166 210 170 105 2x M12
Separate 600 | (394 [[3.1]5]) (@.72 %3.94%]) (7.44 %6.54%]) (8.27) (6.69) (@13) | 2x185 | ST 7577 [ M27x 20
900 0 0 0 0 0 0 0 0 0
Note: Values in [ ] indicate applicable engine model for 6LY(A)-Series.
H Tightening torque of clamp nut
Nut size Tightening torque
27 to 32 kgf-m,
M27 x 2.0 26510 314 N-m
(195 to 232 ft-Ib)
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Fixed-2 Type
L
P
o
=
Figure 7-177
B Dimensions
H K L P B c w ThT g
Type IDmark | Minimum | Maximum mm mm mm mm mm mm diar:1ec:ter ID color
mm(n) | mmGn) | (n) | Gn) | Gn) | Gn) | n) | Gn) | Gemore
81860 184 165 127 15 25 96
odn 27391-10 | 110(4.38) | 120(4.72) | (754 | (650) | (5.00) | (0.59) | (0.98) | (3.78) | 254(1) Blue
IXed-
81860 184 165 127 15 25 96
27391-11 | 110(4.38) | 120(4.72) | (754 | (8.50) | (5.00) | (0.59) | (0.98) | (378) | 254 (M) Red

H Tightening torque of clamp nut

Nut size Tightening torque
25 to 30 kgf-m,
254 (1in.) 245 10 294 N-m
(181 to 217 ft-Ib)
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Installed Position Rubber Static Distortion Value

Viewed from top

Front side

(=) [
r_.r'— ey g e o a [ X}
& Y
-;s- < @ 3
_ - T ]
Flexible e igﬁ!nbtleA x
mcunLB\_Q_ & / ) '\Jﬁ ~ Lo | l!\/
P g v
7 Jal
. r =)
= D2 Viewed from the stern
Flexible : Flexible KO0025904
mount, F : o mount, E
' L& R .
T~ Sing vl Figure 7-179
e o
E*—,' Lo Note: Even with the use of flexible engine mounts
Flexible h T Flexible spec:f/ed for each_ engine model, /arge hull
mount, D o e el - mount, & vibrations may still result depending on the
r ™ " . . .
\N ! ’\; P hull strength and the engine installation
o . Svle position. In such cases, the use of different
e L2 |

Pping flexible mounts may be advisable (flexible
. engine mounts with higher ID number have a
larger spring constant).

Rear side {Marine gear side)

K0003376

Figure 7-178
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ENGINE ROOM

The overall layout of the engine room is planned for

easy inspection, servicing and handling of the
engine front PTO and auxiliary equipment.

Allow space for the fuel tank, battery and seacock
and their related piping, wiring and remote control
cables. Thoroughly study all equipment and
devices to be installed, consult with the boat
builder, and draw up a plan to provide optimum
engine room space. The following conditions
should be met:

Ventilation of the Engine Room

Refer to the air intake and exhaust section of the
individual engine in vol. 2 and 3 of the Installation
Manual. Specific data is given in this section.

1. Calculation of the required ventilation volume
(Q):
Naturally aspirated engines:
Q = 0.13 x Maximum output (hp) = m3/min.
Turbocharged engine:
Q = 0.15 x Maximum output (hp) = m3/min.

B Engine room temperature

1. Heat resistance of electrical devices: At 20 mm

(0.79 in.) from the generator or alternator, the

temperature should not exceed 60 °C (140 °F).

2. Temperature of the engine intake air: At the
inlet of the intake air cleaner, the temperature
should not exceed 45 °C (113 °F).

H Ventilation by air duct

The simplest ventilation is made by the intake and

exhaust air ducts. An air intake cover is attached at
the aperture end of the intake air duct to receive the
air while the boat is cruising. The intake air from the
duct is released near the engine’s air inlet.

Proper arrangements must be made to prevent
seawater from entering the inlet of the duct.

1.

Calculations of duct area (S) (ventilation using
ducts only):

Duct Area( S) = %%)2 = m?

(Q): Required ventilation volume = m3/min.
(V): Duct area velocity = m/min.

Note:
» Substitute the boat speed (m/sec) with the duct

velocity (V) when installing a duct on the engine
room front.

» V = Maximum 10 m/sec when installing a duct on

the engine room side.

e 1 knot = 1852 m/hr.
e The piping resistance for a duct pipe or hose is

not considered in this calculation. This piping
resistance should be included when relevant.

2. Ventilation using ducts only: Install both inlet

and outlet ducts. However, if the engine room is
not completely closed, it is sufficient only to
install an inlet duct and to use the engine room
door or window as the air outlet.

Example: Ventilation for a boat equipped with a
naturally aspirated engine (maximum 100 hp),
boat speed 10 knots:

From ventilation volume: (Q)

Q =0.13 x 100 = 13 m3/min. or greater

From intake duct air: (S)

* Calculation for V:

308.6 = 10 knots x 1222 M
60 min
=13 _ 0.0421 m?= 421 cm? or greater
308.6*
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Example of layout of air intake and ventilation for Attach the exhaust duct at the lowest possible
engines: position opposite the intake duct, and place the
duct end in the open air outboard.

