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* Do not idle the engine except as necessary.
For more information, go to www.P65warnings.ca.gov/diesel.
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OPERATOR'S MANUAL

for Models
M944T3 and M40C3

Read this operator's manual thoroughly before starting to operate your equipment.
This manual contains information you will need to run and service your new unit.
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The servicing of marine engines and generator sets
presents unique problems. In many cases, boats cannot
be moved to a repair facility. Marine engines cannot be
compared to the servicing of automobiles, trucks, or
even farm equipment. Failures often occur in remote
areas far from competent assistance. Marine engines are
taxed far more severely than auto or truck engines;
therefore, maintenance schedules must be adhered to

Introduction

Unit Identification

MODELS INCLUDED
This manual covers the operating instructions for:

M944T3 and M40C3 marine and commercial generator sets, which use the 944
engine block, turbocharged.

Model Numbers

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

M944T3
M40C3

M 944
—r— —T—
M - Northern Lights marine generator set + | Model number of engine block
Bore Cylinders
94 mm 4

Northern Lights marine diesel generator set with
a 944 engine and a LX-E 34E series generator end.

Northern Lights commercial marine diesel generator set with
a 944 engine and a Newage series generator end, 40 kW.

Serial Numbers

<

Serial No.

4

Model No.

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

o

Figure 1: Generator set
serial number plate.

J’_

more strictly. Failures begin with minor problems that
are overlooked and become amplified when not corrected
during routine maintenance.

As operator, it is your obligation to learn about your
equipment and its proper maintenance. This is not a
comprehensive technical service manual. Nor will it make
the reader into an expert mechanic. Its aim is to aid you in
maintaining your unit properly.

T
—

T - Turbocharged

Your set has three serial numbers: (1) an engine number stamped on
a plate attached to the valve cover, (2) a generator end serial number,

NORTHERN LIGHTS .
4 and (3) a generator set serial number.

NOTE: Always use the generator set serial number when ordering parts
or in correspondence. The generator set serial number plate is found on
the service side of the generator and resembles the drawing in Figure 1.

OM944T3 2/20
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Updated 7-12-13

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

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.
Electromagnetic equipment, including generator sets
and their accessories, can cause bodily harm and
life threatening injuries when improperly installed,
operated or maintained. To prevent accidents be aware
of potential dangers and act safely.

READ AND FOLLOW ALL SAFETY
INSTRUCTIONS IN THIS MANUAL,
PRIOR TO THE INSTALLATION

OF ANY GENERATOR SET OR
ACCESSORY. KEEP THESE
INSTRUCTIONS FOR FUTURE
REFERENCE.

Recognize Safety Symbols and Instructions

In addition to the information found in this section, this
operator’s manual uses three different signal words to
outline potential dangers of a specific nature.

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

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

CAUTION indicates a hazardous situation which,

A CAUTION if not avoided, could result in minor or moderate

injury.

Follow All Safety Instructions
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 repair parts
include the current safety signs. For replacement signs,
proper placement of safety signs or clarification on any
safety issue, consult your Northern Lights dealer or the
factory.

There can be additional safety information contained

on parts and components from outside suppliers
that is not reproduced in this manual. Consult the
suppliers for additional safety information.

Learn how to operate the machine and how to use
the controls properly. Only trained personnel should
operate machines, or work on or around them.

Keep you machine in proper working condition.
UNAUTHORIZED MODIFICATIONS TO THE
MACHINERY MAY IMPAIR ITS FUNCTION
AND SAFETY PARAMETERS.

Prevent Bypass and Accidental Starting

_ WARNING
\

Do not start engine by shorting
across start terminal. Engine will
start if normal circuitry is bypassed,
creating a hazard by runaway
machinery.

Start engine only from operator’s station.

Handle Fuel Safely - Avoid Flames

Diesel is highly flammable and should be treated
with care at all times. 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.

@.
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Updated 12-12-12

Safety Rules (Continued)

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)
8}

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 to the job.

Prolonged exposure to loud noise can cause hearing

loss or impairment.

Wear suitable authorized ‘@

hearing protection, such *

as earmuffs or plugs to @
&
o)

protect against loud noises

o
@
kS

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

Practice Safe Maintenance

A CAUTION ol
Understand all service procedures

before starting work. 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.

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.

@,

>N
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Updated 12-12-12

Safety Rules (Continued)

Install all Safety Guards

_ WARNING ;).Cﬁé,‘f’

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.

Handle Chemical Products Safely

Direct exposure to hazardous
chemicals can cause serious injur
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

OM944T3 2/20
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Updated 12-12-12

Safety Rules (Continued)

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. Ifit
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.
* [f paint cannot be removed, wear an approved respirator.
* If you sand or grind paint, use an approved respirator.
* [f 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

Opening a pressurized cooling
system can release explosive
fluids 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.

A

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

OM944T3 2/20
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Safety Rules (Continued)

components between the high-pressure fuel pump
and nozzles on engines with high pressure fuel
systems.

A

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.

ONLY AUTHORIZED TECHNICIANS
CAN PERFORM REPAIRS ON AN HIGH
PRESSURE FUEL INJECTION SYSTEMS.

Sy

i,
EE—

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 contact with Turbo Housing

The unit’s turbocharger reaches very high
temperatures during operation. Avoid ALL direct
contact with the turbocharger/

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.

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.

Use power tools only to loosen J
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.

OM944T3 2/20
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Lock Out / Tag Out Procedures

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

A CAUTION|

To avoid dangerous or hazardous situations, refrain from
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.

