Models Covered

Sterndrive

Inboard

Models Covered Serial Number
QSD 2.8 Sterndrive 170 HP 88300400 - 88304999
QSD 2.8 Sterndrive 200 HP 88305400 - 88309999
QSD 2.8 Sterndrive 230 HP 88310400 - 88314999
QSD 4.2 Sterndrive 270 HP 88401000 - 88404999
QSD 4.2 Sterndrive 320 HP 88406000 - 88415999
QSD 4.2 Sterndrive 350 HP 88417000 - 88419999
Models Covered Serial Number
QSD 2.8 Inboard 170 HP 88300000 - 88300399
QSD 2.8 Inboard 200 HP 88305000 - 88305399
QSD 2.8 Inboard 230 HP 88310000 - 88310399
QSD 4.2 Inboard 270 HP 88400000 - 88400999
QSD 4.2 Inboard 320 HP 88405000 - 88405999
QSD 4.2 Inboard 350 HP 88416000 - 88416999

Notice To Users Of This Manual

Throughout this publication, dangers, warnings, cautions, and notices, (accompanied by

the International HAZARD Symbol ) are used to alert the mechanic to special
instructions concerning a particular service or operation that may be hazardous if
performed incorrectly or carelessly. These safety alerts follow ANSI standard Z535.6-2006
for product safety information in product manuals, instructions, and other collateral
materials. OBSERVE THEM CAREFULLY!

These safety alerts alone cannot eliminate the hazards that they signal. Strict compliance
to these special instructions when performing the service, plus common sense operation,
are major accident prevention measures.

A DANGER

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

A WARNING

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

A CAUTION

Indicates a hazardous situation which, if not avoided, could result in minor or moderate
injury.
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Indicates a situation which, if not avoided, could result in engine or major component
failure.

IMPORTANT: Identifies information essential to the successful completion of the task.
NOTE: Indicates information that helps in the understanding of a particular step or action.

This manual has been written and published by the Service Department of Cummins
MerCruiser Diesel to aid our dealers’ mechanics and company service personnel when
servicing the products described herein. We reserve the right to make changes to this
manual without prior notification.

© 2007, Mercury Marine

Mercury, Mercury Marine, MerCruiser, Mercury MerCruiser, Mercury Racing, Mercury
Precision Parts, Mercury Propellers, Mariner, Quicksilver, #1 On The Water, Alpha, Bravo,
Pro Max, OptiMax, Sport-Jet, K-Planes, MerCathode, RideGuide, SmartCraft, Zero Effort,
M with Waves logo, Mercury with Waves logo, and SmartCraft logo are all registered
trademarks of Brunswick Corporation. Mercury Product Protection logo is a registered
service mark of Brunswick Corporation.

It is assumed that these personnel are familiar with marine product servicing procedures.
Furthermore, it is assumed that they have been trained in the recommended service
procedures of Cummins MerCruiser Diesel Power Products, including the use of
mechanics’ common hand tools and the special Cummins MerCruiser Diesel or
recommended tools from other suppliers.

We could not possibly know of and advise the marine trade of all conceivable procedures
and of the possible hazards and/or results of each method. Therefore, anyone who uses
a service procedure and/or tool, which is not recommended by the manufacturer, first must
completely satisfy himself that neither his nor the products safety will be endangered.

All information, illustrations and specifications contained in this manual are based on the
latest product information available at the time of publication. As required, revisions to this
manual will be sent to all dealers contracted by us to sell and/or service these products.

Refer to dealer service bulletins, operation maintenance and warranty manuals and

installation manuals for other pertinent information concerning the products described in
this manual.

Work Precautions

It should be kept in mind, while working on the product, that the electrical systems are
capable of violent and damaging short circuits or severe electrical shocks. When
performing any work where electrical terminals could possibly be grounded or touched by
the mechanic, the battery cables should be disconnected at the battery.

Any time the intake or exhaust openings are exposed during service they should be
covered to protect against accidental entrance of foreign material which could enter the
cylinders and cause extensive internal damage when the engine is started.

Itis important to note, during any maintenance procedure replacement fasteners must have
the same measurements and strength as those removed. Numbers on the heads of the
metric bolts and on the surfaces of metric nuts indicate their strength. American bolts use
radial lines for this purpose, while most American nuts do not have strength markings.
Mismatched or incorrect fasteners can result in damage or malfunction, or possibly
personal injury. Therefore, fasteners removed should be saved for reuse in the same
locations whenever possible. Where the fasteners are not satisfactory for reuse, care
should be taken to select a replacement that matches the original.
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Personnel should not work on or under an engine that is suspended. Engines should be
attached to work stands, or lowered to ground as soon as possible.

Replacement Parts

Use of parts other than the recommended service replacement parts, will void the warranty
on those parts that are damaged as a result.

A WARNING

Avoid fire or explosion hazard. Electrical, ignition, and fuel system components on
Mercury Marine products comply with federal and international standards to minimize risk
of fire or explosion. Do not use replacement electrical or fuel system components that do
not comply with these standards. When servicing the electrical and fuel systems, properly
install and tighten all components.

Cleanliness And Care Of Product

A Cummins MerCruiser Diesel Power Product is a combination of many machined, honed,
polished and lapped surfaces with tolerances that are measured in the thousands of a mm/
in. When any product component is serviced, care and cleanliness are important.
Throughout this manual, it should be understood that proper cleaning and protection of
machined surfaces and friction areas is a part of the repair procedure. This is considered
standard shop practice even if not specifically stated.

Whenever components are removed for service, they should be retained in order. At the
time of installation, they should be installed in the same locations and with the same mating
surfaces as when removed.
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General Information

Introduction

This comprehensive overhaul and repair manual is designed as a service guide for the
MerCruiser and Cummins MerCruiser Diesel models listed earlier. It provides specific
information, including procedures for disassembly, inspection, assembly and adjustment,
to enable dealers and service mechanics to repair these products. Before attempting
repairs, read through the procedures to understand the methods and tools used and the
cautions and warnings required for safety.

How To Use This Manual

This manual is divided into sections, which represent major components and systems.
Some sections are further divided into parts that more fully describe the component.

Refer to the Service Manual Outline following Models Covered in this manual for section
titles.

Engine Serial Number and Decal Locations
Engine Dataplate

I
@%_ £Si:
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Torey o1 v wororT 2y HINMON 1LE SPEED (RPM): -
FORCUMMINS MERCRUISER DIESEL VAURL:

@P_”_",D,”&‘,DL’LE&L—-’—HP: h: HoTIe:
3 15 fi: /o \ PIN:

| L)

\

A tamper-resistant engine data plate is affixed to the engine at the time of manufacture by
Cummins MerCruiser Diesel. It contains important exhaust gas emissions information.
Please note that the engine data plate will not affect the fit, function, or performance of the
engine and neither boatbuilders nor dealers may remove the engine data plate or the
engine component it is affixed to before sale. If modifications are necessary or the engine
data plate is damaged contact Cummins MerCruiser Diesel about the availability of a
replacement.

The owner or operator is not to modify the engine in any manner that would alter the
horsepower or allow exhaust gas emission levels to exceed their predetermined factory
specifications.

@ L ® o

3/ sir
—SATED SPEED (RPN)- EPA Fonily:

i G ®

Typical engine dataplate

a - Engine serial number g - Minimum idle speed
b - Cummins MerCruiser Diesel h - Engine power rating
model information i- Engine weight
¢ - Emissions certification information  j- Emissions data
d - Fuel rate k - Manufacturer model number, IMO
e - Rated operation engine speed type, liters per cylinder

f- Governed engine speed

Page 1A-2
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General Information

Serial Number Decal
The serial number decal is located on top of the engine on the aft end of the intercooler.

32623

Serial number and maintenance color code decal
Operation—Duty Cycle
Duty Cycle Rating

IMPORTANT: Damage caused by improper application or failure to operate the power
package within the specified operating parameters will not be covered by the Cummins
MerCruiser Diesel Limited Warranty.

The boat manufacturer or the installing dealer is responsible for ensuring that the power
package is applied in accordance with recommendations indicated in the appropriate
Cummins MerCruiser Diesel applications manual. In all cases, the power package must
be equipped with a gear ratio and propeller that allows the engine to operate at wide open
throttle (WOT) at the rated engine RPM. The power package must also be applied Use of
Cummins MerCruiser Diesel engines in applications other than those indicated by the
following information or the appropriate application manual is not approved.

High Output Rating

High Output Rating applies to variable load applications where full power is limited to one
(1) hour out of every eight (8) hours of operation. Reduced load operation occurs when
engine RPM is at least 200 RPM below the engine's maximum rated RPM for applications
rated at or below 3000 RPM and at least 400 RPM below the engine's maximum rated
RPM for applications rated above 3000 RPM. This rating is for pleasure (non-revenue
generating) applications that operate 500 hours or less per year.

Engine Break-In

20-Hour Break-In Period

IMPORTANT: The first 20 hours of operation are a break-in period for the engine. Correct
break-in is essential to obtain minimum oil consumption and maximum engine
performance. During this break-in period, observe the following rules:

* Do not operate below 1500 RPM for extended periods of time during the first 10 hours.
Advance the throttle above 1500 RPM as soon as conditions permit safe operation.

* Do not consistently operate at one speed for extended periods.

+ Do not exceed 3/4 throttle during the first 10 hours, during the next 10 hours do not
operate at full throttle for more than five minutes at a time.

* Do not accelerate at full-throttle from idle speed.
* Do not operate at full throttle until the engine reaches normal operating temperature.

* High oil consumption is normal during the break-in period. Frequently check the engine
oil level.
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General Information

After the 20-Hour Break-In Period

To help extend the life of your power package, Cummins MerCruiser Diesel recommends:

+ Changing the engine oil and filter, and the transmission fluid on inboard models, at the
interval indicated in the Maintenance Schedule.

* Using a propeller that allows the engine to operate at the rated engine RPM when at
full throttle with a maximum boat load.

» Operating at 3/4 throttle or lower. See the duty cycle information listed in Section 1A:
Operation—Duty Cycle.
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Important Information
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Engine Specifications

Specifications
Description
QSD 2.8 QSD 4.2
Rated engine RPM (Conditions Affecting Operation For complete, S.pec'ﬁc engine pe_rformance data refer
: o : . to the Cummins MerCruiser Diesel Performance
—Propeller Selection for additional information) X
Curves & Datasheeets at www.cmdmarine.com
Engine type In-line 4—cylinder diesel | In-line 6-cylinder diesel
Displacement 2.8 liter (169 cid) 4.2 liter (256 cid)
Firing order 1-3-4-2 1-5-3-6-2-4
Bore 94 mm (3.700 in.)
Stroke 100 mm (3.937 in.)
Compression ratio 17:1
Valve clearance Hydraulic
Maximum pressure difference between cylinders 500 kPa (72 PSI)
Idle RPM in neutral (engine at normal operating 700 600
temperature)
. . 2.4 bar [240 kPa] 2.1 bar [210 kPa]
Oil pressure at idle (35 PS) (30 PS)
. 6.2 bar [620 kPa] 6.6 bar [660 kPa]
Oil pressure at 3800 RPM (87 PSI) (93 PS)
Oil temperature 100-110° C (212-230° F)
Thermostat (water) 83°C (181° F) 89° C (192° F)
Thermostat (oil) 95° C (203° F) 87°C (187° F)
Coolant temperature 80-85° C (176-185° F)
Electrical system 12-volt negative (-) ground
Alternator rating 1540 W, 14V, 110 A
Recommended battery rating 750 CCA, 950 MCA, or 180 Ahm
Starter 12V, 2.4 kW
Lubricant, Sealant, Adhesives
Tube Ref No. Description Where Used Part No.
Fleetguard Compleat
D with DCA4, Fleetguard Closed cooling system Obtain Locally
Part Number CC2825
E." Perfect Seal Drain plug or fitting threads 92-34227 1
Liquid Neoprene All electrical connections 92- 257113
g Dexron Il Automatic . . .
H 28 -
=-." Transmission Fluid Power-assisted steering system Obtain Locally
Steering cable grease fitting
z . . Steering cable
H 34 -
=-." Special Lubricant 101 Propeller shaft 92-802865Q02
Propeller shaft splines
_ .. . Gimbal bearing grease insert
- U—Jomt and Gimbal Transom end grease fitting, engine end grease fitting,| 92-802870A1
Bearing Grease : -
driveshaft grease fittings
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Tube Ref No. Description Where Used Part No.

Transmission filter element O-ring
Water-separating fuel filter sealing ring
Throttle cable pivot points and guide contact surfaces
Shift cable pivot points and guide contact surfaces

'!

SAE Engine Oil 30W Obtain Locally

High Performance

q 87 i -

H 87 (1 Goar Lube Gear lube monitor 92-858064K01
Engine Coupler Spline U-Jqlnt shaft splines and O-rl.ngs 92-802869A1
Grease Engine coupler and shaft splines

Propeller shaft
Propeller shaft splines

Anti-Corrosion Grease 92-802867Q 1

mm | oo | oo
© © ©
a i =
Y | Y| VY

2-4-C Marine Lubricant Propeller shaft
with Teflon Propeller shaft splines 92-802859A1
E Power Trim and Power trim pump
H 114 . ) -
{14 0o Steering Fluid Power-assisted steering pump 92-858074K01
21 (p | 19WA4O 4-cycle Diesel Qil filter O-rings 92-858042K01
: Engine Oil
_ Marine Engine Coolant
5 123 (b [(Only available in Closed cooling system 92-813054A2
Europe)
Special Tools
Crankcase oil pump 91-90265A 5

Aids in the removal of engine oil without draining the crankcase.

11591
Dual Water Pick-up Flush Gearcase Seal Kit 91-881150K 1
-"_‘—,jj-‘r-
A !
_f_::_ﬂ_:::j::::r._f"
/J - " Blocks off the front water inlet holes on the dual water inlet
/ b gearcases.
\ O
———— 9104

Side Water Pickup Flushing Device 91-44357Q 2

| Attaches to the water intakes; provides a fresh water
connection when flushing the cooling system or operating the
engine.

9192
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Reference Electrode

91-76675T 1

Senses and electrical current in the water when testing the
MerCathode system. Use to check hull potential.

Propeller Nut Tool

91-805457T 1

10677

Aids in the removal and installation of the front propeller nut.

Tools

Description Part Number
Water Supply Hose Adapter (to Water Inlet Fitting)

Obtain locally
Typical hand-operated grease gun

Approved Paints

The following approved paints are acceptable for refinishing and touch-up.

Description

Part Number

Marine Cloud White (CMD part number: 40918660)

Obtain locally

Mercury Light Gray Primer

92-80287852

Mercury Phantom Black

92-802878Q1

Capacities
NOTE: All capacities are approximate fluid measures.
Engine
IMPORTANT: You may need to adjust oil levels depending on the installation angle and
cooling systems (heat exchanger and fluid lines).
Always use the dipstick to determine the exact quantity of oil or fluid required.
QSD 2.8
All models Capacity Liters (U.S. qgts) Fluid Type Part Number
Engine oil (with filter) 8.9 (9.4) 15W40 4-cycle Diesel Engine Oil 92-858042K01
Marine Engine Coolant
(Only available in Europe) 92-813054A2
Closed cooling
system 11(11.6) Fleetguard Compleat with DCA4
Fleetguard Part Number: CC2825 Obtain locally
Container size:3-3/4 liters, 1 U.S. gallon
Page 1B-5
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QSD 4.2
All models Capacity Liters (U.S. qgts) Fluid Type Part Number
Engine oil (with filter) 13.8 (14.6) 15W40 4-cycle Diesel Engine Oil 92-858042K01
Marine Engine Coolant
(Only available in Europe) 92-813054A2
Closed cooling
system 17.25 (18.2) Fleetguard Compleat with DCA4
Fleetguard part number: CC2825 Obtain locally
Container size:3-3/4 liters, 1 U.S. gallon
Sterndrive

NOTE: Oil capacity includes gear lube monitor.
BRAVO SERIAL NUMBERS BELOW 0wW240000

Models Capacity Fluid Type
Bravo One 2602 ml (88 fl. 0z.)

Bravo Two 3076 ml (104 fl. oz.) High Performance Gear Lubricant
Bravo Three 2839 ml (96 fl. 0z.)

BRAVO SERIAL NUMBERS ABOVE 0W240000

Models Capacity Fluid Type
Bravo One 2736 ml (92% fl. oz.)

Bravo Two 3209 ml (1087 fl. oz.) High Performance Gear Lubricant
Bravo Three 2972 ml (100% fl. 0z.)

Transmission
IMPORTANT: It may be necessary to adjust oil levels depending on installation angle and
cooling systems (heat exchanger and fluid lines).

NOTE: Always use the dipstick to determine the exact quantity of oil or fluid required.

Manufacturer Model Capacity Fluid Type
) 63A 4.5 liters (4 % U.S. gts.) ) o )
ZF Marine (Hurth) - Dexron Il Automatic Transmission Fluid
631V 4.9 liters (5% U.S. gts.)

Technodrive TwinDisc  [485-A | 2.6 liters (2 2 U.S. gts.) SAE 20W-40 or SAE 15W-40 engine oll

Maintenance Intervals

NOTE: Refer to appropriate Mercury MerCruiser Sterndrive Service Manual for information
and procedures on Sterndrive Maintenance.

A WARNING

Performing service or maintenance without first disconnecting the battery can cause
product damage, personal injury, or death due to fire, explosion, electrical shock, or
unexpected engine starting. Always disconnect the battery cables from the battery before
maintaining, servicing, installing, or removing engine or drive components.
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Maintenance intervals and the corresponding tasks, as shown in this schedule or found in
a previous schedule, are based on an average boating application and environment.
However, factors such as individual operating habits and personal maintenance
preferences can impact the suggested intervals. In consideration of these factors,
Cummins MerCruiser Diesel has adjusted some maintenance intervals and corresponding
tasks. In some cases, more tasks are scheduled to be performed in a single visit to the
servicing facility. Therefore, the boat owner and servicing dealer should discuss the current
Maintenance Schedule and develop appropriate maintenance intervals to coincide with
individual operating habits, operating environments, and maintenance requirements.

Always disconnect battery cables from the battery before working around electrical system
components to prevent injury to yourself and damage to the electrical system should a wire
be accidentally shorted.

Maintenance Schedule—Sterndrive Models

Routine Maintenance
NOTE: Perform only the maintenance tasks that apply to your particular power package.

Task Maintenance to Be Performed
Interval
»  Check the engine oil level. (You may extend this interval based on operator experience with
the product.)
Bach [ . Check the engine coolant level.
day start

*  Check the power-assisted steering fluid level.
»  Check the sterndrive gear lube level in the gear lube monitor.

» If operating in saltwater, brackish water, or polluted water, flush the seawater section of the
Each cooling system after each use.

dayend | «  Drain any water from the primary fuel filter after each use. (Drain all water from both fuel filters
if operating in freezing temperatures.)

»  Drain any water from the fuel filters.

*  Check the trim pump fluid level.

Weekly | « Check the seawater inlets for debris or marine growth.

+  Check and clean the seawater strainer.

» Inspect the sterndrive anodes and replace if eroded 50% or more.

*  Check the battery connections and fluid level.

»  Lubricate the propeller shaft and torque the propeller nut (If operating only in freshwater, you
may extend this maintenance to every four months).

+  Treat the engine surfaces with Corrosion Guard if operating in saltwater, brackish water, or

Et\\’gy polluted waters.
months | ©  Inspect the air filter. (Every two months or every 50 hours, whichever occurs first.)

* Inspect the engine anodes and replace if eroded 50% or more.

»  Ensure that the gauges and the wiring connections are secure and clean the gauges. (Every
two months or every 50 hours, whichever occurs first. If operating in saltwater, reduce the
interval to every 25 hours or 30 days, whichever occurs first.)

Scheduled Maintenance
NOTE: Perform only the maintenance tasks that apply to your particular power package.

Task Interval Maintenance to Be Performed

After first 25 hours
and not to exceed 30 | =  Change the engine oil and filter.
hours

Annually «  Touch up the power package with paint and spray with Corrosion Guard.
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Task Interval

Maintenance to Be Performed

Every 100 hours or
annually
(whichever occurs
first)

Change the engine oil and filter.
Change the sterndrive gear lube.
Torque the gimbal ring U-bolt locknuts.
Replace the fuel filters.

Check the steering system and the remote control for loose, missing, or
damaged parts. Lubricate the cables and linkages.

Inspect and lubricate the sterndrive U-joint splines. Inspect the bellows, the
exhaust tube, and check the clamps.

Lubricate the gimbal bearing and engine coupler (Lubricate the engine coupler
every 50 hours if operated at idle for prolonged periods of time).

Check the continuity circuit for loose or damaged connections. If equipped with
MerCathode, test the unit output.

Check the engine alignment.
Torque the engine mounts.
Check the electrical system for loose, damaged, or corroded fasteners.

On driveshaft extension models, lubricate the drive shaft U-joints, transom end
(tailstock) bearings, and engine end (output) bearings.

Inspect the condition and tension of the belts.

Inspect the cooling system and the exhaust system for damage or leaks. Check
the hose clamps for tightness.

Disassemble and inspect the seawater pump and replace worn components.

Clean the seawater section of the closed cooling system. Clean, inspect, and
test the pressure cap. Check the anodes and replace if eroded 50% or more.

Replace the air filter.

Every 2 years

Replace the engine coolant.

Every 500 hours or 5
years
(whichever occurs
first)

Clean the aftercooler core.

Every 1000 hours or 5
years
(whichever occurs
first)

Clean the fuel tank.

Maintenance Schedule—Inboard Models

Routine Maintenance
NOTE: Perform only the maintenance tasks that apply to your particular power package.

Task Maintenance to Be Performed
Interval
*  Check the engine oil level. (You may extend this interval based on operator experience with
Each day the product.)
start *  Check the engine coolant level.
*  Check the transmission fluid level.
» If operating in saltwater, brackish water, or polluted water, flush the seawater section of the
Each day cooling system after each use.
end »  Drain any water from the primary fuel filter after each use. (Drain all water from both fuel filters
if operating in freezing temperatures.)
*  Drain any water from the fuel filters.
Weekly | = Check the seawater inlets for debris or marine growth.
*  Check and clean the seawater strainer.
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Task Maintenance to Be Performed
Interval
*  Check the battery connections and fluid level.
«  Treat the engine surfaces with Corrosion Guard if operating in saltwater, brackish water, or
polluted waters.
Et\\/:;y * Inspect the air filter. (Every two months or every 50 hours, whichever occurs first.)

months | *  Inspect the engine anodes and replace if eroded 50% or more.

»  Ensure that the gauges and the wiring connections are secure and clean the gauges. (Every
two months or every 50 hours, whichever occurs first. If operating in saltwater, reduce the
interval to every 25 hours or 30 days, whichever occurs first.)

Scheduled Maintenance
NOTE: Perform only the maintenance tasks that apply to your particular power package.

Task Interval Maintenance to Be Performed

After first 25 hours
and not to exceed 30
hours

*  Change the engine oil and filter.
*  Change the transmission fluid.

Annually »  Touch up the power package with paint and spray with Corrosion Guard.

»  Change the engine oil and filter.
*  Change the transmission fluid.
*  Replace the fuel filters.

»  Check the steering system and the remote control for loose, missing, or
damaged parts. Lubricate the cables and linkages.

Every 100 hours or | ° Torque the engine mounts.

annually *  Check the electrical system for loose, damaged, or corroded fasteners.
(Wh'Ch‘?_Vetr) OCCUrS |«  Inspect the condition and tension of the belts.
irs

* Inspect the cooling system and the exhaust system for damage or leaks. Check
the hose clamps for tightness.

« Disassemble and inspect the seawater pump and replace worn components.

»  Clean the seawater section of the closed cooling system. Clean, inspect, and
test the pressure cap. Check the anodes and replace if eroded 50% or more.

* Replace the air filter.

Every 2 years *  Replace the engine coolant.

Every 500 hours or 5
years
(whichever occurs
first)

Every 1000 hours or 5
years
(whichever occurs
first)

According to the OEM| «  Check the engine-to-propeller shaft alignment.

«  Clean the aftercooler core.

¢ Clean the fuel tank.
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2.8 Engine External Views
Starboard Side View

......

24793

a - Power-assisted steering hoses i - Heat exchanger
(connected for shipment) j- Power-assisted steering pump
b - Sterndrive exhaust riser (or k - Front engine mount
inboard exhaust, not shown) |- Oil pan
¢ - Aftercooler air duct m -Coolant drain
d - Aftercooler n - Fluid cooler
e - Shift plate o - Seawater drain and sacrificial
f- Front engine lifting eye anode
g - Power-assisted steering fluid p - Wastegate
reservoir

h - Intake and exhaust manifold
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Front View

a - Pressure cap

b - Coolant expansion tank and
reservoir

¢ - Alternator

d - Idler pulley

e - Seawater pump outlet hose

f- Seawater pump

g - Seawater pump inlet hose

h - Tensioner

i - Serpentine belt

j- Crankshaft balancer and pulley

k - Power-assisted steering pump belt

|- Power-assisted steering pump

m -Front engine mount

n - Engine water (coolant) circulating
pump

CMD-4082040 / 90-866941
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Port Side View

a - Seawater pump i - Rear engine mount
b - Alternator j= Ground stud
¢ - Engine control module (ECM) k - Flywheel housing (rear portion)
d - Throttle position sensor |- Starter
e - Fuel filter m -Oil pan
f- Oil drain hose n - Seawater drain
g - Gear lube monitor o - Qil filter
h - Engine extension harness p - Oil cooler
connector
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Rear View

= B 24791
a - Oil drain hose g - Flywheel housing (rear portion)

b - Air filter h - Rear engine mount (sterndrive only)
¢ - Power-assisted steering hoses, i - Engine coupler with grease fitting
secured for shipping j- MerCathode
d - Turbocharger k - Engine extension harness
e - Sterndrive exhaust riser, (inboard connectors
exhaust elbow not shown) | - Gear lube monitor

f- Seawater overboard hose
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Top View

a - Engine circuit breakers g - Aftercooler sacrificial anode
b - Dipstick h - Front lifting eye

¢ - Gear lube monitor i - Shift plate

d - Oil fill cap j- Serial number decal

e - Coolant pressure cap k - CE mark

f- Power steering reservoir
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4.2 Engine External Views

Starboard Side View

a - Power-assisted steering hoses
(connected for shipment)

b - Sterndrive exhaust riser (or
inboard exhaust, not shown)

¢ - Aftercooler air duct

d - Serial number decal

e - Aftercooler

f- Shift plate

g - Front engine lifting eye

h - Power-assisted steering fluid
reservoir

i - Intake and exhaust manifold

j- Heat exchanger

k - Power-assisted steering pump

|- Front engine mount

m -Coolant drain

n - Oil pan

0 - Fluid cooler

p - Wastegate

q - Seawater drain and sacrificial
anode

CMD-4082040 / 90-866941
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Front View

a - Pressure cap i- Serpentine belt

b - Coolant expansion tank and j= Crankshaft balancer and pulley
reservoir k - Power-assisted steering pump belt

¢ - Alternator |- Power-assisted steering pump

d - Idler pulley m -Front engine mount

e - Seawater pump outlet hose n - Engine water (coolant) circulating

f- Seawater pump inlet hose pump

g - Seawater pump 0 - Power-assisted steering fluid

h - Tensioner reservoir
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Port Side View

a - Oil drain hose

b - Engine control module (ECM)

¢ - Gear lube monitor

d - Fuel filter

e - Engine extension harness
connector

f- Throttle bracket

g - Rear engine mount (sterndrive
only)

h - Flywheel housing (rear portion)

i- Ground stud

j- Starter

k - Throttle position sensor
I- Oil pan

m -Seawater drain

n - Oil filter

o - Oil cooler

p - Seawater pump

q - Alternator

CMD-4082040 / 90-866941
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Rear View

. 24855
a - Air filter g - Engine coupler with grease fitting

b - Turbocharger h - Flywheel housing (rear portion)
¢ - Sterndrive exhaust riser, (inboard i- MerCathode controller
exhaust elbow not shown) j- Engine extension harness
d - Seawater overboard hose connectors
e - Seawater drain k - Gear lube monitor
f- Rear engine mount (sterndrive
only)
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Top View

a - Exhaust elbow i- Fuel cooler
b - Rear lifting eye j- Coolant pressure cap
¢ - CE mark k - Aftercooler sacrificial anode
d - Engine circuit breakers I - Power-assisted steering reservoir
e - Oil fill cap m -Front lifting eye (use for engine
f- Gear lube monitor mount adjustment)
g - Side lifting eye n - Shift plate
h - Qil drain hose o - Serial number decal
Engine Oil
Specifications

Discharge of oil, coolant, or other engine/drive fluids into the environment is restricted by
law. Use caution not to spill oil, coolant, or other fluids into the environment when using
or servicing your boat. Be aware of the local restrictions governing the disposal or
recycling of waste, and contain and dispose of fluids as required.

To help obtain optimum engine performance and to provide maximum protection, the
engine requires engine oil with a rating of HD-SAE-API CG-4 and CH-4.

We strongly recommend the use of:
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Description Where Used Part Number

Mercury 4- Cycle 15W40 Marine Engine Oil Engine crankcase 92-877695K1

This oil is a specially blended 15W40 oil with marine additives for all-temperature
operation. It exceeds requirements for APl CF-2, CF-4, CG-4 and CH-4 oils.

Other recommended oils:

Description Where Used Part Number

Shell Myrina

Mopar

Texaco Ursa Super TD

Engine crankcase Obtain Locally
Wintershall Multi-Rekord

Veedol Turbostar

Wintershall Vliva 1

These oils are approved by Mercury Marine and Marine Power Europe. For all temperature
operation use 15W40 oil.

Oil Level—Overfilled

Checking

Discharge of oil, coolant, or other engine/drive fluids into the environment is restricted by
law. Use caution not to spill oil, coolant, or other fluids into the environment when using
or servicing your boat. Be aware of the local restrictions governing the disposal or
recycling of waste, and contain and dispose of fluids as required.

An overfilled engine crankcase or block can cause a fluctuation or drop in oil pressure. The
overfull condition results in the engine crankshaft splashing and agitating the oil, causing
it to become aerated. The aerated oil causes a loss of engine performance and an increase
in crankcase back pressure. An extreme overfill condition could result in large amounts of
oil being drawn into the intake.

Checking engine oil level must be done carefully. The oil level must be maintained between
the minimum and the maximum oil level mark on the dipstick. To ensure that you are not
getting a false reading, observe the following before checking the oil level.

* |f the boat is in the water, ensure that the boat is at rest.

» Ifthe boat is on a trailer, raise or lower the bow until the boat is sitting as it does at rest
in the water.

* Allow five minutes for the oil to drain into the oil pan if the engine has just been operated
or oil has just been added.

IMPORTANT: Engine crankcase oil must be checked at intervals specified in Maintenance
Schedules. It is normal for an engine to use a certain amount of oil in the process of
lubricating and cooling the engine. The amount of oil consumed depends greatly upon
engine speed, with consumption being highest at wide open throttle and decreasing
substantially as engine speed is reduced.

Page 1B-20
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Maintenance

With the engine running, the crankshaft journals or rod journals may strike and break the

dipstick, resulting in damage to internal engine components. Stop the engine completely
before removing or inserting the dipstick.

1. To check the engine oil level during operation, stop the engine and allow five minutes
for the oil to drain into the pan.

2. Remove the dipstick. Wipe clean and reinstall into the dipstick tube.

3. Remove the dipstick and observe the oil level. The oil level must be between the marks
on the dipstick. If necessary, add oil. See Filling.

23196

Typical
a - Dipstick ¢ - Minimum mark

b - Maximum mark
Filling
IMPORTANT: Do not overfill the engine with oil.
1. Remove the oil fill cap.

Typical

a - Oilfill cap
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2. Add the specified oil to bring the oil level up to, but not over, the maximum mark on the

dipstick.
Capacity .
28 Liters (U.S. gts) Fluid Type
Engine Oil (With Filter) 8.9 liter (9.4 U.S. qgts) 4-Cycle 15W40 Marine Engine Oil
Capacity .
4.2 Liters (U.S. qts) Fluid Type
Engine Oil (With Filter) 13.8 liter (14.6 U.S. qgts) 4-Cycle 15W40 Marine Engine Oil

IMPORTANT: When refilling the engine with oil always use the dipstick to determine how
much oil is required.

3.

Install the oil fill cap.

Changing Oil and Filter

See the Maintenance Schedule for the change interval. You should change the engine
oil before placing the boat in storage.

IMPORTANT: Change the engine oil when the engine is warm from operation. Warm oil
flows more freely, carrying away more impurities. Use only recommended engine oil. See
Specifications.

1.
2.

Start the engine and allow it to warm up to normal operating temperature.

Stop the engine and allow some time for the oil to drain into the oil pan (approximately
five minutes).

Remove the fitting from the end of crankcase oil drain hose.

Install the crankcase oil pump (order separately) onto the threaded fitting of the oil drain
hose.

<

/@

23306

Typical
a - Threaded fitting ¢ - Crankcase oil pump
b - Qil drain hose
Crankcase oil pump 91-90265A 5
5. Pump the oil out of the crankcase into the drain pan.
6. Contain and dispose of the oil or oil waste as directed by local authorities.
7. Remove the crankcase oil pump and install the crankcase oil drain hose fitting when

the crankcase is empty. Tighten securely.
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8. Install the oil dipstick.

9. Place a suitable container under the oil filter housing to contain any oil leakage that
may occur. Use an appropriate socket to loosen the oil filter top piece.

10. Remove the top piece and cartridge type oil filter.
11. Disconnect and discard the old filter element. Discard the old O-ring from the top piece.

a - Top piece
b - O-ring

Typical

¢ - Filter element

12. Install the new O-ring. Apply lubricant to the O-ring.

16603

Tube Ref No.

Description

Where Used

Part No.

15W40 4-cycle Diesel Engine

QOil

Oil filter O-rings

92-858042K01

13. Push the filter element onto the top piece until it is locked. Listen for a click.
14. Install the top piece with the new filter element into the oil filter housing.
IMPORTANT: Overtightening the top piece will cause deformation resulting in oil leakage.
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15. Turn the oil filter top piece until the sealing surface contacts the housing. Torque the
top piece using an appropriate socket.

. g 4 7R \ " E
= k,- ‘ ; ! | 23195

a- Top piece b - QOil filter housing

Description Nm Ib. in. Ib. ft.
Qil filter top piece 25 - 18

16. Remove the ail fill cap and refill the engine with new oil. See Filling.
IMPORTANT: When refilling the engine with oil, always use the dipstick to determine how

much oil is required.
17. Start the engine and check for leaks.

Sterndrive Gear Lube

Discharge of oil, coolant, or other engine/drive fluids into the environment is restricted by
law. Use caution not to spill oil, coolant, or other fluids into the environment when using
or servicing your boat. Be aware of the local restrictions governing the disposal or
recycling of waste, and contain and dispose of fluids as required.

Checking
NOTE: The gear lube level will fluctuate during operation. The gear lube level should be

checked with the engine cold, before starting.
1. Check the gear lube monitor to determine the gear lube level. Keep the gear lube level

within the recommended operating range.
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2. |IF the gear lube level is low, see Filling.

19948

Gear lube level shown is at the correct operating range
a- "ADD" mark
b - "OPERATING RANGE" mark

IMPORTANT: If any water is visible at the bottom of the gear lube monitor or appears at

the fill and drain plug hole, or if the gear lube appears discolored, locate and repair the leak

immediately. Refer to the appropriate Mercury MerCruiser Sterndrive Service Manual.
Filling

NOTE: If more than 59 ml (2 fl. oz.) of High Performance Gear Lube is required fo fill the

gear lube monitor, a seal may be leaking. Damage fo the sterndrive may occur due fto lack
of lubrication. Refer to the appropriate Mercury MerCruiser Sterndrive Service Manual.

1. Remove the gear lube monitor cap.

2. Fill the gear lube monitor with the specified gear lube so that the gear lube level is in
the operating range. Do not overfill.

19947

Gear lube monitor
a - Gear lube level at the "ADD" mark
b - Gear lube level at the "OPERATING RANGE" mark
¢ - Gear lube monitor cap

Tube Ref No. Description Where Used Part No.
E." High Performance Gear Lube Gear lube monitor 92-858064K01

3. Ensure that the rubber gasket is inside the gear lube monitor cap and install the cap.
Do not overtighten.

NOTE: When filling the entire sterndrive, see Changing.
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Changing

Refer to the appropriate Mercury MerCruiser Sterndrive Service Manual.

ZF Marine Transmission Fluid
Checking

1. Remove the dipstick.

IMPORTANT: When checking the fluid level, rest the dipstick on top of the threaded
housing hole. Do not screw the dipstick into the threaded housing hole.

2. Check the fluid level as indicated on the dipstick with the dipstick resting on the top of
the threaded hole.

NOTE: The fluid level may be somewhat over the maximum mark, as some of the fluid from

the transmission fluid cooler and hoses may have drained back info the fransmission.

3. Ifthe fluid level is low, add transmission fluid to bring the level up to the maximum mark
on the dipstick.

D>

a - Dipstick

b - Threaded hole

¢ - Maximum fluid level
d - Minimum fluid level

IMPORTANT: To accurately check the fluid level, the engine must be operated at 1500
RPM for two minutes immediately before checking the level.

4. Startthe engine and operate at 1500 RPM for two minutes to fill all the hydraulic circuits.

5. Stop the engine and quickly check the fluid level with the dipstick resting on the top of
the threaded hole.

6. Ifthe fluid level is low, add transmission fluid to bring the level up to the maximum mark
on the dipstick. See Filling.

NOTE: If the transmission fluid level was extremely low, see Troubleshooting.
7. Install the dipstick.
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Filling
1. If necessary, add the specified automatic transmission fluid through the dipstick
threaded hole to bring the level up to the maximum mark on the dipstick.
IMPORTANT: Use only the specified automatic transmission fluid (ATF).
16604
a - Dipstick ¢ - Maximum fluid level
b - Threaded hole d - Minimum fluid level
NOTE: Always use the dipstick to determine the quantity of oil or fluid required.
NOTE: Capacities are for the transmission only and do not include the fluid cooler or fluid
cooler hose capacities.
Model Capacity Fluid type Part Number
ZF Marine 63A 4 liters (4.2 US qt) Dexron Il Automatic
Transmission Fluid or Obtain locally
ZF Marine 631V 4.4 liters (4.6 US qt) Equivalent
2. Install the dipstick.
3. Check the fluid level. See Checking.
Changing

1. Clean the exterior of the transmission around the fluid filter assembly.

2. Use a 6 mm Allen wrench and remove the fluid filter assembly by turning the assembly
nut counterclockwise and pulling at the same time.

a - Assembly nut b - Fluid filter assembly

3. Push the hose of a suction pump through the suction pipe and down to the bottom of
the housing.
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4. Pump the fluid from the housing into a suitable container. Dispose of the fluid properly.

13165

a - Suction pipe b - Suction pump

5. Remove and discard the filter element and the O-rings.
6. Coat the new O-rings with transmission fluid.
7. Install the new O-rings and filter element.

13167
a - Filter element ¢ - O-rings
b - Cover

Improper installation of the transmission fluid filter assembly may cause the fluid to foam
or leak out, resulting in decreased efficiency and damage to the transmission. Properly
seat the transmission fluid filter during installation.

8. Install the fluid filter assembly in the transmission cavity by turning clockwise and
pushing at the same time.
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9. Using a 6 mm Allen wrench, turn the filter assembly nut clockwise to tighten. Torque
the nut.

a - Assembly nut b - Fluid filter assembly
Description Nm Ib. in. Ib. ft.
Filter assembly nut 5-8 48-72

10. Fill the transmission to the proper level with the specified fluid. See Filling.

Technodrive Transmission Fluid
Checking

1. Remove the dipstick.

IMPORTANT: When checking the fluid level, rest the dipstick on top of the threaded

housing hole. Do not screw the dipstick onto the threaded housing hole.

2. Check the fluid level as indicated on the dipstick with the dipstick resting on the top of
the threaded hole.

NOTE: The fluid level may be somewhat over the maximum mark, as some of the fluid from
the transmission fluid cooler and hoses can drain back into the transmission.
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3. Ifthe fluid level is low, add transmission fluid to bring the level up to the maximum mark
on the dipstick.

24604
a - Dipstick

b - Maximum fluid level

¢ - Minimum fluid level

IMPORTANT: To accurately check the fluid level, the engine must be operated at 1500
RPM for two minutes immediately before checking the level.

4. Startthe engine and operate at 1500 RPM for two minutes to fill all the hydraulic circuits.

5. Stop the engine and quickly check the fluid level with the dipstick resting on the top of
the threaded hole.

6. Ifthe fluid level is low, add transmission fluid to bring the level up to the maximum mark
on the dipstick. See Filling.

NOTE: If the transmission fluid level was extremely low, see Troubleshooting.
7. Install the dipstick.
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Filling
1. Ifnecessary, add specified transmission fluid through the dipstick threaded hole to bring
the level up to the maximum mark on the dipstick.
2
->E]
24604
a - Dipstick ¢ = Minimum fluid level
b - Maximum fluid level
NOTE: Always use the dipstick to determine the quantity of oil or fluid required.

Model Capacity Fluid type Part Number
Technodrive 485A 2.6 liters (2 4 US qt) gﬁg fgw J 28 g;gine . Obtain Locally
2. Install the dipstick.

3. Check the fluid level. See Checking.
Changing
1. Remove the fill cap and dipstick.
2. Remove the transmission fluid drain plug and drain the transmission into a suitable
container.
a - Fill cap and dipstick
b - Drain plug
3. Contain and dispose of the oil or oil waste as directed by local authorities.
4. Reinstall the transmission fluid drain plug.

CMD-4082040 / 90-866941 NOVEMBER 2007 Page 1B-31



Maintenance

5. Torque the drain plug.

Description Nm Ib. in. Ib. ft.

Transmission fluid drain plug 17 - 12.5

6. Clean the exterior of the transmission around the fluid filter assembly.
7. Loosen the assembly nut then rotate the securing tab in the direction shown.

a - Assembly nut
b - Securing tab

8. Remove the filter element.

a - Filter element

9. Clean the filter element using a suitable cleaning solvent.
10. Lubricate the O-rings.

Tube Ref No. Description Where Used Part No.
SAE Engine Ol 30W Transm'ss'onrif:;er element O- 1 5ptain Locally
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11. Reinstall the filter element.

a - Filter element b - O-ring

Improper installation of the transmission fluid filter assembly may cause the fluid to foam
or leak out, resulting in decreased efficiency and damage to the transmission. Properly
seat the transmission fluid filter during installation.

12. Replace the securing tab over the filter assembly by turning it clockwise.
13. Tighten the assembly nut. Torque the nut.

a - Assembly nut
b - Securing tab

Description Nm Ib. in. Ib. ft.
Assembly nut 5-8 48-72 -

14. Fill the transmission to the proper level with the specified fluid. See Filling.
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Power Trim Fluid
Checking

IMPORTANT: Check the fluid level with the sterndrive in the full down (in) position only.
1. Place the sterndrive in full down (in) position.

2. Observe the fluid level. The fluid level must be between the "MIN" and "MAX" lines on
the reservoir.

7876

a - Reservoir b - "MIN" and "MAX" lines

3. Fill as necessary with the specified fluid. See Filling.

Tube Ref No. Description Where Used Part No.
E." Power Trim and Steering Fluid Power trim pump 92-858074K01

Filling
1. If the fluid level is below the "MIN" line, the specified fluid must be added.

2. Remove the fill cap from the reservoir.
NOTE: The fill cap is vented.

Power trim pump reservoir shows the fluid level is below "MIN" line
a - Fill cap assembly b - Fill cap installed
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3. Add the specified fluid to bring the fluid level to within the "MIN" and "MAX" lines on the
reservoir.

