OPERATOR'S MANUAL

OM673L3

For Models: M673LD3, M673LD3G, M673L3
and M673L3G

®

NORTHERN LIGHTS

www.northern-lights.com




A — CALIFORNIA —
Proposition 65 Warning:
Breathing Diesel engine exhaust and some of its constituents
are known to the State of California to cause cancer, birth
defects, and other reproductive harm.
* Always start and operate the engine in a well-ventilated area.
* If in an enclosed area, vent the exhaust to the outside.
* Do not modify or tamper with the exhaust system.
* Do not idle the engine except as necessary.
For more information, go to www.P65warnings.ca.gov/diesel.

Northern Lights
4420 14th Avenue NW
Seattle, WA 98107
Tel: (206) 789-3880
Fax: (206) 782-5455

Copyright ©2019 Northern Lights, Inc.

All rights reserved. Northern Lights™, and
the Northern Lights logo are trademarks of
Northern Lights, Inc.

Printed in U.S.A.
PART NO.: OM673L3 03/20

NORTHERN LIGHTS

®



OPERATOR'S MANUAL

for Models

M673LD3, M673LD3G, M673L3 and M673L3G

Read this operator's manual thoroughly before starting to operate your equipment.
/4 ghly g /4 Jy quip

This manual contains information you will need to run and service your new unit.
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Introduction
Servicing of marine engines and generator sets Failures begin with minor problems that are
presents unique problems. In many cases boats cannot ~ overlooked and become amplified when not
be moved to a repair facility. Marine engines cannot corrected during routine maintenance.
be compared to the servicing of automobiles, trucks or
even farm equipment. Failures often occur in remote As operator, it is your obligation to learn about your
areas far from competent assistance. Marine engines equipment and its proper maintenance. This is not a
are taxed far more severely than auto or truck engines;  comprehensive technical service manual. Nor will it
therefore, maintenance schedules must be adhered to make the reader into an expert mechanic. Its aim is
more strictly. to aid you in maintaining your unit properly.

Unit Identification

MODELS INCLUDED
This manual covers the operating instructions for:
M673L3, M673L3G, M673LD3 and M673LD3G marine generator sets.

Model Numbers

Model numbers give the unit's application, block model, aspiration, and RPM:

M 673
L,D,G,3
— —
M - Northern Lights marine N Model number of engine block L - Long stroke
generator set Bore Cylinders + | D - Series designation
67 mm 3 G - GEM series base frame

3 - US EPATier Ill compliant

M673LD3 I — Northern Lights marine diesel generator set with a 673 engine long stroke, TF-276D generator end US EPA Tier lll, 5 kW.

M673LD3G | — Northern Lights marine diesel generator set with a 673 engine long stroke, TF-276D generator end, GEM series base
frame, US EPA Tier Ill, 5 kW.

M673L3 I = Northern Lights marine diesel generator set with a 673 engine long stroke, TF-276D generator end, US EPA Tier IIl, 6 kW.

M673L3G = Northern Lights marine diesel generator set with a 673 engine long stroke, TF-276D generator end, GEM series base frame,
US EPA Tier IlI, 6 kW.

Serial Numbers

Your set has three serial numbers: (1) an engine number stamped

°/ 1\
on the block, (2) a generator plate, and a generator set plate.
NORTHERN LIGHTS @asg P ®ag P
4 Use the serial number on the generator set plate when ordering parts
Serial No or in correspondence. The generator set plate is found on the service
Model No. side of the generator and resembles the drawing in Figure 1.
Northern Lights
4420-14th Ave.NW Note, an additional label with the set serial number is placed on the
N Seattle, WA 98107 y- . .
o o upper front corner of the generator junction box.

OM673L3 3/20
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Warranty

A warranty registration certificate is supplied with your set. It entitles the original purchaser of our equipment

to a warranty covering material or assembly faults. The extent of coverage is described in the Limited Warranty
Statement. We recommend that you study the statement carefully.

NOTE: If the warranty is to apply, the servicing instructions outlined in this manual must be followed. If further
information is needed, please contact an authorized dealer or the factory.

Safety Rules

DANGER: Northern Lights generator sets and /or any other diesel powered equipment provided by NLI is not provided
with ingintion protected components, and therefore is not to be installed in the presence of combustible gases having a
flash point of 43.3 Degrees C (110 Degrees F) or lower, such as Gasoline, Propane, Natural Gas or other similar fuel
sources.

A NOTICE: Accident reports show that careless use of engines causes a high percentage of accidents.
You can avoid accidents by observing these safety rules. Study these rules carefully and enforce them on the job.

IMPORTANT SAFETY INSTRUCTIONS. repair parts include the current safety signs. For
Electromagnetic equipment, including generator sets replacement signs, proper placement of safety signs
and their accessories, can cause bodily harm and or clarification on any safety issue, consult your

life threatening injuries when improperly installed, Northern Lights dealer or the factory.

operated or maintained. To prevent accidents be aware  There can be additional safety information contained
of potential dangers and act safely. on parts and components from outside suppliers

that is not reproduced in this manual. Consult the
READ AND FOLLOW ALL SAFETY suppliers for additional safety information.
INSTRUCTIONS IN THIS MANUAL,

PRIOR TO THE INSTALLATION Learn how to operate the machine and how to use
OF ANY GENERATOR SET OR the controls properly. Only trained personnel should
ACCESSORY. KEEP THESE operate machines, or work on or around them.
INSTRUCTIONS FOR FUTURE
REFERENCE. Keep your machine in proper working condition.
UNAUTHORIZED MODIFICATIONS TO THE
Recognize Safety Symbols and Instructions MACHINERY MAY IMPAIR ITS FUNCTION

In addition to the information found in this section, this AND SAFETY PARAMETERS.
operator’s manual uses three different signal words to Y,
outline potential dangers of a specific nature. Prevent Bypass and Accidental v

Starting

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

WARNING indicates a hgzardous situatjon vyhjch, if
not avoided, could result in death or serious injury. Do not start engine by ShOI'tiIlg across start terminal.

CAUTION indicates a hazardous situation which, 1 1 1 1 1 1
A CAUTION if not avoided, could result in minor or moderate Englpe Wlll start lf normal ClI'CLlltI’y.IS bypassed’
injury. creating a hazard by runaway machinery.
Follow All Safety Instructions o Start engine only from operator’s station.

Carefully read and understand
all safety messages in this
manual and on your machine’s
safety signs. Keep signs in
good and clean condition.
Replace missing or damaged
signs. Be sure new equipment components and

OM673L3 3/20
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Safety Rules (Continued)

Handle Fuel Safely - Avoid Flames

Diesel is highly flammable and should be treated with
care at all times. Do do not refuel while smoking or
when near sparks or open flame.

ALWAYS STOP ENGINE BEFORE FUELING

@Q

MACHINE. Always fill
portable fuel tank outdoors.
Never fuel a hot engine.
Prevent accidental
discharge of starting fluids
by storing all cans in a
cool, safe place, away
from sparks or open flame. Store with cap securely
on container. Never incinerate or puncture a fuel
container.

Prevent fires by keeping machine clean of accumulated
trash, grease and debris. Always clean any spilled fuel
as swiftly as possible. Do not store oily rags, which
can ignite and burn spontaneously.

Be prepared if a fire starts. Keep a first aid kit and fire
extinguisher handy. Keep emergency contact numbers
for fire department, doctors, ambulance and hospital
near the telephone.

Service Machines Safely

Do not wear a necktie, scarf, necklace, rings or other
jewelry, or any loose clothing
when working near moving
parts. Tie long hair behind your
head. If any of these items get
caught in moving machinery,
severe injury or death could
result.

o
]

Check for any loose electrical connections or faulty
wiring.

Look completely around engine to make sure that
everything is clear before starting.

Wear Protective Clothing

To prevent catching anything in moving machinery,
always wear close fitting clothes and safety

equipment appropriate
w8

h

ifl

to the job.
Prolonged exposure
to loud noise can
cause hearing loss or
impairment. Wear
suitable authorized
hearing protection,

)
()

et

AN -
such as earmuffs or plugs to protect against loud
noises.

Operating equipment requires the full attention of the
operator. Do not use radio or music headphones
while operating machinery.

y
Understand all service -
procedures before starting work.

Practice Safe Maintenance
Keep area clean and dry. Never lubricate, service, or

A CAUTION
adjust machine while it is in operation.

Keep hands, feet and clothing away from power-
driven equipment. When shutting down an engine,
disengage all power and operator controls. Allow
the engine to cool completely before beginning any
service work.

Securely support any machinery elements that must
be raised for service work with support or lifting
machinery specifically intended for that purpose.

Keep all parts in good conditions and properly
installed. Fix damage immediately. Replace any
worn or broken parts. Remove any build up of
grease, oil or debris.

Disconnect battery ground cable (-) before making
any adjustments or service work.

OM673L3 3/20
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Safety Rules (Continued)

Stay Clear of Rotating Drivelines

Entanglement in rotating
drivelines can cause serious
injury or death. Keep
shields in place at all times. Make sure that rotating
shields turn freely in pace with the drivelines.

@,

Do not wear loose fitting equipment around rotating
drivelines. Stop the engine and make sure that

all moving parts have stopped before making any
adjustments, connections, or performing any other type
of service to the engine or other driven equipment.

Install all Safety Guards

_ WARNING BT < g
Direct contact with rotating I . «“’

fans, belts, pulley and drives
can cause serious injury.

Keep all guards in place
at all times during engine
operation.

Wear close-fitting clothes. Stop the engine and be
sure all fans, belts, pulleys and drives are stopped
before making adjustments, connections, or cleaning
near fans and their components.

Do not allow anything on your person to dangle into
or come in contact with a moving fan, belt, pulley or
drive. Fans can act as vacuums and pull materials
up from below, so avoid that area as well while in
service.

Safe Battery Handling

Prevent Battery Explosions

Battery gas is highly flammable. Battery explosions
can cause severe injury or death. To help prevent
battery explosions, keep sparks, lighted matches
and open flame away from the top of battery. When
checking battery electrolyte level, use a flashlight.

Never check battery charge
by contacting the posts with
a metal object. Use a volt-
meter or hydrometer.

Frozen batteries may explode
if charged. Never charge

a battery that has not been
allowed to warm to at least
16°C (60°F).

Always remove grounded (-) battery clamp first and
replace ground clamp last.

Sulfuric acid in battery electrolyte is poisonous and
strong enough to burn skin, eat holes into clothing and
other materials, and cause blindness if splashed into eyes.

To Avoid Hazards:

« Fill batteries only in well-ventilated areas.

» Wear appropriate eye protection and rubber gloves.
* Never use air pressure to clean batteries.

» Wear appropriate ventilation equipment to avoid
inhaling fumes when adding electrolyte.

* Do not spill or drip electrolyte.

* Use correct jump-start procedure if required.

If acid is spilled on skin or in eyes:

1. Flush skin with water.

2. Apply baking soda or lime to
help neutralize acid.

3. Flush eyes with water for
15-30 minutes.

4. Get medical attention
immediately.

If acid is swallowed:

1. DO NOT induce vomiting.

2. Drink large amounts of
water or milk, without
exceeding 2 liters
(2 quarts)

3. Get medical attention

immediately

Battery posts, terminals, and related accessories

can contain lead and lead compounds, chemicals
known to the State of California to cause cancer and
reproductive harm. Wash hands after handling.

OM673L3 3/20
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Safety Rules (Continued)

Handle Chemical Products Safely

Direct exposure to hazardous
chemicals can cause serious
injury. Among the potentially
hazardous chemicals that may be
used with Northern Lights
products are lubricants, coolants,
paints and adhesives.

All potentially hazardous chemicals come with a Material
Data Safety Sheet (MSDS). The MSDS provides specific
details on chemical products, including physical hazards,

safety procedures and emergency response techniques

Read and understand the MSDS for each chemical before
you start any job that includes it. Follow the procedures
and use appropriate equipment exactly as recommended.

Contact your Northern Lights dealer or Northern Lights
factory for MSDS’s used on Northern Lights products.

Work in Well Ventilated Areas

A CAUTION

Exhaust fumes from engines contain carbon monoxide
and can cause sickness or death. Work in well ventilated
areas to avoid prolonged exposure to engine fumes. If it
is necessary to run an engine in an enclosed area, route
the exhaust fumes out of the area with an approved, leak
proof exhaust pipe extension.

Remove Paint Before Welding or Heating

Hazardous fumes can be
generated when paint is heated
by welding, soldering or using a
torch. To avoid potentially toxic
fumes and dust, remove paint
before heating.
* Remove paint a minimum of 100 mm (4 in.) from the
area that will be affected by heat.
* If paint cannot be removed, wear an approved respirator.
* If you sand or grind paint, use an approved respirator.
« If you use solvent or paint stripper, remove stripper
with soap and water before welding. Remove
solvent or paint stripper containers from the area.
* Allow at least 15 minutes for fumes to disperse
before welding or heating.

