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For more information, go to www.P65warnings.ca.gov/diesel.
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OPERATOR'S MANUAL
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Introduction

The servicing of marine engines and generator sets more strictly. Failures begin with minor problems that
presents unique problems. In many cases, boats cannot are overlooked and become amplified when not corrected
be moved to a repair facility. Marine engines cannot be during routine maintenance.

compared to the servicing of automobiles, trucks, or As operator, it is your obligation to learn about your
even farm equipment. Failures often occur in remote equipment and its proper maintenance. This is not a

areas far from competent assistance. Marine engines are comprehensive technical service manual. Nor will it make
taxed far more severely than auto or truck engines; the reader into an expert mechanic. Its aim is to aid you in
therefore, maintenance schedules must be adhered to maintaining your unit properly.

MODELS INCLUDED

Unit Identification

This manual covers the operating instructions for:

M944W3 marine generator sets, which use the 944 engine block.

Model Numbers

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

M
—T

944
—

M - Northern Lights marine generator set I + Model number of engine block
Bore Cylinders

M944W3 | -
M30CW3 | =

94 mm 4

Northern Lights marine diesel generator set with a 944
engine and a PX-332K2 series generator end, Tier IIl.

Northern Lights marine diesel generator set with a 944 engine and a
PX-332K2 series generator end; commercial unit, 30 kW, Tier Ill.

Serial Numbers

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

%,

NORTHERN LIGHTS

(@]
h a plate attached to the valve cover, (2) a generator end serial number,

and (3) a generator set serial number.

®

NOTE: Always use the generator set serial number when ordering parts

Serial No.

Model No.

or in correspondence. The generator set serial number plate is found on

Northern Lights
4420- 14th Ave.NW
Seattle, WA 98107

the service side of the generator and resembles the drawing in Figure 1.

o\

Figure 1: Generator set
serial number plate.
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Updated 6-5-17

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 spark arresting or explosion proof 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 you 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 7
outline potential dangers of a specific nature. Prevent Bypass and Accidental v

Starting

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

m WARNING indicates a hazardous situation which, if
not avoided, could result in death or serious injury. Do not start engine by shorting across start terminal.

CAUTION indicates a hazardous situation which, Engine Wlll start lf normal Circuitry iS b passed

A C AUTION if not avoided, could result in minor or moderate X X y ?
injury. creating a hazard by runaway machinery.
Follow All Safety Instructions - 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

OM944W3 5/19
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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
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

caught in moving machinery,

parts. Tie long hair behind your .@
head. If any of these items get

severe injury or death could
result.

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

Prolonged exposure

to loud noise can

cause hearing loss or
impairment. Wear

suitable authorized

hearing protection, o)

to the job. * @

)

ifl

o
@
ks

4B _a
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.
Practice Safe Maintenance

A CAUTION

Understand all service
procedures before starting work.

P4

Keep area clean and dry. Never lubricate, service, or
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.

OM944W3 5/19
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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.

@,

P\
| ]

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 ' . «“,

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.

OM944W3 5/19
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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

! WARNING
-

Opening a pressurized cooling )
system can release explosive fluids 2\ |
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.

/o
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Safety Rules (Continued)

Do Not Open High-Pressure Fuel System

Many Northern Lights engines use high-

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.

ahilishis,
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.

4

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.

OM944W3 5/19
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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 complete 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 -
Rir 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 m

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 lluu_Tag Oout |nstr||!:l|ons_ -
Pneumatic and Hydraulic Equipment Restarting Procedures

1 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.
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M944W3 Generator Set Component Locations

1. Expansion Tank 8.

2. Coolant Fill 9.

3. Rocker Arm Cover 10.
4. Intake Manifold 1.
5. Lube Oil Fill 12.
6. Air Filter 13.
7. Junction Box 14.

Figure 2: M944W3 Service Side with PX-300K2 series generator end.

Fuel Filter
Vibration Mounts
Lube Oil Dipstick
Fuel Manifold
Oil Filter

Fuel Primer Pump
Injection Pump

15.
16.
17.

23.

Lube Oil Drain

Thermostat Housing

Heat Exchanger Raw Water
Drain and Zinc

Raw Water Pump
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M944W3 Generator Set Component Locations

Figure 3: M944W3 Non-Service Side with PX-300K2 series generator end.

18. AC Circuit Breaker 24. Belt Guard
19. DC Circuit Breaker 25. Oil Pan
20. Wet Exhaust Elbow 26. Alternator
21. Exhaust Manifold 27. Starter

22. Heat Exchanger
23. Raw Water Pump

OM944W3 5/19
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Updated 9-24-12

M944W3 Generator Set Component Locations

Figure 2: M944W3 Service Side with PX-300K2 series generator end and new baseframe.

1. Expansion Tank 8.
2. Coolant Fill 9.
3. Rocker Arm Cover

4. Intake Manifold 10.
5. Lube Oil Fill 1.
6. Air Filter 12.
7. Junction Box 13.

Fuel Filter

Fuel Supply &

Return Connections

Lube Oil Dipstick

Intake Air Noise Reduction Tube
Oil Filter

Fuel Primer Pump

14.
16.
17.

19.
23.

Injection Pump
Thermostat Housing

Heat Exchanger with Raw
Water Drain and Zinc
Vibration Isolating Mounts
Raw Water Pump
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M944W3 Generator Set Component Locations

Figure 3: M944W3 Non-Service Side with PX-300K2 series generator end and new baseframe.

15. Lube Oil Drain 24. Belt Guard
18. AC Circuit Breaker 25. Oil Pan
20. Wet Exhaust Elbow 26. Alternator
21. Exhaust Manifold 27. Starter

22. Heat Exchanger
23. Raw Water Pump
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Control Panels

GENERATOR
START

PREHEAT & SHUT.
DOWN BYPASS

GENERATOR
HOURS
"
Hobbs

o0 0
TOTAL HOURS
’

/.

200
150 (V1 0y,
100 \ /4,250

7

y N
| Vo 1007,
°c 120

QUARTZ

ENGINE HOURS
00018 Generator
Control

Series 4
Generator Set
Control Panel

AC Ammeter

Shutdown Bypass
Selector

Engine Control
And Preheat Switch Switch
Run

Start Stop

Figure 4-C: Series 4 Generator Control Panel

PREHEAT/ SHUTDOWN BYPASS

This switch serves two functions:

1. Preheats air before beginning the starting process.
Press switch for 10-20 seconds before attempting
startup.

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. After the engine
starts, release the switch and it will return to RUN
position. To stop the engine, hold the switch in 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.

3. HOUR METER

Keeps track of engine running time.
4. OIL PRESSURE GAUGE

Shows the oil pressure in the engine lubricating system.
5. WATER TEMPERATURE GAUGE

Registers the temperature of the cooling water.
6. D.C. VOLTMETER

When the engine is stopped, the voltmeter indicates the
condition of the battery. When the engine is running,
the voltmeter indicates the voltage output of the
alternator.

For Series 4 Control Panels only:

7. A.C.VOLTMETER

Shows the generator output voltage.

FREQUENCY METER (Hertz)
The frequency meter indicates alternating current
frequency: 60 Hz (1800 rpm) or 50 Hz (1500 rpm).

AMMETER/VOLTMETER SELECTOR

Used to check the voltage and current of each phase.
Return to “Amps Off” position when not monitoring.
10. A.C. AMMETER

Shows the generator load on each phase. The phase is
selected with the Ammeter Selector switch (#9).

OM944W3 5/19
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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 loades with minimal idling, to
help seat engine components properly.

3. Constantly check the engine temperature and oil
pressure gauges.

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 (consult Lubricants section for oil
recommendation).

BEFORE STARTING

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.

CAUTION: Use protective clothing and open
the filler cap carefully when the engine is warm
to prevent burns.

Check the oil level in the crankcase with the
dipstick. The oil level must be between high and
low marks 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.

Check the fuel tank level and open any fuel valves
on the tank and at the secondary fuel filter.

Close the sea-cock, check and clean the sea strainer,
and reopen the sea-cock.

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 alternator could be
damaged.

OM944W3 5/19

15




Updated 5-7-19

Operating Procedures

STARTING

1.

Hold the Shutdown Bypass switch in the ON
position.

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

As soon as the engine starts, release the start switch
and continue to hold the bypass/preheat switch for an
additional five 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 3 consecutive 20-second cranks,
remove the impeller from the seawater
pump. This will prevent the muffler from
filling with water and backfilling the exhaust
line and engine. Once the engine starts, shut
if off immediately and reinstall the impeller.
Restart and check the exhaust overboard
outlet for gushes of water.

OPERATING

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 water temperature gauge must be below 200°

F (94° 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. Let the unit run unloaded for a three to five minute
warm-up period.

3. Add electrical load.

STOPPING

1. Remove electrical load from the generator set.

2. Run the engine for a three to five minute cool-down
period.

3. Move the Engine Control switch to the STOP
position until the engine stops completely.

4. Shut off seacock, fuel valve, and battery switch.
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Updated 8-27-09

Operating Procedures

SHUTDOWNS AND ALARMS

1. Your unit is fitted with a system to protect it from
high water temperature, low oil pressure, and high
exhaust temperature.

a. Generator sets have shutdown systems to stop
the engine. They have no warning horns.

b. Other alarms and shutdowns are available as
optional equipment.

NOTE: If your unit is equipped with optional
shutdowns and alarms, do not rely on your
warning or shutdown system to the exclusion
of careful gauge monitoring. Watching your
gauges can prevent damage to the unit and
dangerous power losses.

2. Do the following when your warning or shutdown
system is activated:
a. Engage the preheat switch to check the
temperature gauge.
b. If above 205°F (96°C), use the Troubleshooting
Guide on page 25 to isolate the cause of the over-
heat.