Qutlet B 'ﬂfake The duct pipe should be as short as possible.

Avoid bending as much as possible.

If the temperature of the engine room cannot be
lowered, use a larger diameter duct pipe, or
increase the number of pipes.

Kooo2977

1 —Air intake, water separator (free area)

2 —Double air pipes

3 —Sound baffle (insulation)

4 —Sound insulated engine room

5 —Qutlet for ventilating air (free area same as 1)
6 —Sound insulated hatches

Figure 7-180
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B Ventilation using electrical draft fans

There are two ventilation methods of this type: the
forced draft fan (attached to the intake duct side)
system, and the induced draft fan (attached to the
exhaust duct side) system.

In both cases, use a fan within the rated capacity of
the electrical equipment.

Air outlet

KoCoo2978

Figure 7-181

Capacity of electrical type draft fan:
Draft fan capacity = ldentical to the required
ventilation volume: (Q) m3/min.

» Ventilation by draft fans only.
Two draft fans with the same capacity (Q) are
used for the inlet and outlet.

+ Combination of draft fan and duct.
The draft fan should be used for the outlet.

Soundproofing the Engine Room

B Soundproof structure

To prevent noise from the engine room, it is
necessary to separate the engine room from other
sections of the boat and to cover all noise sources
such as the engine and marine gear or sail drive.

Construct the engine room out of wood or MDF,
and provide a hinged door or lid in the roof. When
the engine room wall vibrates, the secondary noise
caused by this vibration is transmitted outside the
engine room, so make the engine room walls
strong as possible and extend the wall to the
bottom of the hull. Attach it firmly to the bottom of
the boat. Also, install soundproof material inside
the engine room.

Lid Latch Door

; Soundproof
rmaterial

Soundproof
material

K0003279

Figure 7-182

Example of soundproofing

Note: The sizes and materials shown here are for
reference only. They vary depending on the
hull size and the size of the engine
compartment.
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1 —Engine casing

2 —Lead plating, thickness =1 mm (0.04 in.)

3 —Mineral-wool, thickness = 50 mm (1.97 in.)

4 —Plastic sheeting

5 —Perforated aluminum sheet, thickness =1 mm
(0.04 in.), 20 % perforated

Figure 7-183

Insulation material (alternative): Plywood engine
casing - 15 mm (0.59 in.); sheet metal casing - 2
mm (0.08 in.).

of engine

compartment Absorbent

{foam folt or
glass fiber mat)

Thin protective skin
(P.V.C. etc.)

Heavy barrier material
{lead sheet or 'loaded’
rubber)

To inner wall P

Koopa981

1 —Engine casing

2 —Flame-proof absorption sheeting (such as
manufactured by Porolon, Revertex Acoustics
or Baryfol)

3 — Flame-proof reflection sound-insulation
sheeting (lron-PVC, 2.5 mm thick). The face
exposed to the engine should be about 15 %
covered with absorption sheeting.

Figure 7-184

Insulation material for engine casing: 2 mm (0.08
in.) thick sheet metal or 15 mm (0.59 in.) thick
plywood.
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roof

Damping layer
To cabin o /B,m,,,
4

Perforated board or
‘trim’ material

AT LA LTI R HIL IS

KocG3982

1 —Engine casing

2 —lron-PVC 2.5 mm (0.0984 in.)

3 —Absorption sheeting
When fiberglass engine casings are to be
insulated, use the same material as specified in
the above example, but in reverse order so that
the hard layer is placed next to the fiberglass
casing.

Figure 7-185

Insulation material for fiberglass engine casing.

To cabin
floor

Barrier material

Hard-wearing surface material

KG00398%

Figure 7-186

Note: For heat insulation requirements refer to 1ISO
4589.

Air Venting the Cooling Water Tank
(V-Drive Version)

NOTICE

If a V-drive marine gear is used, this air-venting
device must be installed onto engine.

An air vent releases air from the air sump of cooling
water tank (heat exchanger) to prevent engine
overheating. Be sure to install this vent when using
the V-drive marine gear set engine. It is possible to
install this equipment after installing the engine.

When engines are installed with the parallel and
angle drive marine gears, it is common to direct the
engine’s flywheel to stern and the crankshatft pulley
to bow. The engine installed in this case causes the
crankshaft pulley to nose up to the waterline. This
means that the bow will nose up and the engine
inclination will further increase when the boat
cruises at a high speed.

Yanmar, assuming the cruising condition like this,
determines the capacities of the engine’s lube oil
tank and heat exchanger. The allowable engine
installation angle, too, is specified to prevent any
trouble due to air being sucked into the lube oil or
cooling water.