7876

a - Reservoir b - "MIN" and "MAX" lines
Tube Ref No. Description Where Used Part No.
Power Trim and Steering Fluid Power trim pump 92-858074K01

4. Install the fill cap.
Changing
Power trim fluid does not require changing unless it becomes contaminated with water or
debris.
1. Remove the contaminated power trim fluid from the power trim pump reservoir.

2. Fill the power trim pump reservoir to the proper level with the appropriate power trim
fluid. See Filling.

3. Raise and lower the sterndrive 6 to 10 times to cycle the power trim fluid, and to purge
contaminants from the system.

4. Repeat steps two and three until the power trim fluid is no longer contaminated.

Power-Assisted Steering Fluid
IMPORTANT: Use only Quicksilver Power Trim and Steering Fluid or Dexron |ll automatic
transmission fluid (ATF) in the power-assisted steering system.
IMPORTANT: Running the pump dry will damage the pump. Always check steering fluid
levels before operating the boat.

Checking

1. Center the sterndrive and stop the engine.
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2. Remove the fill cap and dipstick from the fluid reservoir and observe the level.

a. The proper fluid level with the engine cold should be between the full cold mark
and the end of the dipstick.

b.  With the engine at normal operating temperature the fluid level should be between
the full hot and full cold marks.

13064

a - Fill cap and dipstick
b - Full hot mark

¢ - Full cold mark

d - Fluid reservoir

IMPORTANT: If fluid is not visible in the fluid reservoir, determine the cause and correct.

Filling
1. Remove the fill cap and dipstick and observe the fluid level.
2. Add the specified fluid to bring the fluid level up to the proper level.
Tube Ref No. Description Where Used Part No.
T ower Trim and Steering Flui ower-assisted steering pump -
H 114 O P T d St Fluid | P ted st 92-858074K01
Tube Ref No. Description Where Used Part No.
g Dexron Il Automatic Power-assisted steering .
H 28 [0
=-. Transmission Fluid system Obitain Locally
3. Install the fill cap and dipstick.
Changing

Power-assisted steering fluid does not require changing unless it becomes contaminated.
See the section titled Power-Assisted Steering System.
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Closed Cooling System

Coolant Requirement

Checking

Using propylene glycol antifreeze in the closed cooling system can damage the cooling
system or the engine. Fill the closed cooling system with an ethylene glycol antifreeze
solution suitable to the lowest temperature to which the engine will be exposed.

Diesel engines are high-compression engines and create higher engine operating
temperatures than gasoline engines. The closed cooling system and engine must remain
as clean as possible to provide adequate engine cooling. Adequate engine cooling can be
assured by using the proper antifreeze, water, additives and inhibitors. Cummins
MerCruiser Diesel recommends that the closed cooled section of the closed cooling system
be filled with a low-silicate formula of ethylene glycol coolant (antifreeze) in solution with
deionized water. A low-silicate formula prevents coolant separation, that causes a silicate
gelatin to form. This gelatin will block engine and heat exchanger passages causing the
engine to overheat.

The coolant (antifreeze), if not premixed, should be mixed with deionized water before
being added to the closed cooling system. Common tap water or softened water contains
minerals that can leave deposits in the system reducing the efficiency of the cooling system.
The addition of proper additives and inhibitors to approved coolant solutions will form a
protective film on internal passages and protect against internal corrosion of the cooling
system.

The closed cooled section of the closed cooling system should remain filled with an
approved coolant (antifreeze) solution year round. Do not drain the closed cooled section
for storage; that will promote rusting of the internal surfaces. If the engine will be exposed
to freezing temperatures, ensure that the closed cooled section is filled with a properly
mixed coolant (antifreeze) solution that will protect the engine and the closed cooling
system at the lowest temperature to which they will be exposed.

NOTE: The coolant (antifreeze) used in these marine engines must be a low-silicate
ethylene glycol, containing special additives and deionized, purified water. Using other
types of engine coolant may cause fouling of the heat exchangers and overheating of the
engine. Do not combine different types of coolants without knowing that they are
compatible. If your are unsure refer to the coolant manufacturer's instructions.

Some approved types of antifreeze-coolants are listed in the following table.

Description Availability Part Number

Marine Engine Coolant

Quantity: 3 3/4 liters (1 U.S. Gallon) Europe only 92-813054A2
Fleetguard Compleat with DCA4 Worldwide Flestguard Part Number: CC2825

Quantity: 3 3/4 liters (1 US Gallon)

See Maintenance Schedules for change intervals.
See Specifications for quantity of coolant (antifreeze) required.

A CAUTION

A sudden loss of pressure can cause hot coolant to boil and discharge violently resulting
in serious injury from burns. Allow the engine to cool down before removing the coolant

pressure cap.
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IMPORTANT: Check engine coolant before starting the engine.

1.
2.

4.

Allow the engine to cool.

Remove the pressure cap from the coolant expansion tank and observe the coolant
level.

The coolant level in the coolant expansion tank should be within 25 mm (1 in.) of the
bottom of the filler neck or between the upper and lower marks, if marked.

23248
a - Pressure cap
b - Bottom of filler neck

If the coolant level is correct, install the pressure cap.

5. [Ifthe coolant level is low, do the following.

a. Check the coolant system for malfunction. Refer to Section 6A.
b. Add the specified coolant. See Filling the Closed Cooling System .
c. Install the pressure cap.

Draining the Closed Cooling System

NOTICE

Discharge of oil, coolant, or other engine/drive fluids into the environment is restricted by
law. Use caution not to spill oil, coolant, or other fluids into the environment when using
or servicing your boat. Be aware of the local restrictions governing the disposal or
recycling of waste, and contain and dispose of fluids as required.

NOTE: For instructions on draining the seawater section, see Draining the Seawater
System.

IMPORTANT: Observe the following points.

Ensure that the engine is as level as possible to promote complete draining of the
cooling system.

The closed cooled section must be filled year-round with the required coolant. If the
engine will be exposed to freezing temperatures, ensure that the closed cooled section
is filled with a solution of ethylene glycol antifreeze and properly—mixed water that will
protect the engine at the lowest temperature to which it will be exposed.

Do not use propylene glycol antifreeze in the closed cooled section of the engine.
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A CAUTION

A sudden loss of pressure can cause hot coolant to boil and discharge violently resulting
in serious injury from burns. Allow the engine to cool down before removing the coolant

pressure cap.

1. Allow the engine to cool.

2. Remove the pressure cap from the expansion tank and coolant reservoir.
NOTE: Drain coolant into a suitable container. Dispose of old coolant properly.
3. Remove the intake and exhaust manifold drain plug.

4. Remove the heat exchanger drain plug.

o

. |'$

: Y b= —

Py 2 1 M

,“ &d ﬂ \-—23631
4.2 shown, 2.8 similar

a - Intake and exhaust manifold drain plug
b - Fluid cooler drain plug

5. Open the engine block drain plug.

o - iC_e &0 = HECA |
R —_— . ) &MLE’! e
e 0 . ] \E i 37 4
= k 4
P J £
p 7 .

-

4.2 shown, 2.8 similar
a - Engine block drain plug

6. After the coolant has drained completely, install the intake and exhaust manifold drain
plug, the heat exchanger drain plug, and the engine block drain plug. Tighten all drain
plugs securely.
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7. If required, clean the closed cooling system. See Cleaning the Closed Cooling
System.

8. Fill the system with the specified coolant. See Filling.

Cleaning the Closed Cooling System

The closed cooling section of the cooling system should be cleaned at least once every
two years or whenever decreased cooling efficiency is experienced.

Use a high-grade automotive cooling system cleaner to remove closed cooling system
deposits. Follow the manufacturer's instructions.

If the closed cooling section is extremely dirty, use a pressure flushing device to flush out
any remaining deposits. Flushing should be done in the direction opposite normal coolant
flow to allow water to get behind deposits and force them out. For proper hookup and
flushing procedures refer to the instructions that accompany the flushing device.

Filling the Closed Cooling System
1. Remove the pressure cap.

UNY

23302

-

a - Pressure cap b - Coolant expansion tank

IMPORTANT: Use only the specified coolant.

2. If the coolant is being replaced or the level is low, slowly add the specified coolant to
the level indicated in the table.

Coolant level in expansion tank
Within 25 mm (1 in.) of the bottom of the filler neck, or between the upper and lower marks, if
All models
marked
Tube Ref No. Description Where Used Part No.
C Marine Engine Coolant (Only .
H 123 -
o 123 (o available in Europe) Closed cooling system 92-813054A2
Fleetguard Compleat with
D DCAA4, Fleetguard Part Number Closed cooling system Obtain Locally
CC2825

NOTICE

Without sufficient cooling water, the engine, the water pump, and other components will
overheat and suffer damage. Provide a sufficient supply of water to the water inlets during
operation.

3. Ensure that the seawater pickup pump is supplied cooling water.
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4. Do not install the pressure cap. Start and operate the engine at fast idle (1500-1800

RPM). Add coolant if necessary to maintain the coolant at the level specified previously.
IMPORTANT: When installing the pressure cap, be sure to tighten it securely to avoid
coolant loss.

5. Install the pressure cap after the engine has reached normal operating temperature
(with the thermostat fully open) and the coolant level remains constant.

6. Test the engine operation. Observe the temperature gauge and check the engine for
coolant leaks. If the temperature gauge indicates the presence of excessive
temperature or coolant is leaking, stop the engine immediately and inspect for the
cause.

7. After the first operation, allow the engine to cool.

8. Remove the pressure cap and add the specified coolant to the level indicated in the
table.

Coolant level in expansion tank

Within 25 mm (1 in.) of the bottom of the filler neck, or between the upper and lower marks, if
All models

marked

9. Install and securely tighten the pressure cap.

Battery
NOTE: Refer to the manufacturer's instructions.
1. Ensure that the battery connections are secure.
2. Check the fluid level.

Fuel System

General Information

A WARNING

Performing service or maintenance without first disconnecting the battery can cause
product damage, personal injury, or death due to fire, explosion, electrical shock, or
unexpected engine starting. Always disconnect the battery cables from the battery before
maintaining, servicing, installing, or removing engine or drive components.

A WARNING

Fuel leakage is a fire or explosion hazard, which can cause serious injury or death.
Periodically inspect all fuel system components for leaks, softening, hardening, swelling,
or corrosion, particularly after storage. Any sign of leakage or deterioration requires
replacement before further engine operation.

A WARNING

Failure to comply with regulations can result in injury from fire or explosion. Electrical
system components on this engine are not rated as external ignition—protected (EIP). Do
not store or use gasoline on boats equipped with these engines, unless provisions have
been made to exclude gasoline vapors from the engine compartment (REF: 33 CFR).

IMPORTANT: Use of improper or water-contaminated diesel fuel can cause serious engine
damage. Use of improper fuel is considered misuse of the engine, and the resulting
damage will not be covered by warranty.
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A WARNING

This engine requires diesel fuel. Mixing gasoline, gasohol, or alcohol and diesel fuel can
cause serious injury or death due to fire or explosion. Never mix gasoline, gasohol, or
alcohol with diesel fuel.

Grade 2-D diesel fuel is required. It must meet ASTM Standards D975 (or fuel rated Diesel
DIN 51601), and have a minimum cetane rating of 45. The cetane number is a measure
of the ignition quality of diesel fuel. Increasing the cetane number will not improve overall
engine performance, but it may be necessary to raise the cetane rating for low-temperature
or high-altitude use. A lower cetane number could cause hard starting and slower warm-up
and could increase engine noise and exhaust emissions.

NOTE: If your engine suddenly becomes noisy after a fill-up, you may have received
substandard fuel with a low cetane rating.

The maximum sulphur content of Grade 2-D diesel fuel is rated at 0.50% by weight (ASTM).
Limits may vary outside of the United States. On intermittent-use engines, diesel fuel with
a high sulphur content will greatly increase the following problems:

» Corrosion on metal parts.
* Deterioration of elastomer and plastic parts.

» Corrosion, extensive damage, and excessive wear of internal engine parts, particularly
bearings.

« Difficulty in starting and operating the engine.

Diesel Fuel in Cold Weather

Unaltered diesel fuels thicken and gel in cold temperatures unless they are treated. Virtually
all diesel fuels are climatized to allow their use in a particular region for that time of the
year. If it becomes necessary to treat the diesel fuel further, it is the owner's and operator's
responsibility to add a commercial standard brand anti-gel diesel fuel additive according
to product directions.

Water-Separating Fuel Filter

A WARNING

Fueliis flammable and explosive. Ensure the key switch is off and the lanyard is positioned
so that the engine cannot start. Do not smoke or allow sources of spark or open flame in
the area while servicing. Keep the work area well ventilated and avoid prolonged
exposure to vapors. Always check for leaks before attempting to start the engine and
wipe up any spilled fuel immediately.

NOTICE

Water entering the fuel injection system will cause corrosion and rusting of the injectors
and other components, disabling the fuel injection system. Check daily for water in the
water-separating fuel filter and have the engine inspected immediately if there is evidence
of water in the fuel system.

IMPORTANT: Use a suitable container to collect fuel. Clean up any spills immediately and
dispose of fuel in a safe manner in accordance with all local, federal, and international
regulations.
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The engine-mounted water-separating fuel filter is equipped with a water-in-fuel (WIF)
sensor. A fault code will be set in the ECM if the WIF sensor detects water in the fuel.
Depending upon the boat instrumentation package, this information may also be displayed
on SmartCraft System series master gauges. Replace the fuel filter at the intervals
specified in the maintenance schedule or whenever water is detected in the fuel, whichever
occurs first.

See Maintenance Schedule.

See Section 4C, Instrumentation.

Draining
The engine-mounted water-separating fuel filter can be drained of water and small dirt
particles by opening the drain cap on the bottom of the filter.

NOTE: To ensure complete drainage in warm weather, drain the filter before starting daily
operations. In cold weather, where there is a possibility that the condensed water will
freeze, drain the filter shortly after the end of daily operafions.

NOTE: Place a suitable container under the fuel filter to catch contaminated fuel or water
and dispose of it properly.

1. Place a container under the drain cap on the filter.

2. Open the drain by turning the drain cap counterclockwise (as viewed from the bottom
of the filter) until fuel starts to drain. Do not remove the drain cap.

a - Filter
b - Drain cap
¢ - WIF sensor wire connection

3. Drain until the fuel is clear in appearance.
4. Close the drain cap by turning it clockwise. Tighten it securely.
5. Fill the fuel filter. See Filling.

Replacing

A WARNING

Performing service or maintenance without first disconnecting the battery can cause
product damage, personal injury, or death due to fire, explosion, electrical shock, or
unexpected engine starting. Always disconnect the battery cables from the battery before
maintaining, servicing, installing, or removing engine or drive components.
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IMPORTANT: The element cannot be cleaned and reused. It must be replaced.
1. Disconnect both battery cables from the battery.
2. Disconnect the Water in Fuel (WIF) sensor wires, if equipped.

3. Remove the water-separating fuel filter and sealing ring from the mounting bracket. Do
not use a filter wrench.

a - Water-separating fuel filter

NOTE: Retain and reuse the existing WIF sensor (filter drain). Replace the O-ring on the
WIF sensor (filter drain).

4. Remove the WIF sensor and O-ring seal from the bottom of the existing fuel filter. Note
the position of the O-ring seal.

=
5
<

30546
a - WIF sensor
b - O-ring seal

5. Discard the used filter and O-ring seal as defined by local authorities.
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6. Install the WIF sensor with a new O-ring on the new water-separating fuel filter.

AR ™\

_—

a - WIF sensor

30547

b - O-ring seal
Description Nm Ib—in. Ib—ft
Water in fuel sensor (filter drain) 25 - 22
7. Lubricate the fuel filter seals.
24569
Typical
a - Water-separating fuel filter
b - Seals
Tube Ref No. Description Where Used Part No.
) . . Water-separating fuel filter .
H 80 (x SAE Engine Oil 30W sealing ring Obtain Locally
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Filling

8. Align the filter to the bracket. Tighten the filter by hand in the direction shown to secure
the filter to the bracket. Do not use a filter wrench.

a - Water-separating fuel filter

9. Ensure that the drain cap is securely tightened.

10. Connect the WIF sensor wires.

11. Fill the water-separating fuel filter with fuel. See Filling.
12. Check the filter and drain cap for fuel leaks.

13. Connect the battery cables.

14. Start and operate the engine. Check the filter connection for fuel leaks. If leaks exist,
recheck filter installation. If leaks continue, stop the engine immediately and contact
your Cummins MerCruiser Diesel Authorized Repair Facility.

A type of hand pump and primer plunger is located on the fuel filter bracket. Use it to:
» REéfill the fuel filter when draining or changing the filter.

» REéfill the fuel system on the engine if the system was run dry.

* Prime the fuel system if the engine has not been run for an extended period.

IMPORTANT: To ensure that unfiltered fuel does not get into the fuel system, use only the
hand pump and primer plunger to fill the fuel filter.

NOTE: Follow this procedure after installing a new filter or if the fuel has been drained from
the filter while checking for water.

1. Loosen the air vent (bleed) screw on the fuel filter bracket.
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2. Move the primer plunger up and down repeatedly. The filter is full when an air-free
stream of fuel flows from the air vent screw.

a - Air vent screw
b - Primer plunger

3. Securely tighten the air vent screw.

2.8 Air Filter

Removal
IMPORTANT: Keep gear lube monitor bottle in an upright position to prevent fluid from
spilling.
NOTE: It is not necessary to drain the gear lube monitor to perform this procedure.

1. Remove the gear lube monitor retaining strap and remove the gear lube monitor from
the bracket and set aside.

2. Remove the air filter cover retaining nut from the gear lube monitor bracket on the air
filter.

3. Remove the gear lube monitor bracket.

26147

a - Gear lube monitor d - Air filter cover retaining nut
b - Gear lube monitor retaining strap e - Gear lube monitor bracket retaining
¢ - Gear lube monitor bracket bolts

4. Remove the air filter cover.
NOTE: Itis not necessary to remove the air filter bracket mounted on the turbocharger inlet.
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5. Remove the air filter cartridge from the air filter bracket mounted on the turbocharger
inlet.

12618

Shown removed from the engine for clarity only

a - Air filter cartridge b - Air filter bracket
Inspection
1. The air filter cannot be cleaned. Replace the air filter if it is dirty or contaminated.
2. Replace the air filter if the foam element is deteriorated or torn.
3. Replace the air filter at the recommended interval. See Maintenance Schedules for
the replacement interval under normal conditions.
Installation

IMPORTANT: Treatment such as partial oil saturation is not required and is not
recommended on the foam element before use. The foam element must be clean and dry
for proper filtration.

1. Install the air filter cartridge onto the air filter bracket.
2. Install the air filter cover, gear lube monitor bracket, and nuts.
3. Torque the air filter cover retaining nut and gear lube monitor bracket nuts.

Description Nm Ib. in. Ib. ft.
Air filter cover retaining nut 10.8 95
Gear lube monitor bracket nuts 11 8
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4. Install the gear lube monitor in the bracket and hold in place with the retaining strap.

’ i 26147
a - Gear lube monitor d - Air filter cover retaining nut

b - Gear lube monitor retaining strap e - Gear lube monitor bracket retaining
¢ - Gear lube monitor bracket bolts

4.2 Air Filter

Removal

1. Loosen the clamp and remove the oil separator vent hose.
2. Loosen the clamp and remove the air filter housing from the turbocharger inlet.

25881
a - Oil separator vent hose ¢ - Turbocharger
b - Air filter housing d - Clamp
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3. Remove the air filter element from the air filter housing

25893

a - Air filter housing b - Air filter element
Inspection
1. The air filter cannot be cleaned. Replace the air filter if it is dirty or contaminated.
2. Replace the air filter if the foam element is deteriorated or torn.
3. Replace the air filter at the recommended interval. See Maintenance Schedules for
the replacement interval under normal conditions.
Installation

—_—

Slide the filter element into the air filter housing. Ensure that the element is seated fully
into the air filter housing.

25893
a - Air filter housing b - Air filter element

NOTE: The warning labels on the air filter housing must be visible after the air filter housing
/s installed.

2. Install the air filter housing on to the turbocharger inlet.
3. Torque the air filter housing clamp.

Description Nm Ib. in. Ib. ft.
Air filter housing clamp 3.4-6.8 30-60
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4. Install the oil separator vent house. Tighten the oil separator vent hose clamp securely.

25881
a - Oil separator vent hose ¢ - Turbocharger
b - Air filter housing d - Clamp

Seawater System

Draining the Seawater System

A CAUTION

Water can enter the bilge when the drain system is open, damaging the engine or causing
the boat to sink. Remove the boat from the water or close the seacock, disconnect and
plug the seawater inlet hose, and ensure the bilge pump is operational before draining.
Do not operate the engine with the drain system open.

IMPORTANT: The engine must be as level as possible to ensure complete draining of the
cooling system.

Drain the seawater system of the power package before cold weather (freezing
temperature), seasonal storage, or extended storage.

IMPORTANT: The boat must not be operating during this procedure.
A CAUTION

Water can enter the bilge when the drain system is open, damaging the engine or causing
the boat to sink. Remove the boat from the water or close the seacock, disconnect and
plug the seawater inlet hose, and ensure the bilge pump is operational before draining.
Do not operate the engine with the drain system open.

1. Remove the boat from the water if possible.

2. If the boat is to remain in the water, turn on the bilge pump, close the seacock (if
equipped), or disconnect and plug the seawater inlet hose.

3. Make the engine as level as possible to ensure complete draining of the seawater
system.

NOTE: The anode assembly on the back of the fluid cooler can be used as a drain plug.
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4. Remove the drain plug from the aft end cover of the fluid cooler.

Typical engine
a - Anode assembly drain plug b - Fluid cooler

5. Remove the drain plug, or fitting (if equipped), from the aft end cover of the engine oil
cooler.

Typical engine
a - Engine oil cooler b - Drain plug, or fitting if equipped

NOTE: In the following steps, the hoses may require lowering or bending to allow seawater
to drain completely.
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6. Disconnect the seawater inlet hose from the connector on the seawater pump hose
and drain.

4.2

a - Seawater inlet hose ¢ - Seawater pump hose
b - Connector

7. Repeatedly clean out the drain holes using a stiff piece of wire until the seawater section
is completely drained.

8. On models equipped with a seawater strainer, remove the hose at the seawater
strainer and drain the hose completely. Drain and empty the seawater strainer.
Reconnect the hose and tighten the hose clamps securely. Install the sealing washer
and drain plug.

e 25936

a - Seawater strainer ¢ - Hose
b - Sealing washer and drain plug

9. After the seawater has completely drained, apply sealant to the threads of the drain
plugs or fittings (if equipped). Install and tighten the drain plugs or fittings securely.

Tube Ref No. Description Where Used Part No.
E." Perfect Seal Drain plug or fitting threads 92-34227 1

10. Reconnect the hoses. Tighten the hose clamps securely.

Sterndrive Water Inlets Check
1. Obtain a piece of wire the appropriate size to insert into the water inlets holes.
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2. Insertthe wire in and out of the sterndrive water inlets to ensure that they are open and
to remove debris or marine growth. Do not scrape the sterndrive paint.

3. Remove the wire from the sterndrive and retain for periodic water inlet checks.

a - Dual water pickup water inlets b - Side pickup water inlets

Checking the Seawater Pickups

1. Ensure that the water inlet holes for the seawater pickup are clean and not obstructed.

o0

Typical through-hull seawater pickup Typical through-transom seawater pickup
a - Water inlet holes

Cleaning the Seawater Strainer, if Equipped

An open seawater strainer or seacock during some service or maintenance procedures
can introduce water into the boat, causing damage or sinking the boat. Always close the
water supply from the seawater pump, water inlet, or seacock when performing service
or maintenance on the cooling system.

1. With the engine off, close the seacock, if equipped, or remove and plug the seawater
inlet hose.

2. Remove the screws, washers, and cover.
3. Remove the strainer, drain plug, and sealing washer.

4. Clean all the debris from the strainer housing. Flush both the strainer and housing with
clean water.

5. Check the cover gasket and replace when damaged or if it leaks.

Page 1B-54 CMD-4082040 / 90-866941 NOVEMBER 2007



Maintenance

6. Reinstall the strainer, drain plug, and sealing washer.

A CAUTION

Seawater leaking from the seawater strainer could cause excess water in the bilge,
damaging the engine or causing the boat to sink. Do not overtighten the cover screws,
or the cover may warp and introduce seawater into the bilge.

7. Install the seal and cover using the screws and washers. Do not overtighten the cover

screws.
§>=0
T
at@/’@) 12863
a - Screws and washers d - Housing
b - Cover with glass e - Drain plug and sealing washer
¢ - Strainer f- Seal

8. Open the seacock, if equipped, or remove the plug and reconnect the seawater inlet
hose.

9. Upon first starting the engine, check for leaks or air in the system that would indicate
an external leak.

Flushing the Seawater System—Sterndrive Models

Flushing the seawater system with fresh water is needed only for applications operating in
saltwater, brackish water, polluted water, or water with a high mineral content to avoid salt
or silt buildup. For best results we recommend flushing the seawater system after each
outing. After each operation in saltwater and before storage, the seawater cooling system
must be flushed.

WITH THE BOAT OUT OF THE WATER
1. Lower the sterndrive to the full down (in) position.

A WARNING

Rotating propellers can cause serious injury or death. Never operate the boat out of the
water with a propeller installed. Before installing or removing a propeller, place the drive
unit in neutral and engage the lanyard stop switch to prevent the engine from starting.
Place a block of wood between the propeller blade and the anti-ventilation plate.

2. Remove the propeller. See Propellers.
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3. Install the appropriate flushing attachment over the water inlet holes in the gear
housing.

Dual water pickup Side pickup
[Dual Water Pick-up Flush Gearcase Seal Kit| 91-881150K 1 |
[ side Water Pickup Flushing Device | 91-44357Q 2 |

4. Connect a flushing hose from a water tap to the flushing attachment.

Typical
a - Flushing attachment
b - Hose

IMPORTANT: Engines with the sterndrive water inlet blocked off at the gimbal housing and
using a through-hull or through-transom water inlet need a supply of cooling water available
to both the sterndrive and to the engine during operation.
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5. If your power package uses a through-hull or through-transom pickup, connect
a second flushing hose from a water tap to the seawater inlet hose connected to the
seawater pump inlet using an appropriate adapter.

2.8 shown, 4.2 similar
a - Adapter
b - Flushing hose
¢ - Water tap
d - Seawater inlet hose

6. Partially open the water source to about 1/2 maximum. Do not use full water pressure.
7. Place the remote control in neutral, idle speed position and start the engine.

Operating the engine out of the water at high speeds creates suction, which can collapse
the water supply hose and overheat the engine. Do not operate the engine above 1400
RPM out of the water and without sufficient cooling water supply.

8. Operate the engine at idle speed in neutral for about ten minutes or until the discharge
water is clear.

9. Observe the water temperature gauge to ensure that the engine is operating in the
normal range.

10. Stop the engine.

11. Shut off the water tap.

12. Remove the sterndrive flushing attachment.

13. If your power package uses a through-hull pickup,
a. Remove the adapter from the seawater pump inlet hose connection.
b. Reconnect the seawater inlet hose. Tighten the hose clamps securely.
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WITH THE BOAT IN THE WATER

Disconnecting the seawater inlet hose will cause water to enter the bilge resulting in
engine damage. Close the seacock before disconnecting the seawater inlet hose. Plug
the seawater inlet hose immediately after disconnecting it.

1. Close the seacock, if equipped, or disconnect and plug the seawater inlet hose.

@\

_—

13171

a - Seacock
b - Seawater inlet hose
¢ - Plug

2. Using an appropriate adapter, connect a flushing hose from a water tap to the seawater
inlet hose connected to the seawater pump inlet.

2.8 shown, 4.2 similar

a - Adapter

b - Flushing hose

¢ - Water tap

d - Seawater inlet hose

3. Lower the sterndrive to the full down (in) position.
4. Partially open the water source to about 1/2 maximum. Do not use full water pressure.
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5. Place the remote control in neutral, idle speed position and start the engine.

Operating the engine out of the water at high speeds creates suction, which can collapse
the water supply hose and overheat the engine. Do not operate the engine above 1400
RPM out of the water and without sufficient cooling water supply.

6. Operate the engine atidle speed in neutral for about ten minutes or until the discharge
water is clear.

7. Observe the water temperature gauge to ensure that the engine is operating in the
normal range.

8. Stop the engine.
9. Shut off the water tap.
10. Remove the adapter from the seawater pump inlet hose connection.

11. Do not open the seacock or reconnect the water inlet hose at this time to prevent water
from siphoning into the boat or engine.

12. Place an appropriate tag on the key switch stating that the seacock must be opened
or the seawater inlet hose must be reconnected before operating the engine.

Flushing the Seawater System—Inboard Models

Flushing the seawater system with fresh water is needed only for applications operating in
saltwater, brackish water, polluted water, or water with a high mineral content to avoid salt
or silt buildup. For best results we recommend flushing the seawater system after each
outing. After each operation in saltwater and before storage, the seawater cooling system
must be flushed.

WITH THE BOAT OUT OF THE WATER

NOTICE

Without sufficient cooling water, the engine, the water pump, and other components will
overheat and suffer damage. Provide a sufficient supply of water to the water inlets during
operation.

A WARNING

Rotating propellers can cause serious injury or death. Never operate the boat out of the
water with a propeller installed. Before installing or removing a propeller, place the drive
unit in neutral and engage the lanyard stop switch to prevent the engine from starting.
Place a block of wood between the propeller blade and the anti-ventilation plate.

1. Remove the propeller. Refer to the boat manufacturer's instructions.
2. Disconnect the seawater inlet hose from the seawater pickup pump connection.
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3. Using an suitable adapter, connect a flushing hose from a water tap to the seawater
inlet hose connected to the seawater pump inlet.

2.8 shown, 4.2 similar
a - Adapter ¢ - Water tap
b - Flushing hose d - Seawater inlet hose

4. Partially open the water source to about 1/2 maximum. Do not use full water pressure.
5. Place the remote control in the neutral, idle speed position and start the engine.

Operating the engine out of the water at high speeds creates suction, which can collapse
the water supply hose and overheat the engine. Do not operate the engine above 1400
RPM out of the water and without sufficient cooling water supply.

6. Operate the engine atidle speed in neutral for about 10 minutes, or until the discharge
water is clear.

7. Observe the water temperature gauge to ensure that the engine is operating in the
normal range.

8. Stop the engine.

9. Shut off the water tap.

10. Remove the adapter from the seawater pump inlet hose connection.

11. Reconnect the seawater inlet hose. Tighten the hose clamps securely.
WITH THE BOAT IN THE WATER

Without sulfficient cooling water, the engine, the water pump, and other components will
overheat and suffer damage. Provide a sufficient supply of water to the water inlets during
operation.
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Flushing the engine with the boat in the water can cause seawater to flow into the engine,
resulting in engine damage. Close the seacock before flushing the engine. Keep the
seacock closed until starting the engine.

1. Close the seacock (if equipped) or disconnect and plug the seawater inlet hose.

@\

277 T

o —

13171

a - Seacock ¢ - Plug
b - Seawater inlet hose

2. Using an suitable adapter, connect a flushing hose from a water tap to the seawater
inlet hose connected to the seawater pump inlet.

2.8 shown, 4.2 similar

a - Adapter c - Water tap
b - Flushing hose d - Seawater inlet hose

3. Partially open the water source to about 1/2 maximum. Do not use full water pressure.
4. Place the remote control in the neutral, idle speed position and start the engine.

Operating the engine out of the water at high speeds creates suction, which can collapse
the water supply hose and overheat the engine. Do not operate the engine above 1400
RPM out of the water and without sufficient cooling water supply.

5. Operate the engine at idle speed in neutral for about 10 minutes, or until the discharge
water is clear.

6. Observe the water temperature gauge to ensure that the engine is operating in the
normal range.

7. Stop the engine.
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8. Shut off the water tap.
9. Remove the adapter from the seawater pump inlet hose connection.

10. To prevent water from siphoning into the boat or engine, do not open the seacock or
reconnect the water inlet hose at this time.

11. Place an appropriate tag on the key switch stating that the seacock must be opened
or the seawater inlet hose must be reconnected before operating the engine.

Engine Seawater Pump Inspection

Remove and inspect the engine seawater pump at the interval specified in the
Maintenance Schedule. Refer to Section 6—Cooling Systems for seawater pump
removal and inspection.

Corrosion Protection

General Information

Whenever two or more dissimilar metals (such as those found on this power package) are
submerged in a conductive solution (such as saltwater, polluted water, or water with a high
mineral content;) a chemical reaction takes place causing electrical current to flow between
metals. The electrical current flow causes the metal that is most chemically active, or
anodic, to erode. This erosion is known as galvanic corrosion and, if it is not controlled, it
will eventually require the replacement of power package components exposed to water.

To help control the effects of galvanic corrosion, Cummins MerCruiser Diesel power
packages come with several sacrificial anodes and other corrosion protection devices. For
a more comprehensive explanation of corrosion and corrosion protection refer to the
Marine Corrosion Protection Guide.

IMPORTANT: Replace sacrificial anodes if they are eroded 50% or more. Avoid the use
of anodes from another manufacturer.

Engine Corrosion Protection Components

REMOVAL

This engine is equipped with a sacrificial anode located on top of the aftercooler end cover
to assist in protecting the engine and the seawater cooling system from corrosion. It also
contains a second sacrificial anode assembly on the stern end of the fluid cooler.

1. Allow the engine to cool.

Failure to close the seawater inlet or seacock when removing or replacing the anode
plugs can lead to water damage. Close the seacock or remove and plug the seawater
inlet hose to prevent water from entering the anode plug holes.

2. With the engine off, close the seacock, if equipped, or remove and plug the seawater
inlet hose.

3. Drain the seawater system. See Draining the Seawater System .
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4. Remove the anode assembly (anode plug and the sacrificial anode) from the top of the
aftercooler end cover.

23266
a - Aftercooler end cover b - Anode assembly

5. Remove the anode assembly (anode plug and the sacrificial anode) from the aft end
of the fluid cooler.

Typical engine
a - Anode assembly b - Fluid cooler

CLEANING AND INSPECTION

Inspection and replacement interval will vary according to the condition of the seawater
and the mode of engine operation.

NOTE: Using sandpaper, fiber brush, or cleaning pad, remove the deposits from the
surface of the anode before trying fo determine the amount of erosion. Do not use a mild
steel brush, which might leave deposits that could accelerate corrosion.

1. Remove the deposits.
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2. Inspect and measure the anode. Compare the measurements to the specifications for
a new sacrificial anode and replace the anode assembly when deteriorated 50%.

NOTE: Sacrificial anodes are available only as an assembly. Replace both the plug and
anode as a unit.

19226
Anode assembly

a - Anode plug d - Diameter
b - Sacrificial anode e - Sealing washer
¢ - Length

Sacrificial anode measurements (new)
Length 19 mm ( 3/4in.)
Diameter 16 mm ( 5/8 in.)

3. Discard the sealing washer.
INSTALLATION
1. Install a new sealing washer on the anode assembly (anode plug with the sacrificial

anode).

a - Anode assembly b - Sealing washer
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2. Install the anode assembly and washer into the aftercooler end cover. Tighten securely.

23266
a - Aftercooler end cover b - Anode assembly

3. Install the anode assembly and washer into the aft end of the fluid cooler. Tighten
securely.

Typical engine
a - Anode assembly b - Fluid cooler

4. Unplug and connect the seawater inlet hose, or open the seacock if equipped.

Without sufficient cooling water, the engine, the water pump, and other components will
overheat and suffer damage. Provide a sufficient supply of water to the water inlets during
operation.

5. Ensure that the seawater pickup pump is supplied cooling water.
6. Start the engine and check for leaks
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Sterndrive Corrosion Protection Components

To help control the effects of galvanic corrosion, Cummins MerCruiser Diesel sterndrives
come with several sacrificial anodes and other corrosion protection devices. For a more
comprehensive explanation of corrosion and corrosion protection refer to the Marine
Corrosion Protection Guide .

a - Anode kit e - Gearcase anodic plate

b - Ventilation plate anode f - Bearing carrier anodes

¢ - MerCathode System g - Propshaft Anode (Bravo llI
d - Trim cylinder anodes standard)

Washing the MerCathode assembly can damage components and lead to rapid
corrosion. Do not use any cleaning equipment such as brushes or high-pressure washers
to clean the MerCathode assembly.

a - MerCathode reference electrode
b - Do not paint
¢ - Do not pressure wash

IMPORTANT: Replace sacrificial anodes if they are eroded 50% or more.
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The following sacrificial anodes are installed at different locations on your power package.
These anodes help protect against galvanic corrosion by sacrificing its metal to be slowly
eroded instead of the metal components on the power package.

MerCathode System - The electrode assembly replaces the anodic block. The system
should be tested to ensure adequate output. The test should be performed where boat is
moored, using Quicksilver Reference Electrode and Test Meter. Contact your Cummins
MerCruiser Diesel Authorized Repair Facility.

Description Location
Gearcase anodic plate Mounted on the underside of the lower gearcase.
Ventilation plate anode Mounted on the front of the gearcase.

The MerCathode electrode is mounted to the
underside of the gimbal housing. The MerCathode
MerCathode System controller is mounted on the engine or on the boat
transom. The controller harness connects to the
electrode harness.

Anode kit (if equipped) Mounted to the boat transom.

Trim cylinder anodes Mounted on each of the trim cylinders.

Located in front of the propeller, between the front side

Bearing carrier anode (Bravo One) of the propeller and the gear housing.

Prop shaft anode (Bravo Three) |Located behind the aft propeller.

In addition to the corrosion protection devices, take the following steps to inhibit corrosion.
1. Paint the power package. See Painting Your Power Package.
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2. Annually spray the power package components on the inside of the boat with Corrosion
Guard to protect the finish from dulling and corrosion. You may also spray external
power package components.

3. Keep all lubrication points, especially the steering system, shift and throttle linkages,
well lubricated.

4. Flush the cooling system periodically, preferably after each use.

Continuity Circuit—Bravo Sterndrive

The transom assembly and sterndrive have ground-circuit wires to ensure good electrical
continuity between the engine, transom assembly, and sterndrive components. Good
continuity to a ground is essential for the anode and MerCathode system to function
effectively.

1. Inspect the steering lever ground wire for loose connections, broken connectors, or
frayed wiring.

2. Inspect the inner transom plate ground wire for loose connections, broken connectors,
or frayed wiring.

27283
Steering lever continuity wire Transom plate continuity wires

a - Continuity wire

3. Inspect the flywheel housing grounding stud and ground wire, and the inner transom
plate grounding screw for loose connections, broken connectors, or frayed wiring.

)

Typical
a - Flywheel housing screw or grounding stud
b - Continuity circuit (ground) wire
¢ - Inner transom plate grounding screw
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4. Inspect the driveshaft housing-to—gear housing ground plate inside the anode cavity
for a loose or faulty connection.

|

L

27285
Sterndrive anodic plate cavity
a - Ground plate (inside anode cavity)

5. Inspect the gimbal housing ground wires for loose connections, broken connectors, or
frayed wiring.

7006
a - Gimbal housing-to—gimbal ring b - Gimbal housing-to-trim cylinder
ground wire ground wires

6. Inspectthe gimbal ring ground wire for loose connections, broken connectors, or frayed
wiring.

27263
a - Gimbal ring-to-bell housing ground wire
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7. Inspect the sterndrive ground plate for loose or broken connections.

27264
a - Sterndrive-to-bell housing ground plate

8. Inspect the continuity washers under the hydraulic manifold block fasteners for a loose
or faulty connection .

a - Continuity washers

9. Inspect the sterndrive U-joint bellows ground clips and exhaust tube ground clip for
loose or faulty connections.

3

19627

Exhaust tube ground clip shown, U-joint bellows ground clips similar
a - Exhaust tube ground clip

MerCathode
If the boat is equipped with a Quicksilver MerCathode system, the system should be tested
to ensure that it is providing adequate output to protect the underwater metal parts on the
boat. The test should be made where the boat is moored, using a Quicksilver Reference

Electrode and Test Meter.

Reference Electrode 91-76675T 1
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Refer to the appropriate Mercury MerCruiser Sterndrive Service Manual for testing
procedures.

Boat Bottom Care

To achieve maximum performance and fuel economy, the boat bottom must be kept clean.
Accumulation of marine growth or other foreign matter can greatly reduce boat speed and
increase fuel consumption. To ensure best performance and efficiency, periodically clean
the boat bottom in accordance with manufacturer's recommendations.

In some areas, it may be advisable to paint the bottom to help prevent marine growth. Refer
to the following information for special notes about the use of anti-fouling paints.

Painting Your Power Package

IMPORTANT: Corrosion damage that results from the improper application of anti-fouling
paint will not be covered by the limited warranty.

1. Painting the boat hull or transom: you may apply anti-fouling paint to the boat hull
and transom. However, observe the following:

IMPORTANT: Do not paint anodes or MerCathode System reference electrode and anode.
Paint will render them ineffective as inhibitors of galvanic corrosion.

IMPORTANT: If anti-fouling protection is required for the boat hull or transom, you can use
copper-based or tin-based paints where not prohibited by law. If using copper-based or
tin-based anti-fouling paints, observe the following:

« Avoid any electrical interconnection between the paint and the Mercury
MerCruiser product, anodic blocks, or MerCathode system by allowing a minimum
of 40 mm (1-1/2 in.) unpainted area on the transom of the boat around these items.

a - Painted boat transom b - Unpainted Area on Transom

2. Painting the sterndrive unit or transom assembly: The sterndrive unit and transom
assembly should be painted with a good-quality marine paint or an anti-fouling paint
that does not contain copper, tin, or any other material that could conduct electrical
current. Do not paint drain holes, anodes, MerCathode system, or items specified by
the boat manufacturer.
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Sterndrive Surface Care

Standard Bravo sterndrive

a - Sacrificial trim cylinder anode e - Stainless steel hoses

b - Sacrificial anodic plate f- Ground wire between the gimbal

¢ - Steering lever ground wire housing and trim cylinder

d - Ground wire between the gimbal g - Ground wire between the gimbal
ring and bell housing ring and gimbal housing

We recommend the following maintenance tasks and comments to help keep your
sterndrive corrosion-free:

Maintain a complete paint covering on the sterndrive.

Check the finish regularly. Prime and paint nicks and scratches using Mercury enamel
paint and touch up paint. Use only tin-based anti—fouling paint or its equivalent on or
near aluminum surfaces below the waterline.

If bare metal is showing, apply 2 coats of paint.

Description Where used Part number

Mercury Phantom Black Bare metal 92- 802878-1

Coat all electrical connections with sealant.

Tube Ref No. Description Where Used Part No.
E." Liquid Neoprene All electrical connections 92- 25711 3

Inspect the sacrificial trim tab or anode plate, if equipped, at regular intervals and
replace it before it erodes by 50%. If a stainless steel propeller is installed, additional
anodes or a MerCathode System will be required.

Inspect the propeller shaft for fishing line, which can cause corrosion on a stainless
steel shaft.

Remove the propeller at least every 60 days and lubricate the propeller shaft.
Do not use lubricants containing graphite on or near the aluminum in saltwater.
Do not paint trim tabs or the mounting surface.
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Lubrication
Steering System

A WARNING

Incorrect cable lubrication can cause hydraulic lock, leading to serious injury or death
from loss of boat control. Completely retract the end of the steering cable before applying
lubricant.

NOTE: If the steering cable does not have a grease fitting, the inner wire of the cable cannot
be greased.

1. If the steering cable has grease fittings, turn the steering wheel until the steering
cable is fully retracted into the cable housing. Apply approximately three pumps of
grease from a typical hand-operated grease gun.