CAUTION: Do not remove the water fill

cap of an overheated engine. Escaping high
temperature steam can cause severe burns. Allow
the engine to cool and then remove the cap slowly
using protective clothing.

c. Make repairs and restart 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 pump impeller.

b. Check the engine crankcase oil level.

c. Ifthe 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. ADE recommends that you keep the following spare
parts on hand for field service. The parts are
available from your local Northern Lights dealer.
Some marine models may already have “On-Board
Kits,” a handy box that contains the most common
parts you will need.

a. Primary and secondary fuel filter elements
b. Oil filters

c. Air filter elements

d. Alternator belt

e. Thermostat and gaskets
f. Seawater pump impeller and gaskets
g. Glow plugs

h. Injector and washer

2. If your set is operating a long distance from a

servicing dealer, add the following:

a. Complete set of injectors

b. Copper washers for injector change
c. Complete set of glow plugs

d. Fuel lift pump
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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 EVERY 250 HOURS: . .
SP8  Check primary fuel filter SP2/3 Change engine oil and filter

SP4 Check air cleaner

SP14  Check cooling water level .
SP18  Check zinc electrodes

Check sea strainer

AFTER FIRST 50 HOURS: EVERY 500 HOURS:
SP2/3  Change engine oil and filter SP6  Check valve clearances
SP5 Check V-belt tension SP9 Change primary fuel filter element
SP7  Adjust valves SP10  Change secondary fuel filter

SP12  Check injectors

SP15  Check cooling system

SP17  Change impeller

EVERY 50 HOURS: SP20  Check state of charge of batteries
SP5  Check V-belt tension
SP19  Check electrolyte level in batteries

SP19  Check electrolyte level in batteries

EVERY 2000 HOURS or as needed:
SP13  Check fuel injection pump

AFTER FIRST 100 HOURS: SP16  Check and clean heat exchanger
SP2/3  Change engine oil and filter SP24  Inspect starter and alternator
SERVICE 50 100 250 500 2000
POINT |PAGE | OPERATION DAILY Hours Hours Hours Hours Hours
lengnNE: |
SP1 12 Check oil level [}
SP2 12 Change engine oil"® [J [
SP3 13 Change lube oil filters™ ® ° [
SP4 13 Check air cleaner'* [J
SP5 13 Check V-belt tension’ )
SP7 14 Check valve clearances® [

FUEL SYSTEM:
°

SP8 15 Check primary filter?

SP9 15 Change primary filter element? 3 )
SP10 15 Change secondary fuel filter" 3 )
SP11 16 Bleed the fuel system?®
SP12 17 Check injectors’” )
SP13 18 Check fuel injection pump [ J
COOLING SYSTEM:
SP14 20 Check cooling water level °
SP15 20 Check and flush cooling system?® ) ®
SP16 21 Check and clean heat exchanger [
SP17 21 Change impeller in raw water pump”- 3 ®
SP18 21 Check zinc electrodes* L
ELECTRICAL SYSTEM:
SP19 23 Check electrolyte level in batteries’ [
SP20 23 Check condition of batteries with hydrometer’ [
SP24 24 Inspect alternator and starter
OUT OF SERVICE:
SP23 23 Winterizing or out-of-service®
1) Perform all maintenance once a year even if hour level has not been 5) After first 50 hours.
reached. 6) Adjust at first 100 hours.
2) Consult manufacturer's maintenance schedule, note on chart. 7) Fuel inj. valve opening pressure: 11.77 MPa (120 kgf/cm?) 1710 PSI
3) Whenever necessary. 8) Or every 1 year

4) More often if necessary.
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Service Record

Service
Point

SP5

OPERATION

Check V-belt tension

HOURS/ DATE

SP19

Check electrolyte

in batteries

SP2 Change engine oll
SP3 Change lubricating oil filters
SP4 Check air cleaner
SP18 | Check zinc electrodes
EVERY 500 HOURS

SP7 Check valve clearances
SP8 Change primary filter element
SP10 | Change secondary fuel filter
SP12 | Check injectors
SP15 | Check cooling system
SP17 | Change impeller in seawater pump
SP20 | Check condition of batteries with hydrometer

2000 HOURS or as required
SP13 | Check fuel injection pump
SP15 | Flush cooling system
SP16 | Check and clean heat exchanger

Service Notes:
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Servicing

LUBRICATION - GENERAL

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

2. These lubricants are acceptable:
a. API Service CD, CE, and CF-4 single viscosity
oils.
b. API Service CD, CE, and CF-4 multi-viscosity oils.

3. Use the proper weight oil for your average
operation temperature.

Air Single Multi-
Temperature | Viscosity Viscosity

Above 32°F | SAE30W | SAE 15-40W
(0°C)
10°t032°F | SAE I0W | SAE 10-30W
(-23° to 0° C)

Figure 5: Lube Oils

4. Never put additives or flushing oil in crankcase.

SP1. CHECKING OIL LEVEL

1. While the engine is stopped, check the oil
level in the crankcase with the dipstick daily.
The oil level must be between the high and low
marks on the stick. Fill with the recommended
oil, and fill only to the high mark on the dipstick.
Follow the lubrication recommendations in
Figure 5.

SP2. OIL CHANGES

1. The set is delivered with special break-in
oil. Change the engine oil and oil filter after
50 hours of operation. Use Service CC30
weight oil during the first 100 hours.

2. Change the oil and filter again at 100 hours
using the oil recommended in the above
diagram. After this, change oil and filter
every 250 hours.

3. During intermittent cold weather operation,
change oil every 100 hours or six weeks,
whichever comes first.

4. Change oil at any seasonal change in
temperature when a new viscosity of oil

is required.

5. Change oil when engine is warm but not
hot.

6. Dispose of waste oil in an approved manner.
7. Never use a flushing oil.

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

9. Refill engine with recommended oil.

10. Engine capacity with new oil filter is:
Model 944W3.................. 10.5 gts. (10 liters)
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Servicing

SP3. CHANGING LUBE OIL FILTER SP5. V-BELTS
1. Change the lube oil filter every 250 hours. 1. Check the tension and wear on the V-belt after
every 50 hours.
2. Use a filter wrench to remove old filter. Dispose of
filter in approved manner. 2. Use your thumb to press on the belt at the
' midpoint between the crankshaft and alternator
3. Make sure the gasket from the old filter is pulleys. The tension is correct if the belt can be
removed and discarded. Clean mount face. depressed about .39 to .47 in. (10 - 12 mm) with

22 1bs. (10 kg) force.
4. 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.

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

6. 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.

7. Oil filter part number is:
Model 944W3 #24-01201

SP4. AIR CLEANER

1. Visually inspect air cleaner every 250 hours. In
dusty conditions, check more often.

2. Remove the plate on the bottom of the air intake
manifold. Remove and inspect the foam element.
If dirty, wash element in soapy water. Rinse and
dry thoroughly before reinstalling.

Note: Make absolutely sure no impurities enter
the engine while changing the element, and
do not run the engine with the air cleaner
removed.

Do not clean the filter with diesel fuel,
solvent, or gasoline. Serious engine damage
can result.
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Servicing

SP7. VALVE CLEARANCES
Adjusting
1. Readjust valve clearance after first 50 hours of SCTewW 0.25 mm
operation. Check valves every 500 hours thereafter. (0.0098”)

2. Check the valves when the engine is cold.

3. Rotate the crankshaft in a clockwise direction in the
front 180°to bring each piston to the top dead center
on the compression stroke. Top dead center (TDC) is
when notch on the pulley aligns with the pointer and
the two valves on cylinder No. 1*rock”. Rocking is
when the rocker arms (for the two valves on a given
cylinder) are moving in opposite directions, one up
closing the valve and one down opening the other
valve. The moment when the two rocker arms are
exactly aligned with each other is when they “rock”.

Figure 7: Valve Adjustment
6. Adjust the remaining valves.

7. Replace the rocker arm cover.

Timing Mark

Figure 6: Timing Mark

4. Measure the valve clearance for each of the valves,
with a feeler gauge, in the firing order (1-3-4-2).
Standard valve clearances for a cold engine are:
Intake (IN).....cccevereeennnne 0.0098 in. (0.25 mm)
Exhaust (EX)......ccceeveneene. 0.0098 in. (0.25 mm)

5. To adjust valve clearance, loosen the lock nut on the
adjustment screw. Insert a feeler gauge between the
rocker arm and the valve stem cap. Adjust, while
measuring the clearance, until the feeler gauge slides
with a slight drag. Tighten the lock nut and recheck
the clearance (Figure 7).
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Servicing

FUELS - GENERAL

. 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.
c. International fuel specifications:
JIS K2204
ISO-8217-DMA
BS 2869 Part 1 Class Al
BS 2869 Part 2 Class A2

. Use fuel having less that .2% sulphur of weight (less
than 0.05% recommended).

. The cetane number should be 45 or higher.

. Particulate contaminate should be 5.0 mg// (0.00018
0z/U.S. gal) or lower.

. 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.

SP8-10. FUEL FILTER

1.

Your generator set should have a fuel filter installed.
We recommend the Northern Lights brand of fuel
filters.

a. Check the primary fuel filter daily as

recommended by the filter manufacturer.

b. Change the filter as often as necessary or

every 250 hours.

c. Remove the fuel filter with a filter wrench.

d. Apply a coating of fuel to the o-ring of the new

fuel filter.

e. Tighten the new filter by hand, do not use a filter

wrench for tightening.

f. The filter should be dry.

. Do not add fuel to the fuel filter before
installation, as this could cause unfiltered fuel to
enter the fuel pump.

h. Bleed the air out of the filter.

aQ

The fuel filter part number is:
944W3....ucouvrirereesnenene 24-51201
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Servicing

SP11. BLEEDING THE FUEL SYSTEM

A

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 card-
board 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 is not
administered immediately.

Fuel system air bleeding may be needed when:

a. After fuel has been added to a newly installed
engine.

b. A new fuel filter is installed.

The engine has run out of fuel.

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

°©

After changing the fuel filter, air only needs to be bled

from the fuel filter. To do this:

a. Loosen the air vent plug (#1 on Figure 8) on the fuel
filter by about 1-1/2 turns. (Be sure to cover the
vent with a cloth to prevent fuel from splashing.)

b. Turn the priming pump cap on the fuel feed pump
counterclockwise to unlatch it. Move the priming
pump plunger (#2 on Figure 8) up and down. To
close the pump turn the cap clockwise while
depressing it.

c. Close the air vent plug when no more air bubbles
can be seen in the fuel flowing from the air vent
plug hole.

Figure 8 Fuel Feed Pump

3. To bleed air at the fuel injection pump:
a. Turn the air vent plug (#3 on Figure 8) about 1-1/2
turns to loosen it. (Cover the vent with a cloth to
prevent fuel from splashing.)
b. Pump the feed pump cap up and down.
c. When there are no air bubbles to be seen in the
fuel flowing from the air vent plug hole, push
down the priming pump cap and turn it clockwise
to lock it in place.