However, when installing engines with a V-drive
marine gear, the crankshatft pulley faces toward the
stern and the flywheel to bow. The engines are
installed in the reverse direction to the installation
of the parallel and angle drive set engines. In this
case, the crankshaft pulley side of the engine
noses down and the bow will further rise when the
boat cruises at a high speed, causing the engine to
further nose down. In this condition, air is trapped in
the cooling tank. The air in the air sump expands as
the temperature of cooling water rises, causing the
cooling water to blow out to the coolant recovery
tank from the pressure cap. This causes the cooling
water in the coolant recovery tank to decrease and
the engine to overheat. The air venting equipment
releases air of the air sump in the cooling water
tank.
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Spacer for
filler cap

Cooling water tank

Heat excha
Air venting pipe for / = { nger)
turbocharger {only 6LP series) 0005951

Figure 7-187

B Arrangement of marine gears
* Parallel drive

* Angle drive
¢ V-drive
Parallel drive
Stern side ﬁ Bow side
L ' i /V\’a‘ef
— fine
Angle drive
Stern side ﬁ Bow side
: ' /V'Vaier
N line

V-drive

Bow side

e I Water

KCGC03985

Stern side

Figure 7-188
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B Specifications

Allowable engine installation angle for nose down,
Type | Accessories hame maximum Yanmar part No.
Static Cruising Condition
LHA | pirventdevice forheat | -2° (0% Constant: -7° (-5°) Peak: -12° (-10°) D19175-13150
6LP exchanger (V-drive -2° (0°) Constant: -7° (-5°) Peak: -12° (-10°) D19773-13150
LYA version) -2° (0°) Constant: -7° (-5°) Peak: -12° (-10°) D19573-13150
Note:

e The values in () are for the standard specification engine.
* Minus angle means the nose down of the engine.

Marine Installation Manual - Volume 1 YANMAR
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BILGE PUMP

Construction and Functions

The bilge pump consists of the motor, pump and auto-stop mechanism. The auto-stop is a unique
mechanism. When all bilge is drained, a built-in diaphragm senses that there is no water pressure in the
water passage and stops the motor quickly. This prevents premature bilge pump wear.

Unit: mm

Cable connector

Strainer

o

100

2- les

A1)

White (-)

Controller

a ]
4-95.3 Holes #1175

Cooling water outlet Cooling waler inlet
K000398¢

Figure 7-189
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Installation of Bilge Pump

Strainer Unit: mm
160
Controller
nt 1 e
- 0o
pos Lop]
L —
Fuse
130 {154}
& O
12V
/
i T ° Battery 7
.:ﬂ @ Strainer K0003958
L Figure 7-191
. B Angle of installation
Figure 7-190
Specifications
Type BP1 %
Yanmar part No. D27675-461001
Motor
Model WP-1220
Rated operation time 10 minutes
Rated voltage 12V
Rated output 100 W
Pump capacity Figure 7-192
Self-suction head 1.0m : : :
(maximum) (39.4in) B Height of installation
Self-suction time 2 seconds
Loaded current 10A
Flow volume 20 L/min.
(21.1 gt/min.)
Max. 1m
Max. 1m
Figure 7-193
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B Clamping position

052100-00X00

Figure 7-194
B Through-hull fitting

Figure 7-195

MARINE GEAR

The marine gear is installed to convert the fixed
direction of the crankshaft into AHEAD, ASTERN
and STOPPED operation. The gear does this by
means of reversing and reduction mechanisms,
with careful reference to the propeller efficiency.

In general, lower revolutions and a large propeller
diameter produce higher propeller efficiency and
higher boat speeds. The decisive factor in boat
speed, however, is the selection of the appropriate
reduction ratio and propeller match to the shape
and weight of the hull and the engine output.

In general, a large reduction ratio is used for boats
with a big displacement, such as sailboats, in order
to reduce propeller revolutions. These boats
usually use a large propeller. Powerboats, which
have a light hull and fast boat speeds, use a small
reduction ratio to raise propeller speed and a
specially shaped propeller with a small diameter
but high efficiency.

Type of Marine Gear

H Clutch shift mechanism

The basic types are the mechanical and the
hydraulic mechanisms for AHEAD, ASTERN and
NEUTRAL shifts. These are operated by the
remote control handle.

1. Mechanical type: The mechanical gear is
usually used with pleasure craft engines under
100 hp. More force is needed though, to shift
gears when using the mechanical type.

2. Hydraulic type: The hydraulic type is usually
used for boats with high output engines,
especially powerboats. The hydraulic type
makes shifting easier and is often used for dual
station control systems.

YANMAH Marine Installation Manual - Volume 1
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B Propeller drive mechanism

1.

Parallel drive: The output shaft of marine gear
is parallel to the crankshaft. The engine is
installed at a slant.

Angle drive: Also called the down-angle drive
system. The output shaft of the marine gear is
inclined at 7 to 10° to the crankshaft. The gentle
inclination of the engine/marine gear package
reduces the engine room space requirements.

V-drive: The output shaft of the marine gear
makes a V-shape with the input shaft. The
propeller shaft is angled backward compared
with propeller angle drive, and the engine is
installed the opposite way around. The
advantage of this type is that more cabin space
is available.