Do not use a chlorinated solvent in an area where
welding will occur. Work only in areas that are well
ventilated. Dispose of paint and solvent properly.

Service Cooling System Safely

t WARNING :
b3

Opening a pressurized cooling O
system can release explosive fluids ¢ ¥\ 111
and causing serious burns.
Before opening any pressurized
cooling system, make sure the
engine has been shut off. Do
not remove a filler cap unless it is cool enough to
comfortably grip with bare hands. Slowly loosen cap to
relieve pressure before opening fully.

Avoid High Pressure Fluids

Relieve pressure prior to
disconnecting pressurized
lines. Escaping fluid under
pressure can penetrate the
skin causing serious injury.
Always relieve pressure before disconnecting
hydraulic or other pressurized lines. Tighten all
connections firmly before re-applying pressure.

If searching for leaks, use a piece of cardboard.
Always protect your hands and other body parts from
high-pressure fluids.

If an accident occurs, see a doctor immediately. Any
high pressure spray injected into the skin must be
removed within a few hours to prevent the risk of
gangrene or other infection.

Avoid Heating Near Pressurized Fluid Lines

Flammable spray can be generated
by heating near pressurized fluid
lines, resulting in severe burns and
bodily injury. Pressurized lines
can rupture when heat goes beyond
the immediate flame area. Do not weld, solder or use
a torch or open flame near pressurized lines or other
flammable fluids.

/

OM673L3 3/20
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Safety Rules (Continued)

Do Not Open High-Pressure Fuel System
ADANGER
Many Northern Lights engines use high-
A pressure fuel injection. High-pressure fluid
remaining in fuel lines can cause serious
injury. Do not disconnect or attempt
any repair of fuel lines, sensors, or other
components between the high-pressure fuel pump
and nozzles on engines with high pressure fuel
systems.
ONLY AUTHORIZED TECHNICIANS CAN

PERFORM REPAIRS ON AN HIGH PRESSURE
FUEL INJECTION SYSTEMS.

Avoid Hot Exhaust

Avoid exposure to and physical

contact with hot exhaust gases. Exhaust parts
and streams can reach high temperatures during
operation, leading to burns or other serious injury.

Cleaning exhaust filters can also lead to exposure to
hot exhaust gas and the injury risk associated with
it. Avoid exposure to and physical contact with hot
exhaust gases when cleaning exhaust filters.

During auto or manual/stationary exhaust filter
cleaning operations, the engine will run at
elevated temperatures for an extended period of
time. Exhaust parts and streams can reach high
temperatures during operation, leading to burns or
other serious injury.

Avoid Harmful Asbestos Dust

Inhaling asbestos fibers may
cause lung cancer. Avoid
breathing any dust that may

be generated when handling
components containing asbestos
fibers, including some gaskets.

The asbestos used in these components is usually
found in a resin or otherwise sealed. Normal
handling of these components is not dangerous,
as long as airborne dust containing asbestos is not
generated.

i,
E—

Avoid creating dust. Never use compressed air for
cleaning. Avoid brushing or grinding materials
containing asbestos. When servicing, wear an
approved respirator. A special vacuum cleaner is
recommended to clean asbestos. If this vacuum is not
available, apply a mist of oil or water on the material
containing asbestos. Keep all bystanders away from
any area where asbestos dust may be generated.

Use Proper Lifting Equipment and Techniques

\

Lifting heavy components incorrectly
can cause severe injury or damage

to machinery. Avoid unbalanced
loads. Do not use lifting eyes. Lift
the generator set using lifting bars inserted through
the lifting holes on the skid. Follow all recommended
removal and installation procedures in this and
associated Northern Lights manuals.

Use Proper Tools

A CAUTION

Makeshift tools and procedures
can create safety hazards.
Always use appropriate tools for the job.

o

Use power tools only to loosen threaded parts and
fasteners. For loosening and tightening hardware,
always use the correct sized tools.

Do not use US measurement tools on metric
fasteners, or vice versa. Use only service parts that
meet Northern Lights specifications.

Dispose of Waste Properly

A CAUTION

Disposing of waste improperly can threaten the
environment and lead to unsafe working conditions.
Potentially harmful waste used in Northern Lights
equipment can include oil, fuel, coolant, filters and
batteries.

Use leakproof containers to drain fluid. Do not
use food or beverage containers that may mislead
someone into drinking from them.

Do not pour waste onto the ground, down a drain or
into any water source.

OM673L3 3/20
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Lock Out / Tag Out Procedures

Scope

During maintenance, repairs or retooling of a Northern Lights generator set, simply turning the machine off or unplugging
it while it is being worked on does not give enough protection to others who are not performing the maintenance or
repair. Many serious accidents happen when someone thought the machine was turned off, or all of its energy was
safely blocked or released.

General Policy If shutting off of air, water or other material cannot be
‘ A CAUT'ON‘ achieved at the local supply valve, shut off valves further
back in the system and re-check the bleed-off point until

To avoid dangerous or hazardous situations, refrain from cOmPplete shut-off is achieved.

any of the following:

* Removing or bypassing a guard or other safety device
* Placing any part of your body in a position where you
could be caught by moving machinery.

* Cleaning or oiling machinery when in operation.

« Adjusting circuits, chillers, pumps, air handlers, valves,
circuit breakers or fans while in operation.

» Working on piping or high pressure systems.

Affix a DO NOT OPERATE tag to each valve handle that
requires shut off. Each DO NOT OPERATE tag must be
signed and dated by the authorized technician servicing
the equipment.

Lock Out/Tag Out Instructions -
Air Hose Connected Pneumatic Equipment

Lock Out/Tag Out Instructions - Equipment connected to the compressed air system

Electrical Equipment through an air hose with a detachable fitting must be
m shutdown and unplugged. Excess air must be bled prior
to removing the air hose, prior to any maintenance or

Be sure the equipment’'s ON/OFF switch is in the OFF repair activities.

position and is unplugged from any electrical source before

attempting to perform any type of work on the equipment. Affix a DO NOT OPERATE tag to the air hose near the

Obtain an electrical plug cap cover with a lockset. Secure detachable fitting. Each DO NOT OPERATE tag must be

the plug terminal end using the electrical plug lockout cap. signed and dated by the authorized technician servicing

Lock the cap and retain the key. the equipment. Check that the equipment cannot be
operated by activating the ON switch.

If the equipment is directly wired into an electrical box with

a shut off switch, obtain a lock pad and/or the appropriate ~ Stored Energy

colored tags and place the lock and tag through the shut

off lever. Retain the key until the repair is completed and

the machine is safe to start. Be certain the shut off lever Immediately after applying Lock Out or Tag Out devices,

is in the OFF position before restarting. NEVER give a ensure that all potentially hazardous stored or residual

lock out key to unauthorized personnel. energy is relieved, disconnected, restrained and otherwise
rendered safe.

If the equipment is directly wired into an electrical box

without a shut off switch and lock out capability, then a Uerification of Isolation

circuit breaker lock out will be required. Obtain a circuit

lock and tag set. Install the lock onto the circuit breaker ‘ A CAUTION‘

box. Ensure the unit ON/OFF switch is in the OFF position Verify the machinery or equipment is actually isolated and

before restarting. de-energized prior to beginning work on a machine or on

) equipment that has been locked out.
Lock Out/Tag Out Instructions -
Pneumatic and Hydraulic Equipment Restarting Procedures

! WARNING /A CAUTION

For servicing pneumatic and hydraulic equipment, the Follow the procedures below prior to restoring energy:
following additional procedures must be implemented, « Ensure that all machinery or equipment is properly
following completion of lock out/tag out procedures for reassembled. Inspect the machinery or equipment to
the unit to be serviced: verify non-essential items have been removed.

» Ensure that all personnel are safely outside danger
Shut off air, water or supply valves at the equipment to  zones. Notify personnel that lock out/tag out devices have
be serviced. been removed and energy will be reapplied.

* Only authorized personnel may remove lock out/tag out
Check the local bleed-off point for completed release of devices or notices.
pressurized air, water or oil.

OM673L3 3/20
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Marine Generator Component Locations

Figure 1 (left): Service side
M673L3G/LD3G w/GEM Series base
frame (S/N: 6732-54637 and above)

Figure 2 (right): Non-service side
M673L3G/LD3G w/GEM Series
frame (S/N: 6732-54367 and above)

. nerator junction box . inj .
1. Gene 9 O.Ju 9. Fuel !nj_ect_or 17. Fuel inlet and return 22. Starter motor
2. AVR circuit breaker 10. Fuel injection pump
3. AC circuit breaker 11. Fuel lift oum 18. Coolant recovery bottle 23. Exhaust elbow
' L ' pump 19. Control panel plug-in 24. Vibration mount
4. DC circuit breaker 12. Sea water pump
g . . : 20. Heat exchanger end cap 25. DC regulator
5. Air filter housing 13. Lube oil drain
) e 21. Heat exchanger/ 26. DC alternator
6. Secondary fuel filter 14. Oil fill, side .
oo L expansion tank/ 27. Belt guard
7. Oilfill, top 15. Lube oil dipstick expansion manifold
8. Coolant fill, pressure cap 16. Primary fuel filter P

OM673L3 3/20
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Marine Generator Component Locations

Figure 3 (left): Service side M673L/LD3
(up to S/N: 6732-54636)

Figure 4 (right): Service side M673L/LD3
(up to S/N: 6732-54636)

@)

(28 @) @) @)

. Heat Exchanger End Cap 8. Generator End Cover

1 L
. ker i i
2. Coolant Fill/Pressure Cap 9. Vibration Mount 13 Eicr: F?:{::‘Egﬁﬂ gi tuge 8!: E.r”a"éi g
3. Heat Exchanger/Expansion 10. Starter Motor ’ ) 9 - -ube DIt e
. 18. Fuel Filter 25. Block Drain
Tank/Exhaust Manifold 11. DC Regulator . PR
- 19. Fuel Injector 26. Lube Oil Dipstick
4. Lube Oil Fill- Top 12. DC Alternator e, -
20. Fuel Injection Pump 27. Lube Oil Filter
5. Wet Exhaust Elbow 13. Belt Guard . .
; S 21. Fuel Lift Pump 28. Fuel Manifold
6. Generator Junction Box 14. AVR Circuit Breaker 29 Sea Water Pum 29 Coolant Recovery Tank
7. Control Panel Plug-In 15. AC Circuit Breaker ’ P - Loolant Recovery

OMG673L3 3/20
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Control Panels

PREVEAY &
SHUTDOWN
BYPASS

CINTAATCR
CONTICL

START

Figure 5: Series 3 Generator Control Panel
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Series 4
Generator Set
Control Panel

o NORTHERN LIGHTS

Shutdown Bypass
And Preheat Switch

Engine Control
Switch

Run

Stop

Figure 6: Series 4 Generator Control Panel

SHUTDOWN BYPASS-PREHEAT SWITCH

This switch serves two functions:

1. Preheats glowplugs before beginning the starting
process. Press switch for 10 seconds before attempting
start-up.

2. Bypasses the safety shutdown feature during the starting
process. Keep switch engaged while starting engine, and
for 2 to 3 seconds afterwards, allowing oil pressure to build
beyond shutdown setpoint.

ENGINE CONTROL SWITCH

To start the engine, hold this switch in the START  position
until the engine is running.

NOTE: Excessive cranking of marine sets equipped

with water lift muffler systems can cause engine damage. See
page 7.

After the engine starts, release the switch and it will return

to RUN position. To stop the engine, press the switch to the
STOP position.

NOTE: The rocker switch is used on Series 1 panels only,
and has a light that glows when the set is running.

HOUR METER

Keeps track of engine running time.

OIL PRESSURE GAUGE

Shows the oil pressure in the engine lubricating system.

WATER TEMPERATURE GAUGE

Registers the temperature of the cooling water.

D.C. VOLTMETER
When the engine is running, the voltmeter indicates the
voltage output of the alternator.

For Series 4 Control Panels Only:

7.

10.

A.C. VOLTMETER

Shows the generator output voltage.

FREQUENCY METER (Hertz)
The frequency meter indicates engine speed:
1800 RPM (60 Hz), or 1500 RPM (50 Hz).

AMMETER SELECTOR SWITCH

Used to check each phase for load condition.

NOTE: Always leave this switch in the ON position while the
unit is running.

A.C. AMMETER
Shows the generator load on each phase. The phase is
selected with the Ammeter Selector switch (Item 9).