6221

a - Steering cable grease fitting

Tube Ref No. Description Where Used Part No.
q 34 (o Special Lubricant 101 Steering cable grease fitting 92-802865Q02

2. Turn the steering wheel until the steering cable is fully extended. Lightly lubricate the
exposed part of the cable.

a - Extended steering cable

Tube Ref No. Description Where Used Part No.
E." Special Lubricant 101 Steering cable 92-802865Q02
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3. Lubricate the steering pin.

mc71904-1
a - Steering pin
Tube Ref. No. Description Where Used Part No.
D Synthetic Blend MerCruiser Engine Steering pin 92-883725K01

Oil SAE25W-40

4. On dual engine boats: Lubricate the tie bar pivot points.

Tube Ref. No. Description Where Used Part No.
Synthetic Blend MerCruiser Engine . . .
D Oil SAE25W-40 Tie bar pivot points 92-883725K01

5. Upon first starting the engine, turn the steering wheel several times to starboard and
then port to ensure that the steering system operates properly before getting underway.

Throttle Cable

1. Lubricate the pivot points and guide contact surfaces.

o |
_,‘r . |
4/
s !
[ Y -

23643

a - Pivot points b - Guide contact surfaces
Tube Ref No. Description Where Used Part No.
- . . Throttle cable pivot points and .
H 80 ( SAE Engine Oil 30W quide contact surfaces Obtain Locally
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Shift Cable

1. Lubricate the pivot points and guide contact surfaces.

Typical sterndrive model shift cable

a - Pivot points b - Guide contact surface
Tube Ref No. Description Where Used Part No.
: ) . . Shift cable pivot points and .
o 80 (n SAE Engine Oil 30W guide contact surfaces Obtain Locally

"LT\’ -

/4".
(\\\\T "'.'_’s‘\“’%-. //
= e
AN \i

b '/ A
. B 13347
Typical inboard model shift cable and transmission linkage
a - Pivot points b - Guide contact surface
Tube Ref No. Description Where Used Part No.
) . . Shift cable pivot points and .
q 80 (n SAE Engine Oil 30W Huide cotact Surfaces Obtain Locally
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Transom Assembly

1. Lubricate the gimbal bearing by applying approximately 8-10 pumps of grease from a
typical hand-operated grease gun.

n

F

a - Gimbal bearing grease insert

Tube Ref No. Description Where Used Part No.
g U-joint and Gimbal Bearing . . .
H 42 (o Grease Gimbal bearing grease insert 92-802870A1

Propeller Shaft
NOTE: See Propeller Removal.
1. Liberally coat the propeller shaft with one of the following lubricants.

~
20335
a - Propeller shaft
Tube Ref No. Description Where Used Part No.
E." Special Lubricant 101 Propeller shaft 92-802865Q02
{94 (o Anti-Corrosion Grease Propeller shaft 92-802867Q 1
o5 (o [24C Marine Lubricantwith Propeller shaft 92-802859A1

NOTE: Anti-corrosion grease is for saltwater applications only.

Sterndrive, Bellows, and Engine Alignment

1. Remove the sterndrive. Refer to the appropriate Mercury MerCruiser Bravo
Sterndrive Service Manual for sterndrive removal and installation.
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2. Lubricate the U-joint shaft splines and the O-rings.

19867

a - U-joint shaft splines
b - U-joint shaft O-rings

Tube Ref No. Description Where Used Part No.
E." Engine Coupler Spline Grease [U-joint shaft splines and O-rings 92-802869A1

3. Inspect the U-joint bellows for cracks or other signs of deterioration. Ensure that the

bellows clamps are tight.
4. Rotate the bell housing in the upward and side-to-side directions to inspect the exhaust

tube, shift cable bellows, and clamps.

1D

)/
éi

a - U-joint bellow d - Gimbal ring
b - Exhaust tube e - Gimbal housing
¢ - Bell housing f - Shift cable bellows
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5. Check the engine alignment.

7936

a - Alignment tool

b - End of alignment tool to insert through gimbal housing assembly
¢ - Gimbal bearing

d - Engine coupler

Engine Coupler

IMPORTANT: These engines are equipped with a sealed engine coupler. The sealed
coupler and the shaft splines can be lubricated without removing the sterndrive.

1. Lubricate the engine coupler splines through the grease fitting on the coupler by

applying approximately 8-10 pumps of Engine Coupler Spline Grease from a typical
hand-operated grease gun.

NOTE: If the boat is operated at idle for prolonged periods of time, the coupler should be
lubricated on Bravo models every 50 hours.

i . 23500

a - Grease fitting b - Coupler splines
Tube Ref No. Description Where Used Part No.
Engine Coupler Spline Grease Engine ngﬁgsand shaft 92-802869A1
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Driveshaft Extension Models

1. Lubricate the transom end grease fitting and engine end grease fitting by applying
approximately 10 - 12 pumps of grease from a typical hand-operated grease gun.

2. Lubricate the driveshaft grease fittings by applying approximately 3 - 4 pumps of grease
from a typical hand-operated grease gun.

a - Driveshaft grease fittings
b - Transom end grease fitting

¢ - Engine end grease fitting

Tube Ref No. Description Where Used Part No.
_ . . . Transom end grease fitting,
g;leo;r;teand Gimbal Bearing engine end grease fitting, 92-802870A1
driveshaft grease fittings

Maintaining Torques
Gimbal Ring U-bolt Nuts

NOTE: The gimbal ring is a component of the transom assembly.

1. Torque the gimbal ring U-bolt nuts.

a - Transom assembly

19624

b - Gimbal ring U-bolt nuts

Description Nm Ib. in. Ib. ft.
Gimbal ring U-bolt nuts for 3/8 in. U-bolt 72 53
Gimbal ring U-bolt nuts for 7/16 in. U-bolt 95 70
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Engine Mounts
Loosen the rear engine mount bolts 1 to 1-1/2 turns. Retorque the rear engine mount bolts.

a - Rear engine mount ¢ - Rear engine mount bolt
b - Transom plate mount

Description Nm Ib. in. Ib. ft.

Rear engine mounts 51 38

Electrical System

NOTE: Refer fo Section 4 for specific procedures.

Inspect the entire electrical system for loose, damaged, or corroded fasteners and
connectors.

Propellers
Bravo Diesel Sterndrive Propeller Removal
A WARNING

Rotating propellers can cause serious injury or death. Never operate the boat out of the
water with a propeller installed. Before installing or removing a propeller, place the drive
unit in neutral and engage the lanyard stop switch to prevent the engine from starting.
Place a block of wood between the propeller blade and the anti-ventilation plate.

A WARNING

Rotating propellers can cause serious injury or death. Never operate the boat out of the
water with a propeller installed. Before installing or removing a propeller, place the drive
unit in neutral and engage the lanyard stop switch to prevent the engine from starting.
Place a block of wood between the propeller blade and the anti-ventilation plate.
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BRAVO ONE MODELS
1. Straighten the bent tabs of the tab washer on the propeller shaft.

4750
a- Prop d - Tab bent down
b - Tab washer e - Propeller nut
¢ - Drive sleeve adapter

2. Place a block of wood between the propeller blade and the sterndrive's anti-ventilation
plate.

a - Wood block ¢ - Propeller nut under socket
b - Propeller

3. Turn the propeller shaft nut counterclockwise and remove the nut.
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4. Slide the propeller and the attaching hardware from the propeller shaft.

Bravo One models

a - Propeller shaft splines e - Drive sleeve adapter
b - Forward thrust hub f- Tab washer

¢ - Flo-Torque Il drive hub g - Propeller nut

d - Propeller

BRAVO TWO MODELS
1. Straighten the bent tabs of the tab washer on the propeller shaft.

4750
a- Prop d - Tab bent down
b - Tab washer e - Propeller nut
¢ - Drive sleeve adapter
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2. Place a block of wood between the propeller blade and the sterndrive's anti-ventilation
plate.

a - Wood block ¢ - Propeller nut under socket
b - Propeller

3. Turn the propeller shaft nut counterclockwise to remove the nut.
4. Slide the propeller and attaching hardware from the propeller shaft.

Bravo Two
a - Propeller shaft splines d - Spline washer
b - Forward thrust hub e - Tab washer
¢ - Propeller f- Propeller nut

BRAVO THREE MODELS

1. Place a block of wood between the propeller blade and the sterndrive's anti-ventilation
plate.

2. Remove the bolt and washers securing the propeller shaft anode.
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3. Remove the propeller shaft anode.

19058

a - Propeller d - Propeller shaft anode screw
b - Propeller shaft nut e - Flat washer
¢ - Propeller shaft anode f- Star washer

4. Turn the aft propeller shaft nut counterclockwise to remove the nut.
Slide the propeller and thrust hub off of the propeller shaft.

6. Using the Propeller Nut Tool, turn the front propeller shaft nut counterclockwise and
remove the nut.

o

Propeller Nut Tool 91-805457T 1

7. Slide the propeller and the thrust hub off the propeller shaft.

5304

%%}%Q o®

Bravo Three

a - Aft propeller nut f- Front propeller thrust hub

b - Aft propeller g - Propeller shaft anode screw
¢ - Aft propeller thrust hub h - Flat washer

d - Front propeller nut i - Star washer

e - Front propeller j- Propeller shaft anode
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Bravo Diesel Sterndrive Propeller Installation
A WARNING

Rotating propellers can cause serious injury or death. Never operate the boat out of the
water with a propeller installed. Before installing or removing a propeller, place the drive
unit in neutral and engage the lanyard stop switch to prevent the engine from starting.
Place a block of wood between the propeller blade and the anti-ventilation plate.

A WARNING

Rotating propellers can cause serious injury or death. Never operate the boat out of the
water with a propeller installed. Before installing or removing a propeller, place the drive
unit in neutral and engage the lanyard stop switch to prevent the engine from starting.
Place a block of wood between the propeller blade and the anti-ventilation plate.

a - Wood block ¢ - Propeller nut under socket
b - Propeller

BRAVO ONE MODELS

IMPORTANT: Use a propeller with the correct rotation. The propeller rotation must match
the direction of rotation of the propeller shaft.

1. Liberally coat the propeller shaft spline with one of the following Quicksilver lubricants.

Tube Ref No. Description Where Used Part No.
Special Lubricant 101 Propeller shaft splines 92-802865Q02
E." Anti-Corrosion Grease Propeller shaft splines 92-802867Q 1
H o5 (o igl'fn'v'a””e Lubricant with Propeller shaft splines 92-802859A1

NOTE: Anti-corrosion grease is for saltwater applications only.
2. Install the propeller with the attaching hardware as shown.
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3. Torque the propeller nut.

Typical Bravo One model

a - Propeller shaft splines e - Drive sleeve adapter
b - Forward thrust hub f- Tab washer

¢ - Flo-Torque Il drive hub g - Propeller nut

d - Propeller

NOTE: The propeller torque stated is a minimum forque value.

Description Nm Ib. ft.
75 55
Bravo One propeller nut Then align tabs with
grooves

4. Models equipped with the tab washer: Continue to tighten the propeller nut until the
three tabs on the tab washer align with the grooves on the spline washer.

5. Bend the three tabs down into the grooves.

a- Prop d - Tab bent down
b - Tab washer e - Propeller nut
¢ - Drive sleeve adapter
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BRAVO TWO MODELS

IMPORTANT: Use a propeller with the correct rotation. The propeller rotation must match
the direction of rotation of the propeller shaft.

1. Liberally coat the propeller shaft spline with one of the following Quicksilver lubricants.

Tube Ref No. Description Where Used Part No.
Special Lubricant 101 Propeller shaft splines 92-802865Q02
E." Anti-Corrosion Grease Propeller shaft splines 92-802867Q 1
95 (1 2-4-C Marine Lubricant with Propeller shaft splines 92-802859A1
2 Teflon

NOTE: Anti-corrosion grease is for saltwater applications only.
2. Install the propeller with the attaching hardware as shown.
3. Torque the propeller nut.

Bravo Two
a - Propeller shaft splines d - Spline washer
b - Forward thrust hub e - Tab washer
¢ - Propeller f- Propeller nut

NOTE: The propeller torque stated is a minimum torque value.

Description Nm Ib. ft.
81 60
Bravo Two propeller nut Then align tabs with
groves

4. Continue to tighten the propeller nut until the three tabs on the tab washer align with
the grooves on the spline washer.
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5. Bend the three tabs down into the grooves.

a- Prop
b - Tab washer
¢ - Drive sleeve adapter

BRAVO THREE

1. Liberally coat the propeller shaft spline with one of the following Quicksilver lubricants.

d - Tab bent down
e - Propeller nut

Tube Ref No. Description

Where Used

Part No.

H .Il

Special Lubricant 101

Propeller shaft splines

92-802865Q02

Teflon

E." Anti-Corrosion Grease Propeller shaft splines 92-802867Q 1
95 (nm 2-4-C Marine Lubricant with Propeller shaft splines 92-802859A1

NOTE: Anti-corrosion grease is for saltwater applications only.

2. Slide the forward thrust hub onto the propeller shaft with the tapered side toward the

propeller hub.

3. Align the splines and place the front propeller on the propeller shaft.
4. Install the front propeller locknut and torque using the Propeller Nut Tool.

Propeller Nut Tool

91-805457T 1

Description

Nm

Ib. ft.

Bravo Three front propeller nut

136

100

5. Slide the rear thrust hub onto the propeller shaft with the tapered side toward the

propeller hub.
6. Align the splines and install the rear propeller.
7. Install the propeller nut and torque.

Description

Nm

Ib. ft.

Bravo Three rear propeller nut

81

60
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8. Install the propeller shaft anode and screw and torque.

5304

@Eﬁ:?}%}@ o®

Bravo Three

a - Rear propeller nut f - Front propeller thrust hub

b - Rear propeller g - Propeller shaft anode screw

¢ - Rear propeller thrust hub h - Flat washer

d - Front propeller nut i - Star washer

e - Front propeller j- Propeller shaft anode
Description Nm Ib. in.
Propeller shaft anode screw 19 168

Drive Belts

All drive belts must be periodically inspected for tension and condition, such as excessive
wear, cracks, fraying, or glazed surfaces.
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A WARNING

Inspecting the belts with the engine running may cause serious injury or death. Turn off
the engine and remove the ignition key before adjusting tension or inspecting belts.

ﬁ N \’./

- 23313
2.8 shown, 4.2 similar
a - Water circulating pump pulley f- Seawater pump pulley
b - Alternator pulley g - Power assisted steering pulley
c- Idler h - Power assisted steering belt
d - Automatic tensioner i- Serpentine belt

e - Crankshaft pulley

Serpentine Belt
INSPECTION
1. Inspect the belt for proper tension and for the following:
. Excessive wear
. Cracks

NOTE: Minor, transverse cracks (across the belt width) may be acceptable. Longitudinal
cracks (in the direction of belt length) that join transverse cracks are not acceptable.

. Fraying
. Glazed surfaces

21062
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2. Check the operation of the automatic tensioner and associated components.
a. Position a suitable tool in the automatic tensioner release slot.
b. Rotate the automatic tensioner in the direction of the arrow.

A \
3 P ) ) 23256

a - Automatic tensioner b - Release slot
c. Release the automatic tensioner and allow it to glide back slowly.

d. The automatic tensioner must return to the initial position and hold tension on the
serpentine belt.

REPLACEMENT
IMPORTANT: If a belt is to be reused, it should be installed in the same direction of rotation

as when first used.
1. Position a suitable tool in the automatic tensioner release slot.

2. Rotate the automatic tensioner in the direction of the arrow to remove the tension on
the serpentine belt.

) 4
.-
/‘ \J » 23258

a - Serpentine belt b - Release slot

3. Remove the serpentine belt.

Replace the serpentine belt.
5. Carefully release the automatic tensioner with the breaker bar, ensuring that the belt

stays positioned properly.

s
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Power-Assisted Steering Pump Belt

INSPECTION

1. Inspect the belt for proper tension and for the following:
. Excessive wear
. Cracks
. Fraying
. Glazed surfaces

2. Replace the belt if worn or damaged. See Replacement.

3. Check belt tension by depressing the upper strand of the belt, with moderate hand
pressure, at the point shown. The belt must correspond to the specifications in the
following table.

2.8 shown, 4.2 similar
a - Power steering pump belt
Power-assisted steering drive belt tension
Belt deflection, with moderate hand pressure 5 mm (3/16in.)
4. Adjust the tension if necessary. See Adjustment.
ADJUSTMENT

1. Loosen the power-assisted steering pump mounting bolts.

<Jfliqlg=.  \3},.' -

23767

2.8 shown, 4.2 similar
a - Mounting bolts
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2. Use the adjustment screw to move the power-assisted steering pump to tension the
power-assisted steering belt.

a - Mounting bolts b - Adjustment screw

Power-assisted steering drive belt tension

Belt deflection, with moderate hand pressure 5mm (3/16in.)

3. Torque the power-assisted steering pump mounting and tensioning flange bolts.

23767

2.8 shown, 4.2 similar
a - Mounting bolts

Description Nm Ib. in. Ib. ft.

Power-assisted steering pump mounting bolts 21 15

REPLACEMENT
1. Remove the serpentine belt. See Serpentine Belt.
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2. Loosen the power-assisted steering pump mounting bolts.

23767
2.8 shown, 4.2 similar

a - Mounting bolts

3. Loosen the existing power-assisted steering pump belt by turning the adjustment screw
counterclockwise.

23650
a - Mounting bolts b - Adjustment screw

4. Remove the existing power-assisted steering pump belt.
5. Install the new power-assisted steering pump belt.

6. Use the adjustment screw to move the power-assisted steering pump to tension the
power-assisted steering belt.

23650
a - Mounting bolts b - Adjustment screw

Power-assisted steering drive belt tension

Belt deflection, with moderate hand pressure | 5mm (3/16in.)
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7. Torque the power-assisted steering pump mounting and tensioning bolts.

r

23767

2.8 shown, 4.2 similar
a - Mounting bolts

Description Nm Ib. in. Ib. ft.

Power-assisted steering pump mounting and tensioning flange bolt 21 15

8. Install the serpentine belt. See Serpentine Belt.

Cold Weather (Freezing Temperature), Seasonal Storage, and
Extended Storage

IMPORTANT: Damage caused by freezing IS NOT covered by the Cummins MerCruiser
Diesel Limited Warranty.

NOTICE

Water trapped in the seawater section of the cooling system can cause corrosion or
freeze damage. Drain the seawater section of the cooling system immediately after
operation or before any length of storage in cold weather. If the boat is in the water, keep
the seacock closed until restarting the engine to prevent water from flowing back into the
cooling system. If the boat is not fitted with a seacock, leave the water inlet hose
disconnected and plugged.

NOTE: As a precautionary measure, attach a tag to the key switch or steering wheel of the
boat reminding the operator fo open the seacock or unplug and reconnect the water inlet
hose before starting the engine.

You should consider a boat as in storage whenever it is not in operation. The amount of
time that the power package is not operated may be for a brief period, such as during a
day, overnight, for a season, or for an extended period of time. Certain precautions and
procedures must be observed to protect the power package from freeze damage, corrosion
damage, or both types of damage during storage.

Freeze damage can happen when water trapped in the seawater cooling system freezes.
Exposure to freezing temperatures for even a brief period of time after operating the boat,
could result in freeze damage.

Corrosion damage is the result of saltwater, polluted water, or water with a high mineral
content trapped in the seawater cooling system. Saltwater should not stay in an engine's
cooling system for even brief storage time; drain and flush the seawater cooling system
after each outing.
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Cold weather operation refers to operating the boat whenever the possibility of freezing
temperatures exists. Likewise, cold weather (freezing temperature) storage refers to
whenever the boat is not being operated and the possibility of freezing temperatures exists.
In such cases, the seawater section of the cooling system must be completely drained
immediately after operation.

Seasonal storage refers to when the boat is not being operated for one month or more.
The length of time varies depending on the geographic location of the boat in storage.
Seasonal storage precautions and procedures include all of the steps for cold weather
(freezing temperature) storage and some additional steps that must be taken when storage
will last longer than the short time of cold weather (freezing temperature) storage.

Extended storage means storage for a period of time that may last for several seasons or
longer. Extended storage precautions and procedures include all of the steps for cold
weather (freezing temperature) storage and seasonal storage plus some additional steps.

See the specific procedures in this section related to the conditions and the length of
storage for your application.

Cold Weather (Freezing Temperature) Storage

NOTICE

Water trapped in the seawater section of the cooling system can cause corrosion or
freeze damage. Drain the seawater section of the cooling system immediately after
operation or before any length of storage in cold weather. If the boat is in the water, keep
the seacock closed until restarting the engine to prevent water from flowing back into the
cooling system. If the boat is not fitted with a seacock, leave the water inlet hose
disconnected and plugged.

NOTE: As a precautionary measure, attach a tag to the key switch or steering wheel of the

boat reminding the operator fo open the seacock or unplug and reconnect the wafter inlet

hose before starting the engine.

1. Read all precautions and perform all procedures found in Draining the Seawater
System and drain the seawater section of the cooling system.

2. Place a caution tag at the helm advising the operator to unplug and connect the water
inlet hose or open the seacock, if equipped, before operating the boat.

3. For additional assurance against freezing and corrosion fill the seawater cooling
system with a mixture of propylene glycol antifreeze and tap water. See Seasonal
Storage Instructions in this section.

Preparing Your Power Package for Seasonal or Extended Storage

Without sufficient cooling water, the engine, the water pump, and other components will
overheat and suffer damage. Provide a sufficient supply of water to the water inlets during
operation.

IMPORTANT: If the boat has already been removed from the water, supply water to the
water inlet holes before starting the engine. Follow all warnings and flushing attachment
procedures stated in Flushing the Seawater System.

1. Supply cooling water to the water inlet holes or seawater pump inlet.

2. Start the engine and operate until it reaches normal operating temperature.
3. Stop the engine.

4. Change the engine oil and filter.
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5. Start the engine and run for about 15 minutes. Check for oil leaks.
6. Flush the seawater cooling system. See Flushing the Seawater System.

Seasonal Storage Instructions

1. Observe all precautions and perform all procedures found in Preparing Your Power
Package for Seasonal or Extended Storage.

2. Observe all precautions and perform all procedures found in Draining the Seawater
System and drain the seawater section of the cooling system.

NOTICE

Water trapped in the seawater section of the cooling system can cause corrosion or
freeze damage. Drain the seawater section of the cooling system immediately after
operation or before any length of storage in cold weather. If the boat is in the water, keep
the seacock closed until restarting the engine to prevent water from flowing back into the
cooling system. If the boat is not fitted with a seacock, leave the water inlet hose
disconnected and plugged.

IMPORTANT: Cummins MerCruiser Diesel recommends the use of propylene glycol
antifreeze in the seawater section of the cooling system for cold weather (freezing
temperature), seasonal storage, or extended storage. Make sure that the propylene glycol
antifreeze contains a rust inhibitor and is recommended for use in marine engines. Be
certain to follow the propylene glycol manufacturer's recommendations.

3. Fill a container with approximately 5.6 liters (6 U.S. quarts) of propylene glycol
antifreeze and tap water mixed to manufacturer's recommendation to protect the
engine to the lowest temperature to which it will be exposed during cold weather or
extended storage.

4. Disconnect the seawater inlet hose from the seawater pump. Using an adapter, if
necessary, temporarily connect a hose of appropriate length to the seawater pump and
place the other end of the hose into the container of propylene glycol antifreeze and
tap water.

23452

Typical
a - Seawater pump ¢ - Container of propylene glycol
b - Temporary hose antifreeze and tap water

NOTE: Discharge of propylene glycol into the environment may be restricted by law.
Dispose of propylene glycol in accordance with federal, state, and local laws and
guidelines.
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Battery

5. Startthe engine and operate at idle speed until the antifreeze mixture has been pumped
into the engine seawater cooling system.

6. Stop the engine.

7. Remove the temporary hose from the seawater pump.

8. Clean the outside of the engine and repaint required areas with primer and spray paint.
After the paint has dried, coat the engine with the specified corrosion-inhibiting oil or
equivalent.

Description Where Used Part Number

Corrosion Guard 92-802878-55

Light gray primer

92-802878-52

Marine Cloud White paint
(CMD part number: 4918660)

Outside of engine

Obtain locally

Mercury Phantom Black Shift plate and air filter housing 92-802878Q1

9.

Your Cummins MerCruiser Diesel Authorized Repair Facility should now perform all
checks, inspections, lubrications, and fluid changes outlined in Maintenance
Schedules.

The universal joint bellows may develop a set when stored in a raised or up position,
causing the bellows to fail when returned to service and allowing water to enter the boat.
Store the sterndrive in the full down position.

10. On Sterndrive models, place the sterndrive in the full down (in) position.
11. Follow the battery manufacturer's instructions for storage and store the battery.

Extended Storage Instructions

1.

Read all precautions and perform all procedures found in Preparing Your Power
Package for Seasonal or Extended Storage.

Read all precautions and perform all procedures found in Draining the Seawater
System.

Read all precautions and perform all procedures found in Seasonal Storage
Instructions.

IMPORTANT: The seawater pump impeller material can be damaged by prolonged
exposure to direct sunlight.

4.

Refer to Section 6A and remove the seawater pump impeller. Store the impeller away
from direct sunlight.

Place a caution tag at the instrument panel and in the engine compartment stating that
the seawater pump is out and not to operate the engine. Also, warn an operator that
the seacock must be opened or the water inlet hose reconnected prior to starting the
engine.

Follow the battery manufacturer's instructions for storage.
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Recommissioning

NOTE: Discharge of propylene glycol into the environment may be restricted by law.
Contain and dispose of propylene glycol in accordance with federal, state, and local laws
and guidelines.

1. On engines that were prepared for extended storage, reinstall the seawater pump
impeller, if it was removed for storage. Refer to Section 6A— Seawater Pump.

2. On engines that were prepared for cold weather (freezing temperature), seasonal, or
extended storage, see Draining the Seawater System and drain the propylene glycol
into a suitable container. Dispose of the propylene glycol in accordance with federal,
state, and local laws and guidelines.

3. Ensure that all cooling system hoses are in good condition, connected properly, and
clamped tightly. Verify that all drain valves and drain plugs are installed and tight.

4. Inspect all drive belts.

5. Perform all lubrication and maintenance specified for completion according to
Annually in Maintenance Schedules, except items that were performed at time of
engine storage.

6. Fillthe fuel tanks with fresh diesel fuel. Do not use old fuel. Check the general condition
of the fuel lines and inspect the connections for leaks.

7. Replace the water-separating fuel filter or filters (some engines may have more than
one).

A CAUTION

Disconnecting or connecting the battery cables in the incorrect order can cause injury
from electrical shock or can damage the electrical system. Always disconnect the
negative (-) battery cable first and connect it last.

8. Install a fully charged battery. Clean the battery cable clamps and terminals. Reconnect
the cables (see the CAUTION listed above). Secure each cable clamp when
connecting. Coat terminals with a battery terminal anti-corrosion spray to help retard
corrosion.

9. Perform all checks in the Starting Procedure column found in the Operation Chart
found in the appropriate Cummins MerCruiser Diesel Operation, Maintenance and
Warranty Manual provided with the product.

Without sufficient cooling water, the engine, the water pump, and other components will
overheat and suffer damage. Provide a sufficient supply of water to the water inlets during
operation.

10. Supply cooling water to the seawater inlet openings.

11. Start the engine and closely observe instrumentation. Ensure that all systems are
functioning correctly.

12. Carefully inspect the engine for fuel, oil, fluid, water, and exhaust leaks.
13. Check the steering system, shift, and throttle control for proper operation.
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Notes:
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Important Information
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Troubleshooting Charts

Precautions For Troubleshooting

A WARNING

Moving parts can cause serious injury or death. Wear eye protection and keep hands,
hair, and clothing away from moving parts when performing tests or checking adjustments
on an operating engine.

A WARNING

Performing service or maintenance without first disconnecting the battery can cause
product damage, personal injury, or death due to fire, explosion, electrical shock, or
unexpected engine starting. Always disconnect the battery cables from the battery before
maintaining, servicing, installing, or removing engine or drive components.

A WARNING

Fuel is flammable and explosive. Ensure the key switch is off and the lanyard is positioned
so that the engine cannot start. Do not smoke or allow sources of spark or open flame in
the area while servicing. Keep the work area well ventilated and avoid prolonged
exposure to vapors. Always check for leaks before attempting to start the engine and
wipe up any spilled fuel immediately.

A WARNING

Improper installation of brass fittings or plugs into the fuel pump or fuel filter base can
crack the casting, causing a fuel leak and possible fire or explosion. Always install fittings
and plugs correctly, and do not tighten with power tools.

A WARNING

Fuel leakage is a fire or explosion hazard, which can cause serious injury or death.
Periodically inspect all fuel system components for leaks, softening, hardening, swelling,
or corrosion, particularly after storage. Any sign of leakage or deterioration requires
replacement before further engine operation.

A WARNING

Performing tests with the engine running may cause the propeller to rotate and result in
serious injury or death. Use caution when performing a test that requires the engine
running, and remove the propeller to avoid injury.

A WARNING

Leaving the helm unattended while performing tests with the boat in the water may result
in loss of boat control causing serious injury or death. Ensure someone is at the helm at
all times, unless the boat is secured to a dock.

A CAUTION

Failure to release pressure from the fuel system will result in fuel spraying out, which can
cause a fire or explosion. Allow the engine to cool completely and release all fuel pressure
before servicing any part of the fuel system. Always protect eyes and skin from
pressurized fuel and vapors.
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NOTICE

Without sufficient cooling water, the engine, the water pump, and other components will
overheat and suffer damage. Provide a sufficient supply of water to the water inlets during
operation.

NOTICE

Operating the engine out of the water at high speeds creates suction, which can collapse
the water supply hose and overheat the engine. Do not operate the engine above 1400
RPM out of the water and without sufficient cooling water supply.

Poor Boat Performance, Poor Maneuverability, or Both

IMPORTANT: Check for active fault codes at the beginning of any diagnostic process.
Refer to Section 5F—Troubleshooting the ECS System for engine control system (ECS)
and SmartCraft diagnostic trouble codes (DTC).

Symptom Cause

Improper sterndrive trim angle

Improper weight distribution

Boat is underpowered

Bow too low
Permanent or power hook in boat bottom

False bottom full of water

Improperly adjusted trim tabs (after planes)

Improper sterndrive trim angle

Propeller pitch too great

Dirty boat bottom (marine growth)

Poor running engine

Bow too high
Improper weight distribution

Rocker in boat bottom

False bottom full of water

Improperly adjusted trim tabs (after planes)

Sterndrive installed too high on transom

Dirty or rough boat bottom

Damaged propeller; pitch too small; diameter too small

Keel located too close to propeller or too deep in the
Propeller ventilating water

Water pickup or accessories located too close to
propeller

Hook in boat bottom

Propeller fouled by debris

Improper Full Throttle Engine RPM
RPM TOO HIGH

IMPORTANT: Check for active fault codes at the beginning of any diagnostic process.
Refer to Section 5FTroubleshooting the ECS System for engine control system (ECS)
and SmartCraft diagnostic trouble codes (DTC).
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RPM TOO LOW

Cause Special Information

Operation Sterndrive trimmed up (out) too far

Damaged

Pitch too low

Propeller X
Diameter too small

Propeller hub slipping

Water pickup or accessories mounted too close to
propeller (ventilation)

Keel located too close to propeller and/or too deep in
Boat the water (ventilation)

Sterndrive installed too high on transom

Wrong gear ratio

Engine coupler Slipping or damaged and must be replaced

IMPORTANT: Check for active fault codes at the beginning of any diagnostic process. See
Section 5F—Troubleshooting the ECS system for engine control system (ECS) and

SmartCraft diagnostic trouble codes (DTC).

Cause Special Information
Operation Sterndrive trimmed down (in) too far
Damaged
Propeller Pitch too great

Diameter too great

Dirty or damaged bottom

Permanent or power hook in bottom

Boat False bottom full of water

Drive installed too low

Excessive boat load

Engine Cranks Over But Will Not Start or Starts Hard

ELECTRICAL

FUEL SYSTEM

IMPORTANT: Check for active fault codes at the beginning of any diagnostic process.
Refer to Section 5F—Troubleshooting the ECS System for engine control system
(ECS) and SmartCraft diagnostic trouble codes (DTC).

Cause Special Information
Battery, electrical connections, damaged wiring, Check all circuit breakers and fuses. Repair as needed.
Lanyard Stop Switch
Ignition switch Refer to Section 4D.

IMPORTANT: Check for active fault codes at the beginning of any diagnostic process. See
section 5SF—Troubleshooting the ECS system, for engine control system (ECS) and
SmartCraft diagnostic trouble codes (DTC).
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MISCELLANEQOU

Cause

Special Information

Empty fuel tank

Fuel shut off valve closed (if equipped)

Low grade, stale fuel, or water in fuel

Fuel waxing or frozen water separator (cold weather)

Plugged fuel suction line or filter

Air leaks, suction side fuel line or water separator

Sucks air into fuel system reducing fuel volume.

Plugged or pinched fuel line

Fuel tank vent plugged

Engine will start initially. After a short time running,
engine will stall and will not restart for a period of time.
Can verify if it is a vent problem by running engine with
filler cap loose. Filler cap will act as a vent.

Fuel pump actuator

Refer to Section 5—Fuel System section.

Check lanyard stop switch operation.

High pressure fuel pump

Low pump pressure. Refer to Section 5—Fuel
System in this manual for diagnosis.

S

Cause

Special Information

Low grade or stale fuel.

Water in fuel.

Incorrect starting procedure.

Refer to the Owners Manual.

Internal mechanical damage (bent rods, etc.).

Low compression.

Worn valves, rings, cylinder or head gasket.

Valve timing incorrect.

Timing gears improperly installed or cam slipped in
drive gear.

Restricted or plugged exhaust.

Engine Will Not Crank Over or Starter Inoperative

IMPORTANT: Check for active fault codes at the beginning of any diagnostic process.
Refer to Section 5SF—Troubleshooting the ECS System for engine control system (ECS)
and SmartCraft diagnostic trouble codes (DTC).

Cause

Special Information

Remote control lever not in neutral position.

Battery charge low, damaged wiring, loose electrical
connections

Circuit breaker tripped

Defective (blown) fuse

Defective ignition switch

Defective starter solenoid

Internal mechanical damage

Bent rods

Failed starter

Inspect starter and electrical connections for rust or
corrosion.
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Charging System Inoperative

IMPORTANT: Check for active fault codes at the beginning of any diagnostic process.
Refer to Section 5F—Troubleshooting the ECS System for engine control system
(ECS) and SmartCraft diagnostic trouble codes (DTC).

Cause Special Information

Loose or broken serpentine belt

Engine RPM too low on initial start Rev engine to 1500 RPM.

Loose or corroded electrical connections

Faulty battery gauge Verify with multi-meter and replace if necessary.
Battery will not accept charge Low electrolyte or failed battery

Faulty alternator or regulator Replace alternator or regulator.

Refer to Section 4BCharging System for complete
diagnostic procedures

Noisy Alternator

Cause Special Information

Tighten fasteners if undamaged. Refer to Section 4B

Loose mounting bolts —Charging System.

Replace belt if worn or frayed. If loose, inspect

Serpentine belt . .
automatic tensioner.

Tighten fastener if undamaged. Refer to Section 4B—

Loose drive pulley Charging System.

Replace alternator. Refer to Section 4Charging

Worn or dirty bearings System.

Replace alternator. Refer to Section 4B—Charging

Faulty diode trio or stator System.

Rubbing, broken wire or replace alternator. Refer to

Faulty armature Section 4B—Charging System.

Engine Operates Poorly at Idle

IMPORTANT: Check for active fault codes at the beginning of any diagnostic process.
Refer to Section 5SF—Troubleshooting the ECS System, for engine control system (ECS)
and SmartCraft diagnostic trouble codes (DTC).

Cause Special Information

Clogged air cleaner

Plugged fuel suction line or filter

Air leaks: suction side fuel line, water separating fuel
filter or loose intake manifold

Water in fuel

Low grade or stale fuel

Fuel waxing or frozen water separating fuel filter (cold
weather)

Valve timing Cam slipped in drive gear

Restricted or plugged exhaust

Injectors not functioning properly
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Cause Special Information

Low compression Also check for defective (blown) head gasket

Defective head gasket, exhaust manifold, cracked

Water leaking into cylinders head or aftercooler

Loose or broken engine mounts

Refer to Section 5—Fuel System for complete
diagnostic procedures

Engine Operates Poorly At High RPM

IMPORTANT: Check for active fault codes at the beginning of any diagnostic process.
Refer to Section 5SF—Troubleshooting the ECS System, for engine control system (ECS)
and SmartCraft diagnostic trouble codes (DTC).

Cause | Special Information

Refer to Section 5 for complete diagnostic procedures for the fuel injection system.

See Poor Boat Performance and Poor Maneuverability troubleshooting in this section.

Crankcase overfilled with oil Check oil level with boat at rest in the water.

Plugged fuel tank vent Loosen filler cap to act as a vent and operate engine to verify.

Low fuel supply

Clogged fuel filter Replace fuel filters.

Low grade of fuel or water in the fuel Drain fuel tank, refill with proper fuel. Drain or replace fuel filters.

Obstructed or kinked fuel lines

Injectors not functioning properly Refer to Section 5D—Fuel Injectors.

Engine overheating See Engine Overheat troubleshooting in this section.
Low compression Worn valves, rings, cylinders, etc.

Restricted or plugged exhaust Verify exhaust system is open and clear of debris.

Valve clearance or valve springs weak or | Adjust valve clearance or repair worn or damaged valve
broken components.

Insufficient engine compartment ventilation | Increase engine compartment ventilation.

High pressure fuel pump Worn or damaged fuel pump internal components. Repair or
replace pump.

Turbocharger Boost compensator hose broken or disconnected, intake or
exhaust leaks, defective wastegate device, defective
turbocharger.

Poor Fuel Economy

IMPORTANT: Check for active fault codes at the beginning of any diagnostic process.
Refer to Section 5SF—Troubleshooting the ECS System, for engine control system (ECS)
and SmartCraft diagnostic trouble codes (DTC).

Cause Special Information

Fuel leaks

Prolonged idling; slow acceleration; failure to cut back
Operator habits on throttle once boat is on plane; boat overloaded;
uneven weight distribution.

Bent, damaged, or wrong propeller. Water test boat for

Engine laboring proper operating RPM at WOT.

Clogged air cleaner
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Cause

Special Information

Engine compartment sealed too tight

Not enough air for engine to operate properly.

Boat bottom

Dirty (marine growth), hook, rocker.

Turbocharger malfunction

Improper fuel

Crankcase ventilation system not working

Engine operating too hot or too cold

Plugged or restricted exhaust

Engine

Low compression.

Injectors not functioning properly

Refer to Section 5D—Fuel Injectors.

Engine Smoking
BLACK SMOKE

IMPORTANT: Check for active fault codes at the beginning of any diagnostic process.
Referto Section 5SF—Troubleshooting the ECS System for engine control system (ECS)
and SmartCraft diagnostic trouble codes (DTC).

Cause

Special Information

Overload

Restricted air filter, intercooler, or both

Excessive fuel delivery

Refer to Section 5—Fuel System.

Faulty injector, or injectors

Refer to Section 5—Fuel System.

Restricted or plugged exhaust

Insufficient coolant temperature

Defective thermostat.

Excessive idle time (injector coking)

Leaking head gaskets

Worn piston rings

Insufficient engine compartment ventilation

Increase combustion air supply to engine.

Low boost pressure

Check turbocharger and related parts.

BLUE SMOKE
Cause Special Information
Worn piston rings Check compression.
Sticking piston rings Check compression.
Crankcase overfilled—incorrect dipstick reading
Leaking head gaskets
Turbocharaer High oil consumption caused by worn seals. Refer to
urbocharge section 7C—Turbocharger.
WHITE SMOKE

Cause

Special Information

Faulty injector or injectors

Refer to Section 5—Fuel System.

Low compression

Plugged fuel suction line or filter
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Cause

Special Information

Air leaks: suction side fuel line or water separating
fuel filter

Questionable fuel quality

Leaking head gaskets

Engine overheating

Internal engine damage

Exhaust Gas Temperature

HIGH
Cause Special Information
Excessive load
Faulty wastegate Refer to Section 7C—Turbocharger.
Faulty Injectors Refer to Section 5—Fuel System.
LOW
Cause Special Information
Excessive idling time or light loads
Turbocharger

Cause

Special Information

Smoke from exhaust

Not enough air getting to engine air intake

Clogged air filter

Boost pressure too low

See Engine Smoking—Black, Blue, or White of this
section.

Loss of power due to turbocharger

Not enough air getting to engine air intake

Clogged air cleaner

Boost pressure too low

Poor lubrication of turbocharger

Defective wastegate valve. Excessive oil residue
buildup in compressor turbine housing

Rubbing of compressor or turbine impellers against
housing

Air leaking from high-pressure side of turbocharger

Unusual noises and vibrations at turbocharger

Poor lubrication of turbocharger

Rubbing of compressor or turbine impellers against
housing

Air leaking from high-pressure side of turbocharger

Rubbing of compressor or turbine impellers against
housing

Poor lubrication of turbocharger

Low oil pressure at turbocharger

Defective bearings in turbocharger

Oil leakage from compressor side

Clogged air cleaner

Boost pressure too low
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Engine Noise

A WARNING

Moving parts can cause serious injury or death. Wear eye protection and keep hands,
hair, and clothing away from moving parts when performing tests or checking adjustments
on an operating engine.

No definite rule or test will positively determine the source of engine noise; therefore, use
the following information only as a general guide to engine noise diagnosis.

1.

Use a diagnostic strobe light to determine if noise is timed with engine speed or one-half
engine speed. Noises timed with engine speed are related to crankshaft, rods, pistons,
piston pins, and flywheel. Noises timed to one-half engine speed are valve train related.

2. The use of a stethoscope can aid in locating a noise source; however, because noise
will travel to other metal parts not involved in the problem, caution must be exercised.

3. Trytoisolate the noise to location in engine working from front to back or top to bottom.
This can help determine which components are at fault.

4. Sometimes noises can be caused by moving parts coming in contact with other
components. Examples are: flywheel or coupler, external exhaust flappers rattling
against exhaust pipe, crankshaft striking (pan, pan baffle, or dipstick tube), rocker arm
striking valve cover, and loose flywheel cover. In many cases if this is found to be the
problem, a complete engine teardown is not necessary.

5. When noise is isolated to a certain area and component, removal and inspection will
be required. Refer to proper sections of service manual for the required information for
service.

6. Ifnoise cannot be isolated in either the engine or drive unit, remove the drive from boat.
Run a water supply directly to the engine and run the engine without the drive to
determine if noise persists.