Parallel drive

| Crankshaftcenter | __ j

Angle drive

V-drive

058531-0C0ENCC

Figure 7-196

Selection of the Marine Gear
Capacity

When coupling a locally purchased marine gear to
the engine, give the following data to your marine
gear supplier:

1. Engine

» Maximum rating output at flywheel: hp or
kW/min-1

» Maximum engine torque: kgf-cm at rpm
* |dle speed: min-1
 Torsional vibration data
2. Marine gear
» Maximum allowable input torque: kgf-cm

* Maximum allowable transmission horsepower:
hp or KW/min-1

* Maximum allowable input speed: min-1

7-132
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Engine Foot Kit for Marine Gear

In the case of engines supplied by Yanmar without
a marine gear, two pieces of engine foot must be
installed at the front side (anti-flywheel side). When
you install the marine gear recommended by
Yanmar to an engine without a marine gear, the
engine foot, engine oil cooler hose, etc. (to be
installed at the marine gear side) are available as
an option.

NOTICE

Mounts are installed at both sides of the flywheel
housing of the engine. These mounts are the
dummy feet for transport and packing and cannot
be used for engine installation. Discard before
installing the foot kit. Also, note that the installation
positions of these dummy feet are not the correct
positions for actual marine gear installation. If you
install the marine gear and engine with the dummy
feet, excessive engine vibrations and other troubles
will be caused due to insufficient strength of the
dummy feet. Any trouble due to the use of the
dummy engine feet or engine installation at the
dummy engine foot installation position will not be
covered by Yanmar's warranty.
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B Kit type
Type Components :::i)rl::agl:l:r Yanmar part No.
¢ Engine foot (2 pieces) and bolts,
M12 x 35 (8 pieces) ZF, ALHA-HTP: D19172-49170, D19172-08200

¢ Rubber hoses (2 pieces) and clamps
LH .
(6 pieces)
¢ Hose joints (2 pieces)
¢ Clamp bolts, M10 x 25 (18 pieces)

HSW630A1 | 4LHA-DTP: D19173-49140, D19172-08200
HSW630H1 [ 4LHA-STP: D19175-49120, D19175-08150

¢ Engine foot (2 pieces) and bolts, M12 x 35 (8

pieces) ZF,
LH-1 [+ Rubber hoses (2 pieces) and joint and clamps | HSW450A2 D19173-08140
(2 pieces) HSW450H2
¢ Clamp bolts, M10 x 25 (18 pieces)
¢ Engine foot (2 pieces) and bolts, M10 x 30 (6 ZF,
LP pieces) HSW630A1 D19773-85620
¢ Bracket for lube oil cooler HSW630H1
¢ Engine foot (2 pieces) and bolts, 5/8 x 35 (8
pieces) TWIN DISC 6LYA: D19575-85600
LY » Bracket and bolts, M10 x 14 (5 pieces) for lube MG5061A 6LY2A: D19575-85610
oil cooler 6LY3: D19578-85610

* Hose joints (2 pieces) and clamps (2 pieces)
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LH-type

P 364{ 14 33 Unit: mm (in.)
| 667126 7h)

|
| b 48 51} A e 321 0 12 6 ]

P9 5011 B i ——— 324 G117 Y}

|/ 7 N
Ca -

44 S e

4 mg;

e ot : \ i , g

Rubber hose clamp & joint  Z 4 — ] 2
. P T~ Rubber hose clamp & joint

5
v

Ry 11208 413
Mas 1275 00) #3501
15
059 [1(3 38)
|
QO
53\ )
Ld
N
15{0 5%
2389 37) /

T

~ Bracket for L.O. cocler

. N\
‘ P
4
. 4
1 120
4 721 878

-"6?1 L T e i =4 R B ) B

Agme foot for marine gear K0003994

Figure 7-197
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LP-type

Unit: mm (in.)
345(13 58} —wte—m 321{12 64)—
= 260(10 24)-1

C3) 3
. o
Water iniet X ~
g’
:,\ = &
wy (e
& = Y o
- [ (3]
&~ = G &
=] =
/// < : ot
Bracket for L.O. cooler o = a1 &
gt fonte WP VI SRS |
s I T f— [=))
L 0730 o [ 1 I‘:T b I
[+ [ng)
S od
§

Wi 1368(5 43)
Max 1485 83),

-287{11. 30} =r=-287( 11 30)~J
Engine fool for marine gear

Figure 7-198

K0003995

LY-type

Rubber hose & clamp
/ Hose joint

Rubber hose
& clamp

Bracket for L.O. cooler

Engine foot for
marine gear K0002226

Figure 7-199
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CONVERSION TABLE