OM673L3 3/20
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Operating Procedures

BREAK-IN PERIOD

1. The first 100 hours on a new or reconditioned engine
are critical to its life and performance.

2. Operate the engine under various conditions,
particularly heavy loads to help seat engine
components properly. 50% overload is required; 75%
is preferred.

3. Constantly check the engine temperature and oil
pressure gauges (sets with Series 3 or 4 panels).

4. Oil consumption is greater during break-in as piston
rings take time to seat.

5. Break-In Oil Changes: Change engine oil and filter
at 50 hours. Change oil and filter again at 100 hours,
then at every 200 hours (consult Lubricants section for
oil recommendation).

BEFORE STARTING

1. Check the water level by removing the pressure
cap from the expansion tank or radiator. In order to
give the cooling water an opportunity to expand, the
expansion tank should be full. Overflow bottle should
be half full.

ADANGER

Do not open the filler cap when the engine is
A warm. Opening a warm filler cap can cause
severe burns.

2. Check the oil level in the crankcase with the
dipstick. The oil level must be in the waffled area on
the stick. Never allow the level to go below this area.
Always add the same viscosity of oil as is already in
the crankcase. Do not remove dipstick when engine is
running.

3. Check the fuel tank level and open any fuel valves.

4. Check and clean the sea strainer and reopen the sea-
cock.

5. Place the battery switch in the ON position.
NOTE: The battery switch must always be kept
ON while the engine is running. If the switch is
turned OFF while the engine is running, the battery
charging regulator could be ruined.

STARTING

1. Hold the Shutdown Bypass-Preheat switch in the ON
position for 10 seconds before starting a cold engine.
Holding the switch too long can burn out the glow
plugs.

2. While holding the Shutdown Bypass-Preheat switch
in the ON position, push the Engine Control switch to
the START position.

3. As soon as the engine starts, release the start switch
and continue to hold the bypass/preheat switch for
up to 5 additional seconds. Do not crank the starter
for more than 10 seconds consecutively. If the engine
fails to start with the first attempt, be sure that it has
stopped completely before re-engaging.

NOTE: Excessive cranking of the starter on Marine
sets equipped with a water lift muffler can cause
engine damage. If the engine does not start after three
10-second cranks, close the sea-cock, and remove the
impeller from the raw water pump. This will prevent
the muffler from filling with water and backfilling the
exhaust line and engine. Once the engine starts, shut

it off immediately and re-install the impeller and open
the sea-cock. Re-start the engine and check the exhaust
overboard outlet for gushes of water.

OPERATING

1. Units with Series 3 and Series 4 Control Panels: check
gauges often. Oil pressure must be above 15 PSI. The
D.C. voltmeter should read between 11 and 15 volts
at 80°F (25°C) ambient temperature. The coolant
temperature gauge must be between 167°F and
194°F (75°C to 90°C). Check the A.C. voltage and
frequency meters (Series 4 panel). If the gauges deviate
from normal levels, shut down the generator set and
investigate.

2. After starting, add electrical load up to 50% for first
few minutes. Load normally after 5 minutes.

STOPPING

1. Remove electrical load from the generator set.
. Run the engine for a 3 to 5 minute cool down period.
3. Move the Engine Control switch to the STOP position
momentarily.
4. Close the sea-cock, fuel valve, and battery switch.

OM673L3 3/20
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Operating Procedures

SHUTDOWNS AND ALARMS

1. Generator sets have shutdown systems to stop the
engine in the event of high water temperature, low oil
pressure or high exhaust temperature.
a. Other alarms and shutdowns are available as
optional equipment.
Contact your Northern Lights dealer for trouble-
shooting assistance if not equipped with optional
gauge panels.
2. If optional gauge panels are installed, do the following
when your warning or shutdown system is activated:
a. Engage the preheat switch to check the temperature
gauge, if installed.

b. If above 205°F (96°C), use the Troubleshooting
Guide on page 32 to isolate the cause of the
overheat.

Do not open the filler cap when the engine is
warm. Opening a warm filler cap can cause
severe burns.

c. Make repairs. Restart your generator set after the
temperature gauge registers below 200°F (94°C).
d. Watch the temperature gauge regularly and
turn off the unit if the temperature rises above
205°F (96°C). Repeat troubleshooting.

3. If shutdown is activated and the temperature gauge
shows temperature within normal temperature range:
a. This shutdown could have happened because of

a too high exhaust temperature. This could have
been caused by a damaged impeller or a partially
blocked sea water strainer. Check the sea water
strainer first. If it is clear, then check the
condition of the sea water impeller.

b. Check the engine crankcase oil level.

c. If the oil level is low, fill with recommended
lubricating oil and restart. Watch the oil pressure
gauge carefully and shut off the engine if it does
not show a normal reading (20-60 PSI) after a
few seconds of operation.

d. If the oil level is normal, DO NOT restart the
engine. Call your dealer for assistance.

SPARE PARTS

1. Northern Lights recommends that you keep the
following spare parts on hand for field service. Spare
parts and world class spare parts kits are available
from your local Northern Lights dealer.

2. Northern Lights standard spare parts kit (P/N
38-08015)*
contains:
. Primary and secondary fuel filter elements
. Oil filters
. Air filter element
. Drive belt
. Thermostat and gaskets
Raw water pump impeller with gaskets
. Water pump cover o-ring
. Rocker arm cover gasket
Exhaust manifold gasket

SEe o a0 o

3. Intended for long-distance cruisers, Northern Lights
world class spare parts kit (P/N 38-08019)* contains:
a. Primary and secondary fuel filter elements
b. Oil filters
c. Air filter element
d. Drive belt
e. Thermostat and gaskets
f. Raw water pump impeller with gaskets
g. Water pump cover o-ring
h. Rocker arm cover gasket
i. Exhaust manifold gasket
j. Injector pump
k. Impeller kit with gasket
1. Injector assembly
m. 12v glow plug
n. Gasket set
o. Fuel lift pump and mtg. gasket
p. O-ring
q. Brush and holder assembly
r. Relay, SPDT 12v 50A
s. Workshop manual

*- For use with M673LD3, M673LD3G, M673L3 and M673L3G gen-
erator sets with heat exchangers. Consult your Northern Lights dealer
for your unit’s specific spare parts requirements.
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Servicing Schedule Chart

The Servicing Schedule Chart below shows the service schedule required for proper maintenance of your generator
set. More detailed coverage of each Service Point (SP) is listed on the page noted in the ‘page’ column.

DAILY:

SP1

Check oil level in engine

SP7  Check primary fuel filter
SP10 Check cooling water level

AFTER FIRST 50 HOURS:
SP2/3 Change engine oil and filter

AFTER FIRST 100 HOURS:
SP2/3 Change engine oil and filter

EVERY 100 HOURS:
SP6  Check v-belt tension
SP17 Check electrolyte level in batteries

EVERY 200 HOURS:

SP2/3 Change engine oil and filter
SP4  Check air cleaner

SP18 Check condition of batteries

EVERY 500 HOURS:
SP8  Change primary fuel filter element
SP9  Change secondary fuel filter
SP15 Change impeller in raw water pump
SP16 Check exhaust elbow

EVERY 1000 HOURS:
SP5  Change air cleaner element
SP12 Check injectors

EVERY 2500 HOURS:
SP13 Check fuel injection pump
SP11 Check and flush cooling system
SP14 Check and clean heat exchanger

After | After Every | Every | Every Every | Every
SERVICE 50 100 100 200 500 1000 2500
POINT | PAGE| OPERATION DAILY | Hours | Hours | Hours | Hours | Hours Hours | Hours
ENGINE:
SP1 16 Check oil level b
SP2 16 Change engine oil 1) 4)
SP3 16 Change lube oil filters 1) 4)
SP4 17 Check air cleaner 1)
SP4 17 Change air cleaner 1) i
SP5 17 Check V-belt tension 1)
SP6 17 Check valve clearance 1) 2)
FUEL SYSTEM:
SP7 18 Check primary filter (Racor) 2) 3) 4
SP8 18 Change primary filter element 2) 3)
SP9 18 Change secondary fuel filter 1) 3)
SP12 20 Check injectors 1) 3) 5) L
SP13 20 Check fuel injection pump 6) 4
COOLING SYSTEM:
SP10 19 Check cooling water level L4
SP11 19 Check and flush cooling system
SP14 22 Check and clean heat exchanger
SP15 22 Change impeller in raw water pump 1) 3)
SP16 22 Check exhaust elbow
ELECTRICAL SYSTEM:
SP17 23 Check electrolyte level in batteries 1) 4
SP18 23 Check condition of batteries 1) L4
OUT OF SERVICE:
SP19 23 Winterizing or out-of-service 3)

1) Perform all maintenance every two years at minimum, even if hour level has
not been reached.

2) Consult manufacturer's maintenance schedule, note on chart.

3) Whenever necessary.

4) After first 50 hours, then at 100 hours, then every 200 hours.

5) Clean injection nozzles every 1500 hours.

6) For EPA emission standards fuel nozzle needs to be
cleaned every 1500 hours, the fuel nozzle and fuel pump
need to be cleaned, adjusted, or repaired every 3000
hours, and the quality guarantee for these parts is 1500
hours or 2 years.

OM673L3 3/20

15




Updated 8-7-19

Servicing

LUBRICATION - GENERAL

Use only clean, high quality lubricants stored in clean
containers in a protected area.

Use the most current API service category diesel rated
oil. Northern Lights recommends the use of multi-
viscosity oil.

. Use the proper weight oil for your average operation
temperature.
Air Single Multi-
Temperature Viscosity Viscosity
Above 32°F SAE30W | SAE 1540w
(0°C)
-10 to 32°F
(23 to 0°C) SAE 10W SAE 10-30W
Below -10°F
(-23°C) SAE 5W SAE 5-20W

Figure 9: Lube Oils

4.

Some increase in oil consumption may be expected
when SAE 5W and SAE 5-20W oils are used. Check
oil level frequently.

Never put additives or flushing oil in crankcase.

SP-1. CHECKING OIL LEVEL

Check the oil level in the crankcase with the dipstick.
The oil level must be in the waffled area

on the stick. Never allow the level to go below this
area. Follow the lubrication recommendations above.

SP-2. OIL CHANGES

1.

o

°

The set is delivered with special break-in oil.

Change the engine oil and oil filter after 50 hours

of operation. Use diesel-rated break in oil (John Deere
pre-packaged or equivalent) during the first 100 hours.
Consult your dealer for more information.

Change the oil and filter again at 100 hours using the
oil recommended in Figure 9. After this, change oil and
filter every 200 hours.

. During intermittent cold weather operation, change oil

every 100 hours or six weeks, whichever comes first.
Change oil at any seasonal change in temperature
when a new viscosity of oil is required.

Change oil when engine is warm.

Dispose of waste oil in an approved manner.

Never use a flushing oil.

Loosen the clamp on the oil change tube. Remove cap.
Drain oil. Replace the cap and tube.

Refill engine with recommended oil.

10. Engine capacity with new oil filter is:

M673L3(G) & LD3(G) — 3.17 quarts (3.0 liters)

SP-3. CHANGING LUBE OIL FILTER

1.
2.

b

b

S

Change the lube oil filter with every oil change.
Use a filter wrench to remove old filter. Dispose of
filter in approved manner.

. Make sure the gasket from the old filter is removed

and discarded. Clean mounting surface.

Spread a thin film of engine oil on the rubber gasket
on the new filter and screw it on nipple until gasket
meets the sealing surface.

Using hands only — no wrench — tighten filter one-half
turn farther. Overtightening can do damage to filter
element.

Fill engine with recommended oil. Start engine and
check for leakage. Stop engine, wait 3 minutes, and
check oil level. Add additional oil if necessary.

Oil filter part numbers are:

M673L3(G) & LD3 (G) — #24-08001
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Servicing

SP-4. AIR CLEANER

1. Inspect air cleaner every 200 hours. In dusty
conditions check more often.

2. Inspect the element. If it is dirty, wash the element
in soapy water. Rinse and dry thoroughly before
re-installing. Replace if necessary. Part number is:

M673L3 & LD3 - #24-28003

NOTE: Failure to change air cleaner at recommended
times can cause severe engine damage. Change
every 1000 hours or two years, whichever comes

first.

NOTE: Make absolutely sure no impurities enter the
engine while changing the element. Do NOT run the
engine with the air cleaner removed.

SP-5. V-BELTS

1. Check the tension and wear on the V-belt daily.

2. Use your thumb to press on the belt at the midpoint
between the crankshaft and alternator pulleys. The
tension is correct if the belt can be depressed about
3/16 in. (5 mm).

[V \4+—Valve Adjustment Screw

Rocker Arm

'

l 0.008 in.

Figure 10: Valve Adjustment

Cylinder No. 1 2 3

Valve Arrangement Int. |[Exh.| Int. |[Exh.| Int.| Exh

When No.1 cylinder

is at Top Dead Center O O Q

in the compression
stroke

With the crankshaft Q

turned 360° in O O

normal direction from
above

Valve Arrangement

0.200 mm.