VALVE COVER AREA NOISE
Location Possible Cause
Rocker arm striking valve cover
Defective hydraulic valve lifter

Valve cover area, timed to one-half engine speed, Worn rocker arm

noise could be confined to one cylinder or may be found

in any multitude of cylinders Bent push rod

Worn camshaft
Sticking valve

Page 1C-10
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CYLINDER AREA NOISE

Location Possible Causes

Sticking valve

Carbon build-up

Connecting rod installed wrong

Cylinder area, may be confined to one cylinder or found | Bent connecting rod
in more than one cylinder, timed to engine speed Piston

Piston rings

Piston pin

Cylinder worn

Faulty injector (white smoke)

Worn delivery valve

Engine knockin
9 g Defective hydraulic valve lifter

Tight piston pin

CAMSHAFT AREA NOISE

Location Possible Causes

Camshaft timing gear

Injection pump

Camshaft area, front of engine, timed to engine

speed Fuel pump

Valve lifter (camshaft wear)

Cam bearings

Fuel pump

Camshaft area, center of engine, timed to engine

Valve lifter (camshaft wear)
speed

Cam bearings

Valve lifter ( camshaft wear)

Camshaft area, rear of engine, timed to engine speed -
Cam bearings

Loss of oil pressure

Camshaft area, throughout engine, timed to engine

Valve lifter (camshaft wear)
speed

Cam bearings

CRANKSHAFT AREA NOISE

Location Possible Causes

Crankshaft timing gear

Crankshaft area, front of engine, timed to engine Oil Pump
speed Rod bearing

Main bearing

Crankshaft striking pan or pan baffle speed

Crankshaft area, center of engine, timed to engine

speed Rod bearing

Main bearing
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Location

Possible Causes

Crankshaft area, rear of engine, timed to engine
speed

Loose flywheel cover

Loose coupler or drive plate

Loose flywheel

Rod bearing

Main bearing

Crankshaft area, throughout engine, timed to engine
speed

Loss of oil pressure

Rod bearings

Main bearings

MISCELLANEOUS NOISE

Oil Pressure

Location

Possible Causes

Squeaks, squeals, hissing, or whistle

Leaking exhaust (manifold or pipes)

Leaking air intake system

Leaking head gasket

Loose or leaking cylinder heads

Dry or tight bearing in an accessory

Drive belt slipping

Defective turbocharger

Parts rubbing together

IMPORTANT: Check for active fault codes at the beginning of any diagnostic process.
Refer to Section 5SF—Troubleshooting the ECS System, for engine control system (ECS)
and SmartCraft diagnostic trouble codes (DTC).

Item

Special Information

Incorrect engine installation angle

Verify correct engine installation angle. Incorrect
engine installation angle can cause damaging oil
pressure fluctuations.

Measuring oil pressure

Use a good automotive oil pressure test gauge rather
than the oil pressure gauge in the boat.

Check engine oil level with boat at rest in the water

Qil level should be between the minimum and
maximum marks

Qil level in crankcase above maximum mark

May cause loss of engine RPM, oil pressure gauge
fluctuation, drop in oil pressure, and hydraulic valve
lifter noise at high RPM

Qil level in crankcase below minimum mark

Low oil pressure, oil pressure gauge fluctuation;
internal engine noise and/or damage

Change in oil pressure

This may be a normal condition. Oil pressure may read
high in the cooler times of the day, and when engine is
not up to operating temperature. As the air temperature
warms up and engine is running at normal opening
temperature, it is normal for oil pressure to drop.
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Item

Special Information

Low engine oil pressure at idle

With modern engines and engine oils, low oil pressure
readings at idle do not necessarily mean there is a
problem. If valve lifters are not noisy at idle, there is a
sufficient volume of oil to lubricate all internal moving
parts properly. The reason for the drop in oil pressure
is that engine heat causes an expansion of the internal
tolerances in the engine and, also, the oil will thin out
somewhat from heat.

Low engine oil pressure at idle after running at a high
RPM

See Change in oil pressure and Low engine oil
pressure at idle preceding.

Boats with dual engines

Boats with dual stations

It is not uncommon to see different oil pressure
readings between the two engines, as long as both
engines fall within specifications. Differences in oil
pressure can be attributed to differences in engine
tolerances, gauges, wiring, senders, etc.

LOW OIL PRESSURE

IMPORTANT: Check for active fault codes at the beginning of any diagnostic process.
Referto Section 5SF—Troubleshooting the ECS System for engine control system (ECS)
and SmartCraft diagnostic trouble codes (DTC).

Cause

Special Information

Incorrect engine installation angle

Verify correct engine installation angle. Incorrect
engine installation angle can cause damaging oil
pressure fluctuations.

Low oil level in crankcase.

Test gauge.

Defective oil pressure gauge and/or sender.

Verify with an automotive test gauge.

Thin or diluted oil

Oil broken down; contains water or fuel; wrong
viscosity; engine running too hot or too cold; excessive
idling in cold water (condensation).

Faulty oil pressure relief or bypass valve.

Valve stuck open.

Replace or repair.

Oil pump.

Relief valve stuck open; pickup tube restricted; worn
parts in oil pump; air leak on suction side of oil pump or
pickup oil tube.

Qil leak can be internal or external.

Oil passage plugs leaking, cracked or porous cylinder
block.

Excessive bearing clearance.

Cam bearings, main bearings, rod bearings.

HIGH OIL PRESSURE

IMPORTANT: Check for active fault codes at the beginning of any diagnostic process.
Refer to Section 5F—Troubleshooting the ECS System for engine control system (ECS)
and SmartCraft diagnostic trouble codes (DTC).

Cause

Special Information

Incorrect engine installation angle

Verify correct engine installation angle. Incorrect
engine installation angle can cause damaging oil
pressure fluctuations.

Qil too thick

Wrong viscosity, oil full of sludge or tar

Defective oil pressure gauge and/or sender

Clogged or restricted oil passage
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Cause Special Information

Oil pump relief valve stuck closed

IMPORTANT: Oil pressure slightly higher than normal does not always indicate a problem.
Oil viscosity and weather conditions can cause high oil pressure.

Excessive Oil Consumption

IMPORTANT: Check for active fault codes at the beginning of any diagnostic process.
Referto Section 5SF—Troubleshooting the ECS System for engine control system (ECS)
and SmartCraft diagnostic trouble codes (DTC).

Cause Special Information

Incorrect engine installation angle Verify correct engine installation angle. Incorrect
engine installation angle can cause damaging oil
pressure fluctuations.

Oil leaks Clean bilge, run engine with clean white paper on bilge
floor, locate the oil leak, or leaks.

Qil too thin Qil diluted or wrong viscosity

Oil level too high

Drain holes in cylinder head plugged Oil will flood valve guides

Defective valve stem seals (if equipped)

Worn valve stems or valve guides

Defective oil cooler (if equipped) Crack in cooler tubes

Glazed, scuffed, worn, stuck, improperly installed; ring

Defective piston rings o L
grooves worn; improper break-in; wrong end gap

Out of round, scored, tapered, glazed; excessive piston

Defective cylinders to cylinder clearance; cracked piston

Defective turbocharger Oil leaking into intake or exhaust

Water or Coolant in the Engine

IMPORTANT: Check for active fault codes at the beginning of any diagnostic process.
Refer to Section 5F—Troubleshooting the ECS System for engine control system (ECS)
and SmartCraft diagnostic trouble codes (DTC).

IMPORTANT: To begin diagnosis, identify the primary area of contaminating water (or
coolant) accumulation.

IMPORTANT: For proper diagnosis, determine if the contaminating fluid is seawater or
coolant. Test moderate sized samples of contaminating water for coolant with a propylene
glycol tester. Small samples may require the use of an electronic, refractive tester.

Four common areas of water (or coolant) contamination are: on top of the pistons, in the
crankcase oil, in the air intake system, and in the exhaust system.

Remove all water (or coolant) from the engine after identifying the nature of the
contamination.

1. Remove all glow plug port plugs and injectors.

2. Disconnect the fuel pump actuator electrical connector at the back of the high pressure
injection pump.

3. Crank the engine to expel contaminating water (or coolant) from the cylinders.

4. Connect the fuel pump actuator electrical connector at the back of the high pressure
injection pump.

5. Change the engine oil and oil filter.
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Without sufficient cooling water, the engine, the water pump, and other components will
overheat and suffer damage. Provide a sufficient supply of water to the water inlets during
operation.

Start the engine and attempt to duplicate the contamination condition. If the problem can
be duplicated, it is most likely a mechanical problem rather than the result of operator error
or water ingestion. Rust and scaling in the intake or exhaust system is generally a sign of
water ingestion contamination.

WATER OR COOLANT IN THE ENGINE OIL

Cause Special Information

Boat has been submerged or bilge water was high

Water in boat bilge enough to run in through dipstick tube

Refer to Section 7B - Elbows, Risers, Intake and

Water seeping past piston rings or valves Exhaust Manifold of this manual.

Intake manifold leaking near a water passage

Cracked or porous casting Check cylinder head, cylinder block, and intake
manifold
Oil cooler leaking Inspect the oil cooler for cracks or damage

Defective thermostat, missing thermostat; pro-longed

Engine running cold idling in cold water

WATER OR COOLANT ON TOP OF THE PISTONS

Cause Special Information

Rain water running onto air cleaner Hatch cover

Backwash through the exhaust system

Improper engine or exhaust hose installation Refer to Exhaust Specificationsin the appropriate
installation manual.

Cracked exhaust manifold

Improper manifold to elbow gasket installation

Loose cylinder head bolts

Blown cylinder head gasket Check for warped cylinder head or cylinder block
Cracked or leaking aftercooler Defective O-rings or tubes
Porous or cracked casting Check cylinder heads, valve bridges, cylinder block, and

intake manifold

Engine Overheat—Cooling System

IMPORTANT: Check for active fault codes at the beginning of any diagnostic process.
Refer to Section 5SF—Troubleshooting the ECS System for engine control system (ECS)
and SmartCraft diagnostic trouble codes (DTC).

IMPORTANT: Verify that the engine is overheating to quickly eliminate a faulty temperature
gauge or sender.

Cause Special Information

Seacock (seawater shut off valve) partially or fully
closed (if equipped)
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Cause

Special Information

Low coolant level

If persistent, find and repair the source of any closed
cooling system leaks.

Antifreeze incorrect type or not mixed properly

Use low silicate type with special additives.

Loose or broken drive belt

Clogged or improperly installed sea strainer

and seawater pump inlet

Loose hose connections between seawater pickup

Pump will suck air; pump may fail to prime or will force air
bubbles into cooling system.

Seawater inlet hose kinked or collapsed

Inlet hose must be wire reinforced to prevent collapsing,
and positioned to prevent kinks or restrictions.

Seawater pickup clogged

turbulence

Obstruction on boat bottom causing water

Obstruction will be in front of seawater pickup, causing air
bubbles to be forced into cooling system.

Defective thermostat

Exhaust elbow water outlet holes plugged

Insufficient seawater pump operation

Worn pump impeller

flash, sand, rust, salt, etc.

Obstruction in cooling system such as casting

Refer to the Water Flow Diagram in Section 6—Cooling
System for engine type being serviced.

Engine water circulating pump defective

Heat exchanger core or tubes plugged

Engine Overheat—Mechanical

IMPORTANT: Check for active fault codes at the beginning of any diagnostic process. refer
to Section 5F—Troubleshooting the ECS System for engine control system (ECS) and
SmartCraft diagnostic trouble codes (DTC).

IMPORTANT: Verify that the engine is overheating to quickly eliminate a faulty temperature

gauge or sender.

Cause

Special Information

Engine RPM below specifications at
wide open throttle (engine laboring)

Damaged or wrong propeller, growth on boat bottom, false bottom full

of water.

Seawater pump impeller worn or
slipping

Inspect the seawater pump impeller, refer to Section 6 - Cooling

System.

Exhaust restriction

Valve timing off

Jumped timing chain, or gears improperly installed.

of engine

Insufficient lubrication to moving parts

Defective oil pump, plugged oil passage, low oil level.

Defective wastegate on turbocharger

Wastegate stuck closed causing excessive boost pressure.

Power Steering—Poor, Erratic, or No Assist

Cause

Special Information

Drive belt

Worn, broken, or out of adjustment.

Low fluid level

Air in system

Air leak in lines, pump, or air from installation. Refer to
Section 9—Power-assisted Steering System for
bleeding procedure.
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Cause

Special Information

Leaking hoses

Refer to Section 9—Power-assisted Steering
System for bleeding procedure.

Steering cables and/or steering helm

Cable or helm partially frozen from corrosion or rus,
cable over-lubricated, improper cable installation.

Binding in sterndrive

Refer to the appropriate Mercury MerCruiser
Sterndrive Service Manual.

Restriction in hydraulic hos

Causes a loss of pressure.

Control valve not positioned properly, not balanced
properly, or the mounting nut is loose

Mounting bracket adjusting screw loose or mounting
tube is loose

Faulty pump

Flow control valve may be sticking.

Worn piston ring or scored housing bore in cylinder

Causes loss of pressure

Leaking valve body or loose fitting spool

Power Steering—Noisy Pump

Cause

Special Information

Drive belt

Check belt tension.

Low fluid level

Air in fluid

Air leak in lines, pump, or air from installation.

Faulty pump

Use stethoscope to listen for noise in pump.

Restricted fluid passages

Kinks or debris in hoses or debris in passages.

Stop nut adjusted improperly

Refer to the appropriate Mercury MerCruiser
Sterndrive Service Manual.

Incorrect or substandard steering cables installed
that do not meet ABYC standards

Refer to the appropriate Mercury MerCruiser
Sterndrive Service Manual.

Power Steering—Fluid Leaks

Cause

Special Information

Loose hose connections

Refer to Section 9A for bleeding instructions.

Damaged hose

Oil leaking from top of pump

System overfilled, fluid contains water, fluid contains
air.

Cylinder piston rod seal

Faulty seals in valve

Faulty seals in O-rings in pump

Cracked or porous metal parts

Seawater Pump—Insufficient Water Flow

Cause

Special Information

Drive belt

Loose, worn, or broken

Seawater shut off valve partially or fully closed

Clogged or improperly installed sea strainer
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Cause

Special Information

Loose hose connections between seawater pickup
and seawater pump inlet

Pump will draw in air, pump may fail to prime or will
force air bubbles into cooling system.

Seawater inlet hose kinked or plugged

Seawater pickup plugged

Obstruction on boat bottom causing water turbulence

Obstruction will be in front of seawater pickup, causing
air bubbles to be forced into cooling system.

Inspect the seawater pump impeller, see Section 6—

Faulty seawater pump

Cooling System.

ZF Marine Hydraulic Transmission

Problem

Possible Cause

Remedy

Transmission gears cannot

Shifting lever loose

Tighten clamping screw on shifting lever.

Remote control does not
permit lever travel required
for testing

Lift remote control off. If gears can be shifted by
hand, correct remote control.

shift just short of minimum
traveling distance

be shifted -
Remote control faulty Repair remote control.
No §h|ﬂ|ng pressure See No shifting pressure.
available
Lever travel of remote
. . control is too short; lever Lift remote control off, if gears can be shifted by
Gears are shifted sluggishly

hand, correct remote control.

Clutch is slipping; propeller
speed too low as compared
to engine speed

Incorrect fluid used

Fluid contains water

Shifting pressure too low

Drain and refill with correct fluid, flush transmission
while engine runs in neutral position, drain fluid,
refill transmission.

Wear on clutch discs

Disassemble transmission and (or;) replace clutch
discs.

Piston rings in clutch are
damaged

Disassemble transmission and (or;) replace clutch.

Transmission is blocked

Medium piston ring in input
shaftin control block is faulty

Remove control block, replace piston ring, replace
control block if worn.

Output shaft turns in neutral
position

Rotary slide valve in control
block is worn

Replace control block.

Faulty needle bearing on
input shaft

Dished discs due to
over-heating of slipping
clutch

Disassemble transmission and input shaft, then
(or;) replace bearing.

Shifting pressure too low

Fluid filter dirty

Replace fluid filter.

Transmission fluid level is
too low

Fill with fluid; check the transmission, fluid cooler,
and fluid hoses for leaks. See Fluid leakage at
input shaft, Fluid leakage at output shaft, Fluid
leakage at venting filter, Fluid leakage at joints or
screw connections.

Fluid pump is worn out

Replace control block together with fluid pump.

Piston rings in input shaft in
control block are faulty

Remove control block and replace piston rings.
Also replace control block.

Piston rings in clutch are
faulty.

Disassemble transmission and (or;) replace clutch.
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Problem

Possible Cause

Remedy

No shifting pressure

Direction of engine rotation
does not agree with arrow
on transmission

Replace with LH rotation engine.

No fluid in transmission

Refill with fluid.

Fluid filter is dirty

Replace fluid filter.

Transmission fluid level is
too low

Fill with fluid; check the transmission, fluid cooler,
and fluid hoses for leaks. See Fluid leakage at
input shaft, Fluid leakage at output shaft, Fluid
leakage at venting filter, Fluid leakage at joints or
screw connections.

Fluid pump is worn out

Replace control block together with fluid pump.

Fitting key in input shaft for
fluid pump drive is broken

Remove control block. Replace fitting key and any
other faulty parts.

Shifting pressure relief valve
spring is broken

Replace control block.

Excessive fluid temperature

Excessive fluid in
transmission

Remove excessive fluid with commercial fluid
pump.

Fluid cooler is dirty on water
side

Remove coolant lines and clean fluid cooler on
water side.

Worn fluid pump in control
block

Replace control block and fluid pump.

Faulty piston rings in input
shaft in control block

Remove control block, replace piston rings in input
shaft. Check control block and replace if damaged
from faulty piston rings.

Clutch is slipping

See Clutch is slipping, propeller speed too low as
compared fo engine speed.

Clutch does not open
completely due to worn
clutch discs

Dismount transmission and (or;) replace inner disc
all faulty parts.

Clutch does not open
completely due to broken
clutch cup springs

Disassemble transmission and (or;) replace inner
disc support and/or clutch.

Low water flow from
seawater pump

Repair or replace seawater pump.

Water in fluid or fluid looks
milky

Fluid cooler faulty

Repair leakage at cooler or replace cooler and
replace cooler.

High water level in engine
compartment, water
entering at output shaft seal

Remedy cause for water level in engine
compartment and (or;) change transmission fluid.

Fluid leakage at input shaft

Breather clogged by paint or
dirt

Remove dirt or paint from breather.

Shaft seal faulty

Disassemble transmission and (or;) replace seal.
If seal location on input shaft is worn repair surface.

Fluid leakage at output
shaft

Breather clogged by paint or
dirt

Remove dirt or paint from breather.

Shaft seal faulty

Disassemble transmission and (or;) replace seal.
If seal location on input shaft is worn repair surface.

Fluid leakage at venting
filter

Excessive fluid in
transmissio

Pump out excessive fluid with commercial hand
pump.

Fluid leakage at joints or
screw connections

Bolts are not tight

Tighten bolts to specified torque.

Seals on bolts have been
reused several times

Replace seals. Tighten bolts to specified torque.
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Troubleshooting

Problem

Possible Cause

Remedy

Fluid leakage at filter cap or
breather

Filter cap not flush or tight

Reinstall filter cap flush with housing and tighten.

Filter cap O-ring damaged

Replace O-ring.

Fluid level too high

Correct fluid level.

Transmission noise
changes, becomes louder

Fluid level too low so that
pump sucks in air

Top off fluid to fill mark.

Damage starting on flexible
coupling due to wear or
fatigue, possible due to
misalignment between
engine and transmission

Replace flexible coupling. Check alignment
between engine and transmission.

Beginning damage of
bearings in transmission;
torsional vibrations, running
without fluid, overload,
wrong alignment of
transmission, excessive
engine output

Disassemble transmission or replace bearings
concerned and other faulty parts.

Beginning damage of
gearings; torsional
vibrations, running without,
fluid, overload

Disassemble transmission and (or;) remove faulty
parts.

Fluid baffle on transmission
has come loose

Disassemble transmission and (or;) attach baffle
plate.

Fluid suction pipe in
transmission has come
loose

Disassemble transmission and (or;) fix fluid suction
pipe.

Chattering transmission
noise mainly at low speed

The engine or propeller
generate torsional
vibrations, which produce a
chattering noise in the
transmission.

Mount a flexible coupling with another stiffness
factor between engine and transmission; a
coupling with a higher stiffness factor might be
sufficient.

Misaligned cardan shafts on
input or output shafts

Mount and align cardan shaft strictly according to
instructions issued by cardan shaft manufacturer.
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Sterndrive Models

Removal And Installation
Section 2A - Sterndrive Models
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Sterndrive Models

Lubricant, Sealant, Adhesives

Special Tools

Engine Removal

Tube Ref No. Description Where Used Part No.
Perfect Seal Engine mounting hardware threads and nuts| 92-34227 1
Liquid Neoprene Exposed terminals and connections 92- 257113
SAE Engine Oil 30W Shift cable pivot points Obtain Locally
Engine Coupler Spline Grease Coupler splines 92-802869A1

Alignment Tool Assembly 91-805475A 1

-
,//(:\\\, ) Aligns the engine and the sterndrive during installation.
/ 9183
A WARNING

Fuel vapors trapped in the engine compartment may be an irritant, cause difficulty
breathing, or may ignite resulting in a fire or explosion. Always ventilate the engine
compartment before servicing the power package.

A WARNING

Performing service or maintenance without first disconnecting the battery can cause
product damage, personal injury, or death due to fire, explosion, electrical shock, or
unexpected engine starting. Always disconnect the battery cables from the battery before

maintaining, servicing, installing, or removing engine or drive components.

1. Disconnect the battery cables from the battery.

IMPORTANT: The sterndrive must be removed before removal of the engine. Refer to the
appropriate Mercury MerCruiser sterndrive service manual if additional service is required
for the sterndrive or transom.

Remove the sterndrive.

Disconnect the battery cables from the engine.

Lift and detach the engine cover from the engine cover mounts.

Disconnect the engine to VIP harness from the engine wiring harness connectors.
Close the fuel shut-off valve, if equipped.

Disconnect and plug the fuel lines to prevent fuel from leaking into the bilge.
Disconnect the throttle cable and retain the fasteners.

Disconnect the shift cables from the shift plate and retain the fasteners.

0. Disconnect the power-assisted steering hydraulic hose fittings from the steering control
valve and connect the hoses together to prevent leaking.

11. Remove the gear lube monitor and hose and place out of the way.

NOTE: After wires are disconnected, loosen them from any clamps or cable ties retaining
them to the engine or hoses.

= © 0N O kr®DN
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Sterndrive Models

12. Disconnect the wires from the MerCathode controller assembly and disconnect the
MerCathode quick connect fitting, if equipped.

13. If the boat is to remain in the water, close the seacock (if equipped) or disconnect
and plug the seawater inlet hose.

14. Disconnect the seawater inlet hose.
15. Disconnect the exhaust system hoses.
16. Disconnect any grounding wires and accessories that are connected to the engine.

A WARNING

Failure of the lifting eyes will cause the engine to fall suddenly from the hoist, resulting
in serious injury, death, or property damage. Keep the engine level while it is hoisted. Do
not tilt the engine more than 12° in any direction during installation.

A CAUTION

Improper lifting during removal or installation of the engine can cause injury or damage
to engine components. Use a hoist, lifting arm, or other approved lifting device. Do not
allow the lifting device to hook or compress any engine components.

17. Support the engine with a sling and lifting arm through the lifting eyes on the engine.

b Yy e 25857

Typical
a - Front starboard side engine lifing ¢ - Rear engine lifting eye
eye (back side of engine) d - Sling and lifting arm

b - Front port side engine lifting eye

18. Remove the front and rear engine mounting bolts and retain the fasteners.

19. Using an overhead hoist, carefully remove the engine. Do not damage the
power-assisted steering control valve.
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Engine Installation

1. Ensure that the front mount adjusting nuts are positioned midway on the studs so that
adequate up and down adjustment exists for engine alignment.

2. Lubricate the coupler splines.

; : 23500

a - Grease fitting b - Coupler splines
Tube Ref No. Description Where Used Part No.
H 91 (nm Engine Coupler Spline Grease Coupler splines 92-802869A1

NOTICE

Mismatched flywheel housing mounts and inner transom plate mounting hardware will
result in improper engine alignment and possible engine damage. Ensure that the
flywheel housing mounts and the inner transom plate mounting hardware, port and
starboard, are the correct parts and match before installing the engine.
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3. Position the rear engine mount attaching hardware on the inner transom plate mounts
as shown.

7960
Starboard side shown, port side similar

a - New design mount—knurled b - Fiber washer
surface

4. Remove the front port lifting eye access cover in the engine cover or remove the entire
engine cover to gain access to the lifting eyes.

26041

a - Engine cover ¢ - Front starboard side lifting eye
b - Front port side lifting eye access d - Rear lifting eye
cover
A CAUTION

Improper lifting during removal or installation of the engine can cause injury or damage
to engine components. Use a hoist, lifting arm, or other approved lifting device. Do not
allow the lifting device to hook or compress any engine components.
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5. Attach a suitable sling and lifting arm to the engine lifting eyes and adjust so that engine
is level when suspended.

A WARNING

Failure of the lifting eyes will cause the engine to fall suddenly from the hoist, resulting
in serious injury, death, or property damage. Keep the engine level while it is hoisted. Do
not tilt the engine more than 12° in any direction during installation.

6. Lift the engine into position in the boat using an overhead hoist.

Gli-- !
4 S 25857

Typical
a - Front starboard side engine lifting ¢ - Rear engine lifting eye
eye (back side of engine) d - Suitable sling and lifting arm

b - Front port side engine lifting eye

IMPORTANT: When lowering engine into position do not set the engine on the shift cable.
7. Ensure that the fiber washers and locknuts are on the inner transom plate mounts.

8. Align the rear engine mounts with the inner transom plate mounts, then set the engine
onto the inner transom plate mounts. Simultaneously align the exhaust elbow with the
exhaust tube. Do not relieve the tension on the hoist.

IMPORTANT: Install the engine mounting hardware in the sequence shown.

Page 2A-6 CMD-4082040 / 90-866941 NOVEMBER 2007
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Install and torque both rear engine mounting bolts with the hardware as shown.

9.
/ \
/ /
7934
Typical model
a - Rear engine mount d - Washer
b - Inner transom plate mount e - Spacer
¢ - Bolt f- Fiber washer
Description Nm Ib. in. Ib. ft.
Rear engine mounting bolts 51 38

Alignment

10. Adjust the front engine mounts until they rest on the boat stringers.
11. Set the engine on the boat stringers.

12. Relieve the tension on the hoist.
13. Disconnect the sling from the engine lifting eyes.

NOTICE

Improper use of the alignment tool may result in personal injury or damage to the gimbal
bearing or engine coupler. Do not operate the engine with the alignment tool installed.
Do not attempt to force the alignment tool, raise or lower the engine with the tool inserted
in the gimbal bearing or engine coupler, or raise the engine mount bracket above the top

of the engine mount stud.
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IMPORTANT: Alignment tools from other manufacturers may cause improper alignment

and damage to the gimbal bearing or engine coupler. Use only the Quicksilver Alignment

Tool.

1. Attempt to insert the solid end of the alignment tool through the gimbal bearing and into
the engine coupler splines.

7936

a - Alignment tool ¢ - Gimbal bearing
b - End of alignment tool to insert d - Engine coupler
through the gimbal housing
assembly

2. If necessary, firmly strike the sides of the alignment tool with a synthane hammer at
90° increments to help align the gimbal bearing to the coupler.

7937

a - Alignment tool ¢ - 90° increments

b - Inserted through the gimbal
housing assembly

Alignment Tool Assembly 91-805475A 1

3. Attempt toinsert the solid end of the alignment tool through the gimbal bearing and into
the engine coupler splines.
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4. If the alignment tool does not fit, remove it and carefully and adjust the engine mounts.
IMPORTANT: Turn both front engine mount adjustment nuts an equal amount in the
direction required to align the engine.
a. Toadjustthe engine up or down, loosen the locknuts on both front mounts. Turn
the adjusting nuts as necessary. Tighten the locknuts.

Typical front mount
a - Locknut b - Adjusting nut

b. To move the engine left or right, loosen the locknuts on both front mounts. Move
the engine as necessary in the slotted mount holes.

NOTE: The slots on the engine mount pads provide a small amount of left or right

adjustment.
“ » 23777
Typical front mount
a - Locknut ¢ - Engine mount pad

b - Slotted mount hole

5. Attempt to insert the solid end of the alignment tool through the gimbal bearing and into
the engine coupler splines.

6. Repeat the necessary steps until the alignment tool installs easily (slides freely with
two fingers) all the way into and out of the engine coupler splines. Do not check by
turning the alignment tool.
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7. Fasten the front mount assemblies to the boat stringers using appropriate hardware
(lag bolts or thru-bolts and so on).

8. Tighten both front mount locking (jam) nuts.

Description Nm Ib. in. Ib. ft.
Front mount locking (jam) nuts 80 - 59

9. Recheck alignment with the alignment tool. The tool must enter the coupler splines
freely. If not, remove the alignment tool and readjust the front mounts.

10. Remove the alignment tool.

11. If operating in a saltwater environment, apply sealant to the threads and nuts of the
engine mounting hardware to help protect against corrosion. This allows for easier
loosening in the case of readjustment.

Tube Ref No. Description Where Used Part No.
g Engine mounting hardware
H 19 (o Perfect Seal throads and nots 92-34227 1

12. Remove the sling from the front lifting eyes.
Exhaust System Connections

Hot spots in exhaust hoses can damage hoses and cause leaks. Ensure that discharge
water from the exhaust elbow flows without restriction through all hoses and fittings.

IMPORTANT: Exhaust bellows, hoses, and tubes must be secured at each connection with
at least two hose clamps.

All exhaust connections, including those at the exhaust elbow, should be secured with two
hose clamps. ABYC standards also specify the use of stainless steel clamps with a
minimum 13 mm (1/2 in.) band width. Do not use spring tension clamps.

1. Connect the exhaust hoses and tubes so that they do not restrict the flow of discharge
water from the exhaust elbow.

2. Install at least two hose clamps on each exhaust hose and tube connection.

o
M

@

&

3

Typical
a - Exhaust riser ¢ - Hose clamps
b - Exhaust tubes
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3. Torque the exhaust system hose clamps.

a - Exhaust system hose clamps (4)

Nm Ib. in. Ib. ft.

Description
3.4-6.8 30-60

Exhaust system hose clamps

Fluid Connections

Seawater Hoses
IMPORTANT: Seawater hoses must be wire-reinforced to avoid collapsing when suction

is created by the seawater pump impeller.
1. Ensure that the hose reducer is installed in the end of the seawater inlet hose that will
connect to the sterndrive seawater inlet fitting. The hose reducer flange must touch the

end of the hose to be properly installed.

S — I g

7951

a - Hose reducer ¢ - Hose reducer flange
b - Seawater inlet hose d - End of hose

IMPORTANT: Make gradual bends in the seawater hoses to avoid kinks. Hoses must not

come in to contact with steering system components, the engine coupler, or the drive shaft.

2. Install the seawater hose from the seawater pickup fitting to the seawater pump inlet
hose connector or the seawater strainer inlet (if equipped).

3. If equipped with a seawater strainer, install the seawater hose from the seawater
strainer outlet to the seawater pump inlet hose connector.
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4. Tighten the seawater hose clamps securely.

Seawater hose standard connections
a - Standard seawater inlet fitting, optional seacock hose connection not shown
b - Hose reducer
¢ - Seawater hose to seawater strainer
d - Optional quicksilver seawater strainer
e - Seawater hose to seawater pump
f- Seawater pump hose connector
g - Below seawater pump level
h - Hose clamp

23451

Power-Assisted Steering Hoses
HOSES WITH QUICK-CONNECT FITTINGS

A WARNING

Stress on hose fittings or kinks in the hoses can damage hydraulic steering components,
leading to serious injury or death due to loss of boat control. Extreme heat can lower the
hoses' burst pressure or melt the hose. Route hydraulic hoses to avoid kinks, heat
sources, or stress on the hose fittings.

1. Route the power steering hydraulic hoses to avoid extreme heat, stress on hose fittings,
and hose kinks.

IMPORTANT: Make hydraulic connections as quickly as possible to prevent fluid leaks.
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2. Disconnect the hydraulic lines quick-connect fittings from each other.

19304
a - Hydraulic lines quick-connect fittings

3. Connect the power-assisted steering hoses to the control valve. Ensure that the
quick-connect fittings snap into place.

|—7 P -||. 5

a - Rear fitting ( pressure hose) c - cable tie
b - Front fitting (return hose)

IMPORTANT: Hydraulic hoses must not come in contact with steering system components,
engine coupler, U-joint shaft or drive shaft.
4. Secure the hydraulic hoses to avoid contact with hot or moving components.

Gear Lube Monitor
IMPORTANT: Route hoses to determine the minimum length of hose needed and trim off
the excess to avoid low spots in the system. Avoid kinks and route in a straight path to

avoid low spots (traps) in the system.
1. Locate the quick-connect fitting of the white gear lube monitor at the rear of the engine.

2. Ensure that the gear lube monitor hose is mounted in the J-clip on the transom plate.
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3. Fasten the quick-connect fitting between the gimbal housing hose assembly and the
gear lube monitor hose assembly.

7800

a - Gear lube monitor hose assembly ¢ - Quick-connect fitting
from transom

b - Gear lube monitor hose assembly
from gear lube monitor

IMPORTANT: Avoid using excessive hose when routing to the gear lube monitor. The hose

should be routed directly to the oil reservoir in as straight a line as possible to avoid low

spots (traps) in the system.

4. Route the gear lube monitor hose, or hose assemblies, if equipped, with quick-connect
fittings, to the gear lube monitor.

5. If necessary, cut the gear lube monitor hose to the correct length at the gear lube
monitor.

6. Connect and securely clamp the gear lube monitor hose to the gear lube monitor fitting.

Typical
a - Quick-connect, if equipped d - Clamp
b - Gear lube monitor hose e - Fitting

¢ - Gear lube monitor

IMPORTANT: The gear lube monitor hose must not come in contact with the steering
system components, engine coupler, or drive shaft.

7. Secure the gear lube monitor hose with cable ties.

Fuel Lines
1. Remove the protective cap or plug.
2. Connect a flexible fuel hose to the fuel inlet fitting.
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3. Secure with hose clamps.

/
25717

2.8 shown, 4.2 similar
a - Fuel inlet fitting ¢ - Protective cap
b - Water-separating fuel filter

Throttle and Shift Cable Installation and Adjustment

Throttle Cable Installation and Adjustment

IMPORTANT: When installing throttle cables, route the cables to avoid sharp bends and
to avoid contact with moving parts. Do not fasten any items to the throttle cables.

1. Install the end guide of the throttle cable anchor stud in the third hole from the end of
the throttle position sensor (TPS) lever.

2. Place the remote throttle lever in the neutral and idle position.
3. Install the cable end guide on the throttle lever. Hand tighten the locknut only.
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4. Install the throttle cable barrel anchor stud in the third hole from the left on the top row
of the anchor bracket. Hand tighten the locknut only.

23707
a - Throttle position sensor (TPS) d - Cable barrel
b - Throttle cable end guide e - Anchor stud

¢ - Flat washer and locknut

IMPORTANT: The engine will reach 100% WOT before the TPS reaches the mechanical
stop. Adjust the throttle cable so that the throttle position sensor does not contact the
mechanical stop at 100% WOT. Contact between the TPS at WOT and the mechanical
stop could result in premature TPS failure.

5. If using the CDS tool to adjust the throttle cable:
a. Move the throttle lever forward until the CDS tool reads 100% WOT.

b. Adjust the throttle cable end guide and barrel anchor stud so that the throttle
position lever can move past 100% WOT but will not contact the TPS mechanical
stop.
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6. If the CDS tool is unavailable, then adjust the throttle cable as follows:
a. Move the throttle lever forward to the WOT location.

b. Measure the distance between the anchor stud on the throttle lever and the and
the center of the anchor stud on the cable barrel as shown. The distance between
them at WOT is 140 mm (5 %z in.).

26385
a - Cable end guide anchor stud

b - Throttle cable barrel location on anchor bracket
c- 140 mm (5 '%in.)

c. Adjust the throttle cable end guide and barrel anchor stud to the dimensions
specified and ensure that the throttle position lever is not contacting the TPS WOT
mechanical stop. The engine will reach 100% WOT before the TPS reaches the
mechanical stop.

7. Tighten the locknuts until they contact the washers, then loosen 1/2 turn.

8. Place the remote control lever in the neutral and idle position. Adjust the throttle cable
barrel if the throttle position sensor did not return to the idle position.

9. Place the remote control lever fully in the forward WOT position.

10. Operate the remote control and check that the throttle position sensor lever reaches
wide-open or 100% throttle position.

Shift Cable Installation and Adjustment

NOTE: The Shift Cable Adjustment Tool (91-12427) allows the shift cables fo be installed
and adjusted with or without the sterndrive attached.

1. Install the shift cable onto the remote control. Refer to the appropriate remote control
instructions.

IMPORTANT: Do not overtighten the stud. Overtightening the stud can cause shift lever
damage.
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2. Loosen the stud and move it to the dimension shown. Retighten the stud.

a - Stud b - 76 mm (3 in.)—distance from the
center of pivot bolt to the center of
the stud

3. Remove the adjustment tool.

4. Install the sterndrive shift cable.
5. Insert the cotter pins from the top. Spread the ends of the cotter pins fully.

8000

a - Sterndrive shift cable ¢ - Long cotter pin
b - Washers (2) d - Short cotter pin
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6. Place the adjustment tool over the sterndrive shift cable as shown. Hold the tool in place
using a piece of tape over the barrel retainer.

8001
7. Locate the center of the remote control and control cable play (backlash).
a. Shift the remote control to neutral.
b. Push in on the control cable end with enough pressure to remove play and mark

position "a" on the tube.

c. Pull out on the control cable end with enough pressure to remove play and mark
"b" on the tube.

d. Measure the difference between marks "a" and "b" and mark position "c" half-way
between marks "a" and "b."

IMPORTANT: Be sure to keep center mark "c" aligned with the edge of the control cable
end guide when making the following adjustment.
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8. Adjust the control cable as follows:

a. Temporarily install the control cable end guide into the shift lever, and insert the
clevis pin.

b. Adjust the control cable barrel so that the hole in the barrel aligns with the vertical
centerline of the stud. Ensure that the backlash center mark "c" is aligned with
edge of the control cable end guide.

A CAUTION

Do not attempt to install or remove control cable barrel from stud without first removing
end guide anchor pin from shift lever and removing cable. Attempting to bend control
cable to install or remove barrel will place undue stress on cable end guide and shift lever
and damage to both could occur.

c. Remove the control cable end guide from the shift lever by removing the clevis
pin.

a - Control cable end guide d - Control cable barrel
b - Clevis pin e - Stud
¢ - Backlash center

9. Install the control cable.

10. Install the washer and cotter pin to secure the barrel. Spread the ends of the cotter pin
fully.

11. Install the clevis pin.
12. Install the cotter pin into the clevis pin. Spread the ends of the cotter pin fully.

8004
a - Cotter pin ¢ - Clevis pin
b - Washers (both sides of barrel) d - Cotter pin (partially shown)

13. Remove the adjustment tool.
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14. Shift the remote control lever into the full forward position. Place the end of the
adjustment tool in the barrel retainer.

a. RH Rotation Bravo One, Two, and Three Model: The rear slot in the tool should
fit over the shift lever stud.
b. LH Rotation Bravo One and Two: The forward slot in the tool should fit over the
shift lever stud.
15. If the slot does not fit over the stud, loosen the shift lever stud and slide the stud up or

down until the slot in the tool fits over the stud. When adjustment is correct, retighten
the stud.

RH Rotation—Bravo One, Two, Three LH Rotation—Bravo One and Two
a - Adjustment tool d - Shift lever adjustment tool, rear slot
b - Barrel retainer cotter pin e - Shift lever adjustment tool, forward
¢ - Shift lever stud slot

16. Remove the adjustment tool.
17. Shift the remote control into reverse and repeat the adjustment process.

a. LH Rotation Bravo One and Two: The rear slot in the tool should fit over the shift
lever stud.

b. RH Rotation Bravo One, Two, and Three Model: The forward slot in the tool
should fit over the shift lever stud.

18. If the slot does not fit over the stud, loosen the shift lever stud and slide the stud up or
down until the slot in the tool fits over the stud. When the adjustment is correct, retighten
the stud.

LH Rotation—Bravo One and Two RH Rotation—Bravo One, Two, Three
a - Adjustment tool d - Shift lever adjustment tool, rear slot
b - Barrel retainer cotter pin e - Shift lever adjustment tool, forward
¢ - Shift lever stud slot

19. Remove the adjustment tool.
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20. Ensure that all cotter pins are secure and that the cotter pins are spread to 180°.
21. Lubricate the shift cable pivot points.

Tube Ref No. Description Where Used Part No.
J 80 (m SAE Engine Oil 30W Shift cable pivot points Obtain Locally

Electrical Connections

Quick-Connect MerCathode System Connection

1. Connect the wires to the MerCathode controller assembly if they are not already
connected. Connect the male and female quick-connect terminals.

a - Orange lead—from anode on d - Brown wire—from electrode on
transom assembly (through the transom assembly (through the
quick-connect fitting) quick-connect fitting)

b - Red/purple wire—to positive (+) e - Male and female quick-connect
battery terminal terminals

¢ - Black wire—from engine harness,
if equipped, or to negative (-)
battery terminal

2. Apply a thin coat of sealant to all wire connections.

Tube Ref No. Description Where Used Part No.
C - Exposed terminals and
H 25 -
H 25 (o Liquid Neoprene connections 92- 257113
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Continuity Circuit

1. Connect the continuity circuit wire from the transom assembly to the engine. Tighten
the inner transom plate screw securely.

IMPORTANT: Do not attach any accessory ground (-) wires at the inner transom plate
grounding screw.

)

Typical
a - Flywheel housing screw ¢ - Inner transom plate grounding
b - Continuity circuit wire screw

Engine to VIP Harness
1. Route the harness so that it meets the following conditions:
. The harness does not come into contact with any moving parts.

. The harness does not come into contact with surfaces or components radiating
excessive heat.

. The harness does not rub or get pinched.
. The harness and harness connections have minimum exposure to moisture.

. The harness is mounted in the most direct route possible to minimize voltage drop
due to wire resistance.
. The harness is fastened to the boat at least every 460 mm (18 in.) using
appropriate fasteners.
NOTE: Follow all ABYC guidelines that govern the installation of signal and DC power
wiring in marine vessels.
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2. Connect both the engine to VIP harness and the engine power harness to their
respective connectors on the back of the engine. (see diagram).

24147
a - Power connector b - Engine to VIP harness connector

3. Ensure that the harness connectors are securely connected.

Neutral Safety Switch Connection

The neutral safety switch connection prevents the engine from starting while the remote
control is in either the forward or reverse gear.

A WARNING

Improperly installing the remote control can result in serious injury or death. Always
remove the jumper plug from the neutral safety connection on the engine and install it
correctly to the remote control.

1. Disconnect the jumper plug from the neutral safety switch connector located on the
engine.

a - Neutral safety switch connector
b - Jumper plug

2. Install a proper connector to the neutral switch wires leading to the remote control.
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Connect the neutral switch wires from the remote control to the neutral safety switch
connector on the engine.

a - Neutral safety switch connector
b - Proper connector for wires from the remote control
¢ - Neutral switch wires leading to the remote control

Battery Cable Connection

IMPORTANT: The sterndrive must be installed before connecting the battery. Refer to the
appropriate Mercury MerCruiser sterndrive installation manual.

IMPORTANT: Engine electrical system is negative (-) ground.

1.

Ensure that the power trim pump, the MerCathode controller, and the accessory wiring
(if equipped) are properly connected to the battery terminals.

2. Connect the battery cables to the battery by first connecting the positive (+) battery
cable (usually red) to the positive (+) battery terminal. Tighten the clamp securely.
3. Connect the negative (=) battery cable (usually black) to the negative (-) battery
terminal. Tighten the clamp securely.
4. Ensure that all of the battery terminal connections are tight. Spray the terminals with a
battery connection sealant to help retard corrosion.
5. Apply sealant to the exposed terminals and electrical connections.
Tube Ref No. Description Where Used Part No.
g - - Exposed terminals and :
H 25 (7 Liquid Neoprene connections 92- 257113

Sterndrive Installation

Install and adjust the sterndrive. Refer to the appropriate Mercury MerCruiser Sterndrive
Service Manual.
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Notes:
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Removal And Installation
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Lubricant, Sealant, Adhesives

Tube Ref No. Description Where Used Part No.

-"' Perfect Seal Engine mounting hardware threads and nuts 92-34227 1

." Liquid Neoprene Exposed terminals and connections 92- 257113

Engine Removal

A WARNING

Fuel vapors trapped in the engine compartment may be an irritant, cause difficulty
breathing, or may ignite resulting in a fire or explosion. Always ventilate the engine
compartment before servicing the power package.