Weights and Measures

B Linear distance

Unit mm cm m km in. ft yd mile
mm 1 0.1 0.001 0.0000001 0.03937 0.0032808 0.0010936 | 6.214x 107
cm 10 1 0.01 0.0001 0.3937 0.032808 0.010936 |6.214x 106
m 1000 100 1 0.001 39.37 3.28083 1.0936 6.214 x 104
km - 100000 1000 1 39370 3280.83 1093.61 0.62137
in. 25.40 2.540 0.02540 2,54 x 105 1 0.0833 0.02778 1578 x 10-5
ft 304.8 30.48 0.3048 3.048 x 104 12 1 0.3333 1.894 x 104
yd 914.4 91.44 0.9144 9.144 x 104 36 3 1 5.682 x 104
mile 1609347.0 160934.70 1609.35 1.60935 63360 5280 1760 1
B Area
Unit mm?2 cm? m?2 Acre Hectare km?2
mm?2 1 0.01 1.0x 106 1.0x 108 1.0x 10710 1.0x 1012
cm? 100 1 0.0001 1.0x 106 1.0x 108 1.0x 1010
m?2 1.0x 106 10000 1 0.1 0.0001 1.0x 106
Are 1.0x 108 1.0 x 106 100 1 0.01 0.0001
Hectare 1.0 x 1010 1.0x 108 10000 100 1 0.01
km?2 1.0 x 1012 1.0x 1010 1.0 x 106 10000 100 1
in.2 645.2 6.452 6.452 x 104 6.452 x 106 6.452x 108 6.452 x 10-10
ft2 92900 929 0.09290 9.290 x 104 9.290 x 10-6 9.290 x 10-8
yd2 836100 8361 0.8361 0.008361 8.361x 105 8.361x 107
Acre 4.04684 x 109 40468700 4046.87 40.47 0.4047 4.047 x 103
mile?2 2.589999 x 1012 | 2.589999 x 1010 2589999 25899.99 259.0 2.590
Unit in.2 ft2 yd2 Acre mile2
mm?2 0.00155 1.0764 x 10-5 1.19599 x 106 2.471 x 10-10 3.861 x 10-13
cm? 0.154999 0.0010764 1.19599 x 104 2.471x 108 3.861 x 10°11
m2 1549.99 10.7639 1.19599 2.471 x 104 3.861x 107
Are 154999 1076.39 119.6 0.02471 3.861 x 105
Hectare 15499969 107639 11959.9 2.471 0.003861
km? - 10763867 1195985 2471 0.3861
in.2 1 0.006944 7.716 x 104 1.594 x 107 2.491 x 10-10
ft2 144 1 0.11111 2,296 x 105 3587 x 108
yd?2 1296 9 1 2.066 x 104 3.228 x 107
Acre 6272640 43560 4840 1 0.001563
mile2 - 27878400 3097600 640 1
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B Volume
. 5 3 ‘g 3 3 gal (liquid)
Unit cm m L kL in. ft yd (USA)
cm3 1 1.0x 106 0.001 1.0%x 106 0.06102 |3.531x 105 1.308 x 106 | 2.642 x 10-4
m3 1000000 1 1000 1 61020 35.31 1.308 264.2
L 1000 0.001 1 0.001 61.02 0.03531 0.001308 0.2642
kL 1000000 1 1000 1 61020 35.31 1.308 264.2
in.3 16.39 1.639 x 105 0.01639 | 1.639x 105 1 5.787 x 104 | 2.143x 105 | 0.004329
t3 28320 0.02832 28.32 0.2832 1728 1 0.03704 7.48055
yd3 764500 0.7645 764.5 0.7645 46660 27 1 201.974
ga('d"sq:)'d) 3785 0.003785 3.785 0.003785 231 0.1337 0.004951 1
H Weight
Uniit kg oz b (2000 Ib) (2240 Ib) mt
nt gt
kg 1 35.2740 2.20462 0.001102 9.842 x 104 0.001
oz 0.02835 1 0.06250 3.125x 105 2.790 x 105 2.835x 105
lb 0.45359 16 1 0.00050 0.89286 0.90719
nt 907.185 32000 2000 1 0.89286 0.90719
gt 1016.05 35840 2240 1.12 1 1.01605
mt 1000 35274 2204.6 1.10231 0.98421 1
Note: mt (metric), nt (USA), gt (UK)
B Weight per unit length
Unit glcm kg/m in.-lb ft-Ib yd-lb nt/mile gt/mile
g/em 1 0.10 0.00560 0.06720 0.20159 0.17740 0.15839
kg/m 10 1 0.0560 0.67197 2.0159 1.7740 1.58393
in.-lb 178.579 17.8579 1 12 36 31.680 28.2857
yd-lb 4.96054 0.49605 0.02778 0.333 1 0.8800 0.78571
nt/mile 5.63698 0.56370 0.03157 0.37879 1.13636 1 0.89286
gt/mile 6.31342 0.63134 0.03535 0.42424 1.27273 1.12 1

Note: nt (U.S.), gt (UK.)