SP-6. VALVE CLEARANCES

. Adjust valve clearance every 1000 hours.

To bring the No. 1 cylinder to top dead center in the
compression stroke, align the timing mark; the top
mark of the crank pulley with that of the timing gear
case. Remove the rocker arm cover and turn the
crankshaft foward and backward. If the inlet and
exhaust valves of the No. 1 cylinder do not move it is
in top dead center position. When the valves move,
or rock, turn the crankshaft one full turn and align the
top mark of the crank pulley with the top mark of the
timing gear case.

. Loosen the lock nut and adjust the clearance between

the rocker arm and valve guide of both the intake and
exhaust valves with the adjustment screw (Figure 10).
Clearance on both intake and exhaust valves should be
0.008 in. (0.2 mm).

. Repeat steps 3 and 4 for each cylinder. Each set of

valves must be adjusted individually.

. Replace the rocker arm cover. Tighten cover nuts to

5 - 8 ft/lbs (0.8 - 2.3 kg/m).

Figure 11: Timing Mark
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Servicing

FUELS - GENERAL

w N

Use only clean, high quality fuels of the following

specifications, as defined by ASTM designation D975

for diesel fuels:

a. Use Grade No. 2 diesel at ambient temperatures
above freezing 32°F (0°C).

b. Use Grade No. 1 at ambient temperatures below
freezing and for all temperatures at an altitude of
above 5,500 ft. (1500 meters).

. Use low sulphur or ultra low sulphur fuel.

The cetane number should be a minimum of 45.

DO NOT use these unsuitable grades of fuel:

a. Domestic heating oils, all types.

b. Class B engine.

c. Class D domestic fuels.

d. Class E, F, G or H industrial or marine fuels.

e. ASTM-D975-60T No. 4-D and higher number
fuels.

Storing fuel:

a. Keep dirt, scale, water, and other foreign matter

out of fuel.

b. Avoid storing fuel for long periods of time.

c. Fill the fuel tank at the end of each day’s
operation. This will reduce condensation.

FUEL FILTERS

1. Your generator set should have a primary fuel filter
installed. We recommend the Racor brand of fuel
filter-water separators.

SP-7. PRIMARY FUEL FILTER
a. Check the primary fuel filter daily as
recommended by the filter manufacturer.
Empty the collection bowl as necessary.

SP-8. PRIMARY FUEL FILTER ELEMENT
b. Change the element as often as necessary or
every 500 hours.
c. If the bowl fills with water, change the primary
and secondary element immediately.

SP-9. SECONDARY FUEL FILTER
2. Change secondary fuel filter every 500 hours.

a. Remove the spin-on filter by turning it
counterclockwise with a filter wrench. Fill the
new cartridge with fuel and install it after
applying engine oil to gasket surface. Screw on
until the gasket surface comes into contact with
sealing surface of filter base. Then, tighten it
two-thirds of a turn by hand. Do not overtighten.

b. Fuel filter part number is:

M673L3(G) & LD3(G) - #24-52020

OM673L3 3/20

18




Updated 8-7-19

Servicing

COOLING SYSTEM - GENERAL

A

NOTE: Be sure to close the sea-cock before
working on the engine cooling system.

CAUTION: The cooling water in the engine reaches
extremely high temperatures. You must use extreme
caution when working on hot engines to avoid
burns. Allow the engine to cool before working on
the cooling system. Do not open the filler cap when
the engine is warm.

WATER QUALITY

. Distilled, soft water is preferred for use in cooling

systems. Bottled distilled water from a food store or
water supplier is recommended. Tap water often has
a high mineral content. Tap water should NEVER
be put in a cooling system unless first tested by a
water quality laboratory. Do not use water made by
the reverse osmosis method unless it has been PH
neutralized.

2. Acceptable water quality specifications are shown
below:

Parts Grains
Contaminates per Million per Gallon
Maximum Chlorides 40 2.5
Maximum Sulfates 100 5.9
Maximum Dissolved Solids 340 20.0
Maximum Total Hardness 170 10.0
PH Level 5.5t0 9.0

SP-10. CHECKING COOLANT LEVEL

1.

2.

Check the coolant level each day before starting the
engine. Check the water level by removing the pressure
cap from the expansion tank.

In order to give the cooling water an opportunity to
expand, the level should be about 1 in. (2.5 cm) below
the filler cap sealing surface when the engine is cold.
The pressure valve in the filler cap releases when the
pressure is approximately 7 PSI (0.5 bar). Use a cap
pressure tester to check cap if you suspect it is faulty.

SP-11. COOLING SYSTEM FLUSHING

1.

Flush the cooling system every 2500 hours or every
24 months, whichever comes first.

a. Remove expansion tank cap and drain engine
block.

b. Leave all drains open.

c. Pour clean water into expansion tank until
water coming from drains is free of
discoloration and sediment.

d. Let water drain completely.

e. Close drains and refill with recommended
mixture.

NOTE: Open sea-cock before running engine.

Coolant Specifications:

Use 50% water / 50% ethylene glycol antifreeze mix.
Antifreeze mixture is recommended as a good year-
round coolant, but not methyl alcohol based antifreeze
because of its low boiling point. Also, antifreeze with
high silicate should not be used.

Check hoses and connections and repair any leakage.
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Servicing

SP-12. INJECTOR SERVICE

1.

Injectors should be checked every 1000 hours, or
more often as necessary. Check should be made by a
Northern Lights dealer or local injection repair
station.

g CAUTION: Escaping diesel fuel under pressure

can have sufficient force to penetrate the skin
causing serious personal injury. If injured by
escaping diesel fuel, see a doctor at once.

2. Injector removal:

a. Clean loose dirt from around the injectors and
the fuel lines.

b. Relieve high pressure in the fuel lines by
loosening the delivery line flare nuts at each
injector (Figure 13).

¢. Remove delivery lines by disconnecting from
injectors and injection pump (Figure 14). Remove
all lines as an assembly; do not remove the
clamp. Cover the ends of the lines, the injector
inlets and injection pump outlets to keep dirt out
(Figure 15).

d. Remove the return line retaining bolts (Figure 16).
Remove the return line (Figure 17).

e. Unscrew and remove the injectors (Figure 18).
NOTE: Do not use pry bars to remove injectors
from cylinder head.

f. After removing the injectors, discard the copper
sealing washers from the injector hole in the head
(Figure 19). Cover holes to prevent dirt and debris
from entering the cylinders.

Injector installation:

a. Install a new copper sealing washer in each
injector hole (Figure 19).

b. Screw in injector and tighten to 43 or 50 ft/Ibs
(6 to 7 kgm) (Figure 20).

NOTE: Overtightening can damage injector.

c. Installreturnline using new copper sealing below
each connection. Tighten return line retaining
bolts to 22 - 30 ft/lbs.

d. Install delivery lines. Leave loose at injectors for
bleeding.

e. Crank the engine to fill lines. Tighten lines at
injectors. Start engine and check for leaks using a
piece of paper or cardboard.

DO NOT use hand to check for leaks.

SP-13. INJECTION PUMP

Since operating conditions may vary considerably, it
is difficult to give a definite interval for checking the
injection pump. But as a rule, pump settings,
maximum speed, idle speed and exhaust smoke
should be checked after every 2500 hours of
operation. Service of the fuel injection pump should
only be done if checks indicate pump malfunction.

. Black smoke can be an indication of pump

malfunction. Before servicing the pump, check other
possible causes:

a. Check cleanliness of air filter.

b. Check valve clearances.

c. Clean and check injectors.

. Any repair which involves disassembly of the

injection pump must be performed ONLY by an
authorized dealer. Disassembly by non-authorized
personnel may void the warranty.

NOTE: All warranties on the engine become null
and void if the injection pump seals are broken by
unauthorized persons.
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Figure 16: Remove return line nuts. Figure 20: Reinstall injector. Torque to proper tightness.
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Servicing

SP-14. HEAT EXCHANGER

Clean the heat exchanger core every 24 months, or
after 2500 hours of operation, or as needed.

2. Drain expansion tank and heat exchanger.

W

Remove heat exchanger end covers and remove core.
Clean the inside of exchanger core tubes using

a metal rod. Flush, inspect and clean again if
necessary.

Reassemble. Fill the cooling system, start the engine
and check for leaks.

SP-15. RAW WATER PUMP

Change the seawater pump impeller every 500 hours,
or as needed.

Remove the pump end cover. Pry out the impeller
using needle-nose pliers or two screwdrivers.

Be sure you remove all pieces of failed impeller.
NOTE: Place some kind of protection under the
screwdrivers in order not to damage the pump
housing.

Clean the inside of the housing.

. Press in the new impeller and place the sealing

washers in the outer end of the impeller center if this
has not already been done.

Replace the cover using a new gasket or o-ring.
NOTE: Make sure that there is always an extra
impeller and cover gasket in reserve on board.

SP-16. EXHAUST ELBOW

1.

Visually inspect the exhaust elbow every 500 hours
of operation, or sooner if needed. If any rust or other
damage is noted, replace the elbow.

GENERATOR ENDS

The maintenance and operation recommendations for
the generator end are located on pages 24-27 under the
heading “AC Generator”.

ELECTRICAL SYSTEM - GENERAL

1. Never switch battery switch off or break the circuit
between the alternator and batteries while the engine
is running. Regulator damage can result.

2. Do NOT reverse the polarity of battery cables when
installing the battery.

3. When welding near the unit, disconnect the AC and
DC voltage regulator and battery. Isolate the leads.

4. Disconnect the battery cables when servicing the D.C.
alternator.

5. Never test with a screwdriver, etc., against any
terminal to see if it emits sparks.

7. AD.C. circuit breaker protects your control panel
and wiring harness. It is located in the side of the
generator junction box.

GLOW PLUGS

1. Each cylinder is supplied with a glow plug which
serves to heat the combustion chamber for starting.

2. To check the glow plugs, measure the resistance
between terminal and engine block, using a high
quality meter. Resistance should be under 1 ohm.

3. Check all glow plugs and replace any that are faulty.

Figure 21: Glow plugs
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BOOSTER BATTERIES

CAUTION: Battery gas can explode.
Keep all flames and sparks away from batteries.

Before changing or using booster batteries, check
battery electrolyte level. Add distilled water if necessary.
Booster and main batteries must have the same
voltage rating.

First, connect positive (+) terminal of booster battery
to positive (+) terminal of main battery. Then, connect
negative (-) terminal of booster battery to ground on
the engine block (see Figure 22).

Remove booster battery after starting engine.

Sealed batteries: See manufacturer charging and
booster instructions.

SP-17 and 18. BATTERY CARE

1.

Add distilled water to manufacturer’s recommended
level.

Batteries, cables and cable terminals should

be checked and cleaned every 100 hours.

Clean corrosion with a water and baking soda
solution. Flush with clean water. Tighten terminals
and grease them to inhibit corrosion.

Check the battery condition with a hydrometer every
500 hours.

Battery Booster Battery

Figure 22:
Battery connections.

SP-19. WINTERIZING, OUT-OF-SERVICE

If the generator set will not be used for more than 3
months the following preparations should be taken for
long term storage.

* Change engine oil and filter, as per recommendations
on page 16.

* Run the engine up to at least 140° F from a small,
clean source of fuel dosed with either “Stab-il”” brand
fuel system stabilizer (diesel engine formula), or
Stanadyne Performance fuel system conditioner. If
neither of these fuel treatments is available, you may
also use John Deere fuel system conditioner.

*  Completely drain, flush, and fill the cooling system
with pre-mixed, 50/50, conventional ethylene-glycol
heavy-duty diesel engine coolant.

* Loosen alternator drive belt.

* Completely seal off intake and exhaust openings with
heavy plastic bags and duct tape.

» Cover entire engine in large plastic bag and tape
closed at bottom of bag-place several moisture
absorbing desiccant packs inside plastic bag

» Store engine inside a building (preferably climate
controlled) to prevent corrosion.

To Remove Generator Set from Long-Term Storage:
1. Take off all protective coverings and unseal all the
openings that were covered up.

2. Install batteries that are fully charged and connect the
terminals.

3. Re-install the alternator belt if it had been removed.

4. Fill the fuel tank.

5. Perform all pre-start checks.

6. Crank the engine for 10 seconds with the starter,

without letting the engine start. Wait 2 minutes and
crank the engine an additional 10 seconds to make
sure all bearing surfaces are well coated.

7. Start the engine and run at no load in a low idle for
several minutes. Make sure the engine is warmed up
and check gauges before going under load.

8. Check all gauges and check for leaks.
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AC Generator - TF-276D

GENERAL

1.