A WARNING

Performing service or maintenance without first disconnecting the battery can cause
product damage, personal injury, or death due to fire, explosion, electrical shock, or
unexpected engine starting. Always disconnect the battery cables from the battery before
maintaining, servicing, installing, or removing engine or drive components.

1. Disconnect the negative (=) battery cable (usually black) from the negative (-) battery
terminal.

Disconnect the positive (+) battery cable (usually red) from the positive (+) battery
terminal.

N

Lift and detach the engine cover from the engine cover mounts.

Disconnect the engine to VIP harness from the engine wiring harness connectors.
Close the fuel shut-off valve, if equipped.

Disconnect and plug the fuel lines to prevent fuel from leaking into the bilge.
Disconnect the throttle cable and retain the fasteners.

Disconnect the shift cable from the transmission and retain the fasteners.

If the boat is to remain in the water, close the seacock, if equipped, or disconnect
and plug the seawater inlet hose.

10. Disconnect the seawater inlet hose.

11. Disconnect the exhaust system hoses if the boat is to remain in the water. Plug the
hoses and position them appropriately to prevent seawater from entering the boat.

12. Disconnect any grounding wires and accessories that are connected to the engine.

13. Disconnect the propeller shaft coupler from the transmission output flange. On models
with V-drive transmissions, remove the propeller shaft coupler.

A CAUTION

Improper lifting during removal or installation of the engine can cause injury or damage
to engine components. Use a hoist, lifting arm, or other approved lifting device. Do not
allow the lifting device to hook or compress any engine components.

© N Ok W
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14. Support the engine with a sling and lifting arm through the lifting eyes on the engine.

"\ Y - 25857

a - Front starboard side engine lifting eye (back side of engine)
b - Front port side engine lifting eye

¢ - Rear engine lifting eye

d - Sling and lifting arm

15. Remove and retain the bolts and hardware that fasten the front and rear engine mounts
to the engine bed.

Front mount shown. Rear mount bolts and hardware are similar.

a - Bolts and hardware
b - Front mount

16. Using an overhead hoist, carefully remove the engine and transmission.
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17. For transmission removal and installation procedures refer to the appropriate marine
transmission manufacturer's service manual.

Engine Installation

1. Remove the front port lifting eye access cover in the engine cover or remove the entire
engine cover to gain access to the lifting eyes.

26041

a - Engine cover ¢ - Front starboard side lifting eye
b - Front port side lifting eye access d - Rear lifting eye
cover
A CAUTION

Improper lifting during removal or installation of the engine can cause injury or damage
to engine components. Use a hoist, lifting arm, or other approved lifting device. Do not
allow the lifting device to hook or compress any engine components.

2. Attach a suitable sling and lifting arm to the engine lifting eyes and adjust so that engine
is level when suspended.

A WARNING

Failure of the lifting eyes will cause the engine to fall suddenly from the hoist, resulting
in serious injury, death, or property damage. Keep the engine level while it is hoisted. Do
not tilt the engine more than 12° in any direction during installation.
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3. Lift the engine into position in the boat using an overhead hoist.

25857

Typical

a - Front starboard engine lifting eye ¢ - Rear engine lifting eye
b - Front port engine lifting eye d - Suitable sling and lifting arm

IMPORTANT: When lowering engine into position do not set the engine on the shift cable.

4. Ensure that the mating faces on the transmission output flange and propeller shaft
coupler are clean and flat.

Centering the Propeller Shaft in the Shaft Log
Use the following method to center the propeller shaft in the shaft log.

1. Push down and then lift the shaft as far as it will move, then place the shaftin the middle
of the movement.
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2. Move the shaft to port then to starboard as far as the shaft will move. Then place the
shaft in the middle of the movement.

8242
Typical down-angle (V-drive similar)
a-Up c - Port
b - Down d - Starboard

3. With the shaft in the center of the shaft log as determined by the preceeding steps,
align the engine to the shaft. See Aligning the Engine to the Propeller Shaft.

Aligning the Engine to the Propeller Shaft

MODELS WITH ZF MARINE 8° DOWN-ANGLE TRANSMISSION OR TECHNODRIVE 485-A
TRANSMISSION
1. Position the engine on the engine bed with the transmission output flange and the

propeller shaft coupler visibly aligned so that no gap is visible between the coupling
faces when butted together.

Typical
a - Propeller shaft ¢ - Transmission output flange
b - Propeller shaft coupler

2. If necessary, adjust the engine bed height to obtain the proper alignment. Do not use
mount adjustments to adjust the engine position at this time.

IMPORTANT: The engine mounts must be installed parallel to the engine centerline to
maintain uniform mount compression.
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3. If necessary, insert wedges under the engine mounts on the engine bed or boat
stringers to keep the engine mounts parallel to the engine centerline.

14397
a - Typical wedge

IMPORTANT: Position the engine bed so that the engine has a minimum of 6 mm (1/4 in.)
up and down adjustment still exists on all four mounts. This play is necessary to allow for
final alignment.

4. Position all four mounts properly, and then fasten the mounts to the engine bed with
10 mm (3/8 in.) diameter lag bolts or thru-bolts with flat washers. Tighten the bolts
securely.

5. Disconnect the overhead hoist and remove the lifting arm and the sling.
MODELS WITH ZF MARINE V-DRIVE TRANSMISSION

1. Position the engine on the engine bed so that the propeller shaft protrudes through the
transmission and output flange. The shaft should protrude far enough for the propeller
shaft coupler to be installed.

2. Install the propeller shaft coupler and position the engine so that no gap can be seen
between the coupling faces when butted together.

ZF Marine 631V

a - Propeller shaft ¢ - Transmission output flange
b - Propeller shaft coupler d - No visible gap

IMPORTANT: The engine bed must position the engine so that a minimum of 6 mm (1/4
in.) up and down adjustment still exists on all four mounts. This play is necessary to allow
for final alignment.

3. If necessary, adjust the engine bed height to obtain the proper alignment. Do not use
mount adjustments to adjust the engine position at this time.

CMD-4082040 / 90-866941 NOVEMBER 2007 Page 2B-7



Inboard Models

4. If necessary, insert wedges under the engine mounts on the engine bed or boat
stringers to keep the engine mounts parallel to the engine centerline.

IMPORTANT: Install the engine mounts parallel to the engine centerline to maintain
uniform mount compression.

14397
a - Typical wedge

5. Position all four mounts properly, and then fasten the mounts to the engine bed with
10 mm (3/8 in.) diameter lag bolts or thru-bolts with flat washers. Tighten the bolts
securely.

6. Disconnect the overhead hoist and remove the lifting arm and sling.
Final Engine Alignment

IMPORTANT: Check the engine alignment with the boat in the water, fuel tanks filled, and
with a normal load on board.
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Align the engine so that the transmission and propeller shaft coupling centerlines are
aligned and coupling faces are parallel within 0.07 mm (0.003 in.). This requirement applies
to installations with solid couplings as well as flexible couplings.

1. Check that the coupling centerlines align by butting the propeller shaft coupler against
the transmission output flange. The shoulder on the face of the propeller shaft coupler
should engage the recess on the transmission output flange face with no resistance.

i

1 |
1

gk
L. 7621

7622
Incorrect Correct

 A——

NOTE: Some propeller shaft couplers may not have a shoulder on the mating face. On
these installations, use a straight edge fo check centerline alignment.

7623
a - Transmission output flange ¢ - Straight edge
b - Propeller shaft coupler d - Propeller shaft
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2. Check for angular misalignment by holding the coupling faces tightly together and
checking that the gap between mating faces is no greater than specified. Check the
gap at 90° intervals.

21012

Down-angle transmission V-drive transmission
a - Propeller shaft coupler ¢ - Transmission output flange
b - Feeler gauge

Coupling

Angular misalignment 0.07 mm (0.003 in.) maximum
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3. If the coupling centerlines do not align or the coupling faces are out alignment more
than specified, adjust the engine mounts. Check for the specified gap with a feeler

gauge at 90° intervals.
a. To adjust the engine up or down, loosen the locking (jam) nuts on the mounts
requiring adjustment. Turn the adjusting nuts as necessary.
IMPORTANT: Both front mount or rear mount adjusting nuts must be turned equally to
keep the engine level from side to side.

27767
Technodrive and ZF 8° down-angle transmission rear mount
a - Locknut b - Adjusting nut

b. To move engine to the left or right, loosen the locknuts on the front mounts and
Technodrive or ZF 8° down-angle transmission rear mounts and move the engine
as necessary in the mount bracket slotted holes. On the ZF V-drive transmission
trunnion mounts, loosen the trunnion clamp bolt on the mount brackets and move
the engine as necessary.
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NOTE: You can obtain a small amount of adjustment with the slot on the front end of some
mount brackets.

7939 27768
Typical front mount Technodrive and ZF 8° down-angle transmission rear
mount
a - Locknut ¢ - Mount pad

b - Slotted hole in mount bracket

IMPORTANT: The large diameter of the mount trunnion must not extend over 19 mm
(3/4 in.) from mount brackets on any of the mounts.

ZF V-drive transmission trunnion mount
a - Trunnion clamp bolt b - Mount trunnion maximum extension

4. After the engine has been properly aligned, secure the engine mounts to the engine
bed or boat stringer using the appropriate hardware and lag bolts or thru-bolts.

5. Torque the trunnion clamp bolts on the mount brackets.

Description Nm Ib. in. Ib. ft.

Trunnion clamp bolt 68 50

6. Tighten the engine mount locknuts on all mounts.

Description Nm Ib. in. Ib. ft.

Engine mount locknut 80 59
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7. Secure the coupling together with bolts, lockwashers, and nuts. Torque the bolts.

7626
V-drive transmission, 8° down-angle transmission similar

a - Bolt b - Coupling
Description Nm Ib. in. Ib. ft.
Coupling bolt and nut 68 50
a. If the propeller shaft coupler has set screws, remove the set screws and mark
dimple locations using a transfer punch.
b. To drill dimples, remove the propeller shaft coupler and drill shallow dimples at
locations marked with the transfer punch.
c. Reinstall the propeller shaft coupler and torque the coupling bolts.
d. Install the set screws and tighten securely. Connect the safety wire between the
set screws.
7627
V-drive transmission, down-angle transmission similar
a - Propeller shaft coupler d - Safety wire
b - Bolt e - Transmission output flange
¢ - Set screw
Description Nm Ib. in. Ib. ft.
Coupling bolt and nut 68 50

8. If operating in a saltwater environment, apply sealant to the threads and nuts of the
engine mounting hardware to help protect against corrosion and to permit easier
adjustment in the future.

Tube Ref No. Description Where Used Part No.
B Engine mounting hardware
H 19 (o Perfect Seal throads ang nots 92-34227 1
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Exhaust System Connections

Hot spots in exhaust hoses can damage hoses and cause leaks. Ensure that discharge
water from the exhaust elbow flows without restriction through all hoses and fittings.

IMPORTANT: Exhaust bellows, hoses, or tubes must be secured at each connection with
at least two hose clamps.

1. Connect the exhaust hoses and tubes so that they do not restrict the flow of discharge
water from the exhaust elbow.

2. Install at least two hose clamps on each exhaust hose and tube connection.
3. Tighten the exhaust system hose clamps securely.

‘ 8859

Typical
a - Exhaust elbow ¢ - Hose clamps
b - Exhaust tube or hose

Fluid Connections

Seawater Hoses

IMPORTANT: The seawater hose used must be wire-reinforced to avoid collapsing the
hose when suction is created by seawater pump impeller.

1. Connect the seawater hose from the seacock to the seawater strainer.

2. Connect the seawater hose from the seawater strainer to the seawater pump hose
connector.
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3. Tighten the hose clamps securely.

2.8 shown, 4.2 similar
a - Quicksilver seawater pickup and e - Seawater hose to engine

seacock f- Seawater pump hose connector
b - Hose clamp g - Below seawater pump level
¢ - Seawater hose to seawater

strainer

d - Quicksilver seawater strainer

Propeller Shaft Log Seal (Stuffing Box) Connections, If Equipped

Incorrectly installing the water supply hose to the shaft log seal can cause increased
exhaust system corrosion or submersion or freeze damage due to siphoning. Position
and securely fasten the water supply hose with a portion of the hose above the engine
exhaust elbows.

1. Connect the propeller shaft log seal (stuffing box) cooling hose to the barb fitting on the
end cover of the engine oil cooler.

Incorrectly installing the water supply hose to the shaft log seal can cause increased
exhaust system corrosion or submersion or freeze damage due to siphoning. Position
and securely fasten the water supply hose with a portion of the hose above the engine
exhaust elbows.
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2. Route the propeller shaft log seal hose so that a portion of the hose extends above the
top of the engine exhaust elbow. This should prevent a siphoning action when the
engine is not operating.

Propeller shaft log seal connection

a - Engine oil cooler ¢ - Propeller shaft log seal hose
b - Barb fitting

3. Securely fasten the propeller shaft log seal hose using tie straps to keep it properly
positioned.
Fuel Lines
1. Remove the protective cap or plug.
2. Connect a flexible fuel hose to the fuel inlet fitting.
3. Secure with hose clamps.

/
25717

2.8 shown, 4.2 similar
a - Fuel inlet fitting ¢ - Protective cap
b - Water-separating fuel filter
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Electrical Connections

Engine to VIP Harness
1. Route the harness so that it meets the following conditions:
. The harness does not come into contact with any moving parts.

. The harness does not come into contact with surfaces or components radiating
excessive heat.

. The harness does not rub or get pinched.
. The harness and harness connections have minimum exposure to moisture.

. The harness is mounted in the most direct route possible to minimize voltage drop
due to wire resistance.

. The harness is fastened to the boat at least every 460 mm (18 in.) using
appropriate fasteners.
NOTE: Follow all ABYC guidelines that govern the installation of signal and DC power
wiring in marine vessels.
2. Connect both the engine to VIP harness and the engine power harness to their
respective connectors on the back of the engine. (see diagram).

24147
a - Power connector b - Engine to VIP harness connector

3. Ensure that the harness connectors are securely connected.

Neutral Safety Switch Connection

The neutral safety switch connection prevents the engine from starting while the remote
control is in either the forward or reverse gear.
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A WARNING

Improperly installing the remote control can result in serious injury or death. Always
remove the jumper plug from the neutral safety connection on the engine and install it
correctly to the remote control.

1. Disconnect the jumper plug from the neutral safety switch connector located on the
engine.

- 26382
a - Neutral safety switch connector
b - Jumper plug

2. Install a proper connector to the neutral switch wires leading to the remote control.

3. Connect the neutral switch wires from the remote control to the neutral safety switch
connector on the engine.

a - Neutral safety switch connector
b - Proper connector for wires from the remote control
¢ - Neutral switch wires leading to the remote control

Battery Cable Connection
IMPORTANT: Engine electrical system is negative (-) ground.
1. Ensure that the accessory wiring (if equipped) is properly connected to the battery
terminals.

2. Connect the battery cables to the battery by first connecting the positive (+) battery
cable (usually red) to the positive (+) battery terminal. Tighten the clamp securely.
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3. Connect the negative (=) battery cable (usually black) to the negative (-) battery
terminal. Tighten the clamp securely.
4. Ensure that all of the battery terminal connections are tight. Spray the terminals with a
battery connection sealant to help retard corrosion.
5. Apply sealant to the exposed terminals and electrical connections.
Tube Ref No. Description Where Used Part No.
225 (n |Liquid Neoprene Expoii‘:];‘zrcrz'onrfs's and 92- 257113

Throttle and Shift Cable Installation and Adjustment

Throttle Cable Installation and Adjustment

IMPORTANT: When installing throttle cables, route the cables to avoid sharp bends and
to avoid contact with moving parts. Do not fasten any items to the throttle cables.

1.

Install the end guide of the throttle cable anchor stud in the third hole from the end of
the throttle position sensor (TPS) lever.

Place the remote throttle lever in the neutral and idle position.
Install the cable end guide on the throttle lever. Hand tighten the locknut only.

Install the throttle cable barrel anchor stud in the third hole from the left on the top row
of the anchor bracket. Hand tighten the locknut only.

23707
a - Throttle position sensor (TPS) d - Cable barrel
b - Throttle cable end guide e - Anchor stud
¢ - Flat washer and locknut

IMPORTANT: The engine will reach 100% WOT before the TPS reaches the mechanical
stop. Adjust the throttle cable so that the throttle position sensor does not contact the
mechanical stop at 100% WOT. Contact between the TPS at WOT and the mechanical
stop could result in premature TPS failure.

5.

If using the CDS tool to adjust the throttle cable:
a. Move the throttle lever forward until the CDS tool reads 100% WOT.

b. Adjust the throttle cable end guide and barrel anchor stud so that the throttle
position lever can move past 100% WOT but will not contact the TPS mechanical
stop.
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6. If the CDS tool is unavailable, then adjust the throttle cable as follows:
a. Move the throttle lever forward to the WOT location.

b. Measure the distance between the anchor stud on the throttle lever and the and
the center of the anchor stud on the cable barrel as shown. The distance between
them at WOT is 140 mm (5 %z in.).

a - Cable end guide anchor stud
b - Throttle cable barrel location on anchor bracket
c- 140 mm (5 '%in.)

c. Adjust the throttle cable end guide and barrel anchor stud to the dimensions
specified and ensure that the throttle position lever is not contacting the TPS WOT
mechanical stop. The engine will reach 100% WOT before the TPS reaches the
mechanical stop.

7. Tighten the locknuts until they contact the washers, then loosen 1/2 turn.

8. Place the remote control lever in the neutral and idle position. Adjust the throttle cable
barrel if the throttle position sensor did not return to the idle position.

9. Place the remote control lever fully in the forward WOT position.

10. Operate the remote control and check that the throttle position sensor lever reaches
wide-open or 100% throttle position.

Shift Cable Installation and Adjustment
See Section 8A.
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Engine Mechanical
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QSD 2.8 and 4.2 Diesel Engines

Engine Specifications

Camshaft
Camshaft
Lobe lift Exhaust 7.303 mm (0.288 in.)
Intake 6.850 mm (0.250 in.)
Front 53.495-53.510 mm (2.1061-2.1066 in.)
Journal diameter Center 53.450-53.470 mm (2.1043-2.1051 in.)
Rear 53.480-53.500 mm (2.1055-2.1062 in.)
Front 0.080-0.125 mm (0.003-0.005 in.)
Bearing clearances Center 0.080-0.150 mm (0.003-0.006 in.)
Rear 0.050-0.120 mm (0.002-0.005)
Camshaft thrust plate thickness 3.95-4.05 mm (0.155-0.159 in.)

Cylinder Head

Cylinder Head
Height
Cylinder head end spacer height

89.50-90.50 mm (3.523-3.563 in.)
89.920-90.000 mm (3.540-3.543 in.)

Cylinder Liner Diameter

Cylinder Liner Diameter

Cylinder Liner

Standard

94.015-93.995 (3.7013-3.7005 in.)

Maximum out of round

0.10 mm (0.0039 in.)

Protrusion

Cylinder Liner Protrusion

Shim to be used
(thickness)

0.15 mm (0.0059 in

Liner recess below cylinder block
(without shim)

0.10-0.13 mm (0.0039 — 0.0051 in.)
0.13-0.16 mm (0.0051-0.0063 in.)

Liner protrusion above cylinder block (with
shim)

0.20 mm (0.0078 in

Connecting Rod

0.16-0.19 mm (0.0063-0.0075 in.

0.17 mm (0.0067 in.

(
0.19-0.22 mm (0.0075-0.0087 in
0.22-0.25 mm (0.0087-0.0098 in.

)
) [0.23 mm (0.0091 in
) [0.25 mm (0.0098 in.

)
)
) 0-0.05 mm (0-0.0020 in.)
)
)

Connecting Rod

Connecting rod bearing inside diameter

53.955-53.940 mm (2.1242-2.1236 in.)

Connecting rod bearing clearance

0.022-0.076 mm (0.0008-0.0029 in.)

Allowable wear or taper |Service limit

0.01 mm (0.0004 in.)

Piston pin and bearing journal axis
deviation from parallel (measured at
100 mm 3.937 in.distance)

0.15 mm (0.006 in.)
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QSD 2.8 and 4.2 Diesel Engines

Connecting Rod

Weight (connecting rods are color coded by
weight range)

green 978-992.9 g (2.156-2.189 Ib)
blue 992.9-1007.9 g
(2.189-2.222 Ib)
white 1007.9-1022.9 g
(2.222-2.255 Ib)

(2.255-2.289 Ib)

Connecting Rod Bushing

Crankshaft

Flywheel

Head Gasket

Connecting Rod Bushing

Connecting rod bushing inner diameter

32.005-32.035 mm (1.260-1.261 in.)

Piston pin outer diameter

31.990-31.996 (1.259-1.260)

Minimum 0.009-0.045 mm (0.0004-0.0018 in.)
Clearance

Service limit 0.060 mm (0.0023 in.)
Crankshaft

Front 62.985-63.005 mm (2.4797-2.4805 in.)

Main journal outside diameter | Center

63.005-63.020 mm (2.4805-2.4810 in.)

Rear 79.985-80.000 mm (3.1490-3.1496 in.)
Main journal wear Service limit 0.1 mm (0.0039 in.)
Front 63.013-63.053 mm (2.4808-2.4824 in.)

Main bearing inside diameter |Center

63.005-63.020 (2.4805-2.4811 in.)

Rear 80.045-80.070 mm (3.1514-3.1524 in.)

Front 0.008-0.068 mm (0.0003-0.0027 in.)
Main bearing clearance Center 0.030-0.088 mm (0.0011-0.0034 in.)

Rear 0.045-.085 mm (0.0018-0.0033 in.)

Connecting rod journal outside diameter

53.940-53.955 mm (2.1236-2.1242 in.)

Maximum connecting rod journal wear

0.25 mm (0.010 in.)

Crankshaft end play (axial clearance)

0.080-0.280 mm (0.0031-0.0110 in.)

Standard

2.310-2.360 mm (0.0909-0.0929 in.)

Thrust washers First oversized

2.410-2.460 mm (0.0949-0.0969 in.)

Second oversized

2.510-2.560 mm (0.0988-0.1008 in.)

Flywheel

Ring gear teeth

119

IMPORTANT: Replacement head gaskets should be the same thickness as those removed
unless otherwise specified.
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QSD 2.8 and 4.2 Diesel Engines

Head Gasket Gasket Thickness [ Identification Notches
0.60-0.72 mir: ;0.024—0.028 1.42 mm (0.056 in.) none
Piston protrusion above cylinder | 0.73-0.82 mm (0.028-0.032 1.52 mm (0.060 in.) wo
block in.)
0.83-0.95 mi”r: 50'031‘0'037 1.62 mm (0.064 in.) one
Oil Pump
Oil Pump

Impeller height

32.487-32.500 mm 1.2790-1.2795 in.

Clearance between rotors

0.070-0.200 mm (0.0028-0.0079 in.)

Clearance between outer rotor

and housing

0.105-0.160 mm (0.004-0.006 in.)

Clearance between pump support and gear (axial)

0.15-0.25 mm (0.0059-0.0098 in.)

Inner diameter of rotor housing

58.105-58.130 mm (2.2875-2.2885 in.)

Rotor and gear coupling rolling

torque resistance

88 Nm 65 Ib. ft.

Oil Thermostat

Oil Thermostat

Minimum opening

7.8 mm (0.3071 in.)

Oil thermostat

Begins to open

80°-84° C (177-183.2 °F)

Fully open 94.5° C (202.1° F)
Piston
Piston
Outer dlameter.(measu_re 12.5 mm (0.49 in.) from the 93.898-93.912 mm (3.6967-3.6973 in.)
bottom of the piston skirt)
First compression 3.0 mm 0.1181 in.
(tapered)
Groove width Second compression 2.06-2.08 mm (0.0811-0.0818 in.)
Oil control 3.03-3.05 mm (0.1192-0.1201 in.)
Piston Rings
Piston Rings
First compression (tapered) not measured - taper
Ring to groove clearance Second compression 0.10 mm (0.0039 in.) maximum
Oil control 0.08 mm (0.0031 in.) maximum
First compression 0.50 mm (0.0196 in.)
End gap Second compression 0.50 mm (0.0196 in.)
Qil control 0.60 mm (0.0236 in.)
Rocker Arm
Rocker Arm
Rocker arm support journal diameter 24.97-25.00 mm (0.983-0.984 in.)
Bushing inside diameter 25.020-25.041 mm (0.9850-0.9842 in.)

Page 3A-6

CMD-4082040 / 90-866941 NOVEMBER 2007



QSD 2.8 and 4.2 Diesel Engines

Rocker Arm
Minimum 0.020 mm (0.0007 in.)
Clearance
Maximum 0.062 mm (0.0024 in.)
Valve
Valve
Exhaust 37.900-38.100 mm (1.492-1.500 in.)
Head diameter
Intake 40.800—41.000 mm (1.606-1.614 in.)
Exhaust 2.815 mm (0.146 in.)
Face width
Intake 3.710 mm (0.111 in.)
Exhaust 1.73 mm (0.068 in.)
Production
) Intake 1.82 mm (0.071in.)
Margin Exhaust
ice limi xhaus
Service limit (after 1.30 mm (0.051 in.)
surfacing) Intake
Exhaust 45° 30
Seat angle Production
Intake 60° 30’
Intake 7.940-7.960 mm (0.312-0.313in.)
Stem diameter
Exhaust 7.921-7.939 mm (0.312-0.313 in.)
Valve Clearance
Valve Clearance
Exhaust
Clearance Hydraulically controlled
Intake
Valve Guide
Valve Guide
Exhaust 0.093 mm (0.0036 in.)
Clearance Service limit
Intake 0.073 mm (0.0028 in.)
o ) Exhaust .
Valve guide inner diameter 8.000-8.015 mm (0.315-0.316 in.)
Intake
Exhaust
Height above spring seat counterbore o~ 1.50-2.00 mm (0.0590-0.0787 in.)
ntake
Valve Lifter
Valve Lifter
Lifter outer diameter 22.195-22.212 mm (0.8738-0.8745 in.)
Valve Seat
Valve Seat
Exhaust
Valve recession Service limit 0.3 mm (0.011 in.)
Intake
Exhaust 2.05-2.25 mm (0.080-0.088 in.)
Head surface to seat
Intake 2.17-2.37 mm (0.085-0.093 in.)
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QSD 2.8 and 4.2 Diesel Engines

Valve Spring

Valve Seat
Exhaust 38.964-38.988 (1.5340-1.5349 in.)
Counter-bore inner diameter
Intake 41.962-41.985 mm (1.6520-1.6529 in.)
Exhaust 39.050-39.066 mm (1.5375-1.5380 in.)
Seat outer diameter
Intake 42.070-42.086 mm (1.6562-1.6569 in.)
Exhaust 7.85-7.95 mm (0.309-0.313 in.)
Seat height
Intake 7.730-7.830 mm ( 0.304-0.308 in.)
Exhaust
Seat width 1.6-1.8 mm (0.062-0.070 in.)
Intake
Exhaust 45°
Seat angle
Intake 30°
Valve Spring

Free standing height

44.65 mm (1.757 in.)

Valve closed

At 32-36 kg (71-79 Ib.) pressure

38.60 mm (1.520 in.)

Valve open

At 88.8 kg—96.2 kg (197-212 Ib.) pressure

28.20 mm (1.110in.)

Spring inclination

Service limit

2 mm (0.079in.)

Lubricant, Sealant, Adhesives

Tube Ref Description Where Used Part No.
No.
Outer surfaces and ends of the valve pushrods
Rocker arm and rocker arm contact surfaces
Johnson EP Threads of t.he rocker arm §uppon studs .
E e Lube Qil pan gasket joints Obtain Locally

Valve lifters and camshaft lobes - new parts

Main bearing bores

Cylinder liner surfaces

Needle Bearing

Valve stem locks

Camshaft lobes (in a specified mixture)

Connecting rod bearings and crankshaft journal

0 | Assembly Connecting rod screw threads and the underside of the screw| 92-802868A1
Lubricant head
Rear bearing carrier thrust washer
Lower centering collars in cylinder block
: Loctite 271 . . .
H 7 -
Threadlocker Sterndrive coupler or inboard drive plate bolt 92-809819
Loctite 567 PST Oil thermostat threads 92-809822

Pipe Sealant

Oil cooler seawater drain plug

Loctite Master

Valve cover gasket

Coolant manifold gasket to cylinder head

E." Gasket Kit Coolant temperature adaptor (if equipped) and sensor threads| 92-12564 2
Timing gear cover gasket
Cylinder liner surfaces
E 51 (o 'II_'(r)n(r:g'taiilzciier Rear mount bracket screws 92-809818
Loctite 242 Oil pressure relief valve assembly threads 92-809821

Threadlocker

3
Y| Y

Loctite 290

Outer diameter of expansion plugs Obtain Locally
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QSD 2.8 and 4.2 Diesel Engines

Tube Ref
No.

Description

Where Used

Part No.

@ O

SAE Engine Oil
30W

Cylinder bores

Bolt threads and underside of bolt heads of all 12M cylinder
head bolts

Rocker arm bushing and rocker arm support journal

Valve lifter contact surfaces

Oil pump housing and the inner and outer oil pump rotor
surfaces

Idler gear assembly with bearing and idler gear bushing

Qil pickup tube O-ring

Inside of oil pressure relief valve seat and body bore and
components

Camshaft lobes (in a specified mixture)

Camshaft bearings

Outer surface of new camshaft bearings

Valve lifters

QOuter surfaces and ends of valve push rods

Crankshaft journal and connecting rod bearing surfaces

Crankshaft journal and bearing surface

Connecting rod bushing, piston pin bore, and piston pin

Cylinder bore and piston rings

Connecting rod bearings and crankshaft journal

Connecting rod crankshaft journal and rod bearing surfaces

Flywheel retaining bolts

Bearing carrier bolts and washers

Bearing bore and bearing outer surface

Bearing inner surface

Crankshaft journal main bearing surfaces

Main bearing carrier screw

Rear bearing carrier O-ring

Rear crankshaft journal and rear bearing

Piston cooling jet O-ring

Balance shaft assembly

Lower centering collars in cylinder block

Flywheel bolt threads

Obtain Locally

Engine Coupler
Spline Grease

Flywheel O-ring

92-802869A1

Loctite Moly
Paste
(Molybdenum
Disulfide
Grease)

Threads and underside of bolt heads on all 14M cylinder head

bolts

Threads on the left-hand thread crankshaft pulley nut and on the]

crankshaft pulley contact side

Obtain Locally

RTV 587 Ultra
Blue Silicone
Sealer

Qil pan flange

Lower end of the dipstick tube

92-809825

Special Tools

Crankshaft Rotation (Barring) Tool

91-898154

Used to rotate the crankshaft on assembled engines.
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QSD 2.8 and 4.2 Diesel Engines

Cylinder TDC Tool

91-898127

Gauges TDC from the injector seat with the injector removed.

Flywheel TDC Pin Tool

91-889331001

18062

Screws into the flywheel housing to locate and set engine
cylinder number 1 at TDC.

Cylinder Head Service Tool Kit

91-806563A 1

18114

Aids in the removal and installation of special triple square
cylinder head bolts.

91-58222A1

Measures gear backlash and pinion gear location.

Support Block

91-814812A 1

18117

Holds and supports a dial indicator for various measurements;
also used as a base for the dial indicator.

Cylinder Head Guide Pins

91-801333501

D)

32650

Aids in cylinder head alignment and installation.

Flywheel Holder Tool

91-895472

= )
18042

Prevents crankshaft rotation during certain service procedures;
used only with the starter removed.

Valve Lifter Tool

91-898282

Aids in the removal, installation, and alignment of the valve
lifters.
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QSD 2.8 and 4.2 Diesel Engines

Piston Ring Expander 91-24697

Expands piston rings for removal and installation.

Flywheel Assembly Guide Pins 91-898282001

% Aids in the removal and installation of the flywheel.
18120

Crankshaft Gear Cover Assembly Tool 91-801333504

Protects the crankshaft gear and bearings during crankshaft
removal and installation.

19147

Crankshaft Gear Puller 91-898210

Aids in the removal of the crankshaft gear.

18071

Bearing Removal And Installation Tool 91-801333508

D R dinstall cshaft beari g haft
emoves and Installs crankshalt bearings ana camsha

bearings
18077

Balance Shaft Installation Tool 91-898155

Aligns the counterweights on the balance shaft assembly prior
to installation.

I 17980

Cylinder Liner Puller 91-801333502

Removes the cylinder liners.

General Information

Repair Procedure Information

Some of the repairs in this section must be completed with the engine removed from the
boat. Engine removal depends upon the type of repair and boat design. Place the engine
on a repair stand for major repairs.
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QSD 2.8 and 4.2 Diesel Engines

This section primarily covers servicing the cylinder heads and engine block. Some external
components that are not mentioned in the procedural steps must be removed. Refer to
appropriate sections of this manual for complete service information concerning any
component that hinders service or repairs to the cylinder heads and engine block.

When engine removal is not required, ensure that the battery cables are disconnected at
the battery before performing any onboard repair procedures.

Lubricate all moving parts during reassembly with clean engine oil or as specified. Apply
appropriate lubricant, sealant, or adhesive to all fasteners as specified.

A CAUTION

Using compressed air can cause serious injury. Always wear eye protection when
working with compressed air to prevent injury from ruptured hoses or flying debris.

Engine Rotation

Engine rotation is described as observed from the rear of the engine (flywheel end) looking
forward (water pump end).

Propeller rotation direction is not necessarily the same as engine rotation.

IMPORTANT: All engines covered by this service manual are left-hand (LH) rotation.

12403

Left hand rotation (counter clockwise)
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QSD 2.8 and 4.2 Diesel Engines

Engine Firing Order

®
oJoJoJollo

®

@J@@@@@GE

Engine cylinder numbering

—

a- 2.8 liter
b - 4.2 liter
¢ - Flywheel housing
d - Crankshaft pulley

Engine Firing Order

2.8

1-3-4-2

4.2

1-5-3-6-2-4

Manual Engine Rotation—2.8
NOTE: Remove the screw plugs from the glow plug holes to release compression when
turning the crankshaft. Due fo their advanced computer managed fuel system, QSD mode/
engines do not use glow plugs.
1. Remove the screw plugs in the glow plug holes to release compression when turning
the crankshaft.

32499

Glow plug hole engine block screw plugs

CMD-4082040 / 90-866941
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QSD 2.8 and 4.2 Diesel Engines

2. Insert the tabs of the Crankshaft Rotation (Barring) Tool into the slots in the front of the
crankshaft pulley.

2.8 engine

a - Barring tool c - Slot
b - Crankshaft pulley

a - Barring tool ¢ - Crankshaft Pulley
b - Wrench
|Crankshaft Rotation (Barring) Tool 91-898154

3. Attach an appropriately sized socket to the Crankshaft Rotation (Barring) Tool. Turn
the engine with a large socket drive or break-over bar.

Manual Engine Rotation—4.2
The crankshaft balancer of the QSD 4.2L engine is not equipped the slots for the barring
tool. Rotate the QSD 4.2L engine by placing the appropriately sized socket on the
crankshaft balancer nut and turn the engine over with a socket drive or break-over bar.
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QSD 2.8 and 4.2 Diesel Engines

NOTE: Remove the screw plugs from the glow plug holes to release compression when
turning the crankshaft. Due fo their advanced computer managed fuel system, QSD mode/
engines do not use glow plugs.

1. Remove the glow plug hole screw plugs.

32499
Glow plug hole engine block screw plugs 2.8 shown, 4.2 similar

2. Place a 46 mm socket on the crankshaft balancer nut.

a - Crankshaft pulley nut b - Crankshaft pully

3. Rotate the engine with a large socket drive or break-over bar.
Establishing TDC (Top Dead Center)

To avoid component damage, some procedures require the engine to be set at cylinder
number 1 Top Dead Center (TDC). Other procedures require individual cylinders to be set
at TDC, such as during installation of the rocker arm assembly.

The Cylinder TDC Tool temporarily replaces the fuel injector in the selected cylinder and
uses an attached dial gauge to verify actual piston position..

Cylinder TDC Tool 91-898127

The Flywheel TDC Pin Tool engages a two-step drilling in the flywheel when cylinder
number 1 is at TDC. This tool threads into the engine block and is used during some
assembly procedures.

Flywheel TDC Pin Tool 91-889331001
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Use the Flywheel TDC Pin Tool and the following procedure to establish cylinder number
1 TDC.

1.

Remove the access plug from the upper port side of the flywheel housing.

32674

a - Flywheel housing ¢ - Access hole
b - Access plug d - Flywheel TDC Pin installed
2. On partially assembled engines:

a. Temporarily insert a push rod into both cylinder number 1 lifters.

b. Slowly rotate the crankshaft clockwise (as viewed from the water pump end
looking toward the flywheel) while watching the front-most valve push rod for
cylinder number 1 intake valve.

c. Continue to rotate the engine until after the intake valve push rod has moved up
(rocker arm went down—intake valve opened) and then the valve push rod moved
down (rocker arm came up—intake valve closed).

d. Temporarily stop rotating the crankshaft and proceed as instructed in step 4.

3. On assembled engines:

a. Remove the cylinder number 1 glow plug or the screw plug, as equipped.

b.  With a finger on the glow plug hole, slowly rotate the crankshaft clockwise until
compression is felt in cylinder number 1.

c. Temporarily stop rotating the crankshaft and proceed as instructed in step 4.

4. While looking through the access hole, slowly rotate the engine clockwise until the

Flywheel TDC Pin Tool can be inserted into the guide hole machined into the flywheel.

5. Thread the Flywheel TDC Pin Tool into the access hole until the tool's tip engages the
guide hole in the flywheel. Cylinder number 1 piston is now set at compression stroke

TDC.

[Flywheel TDC Pin Tool | 91-889331001 |
6. Make areference mark on the crankshaft pulley and timing cover to identify the cylinder

number 1 TDC position.

IMPORTANT: Remove the Flywheel TDC Pin Tool from the flywheel and housing when
the procedure is completed.

7. Remove the Flywheel TDC Pin Tool.
8. If appropriate, turn the crankshaft clockwise 180° to bring the next cylinder in the firing
order to TDC.
Firing Order
2.8 1-3-4-2
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Firing Order
4.2 | 1-5-3-6-2-4

9. Repeat step 8 if TDC needs to be established for additional cylinders.

Engine Compression Testing

A loss of engine compression causes loss of power, increased fuel consumption, rough
idle, hard starts, exhaust smoke, and engine overheating.

1. Start the engine and allow it to reach normal operating temperature.
2. Stop the engine and shut off the fuel supply.
3. Ensure that the battery is fully charged.

IMPORTANT: To achieve the cranking RPMs needed (300 RPM minimum) for a proper
compression test, it will be necessary to remove all the injectors before testing.

4. See Section 5C—Fuel Injectors. While observing the precautions listed, remove all
the fuel injectors.

5. Clean the injector bore and install the Compression Tester Adapter Tool.

Compression Tester Adapter Tool 91-881737

6. Install and torque the injector clamp.

Description Nm Ib. in. Ib. ft.

Injector clamp 24 - 18

7. Connect the compression gauge to the Compression Tester Adapter Tool and set the
gauge to zero "0" reading.

8. Operate the starter. The engine should be cranking at approximately 300 RPM
minimum.

9. Check the compression gauge reading and compare to the following specifications.

Engine compression—2.8 and 4.2

Compression at approximately 300 RPM minimum 30-32 bar (435-464 psi)

Pressure difference between cylinders 500 kPa (72 PSI) maximum

10. Remove the compression gauge and the Compression Tester Adapter Tool.

11. Readings lower than specified or pressure differences between cylinders greater than
specified indicate engine problems exist (such as faulty rings, valves, cylinders, and
pistons). See the appropriate sections. Repair as needed.

12. Ifreadings are within specifications, install the injectors in the cylinder heads from which
they were removed previously. See Section 5C—Fuel Injectors.

13. Purge the air from the injectors. See Section 5C—Fuel Injectors.

Engine Break-In
20-HOUR BREAK-IN PERIOD

IMPORTANT: The first 20 hours of operation are a break-in period for the engine. Correct
break-in is essential to obtain minimum oil consumption and maximum engine
performance. During this break-in period, observe the following rules:

* Do not operate below 1500 RPM for extended periods of time during the first 10 hours.
Advance the throttle above 1500 RPM as soon as conditions permit safe operation.

* Do not consistently operate at one speed for extended periods.

* Do not exceed 3/4 throttle during the first 10 hours, during the next 10 hours do not
operate at full throttle for more than five minutes at a time.
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* Do not accelerate at full-throttle from idle speed.
* Do not operate at full throttle until the engine reaches normal operating temperature.

* High oil consumption is normal during the break-in period. Frequently check the engine
oil level.

AFTER THE 20-HOUR BREAK-IN PERIOD
To help extend the life of your power package, Cummins MerCruiser Diesel recommends:

» Changing the engine oil and filter, and the transmission fluid on inboard models, at the
interval indicated in the Maintenance Schedule.

* Using a propeller that allows the engine to operate at the rated engine RPM when at
full throttle with a maximum boat load.

* Operating at 3/4 throttle or lower. See the duty cycle information listed in Section 1A:
Operation—Duty Cycle.

Engine Cover

Removal
1. Lift and detach the engine cover from the mounts.
T ﬂ:JHI
27326
Engine cover
Cleaning
1. Clean the cover with warm soapy water.
2. Air dry the cover.
Inspection
1. Inspect the engine cover for cracks or deterioration.
2. Inspect the rubber grommets for deterioration.
3. Inspect the hardware used with each grommet.
4. Replace damaged parts.
Installation

N

Set the engine cover over the mounts.
2. Press the engine cover down above each mount to reattach the engine cover.
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Notes:
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Valve Cover
Exploded View—2.8L Valve Cover
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Exploded View—2.8L Valve Cover

Ref. No.

Qty.

Description

Torque

Nm

Ib. In.

Ib. ft.

Hose clamps

Oil separator vent hose

Plastic plug

Valve cover plug

Valve cover

Valve cover gasket

Vent hose adapter

Valve cover screw

11.8

104

Ol |N|ojJo|~|WIN]|-~

Sealing washer

N
o

Qil fill tube adapter

-
—_

Qil fill tube extension

19.6

173

-
N

Qil fill cap

-
w

Al INIOI~]I2l2~IN]IWIAIN

Qil fill cap gasket
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Exploded View—4.2L Valve Cover
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Exploded View—4.2L Valve Cover

Ref. No.

Qty.

Description

Torque

Nm Ib. In. Ib. ft.

Valve cover gasket

Valve cover

Valve cover screw

11.8 104 -

Qil fill tube and vent assembly

19.6 173 -

Qil fill cap

Plastic valve cover plug

O-ring

Oil vent

Ol |N|ojJo|~|WIN]|-~

Oil vent hose fitting

N
o

Sealing washer

-
—_

=S ININININd]|R]2]2loININ

Oil vent tube extension
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Removal

1. Remove the engine cover.
2. Remove the oil separator vent hoses.

2.8L
a - Engine oil vent and fill cap
b - Oil separator vent hose clamp
¢ - Oil vent hose
d - Oil separator

4.2L

a - Engine oil vent and fill cap

b - Oil separator vent hose clamp
¢ - Oil vent hose

d - Oil separator
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3. Remove the bolt retaining the oil dipstick tube to circuit breaker panel.

2.8L shown, 4.2L similar
a - Retaining bolt
b - Dipstick and tube
¢ - Circuit breaker panel

4. Remove the three screws retaining the circuit breaker panel to the valve cover.

Circuit breaker panel screws

NOTE: Leave the circuit breaker panel attached to the engine wiring harness and move
aside.