NOTE:
Do not close the air vent plug before locking the
priming pump cap in place, because the internal
pressure in the pump will prevent the priming
pump cap from returning to the original
position.

4. If the engine does not start after this bleeding
process, loosen a fuel line at the injector while
cranking the engine with the starter motor until
pure fuel escapes. Then tighten the connections.
Do each line one-at-a-time. After the engine has
started, use a piece of cardboard to look for fuel
leaks.
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Servicing

SP12. INJECTOR SERVICE

1.

A

Injectors should be checked every 500 hours. This 3. Injector repair and cleaning:

check should be made by a Northern Lights dealer a. Take injectors to your Northern Lights dealer

or local injection repair station. or local injection repair station for testing and

service.

CAUTION: Escaping diesel fuel under pressure

can have sufficient force to penetrate the skin 4. Injector installation:

causing serious personal injury. If injured by a. Install new injector seal washer seat and

escaping fuel, see a doctor at once. injector. Evenly tighten the injector retaining

nuts to 39.1 to 47.7 ft/lbs (53.0 to 64.7 Nem), or
Injector removal: 5.4 to 6.6 kgfem. Do not overtighten.
b. Reinstall the return line using new sealing

a. Clean loose dirt from around the injectors and washers. Tighten bolts to 13.0 to 15.9 ft/lbs
the fuel lines. (17.7 t0 21.6 Nem), or 1.8 to 2.2 kgfem.

b. Relieve high pressure in the fuel lines by
loosening the delivery line flare nuts at each NOTE: Overtightening can damage injectors.
injector.

c. Remove delivery lines by disconnecting them c. Reinstall injection lines. Tighten
from the injectors and injection pump. flare nuts at injection pump to 19.5 to 23.9
Remove all lines as an assembly; do not remove ft/Ibs (26.5 to 32.4 Nem), or 2.7 to 3.3 kgfem.
the spacers. Cover the ends of the lines, the injector Leave the lines loose at injectors for bleeding.
inlets, and the injection pump outlets to keep dirt out. d. Bleed the injection lines. Crank the

d. Remove the return line retaining bolts, washers, engine to fill the lines. Tighten flare nuts at
and return line. injectors to 15.2 to 18.1 ft/Ibs (20.6 to 24.5 Nem),

e. Loosen the injector retaining nuts at the same 2.1to 2.5 kgfem.
time a little at a time. Remove the injector. e. Start the engine and check for leaks using a

f. Remove the injector seat. Cover the holes to piece of paper or cardboard. Do not use your
prevent debris from entering the cylinders. hand to check for leaks.

Note: Do not use pry bars to remove injectors
from the cylinder head.
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SP13. INJECTION PUMP

1. 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 2000 hours of
operation. Service of the fuel injection pump should
only be done if checks indicate pump malfunction.

2. Black smoke can be an indication of pump
malfunction. Before servicing the pump, check other
possible causes:

a. Check cleanliness of the air filter.
b. Check valve clearances.
c. Clean and check injectors.

3. Any repair which involves disassembly of the injec-
tion pump must be carried out by specially trained
mechanics with the proper tools and test equipment.

NOTE: All warranties on the engine become null
and void if the injection pump seals are

broken by unauthorized persons.

4. Injection Pump Removal:

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.

a. Clean the injection pump, hoses, and area
around the pump with a cleaning solvent or steam
cleaner.
NOTE: Never steam clean or pour cold water on an
injection pump while the engine is running
or the pump is warm.

b. Remove the injection lines from the
pump and injectors. Remove all lines as an
assembly. Do not remove the spacers. Cover the
ends of the lines, the injector inlets, and the
injection pump outlets to keep dirt out of the
injectors, lines, and pump.

c. Align timing marks on timing gears.

d. Remove the pump support bracket on rear of
pump.

e. Remove the 4 mounting nuts.

f. Take the pump to your Northern Lights dealer or
an injection repair station for testing and service.

Camshaft
gear

Idler gear

Fuel Injection
Pump gear

Crankshaft gear Oil Pump gear

Figure 9: Timing Marks

5. Injection Pump Installation:

a. Install the fuel injection pump after having
aligned its gear alignment mark with that of
the idler gear alignment mark as shown in
Figure 9 above. When the alignment marks
of the timing gears align as in the diagram to
the right, the No. 1 piston is top dead center in
the compression stroke.

b. Install the injection pump to the side of the
engine first then put in the end bolts, and
then the tube with its bolts, and then the side
bracket.

c. Torque mounting bolts to 13.0 - 18.1 ft/Ibs
(17.7 to 24.5 Nem), 1.8 to 2.5 kgfem.
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Servicing

COOLING SYSTEM - GENERAL

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

A 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. Open the filler
cap carefully, using protective clothing when the
engine is warm.

WATER QUALITY

1. Distilled, deionized, 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. Here are acceptable water quality specifications:

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 5.5 t0 9.0

3. Ifchlorides, sulfates or total dissolved solids are
higher than the above given specification, the water
must be distilled, demineralized, or
deionized before it is used in a cooling system.

4. If total hardness is higher than 170 ppm and all other

parameters are within the given

specifications, the water must be softened before it is

used to make coolant solution.

SP14. CHECK THE COOLANT LEVEL

1. Check the coolant level each day before starting the
engine.

a. 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.

b. Soft water with about a pH about 6.5 to 8.5
combined with an antifreeze in a 30% to 50%
(maximum) solution should be used.

c. The antifreeze should not contain amine, silicate,
or borate.

SP15. COOLING SYSTEM FLUSHING

1. Flush the cooling system every 2000 hours or every
12 months, whichever comes first.

2. Remove fill cap and open drains on engine block.
The engine block drain is on the service side of the
engine above the dipstick, next to the flywheel
housing.

3. Pour clean water into the engine until water coming
from engine is clear of discoloration. Close drains and
refill the engine with recommended coolant mixture.

4. Use 50% water / 50% (maximum) ethylene glycol
antifreeze mix. Antifreeze mixture is recommended
as a good year-round coolant.

5. Coolant capacity is approximately 3 gal. (11.4 liters).

6. Check hoses and connections and repair any
leakage.

7. Start the engine and check for leaks. Run the engine
for five minutes, then shut it down. Let engine cool,
and then check the coolant level in the engine. Add
coolant as needed.

NOTE: Be sure to open the sea-cock after working
on the engine cooling system and starting the
engine.
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SP16. HEAT EXCHANGER SP18. ZINC ELECTRODES
1. Clean the heat exchanger core once a year or after 1. A zinc electrode is installed in the heat exchanger
2000 hours of operation. cooling system to protect the engine from
electrolysis. Check it faithfully every 250 hours. If
2. Drain the expansion tank and heat exchanger. you are in warm saltwater, or where electrolysis is a

known problem, check it more often.

3. Remove the heat exchanger end covers.
2. Remove the zinc holder from the bottom of the

4. Clean the inside of the exchanger core tubes using exchanger. This will drain raw water from the
ametal rod. Flush, inspect, and clean again if exchanger.
necessary.

3. Scrape or steel brush the zinc electrode clean. If

5. Reassemble the heat exchanger. Fill the cooling more than 50% of the electrode is corroded away,

system. Start the engine and check for leaks. replace it with a new zinc. The electrode screws out
of the holder.
SP17. RAW WATER PUMP 4. Reinstall the zinc holders. Be sure the threads are

clean for good metal-to-metal contact. Do not use
1. Change the raw water pump impeller every 500 thread sealant.
hours, or as needed.
5. Refill the cooling system. Start the engine and
2. Remove the pump cover. Pry out the impeller using check for leaks.
needle-nose pliers or two screwdrivers. Be sure to
remove all pieces of the failed impeller.

NOTE: Place some kind of protection under the
screwdrivers in order to not damage the
pump housing.

3. Clean the inside of the housing.

4. Press in the new impeller and place the sealing plug
in the outer end of the impeller center if this has not
already been done.

NOTE: Make sure that there is always an extra
impeller and cover gasket in reserve on
board.
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GENERATOR END

The maintenance and operation recommendations for
the generator end are in a separate Owner's Manual.
If you do not have one of these manuals, contact your
local dealer.

ELECTRICAL SYSTEM - GENERAL

1.

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

Do not reverse the polarity of the battery cables
when installing the battery.

BOOSTER BATTERIES

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

. Before changing or using booster batteries, check

the battery electrolyte level. Add distilled water if
necessary.

. Booster and main batteries must have the same

voltage rating.

. First, connect the positive (+) terminal of the

booster battery to the positive (+) terminal of the
main

battery. Then, connect the negative (—) terminal of
the booster battery to ground on the engine block
(Figure 10).

. Remove the booster battery after starting the engine.

. Sealed Batteries:

See the manufacturer's charging and booster
instructions.

—_ ;:géj
ro o)
R
° 7
- + - +
Battery Booster Battery

Figure 10: Booster Battery Connections
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SP19-20. BATTERY CARE

1. Check the electrolyte level every 50 hours, or once
a month. Add distilled water to the manufacturer's
recommended level.

2. 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 future corrosion.

3. Check the battery condition with a hydrometer
every 500 hours.

SP23. WINTERIZING / OUT-OF-SERVICE

NOTE: Remember to close the sea-cock before
opening drain cocks.

For engines not going to be used for more than 3
months:

1. Change the crankcase oil and filter. Fill with rust
preventative oil, and make a mixture of rust
preventative oil and fuel 1:1 and fill the fuel tank
with the mixture. Start the engine and operate it
with no load for 5 to 10 minutes. Stop the engine,
spray rust preventative agent into intake pipe. Drain
the rust preventative oil and fuel.

2. Drain fresh water and seawater cooling systems
completely. Flush fresh water systems and refill with
the proper antifreeze mixture.

3. Drain the water supply lines and wet exhaust line.
Cover the intake and exhaust ports with adhesive

fabric tape.

4. Loosen the seawater pump cover and drain the
pump.

5. Loosen the alternator belt.

. Cover the terminals and openings of the

starter and alternator with adhesive fabric
tape. Cover the starter and alternator with
polyethylene sheets and put desiccant inside
covering.

. Disconnect and clean the battery. Remove the

battery to a cool dry storage place, if possible.