A Generator Set includes the engine, the generator, Control

and the control or “J”” box (Figure 23).

The generator and the control or “J” box produce . o

the electrical power.

Box

Generator excitation is provided by residual Engine

magnetism and electrical output voltage is con-
trolled by the automatic voltage regulator (AVR)
located in the control box (Figure 25, ltem 2). Generator

GENERATOR (Figure 24)

1. Stator Core
Stator Coil
End Cover
Brush
Ball Bearing
Slip Ring
Frame
Coupling Plate
Field Coil

. Field Core

11. Shaft

12. Ventilation Cover

A A R

—_
=]

CONTROL BOX (Figure 25)

1. Voltage Selector Terminal

5 L
2. Automatic Voltage Regulator (AVR) %
3. 12 Volt DC Circuit Breaker =
4. AC Circuit Breaker - —
5. AVR Circuit Breaker e
6. Output Terminal Board ®/ =
c—/
_E_J
Figure 24: Generator Components.
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Figure 25: Control Box Components.
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AC Generator - TF-276D

CONNECTIONS

1. 120 Volt Output:
a. 120 volt output can be selected by connecting @ Uz Vi V2 @

U1
the terminals of the control terminal board to 120
(Figure 26). | | | | ||
4 o o N\
— F+ (RED)
— Ft (BLUE) DST%DFN j

D

:— A (ORANGE)
240 120 —— B (GREV)
hoeg s
CIRCUIT
BREAKER
R, Figure 29: Output Terminal Board, 240 Volt Output
120 (YELLOW)
240 (BROWN)
3. 120/240 Volt Output
. o P puc
\ J a. Connect the control terminal board for 240 volts
Figure 26: Control Terminal Board, 120 Volt Output (Fi%zure 30).
T/
b. Connect Ul to U2 and V1 to V2 on the output 1 9w A‘;R |:j
terminal board (Figure 27). Connect 120 volt T E"'-“‘) X DsT-61-DPN
-_—A (ORANGE]

output leads to terminals Ul and V2. 2o 120 8 (oxen
HHHF & o
—— U1 (GREEN)
@ U1 U2 Vi V2 @ 122:; ::R:z:;; I:':I

o o

N~——

Figure 30: Control Terminal Board, 120/240 Volt Output

b. Connect U2 and V1 on the output board
(Figure 31). Connect output leads to Ul and V2
and neutral lead to V1 (or U2). 240 volt output is
available from the leads connected to Ul and V2.
2. 240 Volt Output: The 120 volt load should be divided as equally as
possible between two 120 volt circuits.

Figure 27: Output Terminal Board, 120 Volt Output

a. 240 volt output can be selected by connecting
the terminals of the control terminal board to 240

(Figure 28).
4 N\
2 e ASR ) @ U vz @
— F— (BLUE) DST—61-DFN
0 s <

120 — B (GREY) . L |
AC
CIRCUIT
BREAKER

|

—t+— U1 (GREEN)

120 (YELLOW)
240 (BROWN)
. o _F WY
(. J
Figure 28: Voltage Selector Terminal, 240 Volt Output
b. Connect U2 to V1 on the output terminal board
(Figure 29). Figure 31: Output Terminal Board, 120/240 Volt Output
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AC Generator - TF-276D

OPERATION
In order to ensure a long, trouble-free life, the
generator must be operated properly and the
specified maintenance must be performed.

OPERATING ENVIRONMENT
Always keep electrical equipment clean. Moisture,
salt, dust, and oil will damage the generator. The
operating environment must be kept as clean and
moisture free as possible.

VENTILATION
Good ventilation is important for proper genera-
tor operation. When installing the generator set, be
sure the ambient temperature does not exceed 40°C
(104°F) during operation.

MAINTENANCE
Proper and effective maintenance is required to
ensure trouble-free operation. In addition to the
above items, the following are required:

1. Periodically check all bolts and nuts for proper
torque. This is especially true for coupling bolts.

2. Be sure to keep the generator area clean and dry.

a. Dust and foreign material may reduce the flow of
cooling air, reducing heat dissipation and causing
the generator to overheat.

. If electrically conductive debris accumulates on
the windings, or if moisture or salt water are
absorbed into the windings, the windings may
short or ground, reducing voltage output.

c. Wiping is the only effective method for removing
dust and foreign materials. Use a clean, lint-free
piece of cloth.

3. Ifthe generator has not been operated for an
extended period of time, check the insulation
resistance of each stator coil and the rotor.
Disconnect the AVR from the generator when
performing this test.

Voltage Adjustment

a. If there is some voltage, but it does not build up
to rated voltage, voltage adjustment can be made
using the “hand trimmer” in the AVR (Figure 32).

b. The normal voltage setting at no load is 121 volts
at 62 Hertz or 242 volts at 62 Hertz.
e 2
(.
(@) (@)
|:| DST—-61-DFN
D SW3
1]
VR3 VR2 M 8o
)
VR1
(@) (@)
O O O o o O o
\ / O Y,

HAND TRIMMER/
Figure 32: Hand Trimmer Location on AVR.

5. Check the ball bearing in the generator end.
a. Listen for unusual noise.
b. Abnormal temperature rise can be noted by
discoloration.
c. If the bearing is failing, it must be replaced.
d. Generator bearing should be replaced by your
Northern Lights dealer at 10,000 hours.
6. Check the brushes
a. The carbon brushes gradually wear with use, so
they must be inspected periodically and replaced
as necessary.

. If the brushes are excessively worn as to expose
the pigtail (Figure 33), sparking will occur at the
surface of the slip ring, causing surface damage.
Therefore, periodic inspection of the brushes is
important.

c. Normally, the brushes will have to be replaced

with a new brush assembly within 3,000 hours.

@i:g:

Figure 33: Brush Pigtail.
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AC Generator - TF-276D

7. Replacing Brushes 9. Parts: See Parts Book for complete list

a. Shut down the generator. Remove four screws a. Bearing
and end cover of the generator. Part #22-68305

b. Brush assembly is black plastic with two wires b. Brush assembly
leading to it. It is located at ten o’clock and is Part #22-68304
held in position by two screws (Figure 34). 10. Test Specifications: See Wiring Diagram(s)
Remove the screws and unplug leads. a. Resistance of J-K

16.6 ohm at 20°C (68°F)

b. Resistance of A-B
0.25 ohm at 20°C (68°F)
c. Resistance of UI-V2
0.56 ohm at 20°C (68°F)
d. No load voltage setting
242V or 121V at 62 Hz with cold generator

Figure 34: Brush Location.

c. Attach leads to new brush assembly and install it
with the plastic ears towards the front of the
generator.

NOTE: Be sure to connect wire J to terminal J,

and connect wire K to terminal K.

8. Generator Protection
To protect the generator and AVR from
unbalanced loads and over loads, two 20 amp
breakers are placed in the output circuit and one
3 amp breaker is placed in the AVR sensing
circuit (Figure 35).

DC CIRCUIT BREAKER
SR | RR |SDR| PR S j
—— F+ (ReD) :]
@ Frowe am,
—t— B (GREY)
e 1]
CIRCUIT
BREAKER
—— vt (RN
—— 120 (vELOW)
—t— 240 (BROWN) =]

o o J

[

U1 Uz Vi V2l

AWR CIRCUIT BREAKER

Figure 35: Breaker Locations.
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Troubleshooting

DC ELECTRICAL SYSTEM
PROBLEM

Battery Will Not Charge

POSSIBLE CAUSE
Loose or corroded connections

Sulfated or worn out batteries

Loose or defective alternator belt

RECOMMENDATION(S)
¢ Clean and tighten battery connections.

* Check specific gravity of each battery.
* Check electrolyte level of each battery.

* Adjust belt tension.
* Replace belt.

Starter Inoperative

Check DC circuit breaker

Loose or corroded connections

Low battery output

Defective electrical system
ground wire

« If the breaker is tripped, reset it.

¢ Clean and tighten loose battery and
harness plug connection.

* Check specific gravity of each battery.
* Check electrolyte level of each battery.

* Repair or replace.

Starter Cranks Slowly

Low battery output

Check specific gravity
of each battery cell
(lead acid batteries only)

Check electrolyte level
of each battery

Loose or corroded connections

Crankcase oil too heavy

* Battery is too small.
* Battery cables are too small.

* Replace battery if necessary.

« If low, fill cells with distilled water.

¢ Clean and tighten loose connections.

« Fill with oil of appropriate viscosity.

Entire Electrical System
Does Not Function

Check DC circuit breaker

Faulty connection

Sulfated or worn out batteries

Dead Battery

* If breaker is tripped, reset it.

* Clean and tighten battery and harness
plug connections.

* Check specific gravity and electrolyte
level of each battery.

* Charge battery.

If you cannot correct problems with these procedures, see your Northern Lights dealer.
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Troubleshooting

ENGINE
PROBLEM

Engine Hard to Start
or Will Not Start

POSSIBLE CAUSE

Improper starting procedure

No fuel
Low battery output

Excessive resistance
in starting circuit

Crankcase oil too heavy

Improper type of fuel

Water, dirt or air in fuel system

Clogged primary or secondary
fuel filter element

Dirty or faulty injection nozzles

Fuel injected but no ignition

RECOMMENDATION(S)

* See starting section of this manual. Take
special note of Bypass Switch operation.

* Check level of fuel in fuel tank.
* Check electrolyte level and condition.

* Clean and tighten all battery connections.

* Use oil of proper viscosity.

* Consult fuel supplier and use proper type
of fuel for operating condition.

* Drain, flush, fill and bleed system.

¢ Clean or replace primary filter element,
replace secondary filter element.

* Have your dealer check injection nozzles.

* Glow plug malfunction.
* Low cylinder compression pressure.

Engine Runs Irregularly
or Stalls Frequently

Below normal engine temperature

Clogged primary or secondary
fuel filter element

Water or dirt in the fuel system
Dirty or faulty injection nozzles

Air in fuel system

Improper type of fuel

Low idle, not stable

* Remove and check thermostat.

* Clean or replace primary filter element,
replace secondary filter element.

* Drain, flush, fill and bleed system.

* Have your dealer check injection nozzles.

* Inspect clamps and hoses on suction side
of fuel pump for air leak.

* Consult fuel supplier and use proper type
of fuel for operating condition.

* Uneven compression cylinders.

Lack of Engine Power

Intake air restriction

Clogged primary or secondary
fuel filter element

Improper type of fuel

Overheated engine
Below normal engine temperature
Improper valve clearance

Dirty or faulty injection nozzles

Cylinder compression pressure low

* Service air cleaner.
* If in sound enclosure - ensure proper position of
snorkle hose

* Clean or replace primary filter element,
replace secondary filter element.

* Consult fuel supplier and use proper type of
fuel for operating conditions.

* See “Engine Overheats” in next category.
* Remove and check thermostat.

* Reset valves. Best done by dealer.

* Contact your dealer to replace injectors.

* Adjust valve clearance.
* Adjust nozzle holder alignment.
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Troubleshooting
ENGINE
PROBLEM POSSIBLE CAUSE RECOMMENDATION(S)
Engine Overheats Low coolant level or cooling « Fill tank or radiator to proper level.
system defective ¢ Check hoses for loose connections
and leaks.
* Fan belt slipping.
Keel cooling tubes have been * Remove paint from tubes.
painted
Cooling system needs flushing * Flush cooling system.
Defective thermostat * Remove and check thermostat.
Defective temperature gauge ¢ Check water temperature with thermometer
and replace gauge if necessary.
Water pump impeller worn/broken ¢ Check impeller and replace if necessary.
Engine Knocks Insufficient oil * Contact your authorized NL dealer.
Injection pump out of time * Contact your authorized NL dealer.
Below normal engine temperature  * Check your thermostats.
¢ Check water temperature to see if
temperature gauge is working properly.
Engine overheating * See “Engine Overheating” section.
High Fuel Consumption Improper type of fuel * Use correct fuel for temperature.
Clogged or dirty air cleaner * Service air cleaner.
Improper valve clearance * Contact your authorized NL dealer.
Injection nozzles dirty * Contact your authorized NL dealer.
Injection pump out of time * Contact your authorized NL dealer.
Engine overloaded ¢ Check load usage.
Engine not at proper temperature  * Check your thermostats.
* Check water temperature with thermometer
and replace gauge if necessary.
Below Normal Thermostats not working properly ¢ Check thermostats.

Engine Temperature )
Temperature gauge * Check water temperature with thermometer.

not working properly

If you cannot correct problems with these procedures, see your Northern Lights dealer.
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Troubleshooting

ENGINE
PROBLEM

Low Oil Pressure

POSSIBLE CAUSE

Low oil level

Clogged filter and strainer or
worn bearings and oil pump
Improper type of oil
Partially plugged oil filter

RECOMMENDATION(S
» Fill crankcase to proper level.