5. Remove the fuel injectors. See Section 5C — Fuel Injectors.
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6. Remove the oil fill extension tube, the oil separator and vent hose adapter, and the
sealing washers.

Qil fill extension

a- Seal d - Vent tube connector
b - Oil fill cap e - Adaptor
¢ - Threaded body f- Seal

7. Remove the remaining screws retaining the valve cover to the cylinder head.

2.8 valve cover, 4.2 similar
a - Valve cover screw holes
b - Valve cover and circuit breaker panel screw holes

8. Using a rubber mallet, tap against the side of the valve cover to loosen.
9. Lift the valve cover from the heads.
Cleaning
IMPORTANT: Do not drop anything into the cylinder head openings.
1. Clean the gasket material from all sealing surfaces.
2. Clean the valve cover.
3. Clean the sealing surfaces on the cylinder head and valve cover with cleaning solvent.
4

Remove the copper sealing washer from the injectors or injector seats. See Section
5C.
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Inspection
1. Inspect the sealing surfaces for deep nicks and scratches.
2. Inspect the valve cover and vent hose connectors for damage.
3. Inspect the plastic plugs for cylinder head screw hole covers.
4. Replace or repair parts as needed.

Installation

1. Install a new valve cover gasket to the valve cover.
NOTE: A small amount of sealant can be used to hold a gasket in place during installation.

Tube Ref No. Description Where Used Part No.
H 12 (o Loctite Master Gasket Kit Valve cover gasket 92-12564 2

2. Install the valve cover on the cylinder heads.
3. Install and finger tighten the Allen head valve cover screws.

2.8 valve cover, 4.2 similar

a - Valve cover screw holes
b - Valve cover and circuit breaker panel screw holes
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4. Install and hand tighten the oil fill cap extension tube, with the oil separator and vent
hose adapter. Use new sealing washers.

Lﬂk_@ 31808

Qil fill extension

a- Seal d - Vent tube connector
b - Oil fill cap e - Adaptor
¢ - Threaded body f- Seal

5. Torque the oil fill extension tube and oil separator.

Description Nm Ib. in. Ib. ft.
Qil fill extension tube 19.6 173 -
Oil Separator 19.6 173 -

6. Install the fuel injectors. See Section 5C — Fuel Injectors.

7. Install the circuit breaker panel.
Y —

Circuit breaker panel screws
8. Install the circuit breaker panel to valve cover screws.
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9. Install the bolt retaining the oil dipstick tube to circuit breaker panel.

10. Install the oil separator vent hose on the connectors. Tighten the clamps.

2.8L shown, 4.2L similar
a - Retaining bolt

b - Dipstick and tube
¢ - Circuit breaker panel

11. Torque the valve cover screws, including the three bolts that also attach the circuit
breaker panel, starting from the middle of the valve cover, working out toward each end

of the valve cover in a diagonal pattern.

Description

Nm

Ib. in.

Ib. ft.

Valve cover screws

11.8

104

12. Install the engine cover.
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Oil Separator and Vent System
Exploded View—2.8L Oil Separator and Vent System
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Exploded View—2.8L Oil Separator and Vent System

Torque
Ref. No. Qty. Description Nm Ib. in. Ib. ft.
1 1 Engine block
2 1 Bracket
3 2 Bolt
4 2 Nut 245 - 18
5 1 Bracket
6 2 Nut 11.8 104 -
7 1 Oil Separator
8 2 Bolt 10.8 95 -
9 1 Hose, oil separator to valve cover vent
10 1 Hose, oil separator to air filter housing
11 1 Bracket
12 2 Bolt
13 2 Nut 245 - 18
14 1 Hose, oil separator to engine oil pan vent fitting
15 1 Engine oil pan vent fitting
16 2 Hose clamp
17 2 Hose clamp
18 2 Hose clamp
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Exploded View—4.2L Oil Separator and Vent System
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Exploded View—4.2L Oil Separator and Vent System

Ref. No.

Qty.

Description

Torque

Nm

Ib. in.

Ib. ft.

Engine block

Hose, oil separator to engine oil pan vent fitting

Oil Separator

Hose, oil separator to valve cover vent

Hose, oil separator to valve cover vent

Hose clamp

Nut

10.8

95

Bracket

Ol |N|ojJo|~|WIN]|-~

Bolt

11.8

104

N
o

Bracket

-
—_

Hose, oil separators to air filter housing

-
N

Hose clamp

-
w

Hose clamp

—
N

S lWINI_2,~,lOO=2INDIBAI~,]2,INND_] -

Engine oil pan vent fitting
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Removal
1. Disconnect the air cleaner vent and valve cover vent hoses from the oil separator.

4.2L
a - Oil separator
b - Valve cover vent hose
¢ - Air cleaner vent hose

2.8L

a - Oil separator
b - Valve cover vent hose
¢ - Air cleaner vent hose

2. For the 2.8L engine only, remove the air cleaner assembly
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3. Disconnect the oil drain hose from the oil separator.

4.2L

a - Oil separator
b - Retaining screws, oil separator
¢ - Oil drain hose

A > y A8RAMBSAkdOBY

2.8L

a - Oil separator
b - Retaining screws, oil separator
¢ - Qil drain hose

4. Remove the flange nut and the bolts retaining the oil separator to the engine bracket.
5. Remove the oil separator.

Cleaning

1. Put on safety glasses.

2. Wash the oil separator in cleaning solvent.

3. Dry the components with compressed air.

4. Wipe the hoses and fittings with a clean shop cloth.
Inspection

—

Inspect the hoses and the hose fittings for cracks or deterioration.
2. Inspect the oil separator for cracks or signs of leaking.
3. Replace or repair damaged parts.
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Installation

1. Attach the oil separator to the bracket.
2. Torque the retaining nuts and bolts.

Description Nm Ib. in. Ib. ft.

Oil separator flange nut

10.8 95 -

3. Install the oil drain hose to the oil separator.

1 1 AERAMBSENOE

4.2L
a - Oil separator

b - Retaining screws, oil separator
¢ - Oil drain hose

2.8L

a - Oil separator

b - Retaining screws, oil separator
¢ - Oil drain hose

4. For the 2.8L engine only, install the air cleaner assembly.
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5. Connect the air cleaner vent and valve cover vent hoses to the oil separator.

4.2L
a - Oil separator
b - Valve cover vent hose
¢ - Air cleaner vent hose

a - Oil separator
b - Valve cover vent hose
¢ - Air cleaner vent hose

6. Tighten all hose clamps securely.
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Coolant Manifold Assembly
Exploded View—2.8 Coolant Manifold Assembly
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Exploded View—2.8 Coolant Manifold Assembly

Torque
Ref. No. Qty. Description Nm Ib. in. Ib. ft.
1 1 Coolant reservoir
2 1 Hose clamp
3 1 Vent hose to coolant reservoir
4 1 Hose clamp
5 1 Coolant manifold vent pipe hollow bolt 27 - 20
6 2 Sealing washer
7 1 Turbocharger vent pipe
8 1 Turbocharger
9 2 Sealing washer
10 1 Turbocharger vent pipe hollow bolt 14.7 130 -
11 8 Flange screw 11.8 104 -
12 1 Coolant manifold
13 4 Gasket
14 1 Hose clamp
15 1 Hose
16 1 Hose clamp
17 4 Cylinder head
18 1 End cover gasket
19 4 Washer
20 4 Coolant manifold end cover screw 10.8 95 -
21 1 End cover
22 1 Sealing washer
23 1 Adapter (if equipped) 39.2 - 29
24 1 Sealing washer (if equipped)
25 1 Primary station temperature sender 19.6 173 -
26 1 Dual station temperature sender (if equipped) 19.6 173 -
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Exploded View—4.2 Coolant Manifold Assembly

2 7 31617

Page 3A-40 CMD-4082040 / 90-866941 NOVEMBER 2007



QSD 2.8 and 4.2 Diesel Engines
Exploded View—4.2 Coolant Manifold Assembly

Torque

Ref. No. Qty. Description Nm Ib. in. Ib. ft.
1 4 Coolant manifold end cover screw 10.8 95 -
2 4 Washer
3 1 End cover
4 1 Sealing Washer
5 1 Primary station temperature sender 39.2 - 28
6 2 End cover gasket
7 6 Gasket
8 1 Coolant manifold
9 4 Screw 10.8 95 -
10 4 Washer
11 12 Flange screw 11.8 104 -
12 1 Coolant manifold
13 1 Hose clamp 5.7 - 50
14 1 Hose clamp 5.7 - 50
15 1 Hose
16 1 Hose clamp 5.7 - 50
17 1 Vent hose to coolant reservoir
18 1 Hose clamp 5.7 - 50
19 2 Sealing washer
20 1 Coolant manifold vent pipe hollow bolt 27.5 - 20
21 1 Turbocharger vent pipe
22 2 Sealing washer
23 1 Turbocharger vent pipe hollow bolt 14.7 130 -
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Removal

Discharge of oil, coolant, or other engine/drive fluids into the environment is restricted by
law. Use caution not to spill oil, coolant, or other fluids into the environment when using
or servicing your boat. Be aware of the local restrictions governing the disposal or
recycling of waste, and contain and dispose of fluids as required.

1. Drain the engine coolant. Refer to Section 6A: Draining the closed cooling
system.

2. Loosen the hose clamp on the water hose at the rear of the coolant manifold where it
connects to the rear cover of the intake and exhaust manifold.

31592

2.8L shown, 4.2L similar

a - Coolant manifold
b - Coolant hose

3. Loosen the hose clamp and disconnect the vent hose to the coolant reservoir.
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4. Remove the hollow bolt and sealing washers used to retain the vent pipe on the coolant
manifold end cover.

a - Coolant vent hose
b - Hollow bolt fitting
¢ - Coolant vent pipe

NOTE: The vent pipe can remain attached to the turbocharger if it does not require
replacement.

5. Disconnect the wire terminal from the coolant temperature sender.
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Cleaning

Inspection

6. Remove the screws retaining the coolant manifold assembly to the cylinder heads.

2.8 coolant manifold
a - Coolant vent fitting
b - Screws (8)

4.2 coolant manifold
a- Screws (12)
b - Coolant vent fitting

Using a rubber mallet, tap against the side of the coolant manifold assembly to loosen
from the cylinder heads.

Remove the coolant manifold assembly.

Remove the four screws and washers and separate the end cover from the coolant
manifold.

IMPORTANT: Do not drop anything into the cylinder head openings.

1.

o ko

Discard the existing hollow bolt sealing washers.

Clean the gasket material from cylinder heads, coolant manifold flanges and end cover.
Clean the coolant manifold assembly components with cleaning solvent.

Put on safety glasses and dry the components with compressed air.

Remove all traces of oil and debris from the threaded mounting holes in the cylinder
heads for the coolant manifold assembly.

Inspect the sealing surfaces for deep nicks and scratches.
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2. Inspect the castings for cracks or corrosion that might prevent a proper seal.

w

Installation

Inspect the vent pipe, vent hose, and water hose for signs of damage.
4. Replace or repair components as needed.

1. Use a new gasket and install the end cover on the coolant manifold using the four
screws and washers. Finger-tighten the screws.
IMPORTANT: The end cover and the coolant manifold gasket flanges must align for proper
sealing on the cylinder heads. Align the flanges using a machinist straight edge as shown.
2. If removed, align the coolant manifold end cover and the coolant manifold using a
machinist straightedge and torque the coolant manifold end cover screws evenly in a
diagonal pattern.

a - Coolant manifold end cover

b - Gasket

¢ - Coolant manifold

d - Straightedge device
e - Coolant manifold end cover screw and washer (4)

Description

Nm

Ib. in.

Ib. ft.

Coolant manifold end cover screw

10.8

95

3. Place new gaskets in position on the cylinder heads.
NOTE: A small amount of sealant can be used to hold a gasket in place during installation.

Tube Ref No. Description Where Used Part No.
B . . Coolant manifold gasket to
H 12 -
{12 (o Loctite Master Gasket Kit oylinder head 92-12564 2
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4. Install the coolant manifold assembly while simultaneously positioning the water hose
onto the rear of the manifold. Finger-tighten the eight coolant manifold screws.

2.8 coolant manifold

a - Coolant vent fitting
b - Screws (8)

4.2 coolant manifold
a- Screws (12)
b - Coolant vent fitting

5. Torque the coolant manifold screws in a diagonal pattern from the center to the outer

ends.
Description Nm Ib. in. Ib. ft.
Coolant manifold screw 11.8 104 -
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6. Install the turbocharger vent pipe onto the coolant manifold using the hollow bolt and
new sealing washers. Torque the coolant manifold vent pipe hollow bolt while
simultaneously positioning the vent pipe.

Coolant vent hose hollow bolt fitting
a - Coolant vent hose from turbocharger
b - Hollow bolt fitting
¢ - Sealing washer
d - Coolant vent hose from coolant reservoir
e - Coolant manifold

Description Nm Ib. in. Ib. ft.

Coolant manifold vent pipe hollow bolt 27.5 - 20

7. Connect the vent hose to the coolant reservoir. Tighten the hose clamps.

NOTE: Dual helm applications may have an adaptor and dual station coolant temperature
sensor installed.

8. Install the coolant temperature sender adaptor (if equipped). Install the coolant
temperature sensor. Apply sealant to all threads.

Tube Ref No. Description Where Used Part No.
§ . . Coolant temperature adaptor (if
H 12 -
=-." Loctite Master Gasket Kit equipped) and sensor threads 92-12564 2

9. Torque the coolant temperature sensor adaptor (if equipped) and the coolant
temperature sensor.

Description Nm Ib. in. Ib. ft.
Coolant temperature sensor adaptor (if equipped) 39.2 - 29
Coolant temperature sensor 19.6 173 -
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10. Connect the wire terminal to the coolant temperature sender.
NOTE: Coolant manifold assembly shown with aftercooler removed for visual clarity only.

a - Coolant manifold assembly e - Vent pipe to turbocharger

b - Hose clamp f- Wire terminal

¢ - Vent hose to coolant reservoir g - Coolant manifold screw (starboard
d - Hollow bolt and sealing washers 4 shown, port 4 not visible)

11. Tighten the hose clamp on the coolant hose at the rear of the coolant manifold.

31592

2.8L shown, 4.2L similar
a - Coolant manifold
b - Coolant hose

12. See Section 6 for appropriate procedures on filling the closed cooling system and test
the engine operation.

13. Check for leaks upon first starting the engine.
Cylinder Heads

Exploded View—Cylinder Head
The QSD 2.8 and 4.2 engines each utilize one cylinder head per cylinder.

Page 3A-48 CMD-4082040 / 90-866941 NOVEMBER 2007



QSD 2.8 and 4.2 Diesel Engines

Notes:
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31813
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Exploded View—Cylinder Head

Torque
Ref. No. Qty. Description Nm Ib. in. Ib. ft.

1 8 Rocker pedestal nut 29 - 21
2 8 Valve cone (valve keeper)
3 8 Valve spring retainer
4 8 Valve spring
5 8 Plate washer
6 8 Valve.Guide (four intake, four exhaust in standard or 0.10 mm

oversize)

Cylinder head

8 Expansion plugs (two per cylinder head)
- Cylinder head identification code stamping location

10 4 Intake valve seat
11 4 Intake valve
12 4 Exhaust valve
13 4 Exhaust valve seat
14 1 Engipe coolant temperature (ECT), depending on cylinder head

location
15 1 Plug (depending on cylinder head location)
16 8 Rocker arm support stud
17 4 Strap
18 4 Rocker arm
19 8 Rocker arm
20 16 Rocker arm bushing
21 4 12M cylinder head bolt, injector side
22 4 |12M cylinder head bolt, manifold side Refer to Cy";‘r’sée'jjifg' Installation
23 10 14M cylinder head center bolt
24 5 Formed spacer washer (manifold side clamp)
25 3 Formed spacer washer (intermediate clamp)
26 4 Formed spacer washer (front and rear, end spacer)
27 2 End spacer
28 1 Oil pipe
29 4 Hollow bolt and sealing washers 10.8 95 -
30 - Injector side of cylinder head
31 4 Plug, glow plug hole 11.8 104 -
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Removal

—_—

Drain the engine coolant. See Section 6A: Draining the Closed Cooling System.

2. Remove the oil separator and vent system. See Section 3A: Oil Separator and Vent
System.

3. Remove the valve cover. See Section 3A: Valve Cover.

4. Remove the coolant manifold. See Section 3A: Coolant Manifold.

5. Remove the turbocharger. See Section 7C: Turbocharger.

6. Remove the intake and exhaust manifold. See Section 7B: Elbows, Risers and

Intake and Exhaust Manifold.

IMPORTANT: Mark or store the components to aid diagnosis and for reassembly in their
original location.

7. Mark the location of the rocker arm assemblies and cylinder heads for reassembly.
8. Remove the rocker arm oil feed pipe hollow bolts with sealing washers.

9. Remove the oil feed pipe from the cylinder heads and from the rear (starboard) of
cylinder block.

a - Oil feed pipe b - Hollow bolts with sealing washers

10. Unscrew the rocker arm support flanged nuts.
11. Remove the rocker arm assembly.

~

v 1 13676
b - Rocker arm assembly

12. Remove the valve push rods. Mark or store the components for reassembly in their
original location.

IMPORTANT: To avoid distorting the cylinder heads, remove the cylinder heads only when
the engine is cold.
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13. Note the shape and location of the formed spacer washers and the first and last cylinder
head end spacers (plates).

14. Starting at one end of the engine and using the appropriate XZN wrench from the
cylinder head service tool kit:

a. Remove the 12M cylinder head side bolts.

b. Remove all the 14M cylinder head center bolts and formed spacer washers except
for the two outer center bolts and formed spacer washers holding the two end
spacers (plates) in place.

c. Remove the two outer, center bolts and end spacers (plates).

2.8 shown, 4.2 similar

a - Formed spacer washer ¢ - 12M cylinder head side bolt
b - End spacer (plate) d - 14M cylinder head center bolt
Cylinder Head Service Tool Kit | 91-806563A 1

15. Tap on the side of the cylinder heads with a rubber mallet to loosen.

16. Remove the cylinder heads.

17. Place the cylinder heads on wooden blocks to prevent damage to the gasket surfaces.
Disassembly

1. Using a valve spring compressor, remove the valve locks, retainers, springs, and spring
plates.
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2. Remove the valves from the cylinder head and place in a rack or label the parts in order

for later reassembly in their original locations.

Cleaning
1.
2.
3.
4.
5.
6.

Inspection

GENERAL

13680

a - Typical valve spring compressor b - Valve spring and related
components

Clean the gasket material and the sealer from the engine block and cylinder head
sealing surfaces.

Clean all the carbon from the combustion chambers and valve ports using a carbon
remover brush.

Clean the carbon from valves using a wire wheel.
Wash the cylinder head and components in a cleaning solvent.

Clean the cylinder head bolt threads and engine block bolt hole threads to ensure that
no dirt, old oil, or coolant remain.

Put on safety glasses and dry the components with compressed air, including cylinder
head bolt threads and engine block bolt hole threads.

NOTE: The QSD 2.8 and 4.2 engines do not use glow plugs. Threaded plugs or inoperative
glow plugs are used to seal the glow plug holes.

IMPORTANT: Do not remove the glow plug sealing plugs unless necessary for the service
being performed.

1.

P oDN

© N oo

Inspect the glow plug holes and seats for damage.
Inspect the injector seats for damage.
Inspect all gasket surfaces for grooves or pitting.

Inspect for combustion chamber damage, such as melted aluminum caused by faulty
fuel injectors.

Inspect the rocker arm support journals for scoring.
Inspect the rocker arm bushings for excessive wear.
Ensure that the rocker pedestal guide pin is present.
Replace or repair damaged parts.
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EXPANSION PLUGS

1. Remove and replace all expansion plugs if any are leaking or damaged.

NOTE: These plugs may be removed with a sharp punch or drilled and pried out.

a - Expansion plugs
b - Rocker pedestal pin
VALVE GUIDES

1. Inspect the valve guides for cracks or chips.

2. Inspect the valve guide bores for seizure marks, carbon deposits or scoring.
3. Inspect the valve guide installed height.

Valve guide installed height (Measured from the top of the guide to the bottom of the valve spring seat)
Exhaust

7.92-7.94 mm (0.311 - 0.312in.)
7.94 - 7.96 mm (0.312 - 0.313 in.)

Intake

4. Remove the valve stem seals.
5. Insert a new valve into the valve guide.
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6. Measure valve stem clearance:

a. Measure the valve guide inner diameter with a valve guide bore gauge. Replace
the valve guide if diameter exceeds specification. .

20975

Valve guide inner diameter

Exhaust

Intake

7.99 - 8.00 mm (0.3145 - 0.3149 in.)

b. Attach a dial indicator to cylinder head. Position it against the valve stem close to

the valve guide.

c. Hold the valve head off of the seat by about 2 mm (1/16 in.). Rock the valve stem
back and forth in the directions shown. Valve stem clearance is one half the valve
stem's total range of motion. Replace the valve if clearance exceeds specification.

Valve guide maximum clearance

Exhaust 0.093 mm (0.0036 in.)
Intake 0.073 mm (0.0028 in.)
VALVE SEATS
1. Inspect the valve seats for cracks, excessive wear, and looseness in cylinder head.
2. Measure exhaust and intake valve seats. Refer to valve seat specifications.
Page 3A-56
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3. If the measured values are not as specified, recondition the valve seat. If the valve
seats cannot be repaired, it will be necessary to replace the cylinder head. Refer to
Repair—Valve Seat Reconditioning.

A\

1
5”‘

i
L—@—»,

13693

Measurements
a - Valve recession e - Seat height
b - Head surface to seat f- Seat width
¢ - Valve seat bore inner diameter g - Seat angle
d - Seat outer diameter
Valve Seats
i i Exhaust
\(alye recession (service 0.3 mm (0.01 in.)
limit) Intake
Exhaust 2.05-2.25 mm (0.080-0.088 in.)
Head surface to seat
Intake 2.17 - 2.37 mm (0.085 - 0.093 in.)
Exhaust
Seat height 7.73 - 7.83 mm (0.304 - 0.308 in.)
Intake
Exhaust
Seat width 1.6 - 1.8 mm (0.062 - 0.070 in.)
Intake
Exhaust 45°
Seat angle
Intake 30°

VALVES

1. Inspect valves for damage and warping. Replace if necessary.
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2. Measure the valve and compare to specifications. Recondition any valves that fail to
meet any of the specifications. Refer to Valve Reconditioning. Replace valves that

can not be reconditioned.

=

@~

I
@\j \/,/@
~0—

a - Stem diameter, intake valve

b - Face width, intake valve
¢ - Margin thickness, intake valve

d - Face angle, intake valve
e - Stem diameter, intake valve

®\

T

=

@—>~<—

):K/GD

|<—®—‘>| 19689

f- Face width, exhaust valve

g - Margin thickness, exhaust valve
h - Face angle, exhaust valve

i - Head diameter, intake valve

j- Head diameter, exhaust valve

Valves
Exhaust 7.93 mm (0.3122 in.)
Stem diameter
Intake 7.95 mm (0.3129in.)
Exhaust 2.640 - 2.992 mm (0.1039 - 0.1177 in.)
Face width
Intake 3.57 - 3.85 mm (0.1405 - 0.1515in.)
Margin thickness— Exhaust 1.73 mm (0.068 in.)
Production (new) Intake 1.82 mm (0.071in.)
in thi _ Exhaust
Margin thickness 1.30 mm (0.051 in.)
Service limit Intake
Exhaust 44° 30
Face angle (production)
Intake 29° 30’
Exhaust 38 mm (1.49in.)
Head diameter
Intake 41 mm (1.61in.)

VALVE SPRINGS

1. Inspect the valve springs for discoloration due to excessive heat.
2. Inspect the valve spring valve locks, the retainers, and the washer for wear, distortion,

or cracks.

3. Measure the free standing height of each spring. Replace the spring if measured value

is other than specified.
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4. Measure the spring inclination (distortion). If the measured value exceeds the specified
limit, the valve spring must be replaced.

? SN\

13694

a - Free standing height
b - Spring inclination

Valve Springs
Exhaust
Free standing height 44.65 mm (1.757 in.)
Intake
i ination— Exhaust
Spring Inclination 2.0 mm (0.079 in. or 5/64 in.)
Service limit Intake

5. Use a spring tester to measure the spring tension when the valve is open. Replace the
spring if the measured value is less than specified at the height shown.

ioS

% 13695

Valve open
a - Applied pressure
b - Height
Valve Open
Applied pressure 88.8-96.2 kg (196 - 212 Ib.)
Height 28.20 mm (1.110in.)
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6. Use a spring tester to measure the spring tension when the valve is closed. Replace
the spring if measured value is less than specified at the height shown.

P9

% 13696

Valve closed
a - Applied pressure
b - Height
Valve Closed
Applied pressure 32-36kg (71-791b.)
Height 38.60 mm (1.520 in.)

Repair
EXPANSION PLUGS
1. Apply sealant to the outer diameter of the expansion plugs.
2. Install the plugs flush to the outer surface of the cylinder head.

a - Expansion plug

Tube Ref No. Description Where Used Part No.
T 67 |Loctite 200 Outer d'am‘;tlirg‘;f expansion | 5y tain Locally
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VALVE GUIDE REPLACEMENT

Heating aluminum cylinder heads without a controlled, even heat source can result in
distorted heads, damaging the engine. If replacing valve seats or guides, heat cylinder

heads to specific temperatures at even intervals using equipment designed specifically
for that purpose.

Remove the valve stem seals.
Heat the cylinder head in an oven to 85° C (185° F).
Using a suitable drift, drive out the old guide from the underside of the cylinder head.

With the cylinder head temperature at 85° C (185° F), press the new guide in to obtain
measurement as shown.

Y @ Y
AN

7]
A D =
é ¢ )
N : 1
%
Wi \
;l/ L /A‘ 9502

a - Valve spring seat
b - Intake guide height measurement
¢ - Exhaust guide height measurement

»wnh =

l\"\
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Valve guide installed height measurement (above valve spring seat)
Exhaust 7.92 -7.94 mm (0.311 - 0.312in.)
Intake 7.94 -7.96 mm (0.312 - 0.313in.)

IMPORTANT: If the valve guide is removed replace both the valve and valve guide as a
set.

VALVE SEAT RECONDITIONING

NOTE: Several different types of equipment are available for reconditioning valve seats.
Follow the equijpment manufacturer's recommendations fo aftain proper results.

IMPORTANT: The valve guide bores must be free of all contaminants to ensure proper
pilot centering and accurate machine work.

Recondition pitted or worn valve seats to the following specified angles.

Valve seat angle

Exhaust 45°

Intake 30°
VALVE RECONDITIONING

NOTE: Various equipment is available to recondition valves. Follow the manufacturer’'s
recommendations to attain proper results.

Pitted valves can be refaced to a proper angle on a valve grinder, thus ensuring the correct
relation between the cylinder head seat and the valve mating surface.

Replace valves with excessively worn or warped valve stems. Warped valve stems will
result in ineffective valve reconditioning.
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Confirm that all reconditioned valves meet specifications. Replace valves that do not meet
specifications.

1. Recondition the valve face to the proper angle.

2. After reconditioning, measure the valve margin. Replace valves exceeding
specification.

20972

Valve margin (thickness after reconditioning)
Exhaust

Service limit 1.30 mm (0.051 in.)
Intake

CYLINDER HEAD RESURFACING

IMPORTANT: Do not resurface the cylinder heads. The cylinder heads on these marine
diesel engines are treated with a protective nickel coating to resist corrosion. Resurfacing
will remove the nickel coating allowing unacceptable corrosion.

Assembly
VALVES

NOTE: Valve stem seals are used on intake and exhaust valves.
1. Lubricate valve guides and valve stems with engine oil.
2. Install each valve in the port from which it was removed or for which it has been fitted.

3. Install the valve guide seal onto the valve stem and push down until seated against the
guide.

a - Valve stem seal
b - Seal installed on guide

4. Install the plate washer, valve spring, and the retainer on the valve stem.
5. Compress the valve spring using valve spring compressor.

NOTE: Lubricant may be used to hold valve locks in place while releasing the compressor
tool.

6. Coat the valve stem locks with lubricant to hold in place.

Tube Ref No. Description Where Used Part No.
] 4 (p Efsﬁéirﬁea“”g Assembly Valve stem locks 92-802868A1
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7. Install the valve stem locks.

9 4,
Sl &t

a - Plate washer
b - Valve spring
¢ - Retainer

d - Valve locks

13699

8. Slowly release the valve spring compressor, ensuring that the valve locks seat properly
in the valve stem groove.

CYLINDER HEAD STUDS

IMPORTANT: Some long cylinder head studs are longer than others and are used for
attaching accessories. These studs must be in the correct location before the exhaust
manifold is installed.

1. Remove the cylinder head studs when replacing the cylinder head. Note the length and
location of the studs.

2. Install the studs in the same location on the new cylinder head.

— N A~ ———

=
@O
.

a - Long cylinder head studs (lengths vary)

DETERMINING HEAD GASKET THICKNESS

The thickness of the head gasket installed on these engines is critical. Severe engine
damage may result if the head gaskets installed are too thin or too thick. Precisely
measure the appropriate engine components to select a cylinder head gasket of the
required thickness.

IMPORTANT: When cylinder heads are removed for service but pistons and cylinder liners
are not disturbed, use the same thickness gaskets that were removed. See Head Gasket
Identification.

Refer to the following procedures during a complete engine rebuild or when pistons and
liners are being replaced.

1. Use the dial indicator and Support Block tool (liner gauge bar) to measure piston height
above the cylinder block with the piston at Top Dead Center (TDC).
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2. Place the Support Block tool parallel to the cylinder center line and across the liner with
a dial indicator attached, as shown.

13701
a - Support Block tool
b - Dial indicator

c - Liner
[ Dial Indicator | 91-58222A1 |
[ support Block | 91-814812A 1 |

3. Set the dial indicator to zero degrees (0°) at the point shown on the cylinder block.

a - Dial indicator 0° point

4. Move the dial indicator to the point shown on the piston. Record the measurement.

a - Measurement point
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5. Measure the piston protrusion (height) of all pistons. Use the largest measurement to
determine the gasket thickness required for all cylinders.

Cylinder head gasket required

0.60 - 0.72 mm 0.0236 - 0.0283 in.) 1.42 mm (0.056 in.)
0.73 - 0.82 mm (0.0287 - 0.0322 in.) 1.52 mm (0.060 in.)
0.83 - 0.95 mm (0.0326 - 0.0374 in.) 1.62 mm (0.064 in.)

Piston protrusion (height)
above cylinder block

6. After determining the head gasket thickness required, identify and select the proper the
cylinder head gasket by holding the gasket with the pushrod holes up. Note the
identification marks in the lower right corner.

a. No notches indicates a thickness of 1.42 mm (0.056 in.).
b. Two notches indicates a thickness of 1.52 mm (0.060 in.).
c. One notch indicates a thickness of 1.62 mm (0.064 in.).

14501

Two notch gasket shown

a - Notches

Installation

IMPORTANT: The engine block and cylinder heads must be free of all contaminants (dirt,
old oil, gasket material, or coolant).

1. Clean the gasket surfaces on the block and heads.

IMPORTANT: To attain proper torque values the cylinder head bolt holes must be clean.
2. Clean out all bolt holes, water passages and oil passages.

3. Lubricate the cylinder bores.

Tube Ref No. Description Where Used Part No.
Em [0 SAE Engine Oil 30W Cylinder bores Obtain Locally

IMPORTANT: Cylinder head bolts may be installed as many as three times, and then must
be replaced with new bolts. Replace the cylinder head bolts if there is any uncertainty about
the number of times they have be used.

NOTE: New cylinder head bolts should already be lubricated with an anti-seizing lubricant
from the manufacturer and do not require additional lubrication.

4. Clean all existing cylinder head bolts and washers, including all formed spacer-washers
(terminal bridges, three types) and cylinder head spacers (for ends of the first and last
cylinder heads).
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5. Lubricate the bolt threads and the underside of the bolt heads of all 12M (12 mm)
cylinder head bolts.

Tube Ref No. Description Where Used Part No.
_ Bolt threads and underside of
Em 0 SAE Engine Oil 30W bolt heads of all 12M cylinder Obtain Locally
head bolts
6. Lubricate the threads and underside of bolt heads on all 14M (14 mm) cylinder head
bolts.
Tube Ref No. Description Where Used Part No.

Threads and underside of bolt

113 (o (L,a‘;tlgf) oy Paste Groasey|"6ads on all 14M cylinder head | Obtain Locally
bolts

7. Place all the parts on a clean surface or lint-free shop cloth.

IMPORTANT: Cylinder head gasket must be installed dry. Do not use any sealant or
adhesive on the gasket.

8. Position the cylinder head gasket on the cylinder block.

9. Using a screwdriver, install two Cylinder Head Guide Pins into the 12 mm bolt holes in
the gasket and cylinder block at each cylinder head location. These pins will align the
gasket and cylinder heads.

T 31858
a - Guide pins
b - Cylinder head
Cylinder Head Guide Pins 91-801333501

10. Beginning with cylinder number 1, install the cylinder heads over the guide pins.
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11. Repeat for each cylinder head and corresponding cylinder.

i @ 19690

2.8 shown, 4.2 similar
a - Cylinder head gasket
b - Guide pin locations (two at each cylinder)
¢ - Cylinder head

12. One at a time, remove the Cylinder Head Guide Pins and install the oiled 12M cylinder
head bolts, with washers, finger-tight. Do not disturb the cylinder head.

2.8 shown, 4.2 similar
a - Formed spacer washer ¢ - 12M cylinder head side bolt
b - End spacer (plate) d - 14M cylinder head center bolt
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13. Install and finger-tighten all lubricated 14M cylinder head bolts with the correct
machined clamping washers (three types) and cylinder head spacers for the ends of
the first and last cylinder heads, as shown in the following.

9606

a - Spacer, first and last cylinder head ends
b - Machined clamping washers

A H

;

_ Al i

R YN iF {5

XN Sl ouzy E0)
g N
= D
- o *, ,

JRPT | N emms
‘.j_@wjumir@m 31860

42
a - Cylinder head spacer, installed
b - Machined clamping washers, head edge
¢ - Machined clamping washers, head bridge
d - Machined clamping washers, head ends
e - Cylinder head spacer
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14. Using the appropriate wrench from the cylinder head service kit, lightly hand-tighten
the bolts in the numbered torque sequence shown.

i~ OaT O O
--— —COgla—-—" L]
@,9—--@-3—--@4—-5, ®
L 1
&2 98 o 8406
S e o eI gtr i gt
11 12 13 14 9608
2.8 torque sequence bolt numbering

a - Center (14M) bolt set
b - Side (12M) bolt set
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}—\!""F ./// \—‘ M @/f\.:ﬁ
A ! & PR !
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. @ 31859
4.2 torque sequence bolt numbering
a - Center (14M) bolt set

b - Side (12M) bolt set

Cylinder Head Service Tool Kit 91-806563A 1

15. Correctly align the cylinder heads by temporarily installing the exhaust manifold with
gaskets and finger-tighten each flange nut.

16. Slightly loosen the 12M and 14M bolts as needed to allow the cylinder heads to align.

17. Hand tighten the exhaust manifold nuts sufficiently to align the cylinder heads to the
exhaust manifold.

18. Hand tighten all 14M and 12M cylinder head bolts in the numbered torque sequence
given in step 14.
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19. 2.8 Engine: Torque the 14M center bolt set as specified and in the sequence shown.
NOTE: Do not torque the 12M side bolts at this time.

®

9608
2.8 torque sequence bolt numbering

a - Center (14M) bolt set

b - Side (12M) bolt set

Description Sequence Nm Ib. in. Ib. ft.
3-2-1-4-5-8-9-10-7-6 | First 30 - 22

2.8 center (14M) cylinder head bolts | 1-2-3-4-5-6-7-8-9-10 | Second + 65° Torque Angle
1-2-3-4-5-6-7-8-9-10 | Final + 65° Torque Angle

20. 2.8 Engine: Torque the 12M side bolt numbered sets as specified and in the sequence
shown.

®

9608

Torque sequence diagram
a - Center (14M) bolt set
b - Side (12M) bolt set

Description Sequence |Pass Nm Ib. in. Ib. ft.
11-12-13-14 |First 30 - 22
i ) 11-12-13-14 |Second + 85° Torque Angle
2.8 side (12M) cylinder head bolts -
15-16-17-18 |Third 30 - 22
15-16-17-18 [Final + 85° Torque Angle
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21. 4.2 Engine: Torque the 14M center bolt set as specified and in the sequence shown.
NOTE: Do not torque the 12M side bolts at this time.
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@ T 31859
4.2 torque sequence bolt numbering

a - Center (14M) bolt set
b - Side (12M) bolt set

3 O@@ 'é 5 \w *‘\\

Description Sequence Nm Ib. in. Ib. ft.
11-12-13-14-10-9-8-4-3-2-1-5-6-7 | First 30 - 22
4.2 center (14M) 11-12-13-14-10-9-8-4-3-2-1-5-6-7 | Second + 65° Torque Angle
cylinder head bolts
11-12-13-14-10-9-8-4-3-2-1-5-6-7 | Final + 65° Torque Angle

22. 4.2 Engine: Torque the 12M side bolt numbered sets as specified and in the sequence
shown.
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@ T 31859

4.2 torque sequence

a - Center (14M) bolt set

b - Side (12M) bolt set

Description Sequence Pass Nm Ib. in. Ib. ft.
4.2 side (12M) 15-16-17-18-19-20-21-22-23-24-25-26 | First 30 - 22
cylinder head bolts | 15.16-17-18-19-20-21-22-23-24-25-26 | Final + 85° Torque Angle
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23. Using the hollow bolts and new sealing washers, install the rocker arm oil feed pipe
onto the cylinder heads and the rear (starboard side) of the cylinder block.

a - Oil feed pipe
b - Hollow bolts with sealing washers

24. Complete the engine assembly.
25. Perform engine run-in procedure.

Torque Procedure After the First 20—-30 Minutes of Operation

The cylinder head mounting may loosen after the first operation. To avoid component or
engine failure caused by loose cylinder head mounting, apply additional angular and
conventional torque after the first operation. Tighten the cylinder head mounting bolts as
specified after the first 20-30 minutes of operation.

IMPORTANT: Observe the engine for water or coolant leaks during warm-up.

1. Operate the engine at a fast idle until the coolant temperature reaches 70° C (158° F.).
Then operate the engine at 2000 RPM for approximately 20-30 minutes at normal
operating temperature.

2. Let the engine cool down completely, overnight if possible, or until the engine coolant
temperature is less than 40° C (104° F).

3. 2.8 Engine: Individually loosen and torque each of the M14 center cylinder head bolts
in the following the sequence.