. Clean the outside of the unit. Paint any

scratched or chipped surfaces. Put corrosion
preventative on all exposed metal surfaces.

. Cover the engine.
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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 condition

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 condition

Check specific gravity
of each battery

Check electrolyte level
of each battery

Crankcase oil too heavy

Loose or corroded connections

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

* Replace battery if necessary.

* If low, fill cells with distilled water.

« Fill with oil of appropriate viscosity.

¢ Clean and tighten loose connections.

Entire Electrical System
Does Not Function

Check DC circuit breaker

Faulty connection

Sulfated or worn out batteries

* If breaker is tripped, reset it.

* Clean and tighten battery and harness
plug connections.

* Check specific gravity and electrolyte
level of each battery.

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

PROBLEM

Engine Hard to Start
or Will Not Start

ENGINE
POSSIBLE CAUSE

Improper starting procedure

No fuel
Low battery condition

Excessive resistance
in starting circuit

Crankcase oil too heavy

Improper type of fuel

Water, dirt or air in fuel system

Clogged primary
fuel filter element

Clogged secondary
fuel filter element

Dirty or faulty injection nozzles

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 filter element.

* Replace filter element.

* Have your dealer check injection nozzles.

Engine Runs Irregularly
or Stalls Frequently

Below normal engine temperature

Clogged primary
fuel filter element

Clogged secondary
fuel filter element

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

Air in fuel system

Improper type of fuel

* Remove and check thermostat.

* Clean or replace 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.

Lack of Engine Power

Engine overloaded
Intake air restriction

Clogged primary
fuel filter element

Clogged secondary
fuel filter element

Improper type of fuel

Overheated engine
Below normal engine temperature
Improper valve clearance

Dirty or faulty injection nozzles

* Reduce the load.
 Service air cleaner.

* Clean or replace filter element.

* Replace 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.

* Replace injectors. Best done by dealer.
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Troubleshooting

ENGINE
PROBLEM

Lack of Engine Power
(continued)

POSSIBLE CAUSE RECOMMENDATION(S)

Low compression pressure * Consult dealer.
(worn piston rings, etc...)

Engine Overheats

Engine overloaded * Reduce the electrical load.
Low coolant level « Fill tank or radiator to proper level.
* Check hoses for loose connections
and leaks.

Keel cooling tubes (marine sets) ~ * Remove paint from tubes.
have been 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 * Check the impeller and replace if necessary.
or broken

Engine Knocks Insufficient oil * Call your dealer.
Injection pump out of time * Call your dealer.

Below normal engine temperature * Check your thermostats.
* Check water temperature to see if
temperature gauge is working properly.

Faulty fuel injector * Call your dealer.

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.

Engine overloaded * Reduce the electrical load.

Improper valve clearance * See your dealer.

Injection nozzles dirty * See your dealer.

Injection pump out of time * See your dealer.

Engine not at proper temperature ¢ Check your thermostats.
* Check water temperature with thermometer
and replace gauge if necessary.

Below Normal
Engine Temperature

Thermostats not working properly ¢ Check thermostats.

Temperature gauge * Check water temperature with thermometer.
not working properly

Low Qil Pressure

Low oil level * Fill crankcase to proper level.
Improper type of oil * Drain and fill crankcase with correct oil.
Partially plugged oil filter * Replace filter.

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

PROBLEM

High Oil Consumption

ENGINE
POSSIBLE CAUSE

Break-in period
Crankcase oil too light

Oil leaks

Crankcase over full

RECOMMENDATION(S)
* Oil consumption decreases after break in.
* Use proper viscosity oil.

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

* Remove excess oil.

Engine Emits Black
or Gray Exhaust Smoke

Clogged or dirty air cleaner

Defective muffler
(back pressure too high)

Improper fuel

Fuel pump faulty
Injection nozzles dirty
Engine overloaded
Injection nozzles dirty
Injection pump faulty
Engine out of time

Incorrect valve clearance

» Service air cleaner.

* Have dealer check back pressure.

* Use correct fuel for temperature.
* See your dealer.

* See your dealer.

* Reduce the electrical load.

* See your dealer.

¢ Consult your dealer.

* See your dealer.

¢ Consult your dealer.

Engine Emits
White Smoke

Improper fuel

Cold engine

Defective thermostat
Engine out of time
Low Compression Pressure

Low engine oil viscosity

Excessive amount of engine oil

Fuel injection nozzles faulty
(uneven injection)

* Use correct fuel for temperature.

* Warm up engine to normal operating
temperature.

* Remove and check thermostat.
* See your dealer.
* See your dealer.

* Use proper viscosity of oil to ambient
temperature.

» Maintain correct oil level.

* See your dealer.
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AC Wiring Diagram

3¥2.6-9 Bumelq
Joje|nbay abeyoA My42-001-1SA
EMOOEIN PUe EAMPYBIN SIOPOIN
— weubelq Butip OV sybIT uisyuoN

[ mooot

¥3ALV3H %0078

"308N0S GALOALO¥d
OVV9/0VAGYZ—002
OL 193NNOO

M 000L
¥3LV3H Y0078

"304N0$ d3aLJ310¥dd
QVVZL/0VAOTL—00L
OL LO3NNOD

'8 ALON 335
d31VIH Y0018 TVNOILJO

.

ZH 09 @l OVAO¥Z/021—002/00L

ZH 0S ¢l JVAO¥Z—00¢

ZH 0S 8l OVAO£Z/SL1—002/001
M

3ASVHd M _
— ‘9 % ¢ ‘b SAION 33S — ‘9 ® G ‘v SAION 33S
N9 N L1 21 AN N L]
lo |< [ leo L Fle lg |o
_m _mm i | 8 o 3 I8
Crg _ L gr= ™
\ 1 / T 1 /_ I T
v _ _ PPN ]
ZA LA ZNn L ZA LA ZNn LN

‘NOLLVY3dO NI SI LINN N3HM ¥31v3H 3ZI9Y¥3N3 ION Od '8
"SNOILYONddVY OVAOZL—001 Ld30X3 S39VLIOA TV
¥Od NOILISOd A00Z 3HL Ol 13S 38 OL SI LMS HOLIMS ONISN3S LNdNI YAV ‘L
‘NOLLVTIVLSNI
¥3d J3ANINY3130 38 OL ONIZIS "S¥0LONANOD 1NdlNO NIVA J3LO3NNOD
ANV d3NddNS Y3IWOLSNO 3LVOIANI S3NM (d3HSVYA) N3AdIH °9
'S300D VOO0 318VOITddY ANV ANV 3000 TTvORLO3TI TVNOLLYN 3HL Hllm
3ONVQYOOOV NI G3ANNOYD 38 OL 3¥v SLISNID TVINLSNANI  °NOIL3¥OSIa
SHINOLSND IV “YINOLSNO A8 J3ANNOYO 3¥V SIISNID INVA 'S
‘3dvLl TYORILOTTI HLIM ONIddvim
A8 31VI0SI “LNN ANV ¥3HSYM X001 ‘L7109 9NISN SNOILOINNOO IMVA
ANV (S)0018 TYNIWY3L WO¥4 SAV31 d3L0344Y 3AOWZY ‘d3IN03Y 4I

'SYOLONANOD 39NV 39UV ALVAOWNOOOY LON TIM SHO0TS TYNIWYAL “+
'SQVA1 31d¥Nnd
OINI 30MMdS NV ¥3dWNPr LN LVISOIHY ISNPAY JOVLIOA 3IOW3Y ¥04 '€
"g3SN S| LVLSO3HY 1SNPQY 3OVLTIOA_ 3LONFY dI NOILVOMddY ¥3d €MS 13S 2
('ZH 09 ¥O 0S) ‘NOILVONddY INIH¥ND ¥O4 ZmS L3S 'L
:S310N
o
‘€ W T|S3LON [F3S
LET]
e T Tonvao[ @ ooeliffloo
SL0A
€ z @y | ¢ vapms
LTI o o8
iy | I L R -
. a S (@ |D
B P = R E B
X 5 AR N “Whes
r +4 Av4Z—001—-1Sd
N i O _ HoLvINoIy
S e=]) 39VII0A OV
ZH 09 ¢1 OVAOZL—00L
ZH 0S ¢l OVAGLL—00L
_ ISVHd JTTONIS 3FIM + _
I_I“ ‘9 ® ¢ ‘b SALON 338
J_ Q{o F_n_
| i & ; |
15 [ I3
m m 2 _m
N f f
_ | _ _

OM944W3 5/19

35



aecz/6-9 buimesq
MZL
— weibeiq Buuip OV SybI uieyHoN

‘NOLLV¥3dO NI SI LINN N3HM ¥31V3H 3ZI9¥3N3 LON 00 ‘€L
"AINO CMNOOZN T3JON ¥OJ 3¥Y SNOLLHO ONRIM @L 3HL ‘ZTL

Updated 6-6-17
AC Wiring Diagram

"SNOLVOMddY OVA0ZL—00L
D B2 1d30X3 S39VLI0A TIV 804 NOLUSOd AOOZ 3HL OL 135 38 OL SI LMS HOUMS ONISN3S LNGNI dAY LL
v % [ saon]| el '3000 OMLOIT3 TYNOUYN 3HL 40 8-SiZ

g WA rovTo F0UNY HUM JONVONOOOV NI ‘LN3S3Nd SI TVIININ NIHM IONVRO ODRIVA 38 OL (931 HOIH) 3NO 3NN oL

- o o 'Qv31 $L OMY 3y V ONISN
..us..uu ..zs..o §8_ .-3....Exoo..m._.:&bozzzohnm._é_iﬂmisuzzoou._.<..om_nz<§<=om.._ﬂnﬁ._5mzzoom_n
n
o
>
_._

2 !..—guum 'C 'WYAL ¥AV OL ¥ Qv31 LO3NNOO "(‘8'D HONONHL)  "WdAL ¥AY OL € @V31 LOINNOO "NAV WOMJ ¥ ONV
¥ € SQv31 LO3NNODSIO *SMOTIOS SY Q3NIM3Y 38 OL ¥AY 3HL S3MINO3Y¥ NOLVINOLINOD VII3d 31EN0d 3HL
b .s.:eo A 'SONLIVY M)I/39VLI0A L3SN39 ¥3HIO LV ONIZIS ¥OLONANOD ¥0d
ONIYI3NIONS “I"T'N LINSNOD "39VLI0A GALSM LS3MOT 3HL LV SUNN MIOE ¥0J J3ZIS S¥OLONANOD TWALN3IN
oo B 8 8
an

=] ‘NOLVTIVISNI ¥3d Q3NIWY313Q 38 OL ONIZIS
™ NV A 'SYOLONONOD LNdINO NIV GILOINNOO ONV G3MddNS ¥3WOLSNO 3UVDIONI S3NM (A3HSYA) N3AAIH MOMHL .