8-4 Marine Installation Manual - Volume 1 YANMAR



APPENDIX A

B Pressure
Standard Mercury column Mercury column
Bar kgf-cm2 in.2-b gtz atg:zz::a:c height at 0 °C (3-2 F) height at 15 °C (&'79 F)
(760 mm) m in. m in.
1 1.0204 14.51 0.9330 0.9869 0.75055 29.55 10.213 33.51
0.98 1 14.22 0.9144 0.9672 0.7355 28.96 10.009 32.84
0.06895 0.07031 1 0.06429 0.06800 0.05171 2.036 0.7037 2.309
1.072 1.094 15.56 1 1.058 0.8044 31.67 10.95 35.91
1.0133 1.0340 14.706 0.9454 1 0.76052 29.94 10.35 33.90
1.3324 1.3595 19.34 1.243 1.3149 1 39.37 13.61 44.64
0.03384 | 0.03453 0.4912 0.03158 0.03340 0.02540 1 0.3456 1.134
0.09791 0.09991 1.421 0.09136 0.09663 0.07349 2.893 1 3.281
0.02984 | 0.03045 0.4331 0.02785 0.02945 0.02240 0.8819 0.3048 1
Note: gt (UK)
B Density
Unit glem? kg/m3 in.3-1b f3-1b yde-Ib gazlg';%id)
g/em3 1 1000 0.03613 62.4283 1685.56 8.34545
kg/m3 0.001 1 3.613x 105 0.06243 1.68556 8.345 x 103
in.3-lb 27.6797 27679.7 1 1728 46656 231
ft3-Ib 0.01602 16.0184 5.787 x 104 1 27 0.13368
yd3-lb 5.933 x 104 0.59327 2.143 x 105 0.03704 1 4.651 x 103
ga('Lg"Sq:)id) 0.11983 119.826 4.329 x 10-3 7.48052 201.974 1
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Definition of Terms - Engines and Boats

Engine/boat term

Definitions

Acceleration

The time required to bring a vessel from one speed to a faster speed.

Accelerometer

An instrument used to measure acceleration.

Aft Toward the rear or stern of the vessel.

Alignment device A type of hitching device that allows for one-person hitching of a tow vehicle and trailer.

Amidship Center or middle of the vessel.

Angle drive A drive gonfigurgtiqn ig sometimes called the down-angle drive system. The output shaft of
the marine gear is inclined at 7 - 10° to the crankshaft.

Bilge The lowest section of a bqat’s floor on either gide of the keel where water is likely to collect.
The area of the hull that sits below the waterline.

Bilge blower Exhaust fan used to ventilate gases from the bilge.

Bilge pump A mechanical, electrical or manually operated device used to pump water from the bilge.

Blower Exhaust fan used to ventilate gases from the engine compartment, galley or head.

Bow The front of a vessel.

Cabin Living quarters on a vessel.

Cabin cruiser

A cruising vessel with living quarters on board.

Luggage or material other than fuel, food and consumable provisions onboard. Cargo has

Cargo mass and contributes to the vessel's displacement.
Center line A lengthwise imaginary line which runs fore and aft with the vessel's keel.
Cockpit An opening in the deck of the boat from which the boat is handled or the recessed area in

the deck of the boat in which the crew works.

Continuous output

The peak power that an engine can develop for an extended period of time at any given rpm.

Displacement

The weight of water displaced by the total mass of a vessel.

Displacement hull

Displacement hulls are driven through the water, rather than being pushed up on top of the
water.

Down drive Refer to angle drive.

Duty cycle The sea time imposed on the engine and hull during a single use.

Economy The cost of exhausting the vessel’s fuel capacity and full range.

Engine Machine used to convert various forms of energy into mechanical force or motion.
Engine bed Structure that supports the boat’s engine.

Engine efficiency

The fuel consumption as it relates to the hull performance characteristics.

Engine intake air

Air provided by the air intake system and used by the engine during the combustion process.

Engine mounts

Flexible supports, usually rubber, that are between the lugs on the engine and engine bed.

Engine room

Space in the vessel for the engine and other equipment. It is generally located aft, but can
also be amidship for some inboard installations.

Engine room ventilation

The process of replacing air in the engine room with fresh air from outside the vessel.

Flexible engine mounts

A system of engine mounts that allow limited movement of the engine relative to the rest of
the vessel. Flexible mounts reduce hull vibration.

Fore

Toward the front or bow of the vessel. Opposite of aft.

Gear reduction

A marine gear with a reduction ratio between the engine and the propeller.

Horsepower (hp)

A unit of power. It can also be expressed as kilowatts.
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Engine/boat term

Definitions

Hull

The body of the vessel.

Hull efficiency

The hull power requirements as they relate to the hull performance characteristics.

Hull speed

The speed at which a hull can no longer increase with added power.

Jig

A device used to stabilize and direct a tool while cutting through a material.

Kilowatt (kW)

A unit of power. It can also be expressed as horsepower.

Kilometers per hour (kM/h)

A unit of speed. It can also be expressed as knots or mph.

Knot

Nautical miles per hour. A unit of speed. It can also be expressed as kMh or mph

Marine gear

The component of the propulsion system that transmits and controls power from the engine
to the propeller.

Maximum output

The peak power that an engine can develop for a short duration at any given rpm.

Miles per hour (mph)

A unit of speed. It can also be expressed as kMh or knots.

Output de-rating

The adjusted power output based on parasitic losses imposed by other equipment.

Parallel drive

The output shaft of a marine gear that is parallel to the crankshaft.

Pickup A vessel’s capacity for acceleration.
. An initial hole that is drilled using a smaller bit in order to make it easier to drill using a larger
Pilot hole bit
Pitch The forward-to-aft motion that lowers the bow or stern portion of the vessel near the
waterline.
Planing hull A hull that is driven up on top of the water rather than being driven through the water.