* Repair or replace.

* Drain and fill crankcase with correct oil.

* Replace filter.

High Oil Consumption

Break-in period
Crankcase oil too light
Oil leaks

* Oil consumption decreases after break in.
* Use proper viscosity oil.

* Check for leaks in lines around gaskets
and drain plug.

Engine Emits Black
or Gray Exhaust Smoke

Clogged or dirty air cleaner

Defective muffler
(back pressure too high)

Improper fuel
Injection nozzles dirty

Engine out of time

« Service air cleaner.

* Contact your authorized NL dealer to
check back pressure.

* Use correct fuel for temperature.
* Contact your authorized NL dealer.

* Contact your authorized NL dealer.

Engine Emits
White Smoke

Improper fuel

Cold engine

Defective thermostat

Clogged intake hose

Engine out of time

* Use correct fuel for temperature.

» Warm up engine to normal operating
temperature.

* Remove and check thermostat.

* Remove and check intake hose.

* Contact your authorized NL dealer.

If you cannot correct problems with these procedures, see your Northern Lights dealer.
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A

1.

Troubleshooting

BLEEDING THE FUEL SYSTEM

CAUTION: Escaping diesel fuel under pressure can penetrate skin causing serious personal injury.
Before disconnecting lines be sure to relieve all pressure. Before applying pressure, be sure all

connections are tight and lines, pipes and hoses aren't damaged. Fuel escaping from a very small hole
can be almost invisible. Use a piece of cardboard or wood, rather than hands, to search for suspected
leaks. If injured by escaping fuel, see a doctor at once. Serious infection or reaction can develop if
proper medical treatment isn't administered immediately.

Figure 12: M673 Fuel System.

The fuel system is self-bleeding. However, any system

may need manual bleeding when:

a. A new fuel filter is installed;

b. The engine has run out of fuel;

c. The fuel lines, injection pump or any other fuel
system component has been removed and installed.

Loosen bleed screw “A” (Figure 12) on top of the

filter. Pump hand primer “B” on fuel lift pump until

pure fuel (no bubbles) escapes from bleed screw “A”.

Tighten bleed screw “A”.

Loosen bleed screw “C”. Pump hand primer “B” on

fuel lift pump until pure fuel (no bubbles) escapes

from bleed screw “C”.

4.

If the engine does not start after the above bleeding
process, loosen a fuel line at the injector. Crank the
engine until pure fuel escapes, then tighten the con-
nection. Do each line one at a time.

After the engine has started, check for fuel leaks using
a piece of cardboard.
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Northern Lights Marine Data

Model: M673L3 (G) M673LD3 (G)
RPM 1800 1500 1800 1500
kW Rating 6.0 5.0 5.0 4.5
Frequency (Hz) 60 50 60 50
GENERAL INFORMATION
Cylinders 3 3 3 3
Displacement 46.4 in® 46.4 in® 46.4 in® 46.4 in®
(0.761 Itr) (0.761 Itr) (0.761 Itr) (0.761 Itr)
Cycle 4 4 4 4
Bore 2.64in 2.64in 2.64 in 2.64 in
(67 mm) (67 mm) (67 mm) (67 mm)
Stroke 2.83in 2.83in 2.83in 2.83in
(72 mm) (72 mm) (72 mm) (72 mm)
Rotation (facing flywheel) CCw CCw cCcw CCw
Compression Ratio 23.5:1 23.5:1 23.5:1 23.5:1
Crankcase Capacity w/ Oil Filter 3.2 qts 3.2 qts 3.2 qts 3.2 qts
(3.0 Itr) (3.0 1tr) (3.0 Itr) (3.0 1tr)
Aspiration Natural Natural Natural Natural
Dry Weight / Complete Unit 377 Ibs 377 Ibs 377 Ibs 377 Ibs
(171 kg) (171 kg) (171 kg) (171 kg)
Height 209 in 209 in 209 in 209 in
(530 mm) (530 mm) (530 mm) (530 mm)
Width 19.5in 19.5in 19.5in 19.5in
(495 mm) (495 mm) (495 mm) (495 mm)
Length 28.5in 28.5in 28.5in 28.5in
(724 mm) (724 mm) (724 mm) (724 mm)
COOLING SYSTEM
Approximate Cooling System Capacity .5 gal .5 gal .5 gal .5 gal
(2 Itr) (2 Itr) (2 Itr) (2 Itr)
Minimum Through-Hull Diameter 0.75in 0.75in 0.75in 0.75in
(19 mm) (19 mm) (19 mm) (19 mm)
Raw Water Pump Inlet Hose L.D. 0.75in 0.75in 0.75in 0.75in
(19 mm) (19 mm) (19 mm) (19 mm)
Minimum Seawater Discharge 0.75in 0.75in 0.75in 0.75in
(19 mm) (19 mm) (19 mm) (19 mm)
Heat Rejection to Jacket Water 350 BTU/min | 250 BTU/min 350 BTU/min | 250 BTU/min
Fresh Water Pump Capacity 5.0 gal/min 4.2 gal/min 5.0 gal/min 4.2 gal/min
18.92 Itr/min) |(15.77 Itr/min) (18.92 Itr/min) | (15.77 Itr/min
Maximum Seawater Pump Suction Head 39in 39in 39in 39in
(1 m) (1 m) (1 m) (1 m)
Seawater Pump Capacity 8.0 gal/min 7.0 gal/min 8.0 gal/min 7.0 gal/min
(30 Itr/min) (26 Itr/min) (30 Itr/min) (26 Itr/min)
Keel Cooler Turbo Tube Length 4 ft 4 ft 4 ft 4 ft
(1.2 m) (1.2 m) (1.2 m) (1.2 m)
Keel Cooler Head Diameter 0.75 in NPT 0.75 in NPT 0.75in NPT 0.75 in NPT
(19.1 mm) (19.1 mm) (19.1 mm) (19.1 mm)
Keel Cooler Water Hose 1.D.
Discharge and Suction 1.0in 1.0in 1.0in 1.0in
(25 mm) (25 mm) (25 mm) (25 mm)
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AC Wiring Diagrams
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AC Wiring Diagrams
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AC Wiring Diagrams
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AC Wiring Diagrams

0€8901-g# Buimeiq
YAV N4Q-19-1SA yim
Jojelauas) pea y 09/24 L oAle |
welbeiq BuuIpy OV

‘¢ 310N 33s

/3NVy4 N3O

¥ JION 33S

JLIHM

N334
ovia

,
,
,
,
_

L]

‘9 310N 338

e v H

d
0
|

[}, —_
D,

S Hig\l 33s
I

L

2N

ﬂ

S
L

'ZHO9 40 ZHOG d04 ¢MS 13S

'SNOILYTIVLISNI 00£3SO—S d04

3snd d3XMNM ANV V 1LINO "STINVd 00¢£0SO—-S OL ¥3d43d
OL ONV 6 SINIOd NOILOINNOO "STINVd OSL—S

Y3434 ¢ d33dS ANV ‘1Q33dS ‘N ‘8 ‘v SINIOd NOILOINNOD
X08— dOLVH3IN3IO 3HL 4O 3QISLNO J3IINNOW

STINVd 00£0SO—S ANV OSL NI a3sn AINO

'08Y 3dAL ‘A0SZ/¥L 38 OL 3d¥ Z ONV L S3Sn4 IINAOW
‘NOILYTIVISNI ¥3d d3NIWY3L3a ONIZIS

'SYOLONANOD 1NdLNO NIVW J3LOINNOOD ANV 0311ddNS

Y3INOLSNO ILYOIONI SINIT (Q3FHSYA) N3AAIH MOIHL *

'NOILFHOSId SYIWOLSND FHL LV d3INOLSNO JHL
A8 3AVW 38V SNOILDINNOO ANNO¥O TV SLINA INIMVN
'S3000 V001

318Y0Mddv ANV NV 300D WOI4LO3 13 TYNOILYN 3HL HLIM

JONVAHOOOV NI 38 OL SI ONIONNOYO  “SLINN TIVIdLSNANI
"INIOd NOILO3INNOO HOV3 LV d3IMIVN

3dIM A8 Q3141IN3AI 39 LSNIN ANV A9 38 OL 3dV
SYOLONANOD Q3TIVLSNI NN 11V ‘d3000 ¥0100 SS3TINN
‘031ON SV 1d30X3 ‘ONWYLSILINA “0.501L ‘OVAG09 ‘MLIW
IdAL ‘9L OMV 38 OL 3¥V SYOLONANOD NOILVTIVISNI 1V

C

l

“S310N

(=

—

(v)8 ()

2\ an LA LN

7 Saval
1NdLNno
JOLVH3INIO

A
m
o

,

,

,

,

,

,

0078 INIONI |

,

,

,

|

T

,

|
1

J

R R
777777,77‘7777777

]
]
ﬁ

N
D
D

i e |

-

LOVLNOD AMYIIXNY -«

EERELEE]
LINo¥Io
Qvvog

¢y8d0

davod
IVNING3L
1NdLNno

[ore]

NMOYdE Hdva

?NL MOTI3IA

31dand

ZUA CHA

JOLOINNOD dAV

.

LA

JOLVHINGO

ZHOS

LIA
rav A
ZHo9

MS
‘£ 310N 338

o [0

11

7Q Oi H ENCE

ad3d

O] | [O] 4y

r

/H 09/0S9 @l

OVAOYZ/0c1L—00c/ 001

oz” 216 o

19YLNOD
XNy
2¥dd

%\

EEb ]
1IN0¥ID
¥OLVYIN93y Ovve
1dd0

AJd0

v

JONVHO

(80089-27)
NAQ—19-1S0

4OLvVIN93d
8 3OVLION OV

X0g NOILONNAP

OM673L3 3/20

37



Updated 6-6-17

AC Wiring Diagrams

89601 -g# bumeiq
HAV N4d-19-1Sd yum

Jojelausg) pea ¥ ¢1€L9N
welbeiq BulIpy OV

59078 3NION3
/3NV34 N39

|
NI389 OLF | I

N

ALIHM

Aovig

‘9 3ION 338

_0— ,_x _.m‘_u\%

.

S 3UON 335
e
L — 1w

' ZH 0S ¥0J ZMmS 138 *

‘SNOLLYTIVLSNI 00£3S9—S ¥0J 3SNd O3XNN aNV
V 1IN0 "ST3NVd 00£J0S9—S Ol ¥343¥ OL ONV 6 SINIOd
NOLLO3NNOD  'ST13NVd OS1L—S Ol

Y3434 Z 033dS ANV ‘Ld33dS ‘N ‘V SINIOd NOLLO3NNOO *

'X08—" YOLVY3NID 3HL 4O 3AISLNO C3LNNOW ST3NVd
00€9S9—S ANV OS1—S HlLM G3TIVLSNI XINO

"08v 3dAL ‘A0SZ/VL 38 OL 3¥Y 2 ONV L S3Snd IINAON *

‘NOLLYTIVASNI ¥3d G3NIWJ3130 ONIZIS
'SYOLONANOI INdLNO NIVW Q3103NNOD ONY d3nddns

Y3IWOLSNO 3LVOIONI S3NM (J3HSVA) N3AAIH MOIHL

‘NOLL3¥OSIA  SM3IWOLSND 3HL LV J3WO0LSND 3HL

A8 30YW 34V SNOLLOINNOD ANNO¥O TIV :SLINN 3NV
'S3000 OO0

318¥0INddY ANV ONV 3000 TvORLO3T3 TYNOLLYN 3HL HLim
3ONVQJOOIV NI 38 OL S| ONIGNNOYI :SLINN “VINLSNANI
‘INIOd NOILO3NNOO HOV3 1V 3MyVA

JYIM A8 Q3L4LUN3AI 38 LSNW NV A3¥9 38 OL 3dv
SYOLONANOD QITIVASNI NN TIV ‘03009 ¥O100 SSIINN
‘G3LON SV Ld30X3 ‘ONVALSLLINN “0.850L ‘OVAOO9 “MLW
3dAL ‘L OMY 38 OL 34V SYOLONANOO NOLIVTIVASNI TIV

©

"2}

<+

c

K
L

‘S310N

A Zn 1A n _

1NndLno
YOLVY3NIO

/

)