WA TR S3000 W00 318VIMNddVY ANV ONV 3000 TWORLOIT3 TWNOLLYN 3HL HUM 3ONVGYOOOV NI G3ANNO¥O
+4 WHZ—001—1Sa 38 OL 3¥V SI3SN39 TVRISNANI ‘NOLLIYOSIO SN3WOLSND LV "M3NOLSNO A8 G3ANNONO 3MV SI3SNID ANV
MOTOK| HOLVINO3Y ‘G3YINO3Y LON S| 39VII0A ¥3MOT dI ‘(IN3S3N¥d 41 ¥3JWNF ONV) HOLONGNOD TWILN3N 313130
NEETSY -3 I9VII0A DV 'SQV3T 31d¥Nd OINI 30NdS ONV ¥3JNNM 1NO LVISO3HY LSNNaY 39VII0A 310N3Y ¥0d
‘a3SN SI LVISO3HY ISNNGY 39VLIO0A 3LON3Y dI NOLVOMddY ¥3d €MS 13S
('ZH 09 ¥O 0S) ‘NOLYOMJdY INIYYNO ¥O4 ZIMS I3S

g3
260
§4.5

3;@

dMFBd N & o

'OVA009 ‘G3ANVALS ‘0.0l ‘MLN 3dAL 38 OL 3¥V S¥OLONANOD GITWVISNI NN TV I

‘S310N
‘2L % 6 S3ION 33S |_ ‘ZL ® G S3ION 33S _l ‘TL % S S3ION 33S
‘ZH 0S @l 0£2/SL1L—002/00L ‘'ZH 0S @L SLL—00L ‘'ZH 0S &1 0£2/S11L—002/001
‘ZH_09 @l 0%2/0ZL—002/001 _ __"ZH 09 @l 0ZL—00L _ ‘ZH 09_#L 0%2/02L—002/001L
[ve Tovaoveooe | ovaowe | 1) _ == VI13a 1) _ == B 1)
[_ve | ovnoziooL | ovaozt | =

[LNZ9800 | 30viton [ 03dS ¥aLvaH

SEt N (A

VIVIV W/
AL/

+—o0
—o

<l

%
A

—

[y —

'S 310N 33
‘ZH 0S #¢ 0¥2/0ZL—002/001L

= 'S 310N 335
3 ‘ZH 0S ¢ 9l¥/0vZT—08¢/022

_ hﬂﬂ _m ‘'ZH 09_o¢ 08¥ Rw,lown\oum

|

2 L L Lv | zLiioL L v
|2 - IRRAREE T T prTie
_< V <_€<<< <_fr_\___ VIVIV

0 A M | A n 0 [ M [ AN

K. 1 1 ] N. 1 1 L] > \. 1 1 ] L]
| srie == 7iee | g = ie T e

BiE a5 18 s _MW m_m 5 18 1 BiE 5 € B
|Nd'N &1 21 R NN &1 1 0 NN 1

OM944W3 5/19
36




VveLZ.-O Buimelq
|0JJUOD +g punolJS piepuels

OdA 21 D0EIN/MP6IN
weubeig Bulipy 9a

M= =amw >~~~ F&1 NolLIZNNOD souw
e 2 % Atavioa 3sa o s cACASINIO0 BWS sl
e myeamanme L2 "XO8—F NI JRILS WNWREL OL HOLNTO OLd A¥Z TVNOLLJO 3MIM 'L

‘GITIVASNI 38 SN
_HwI/quﬂ.Tgambﬁlﬂoleu SMION3S NOUVLS VNG 'd3SN 3V STINVA OMINOD G39NV9 OML I 9

Updated 6-6-17

DC Wiring Diagrams

Il | f "
T e TRy P o0 s soon nEU NS B 0T
w7 I o e HOIAS GZ3dS¥3N0 ZH 05 %
_IAM_Ig IIIIIIII (5] 1sd 52 | _ ANV STINV TTOMINOD OIN oz_m:m._-mzkn ._=.wz§._m Y
“J..t‘rwfﬁlx.o.lllﬁuﬂ.ﬂmlnm“_ W[5 TR B NOUENNOD 3000 LONNOSIO ONY (J0S) AT NAOULIHS 30IGY ¢
RO e o e T NOLJANG Howa IV M 3 A8 CILNGDL 36 15N ONY AV
F e LA P L -
_| —— |_ 0 -rﬂ.ullxﬂ_l_pl._ll.—:ﬂ\locqnmu ] "MUN 3dAL 9L OMY 38 QL 38V SNOLONGNGO NOLYTNISNI T ‘L
o N :
NSO G onos aﬁ...:..ﬂ%w | ,_,rIH = 'SILON
~ e 2 Le¥ o —
! { /._ ! G T 1 156 300 300 % Pl
BRIy Rk Y e T T o~ e KLk
e SRS e S ta
ﬂ_m. M. SR m&.rm-ﬁw
7 o Lios
g o0z | I N WL .St S
| s.m i "2 _ I Ao H |
Y st 1 L mw R XX XME I
=N ) S — oL
1) 7N o1s I Rudo 39 NOLASNI LOVINGD
(8 TR, .
€6 | oo 3%
1§ “-. _r. | T WL e T
| [ ! mmmmwﬁ oo 350 u_._._noo_
Iz summs T | | 154080 |
]

3

N
AT
g

AR OTF 7%

G39/MOTBA OIF St

G359 OLF 0oL

OM944W3 5/19

37



V92.-0 Buimeiqg
+€ punolc) paje|os|

OdA 2L MOOEW/MYY6IN |
weabeiq Buuips Ha NOLIZNNGD T LiNISOLNY

"@ITIVASNI 38 1SN SY3ON3S

ol

E

=

Updated 6-6-17

DC Wiring Diagrams

r=———Eme——————————————————— IIW mu ALRNVIOd 3SHINIY O3 3UIM @3Y 20L OL A3¥O 99 LO3NNOQ L

% 9
%] NOLVIS VNG *G3SN 3V STANV OAINOD T39N¥O OML A
- O3LVOIONI INIOd IV ONNO¥O "AINO ON3 3NO LV
[ INNO¥Q %0018 INIONT 38 OL 3WV STTHS ¥Nd GASML 'S
| ZH SSW‘ES& ............ ‘JRL HOLMS QIS0 ZH 08
u%_ o |mm— T~ ZH Z81) No¥ 6oL L HOUMS GI3JSYIAO ZH 05 ¥
L _ e %\@H \ 'STNVJ LIVISOINY ONY STINV TONINGO
—-= S —————— ®] QINONLOTTI LM SNISN NIHA NMOHS SY NOLLOSNNCO
é— = 30010 1O3NNODSIO ONY (NOS) AVI3¥ NMOGLNHS 3AOM3Y '€
w7 “INIOd NOLLOINNOD_HOV3
LV ANV 3M AS GILIUNDAI 38 LSHW ONV AV 38 OL
39 SHOLONONG_ GITMLSNI NN TV 'G3000 30100 SSImn 2

\% |
e
)
g3
[
|
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
i |
ke
B e

-

S¥Vd G3ISIML Ld30X3 'ONVALSLIINN ‘Q.SO0L "OVACOS ‘MW

3dAL ‘9L 9MY 38 OL 3¥V SYOLONGNOD NOLVTIVAISNI TV °L

=2

(=

N

&

-

T

1

3

8

..HH&. | o0 S At H-SMEMMH_ "S310N
I e AR - &]
_Fm 3 | =2 LA rz3
B# j_ %ﬂ?l&h |||||||||||||||||| .ﬂﬂnlmwu_
= g -
7/ —
B AR . e — = sgs vomos oo | %Y s’ F—
r—sws —— — T === - - T - T T T 77— ANAR/FoNVEC |- =
[ I d i T L _mPeREs L
e b e § Vi o s
o o |o _||Q._.__.|||_
BEE | o == _
Ny Emn 03§ rwend
Gk ¢ i
o —ove -
5 E m il
“ B _ 9 AUON |/S
| e
[ttt A el leptepteptevtestessteslepieptaptestesissistesleplesteptaptesiestsseeie
@y 00t A

ITOT T 30HR

"L ¥ € SAUON 136 _
a =< b
_
SSINUVH
TVIOId

JI3NVd

OM944W3 5/19
38




€9z/-0 bBuimeiq
+g punolis pJepuels

OQA ¥Z MOOEW/MPYBIN o e mmmmm e &1

=) asw/50E L 8] NOLLOINNOD T3NVd LMVLSOLNY
AUNVIOd 3SNIATY HOJ 3¥IM 033 ZOL OL A3¥O 99 LOINNOD

Updated 6-6-17

DC Wiring Diagrams

weabeiq BuLip 04 [
|
|

|
| e Ill_nﬂn_ *8C000—22# Livd ‘HOLVING3Y ,TI3O 139, I1EVLSNraY
uﬁﬂ%m_ .T_ﬁh P v * @a/amoge L2 HUM 30V1d3¥ ANV NOLVNNALTY WOMJ ze.mm_zﬂwm %:o‘._.m u\sﬁ
L e g 40 R s
—= e ———— 5] NOLLYLS WNG ‘G3SN 3¥v STINVJ T0MINGD G390vO OML 4l
|_nl "GAIVOINI LNIOd 1Y ONNONS ‘XINO ON3 3NO
IV J30NNOY¥9 0018 3NION3 38 OL 3¥V SOIBIHS ¥iVd CAUSIML
- (ZH 1€6€) WA $£€0Z""" ", dIML HOLIMS (334S¥3A0 ZH 08

¥ ¥ & N &

- 'STINVA LAVISOLNY ONV STINVG
L gpe——————————— e L8] JOUINGO OINONIOTT HLM SNISN N3HW NMOHS SY NOLLGINNOD
_ﬁww._mﬁm Ls- 2H g8 30010 LO3NNOISID GNV (0S) AVIRS NMOGLNHS A0S 'C
o i = “INIOd_NOLLO3NNOD
[&5 — mawvame | 2] HOVE 1V M3YUVN 34IM AS 3LLLNBGI 38 ISN ONV Ao 38
LY - OL 3 SH0LONANOS GETMISNI NN TV *(00 40100 ST 2
[ — 3 -~ ]
N o = )
L W ] SV ONV SHIVd GALSIML Ld30X3 'GNVALSLIINN ‘0.501 “OVAG0S
< o .