Pleasure vessel

A vessel used for recreational purposes, usually having a light-duty cycle.

1. The left side of a vessel when facing the bow.

Port 2. A destination or harbor.
Propeller The component that transfers marine gear power to the water, resulting in vessel motion.
Roll The side-to-side motion that lowers the port or starboard portion of the vessel near the

waterline.

Revolutions per minute (min-1)

Unit of measure. Measures the rotational speed of the motor’s spindle.

Sailboat

A vessel that is driven primarily by the wind.

Scoop strainer

Device placed on the seawater intake that prevents objects, such as debris or seaweed,
from entering and clogging the engine’s cooling system.

Screw

Refer to propeller.

Seaworthy

A term used to describe the degree to which a vessel can tolerate adverse weather
conditions.

Semi-displacement hull

Semi-displacement hull designs represent a compromise in performance between planing
and displacement hull designs.

Single-screw configuration

A vessel with one propeller.

Ski boat

A power vessel designed to pull multiple water skiers at a constant speed in a relatively
straight line.

Snubber-style mount

Style of engine mount that uses a cushioning device, usually rubber, to decrease the amount
of engine vibration.

Starboard The right side of the vessel when looking towards the bow.
Stern The back of the vessel.
Stern tube The bearing that supports the propeller shaft where it emerges from the hull.
Strainer Refer to scoop strainer.
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Engine/boat term

Definitions

Stringer

A lengthwise stiffener for the side of a boat.

Three-way cock

A valve with three ports.

Torque

The theoretical force required to move a shaft with a given length of leverage.

Transmission

Refer to Marine gear.

Twin-screw configuration

A vessel with two propellers.

User’s performance requirements

The vessel performance characteristics demanded by the user or owner.

V-drive

The output shaft of the marine gear forms a V-shape with the input shaft.

Vessel purpose

Placing a vessel into either pleasure or work categories.

Work vessel

A vessel used for commercial or government purposes, usually having a heavy-duty cycle.

Yaw

The change of direction or position, port-to-starboard or starboard-to-port.
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Definition of Terms - Propellers

1- Projected outline
2— Skewback

3— Line of maximum thickness

/
053092-00X00

530%7-00X00

1— D = Diameter
2— P = Pitch

Figure 9-2

4— Cross-section of blade with round back

5— Trailing edge
6— Leading edge
7— Developed outline

Figure 9-1

Propeller term

Definitions

Area The area or the disk area is the space enveloped by the circle constructed by the blade tips.
Also called the suction or negative pressure side. The blade back is the face of the blade
Blade back facing the vessel that creates suction by drawing water into the propeller when it is moving
forward.
Also called the pushing or pitch face. The blade face is the face of the area of the blade
Blade face facing away from the vessel that creates forward thrust by pushing water away from the

propeller.

Blade numbering

The blade located at the keyway is considered blade number 1. Blade numbers 2, 3, etc. are
determined by starting from blade 1 and counting clockwise (on right-hand propellers) or
counterclockwise (on left-hand propellers).

Blade root

Also called the filet. The blade root is the base of the blade that extends out from the hub. It
is also the thickest section of the blade to provide structural rigidity.

Blade thickness

The blade is thickest at the root and becomes thinner as it extends outward toward the tip.
It takes less power to push a thinner blade through water than it does to push a thicker blade.
A thinner blade has less surface area to create drag.

Blade tip

The point on the propeller that reaches the farthest distance from the center of the hub.

Camber

The curvature of the line of maximum thickness that runs from the hub to the blade edge.

Cavitation

Cavitation is the phenomenon that occurs when the force of the spinning blades causes an
extreme reduction of pressure on the back side of the propeller and vaporizes or “boils” the
water around it. Cavitation results when the propeller is spinning but produces relatively little
thrust due to slippage, causing microscopic air bubbles to impact and damage the blades.
There are numerous causes of cavitation, such as: physical damage to blades, mismatching
of propeller style to the engine or application, incorrect propeller pitch, or extremely high
rates of speed. Not to be confused with ventilation.

9-6
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Propeller term

Definitions

Cleaver propeller

Cleaver propellers are for high-performance vessels used in competitive racing and ski boat
applications. They perform well at high rpm through step-up marine gears. The blades are
typically heavily skewed and raked aft. Cleaver propellers provide top end acceleration
performance through the full rpm range and typically have large blade area for greater thrust.

Controllable pitch

Also called adjustable pitch. Controllable pitch allows blade angle adjustments while
underway. Adjustments increase fuel efficiency, or speed and performance. Propellers with
adjustable pitch have a hollow shaft.

Cross-section of blade with round
back (4, Figure 9-1)

The profile of a cross-section of the propeller blade at the thickest portion.

Cup

The cup is the small curved portion on the trailing edge of the blade. The cup helps the blade
to gain a better grip on the water and reduces ventilation and slipping. It provides increased
lift capability. Cupping typically increases the overall pitch of a propeller by 12.7 to 25.4 mm
(0.5t0 1.0in.).

Developed outline
(7, Figure 9-1)

A theoretical dimensional limit that represents the maximum distortion when the propeller is
operating.