_ Saval _|§E8§_.§<

TS
/NIIG OLF |

N I v

ayvog
IVNINYIL
1NdLnoO

__.______:________
L

HE

A 2N

[ove] NMOYE Yiva

[oz1] MOTIEA

o¥c 0¢l n

[

@5
oo T #

3dnd

'L:ﬂﬁns

ort _a mﬂmm mm

# [0 O] ——4
(80089-22)

Ol lyIon | ., Nio-l9-Isa

e |

dOLVIIN3O

/H 06 ¢l OVAOLC d0 IJVAQLC

]
< = YOLYIN9IY
¥

= 83OVLIIOA OV

JONVH0 v

X084 NOILONNP

OM673L3 3/20

38



Updated 3-3-20

AC Wiring Diagrams

ae9901-g# buimeiq
YAV NAQ-19 13 yum

welBeiq BUMIpy OV

lojessuag pes ¥ 49241 okiel

‘¢ 310N 33S

N9 N

N3349

I
I
/H 0S5 @1 OVAGLL//ZH 09 @1 OVAQOCL m
I

3LIHM

‘9 310N 33S

A

Y3434 2033dS ANV ‘L033dS ‘N ‘Y SINIOd NOILOINNOO

‘ZHOS 04 ZMs 13S /L

'ST3INVd 00¢0SO—S OL ¥343d
Ol ANV 6 SINIOd NOILOINNOO  "STINVd OSL-S Ol

'XO8— dOLVY3INIO 3IHL 40 3AISINO C3INNOW ST3INVd
00£0S9—S ANV OSL—S HLIM d3TIVISNI AINO

08V 3dAL ‘A0SZ/VL 38 OL SI L 3Snd 3INAON 'S

"NOILVTIVLISNI d3d Q3NINY313d ONIZIS
'SY0LONANOD LNdLINO NIVW d3LO3INNOO ANV d3MddNns

YINOLSNO 3LVOIANI S3NIM (J3HSYA) N3IAAIH MOHL ‘¥

‘NOIL3¥OSIA SYIWOLSND JHL 1V A3WO0LSND 3HL Ad
JAVYN 39V SNOILOINNOD ANNOY¥O TV “SLNN INIMVA
'S3000 V00T 371Ev0ITddY ANV ONY

3000 VOIRHLOF T3 TVNOILYN JHL HLIM 3JONVAH0OV
NI 38 OL SI ONIONNOYO
"INIOd NOILO3INNOD HOV3 1V d3IXIVN d38NNN A9
Q3I41IN3AI 39 1SN ANV A3¥O 38 OL 3V S3TdIM

Q3TVISNI TN 1V ‘3000 Y0100 SSIINN ‘2

"OVA 009 'ANVYLSILINN "MLAN 3dAL ‘0.50L

‘AINO SLINN WVIFLSNANI ‘¢

E_W_ | ‘1 OMV 38 Ol SYOLONANOD NOILVIIVISNI 11V °
‘¢ 310N 33s z5 , -S310N
%0078 3NIONI | 5 ,
/3Nves N3D ) m_llﬁ_ |
= I . _, ,
_ _ _ _ _ —— I —g——— L
r 1
Imjc,mJ , ] | ] L 078 vous swva
A\lvx | | [ | ?NL MOTI3A
) HsN¥g— ” l J . e
+4)r = | | |
u N334 O 17 | |
7 . 7 _ N3349
advod !
CA WA 2NN | TYNINGGL ovc  0cL 1IN
7 9N oN g J j 1NdLNO _
Fdund b
OERENG) T S —
)8 £V | SOI0INNOD 9V I
N | _‘ << M m
1 1 2% 28
ZA zn A 1N | Epan h\ ] O] [© mmmm
N A 5 =[Oy 1O f—sme 4
| sava A ol e (80089-¢2)
1NndLNo ¥DIe 44 ] r , L+ NJ0-19-1sT
YOLVHINID ovvor m|; JOLVYINO3Y
N | m ; o 839YLI0A OV
LA
| Zn Tonwao| ¥
! ZA
JOLVAINTD ¢
i v P i r v B
A vl X08 NOILONNP
¥INVINE
L1INJyIO

¥OLVINO3Y OVVE
14d0

OM673L3 3/20

39



Updated 8-12-19

DC Wiring Diagrams

GGy LL-g# Bumeiq
|0JJUOD) +g PUNOIS) plepues
OdA 2L €29 TIN/N
weibeiq Buuipy 04

S13X00S IMVIN34
ONISNOH 3TV

3dIS NOILY3ISNI LOVLINOD

‘Q37VASNI 38 1SN
SY3IAN3S NOILVIS WNA ‘03SN 38V STINVd T0¥INOD d39NVO OML 4l ¥
‘ST3NVd  L4VISOLNY
ANV ST3NVd TTOHINOD OINOYLO3T3d HLIM ONISN N3IHM NMOHS SV
NOILO3NNOD 30010 LO3NNOOSIA ANV (¥aS) AV13¥ NMOGLNHS 3AON3Y ¢
‘INIOd
NOILOINNOD HOV3 LV d3M¥VA JdIM A9 Q3141IN3AI 38 LSNN ANV A3HO
38 OL 34V SYOLONANOD G3TIVASNI 1IN 1V ‘G300 ¥0100 SSIINN 2
‘03LON SV ONV S¥Ivd Q31SIML Ld30X3 ‘03ANVYLS 0.50L ‘OVAQ09
‘MLN 3dAL ‘9L OMY 38 OL 34V SYOLONANOD NOUVIWVISNI 1V L

¥OLOINNOO SSINYYH | :S410N
aNO 3SV0
2 | ¥
4.062-0 NVL 18 NV 54
QN9 3SV0
= IS 08-0 o018 awong 3N18 08 38 08
REWNES =
¥ 3LON 335 T 1
4.502 J FANSs38d 110 MOv1g Lot 4 ‘¢ 310N 338 MOv18 1oL L
%0078 _3NION3 m\ a5
ﬂ\#\\\ﬁo\ \rf\\J‘? \\\\\ 98, —G8 ¢
SIOvV1g” A0TH Awgzo uz&%&:s CIE AP ERD) 1 7 RENYATARETS NL
HOLIMS " JN3L _ , AV13S LYVIS
TOMvHXa ~  TVINLSNANI— 4,067 | _
INIIVA—4.502 > 98,—G8
N9 _3SV0 ! 7 o an 31ddnd <ni S
= B 2 AVI3H NNY
J ~ 98,68 \5
%0078 _3NIoN3 m\ B aﬁurkoku,ﬁ,mozu | éo 31HM 8¢ 9
T __ " | 7 AV13Y 1V3H3Nd
Vg A e
SIOVINGD S50 -3 HOLIMS 0g, P48
YIHSINONILXZ™ 3313 “WNOILdO ENSSe YR o} 7 —oe— 7
yas
aN9 3SVD =
X399 66 ¢ 310N 335 39 601 8
S ONSI08 % mm\mm/mmrm k 4
SJONTISS, %0078 NN Fdand 28 | ) 1389 66
— —_— —_— —_— —_ —_ = ANNO¥O 3SVO AV13d NMOQLNHS
3YNSOTONI ¥O 3SvE 13SNI9 QNS =
HNSOTON3 e a8s
ﬁE;a‘u Tl
. Ina 11 LT (e T 7 Nmm 4
@38 60t 190916581 -
® | : 4OLV1NS3y PR I;l T mﬂfmvm oy @39 ¢ot 8¢
[ SN 39VII0A 0[5y u{ oLzevoeal 30AM OLF ¥ a39 OIF og
NS 49 MOVIE 101 o5 > T vy 1/ACL SON1d MOT9 dHd
| s e AKX HOIVNYILIY 7 8, 0 | |
) a3y 2oL
Ty : o 399 G39/MOTIIA OLF S8 OHMO 039 OlF
a3y 60l gy 7 ) 3
Mo ™ | VOl 8z
039 ¢ot
FENIEZIINS ouns v : a3y o1f oot | a3y oLf
c
| a3 yIv3Ng
1INJ¥I0 HOLIMS
a3y z0L e oLMS 7 dois o071 k
do1S 001 s Hwva e a3y 80l O\O a3y 01" 8t
a3y L0l g O\O 2aAZL XYN 3IBYD | MY m%@ﬂ%ﬁI
Q3Nddns
ﬁ 5 2unsT0RE"S 7 ANIONF X0d NOILONNM JOLVYINTO | 3NV

135N39 NO Q3INNOW

OM673L3 3/20

40



Updated 8-12-19

DC Wiring Diagrams

Z.yL1-g# bumelg
|0JJUOD +§ puUnoJS) pale|os|
OdANA ¢l €49 IN/N

TUNOIS +8
WY W

"03TVISNI 39 1SN

EEmm_D m:_.__>> oa SY3AN3S NOILVLS VNA ‘03SN 34V ST13INVA TOYINOD d3ONVO OML dI ‘¢
"STINVd LYVISOLNY
ONV ST3NVd TO¥INOD OINOMLOIFTI HLIM ONISN N3IHM NMOHS SV
SL3¥00s ITVI34 NOILO3NNOD 300Ia 103NNOJSId GNY (¥GS) AVI3d NMOALNHS 3AON3Y '€
ONISNOH FIVI “INIOd
NOILOINNOD HOV3 LV YINYVW 3dIM A Q3IJIIN3AI 38 ISNIN ONV A3Y9
38 0L 33V SYOLONANOD A3 TIVISNI ITN TV ‘03000 ¥010D SSIINN 2
"03LON SV ONV S¥IVd Q3ISIML 1d30X3 ‘3ANVHLS ‘0.501 ‘OVAO09
ML 3dAL ‘91 OMY 38 OL 3dV SHOLONANOD NOLVTIVISNI TV
30IS NOILY3SNI LOVINOD 1
YOLOINNOO SSINYVYH 7
1.062—0 NVl L8 NVL 18 7
YIANIS
dnal SNIoNI 38 08 | 3ng 08 | 8
RS !
% v 3oN 38 3ANSSd 1o Sovia 10t SOvViE 101 L
‘¢ 310N 338
4507 J 7 7
98
ﬁ\\ oac G39/MOTI3A 2€ ¢
b e —— T o e 2 <um Tavis
MOv1g 3LHM me. “3LHM m@o A3d0 0078 3NIONI 2 k
(AINO. ININVA) == 18,08 @ Jadnd Vig ¢
AOLMS gN3L MMLSOONI— 4,002 g — o
ISNvHX3 NISVA—4.50¢ HOVI8 zif yio 5
7 | 3LHM 8¢ T 9
Yovig L A
ISd Z¥L . 03y 60l 7 M 8
SYIHIO Ag
SIQVINOD FOHVHOSIO—3dd HOLIMS g5
YIHSINONILX3” 3313 TYNOILIO 33NSS3dd 10 0s ©o/8 7
| — o
¥as gr
MOTI3X A3YO 66 .mnmukﬁ Wum a3y 60l
| 7
31dand 2 | /mom/ X399 66 | 4
ANNO¥Y ISV AV13Y z\soQSIw
—_ L8
T3uNS0T0N3 ¥0 3SvE 13SNID P e m uy 7
PEN a3y zol
No s%su . 190915381 v | /8 0F o¢ as
HOLVINO3Y Shg 11 Ly INTEIT Olilo
@39 601 & 39VII0A O0[a3y — 012950381 IHM OLF ¥¢ a3y OLf
Vel Res S9N MO ¥Hd
N3 HOLVNSIL Y |, pean oo
SoviE 1ol S =7 (8 Of a3y Z0L ARBE
c,e; 033/MOT13X OLF G Oumfo a3y oLf
e v HoLMS a3y NE
a3¥ 60l o 7 W 5 | VoL dois Wo01
° WOL Hovi8 o a39 oLF oot | a3y oLf { a3y gor ©_© a3y Bz
034 20l & HOUIMS WYV )
AT 3 £Z02y-22 RENNERE]
ME L/Q0NE L TINOYID
03y 200 & oums 7 HOLON WILHvISe— 7
S| e s
Q39 20) gt O\O 2aAZL XYW TEV0 | OMV . m%@ﬂ%ﬁi
N
e - 3NONT X0d NOILONNI JOIVIINTD R

ISN3O NO_ GLNNOW

|

OM673L3 3/20

41



Updated 6-22-11
DC Wiring Diagrams

€/86-g# buimeiq

punoli9 piepuels OQ SHOA ¢l
weuabeiqg Bulip auibug oa

4.50¢ J

20078 3NION3
T e u\

o S e

Sovig dlHm SIS 30FM gT#Saud
GBI, SN
1SAvHX3  TVRIL

J HOLIMS
0078 3NION3 m\ B JW3L INION3
wovig -
mmEEo A8
SIVINOD “398VHOSI0—3Md
ONILX3~ 313" TYNOILJO

"03TIVISNI 39 1SN S¥3IAN3S
NOILVLS TvNd ‘03SN 34V STINVd TOHINOO d3oNvo OML 4 '+
'S13NVd LINIAVM HO 00¥0S9-S ‘00£0S9—S HLIM
INISN NIHM NMOHS SV (¥AS) AV13¥ NMOALNHS 3AOW3Y °¢
"INIOd NOILOINNOD HOV3 LV
AIMHYN 3JIM A8 Q3I4IIN3AN 38 LSNN ONY A3¥O 38 OL 3V
SYOLONANOD Q3 TIVISNI 1IN TV ‘3000 Y0100 SSIINN ¢