9608

2.8 torque sequence diagram

a - Center (14M) bolts
b - Side (12M) bolts

Description Sequence Nm Ib. in. Ib. ft.
1-2-3-4-5-6-7-8-9-10 | First 30 - 22
1-2-3-4-5-6-7-8-9-10 | Final + 120° Torque Angle

2.8 center (14M) cylinder head bolts

NOTE: The 12M side bolts do not require tightening again. If necessary, check the 12M
side bolts with a conventional forque wrench.
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4. 2.8 Engine: If necessary, check the torque of each 12M side bolt as indicated. Do not

loosen.
16 17 18
’“\.'-T: TG Ore—
~~~~ e - — Ol —()
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20 e @:@6.
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ﬁ .‘__\Q,———'_
14 9608

2.8 torque sequence diagram

a - Center (14M) bolt set
b - Side (12M) bolt set

Sequence Nm Ib. in. Ib. ft.

Description
90 - 66

2.8 side (12M) cylinder head bolts 11-12-13-14-15-16-17-18
5. 4.2 Engine: Individually loosen and torque each of the M14 center cylinder head bolts
in the following the sequence.
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. @ ; T 31859

4.2 torque sequence diagram

a - Center (14M) bolt set
b - Side (12M) bolt set

Description Sequence Nm Ib. in. Ib. ft.
4.2 center (14M) cylinder | 11-12-13-14-10-9-8-4-3-2-1-5-6-7 First 30 - 22
head bolts 11-12-13-14-10-9-8-4-3-2-1-5-6-7 | Final +120° Torque Angle

NOTE: The 12M side bolts do not require tightening again. If necessary, check the 12M
side bolts with a conventional torque wrench.
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Rocker Arm

Removal

Cleaning

Inspection

6. 4.2 Engine: If necessary, check the torque of each 12M side bolt as indicated. Do not
loosen.

@ @ @9 9 —

Gom G o O God

:/ﬂ - —@@, —®@ 4-____ @\@ o @@ @@
. u@@ ‘»3@@ 'é‘ ©® \w
g'jv-’“') - .M‘ A ; @ '

,.r-\.
il eee! [ .\...__._. 1

. @ - ; T 31859

4.2 torque sequence diagram

a - Center (14M) bolt set
b - Side (12M) bolt set

| ®

Description Sequence Nm Ib. in. Ib. ft.
4.2 side (12M) cylinder |45 16 17 18 19.20-21-22-23-24-25-26 90 - 66
head bolts

NOTE: When servicing the rocker arms of only one cylinder, bring that cylinder to
approximately 90° before TDC before removing the rocker arms. When servicing all rocker
arms, turn the crankshaft until cylinder number 1 piston is approximately 40°-45°, before
TDC.

1. Remove the valve covers.

IMPORTANT: Mark or store the components during removal for reassembly in their original
location.

2. Remove the rocker arm assemblies and valve push rods. Place the components in a
numbered rack according to their position in the engine or mark the parts in order for
reassembly to the original location.

1. Wash the components in cleaning solvent.
2. Put on safety glasses and dry the components with compressed air.

1. Inspect components for excessive wear, cracks or damage.

NOTE: The push rods are hollow and serve as oil galleries fo lubricate each individual
rocker arm assembly.

2. Visually inspect each pushrod for wear and deposits. Ensure that the valve pushrod oil
passage is not restricted.

3. Roll each valve pushrod on a flat surface and inspect the shaft for bends.
4. Replace all damaged parts.
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5. Using a micrometer, measure the outside diameter of the rocker arm support journals.
Replace the rocker arm support if the journal outside diameter is less than specified.

i SO
L

a - Rocker arm support journal outside diameter

da
13705

Rocker arm support journal

Outside diameter 24.97-25.00 mm (0.9830 - 0.9842 in.)

6. Using an inside micrometer, measure inside diameter of the rocker arm bushing.

O

¢

| 13706

a - Rocker arm bushing inside diameter

Rocker arm bushing

. . . 25.020 - 25.021 mm (00.9850
Inside diameter Production -0.9851n.)

7. Replace the rocker arm bushing if the difference between the bushing inside diameter
and journal outside diameter is less than or greater than specified.

Rocker arm bushing and journal clearance

Minimum 0.020 mm (0.0007 in.)
Maximum 0.062 mm (0.0024 in.)
Assembly
1. Lubricate the rocker arm bushings and rocker arm support journals.
Tube Ref No. Description Where Used Part No.
g ) . . Rocker arm bushing and rocker .
=m a SAE Engine Oil 30W arm support journal Obtain Locally

2. Install the rocker arms on the rocker arm support journals. Position as shown.
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Installation

3. Install the strap around the rocker arm assembly. Ensure that the strap is not spread
open. Otherwise the valve cover will not fit.

7 | 19712
a - Rocker arm ¢ - Strap

b - Rocker arm support

NOTE: When servicing or installing the rocker arms of only one cylinder, bring that cylinder
to approximately 90° before TDC. When servicing or installing all rocker arms, turn the
crankshatft in the direction of rotation until cylinder number 1 piston is approximately 40°-
45° before TDC.

1. Turn the crankshaft in the direction of rotation until cylinder number 1 piston is
approximately 40°-45°, before TDC.

2. Lubricate the outer surfaces and ends of the valve pushrods.

Tube Ref No. Description Where Used Part No.

D Johnson EP Lube Outer surfaces and ends of the Obtain Locally
valve pushrods

3. Lubricate the valve lifter contact surfaces.

Tube Ref No. Description Where Used Part No.

-m 0 SAE Engine Oil 30W Valve lifter contact surfaces Obtain Locally

4. Install the valve pushrods in their original locations. Ensure that the valve pushrods
seat in the lifter sockets.

5. Lubricate the rocker arm and rocker arm contact surfaces.

Tube Ref No. Description Where Used Part No.

D Johnson EP Lube Rocker arm and rocker arm Obtain Locally
contact surfaces

6. Lubricate the threads of the rocker arm support studs.

Tube Ref No. Description Where Used Part No.
. 80W Gear Lube Threads of the rocker arm Obtain Locally
support studs
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7. Install the rocker arm assembly onto the rocker arm support studs. Simultaneously align
the valve pushrods with the rocker arm sockets.

a - Rocker arm assembly ¢ - Rocker arm socket
b - Pushrod

8. Install both rocker arm support nuts on the rocker arm support. Torque the rocker arm
support nuts evenly.

{ - 16512
a - Rocker arm support nut b - Rocker arm support
Description Nm Ib. in. Ib. ft.
Rocker arm support nut 29 21

IMPORTANT: Valve lash adjustment, or valve clearance, is hydraulically controlled and
automatically set when the rocker arm support flanged nuts are properly torqued.

9. Repeat the steps for the rocker arm assembly on each cylinder. No valve lash
adjustment is required.

10. Install the valve cover and related components.

11. Check for leaks upon first operating the engine.
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2.8 Engine Front Bracket and Timing Gear Cover

Exploded View—2.8 Front Bracket Components

Page 3A-78 CMD-4082040 / 90-866941 NOVEMBER 2007



QSD 2.8 and 4.2 Diesel Engines

Exploded View—2.8 Front Bracket Components

Torque

Ref. No. Qty. Description Nm Ib. in. Ib. ft.
1 1 Serpentine belt
2 1 Automatic tensioner assembly
3 1 Automatic tensioner assembly mounting screw 78.5 - 57
4 2 Engine front bracket flange nut 245 - 18
5 1 Engine front bracket
6 2 Washer
7 2 Seawater pump mounting screw 471 - 34
8 1 Seawater pump
9 1 Seawater pump pulley
10 3 Seawater pump pulley screw 24.5 - 18
11 1 Spacer
12 1 Engine front bracket aft flange screw 471 - 34
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Exploded View—2.8 Timing Gear Cover Components
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Exploded View—2.8 Timing Gear Cover Components

Torque

Ref. No. Qty. Description Nm Ib. in. Ib. ft.
1 1 Crankshaft nut (left-hand thread) 400 - 295
2 4 Crankshaft damper Allen-head screw 324 - 24
3 1 Crankshaft damper
4 1 Crankshaft pulley
5 1 Spacer, if equipped
6 1 Timing cover seal
7 1 Flange screw 27.5 - 20
8 1 Injection pump gear cover and seal
9 13 Timing gear cover Allen-head screw 12.7 112 -
10 1 Timing gear cover assembly
11 1 Gasket
12 1 Alignment pin
13 1 Crankshaft
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2.8 Removal

1. On sterndrive models: remove the power steering pump belt. Refer to Section 9A:
Power-assisted Steering System.

2. Position a suitable tool in the automatic tensioner release slot. Move (rotate) the
tensioner pulley and remove the serpentine belt.

3. Release the automatic tensioner slowly.

a - Automatic tensioner b - Release slot

4. Remove the automatic tensioner assembly from the engine front bracket.

14520

a - Automatic tensioner assembly b - Engine front bracket

5. Close the seacock, if equipped. If the boat is not equipped with a seacock, remove and
plug the seawater inlet hose.

6. Remove the seawater pump. Refer to Section 6: Cooling System.

NOTE: The idler pulley mounting screw has a left-hand thread. Do not damage the threads
in the engine front bracket when removing or installing the idler pulley mounting screw.

7. Remove the left-hand thread idler pulley screw.

NOTE: A spacer is mounted between the engine front bracket and the timing gear cover
on the aft flange screw. Note the spacer and aft flange screw positions.
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8. Remove the two engine front bracket flange nuts and the aft flange screw with spacer.
& i g

H 14524

a - Engine front bracket flange nut ¢ - Engine front bracket aft flange
b - End of engine front bracket aft screw with spacer (not visible in this
flange screw view)

9. Remove the engine front bracket.

10. Block the rotation of the crankshaft by installing the Flywheel Holder Tool in place of
the starter motor. Refer to Section 4A: Starting System for starter removal and
installation procedures.

Flywheel Holder Tool | 91-895472

11. Remove the four screws attaching the drive belt crankshaft pulley.

32660

a - Drive belt crankshaft pulley b - Drive belt crankshaft pulley screws

12. Remove the drive belt crankshaft pulley.
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13. Remove the left-hand thread crankshaft pulley nut with a 41 mm socket.

a - Crankshaft pulley
b - Crankshaft pulley nut
¢ - Left-hand thread

14. Remove the timing gear cover screws. Note size and position of fasteners for
reassembly.

a - Timing gear cover e - Screw (13)
b - Seal f- Pin
¢ - Screw (1) g - Gasket

d - Plug and seal

15. Remove the timing gear cover assembly.
Cleaning

-_—

Remove the old gasket material from the cylinder block and timing gear cover. Be
careful not to gouge or nick the sealing surfaces.

2. Put on safety glasses.

3. Clean the crankshaft pulley contact surfaces and crankshaft nut with cleaning solvent
and dry with compressed air.

4. Clean the crankshaft threads.

5. Clean the crankshaft gear surfaces in contact with the crankshaft pulley.

6. If the timing gear cover oil seal is removed for replacement, clean the seating surface

in the cover.
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Inspection

1. Inspect the parts for cracks or damage.

2. Check the oil seal for wear or damage. Replace the oil seal if needed.
NOTE: The bore in the timing cover for the oil seal must not be worn. The oil seal must fit

securely in the cover.

Installation

IMPORTANT: Dirty oil seals can cause leaks. When fitting or replacing an oil seal, do not
touch the inside the oil seal or the oil seal lip with your bare hands or dirty gloves.

1. Using a suitable tool, replace the timing gear cover oil seal, if needed. Do not touch
inside the oil seal or touch the oil seal lip with your bare hands or with dirty gloves.

2. Apply sealant to the new timing gear cover gasket.
3. Install the timing gear cover gasket on the engine.
4. Install the timing gear cover.
5. Torque the timing gear cover flange screws evenly, in a cross pattern.
a - Timing gear cover gasket
b - Timing gear cover
¢ - Timing gear cover flange screw
d - Allen head screw
e - Oil seal
Tube Ref No. Description Where Used Part No.
E." Loctite Master Gasket Kit Timing gear cover gasket 92-12564 2
Description Nm Ib. in. Ib. ft.
Timing gear cover flange screw 12.7 112 -
6. Install the crankshaft pulley.
7. Install the Flywheel Holder Tool in place of the starter motor.
Flywheel Holder Tool 91-895472
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8. Apply lubricant to the threads of the left-hand thread crankshaft pulley nut and on the
surface of the pulley nut that contacts the crankshaft pulley.

Tube Ref No. Description Where Used Part No.
_ Loctite Molv Paste Threads on the left-hand thread
E." (mol bdenli/m disulfide grease) crankshaft pulley nut and on the Obtain Locally
y 9 crankshaft pulley contact side

9. Install and torque the left-hand thread crankshaft pulley nut.

a - Crankshaft pulley
b - Left-hand thread crankshaft pulley nut
¢ - Direction of torque

Description Nm Ib. in. Ib. ft.
Crankshaft pulley nut,left-hand thread 400 - 295

10. Install the crankshaft damper. Torque the four Allen-head crankshaft damper screws.

14464

a - Crankshaft damper
b - Crankshaft damper screws

Description Nm Ib. in. Ib. ft.

Crankshaft damper screw 324 - 24

11. Remove the Flywheel Holder Tool.

Page 3A-86 CMD-4082040 / 90-866941 NOVEMBER 2007



QSD 2.8 and 4.2 Diesel Engines

12. Install the front bracket aft flange screw with spacer onto the timing gear cover.

a - Aft flange screw
b - Spacer

13. Ensure the engine front bracket aligns with the dowel pin on the timing gear cover and

install the front bracket.
14. Install the two engine front bracket flange nuts and thread the aft flange screw into the

engine front bracket.
15. Torque the flange nuts and aft flange screw.

- i 5 .
a - Engine front bracket flange nut
b - Aft flange screw threaded into engine front bracket
¢ - Engine front bracket aft flange screw with spacer (not visible in this view)

Description Nm Ib. in. Ib. ft.
Engine front bracket flange nut 245 - 18
Engine front bracket aft flange screw 471 - 34

IMPORTANT: The idler pulley mounting screw has a left-hand thread. Do not damage the
threads in the engine front bracket.
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16. Install the idler pulley. Torque the left-hand thread mounting screw for the idler pulley.

*

14522

a - Engine front bracket

b - Idler pulley left-hand thread mounting hole
¢ - Idler pulley

d - Idler pulley mounting screw

Description Nm Ib. in. Ib. ft.
Idler pulley mounting screw, left-hand thread 471 - 34

17. Align the pin with the drilling in the engine front bracket and install the automatic
tensioner assembly. Torque the automatic tensioner mounting screw.

| 14532

a - Automatic tensioner assembly

b - Pin

¢ - Dirilling
Description Nm Ib. in. Ib. ft.
Automatic tensioner assembly mounting screw 78.5 - 57

18. Install the seawater pump. Refer to Section 6: Cooling System.

19. Position a suitable tool in the automatic tensioner release slot and move (rotate) the
tensioner pulley. Install the serpentine belt.
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20. Release the automatic tensioner slowly.

a - Automatic tensioner
b - Release slot

21. On sterndrive models: install the power steering pump belt and apply the specified
tension. Refer to Section 9A: Power-assisted Steering System.

22. Before starting the engine, open the seacock, if equipped, or remove the plug and
connect the seawater inlet hose.

23. Check for leaks when you start the engine.
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4.2 Engine Front Bracket and Timing Gear Cover
Exploded View—4.2 Front Bracket Components
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Exploded View—4.2 Front Bracket Components

Torque

Ref. No. Qty. Description Nm Ib. in. Ib. ft.
1 1 Serpentine belt
2 1 Seawater pump pulley
3 3 Seawater pump pulley screw 24.5 - 18
4 1 Seawater pump
5 2 Washer
6 2 Seawater pump mounting screw 471 - 34
7 1 Automatic tensioner assembly
8 1 Automatic tensioner assembly mounting screw 78.5 - 57
9 1 Engine front bracket
10 2 Engine front bracket aft flange screw 471 - 34
11 1 Alignment pin

CMD-4082040 / 90-866941 NOVEMBER 2007 Page 3A-91



QSD 2.8 and 4.2 Diesel Engines

Exploded View—4.2 Timing Gear Cover Components
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Exploded View—4.2 Timing Gear Cover Components

Torque

Ref. No. Qty. Description Nm Ib. in. Ib. ft.
1 1 Crankshaft damper
2 1 Crankshaft nut (left-hand thread) 400 - 295
3 6 Crankshaft damper Allen-head screw 324 - 24
4 1 Crankshaft pulley
5 1 Timing cover seal
6 1 Flange screw 27.5 - 20
7 1 Injection pump gear cover and seal
8 13 Timing gear cover Allen-head screw 12.7 112 -
9 1 Timing gear cover assembly
10 1 Gasket
11 1 Alignment pin
12 1 Crankshaft
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Removal

1. On sterndrive models: remove the power steering pump belt. Refer to Section 9A:
Power-assisted Steering System.

2. Position a suitable tool in the automatic tensioner release slot. Move (rotate) the
tensioner pulley and remove the serpentine belt.

Y ) 23256
a - Automatic tensioner
b - Release slot

3. Release the automatic tensioner slowly.
4. Remove the automatic tensioner assembly from the engine front bracket.

a - Automatic tensioner bolt
b - Tensioner and front bracket

5. Remove the alternator. Refer to Section 4B: Charging System.
6. Remove the 3 screws attaching the alternator bracket to the engine.

NOTE: Itis not necessary to completely remove the alternator bracket by detaching it from
the ECM bracket. The alternafor bracket only needs fo be loose enough to provide
clearance to remove the timing cover.
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7. Position the alternator bracket to provide clearance to remove the timing cover.

a - Alternator bracket interference
b - Alternator bracket moved for clearance

8. Close the seacock, if equipped. If the boat is not equipped with a seacock, remove and
plug the seawater inlet hose.

9. Remove the seawater pump. Refer to Section 6: Cooling System.

IMPORTANT: The idler pulley mounting screw has a left-hand thread. Do not damage the

threads in the engine front bracket when removing or installing the idler pulley mounting

screw.

10. Remove the left-hand thread idler pulley screw.

a - Idler pulley screw

b - Tensioner screw hole
¢ - Tensioner pin hole

d - Tensioner pin

11. Block the rotation of the crankshaft by installing the Flywheel Holder Tool in place of
the starter motor. Refer to Section 4A: Starting System for starter removal and

installation procedures.

Flywheel Holder Tool 91-895472
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12. Remove the crankshaft damper.

32592

a - Crankshaft damper
b - Bolt
¢ - Crankshaft pulley nut

13. Using a suitable 46 mm socket, remove the large, left-hand thread crankshaft pulley
nut.

14. Remove the crankshaft pulley.

15. Remove the timing gear cover screws. Note size and position of fasteners for
reassembly.

a - Oil seal

b - Timing gear cover flange screw (1)
¢ - Allen head screw (13)

d - Timing gear cover gasket

e - Timing gear cover

16. Remove the timing gear cover assembly.

Cleaning

1. Remove the old gasket material from the cylinder block and timing gear cover. Be
careful not to gouge or nick the sealing surfaces.

2. Put on safety glasses.

3. Clean the crankshaft pulley contact surfaces and crankshaft nut with cleaning solvent
and dry with compressed air.

4. Clean the crankshaft threads.
5. Clean the crankshaft gear surfaces in contact with the crankshaft pulley.
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6. If the timing gear cover oil seal is removed for replacement, clean the seating surface

in the cover.

Inspection

1. Inspect the parts for cracks or damage.

2. Check the oil seal for wear or damage. Replace the oil seal if needed.

NOTE: The bore in the timing cover for the oil seal must not be worn. The oil seal must fit
securely in the cover.

Installation

IMPORTANT: Dirty oil seals can cause leaks. When fitting or replacing an oil seal, do not
touch the inside the oil seal or the oil seal lip with your bare hands or dirty gloves.

1. Using a suitable tool, replace the timing gear cover oil seal, if needed. Do not touch
inside the oil seal or touch the oil seal lip with your bare hands or with dirty gloves.

2. Apply sealant to the new timing gear cover gasket.
3. Install the timing gear cover gasket on the engine.
4. Install the timing gear cover.
5. Torque the timing gear cover flange screws evenly, in a cross pattern.
a - Oil seal
b - Timing gear cover flange screw (1)
¢ - Allen head screw (13)
d - Timing gear cover gasket
e - Timing gear cover
Tube Ref No. Description Where Used Part No.
{12 (o Loctite Master Gasket Kit Timing gear cover gasket 92-12564 2
Description Nm Ib. in. Ib. ft.
Timing gear cover flange screw, short 12.7 112 -
Timing gear cover flange screw, long 27.5 - 20
6. Install the crankshaft pulley.
7. Install the Flywheel Holder Tool in place of the starter motor.
Flywheel Holder Tool 91-895472
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8. Apply lubricant to the threads of the left-hand thread crankshaft pulley nut and on the
surface of the pulley nut that contacts the crankshaft pulley.

Tube Ref No. Description Where Used Part No.
_ Loctite Molv Paste Threads on the left-hand thread
E." yraste crankshaft pulley nut and on the Obtain Locally
S (molybdenum disulfide grease) :
crankshaft pulley contact side
9. Install and torque the left-hand thread crankshaft pulley nut.
a - Crankshaft damper
b - Bolt
¢ - Crankshaft pulley nut
Description Nm Ib. in. Ib. ft.
Crankshaft pulley nut, left-hand thread 400 - 295
10. Install the crankshaft damper.
11. Torque the crankshaft damper screws.
Description Nm Ib. in. Ib. ft.
Crankshaft damper screw 324 - 24

12. Remove the Flywheel Holder Tool.
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13. Install the idler pulley. Torque the left-hand thread mounting screw for the idler pulley.

a - Idler pulley screw

b - Tensioner screw hole
¢ - Tensioner pin hole

d - Tensioner pin

Nm Ib. in. Ib. ft.
- 24

Description

Idler pulley mounting screw, left-hand thread 32.4

14. Align the pin with the drilling in the engine front bracket and install the automatic
tensioner assembly. Torque the automatic tensioner mounting screw.

a - Idler pulley screw

b - Tensioner screw hole
¢ - Tensioner pin drilling
d - Tensioner pin

Description Nm Ib. in. Ib. ft.
Automatic tensioner assembly mounting screw 78.5 - 57
15. Install the alternator bracket. Torque screws to specification.

Description Nm Ib. in. Ib. ft.
Automatic tensioner assembly mounting screw 471 - 35

16. Install the alternator. Refer to Section 4B: Charging System.
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17. Install the seawater pump. Refer to Section 6: Cooling System.

18. Position a suitable tool in the automatic tensioner release slot and move (rotate) the
tensioner pulley.

. i PR\ ) ) 23056
a - Automatic tensioner
b - Release slot

19. Install the serpentine belt.
20. Release the automatic tensioner slowly.

21. On sterndrive models: install the power steering pump belt and apply the specified
tension. Refer to Section 9A: Power-assisted Steering System.

22. Before starting the engine, open the seacock, if equipped, or remove the plug and
connect the seawater inlet hose.

23. Check for leaks when you start the engine.
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Oil Pump

2.8 QOil Flow Diagrams

OIL SUMP
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ENGINE BLOCK

AIR FILTER
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TURBOCHARGER

— CAMSHAFTBEARINGS ||  ROCKERARMSHYD [
LIFTERS
! — VALVE TRAIN |
| GEARTIMING SYSTEM |
»|  BALANCE SHAFT
A 4
QSD 2.8 Lubrication Flow with Thermostat Closed 32359

2.8 Oil thermostat closed
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> OIL PUMP » OIL FILTER
AIR FILTER
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i
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|
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v
QSD 2.8 Lubrication Flow with Thermostat Open 32360

2.8 Oil thermostat open
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4.2 Qil Flow Diagrams
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QSD 4.2 Lubrication Flow with Thermostat Open 32362
4.2 Qil thermostat open
Removal

1. Remove the timing gear cover.

NOTE: The oil pump screws may not clear the oil pump gear during removal and should
be removed with the oil pump. After the oil pump is removed, the screws can be removed
from the oil pump.

2. Loosen the three oil pump screws.

e > 15515

a - Oil pump b - Screw and lockwasher
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3. Remove the oil pump with screws and spring washers from the cylinder block.

e

16516
a- Screw ¢ - Oil pump
b - Spring washer

Cleaning
1. Disassemble and wash all parts in cleaning solvent.
2. Put on safety glasses and dry parts with compressed air.

Inspection

1. Inspect the oil pump shaft, rotors, and housing for excessive wear or damage. Replace
the oil pump assembly if excessive wear or damage is found.

Check clearance between the inner and outer oil pump rotors.
Check clearance between the outer rotor and housing.
Check the outer and inner rotor end float.

o koo

If the measured values are greater than specified, the pump is faulty and must be
replaced as a complete unit.
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6. Check the rotor and gear coupling rolling torque.

a - Shaft e - Clearance between housing and

b - Inner rotor outer rotor

¢ - Outer rotor f - Difference between height of inner
d - Clearance between rotors rotor and outer rotor seat

g - Rotor housing

Oil Pump
Clearance between rotors 0.070-0.200 mm (0.0028-0.0079 in.)
Clearance between housing and outer rotor 0.105-0.160 m.m’ ”T“‘? 0.500 m_m
(0.0041-0.0063 in., limit 0.0197 in.)
Axial clearance between gear and pump body 0.150-0.250 mm (0.0059-0.0098 in.)
Rotor height 32.487-32.500 (1.2790-1.2795 in.)
Rotor seat depth in the housing 32.403-32.406 mm (1.2757-1.2758 in.)
Difference between height of inner rotor and outer rotor seat 0.081-0.097 (0.0032-0.0035 in.)
Inside diameter of rotor housing 58.105-58.130 mm (2.287-2.288 in.)
Rotor and gear coupling rolling torque resistance 9 kgm (32.4 0z.)

Reassembly
1. Lubricate the oil pump rotor housing and the inner and outer rotor surfaces.

Tube Ref No. Description Where Used Part No.
_ Oil pump housing and the inner
m T SAE Engine Oil 30W and outer oil pump rotor Obtain Locally
surfaces
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2. Install the beveled (chamfered) end of the outer rotor towards the seat (the inside) of
the rotor housing.

19713

16555

a - Beveled (chamfered) end b - Rotor housing

Installation
1. Install the three screws and spring washers into the mounting holes on the oil pump.
2. Install the oil pump in the cylinder block.

y 16516
a- Screw ¢ - Oil pump
b - Spring washer

3. Torque the three oil pump screws evenly in a diagonal pattern.

s £ (S

~— | en— ’ oo - 15518

a - Oil pump b - Screw
Description | Nm Ib. in. Ib. ft.
Oil pump screw 27.5 20

CMD-4082040 / 90-866941 NOVEMBER 2007 Page 3A-107



QSD 2.8 and 4.2 Diesel Engines

4. Check that the oil pump gear is not in a bind by ensuring that there is some clearance
(backlash) between the crankshaft gear and oil pump gear. Check the installation if no
backlash is detected between the gears.

5. Install the timing gear cover.
Complete the engine assembly.
7. Verify oil pressure and check for leaks when you start the engine.

o

Idler Gear

Removal

1. Position the engine at cylinder number 1 TDC and lock or pin the flywheel. See
Establishing TDC (Top Dead Center).

2. Remove the timing gear cover.
3. Remove the two idler gear bushing screws.

3 m 16262

a - Idler gear bushing b - Idler gear bushing screw

4. Remove the idler gear bushing and idler gear assembly.

' <] ' - 16263
a - Idler gear bushing b - Idler gear assembly
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5. Separate the idler gear bushing from the idler gear assembly.

16276

a - Idler gear bushing b - Idler gear assembly
Cleaning
1. Wash the idler gear bushing and idler gear assembly in cleaning solvent.
2. Put on safety glasses and dry the components with compressed air.
Inspection

1. Inspect the idler gear assembly and the idler gear bushing. Replace both components
if worn or damaged.

NOTE: As an alternative fo the following method of calculating clearance, use a feeler

gauge to measure the clearance between the assembled idler gear components.

2. Measure the inner diameter of the idler gear assembly and the outer diameter of the
idler gear bushing. Replace the idler gear components if the difference between the
measurements does not meet specifications.

Idler Gear
Inner diameter of idler gear assembly 53.450-53.465 mm (2.1043-2.1049 in.)
Outer diameter of Idler gear bushing 53.500-53.519 mm (2.1063-2.1070 in.)
Minimum 0.035 mm (0.0014 in.)
Clearance
Maximum 0.089 mm (0.0035 in.)

NOTE: Perform the following procedure before removing the idler gear, or after installation,
with the adjacent crankshaft and camshaft gears in position.

3. With the idler gear installed, measure the gear backlash (clearance) between the teeth
of the idler gear and crankshaft gear using a dial indicator (appropriately mounted on
the engine block) or a feeler gauge. Turn the crankshaft at 90° intervals and measure
the gear backlash. Repeat this procedure for the idler gear and camshaft gear. Replace
the idler gear assembily if the gear backlash is more than specified at any interval.

Idler gear
Gear backlash 0.10-0.20 mm (0.0039-0.0078 in.)

4. Ifthe idler gear assembly has been replaced during assembly and gear backlash is not
within specification, refer to the appropriate procedure or section for inspecting the
crankshaft gear and camshaft gear for wear or damage.
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Installation
1. Lubricate the idler gear assembly with bearing and idler gear bushing.

Tube Ref No. Description Where Used Part No.
- : . Idler gear assembly with :
=m SAE Engine Oil 30W bearing and idler gear bushing Obtain Locally

2. Install the idler gear bushing into the idler gear assembly.

y y 16276
a - Idler gear bushing b - Idler gear assembly

3. Install the idler gear bushing and idler gear assembly. Ensure the timing marks on the
adjacent gears are properly aligned.

o\ S 0 \ 16289
a - Crankshaft and idler gear assembly timing marks aligned
b - Idler gear assembly and camshaft gear timing marks aligned
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4. Torque the 2 idler gear bushing screws.

g : 16262
a - Idler gear bushing b - Idler gear bushing screw

Description Nm Ib. in. Ib. ft.
Idler gear bushing screw 324 23

5. Remove the flywheel lock or pin tool.
6. Install the timing gear cover and related components.
7. Check for leaks when you start the engine.
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2.8 Qil Pan, Oil Pickup, and Related Components
Exploded View— 2.8 Oil Pan and Related Components
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Exploded View— 2.8 Oil Pan and Related Components

Torque

Ref. No. Qty. Description Nm Ib. in. Ib. ft.
1 2 Sealing washer
2 1 Hollow bolt 16.7 147 -
3 1 Oil drain hose
4 1 Screw 245 - 18
5 1 J-clip
6 1 Cap
7 1 Qil extraction pump (optional accessory)
8 1 Oil Pan
9 21 Oil pan screw 12.7 112 -
10 1 Drain plug 37.3 - 28
11 1 Sealing washer
12 2 Screw, M8 x 50 mm 324 - 23
13 1 Screw 12.7 112 -
14 1 Oil pickup assembly
15 1 O-Ring
16 1 Dipstick
17 1 Bolt 12.7 112 -
18 1 Dipstick tube
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Removal
OIL DIPSTICK AND TUBE
1. Remove the oil dipstick.
2. Remove the dipstick tube nut and bolt from the circuit breaker panel.

NOTE: The engine oil dipstick tube interference fits info the engine block and is held in
place by sealant. Moderate twisting of the oil dijpstick tube will break sealant adhesion and
ease removal.

3. Remove the dipstick tube.

a - Oil dipstick

b - Circuit breaker panel
¢ - Nut

d - Bolt

e - Dipstick tube

OIL DRAIN HOSE
1. Drain or pump the oil out of the engine. See the Maintenance section.

2. Remove the hollow bolt with sealing washers and disconnect the oil drain hose from
the oil pan.

a - Hollow bolt with sealing washers
b - Qil drain hose

3. Remove the J-clip flange nut and bolt from the gear lube monitor bracket.

Page 3A-114 CMD-4082040 / 90-866941 NOVEMBER 2007



QSD 2.8 and 4.2 Diesel Engines

4. Remove the oil drain hose.

16217
a - Hollow bolt with sealing washers

b - Flange nut and bolt

c - J-clip

d - Gear lube monitor bracket

e - Oil drain hose

OIL PAN
1. Drain or pump the oil out of the engine. Refer to the Maintenance section.
2. Remove the oil drain hose from the oil pan

(2O

a - Oil drain hose fitting
b - QOil drain plug
¢ - Oil pan screw

3. Remove the oil pan screws.
4. Remove the oil pan.
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OIL PICKUP

Cleaning

NOTE: The Oil pickup tube and strainer is attached to the oil splash shield with 2 nuts and
bolts. To simplify installation, remove the oil pickup and splash shield as an assembly
unless component replacement is necessary.

1. Remove the oil pickup tube to block mounting screw.

a - Oil pickup strainer

b - Oil splash shield mounting screws
¢ - Oil strainer mounting screws

d - Oil pickup tube to block screw

NOTE: The oil pickup tube is fitted info the block with an O-ring seal. Pull the oil pickup
tube straight out from the block when removing.

2. Remove the oil splash shield mounting screws.
3. Remove the oil pickup tube and strainer, and oil splash shield assembly.
4. Remove the old oil pickup tube O-ring.

a - Nut and bolt
b - O-ring

5. If component replacement is necessary, remove the nuts and bolts attaching the oil
pickup to the splash shield.

1. Clean the cylinder block bolt holes to ensure that no dirt or oil remain.
2. Clean the sealer from cylinder block and oil pan flange sealing surfaces.

3. Wash the non-rubber parts in cleaning solvent (rubber parts can be damaged by
cleaning solvents).
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4. Put on safety glasses and dry the parts with compressed air, including the cylinder
block bolt holes.

5. Clean the pick up tube seat in the cylinder block.
6. Clean the dipstick tube seat in the cylinder block.

Inspection
1. Inspect the components for fatigue cracks or damage.
2. Check all welds for leaks.
3. Replace parts if necessary.

Installation

OIL PICKUP

1. Replace the oil pickup tube O-ring.
2. Lubricate the oil pickup tube O-ring.
3. Install the oil pickup tube and strainer on the engine block and balance shaft assembly.

a - Oil pickup tube O-ring
b - Oil pickup tube and strainer
¢ - Balance shaft assembly

Tube Ref No. Description Where Used Part No.

Em [0 SAE Engine Oil 30W Oil pickup tube O-ring Obtain Locally
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4. Install the oil pickup tube and strainer screws. Torque the screws.

2 16538
a - Oil pickup tube
b - QOil pickup tube screw

¢ - Oil strainer
d - Oil strainer and balance shaft assembly screw

Description Nm Ib. in. Ib. ft.
Qil pickup tube screw 12.7 112 -
Qil strainer and balance shaft assembly screw 32.4 - 23

OIL PAN
1. Wipe off all excess oil and foreign matter from sealing surface on crankcase and oll
pan. Thoroughly degrease all sealing surfaces prior to application of sealant.

IMPORTANT: Excessive sealant can clog the pickup strainer, restricting oil flow and
damaging the engine. Apply the minimum effective amount of sealant during installation.

2. Apply a continuous bead of sealant around the oil pan flange on the inside of the bolt
holes as shown.

a - Oil pan flange
b - Continuous bead of sealant

Tube Ref No. Description Where Used Part No.
6 (o |g1Y 567 Ultra Blue Siicone Oil pan flange 92-809825

3. Install the oil pan.
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4. Install oil pan screws finger tight.

a - Oil pan screw
b - Qil pan

5. Torque the oil pan screws evenly, in a diagonal pattern.

Description Nm Ib. in. Ib. ft.

Oil pan screw 12.7 112 -

OIL DRAIN HOSE

1. Connect the oil drain hose using two new sealing washers on the oil drain hose hollow
bolt fitting.

2. Torque the oil drain hose hollow bolt.

Description Nm Ib. in. Ib. ft.
Qil drain hose hollow bolt 16.7 147 -

3. Install the protective rubber sleeve and J-clip around the oil drain hose.
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4. Attach the J-clip and oil drain hose to the gear lube monitor bracket. Torque the oil drain
hose J-clip flange nut and bolt securely.

16217

a - Oil drain hose hollow bolt with sealing washers
b - Flange nut and bolt

¢ - J-clip

d - Gear lube monitor bracket

e - Oil drain hose

Description Nm Ib. in. Ib. ft.

Oil drain hose J-clip flange nut 245 - 18

OIL DIPSTICK AND TUBE

1. Apply sealant to the lower end of the dipstick tube that fits into the engine block.

Tube Ref No. Description Where Used Part No.
] 116 (m gl;’lesrw Ultra Blue Silicone 1| \yer end of the dipstick tube 92-809825
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2. Hand press the dipstick tube into the engine block.

a - Oil dipstick

b - Circuit breaker panel
¢ - Nut

d - Bolt

e - Dipstick tube

3. Wipe off excess sealant.
4. Attach the dipstick tube to the circuit breaker panel.
5. Torque the dipstick tube flange nut.

Description Nm Ib. in. Ib. ft.
Dipstick tube flange nut 24.5 - 18

6. Install the oil dipstick.
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4.2 QOil Pan, Oil Pickup, and Related Components
Exploded View—4.2 Oil Pan and Related Components
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Exploded View—4.2 Oil Pan and Related Components

Torque
Ref. No. Qty. Description Nm Ib. in. Ib. ft.
1 1 Dipstick
2 1 O-Ring
3 1 Screw 12.7 112 -
4 1 Dipstick tube
5 1 Cap, oil extraction hose
6 1 Sleeve
7 1 J-clip
8 1 Oil extraction hose
9 1 Hollow bolt 16.7 148 -
10 2 Sealing washer
11 1 Oil Pan
12 1 Oil pan gasket
13 2 Drain plug 37.3 - 28
14 2 Sealing washer
15 21 Oil pan screw 12.7 112 -
16 1 Oil pickup assembly
17 2 Screw, M8 x 50 mm 32.4 - 23
18 1 O-ring seal
19 2 Bolt 12.7 112 -
20 1 Deflector
21 1 Oil extraction pump (accessory component)
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Removal
OIL DIPSTICK AND TUBE
1. Remove the oil dipstick.
2. Remove the dipstick tube nut and bolt from the circuit breaker panel.

NOTE: The engine oil dipstick tube interference fits info the engine block and is held in
place by sealant. Moderate twisting of the oil dijpstick tube will break sealant adhesion and
ease removal.

3. Remove the dipstick tube.

a - Oil dipstick

b - Circuit breaker panel
¢ - Nut

d - Bolt

e - Dipstick tube

OIL DRAIN HOSE
1. Drain or pump the oil out of the engine. See the Maintenance section.

2. Remove the hollow bolt with sealing washers and disconnect the oil drain hose from
the oil pan.

a - Hollow bolt with sealing washers
b - Qil drain hose

3. Remove the J-clip flange nut and bolt from the gear lube monitor bracket.
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4. Remove the oil drain hose.

16217
a - Hollow bolt with sealing washers

b - Flange nut and bolt

c - J-clip

d - Gear lube monitor bracket

e - Oil drain hose

OIL PAN
1. Drain or pump the oil out of the engine. Refer to the Maintenance section.
2. Remove the oil drain hose from the oil pan

(2O

a - Oil drain hose fitting
b - QOil drain plug
¢ - Oil pan screw

3. Remove the oil pan screws.
4. Remove the oil pan.
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OIL PICKUP

Cleaning

NOTE: The Oil pickup tube and strainer is attached to the oil splash shield with 2 nuts and
bolts. To simplify installation, remove the oil pickup and splash shield as an assembly
unless component replacement is necessary.

1. Remove the oil pickup tube to block mounting screw.

a - Oil pickup strainer

b - Oil splash shield mounting screws
¢ - Oil strainer mounting screws

d - Oil pickup tube to block screw

NOTE: The oil pickup tube is fitted into the block with an o-ring seal. Pull the oil pickup tube
straight out from the block when removing.

2. Remove the oil splash shield mounting screws.
3. Remove the oil pickup tube and strainer, and oil splash shield assembly.
4. Remove the old oil pickup tube O-ring.

a - Nut and bolt
b - O-ring

5. If component replacement is necessary, remove the nuts and bolts attaching the oil
pickup to the splash shield.

1. Clean the cylinder block bolt holes to ensure that no dirt or oil remain.
2. Clean the sealer from cylinder block and oil pan flange sealing surfaces.

3. Wash the non-rubber parts in cleaning solvent (rubber parts can be damaged by
cleaning solvents).

Page 3A-126

CMD-4082040 / 90-866941 NOVEMBER 2007



QSD 2.8 and 4.2 Diesel Engines

4. Put on safety glasses and dry the parts with compressed air, including the cylinder
block bolt holes.

5. Clean the pick up tube seat in the cylinder block.
6. Clean the dipstick tube seat in the cylinder block.

Inspection
1. Inspect the components for fatigue cracks or damage.
2. Check all welds for leaks.
3. Replace parts if necessary.
Installation
OIL PICKUP
1. Replace the oil pickup tube O-ring.
2. Lubricate the oil pickup tube O-ring.
Tube Ref No. Description Where Used Part No.
q 80 (nm SAE Engine Oil 30W Oil pickup tube O-ring Obtain Locally
3. Install the oil pickup tube and strainer.
a - Oil pickup strainer
b - Oil splash shield mounting screws
¢ - Oil strainer mounting screws
d - Oil pickup tube to block screw
4. Install the oil pickup tube and strainer screws.
5. Torque the oil pickup tube and strainer screws.
Description Nm Ib. in. Ib. ft.
Oil pickup tube screw 12.7 112 -
Oil strainer screw 324 - 23
OIL PAN

1. Inspect both the cylinder block and oil pan mating surfaces for oil , solvent, old sealant,
old gasket material, or any foreign material. Clean as necessary.

NOTE: The oil pan gasket is composed of four separate pieces. Sealant is applied at the
gasket joints to prevent leaking.
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2. Set the oil pan gasket pieces on the oil pan or the engine block (engine inverted) and
note the location of the gasket joints.

IMPORTANT: Excessive sealant can clog the pickup strainer, restricting oil flow and

damaging the engine. Apply the minimum effective amount of sealant during installation.

3. Applya 6 mm (1/8 in.) bead of sealant across the sealing surface at each oil pan
gasket joint.

a - Gasket joint detail b - Sealant application points
Tube Ref No. Description Where Used Part No.
D Dow Corning 7091 Adhesive Oil pan gasket joints Obtain Locally
Sealant

4. Inspect oil pan gasket alignment and adjust as necessary.
5. Install the oil pan.
6. Install oil pan screws finger tight.

a - Oil drain hose fitting
b - Qil drain plug
¢ - Oil pan screw

7. Torque the oil pan screws in a diagonal pattern.

Description Nm Ib. in. Ib. ft.
Oil pan screw 12.7 112 -
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OIL DRAIN HOSE

1. Connect the oil drain hose using two new sealing washers on the oil drain hose hollow

bolt.

16217

a - Oil drain hose hollow bolt with sealing washers
b - Flange nut and bolt
¢ - J-clip

d - Gear lube monitor bracket

e - Oil drain hose

2. Position the hose fitting and torque the oil drain hose hollow bolt.

Description Nm Ib. in. Ib. ft.
Oil drain hose hollow bolt 16.7 147 -
3. Install the protective rubber sleeve and J-clip around the oil drain hose.

4. Attach the J-clip and oil drain hose to the gear lube monitor bracket.

5. Torque the oil drain hose J-clip flange nut and bolt.

Description Nm Ib. in. Ib. ft.
Oil drain hose J-clip flange nut 245 - 18

OIL DIPSTICK AND TUBE

1. Apply sealant to the lower end of the dipstick tube that fits into the engine block.

Tube Ref No. Description Where Used Part No.
2116 (O gl;’le‘r’rm Ultra Blue Silicone 1| \ver end of the dipstick tube 92-809825
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2. Hand press the dipstick tube into the engine block.

a - Oil dipstick

b - Circuit breaker panel
¢ - Nut

d - Bolt

e - Dipstick tube

3. Wipe off excess sealant.
4. Attach the dipstick tube to the circuit breaker panel.
5. Torque the dipstick tube flange nut.

Description

Nm

Ib. in.

Ib. ft.

Dipstick tube flange nut

24.5

18

6. Install the oil dipstick.

Oil Pressure Relief Valve

The oil pressure relief valve (oil pressure regulator valve) is installed vertically in the

Removal

underside of the crankcase.

1. Remove the oil pan.

2. Clean any old gasket material from the area around the relief valve.

3. If removing only the relief valve and spring (or springs):

proceed to

Disassembly. Observe all precautions and perform all steps except step 1.
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4. If removing the complete pressure relief valve assembly:

a. Unscrew the oil pressure relief valve assembly from the crankcase using a suitable
tool. The tool should engage the 2 slots opposite each other on the edge of the
valve assembly.

NOTE: Locking compound is used during installation of the oil pressure relief valve
assembly. The area around the assembly may need to be heated to aid in removal.

Typical
a - Example of suitable tool ¢ - Slots
b - Valve assembly

Remove the pressure relief valve assembly from the crankcase.
Proceed to Disassembly.
Disassembly

1. If the complete assembly was removed, lock the pressure relief valve assembly in a
soft-jawed vise. .

A CAUTION

A sudden release of the oil pressure relief valve assembly can cause injury. The relief
valve cap and high pressure spring are retained by a snap-ring. Remove the snap ring
with caution and release spring pressure slowly and wear protective eye equipment to

prevent injury.
2. Push the cap in against the high pressure spring and hold. Remove snhap-ring.
3. Release spring pressure slowly.

o 2

a-Cap ¢ - Valve body
b - Snap-ring
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4. Remove the cap, springs and relief valve from the bore of the valve body.
NOTE: Some oil pressure relief valves have only one spring.

) ([

<£ $ d &

a-Cap ¢ - Spring (outer, if equipped with dual
b - Spring (inner, if equipped with dual springs)
springs) d - Relief valve
Cleaning
1. Clean any gasket sealing material from the cylinder block and oil pan flanges.
2. Wash all parts in cleaning solvent.
3. Put on safety glasses and dry the parts with compressed air.
Inspection
1. Replace the complete oil pressure valve assembly if the spring is broken.
2. Replace the complete valve assembly if the valve is badly worn or sticking in the bore.
3. Check the valve and seat to determine if pressure could be restored by lapping the
valve into the seat using a grinding paste.
4. Ensure that the valve slides freely in the valve seat and valve body when coated with
oil.
Assembly

1. Coat the inside of the oil pressure relief valve seat and body bore with lubricant.
Liberally coat the remaining components.

2. Assemble the valve, springs, and cap. Install the parts into the valve seat and body.

B (o 13772

a - Relief valve d- Cap
b - Spring (inner, if equipped with dual e - Snap-ring
springs) f- Valve seat and body
¢ - Spring (outer, if equipped with dual
springs)
Tube Ref No. Description Where Used Part No.
_ Inside of oil pressure relief valve
§m [0 SAE Engine Oil 30W seat and body bore and Obtain Locally
components

3. Push the cap in against the high-pressure spring and hold.
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4. Install the snap-ring.

Installation

1. If installing only the oil pressure relief valve and spring, or springs: see
Assembly. Observe all precautions and perform all steps with the valve body still in
the crankcase.

2. If installing the complete oil pressure relief valve assembly:

a. Apply sealant to the threads when replacing the complete oil pressure relief valve

assembly. Screw the complete assembly into the crankcase.

a - Oil pressure relief valve assembly b - Threads
Tube Ref No. Description Where Used Part No.
A - . Oil pressure relief valve .
m Loctite 242 Threadlocker assembly threads 92-809821