= 3N 5T ——————= zZ] ML 3dAL °91 OMY 38 OL 3¥¥ SYOLINGNOD NOLVTIVISNI TV °L
| ey R e B 77 ‘S3LON
[ - ] S——
3
|

_ kﬁ % h H —— &1 ‘az_m:o: u._<=,

'y m 8 /oo 1
hokl = —— e ——
¥ ™. 86 Jva] Jei 0 ¥
R el e o
[ 2 R . Sl
[N r T
_ . “ ,__..a.m.?_ L3 a0 o
ER anz00 R |
_ _m W __w. _ SOV _‘%mm%ﬁ WL 18 q_lA L4
L [ _mML 4 ..u_iu“shls %a om0 | 3Mma o8 < 8
E IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII uH __ I._W _ Illv_lﬂln o ! v_|_IAu<.a 1ot L
“. I_IIIIIIIIIIIIIIIIIIIIIIIIIIIIII.WESMEmU»ImIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIII

4502
%0 oo m_m_ nzum%h%ug& gonaos ¥ TR 9
T o g e — L= =R SR _ Ar ) Ezl_lx
Fongamm LFC CHIFm e W5 T ] y TH
raL
:o.ﬂww&m a0z m g3 _I o
e 350 N 4
H__ T80 m m g
Y sis | g
L S S

—iwomax
g r—Hp
H—HIg
H—HIg
H—Hi

;

. s S

IR 50
A _
_ iy _ 2
b ajA L
_ m _ OZH-2Z o o s
¢ 2o .,(m.. — %008 _29000 dolol o o0 "B wnm_@.—umw__w__._
alllHllle—a— - RENZ]

¢958m¢u$p495m<5=3<
_| 7M SOIVNNALTY WNOLLJO oanre

OM944W3 5/19
39




Updated 6-6-17

DC Wiring Diagram

V29z/.-0 Buimeiq _
+g punoJs) pale|os|

OdA ¥Z MOOEW/MYYEIN \@l/lg..@qlllwm“_
weubeiq Buuipy 04 .

[Regy™ T2
".wlu?,_rmxl.ullﬂgl\waﬂ."”mu
ol

WL e

| - \_”m“_

[ A —— wL%]

"NOILOSNNOO T3NVd INVISOLNY

ALNVIOd 3SH3A3Y ¥04 3IM 03 20l OL A3¥O rg9 LJINNOD
"Q3ITIVISNI 38 LSNW SY3AN3S

NOLYIS T¥NQ ‘G3SN 33V STINV TOMINOD G39(VO OML dI
"GAIVOIGNI INIOd LV ONNOY¥9 "XINO N3 3NO LV

Q30NNONY %0018 3NIONI 38 OL 33V SCTIHS YVd GAUSML
(zH _nonw WNdY $£02° ‘JRIL HOLMS Q33dS¥3A0 ZH 09

(ZH TBLE) Wad GBYL™™"""""" diML HOLUMS G33dS¥3N0 ZH 05
'SBNVJ LSVISOLNY ONY STINVA TOMINOD
OINOMIOTT3 HUM ONISN NIHW NMOHS SV NOLD3NNOD

3000 LO3NNOOSIA ONY (¥GS) AYBY NMOGLNHS 3AON3Y 't
“INIOd NOLLOINNGD HOV3
1V NBHMVA 3¥IM A8 OBLLN3A| 38 ISNW ONY AVHO 38 OL

34v SHOLONANOO GITIVISNI MN TV *03000 07100 SSTINN T
"GALON SV ONv S¥IVd GALSIML ‘SSINUVH
34IM 3INION3 3HL Ld30X3 ‘ONVALSLLINN .50 “OvA00S

MUN 3dAL “¥1 OMV 38 OL 33V SMOLONANOD NOLIYTISNI TV 'L

¥ B 8 N

_ &rnn.ﬁ _ s, 3 s ST aow :S3LON
o > ————— VGG
_m - ::_.u _
I Ngp T a]
| ﬁs%w e | N ﬁ%m:rllluﬂﬂﬁﬁ &1 SSuenoH TR
On’r Qo _
_ B “o,uE\, _ % T T T T T T T T T T T T T P s H ey ulh:l;m,,lzxol._”ﬁ“_
156, I FaRT
LB ThAT R i Y a0 108 305 NOILGSNI LOVANGO
_ M [ " | _|lIII_.II|__.|_._.|IIIIIIIl|_ | ¥OLOINNOD SSINUVH
b s | A AR 1
I o “w " _.gm:::J{k(x(&\kuﬂqsm o
L M.Wm 1 _“_N ous AP — .
—= [ ovie WL 18 WL ,l_lAn
2 L _
= b
_ﬂ 1> m M8 08 H#_IA 8
_m_ I 9 3o T I —0 _
B _m 8 EY 0
" L ~mrem—< L

Tdund Vie A
L ® € SAON TS S

3
_

.|wﬂs|Am

30HM O ¥ _

T39/MOTEA OLF o¢

ajA l

_ SSINYVH
VLOId
J13NvVd

OM944W3 5/19

40



Updated 6-22-12

DC Wiring Diagram

V5589-0 Bumelq
punols) pJepuels oA Z1

EMOOEIN PUB EMPYEIN v %mu
weiBeig buLipm o PSS e~ s/ L8]

oqyoroums | | | [ —
.JVJEQE% |1 o fomee Jwﬁdﬂﬂzﬁ ns, Am, xojm G34/NMO¥E ﬁ &]

L N7I000 /2 _
NoiLoanoo on | meJ:I;\. \\\\\\\ % & ]

@ N _/
P L]
HoLuS Mo ,F( LSy T T T T T T T T T T T T T T T srie7vee |- 28
8. otoune o ISd 62

S 980 ™ nW\\\\\MtﬂgmamL“mmu
- p \\\\\\\\ % 8]

Im mmﬁ:ﬁmuo

‘03TIVASNI 38 LSO S¥3AN3S

NOILVIS ¥NQ ‘035N 34V STINVd TOMINOO Q39NVO OML 31 9
“QALYOIONI INIOd 1V ONNO¥9 "ATNO ON3 3NO 1V
G3UNNO¥Y %0078 3NION3 38 OL 3V SOTIHS ¥ivd GILSIML 'S
MNI Smnw Wdd €0 L HOLMS 033dS¥3A0 ZH 09
ZH Z6LE) ¥ $69 I¥L HOLMS 033dS¥3A0 ZH 05 ¥
"STINVG LINZAVM HLM
ONISN N3HM NMOHS SV (¥0S) AV13¥ NMOALNHS 3AON3Y ¢
“INIOd NOILO3NNOD HOV3 LV
YIMHYN 3¥M AB QIINIAI 38 LSNN ONV AvdD 38 OL 3dV
SYOLONANOD d3TWVASNI [N TV 'a3000 ¥0100 SSIINN T
Q3LON SV ONV SiIVd GIISIML ‘SSINYVH FdiM
3NION3 3HL 1d30X3 'ONVMISILINN ‘D.G01 ‘OVADG9 ‘ML
3dAL ‘7) MY 38 OL 3V SYOLONANOD NOUVTIVISNI TIV
mE.oz

N menm ol eu ““““““““““““ Mm h”hu
B T V(T &]
ﬁu,m\ \\\\\\\\\\ vos ]
Y, 2
i ~ &3
%0078 _INON3
T _ _ n e _
SOVIE - Wiovia\ b I p & T SR |- 78 ]
o1a FB P Rua0 |
f ,
QNS 35V
E 4958-0 NVl L8 | NVL 18 i d
%m% B a0 3500 008 3@ 08 H
9 3LON 335 M
34 mmn Y %0078 3NONI 7 i
11xojm ol " ———— ov18 101 o
© —————
Huprs
4502 7 s
0018 3NN . ﬂd,w_ gloNzI08 m —_ - W%, c -8 4
Teoe ot o e OV B3 Jw ITDJXW:SIHWJXW EIT ]
NovigTauHm gif - S IIHR GTH” AV 7 Nalmgidd — G ¥ e
HOUMS diNaL | Ty E .
:%w ] £ OLINIVA ~tzas
1012 W |4|n RN (PN
Ah_wlw 3 NY 7 WW Lo #&__
ige B |
J %078 3NeN3 [ X | R I ¥as |
T Tdund L€ | | Tdand L& | 3
= AVE5 66 P—
10 A8 Hus s ~o8
3WNSERI 10
mmk EM <xum¢zmmmo loa7moTn &t QS Va0 66 g
S ST o7 A3 NMOULNHS
TR z
7 @ vz | NS |
2 -
3
m ONno¥9 30
xueﬁhmz,uzu 8 us - 7
L
M g
6 /A i I0AM OLF ¢
m%w‘zcm%ww 3 SaMid MO0 | 3
AVIEY LavIS
oo 300 G39/MOTIIA OLF 8 7 7
VSl
38 oif 00F @ o < 039 201 v
00LT1-98vze o3 1 & i
X0 20 doLoR Haluvis (GO 7 7
of j ) SSINYVH
oz 7 | “Tvioid

X0d NOILONNT™ J0IVIINID 3Nvd

OM944W3 5/19

41



Updated 6-22-12

DC Wiring Diagram

€6€89-0 Buimeiqg
puUNO.IS) Pele|oS| HOA Z
EMOOEIN PUB EMPFEIN _
weabeiqg BuLipy 04 s | | uﬁ@T\@ygﬁﬁE

|
“r i.v_moﬂ\.mm Jwﬁ.o:&w:o%o\@w

ouomeico oo | :o.wﬂ T A_” 8]
@ N _/
Fo et T T T T T T T T T T T T {Lz]
< N
Houms Mo ,rf( LYt T T T T T T T T T T T T T T T T sz T %]
WOLEDT 0 comenon 1sd 52
o o0 w[€7 7 mmwame 2]
2002 | RN A_”