53]

I

,

I

aND 35V0 L
~

"G3I0ON SV ANV S¥Ivd Q3ISIML ‘SSINYVH JdIM a
INIONI IHL 1d30X3 ‘ONVALSILINA 0.50L ‘OVAO09 ‘MLA omd seate
3dAL ‘YL OMV 38 OL 38V SHOLONANOD NOILVTIVASNI TWV |
NVL 18 7 VL 18 7 d
N9 Fsvo St 080 3n78 08 3InTg 08 H
Y¥3IAN3 XUqu\mZ,Uzm

3¥NSS3dd 110 = | | 5

[ Movig 1ol |
7 I0HM 88 3

, |
: — N
¥as
i F1dund 7% E
T
A9 66 ‘€ 310N 335
5 —~98
EXECIENS 7 mmm\ﬂ A3¥D 66 7 g
AV13¥ NMOGLNHS
GZJOKM 3sv0
T L8
W ¥y
3me . AQ mOmliloOm. og¢
[ ama I
OGWWWWWT SOMd MOTS 3LHM OLF +¢ wHd a3y oLf
HOIVKIILY 7 8 0e Q39/MOT13A ¢
Q34/MOTT3K OLF ¢ Ou_mfo a3y ol AVI3Y LaVLS

| VGl |

a3y OuF 00t | 038 0l a3y zot | N
RENYERLG
1INOHID
=1l [ 203 v | | s
(=) (+) 3NIONI OL HIONI1
XYW 3180 | oMY J:(Fofﬂ

X08 NOILONNC ¥O1VHINIO | T3Nvd

OM673L3 3/20
42




Updated 6-22-11

DC Wiring Diagrams

V. vZ8-a# bumelg

punoi9 pelejos| Od SHOA ¢l
weabeiq Bulipg auibug 9a

=

EITTWC T
I (N0 v
_5 HOLNS “afl
i 15VHK
2~
O A e e e e e e
. & pEr) i
- 1
S1v1 mgg Jud WHLSNAI 062 '
- 41SNONI-3, i
AHHSIONIX] 393 NNOILO N3, haww J
Yov18
HOLNS A3
dnal Ilvm
S Amv_\q_\o FET)
WoViE
HOLMS
3uNSS3¥8 W0

Yovia
QIONIT0S

NIvy 13nd

dnd

{v-S/£-5 WNOIL)

v 1
Oy LI
! e e o e
omn P s
é@ G.G m v’ , 66 434D .mv doLS _.T.IW “
I
I
hﬂe« "\.il_AAuuuua_.J_.%.a- A.Tw Ll
i -
9NTd SSINYVH 9N1d_ S5INMVH P Auuuul._rnumi___._d:u | Lavis m_%@n__ﬁwm_
<
3015 3NION3 3015 TINvd v B GERITEN ) ms NMOQLNHS
! | 1OMLNOD 3NION3
_\.il_AAu WOTTEEEW T |
“MLN 3dAL 94 OMV 38 OL SNOLONANOD ¥NOJ SINIS '€ | H TS !
ANIOd NOILD3INNOD HOV3 LV ¥3INYYN ¥3GNNN A8 Q31JIN3IQI 38 ISNN ONV “ I [ Sy — Iﬂ S-Sl -
4380 38 OL 3¥v SHOLONONOD QITIVISNI -3’0V TIV “03000 ¥0W0I SSIINA ¢ H ! oo Y f
‘0310N SV ONV ¥Ivd 030T3HS O3ISML Ld3DX3 i | BN = !
‘ONVYISIIINN “2.501 "ML 3dAL ‘vl DMV 38 DL S¥OLINONOD NOUVITVISNI TV °L “ I—A + IIIIIII I\ﬂ\/l IIIIIII &_
*S$310N LTt T TR T L !
ﬁ 1 . RllA/. :
! Tz W T 4
i | C3oaw N s I
- - - ._ | ool 3Ni9ND k{ ||||||| !
_ i ||||_|||||||u\,| Fidana _
" "\ |_ﬂ o 1Ee A\._../,. i
1 1 +. IIIII IR o W |+
! A TS 80\ \
| ) 1 N / H
3052-0 _ WL 18 T An_¢ 1 7] JBNSSR6 10 i
=17 Y I T S T T A T TR L7777
Ve dn31 3NIDN3 ! ; " P - 1
“ e <L | I N i
: o
'S oe-0 _ Ho _ 0 Sl *
e | W0mnod =7 !
| , Tttt AL~ w
! SLHON 30MW9 © 3108 335
1
1
| i~

03y

190015581 #
¥OLYINY3Y 376 T

39vLI0A 3
g

¥l /AZL
o1zovoseL
FOIVNEILTVY

£2021-2C

|11 ey

20ATH

H0108 Fehvis /

01 @_o:

‘30IS HIV3 L4 §
3NION3 OL HI9N31
XVW “31BVD | IMV!

LNy

"¢ ONV | S3AION 336

ANIONS

Sl
N

XO0H-r ¥O0LVH4IN3O \J

DTE

a0 ! —ﬁ
LHIN

\. HOLVIIONI NN

fi
AO Aw s
|}
%vea

NOISN31X3

TI/ROTH o) s

J0HINDD INBNI NAOALAHS

[:ET]

(1-5 WNOUZO ¥0 BI-5)

‘A‘n_m_z,qn_ TOH1INOD

1

1

_

! LavIS
1

1

|

1

1

OM673L3 3/20

43



Updated 8-12-19

Wiring Diagrams

g86.¢1-v
yosinaq +9 ‘leued L-S
weuabeiq Bulipp [dued

JLIHM

Jdand

HOLIMS SSvdAg
NMOALNHS

a3y

Movig

AVHO

|
| /H\
7N
JOLVOIANI
|
|

HOLIMS
TTOHLINOD 3INIONI

dols H _

14v1s O

_
dols O_ \

ovg

1 d3d

EﬁmH \

d3d/MOT3A

3Ing-8 L=
AOV18—L Q3¥/713A-¢
3LIHM-9 AFY9—-2C
| INdINd—-G a3y—-1
| SNId FTVA
ONISNOH 31VW34
|@@@@W
(88 o [©Q@0©O]] 9
| 30IS NOILY3SNI 1OVLINOD
YOLO3INNOD T3NVd
VLE I -
|
Lot | MOV1g N
[ 66 veo— 14
|
|
|
|
2 foss7moms i
0l Faggg—— L
|
N/d A IVNINY3L N/d A ANV

a3d

1041INOD +4

— 13NVd 1041INOD

OM673L3 3/20

44



Updated 6-2-17

iagrams

D

iring

w

a16.21-v
+g ‘l]aued 4|-S
weibeiq Buuipy |dued

anig-e -+
Movie—-4 a3y, —£
ALHM—-9 H9—-Z
Id¥Nd—S a3y-1
SNId IV
ONISNOH_3TVIW33

®@0e6
COO®

30IS NOLLY3SNI LOVLNOD
YOLO3INNOD I3NVd

Y313INYNOH TVLIDIA | £0956—22
NLN | 0165622
NZT/TL |S0956—22

N/d

(0£GzL-v 30NFNAARY) d

TYNINY3L OL ¥313WYNOH TVLI9IA NO | TWNINY3L 3uIM ‘€09S6-22 ¥04 T

‘G3LON SV 1d30X3 ‘G3ANVYLS ‘0.50L ‘OVA009
‘MLN 3dAL ‘9L OMV 38 OL 3V SYOLONANOD NOLYTIVISNI TV I

-S410N
9 ENTTY %
| a3d
G . HOLIMS SSVdAS
Tdund . NMOAINHS
EETE
|
|
A
| Y3L3IN ¥NOH
L _v_o<._m_
4 Va9 .
| asdf
N ~THovg
| s N
_ | YOLVOIANI o o_\> |
O Ta
~0u1R3 _;uwz@ﬁl e /
¢ G35/ MOTI3A
L “SW_
SSINYVH
IvL9Id
13NVd JOHINOO +4 — 14NV 1041INODO

OM673L3 3/20

45



Updated 8-12-19

Wiring Diagrams

V66.CL-V
+g suUlIMSIA ‘[sued g¢-S
weubBeig Bulip |aued

anig-8 1+
Movia—, a3y, —€
AlIHM-9 O—2
Fdnd—-S a3y-1
SNId 3TV
ONISNOH _3FTV34

®@0oe6
CeO®

30IS NOLLY3SNI LOVLNOD
YOLOINNOD I3NVd

£LS9G56—2C

81/,86—¢¢C

£1/86—22

20956—2¢C

L09S6—22

S.N/d

AYZ 901
AYT 98
ACL 98
¢4
ACTL

‘STYNINY3L

A3XMIVANN ¥ HLIM dIFLS TYNINYEL 2LV TIVISNI ANV S3dIM

SSANYVH VHLX3 3FYNOIS “YILINNOH ON HLIM LG9G6—CC ¥O4 ‘¢
‘NVIOVIA ONIYIM Od OL d343d

‘d3sSN SI 3SN4 ONILHOIMT N3HM 9/¢ OL L& TIVNINY3L 138vi13d ¢
‘8l/86—CC ® L1/[86—CC

ST3NVd NO ISd 0SL—0 38 OL Sl 39NvO 3JNSS3dd 110 L

:S410N
‘Z 3ALON 33S
/5 g8, —98
g | ££ Sigand 060
_ AV13Y 39v9
14 L ey M \FENG) T 30N 38
SOV 18 SIovd | EEHDN
ov1g *Sovia/3anie \__J/ G3d/3na
_ N ¥ILINLTOA
Q o5 ] . dW3L 3NION3 od
| 08 I5a NEERE)
‘¢ 310N 33S
DioviE, ov1g WER]
MOV IE oV 1a,/3nTa
Isd_08—0
[ 390v9 ¥3LINYNOH
_ ENIISSEREIRTS)
L 101 =g
9 % o o/ AW,._ Tww
S a0
: HOLIMS SSYdAS
_ NMOQINHS
66
¢ | 66 Ives s d /
s\ SOV
| HOLIMS _
I0MLNOD ANIONI 405 o
| 3
w0 D
¢ | 2€ I G39/MOTTak
| _E_ e
SSANAVH |
v191d
JOHINODO +9 — TTANVd T1041INOD

13NV

OM673L3 3/20

46



Updated 8-12-19

iagrams

D

iring

w

aoelci-v
+g 8ulMalA ‘[sued O¢-S
weuibeiq Buuipp [sued

9¢/86—2¢

S¢/86—2¢C

S.N/d

YLE Fgand

[18 —wr—

[ 08 =mg—
|

Ol —mvg

L 8¢ [—=mmm

[66 —vao—

avz vos LS loma/moTian
ANCL +98 201l N

dldLsS
VNINGTL

3nMe-8 NVL—b
OVI8—£ G3¥/13A-€
IUHM-9  A389-C
FdYnd-S a3y-1

SNId 3TVW
ONISNOH_3FTVA34

®00e6
PoO®

30IS NOLLY3SNI LOVLNOD
YOLO3INNOD I3NVd

2$/86—CC |A¥YC ¥98 ml)

1£/86—2Z |ATL ¥98 |

CLl9S6—CC [A¥C

L19S6—2C¢C [ACL

S.N/d

'¢¢/86—¢C ® 1£/86—CC

STINVd NO ISd 0SL—0 38 OL SI 39NVO 3J4NSS3dd 10 ¢
"03LON SV 1d30X3 ‘G3IANVYLS ‘0.50L ‘OVAQ09
‘MLN 3dAL ‘9L OMV 38 OL 3¥V SYOLONANOD NOILYTIVISNI 1TV L

-S310N

58, —98
) TIdand vig oao
AV13Y 39V
14 VI 18 * N335
_ NMOSE
SRTAEN oV 18 D a3y
_ Sov1a *>ov1a/3mia \___J/ a39/3n1a
UL ¥ALIWLTION
Q . dW3L 3INION3 2d
NEERE)
R NMOTE
| SOV 18 Sovid | I [N
MOV XovIa/3me \_J/ d38/3n18
! 2 aton 335 159,080 ¥ILINYNOH
34n3534d 110
L SOvVig 101
9 o 5
_ r / 434 49
HOLIMS SSYdAS
NMOALNHS NeRE]
N doLs mv \
s\ OV
_ HOLIMS _
| JOULNOD INION 4035
s e
G39/MOTT3A 28
mmmzm<z_
1vlold JOIINOD +4 — T13NVd 10d9INOD

T3NVd _

OM673L3 3/20

47



Service Notes
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