b. Using a suitable tool, torque the oil pressure relief valve assembly into the
crankcase.

Typical
a - Example of suitable tool ¢ - Slots
b - Oil pressure relief valve assembly
Description Nm Ib. in. Ib. ft.
Oil pressure relief valve assembly M27 x 2.5 53.9 39

3. Install the oil pan and related hardware.
4. Check for leaks when you start the engine.
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Qil Filter and Oil Cooler Assembly

Removal

1. If the boat is to remain in the water, close the seacock (if equipped) or disconnect and
plug the seawater inlet hose.

2. Drain the seawater from the cooling system.
3. Remove the seawater pump outlet hose to the oil cooler assembly.

a - Seawater pump outlet hose
b - Oil cooler seawater outlet hose
¢ - Drain plug

4. Disconnect the oil cooler seawater outlet hose from the oil cooler assembly.
5. Remove the drain plug from the aft end cover of the oil cooler.

Discharge of oil, coolant, or other engine/drive fluids into the environment is restricted by
law. Use caution not to spill oil, coolant, or other fluids into the environment when using
or servicing your boat. Be aware of the local restrictions governing the disposal or
recycling of waste, and contain and dispose of fluids as required.

6. Unscrew and remove the oil filter assembly.
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7. Remove the screw (under the oil cooler assembly) that holds the support bracket to the
cylinder block.

32535
a - Support bracket screw
b - Oil cooler

8. Remove the three flange nuts holding the oil cooler header to the cylinder block.

a - Flange nuts
b - Qil filter housing

9. Remove the oil cooler assembly and O-ring seal.

10. Remove the screw that fastens the support bracket to oil cooler and remove the support
bracket.

Disassembly
1. Remove the oil thermostat and sealing washer.
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2. Loosen the special retaining nut and remove the oil filter housing from the oil cooler
assembly.

S 13072

- M |
a - Oil filter housing
b - Special retaining nut

Remove the oil cooler front cover screws.
Remove the oil cooler front cover and O-ring.
Remove the oil cooler rear cover screws.

Remove the oil cooler rear cover. Note the position of the first O-ring, gasket and
second O-ring.

7. Slide the oil cooler insert out the front of the oil cooler. Note the position of the O-ring.

o ok~ w

10052

a- Screw d - Oil cooler insert
b - Qil cooler front cover e - Oil cooler rear cover
¢ - O-ring f- Gasket

Cleaning And Inspection

1. Clean the old gasket material and sealant from the flanges. Do not nick or gouge the
surfaces which would cause oil or seawater leaks.

2. Use an appropriate rod to clean out the insert tubes, or take the insert to a radiator shop
for cleaning.

3. Inspect each part for cracks or other damage which would render it unserviceable.
Clean and paint exterior surfaces as required to prevent corrosion.
5. Clean the cylinder block mounting surface.

»

Assembly
IMPORTANT: Do not roll or twist the 0-rings when installing around the oil cooler insert.
1. Install the O-ring against the front flange of the oil cooler insert.
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2. Slide the oil cooler insert into the front of the oil cooler.
3. Align the insert passages as shown.
4. Place the O-ring into the groove on the oil cooler front cover.
5. Install the oil cooler front cover. Torque the oil cooler front cover screws.

a - Oil cooler insert e - Passage alignment reference

b - O-ring f- Front cover O-ring (for groove of

¢ - Front flange front cover)

d - QOil cooler g - Oil cooler front cover

h - Oil cooler front cover screw

Description Nm Ib. in. Ib. ft.
Qil cooler front cover screw 24.5 - 18

6. Install the O-ring around the oil cooler insert and against the rear of the oil cooler.
7. Install the plate around the oil cooler insert.

8. Install the second O-ring around the oil cooler insert and against the plate.

9. Install the oil cooler rear cover. Torque the oil cooler rear cover screws.

-

19718
a - Oil cooler d - O-ring
b - O-ring e - Qil cooler rear cover
c - Plate f- Oil cooler rear cover screw
Description Nm Ib. in. Ib. ft.
Qil cooler rear cover screws 24.5 - 18
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10. Apply sealant to the threads of the oil thermostat.

Tube Ref No. Description Where Used Part No.
19 (m Loctite 567 PST Pipe Sealant Oil thermostat threads 92-809822

11. Install the oil thermostat using a new sealing washer. Torque the oil thermostat.

a - Sealing washer b - Oil thermostat
Description Nm Ib. in. Ib. ft.
Oil thermostat 88.3 - 65

12. If the oil cooler header (housing) was replaced, install the oil filter assembly threaded
fitting.

19716

b - QOil filter assembly threaded fitting

Installation
1. Install a new O-ring in the groove on the oil cooler header (housing).
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2. Attach the oil cooler assembly to the cylinder block.

~

- ™

a - Flange nuts
b - Oil filter housing

3. Torque the three flange nuts.

Description

Nm

Ib. in.

Ib. ft.

Oil cooler to cylinder block flange nuts

245

18

4. Hold the support bracket firmly up and against the oil cooler assembly and install and

torque the support bracket to oil cooler assembly screw.

Description Nm Ib. in. Ib. ft.
Support bracket to oil cooler screw 24.5 - 18
5. Install and torque the support bracket to cylinder block screw.
32535

a - Support bracket screw

b - Qil cooler
Description Nm Ib. in. Ib. ft.
Support bracket to cylinder block screw 24.5 - 18
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6. Install the seawater pump outlet hose to the oil cooler assembly.

a - Seawater pump outlet hose
b - Oil cooler seawater outlet hose
¢ - Drain plug

7. Connect the oil cooler seawater outlet hose.
8. Install the oil filter assembly.

9. Apply sealant to the threads and install the drain plug in the oil cooler rear cover. Torque
the drain plug.

Description Nm Ib. in. Ib. ft.
Drain plug 19.6 173 -
Tube Ref No. Description Where Used Part No.
En 0 Loctite 567 PST Pipe Sealant | Oil cooler seawater drain plug 92-809822

10. Before first starting the engine, open the seacock if equipped, or unplug and connect
the seawater inlet hose.
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Notes:
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Camshaft
Exploded View—Camshaft
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Exploded View—Camshaft

Ref. No.

Qty.

Description

Torque

Nm

Ib. In.

Ib. ft.

Bearings

Camshaft

Thrust plate

Injection pump gear

Crankshaft gear

Idler gear bolts

32.4

24

Idler gear assembly

Camshaft gear

Ol |N|ojJo|~|WIN]|-~

Camshaft thrust plate mounting screw

27.5

20

N
o

Lockwasher

-
—_

N I G I T SN RSN i (B U REENY RN QNN NN

Key

NOTE: Exploded view depicts 2.8 engine, 4.2 is similar.
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Testing—Measuring Lobe Lift

Removal

1. Remove the rocker arm assemblies.

2. Secure the dial indicator to the cylinder head so the dial indicator plunger rests inside
the push rod cup.

Dial Indicator 91-58222A1

3. Turn the crankshaft so that the camshaft lobe is at the bottom of its travel.

4. Set the dial indicator to "0" (zero).

5. Turn the crankshaft two complete revolutions while reading the dial indicator.
6. Measure all lobes of camshaft in the same manner.

IMPORTANT: Camshaft replacement will be necessary if the lobe dimensions are less
than the values specified in the following table under Service Limit.

Camshaft
) Exhaust 7.303 mm (0.2875 in.)
Production -
] Intake 6.850 mm (0.2697 in.)
Lobe lift -
o Exhaust 7.253 mm (0.2855 in.)
Service Limit
Intake 6.800 mm (0.2677 in.)

1. Turn the crankshaft to cylinder number 1 TDC of its compression stroke.
2. Remove the timing cover.
3. Remove the mechanical fuel supply pump.

IMPORTANT: Place rocker arm assemblies, valve push rods, and lifters in a rack for
reassembly in their original locations.

4. Remove the rocker arm assemblies and valve push rods.
5. Remove the valve roller lifters.

6. Remove the oil level dipstick.
7

Remove the two screws and lockwashers mounting the camshaft thrust plate on the
engine block.

& 16724
a - Camshaft gear b - Camshaft thrust plate mounting
screw with lockwasher

8. Carefully withdraw the camshaft. Take care not to damage the camshaft bearings.

9. Remove the idler gear assembly if complete engine disassembly is required, or if the
idler gear assembly is worn or damaged. See Idler Gear for procedures.
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Inspection
GENERAL

»wnh -~

5.
CAMSHAFT JOURN
1.

Inspect the contact surfaces of the valve lifters and pushrods for wear or damage.
Inspect the camshaft bearings for wear or damage.

Check the camshaft and the gear for wear or damage.

Check the idler gear assembly for wear or damage..

Replace any worn or damaged components.

AL DIAMETER

Use a micrometer to measure each camshaft journal diameter in two directions ("X-X")
and ("Y-Y"). If the measured value is less than specified, the camshaft must be
replaced.

Y

Y 13777

NOTE: Camshaft bearings are available in 0.250 mm (0.0010 in.) undersized.

Camshaft

Journal diameter

Front 53.495-53.510 mm (2.1061-2.1066 in.)
53.450-53.470 mm (2.1043-2.1051 in.)

53.480-53.500 mm (2.1055-2.1062 in.)

Center

Rear

CAMSHAFT HEIGHT

1.

Measure the total camshaft height with a micrometer. Subtract the lobe diameter. The
difference is lobe lift. If the lobe lift is less than specified, the camshaft must be replaced.

¥ ¥
AN
vy N AP

13778

a - Total camshaft height
b - Lobe diameter

c - Lobe lift

Camshaft
Exhaust 38.550-38.650 mm (1.5177-1.5216 in.)
Lobe diameter
Intake 39.450-39.550 mm (1.5531-1.5570 in.)
Exhaust 7.303 mm (0.2875) in.)
Lobe lift
Intake 6.850 mm (0.2697 in.)
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CLEARANCE BETWEEN THRUST PLATE AND CAMSHAFT
1. Measure clearance between thrust plate and camshaft.

Camshaft
Thrust plate and camshaft |Production 0.030-0.095 mm (0.0012-0.0037 in.)
clearance Wear limit 0.200 mm (0.0078 in.)

IMPORTANT: The camshaft gear must be pressed onto the shaft of the camshatt. If the

camshaft gear is removed, the gear must be heated in an oven to 180-200° C (360-390°

F) and pressed on the shaft for reassembly. After installing the proper thrust plate and

positioning the key, press the gear until it is tight against the shoulder.

2. If the measured value exceeds specification, remove and inspect the thrust plate
thickness at four opposite points. Replace the plate if the assembly clearance is less
than specified at any point.

16727

a - Camshaft thrust plate thickness b - Thickness dimension at four
opposite points

Camshaft
Camshaft thrust plate thickness | 3.95-4.05 mm (0.155-0.159 in.)

Installation
1. Install the idler gear, if previously removed. See Idler Gear.

2. Lubricate the camshaft lobes with the recommended mixture of 20% SAE 30W engine
oil and 80% Needle Bearing Assembly Lubricant, or a mixture of equivalent lubricants.

Tube Ref No. Description Where Used Part No.
B Needle Bearing Assembly Camshaft lobes (in a specified
H 4 D -
=- : Lubricant mixture) 92-802868A1
Tube Ref No. Description Where Used Part No.
280 (m | SAE Engine Oil 30W Camshatt '?T:’iifu(r'g)a specified | 5y tain Locally
3. Lubricate the camshaft bearings.
Tube Ref No. Description Where Used Part No.
J 80 (m SAE Engine Oil 30W Camshaft bearings Obtain Locally

4. Install the camshaft. Be careful not to damage the bearings.
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5. Align the timing marks on camshaft gear and idler gear as shown.

i \ 16289
a - Crankshaft and idler gear timing b - Idler gear assembly and camshaft
marks aligned timing marks aligned

6. Install the thrust plate mounting screws using the lockwashers. Torque the screws.

'd - 16724
a - Camshaft gear b - Camshaft thrust plate mounting
screw with lockwasher

Description Nm Ib. in. Ib. ft.

Camshaft thrust plate mounting screw 275 20

7. Install all other components removed in the repair process.
8. Check for leaks when you start the engine.

Camshaft Bearings

Inspection
1. Remove the camshaft.
2. Inspect the camshaft bearings. Replace the bearings if they are worn or damaged.

3. Measure the inner diameter of the camshaft bearings and compare to the camshaft
journal dimensions. Calculate the bearing clearance.

Camshaft
Front 0.030-0.095 mm (0.001-0.0037 in.)
Bearing clearance Center 0.070-0.140 mm (0.0027-0.0055 in.)
Rear 0.040-0.110 mm (0.0015-0.0043 in.)
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4. Replace the camshaft bearings if clearance is not within specifications and camshaft
journal diameters are within specifications.

5. Replace the camshaft and the camshaft bearings if lobe lift, journal diameter, or bearing
clearance are not within speciofications. See Section 3A: Engine Specifications.

Removal
NOTE: Camshaft bearings can only be removed and installed with crankshaft removed.
1. Using the Front Main Bearing and Camshaft Bearing Puller Tool with appropriate
hardware, remove the camshaft bearings into the receiver end of the tool (not shown).
13780
a - Cylinder block ¢ - Camshaft bearing bore
b - Front Main Bearing and Camshaft
Bearing Puller Tool
|Front Main Bearing and Camshaft Bearing Puller 91-801333508
Installation

1. Clean the camshaft bearing bores in the cylinder block with solvent.

2. Puton safety glasses and blow out the bearing bores with compressed air. Ensure that
the drilled oil passages are clean.

3. Lubricate the outer surface of new camshaft bearings to ease installation.

4. Align the camshaft bearing oil supply holes with the drilled oil passages in the cylinder
block.
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5. Using the Front Main Bearing and Camshaft Bearing Puller Tool with appropriate
hardware, install the new camshaft bearings.

13781

a - Special tool ¢ - Oil supply hole aligned correctly
b - Bearing
Tube Ref No. Description Where Used Part No.
T80 (0 |SAE Engine Oil 30W Outer surface of new camshaft | ) ocqly
= bearings
|Front Main Bearing and Camshaft Bearing Puller 91-801333508

6. Check the position of the oil hole in each bearing and drilling in the block to ensure that
the bearings are positioned correctly.

7. Recheck the bearing inner dimensions to verify proper installation.
8. Install the camshaft. See Camshaft.

9. Install all other components removed in the repair process.

10. Check for leaks when you start the engine.

Valve Lifters

Important Information

Removal

IMPORTANT: Camshafts and valve lifters develop matched wear patterns during engine
operation. Changing worn lifter installation location or using worn components with new
components can cause rapid and excessive wear resulting in engine component failure.
Always use a new camshaft and valve lifters whenever any of the components require
replacement.

The hydraulic roller valve lifters are held in position and prevented from rotation by special
retainers. Each cylinder head has one retainer. Exercise care when installing the retainers
to ensure that the flat portions of the lifters are properly positioned in the retainers.

1. Remove the valve covers. Refer to Section 3A: Valve Covers.

IMPORTANT: Organize storage of rocker arm assemblies, pushrods, and valve lifters in
sets for reassembly in their original locations.

2. Remove the rocker arm assemblies and valve pushrods. Keep parts in matched sets.
Refer to Section 3A: Rocker Arm.
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3. Remove the cylinder heads. Refer to Section 3A: Cylinder Heads.

4. Lift the retainer piece away from around the top of the valve lifters. Do not disturb the
valve lifters at this time.

] g
=V 3\
= _ i
. =] <ty
= I
) =

2.8 shown, 4.2 similar
a - Cylinder block

b - Valve lifter

¢ - Retainer

IMPORTANT: Worn lifters must be installed in their original position and oriented so that
the roller will operate in its original direction.

5. Insert the Valve Lifter Tool firmly into the valve lifter. Press downward on the internal
spring until the top of the tool is lower than the stop. Turn the tool 90° and remove the
valve lifter.

Valve Lifter Tool | 91-898282

6. Remove the remaining valve lifters while keeping them organized by installed location
and orientation for reassembly.

a - Cylinder block
b - Valve lifter

¢ - Retainer

d - Roller
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Cleaning

Inspection

Installation

1. Except for the valve lifters, clean the parts with cleaning solvent.
2. Put on safety glasses and dry the parts with compressed air.

3. While holding the valve lifters upright wipe them with a clean, oil-saturated, lint-free
cloth. Store the lifters upright.

1. Inspect the valve push rod seat. If the valve push rod seat is scuffed or worn, inspect
the valve push rod.

2. Inspect the outer valve lifter body wall. If the wall is scuffed or worn, inspect the engine
block valve lifter bore.

3. Inspect the roller of the valve lifter. If the roller is scuffed or worn, inspect the camshaft
lobe.

4. Measure the outer diameter of the valve lifter. If the value is less than specified, replace
the valve lifter.

Valve lifter
Outer diameter 22.195 - 22.212mm (0.8738 - 0.8745 in.)

5. Inspect all parts carefully. If any parts are damaged or worn, the entire valve lifter
assembly must be replaced.

IMPORTANT: Camshafts and valve lifters develop matched wear patterns during engine
operation. Changing worn lifter installation location or using worn components with new
components can cause rapid and excessive wear resulting in engine component failure.
Always use a new camshaft and valve lifter set whenever any of the components require
replacement.

IMPORTANT: Before installation, coat the entire valve lifter with engine oil. If installing a
new camshaft and valve lifters, coat the valve lifters and camshaft with an oil additive
containing EP lube.

1. Drain all of the residual oil in the valve lifter out of the drain hole in the valve lifter by
compressing the valve lifter using the Valve Lifter Tool.

[Valve Lifter Tool 91-898282

2. When installing worn components, coat the entire valve lifter with engine oil.

Tube Ref No. Description Where Used Part No.

H 80 (m SAE Engine Oil 30W Valve lifters Obtain Locally

3. When installing new components, coat the valve lifters and camshaft with an oil
additive containing EP lube.

Tube Ref No. Description Where Used Part No.
D Johnson EP Lube, or equivalent Valve lifters and camshaft lobes Obtain Locally
- new parts

NOTE: Camshafts and valve lifters develop matched wear patterns during engine
operation. Changing worn lifter installation location or using worn components with new
components can cause rapid and excessive wear resulting in engine component failure.
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4. Install the valve lifters in their bores in the order of removal using the Valve Lifter Tool.
Align the matching marks made prior to disassembly. Ensure that the valve lifter drain
hole is pointing toward the crankshaft.

19781
a - Drain hole b - Valve Lifter Tool

a - Cylinder block c - Retainer
b - Valve lifter

Valve Lifter Tool 91-898282
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5. Install the valve lifter retainers.

a - Cylinder head

b - Valve lifter

¢ - Retainer

d - Valve lifter roller

a - Cylinder block
b - Installed retainer

6. Lubricate and install the valve pushrods. Ensure that the valve pushrod properly seats
in the lifter socket.

Tube Ref No. Description Where Used Part No.
Em 0 SAE Engine Oil 30W Valve lifters Obtain Locally

7. Install new cylinder head gaskets with the cylinder heads. Refer to Section 3A:
Cylinder Heads.

8. Install the rocker arm assemblies. Refer to Section 3A: Rocker Arm.
9. Install the valve covers. Refer to Section 3A: Valve Covers.

IMPORTANT: Engine oil should be changed and a new oil filter be installed whenever
servicing valve lifters or camshaft.

10. Change the engine oil and filter.
11. Check for leaks when you start the engine.
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Valve Push Rods

Removal
1. Remove the valve covers.
IMPORTANT: Organize rocker arm assemblies and valve push rods in a rack for
reassembly in their original locations.
2. Remove the rocker arm assembilies.
3. Lift the valve push rods from their seat in the valve lifter.
a - Valve push rod b - Valve lifter seat (not visible here)
Cleaning
1. Clean the rocker arm assemblies and push rods.
2. Clean the valve push rod oil passages.
3. Put on safety glasses and dry the components with compressed air.
Inspection
1. Inspect all contact surfaces for excessive wear or scoring.
2. Ensure that the valve push rod oil passage is not restricted.
3. Inspect the shaft for bends by rolling the valve push rod on a flat surface.
4. Replace all damaged parts.
Installation

1. Lubricate the outer surfaces and ends of valve push rods.

Tube Ref No. Description Where Used Part No.
§ ) . . Outer surfaces and ends of .
gm a SAE Engine Oil 30W valve push rods Obtain Locally
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2. Install the valve push rods in their original locations. Ensure that the push rods seat in
the valve lifter seat.

Installing valve push rods
3. Install the rocker arms.
4. Install the valve covers and related components.
5. Check for leaks when you start the engine.

Connecting Rod, Bearings, and Piston Assemblies

Exploded View—Connecting Rod, Bearings, and Piston Assemblies
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Torque
Ref. No. Qty. Description Nm Ib. in. Ib. ft.

First compression ring

Second (scraper) compression ring

Oil control ring

Snap ring

Piston

Piston pin

Connecting rod bushing

O |IN|oojloa|lb|WIN]|~
NI~~~

Connecting rod bearing

Refer to connecting rod installation
procedure.

©
N

Connecting rod screw

10 1 Connecting rod | |

Checking the Connecting Rod Bearing Clearance—Engine Assembled
PREPARATION

Remove the oil pan.

Remove the oil pickup tube assembly.

Remove the balance shaft assembly.

Turn the crankshaft to gain access to the connecting rod screws.

One cylinder at a time, remove the rod caps and inspect the bearings. See Bearing
Failure.

CONNECTING ROD JOURNAL DIAMETER

1. Measure the crankshaft connecting rod journal with a micrometer for out of round, taper,
or excessive wear. Measure journal diameters at points "a" and "b" on one side of the
journal then repeat measurements on the opposite side of the journal.

o~ wbd =

a 13800
Connecting Rod Journal
Journal outside diameter 53.940 - 53.955 mm (2.1236 - 2.1242 in.)
Maximum journal wear 0.1 mm (0.0039 in.)

2. Replace or recondition the crankshaft if any values are less than specified.
CONNECTING ROD BEARING CLEARANCE

1. Ensure that the crankshaft, the connecting rod, the connecting rod cap, and the
bearings are clean.

2. Install the bearings onto the connecting rod and the connecting rod cap.
IMPORTANT: Do not allow the crankshaft to move when installing the bearing cap.

3. Prevent the connecting rod from moving. If necessary, remove the starter and install
the Flywheel Holder Tool through the starter opening.

[Flywheel Holder Tool | 91-895472
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4. Place a piece of gauging plastic the full width of the crankshaft journal parallel to the
crankshaft.
5. Install the connecting rod cap and torque the connecting rod screw.

Description Nm Ib. in. Ib. ft.
First pass 10 88

Connecting rod screw—after first use Second pass 30 22
Final pass (Angle Torque) + 40 Degrees

IMPORTANT: Do not turn the crankshaft while the gauging plastic is in place.

6. Test the torque setting of each connecting rod screw to be no less than the value
specified in the following table. This action will verify that the proper torque was
achieved. Do not apply more than this specified amount during this validation test.

Description Nm Ib. in. Ib. ft.
Connecting rod screw torque validation test 88 64

7. Remove the connecting rod cap.

8. The flattened gauging plastic will adhere to either the connecting rod cap or crankshaft
journal. Do not remove the gauging plastic.

9. Measure the width of the compressed gauging plastic at the widest point with the
graduated scale on the gauging plastic envelope.

10. Compare the measurement to the specification for clearance.

a - Compressed gauging plastic b - Graduated scale

Connecting Rod Bearing
Clearance 0.022-0.076 mm (0.0008-0.0029 in.)

11. If the clearance exceeds specifications, select new bearings of the correct size and
determine the clearance.

12. If the clearance is incorrect with the new bearings, recheck the crankshaft journal
dimensions.

13. If the clearance is still incorrect, remove the connecting rod and piston assembly and
check the dimension of the connecting rod crankshaft journal bore.
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Removal

14. After obtaining the correct clearance, lubricate the crankshaft journal and connecting
rod bearing surfaces and install the connecting rods.

Tube Ref No. Description Where Used Part No.
_ Crankshaft journal and
Em 0 SAE Engine Oil 30W connecting rod bearing Obtain Locally
surfaces

15. Install all other components removed in the repair process.
16. Check for leaks when you start the engine.

Remove the cylinder heads.

Remove the oil pan.

Remove the oil pickup tube assembly.

Remove the balance shaft assembly.

Remove any ridge or combustion deposits from the top of the cylinder bore using a
ridge reamer.

a. Install the Crankshaft Rotating (Barring) Tool and turn the crankshaft until the
piston is at the bottom of the stroke.

o s~ owbd=

Crankshaft Rotation (Barring) Tool | 91-898154

b. Place a cloth on the top of the piston to collect the cuttings.

c. Install the Cylinder Bore Ridge Reamer Tool according to the manufacturer and
remove the ridge or combustion deposits.

Cylinder Bore Ridge Reamer Tool Obtain Locally

d. Remove the Cylinder Bore Ridge Reamer Tool.
e. Turn the crankshaft until the piston is at top of its stroke.
f. ~ Remove cloth and cuttings.
6. Turn the crankshaft to gain access to the connecting rod screws.
IMPORTANT: Each connecting rod assembly must be reassembled in its original location.

7. Mark or identify each connecting rod assembly to ensure placement in the original
cylinder number location during reassembly.

8. Remove the connecting rod cap and rod bearings.

IMPORTANT: The connecting rod can damage the crankshaft journal, the cylinder bore,
and the piston cooling jet. Ensure that no components are damaged during connecting rod
removal.

9. While protecting the crankshaft journal, cylinder bore, and piston cooling jets from
damage, push the piston and connecting rod out of the cylinder.

IMPORTANT: The mating surfaces of the connecting rods and the connecting rod bearing
caps form an individual fit and must not be interchanged or damaged under any
circumstances. To avoid damage, do not lay connecting rods or connecting rod bearing
caps on their mating surfaces.

10. Retain the rod cap and bearings with the connecting rod and piston assembly. Do not
mix the components.

11. Remove the connecting rod bearings. Keep the bearings, with the original connecting
rod and connecting rod cap, together as a matched set.
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Disassembly
1. Clamp the connecting rod in a soft-jawed vise.
2. Use the Piston Ring Expander Tool to remove the first and second compression rings
and the oil control ring with spring.
Piston Ring Expander Tool 91-24697
3. Remove the snap rings that retain the piston pin. Push the piston pin out of the
connecting rod and piston.
4. Note the orientation of the piston combustion chamber recess in relation to the paint
mark, the casting node, and the connecting rod number.
— ?‘j 16855
a- Snap ring d - Casting node
b - Piston pin e - Combustion chamber recess
¢ - Paint mark orientation
f- Connecting rod number
Cleaning

CONNECTING RODS, PISTON PINS AND PISTON RINGS

1. Wash the components in cleaning solvent.

2. Put on safety glasses and dry the components with compressed air.
CONNECTING ROD BEARINGS

1. Wash the components in cleaning solvent.

2. Wipe the bearings clean with a soft cloth. Do not scratch the bearing contact surfaces.

3. Put on safety glasses and dry the components with compressed air.
PISTONS

IMPORTANT: Do not wire brush on any part of a piston.

1. Wash the components in cleaning solvent.

2. Clean varnish from the piston skirts and pins with a cleaning solvent.

3. Clean the ring grooves.
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4. Clean the piston oil lubrication holes and slots.

A

13805
a - First compression ring groove - ¢ - Oil control (lower) ring
(tapered) d - Oil ring holes
b - Second compression ring groove

5. Put on safety glasses and dry the components with compressed air.

Inspection
IMPORTANT: Measurements should be taken when the components are at room
temperature.
CONNECTING ROD AND PISTON PIN
1. Green, blue, white, or yellow paint marks on the connecting rods identify the weight
classification. Ensure that all four connecting rods have the same color paint mark.

Replace connecting rods that are not the same weight classification and do not have
the same color paint mark.

NOTE: All connecting rods provided for service are median weight and class.

a - Paint mark area

2. Check for twisted or bent connecting rods.

Connecting Rod

Parallelism deviation between piston pin end and bearing end 0.15 mm (0.006 in.)

3. Inspect for nicks or cracks.

4. Inspect for damage to the bearing cap and bolt threads.

5. Replace damaged connecting rods.

6. Measure connecting rod bushing inner diameter and piston pin outer diameter.
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Replace the connecting rod bushing if the clearance exceeds the specification.

-«

|
!
|
|

3 13807

a - Rod bushing inner diameter

b - Piston pin outer diameter

Connecting Rod Bushing and Piston Pin

Bushing inner diameter

30.035-30.050 mm (1.18224-1.1830
in.)

Piston pin outer diameter

31.990-31.996 mm (1.259-1.260 in.)

Clearance

Minimum

0.039 mm (0.0015 in.)

Limit

0.060 mm (0.0023 in.)

8. Use an inside dial indicator to measure the connecting rod crankshaft journal bore

inside diameter, out of round, and taper.

<«(@) >

Lo |2

!'

13806

a - Connecting rod crankshaft journal bore

Connecting Rod Crankshaft Journal Bore

Inner diameter

57.563-57.582 mm (2.2662-2.2670 in.)

Maximum allowable wear or taper

0.01 mm (0.0004 in.)

9. Replace the connecting rod if the measurements exceed the specifications.
CONNECTING ROD BEARING CLEARANCE - MICROMETER METHOD

NOTE: The micrometer method is the preferred method of determining connecting rod
bearing clearance.

1. With the connecting rods removed from the engine, wipe both upper and lower
connecting rod bearings clean.
2. Install the upper and lower connecting rod bearings.
3. Install the bearing cap. The bearing cap must be torqued to specification for proper
reading.
4. Torque the connecting rod screws.
Description Nm Ib. in. Ib. ft.
First pass 10 88
Connecting rod screw Second pass 30 22
Final pass (Angle Torque) + 40 Degrees

CMD-4082040 / 90-866941
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5. Test the torque setting of each connecting rod screw to be no less than the value
specified in the following table. this action will verify that proper torque was achieved.
Do not apply more than this specified amount during this validation test.

Description Nm Ib. in. Ib. ft.
64

Connecting rod screw torque validation test 88
6. Use an inside dial indicator to measure the connecting rod bearing inside diameter, out
of round, and taper. Measure in several places approximately 90 degrees apart and

average the measurements.
IMPORTANT: Do not measure the diameter close to the split line for the connecting rod
and bearings. Bearings are eccentric and false readings could occur.

Measuring connecting rod bearing inside diameter

Connecting Rod Bearing
Inside Diameter
7. Record the measurements for use later.

8. Wipe the crankshaft connecting rod journal clean of oil.
9. Using a micrometer, measure the crankshaft connecting rod journal diameters at points
"a" and "b" on one side of the journal then repeat measurements on opposite side of

| 53.977-54.016 mm (2.1250-2.1266 in.)

journal.

Connecting rod journal measurement - typical crankshaft shown

Crankshaft Connecting Rod Journal

53.940-53.955 mm (2.1236-2.1242 in.)

Outside diameter
0.25 mm (0.010 in.)

Maximum wear
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10. If journal diameters are not within specifications, replace or recondition the crankshaft.

Inadequate clearance or interference between the bearing and its mating surface will
result in rapid bearing wear and catastrophic component failure. Check all bearing
clearances.

11.If journal diameters are within specifications, determine bearing clearance by
subtracting the crankshaft connecting rod journal outside diameter from the inner
diameter of the bearing recorded previously.

Connecting Rod Bearing
Clearance 0.022-0.076 mm (0.0008-0.0029 in.)

12. If the clearance exceeds specifications, select a new bearing of the correct size and
determine the clearance.

13. After obtaining the correct clearance, apply lubricant to the crankshaft journal. Apply
lubricant to the bearing surface and install the connecting rod cap.

Tube Ref No. Description Where Used Part No.
80 (n  [SAE Engine Oil 30W Crankshaftjournal and bearing | - opain Locally

14. Torque the connecting rod screws.

Description Nm Ib. in. Ib. ft.
First pass 10 88

Connecting rod screw Second pass 30 22
Final pass (Angle Torque) + 40 Degrees

15. Test the torque setting of each connecting rod screw to be no less than the value
specified in the following table. this action will verify that proper torque was achieved.
Do not apply more than this specified amount during this validation test.

Description Nm Ib. in. Ib. ft.

Connecting rod screw torque validation test 88 64
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PISTONS AND RINGS

1. Inspect the piston for cracked ring lands, skirts or pin bosses, wavy worn ring lands,
scuffed or damaged skirts, or eroded areas at the top of the piston. Replace pistons
that are damaged or show signs of excessive wear.

NOTE: Do not mistake tapered or different ring design characteristics for unusual wear
paftterns. The first (upper) compression ring is trapezoidal (fapered). That is, if has a taper
on both upper and lower surfaces. Correspondingly, the first compression ring groove is
tapered on top and bottom. The second (scraper) compression ring and the oil control ring
are more ltypical in design.

=
© 5 e

\ p S
_ I I f I I\
IR (e
a - First compression ring - ¢ - Outer edge of first compression ring

trapezoidal (tapered)

b - First compression ring groove -
(tapered)

2. Measure the piston outer diameter 15 mm (19/32 in.) from the bottom and 90 degrees
to the piston pin. Replace the piston if the measurement is less than specified.

.%

T
[ ]
P2 LY

L L

a - Outer diameter measurement point

Piston

Outer diameter 93.898-93.912 mm (3.6967-3.6973 in.)

3. Inspect the piston ring grooves for nicks or burrs that might cause the rings to bind.
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4. Except on the upper piston ring groove, insert the edge of the rings into their respective
piston ring grooves. Roll the ring entirely around the groove to make sure that ring does
not bind. If resistance or binding occurs at any point, determine the cause.

a. If binding is caused by a distorted ring, recheck with another ring.
IMPORTANT: When using a fine cut file, do not remove excess material. Verify with a feeler

gauge and compare to specifications.

b. If binding is caused by the ring groove, remove the material causing the binding
by dressing the ring groove with a fine cut file.

5. Measure the thickness of the rings. Replace piston rings as a set if out of specification.

Piston Ring Thickness (Production)

First compression (tapered - outer edge)

2.568-2.597 mm (0.1011-1022 in.)

Second compression

1.970-1.990 mm (0.0775-0.0783 in.)

Qil control

2.970-2.995 mm (0.1169-0.1179 in.)

6. Measure the piston ring groove width.

Piston Ring Groove Width (Production)

First compression (tapered - outer edge)

2.95 +0.015 mm (0.1021 £+ 0.0006 in.)

Second compression

2.06-2.08 mm (0.0811-0.0818 in.)

Qil control

3.03-3.05 mm (0.1192-0.1201 in.)

7. Using a feeler gauge, measure the clearance between the serviceable, or new, second
compression and oil control piston rings and ring groove at several points around the
piston. Replace the piston if the measured values exceed the specification.

a - Not applicable - first compression
ring and groove tapered
b - Second compression ring and
groove

19820

¢ - Oil control ring and groove

Piston Ring Groove

First compression

Not applicable (tapered)

Clearance Second compression

0.10 mm (0.0039 in.)

Oil control

0.08 mm (0.0031 in.)
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8. Check the piston ring end gap:

a. Position the selected ring in the cylinder bore.
NOTE: The ring must be level (at right angles to the bore surface) for measurement. Push
the ring 6 mm (1/4 in.) info the bore with the crown of the piston.

b. Measure the gap between the ends of the ring with a feeler gauge as shown.

13815

Checking piston ring end gap

Piston Ring End Gap

First compression 0.5 mm (0.019 in.) maximum
Second compression 0.5 mm (0.019 in.) maximum
Oil control 0.6 mm (0.023 in.) maximum

c. If the gap between the ends of the piston ring is less than specified, remove the
ring and try to fit another. Check the cylinder bore if the specification cannot be
met with new rings. See Cylinder Liners.

d. Fit each ring to the cylinder in which it will be installed.

Assembly
1. Lubricate the inside of the connecting rod bushing, piston pin bore, and piston pin.
Tube Ref No. Description Where Used Part No.
) . . Connecting rod bushing, piston .
=m 1 SAE Engine Oil 30W pin bore, and piston pin Obtain Locally

2. Assemble the piston to the connecting rod with the combustion chamber recess, the
paint mark, the casting node, and the connecting rod number all oriented as noted

during disassembly.
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3. Insert the piston pin and install the snap ring.

Piston and connecting rod assembly orientation

a- Snap ring d - Casting node
b - Piston pin e - Combustion chamber recess
¢ - Paint mark orientation

f- Connecting rod number

4. Clamp the connecting rod in a soft-jawed vise as shown.

IMPORTANT: Always install rings with ring markings ("CTOP", "PIP" or a dot) facing the
top of the piston.

5. Install the oil control ring spring in the lower piston groove.

6. Using the Piston Ring Expander Tool, install the oil control ring.

Piston Ring Expander 91-24697
7. By hand, squeeze the ring into the groove to seat the spring. Check for binding.
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8. Using the tool, install the second compression ring in the center piston groove. The
inner taper is toward the bottom of the piston.

-
S NI [ ®

13820
Second compression ring
a - Top tapered 2° + or - 30 minutes
b - Inner taper

9. By hand, squeeze the ring into the groove and check for binding.

10. Using the tool, install the first compression ring in the upper piston groove. The 45°
inner taper is toward the top of the piston.

13821
First compression ring
a - Inner taper

11. By hand, squeeze the ring into the groove. Check for binding.

Installation

1. Before installing the pistons into the cylinders, the ring gaps must be positioned as
follows:

a. First compression ring (trapezoidal) gap is 20° to the right of combustion chamber
recess.

b. Second compression ring gap is centered on the combustion chamber recess.
c. Qil control ring gap is 20° to the left of combustion chamber recess.

+F
U

<—@ 19845

a - First compression ring ¢ - Oil control ring gap
(trapezoidal) gap
b - Second compression ring gap

2. Lubricate the cylinder bores and piston rings.

Tube Ref No. Description Where Used Part No.
Em [ SAE Engine Oil 30W Cylinder bore and piston rings Obtain Locally
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3. Identify the cylinder from which each piston and connecting rod assembly was
removed. Each assembly must be installed in the cylinder from which it was removed.

IMPORTANT: The piston combustion chamber recess and the numbers on the connecting
rod must be oriented towards the injector and camshaft side of the engine.

gy A

Shown installed for visual clarity
a - Combustion chamber recess b - Camshaft side

4. Turn the crankshaft to position the crank journal away from the cylinder so the
connecting rod will not damage the journal during installation.

5. Using a ring compressor, install the piston by tapping on the piston-top with a suitable
device.

a - Ring compressor

6. Insert the connecting rod bearings into the connecting rod and matching connecting
rod cap. Lubricate the bearings and crankshaft journal with a lubricant mixture of 20%
SAE 30W engine oil and 80% Needle Bearing Assembly Lubricant.

Tube Ref No. Description Where Used Part No.
g . . Connecting rod bearings and .
=m 0 SAE Engine Oil 30W crankshaft journal Obtain Locally
A Needle Bearing Assembly Connecting rod bearings and
-4 -
z g Lubricant crankshaft journal 92-802868A1

IMPORTANT: The connecting rod can damage the crankshaft journal, the cylinder bore,

and the piston cooling jet. Ensure that no components are damaged during connecting rod
installation.

7. Align the connecting rod with the crankshaft journal and tap on the piston top until the
connecting rod bearing contacts the journal. Do not scratch or nick the crankshaft
journal.
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8. Ensure that the matching marks on the connecting rod cap and the connecting rod are
the same and that the rod cap numbers point toward the camshaft side. The casting
node on the rod cap must point to the rear of the engine.

IMPORTANT: New connecting rod screw threads and the screw head do not generally
require lubrication. An anti-friction product should have been applied by the factory. If the
screw threads are not stretched, and the top or bottom of the bolt head does not show
damage, the connecting rod screws may be reused. When reusing a connecting rod screw,
lubricate the threads and bottom of the screw head with the specified lubricant.

9. Lubricate the connecting rod screw threads and the underside of the screw head,
unless the screws are being replaced with new screws.

Tube Ref No. Description Where Used Part No.

Connecting rod screw threads
and the underside of the screw 92-802868A1
head

Needle Bearing Assembly
4
- . Lubricant

10. Apply lubricant to the crankshaft journal and connecting rod bearing surfaces.

Tube Ref No. Description Where Used Part No.
_ Connecting rod crankshaft
Em 0 SAE Engine Oil 30W journal and rod bearing Obtain Locally
surfaces

11. Install the connecting rod cap.
12. Install and torque the connecting rod screws.

Description Nm Ib. in. Ib. ft.
First pass 10 88

Connecting rod screw Second pass 30 22
Final pass (Angle Torque) +40°

13. Verify that proper torque was achieved by testing the torque setting of each connecting
rod screw to be at least as specified in the following table. Do not apply more than this
specified amount during the validation test.

Description Nm Ib. in. Ib. ft.

Connecting rod screw validation test torque 88 64

14. Ensure that the connecting rod assembly and the crankshaft journal are not binding
and that there is proper side-to-side movement.

15. Install the remaining piston and connecting rod assembilies.
16. Measure for head gasket thickness.
17. Complete the engine assembly.
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Rear Oil Seal

Removal
1. On Sterndrive Models:
a. Remove the flywheel housing cover.

a - Flywheel housing bolt
b - Flywheel housing cover

b. Remove the coupler.

2. On Inboard Models:
a. Remove the transmission, if required.
b. Remove the flywheel housing cover.
c. Remove the drive plate.

a - Flywheel housing cover
b - Drive plate

3. Remove two opposing flywheel bolts and install the two Flywheel Assembly Guide Pins
to assist in removing the flywheel.

Flywheel Assembly Guide Pins 91-898282001

4. Remove the remaining flywheel bolts.
5. Remove the flywheel from the crankshaft and the Flywheel Assembly Guide Pins.
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Installation

6. Remove the rear main bearing carrier and thrust washers. See Section 3A:
Crankshaft and Main Bearings.

a - Rear oil seal
b - Rear main bearing carrier
¢ - Thrust washers

7. Carefully pry the old seal from the rear main bearing carrier.

IMPORTANT: The seal is made of special compounds; do not touch or handle the lips of
the seal. Do not attempt to install the rear main seal using a hammer or mallet. Damage
to the seal or the rear main bearing carrier could result.

1. Press the new rear oil seal into the bearing carrier using an appropriately sized seal
installer. The seal will stop when seated.

2. Install the rear main bearing carrier with the new seal and the thrust washers. See
Section 3A: Crankshaft and Main Bearings.

3. Ensure that there are no scratches, nicks, cracks, or seizure marks on the flywheel
mating surface. Only minor scratches, nicks, or seizure marks can be removed.
Replace the flywheel if damaged.

NOTE: See Crankshaft End Play (Axial Clearance) to set the crankshaft end play if the
flywheel is being replaced.

IMPORTANT: Whenever the flywheel is removed, replace the O-ring.
4. Lubricate a new flywheel O-ring with clean grease to hold it in place during assembly.

Tube Ref No. Description Where Used Part No.
E." Engine Coupler Spline Grease Flywheel O-ring 92-802869A1

5. Install a new O-ring into the groove of the flywheel to seal the crankshaft.
6. Lubricate the threads of the flywheel bolts.

Tube Ref No. Description Where Used Part No.

H 80 (m SAE Engine Oil 30W Flywheel retaining bolts Obtain Locally

Page 3A-172

CMD-4082040 / 90-866941 NOVEMBER 2007



QSD 2.8 and 4.2 Diesel Engines

7. Install the two Flywheel Assembly Guide Pins opposite to each other to assist in
installing the flywheel.

Flywheel Assembly Guide Pins 91-898282001

8. Align the flywheel with the rolled pin and install the flywheel with O-ring onto the
crankshaft using the Flywheel Assembly Guide Pins for alignment.

9. Install the lubricated flywheel bolts hand tight.

10. Remove the Flywheel Assembly Guide Pins and install the 2 opposing flywheel bolts
hand tight.

11. Torque the flywheel bolts evenly, in a crosswise pattern as specified.

IMPORTANT: The flywheel bolts may be used a maximum of three times within the
prescribed torque limits. If the bolts have been torqued for three previous installations or if
the service history is unknown, replace the flywheel bolts.

Description Nm Ib. in. Ib. ft.
First pass 50 36
Flywheel bolt Second pass - loosen one bolt at a time 20 Nm (14 Ib. ft.)
and torque to: + 75° angular torque

12. Apply sealant to bolt threads and install the sterndrive coupler or inboard drive plate

assembly.
Tube Ref No. Description Where Used Part No.

g ) . Sterndrive coupler or inboard

1 7 (n Loctite 271 Threadlocker drive plate bolt 92-809819
13. Torque the sterndrive coupler or inboard drive plate bolts.
Description Nm Ib. in. Ib. ft.
Sterndrive coupler bolt 30 - 22
Inboard drive plate bolt 30 - 22

14. Install the flywheel housing cover and related components. See Section 3A: Flywheel,
Coupler or Drive Plate, and Flywheel Housing.

15. Install all other components removed.
16. Start the engine and check for leaks.
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Crankshaft and Main Bearings

Exploded View—2.8 Crankshaft and Main Bearings
! S

32236
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Exploded View—2.8 Crankshaft and Main Bearings

Torque
Ref. No. Q