Jynss3ud 10 o ——— 68
-~ Lu NOLO g™ z7

dNAL INIONI S u

WIYN-34d ., mo =
WL N~ — — — el ﬂ.az;ommHm o]
fa————————- %]
g e &]
\\\\\\\\\\\\\\\\\\\\\\ 4 ————— o \\Aﬁau

r SOV ROV % K _ A JACOEIT T JUAM/FINVEO
o1a FE R0

:ﬂ _
NVL 18

"SUNN MOOSW NO TYNOILAO SI HOLMS ‘dW3L LSNVHX3 HOIH *
“ITIVASNI 38 LSNW S¥3ON3S
NOWYIS NG ‘G3SN 38V STINVd TOMINOD 039NVO OML 4 *
“G3LYOIONI INIOd 1¥ ONNONO "AINO N3 3NO LV
Q3ANNO¥Y %J018 INIDI OL 34V SATIHS ¥Vd ILSIML
MN: _nwnw Wdd ¥£0Z" "didL HOUMS 033dS¥3A0 ZH 09
ZH Z61£) Wd¥ G691~ dI¥L HOLMS Q33dS¥3A0 ZH 05 -
"STINVd L3N3AVM HLM
ONISN N3HM NMOHS SV (MaS) AV13¥ NMOGLNHS 3AON3Y
“INIOd NOLLOINNOO HOV3 1V
UIMUVA TUIM A8 Q3LNINZOI 38 ISAN ANV A3NO 38 O 3wV
SYOLONANOD GITIVISNI N TV ‘03000 ¥010D SSTINN
‘03LON SV ONV
SYVd QILSIML 1d30X3 ‘ONVALSILINN ‘D.501 “OVADOS ‘ML
3dAL ‘YL OMV 38 OL 38V SYOLONANOOD NOLYTIVISNI TIV *

mm_._.oz

M ¥ 06 6 N

o

Gkl |

SONd MO SLHM OVF vE _
a39/MOT13A OFF S¢
@ 01F 00t
[ %0098 _3NONG
RCuiad
0 amv
Yovig o

) ____ ) F
2AZL _

d
NVl 18
m _H_M« I8 08 | 378 08 <H
9 UON u
3 =g .__o _ _
Movie ov ' Movig 10l O
_d._u K H:.IHN - ,
1502 _ ,x __L :.uﬂ.m b
%0078 INON3 e 1
PO 1 Y A A ,.5@“, :
o T 'y _u._m“,..rié oz < 1 )
HOA! 1+ — 4
SnvHd 01z B m i ﬁmw_ uEz :J ”N. HMToj
W rdl _ ,.m_.lllm.wll.jm
ge k | —ke
H 0 m " | . | ¥as |
NI Fidnd £ | | TdEnd £ | 3
L 385 66 £ 208 36
o g
zmrﬁ%c%mfg WOTBA S€ JM\Em\ X355 66 g
S —¢ AVIZ NMOQLAHS
oL
AEH 21 : |

AVI3Y L¥VIS

_
— o <V

| SSINNVH
| “Jvioid

X08 NOILONM" JOIVIINID TINVd

OM944W3 5/19

42



Updated 6-22-12

DC Wiring Diagram

v0.89-0 Buimeiq T
puUNoIS pJepuels oA ¥
€ MOOE PUB EMPFBIN SISPOIN
— weJbeiq Buuipn Oa sybI uisypoN

\Bﬂﬂfz
m T ove ™
(IS
g L7
o s s
N oz‘_,\nu
u.oou_n_ l_./r.F\

o R R —.

_I||!on<._m

“0ITIVASNI 38 LSNA S¥3AN3S

R 0

F = YoviE

NOILYLS VNG ‘03SN 34V STINVd TONINOD Q3ONVO OML dI
‘G3LV¥OIONI INIOd 1V ONMO¥9Y "AINO ON3 3NO LV

e @ Q30NNONY 0078 3INION3 38 OL 3uV SATIHS ¥vd QILSIML
" 34/NMO¥E ﬁlu M~: —nwnw Wd¥ $£0Z"" didl HOUMS Q33dS¥3A0 ZH 09
ZH Z61€) WA S69L™

..Urw_._:;

0
m
...m_m._.:o._._sswn_uumwmu\(oNIom&
‘W_uz,qn._.wzu\,(s.t._s
ONISN N3HM NMOHS SV (¥OS) AV13¥ NMOOINHS 3AON3Y '€
“INIOd NOILO3NNOD HOV3 LV
YIEYA FYIM A8 Q3I4LIN3AI 38 LSNA ANV AVHO 38 OL 3uv

SYOLONANOD GITIVASNI N TI¥ ‘03000 ¥0109 SSIINN 'Z
‘G3LON SV ANV
SNV Q3LSIML 1d30X3 ‘ONVALSILINN ‘0.501 ‘OVA00S ‘ML
3dAL ‘YL OMY 38 OL 33V SYOLONANOD zo=<._._<m.w__ TV (L
A ‘S310N
AUHM/3ME Iu
\\\\\\\ mlm”_

N S ————— fz]
gy m )

ALHM/NMOYE
\\\\\\\\\\\ ves ]
g I Iz
§‘M§ N
Cson *eyona\_ 8 % % :ﬂ%;l\\\\\\\\\wﬁ\eioﬁmu a T
oud mﬁo«u.mﬁewﬁo | @ @
m_ﬁ |
Movig » NVl 18 _ NVl 18
F _
|
ONO ISV 3ma o8 | 3Ma 08 H
I —0
e Hmv_ojm H:W%mw 0 o0 NS _
T | : 9
Sovia oif - ¥ovig 1ob -
: ,m i T
4502 _u _ ,f | ! s
018 NN m\\ 2 RN S U o
Siovarama st8S St eAt o — e ”w Eixmws\uwxrvmt%bdf_:i S
L R T amgn o S
o0 390 M | et s
! : SR
%0078 3NONS _n\r\ mzmm@b.mmzu T “ l
Somg~ &~ ——————— AVHO 66
e oo s
e
m —or [ LN
o 3% . Y3 TI0S T
o030 CRE L |
T a3y 9 MN ﬂ G ﬂ m . L8 0F
8. -~ .
m%www&mw Motk SOMd Moo IHM oLF vE _ om.__:m
! 8 of
00350 %m
a3y oif oot a3y Z0L _ <
vZe N ANVIIE
50018 INOND xo._.o ¥ilwvis %@ﬁéﬁ@a _ 0
_‘la|_:____I_____|&‘z : | ssanawm
2wz | e
INONT T3NVd

X08 NOIIONNT JOIVIINID |
|

OM944W3 5/19

43



Updated 6-22-17

DC Wiring Diagram

V1.289-0 Bumeig FeSSEmmt T %m&
punoi9 paye|os| oA vZ rﬂlﬁ,r“\@x \\\\\\\\\\\\\\\\ |
S]e]e] —
- wesbeig wp\_,ﬂ\m _\o,_m_ Mc_\m,__._ WISYHON o Lmﬂu S, FD, YonaT z@mﬁmu
I P e h
RN
Wt T - — {z]

w7~~~ mmwame L&

gy, s )

ﬂ\\\\\\\i\\\\\\\\\\\\\xoﬁm\oﬂﬂoﬂm)(b(v(p(l@&:&l\\\\i\\\\M_._:\\QmQ&zo\\
okwgﬂbwlmoiyw_.—&o

z]
Z]

o5

V55 ]

ﬁmu

“Q3TIVASNI 38 LSNN S¥3AN3S

NOLVLIS WNA ‘d3SN 34V STINVd TOMINOD Q39NV9 OML dI ‘9
“03LVOIONI INIOd 1V ONNOYD "AINO N3 3NO 1V
J3ANNO¥Y X0078 3| OL 3¥v SOI3IHS ¥lvd Q3USIML 'S
MNI —nmnw didL HOLMS Q33dS¥3A0 ZH 09
ZH Z61¢, didL HOLUMS Q33dS¥3A0 ZH 05 ¥
'STINVG L3NIAVM HUM
ONISN N3HM NMOHS SV (¥0S) AVI3¥ NMOALNHS 3AON3N "¢
“INIOd NOLLO3NNOD HOV3 LV
YINYYA F¥IM A8 G3I4IIN3AI 38 LSNN ANV AVHO 38 OL 3dV
SYOLONANOD GITIVISNI N TV ‘03000 ¥0100 SSIINN “Z
“Q3LON SV ANV S¥IVd Q3LSIML ‘SS3NMVH 3dIM
3NIONI 3HL 1d30X3 ‘ONVALSLLINA “0.S0L ‘OVA009 ‘MIN
3dAL V1 OMY 38 OL 3¥V S¥OLONANOD zOF(....S.WZM..&L

! ﬁ_ﬁ : _ owﬁﬁ,
SovE WIE | WIS
e :
| _ H
“9 3UON 33§ I —0 3ma o8 | 3me o8 .
oviE L 3un& R 0 . _
| : 9
ove oF T
- BrTmeE )
4502 _u " o0 woa _ ,M" s “ W
_n‘_\\ gonaos (8 N I_\wﬁ RN DAL (PR odh !l 4
[V B S o S o .__. ) _H_m&l_)ckxu ki ieNI] WMRCJ_: e S8 @ "L,
| i .
.__%wmn%ﬂ 1012 W 8 m w RN oG . MN MH I MM\_?VG\(._M ]
5 e | gl & Ty
5 Sovia S m m 2 . ,m |
=5 i N Tena = | : H Fand £ 3
I 4 s V5 66 © 200 B |
g ~ge
SR Res, 0888 20 S J@%L‘A% < g

i

SONMTd MOT9

A0HM OITF +€ _

Q3W/MOTI3A OIF SF ¥

60Z1¥—22

010K Vilavis |3e S WAy

HOVE U4

a39 olF ool -

INIBNT

AVI3¥ NMOGLNHS _

uDVIE
1indHI0
_ SSANYVH
v1OId
RENE]