Diameter (D, Figure 9-2)

The distance across the imaginary circle constructed by the blade tips as the propeller is
spinning.

Folding propeller

Propeller for sailboats that is able to collapse when the vessel is operating under wind power
in order to reduce the drag created by the propeller blades. By using a folding propeller
versus a fixed propeller, a sailboat can effectively reduce the amount of drag created by the
propeller by up to 35 %.

Hub

The hub is the section at the center of the propeller from which the blades extend. It attaches
to the engine shaft. Hubs can be cylindrical, radial, conical or barreled.

Keyway

The keyway is the thin rectangular groove milled into the hub that carries the key and
prevents the propeller from slipping on the shaft.

Leading edge (6, Figure 9-1)

The leading edge is the edge of the propeller blade closest to the boat that starts at the hub
and extends to the blade tip. It is the first part of the blade to cut through the water when the
vessel is moving forward.

Left-hand propeller

Viewed from the aft, the left-hand propeller rotates counterclockwise when providing forward
thrust.

Line of maximum thickness
(3, Figure 9-1)

That portion of the propeller that represents the thickest section.

Over-hub exhaust

Over-hub exhaust exits the vessel and is directed over the blades and hub.

Pitch (2, Figure 9-2)

Assuming a theoretical 100 % efficient propeller and hull, pitch is defined as the distance that
a propeller advances a vessel during one complete 360° revolution. It is expressed in linear
distance. Propellers are manufactured in constant pitch or progressive pitch configurations.
Constant pitch propellers have a constant pitch throughout the radial length of the propeller
blades. Progressive pitch propellers have a relatively low pitch at the leading edge of the
blades which increases toward the trailing edge. Not to be confused with pitch angle.

Pitch angle

Pitch angle is the angle of the blade face as it moves along the pitch line in relation to the
plane of rotation. Pitch angle decreases from the blade root to the tip in order to maintain a
constant pitch. Not to be confused with pitch.

Projected outline
(1, Figure 9-1)

A theoretical dimensional limit that represents the maximum distortion when the propeller is
operating.
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Propeller term Definitions

Rake is defined as the blade angle relative to the center of the shaft. It is expressed in
degrees. High-performance propellers that are raked aft give vessels greater lift without
ventilation. Propellers are manufactured in forward, aft, parabolic and straight rake
configurations. A forward or negative rake is slanted toward the forward end of the hub. An
aft rake is slanted toward the aft end of the hub. A parabolic rake is slightly off-center and
gives the blade a spoon-like appearance. A straight rake is flat across the blade.

Rake

Viewed from the aft, the right-hand propeller rotates clockwise when providing forward
thrust.

Rotation The clockwise or counterclockwise motion of the propeller as it provides forward thrust.

Right-hand propeller

Skew is the degree to which the contour of the blade is swept aft. The more swept back and

Skew or skewback (2, Figure 9-1) asymmetrical a blade is, the higher the level of skew.

Slip is the difference between that actual distance that the propeller travels in one revolution
Slip and the theoretical distance (pitch) that it should travel. A properly matched propeller will
only have a slip of 10 to 20 %.

Screw Another term for propeller.

The through-hub exhaust is a hollow barrel within the hub that channels the exhaust through
Through-hub exhaust the hub and out the rear of the propeller. Through-hub exhaust reduces the chance of
exhaust being drawn into the blades (ventilation).

Track Track is the spread between the individual blade rake and the other blade rakes.

The trailing edge is the edge of the propeller blade that extends from the blade tip to the hub.

Trailing edge (5, Figure 9-1) It is where water exits the blade.

Variable pitch propellers are those with skew and cup properties that change the pitch
Variable pitch depending on the rpm. The pitch is higher at the trailing edge and blade tip, and lower at the
leading edge and hub.

Ventilation occurs when air from the water’s surface or engine exhaust are drawn into the
Ventilation propeller blades, causing the rpm to increase and thrust to decrease. Not to be confused
with cavitation.
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APPENDIX C

Thread Adapters BSPT to NPTF

Parker Hannifin Brass Fittings (Catalot 3501E,
http://www.parker.com/BRASSPROD/CAT05/3501-TOC. pdf)

Refer to Installation Manual vol. 2 and 3 for more information.

FHG4 Adapter Male NPTF BSPP

Part C FLOW
No. BSPP 1 NPTF 2 HEX L D
1/8FHG4-B 1/8 1/8 0.562 0.870 .22
1/4FHG4-B 1/4 1/4 0.750 1.125 31
3/8FHG4-B 3/8 3/8 0.875 1.125 44
1/2FHG4-B 1/2 1/2 1.062 1.660 .60
F3HG Adapter NPTF Male BSPT
Part C FLOW
No. NPTF 1 BSPT 2 HEX L D
1/8F3HG-B 1/8 1/8 9/16 0.93 .22
1/4F3HG-B 1/4 1/4 3/4 1.35 31
3/8F3HG-B 3/8 3/8 7/8 1.35 44
1/2F3HG-B 1/2 1/2 1-1/16 1.76 .56
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