OM944W3 5/19

44



Updated 6-5-17

Wiring Diagrams

86.21-V
yosineQ +9 ‘leued -
weuabeiq Bulpp [dued

anig-8 m_?._.l.v
AVIE—L 03/ BA-€
AUHM—9 A
Ndind-S a39-1L
SNId VAN
ONISNOH FIVW34

®00e06
CeO®

30IS NOLLY3SNI LOVLNOD
Y¥OLO3NNOD T3NVd

C¢/86—CC| AYC +98

Le€/86—CC | NCl +98

2L9S6—2CC | AVC

LL9G6—CZ |ACL

S.N/d

'C¢L86—CC ® L£/86—CC

STINVd NO ISd 0SL—0 39 OL SI 39NvO 34NSS3dd 110 "¢
‘031ON SV 1d30X3 ‘d3ANVYLS ‘0.50L ‘OVA009
‘MIN 3dAL ‘9L OMV 38 OL J¥V SYOLONANOD NOILYTIVISNI TV °L

:S410N
g8, 98
g Tdund oeo
| AV13Y 39v9
[
1% NVL ° N3399
SOV IE SIOVE | [EERD(
Sov18 *Sovig/3ma a39/3me |
_ 4.052-0
390v9 ¥3LINLTOA
Q _ . dW3l 3NION3 2d
ENE] N3399
‘¢ 310N 33S
MOV1g Movig | [
Sov18 “Sovig/3Me
Isd_08—0
[ Jonvo ¥3LINNNOH
| ENNSSER o
ya SOV g
9 IAM o/ e, 8
r N Oy o{fo
| ¥9
HOLIMS SSVdAE
[ NMOAINHS
14 Va5 o b /
pas O\ OV1E
| HOLIMS _
| JOYINGD ANIONI yois o
s a3y
hPJ 03y/MOT13A
L L=
SSINYVH |
1¥iold TOIINOD +9 — TANVd TO9INOD

T3NVd

OM944W3 5/19

45



a16.21L-v
+g ‘[]oued d1-S
weabeiq Bulipg [dued

(0/Gz1-v IONFNIL) d

TYNINYAL OL ¥LIWYNOH TWLI9IO NO | TYNINNIL F¥IM '€09S6-22 ¥04 2
‘(310N SV 1d30X3 ‘GIANWALS ‘2.50L “O¥A009

WIA 3dAL ‘91 IMV 39 OL 34V SHOLONANOD NOUVTIVISNI TV~ °1

-S31ON

Updated 6-5-17

iagrams

D

iring

W

OM944W3 5/19

46

9 [ENTT) o
a3y
_
m HOLIMS SSVdAg
J1dand NMOAJLNHS
_|.N 310N 33S |_
% ]
I
e T e [ 1.
1S R |
SNId 3TVH _ J3L3N JNOH
INISNOH FTVN34 h Sov1g
@006 7 _
OOO®] AVd9 —
3dIS NOLLY3SNI 1LIVLNOD 7
YOLIINNOD T3NVd d0l1S C \
O—55via
N~ 1MVIS
_ e o\
HOL1VOIANI
_ dols O_ \ _
~ a3y
1yVIS
HOLIMS ? /
TOYINOD FINION3
mPJ T@3y/MOTI3A
H3LANHENOH vLI9Id | £0986—¢2 _
NLIN |0LB6S6—2CC _\ a3y
AMZ/21 | S09G6—2C _
N/d SSANSVH
1VLOld
1ANVd

JO4INOD +d — 1ANVd 1041INOD




Updated 6-5-17

iagrams

D

iring

w

V66.2CL-V
+g duIIMaIA ‘[aued de-S
welbeiq Bulipy |dued

3na-8 11—
MOVIa—L 038/ 1BA-€
AUHM—9 Ay¥9-2
IdNd—-S a3y-1

SNId TV
ONISNOH 31VNW34

. 06
@ QO®
30IS_NOILEESNI LOVINOD
¥OLO3NNOO T3NVd

LS9S6—CC | A¥T O0r

81/86—CC|AYC +98

L1/86—CC|ANCL +98

20956—CC | A¥C

L09S6—2C | ACTL

S.N/d

JIMIVANN + HLIM dIdLS

STINVd NO ISd 0Sl—

‘SYNINYAL
IVNINYEL 21V TIVISNI ANV S3dIM

SSINYVH VHIX3 3¥NO3IS ‘YILIWNOH ON HLIM £S956—2C ¥O4 ‘¢

‘NvYOVId ONIYIM O OL d343d

‘d3sn Sl 3SN4 ONIHOIMT N3HM 9/¢ OL L& TVNINY3L 138v13d ¢

‘8L/86—C¢C %® [L1/86—CC
0 38 Ol Sl 39NVO 34NSS3dd 110

-S310 Z
‘2 310N 338
oL 68,98
S | ££ S7qand n@o
_ AV13Y 39v9
1% | 18 Ivr ° NEENR) EETEES
SRTAEIN Sovig a3y
[ 4.052-0
ER D) Y3LINLTOA
Q 08 . dW3L 3NTON3 o
| 08 5mg NEERE)
‘2 310N 33S
[ Y3LININOH
. 349n35339d 10
h F MOov1g
9 | 8¢ I3mAm m /4 mun._ _WOw
[ \ 49
HOLIMS SSVdAE
[ NMOQINHS
66
14 | 66 Irves s d /
pas O\ OV1E
| HOLIMS _
_ JOUINOD 3NIONI o5 o
|_ s O WER]
¢ | ¢ IG3u/MOTIA
_\ _|_No_ ER]
SSINAVH |
VL9ld
JOHINOO +4d — T1dNVd T1041INOD

T3NVd

OM944W3 5/19

47



Updated 6-5-17

iagrams

D

iring

w

V06,21V

+g 8uIIMaIA ‘[dued O¢-S
weabeiq Bulip |aued

3ng-8 1—¥
AOVI8—L 434/ 13A-¢
AUHM—9 AY¥9-2
NdInd—s a3y-1

SNId VAN

ONISNOH _31VW34

®0O®6
PeO®

30IS NOLLY3SNI LOVINOD
¥OLO3INNOD 13NV

2¢/.86—2C

1£/86—2¢C

21l956—2C

11956—¢¢

S.N/d

AYC +98
ATl +98
AYT
ACL

'CeL86—CC ® LE/86—CC

STINVd NO ISd 0SL—0 38 OL SI 39NvO 34NSS3dd 110 "¢
"03LON SV 1d30X3 ‘3ANVYLS ‘0.50L ‘OVA009
‘MLN 3dAL ‘9L OMV 38 OL 3¥Y SYOLONANOD NOILVTIVLISNI TV ‘L

-S310N

G68—98
S J1dand oao
I AV13Y 39v9
|
14 NVL
MOV ov18/3N18
_ J3LINLTOA
Q | o dW3L 3NION3 fol¢]
ERE] NEERR] 2 20N 335
SOV IE SIovid | ) a3g
YOV18 MOv18/3m8 \___/ d39/3M8
ISd_08—0
I 39NV9 Y31INHENOH
| 3YNSSIYd 110
L MOV 19
@ O \ 0¢ /8
JIHM ~
(oo o o
| 49
HOLIMS SSVdAg
I NMOAINHS
AVd9 wois mV \
psol\_ V18
| HOLIMS |
_ TOMINOD INIONI 445 0
1S O a3y
mrj a34/MOT3A
L | a3y
SSINYVH |
JIVLOId

TANVd

JO4INOOD +8 — "1dNVd 1041INOD

OM944W3 5/19

48



Updated 6-22-12

Wiring Diagram

0216y Bumesq Quﬁmu 9N1d Nid 2 QI0OW

oA ¢l
dl-s

weubeiq Bulipy |dued

N A

NOLAD3S

e
— 3

Y=

3 P,

.ﬂ
9 v

v

-]

HILIMS SSVLAR

uﬁtzk o\dol,
RAAIIWANIH
=1
7o
AN ANS DIV
P _ B
@ AC T 3wna " J
: LHOAY _
v AOLYIIANT NS |
A< vas i ) o US
A< _
AN WIVEY _r 0 | LaVLS
< - S
4 I aza/moTan HOLIAS d0AG § JEVIS ROATAINID

y

h 4 q32

NMQAQAMHS

# AV SHIAL

OM944W3 5/19

49



Updated 6-22-12

iagram

D

iring

w

VS¥9Z1-V Buimeig
o¢-S
welbeiq Buuipy |dued

= L
-

)
ONd SS3NAVH
3dIs 13Nvd

a8.0

60/86—CC

80/86—¢C

L1lZ16—CC

glzl6—¢Z

S.N/d

'60486—¢C ® 80/86—¢C¢C

STINVd NO ISd 0S1L—0 389 OL SI 39NVO 3FINSS3dd 10 ¢
‘03LON SV 1d30X3 ‘Q3IANVMLS ‘0.50L ‘OVAO09
‘MLIN 3dAL YL OMY 39 OL J¥V SHOLONANOD ZO_._.<|_._<._.wZ_ v -

d “NVL ®
| . |
L £
4.062-0
ERIRN ) YILINLTOA
H _ o dW3L” 3INION3 2d
38 NEERR)
_ ‘¢ 3ION 33S
o . SOV g - MoV | ] a3y
Sov1g ¥OV18 “Xovig/3n1e \___J d3¥/3n18
7 ISd_08-0
JONVO YILINYNOH
ENISSENE R To)
4 75__._; H ©
HOLIMS SSYdAg
NMOQLAHS
|
3 [37ddnd
d “AVEO
7 / dols
)
H sovig \ 1
HOLIMS
3 _ J0MINOD ANION3
"Q3d/MOTI3A
v ioum
SSIANSVH
1IV19ld

13dNVd

| TINVd 104INOD

OM944W3 5/19

50



Updated 6-22-12

Wiring Diagram

26.Ly-Y Bumesq
HOAYC
g1-S
welibeiq BulIpy [sued

Y

W\

leLllr-Y WO

HO1IMG &SVdAAR
NNOQLNHSG * AVAR3Ad

yi
3< ALHM

7

MA Id4ANd _/ D

23L3AINANOH

Q- —— - —

T 0Qe
2 0Le\S3

y
g< ANVAD

Z
9< Sovig rd\ ROLIMG
IOHRANOD
| LEVAS ANioNI
i
< ?
Na3a/momzak 1
<\
N a3

OM944W3 5/19

51



4420 14th Ave. NW., Seattle WA 98107
[0 gy /Tl W W]  HEST | e (206) 789-3880 - 1-800-762-0165 - www.northerndights.com

Northern Lights and Lugger are registered trademarks of Northern Lights, Inc.
© 2019 All rights reserved. Litho USA.