Lock Out/Tag Out Instructions -
Electrical Equipment

Be sure the equipment’s ON/OFF switch is in the OFF
position and is unplugged from any electrical source before
attempting to perform any type of work on the equipment.
Obtain an electrical plug cap cover with a lockset. Secure
the plug terminal end using the electrical plug lockout cap.
Lock the cap and retain the key.

If the equipment is directly wired into an electrical box with
a shut off switch, obtain a lock pad and/or the appropriate
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
is in the OFF position before restarting. NEVER give a
lock out key to unauthorized personnel.

If the equipment is directly wired into an electrical box
without a shut off switch and lock out capability, then a
circuit breaker lock out will be required. Obtain a circuit
lock and tag set. Install the lock onto the circuit breaker
box. Ensure the unit ON/OFF switch is in the OFF position
before restarting.

Lock Out/Tag Out Instructions -
Pneumatic and Hydraulic Equipment

For servicing pneumatic and hydraulic equipment, the
following additional procedures must be implemented,
following completion of lock out/tag out procedures for
the unit to be serviced:

Shut off air, water or supply valves at the equipment to
be serviced.

Check the local bleed-off point for completed release of
pressurized air, water or oil.

If shutting off of air, water or other material cannot be
achieved at the local supply valve, shut off valves further
back in the system and re-check the bleed-off point until
complete shut-off is achieved.

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

Equipment connected to the compressed air system
through an air hose with a detachable fitting must be
shutdown and unplugged. Excess air must be bled prior
to removing the air hose, prior to any maintenance or
repair activities.

Affix a DO NOT OPERATE tag to the air hose near the
detachable fitting. Each DO NOT OPERATE tag must be
signed and dated by the authorized technician servicing
the equipment. Check that the equipment cannot be
operated by activating the ON switch.

Immediately after applying Lock Out or Tag Out devices,
ensure that all potentially hazardous stored or residual
energy is relieved, disconnected, restrained and otherwise
rendered safe.

A CAUTION

Verify the machinery or equipment is actually isolated and
de-energized prior to beginning work on a machine or on
equipment that has been locked out.

Follow the procedures below prior to restoring energy:

* Ensure that all machinery or equipment is properly
reassembled. Inspect the machinery or equipment to
verify non-essential items have been removed.

» Ensure that all personnel are safely outside danger
zones. Notify personnel that lock out/tag out devices have
been removed and energy will be reapplied.

* Only authorized personnel may remove lock out/tag out
devices or notices.

OM944T3 2/20
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Updated 12-24-12

M944T3 Generator Set Component Locations

Figure 2: M944T3 Service Side

Nooakrwh=

Expansion Tank
Coolant Fill
Thermostat Housing
Rocker Arm Cover
Lube Oil Fill

Intake Manifold
Fuel Filter

10.
1.
12.
13.
14.

Breather

Air Filter

Junction Box

Lube Oil Dipstick
Oil Filter

Vibration Mounts
Fuel Supply &
Return Connections

15.
16.
17.
18.
19.

20.

Fuel Primer Pump
Injection Pump

Lube Oil Drain

Raw Water Pump

Heat Exchanger Raw Water
Drain and Zinc

Heat Exchanger

OM944T3 2/20
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Updated 1-2-15

M944T3 Generator Set Component Locations

26
Figure 3: M944T Non-Service Side
19. Wet Exhaust Elbow 24. Alternator
20. Turbocharger 25. Oil Pan
21. Dry Turbo Exhaust Lag 26. Starter

22. Exhaust Manifold
23. Belt Guard

OM944T3 2/20
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Updated 1-5-15

M40C3 Generator Set Component Locations

Figure 4: M40C3 Service Side

1. Expansion Tank 8. Harness Plug

2. Coolant Fill 9. Lube Oil Dipstick
3. Thermostat Housing 10. Oil Fill Cap

4. Fuel Filter 11. Oil Filter

5. Intake Manifold 12. Fuel Primer Pump
6. Air Cleaner 13. Injection Pump

7. Junction Box

OM944T3 2/20
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Updated 1-5-15

M40C3 Generator Set Component Locations

Figure 5: M40C3 Non-Service Side

14.
15.
16.
17.

Turbocharger 18. Oil Pan
Exhaust Manifold 19. Starter
Alternator

Belt Guard

OM944T3 2/20
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Control Panels

PROGEAT & CONAATOR e zrr g 1. PREHEAT/ SHUTDOWN BYPASS
SHUT DO ooNTMCL CATGH, Grennaling sigine . . .
BYPASS START e e T e 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.

2. 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,

. @ 0 the voltmeter indicates the voltage output of the
GeneralfVotage | Senerd

GaneraRffimperes alternator.

Figure 5: Series 3 Generator Control Panel

150 200
Vil

_ 100 250
50 7

Yy
0N A-c vours 300

For Series 4 Control Panels only:

7. A.C.VOLTMETER

NORTHERN LIGHTS Series 4
° % Corciatocant e Shows the generator output voltage.

= 0 Control Panel

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

Engine Hours i\, Ol Pressure

Shutdown Bypass Engine Control AAC Ammeter & Voltmeter 9 . A M M E T E Rlvo LT M ET E R S E L E c TO R
And Preheat Switch Switch Selector Switch

Aun Used to check the voltage and current of each phase.
stop - | Return to “Amps Off” position when not monitoring.

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

(g 10. A.C. AMMETER

Figure 6: Series 4 Generator Control Panel

OM944T3 2/20
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Emission-Related Installation & Instructions

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

The installed exhaust system should not create exhaust
back pressure greater than 27” (685 mm) of water,
measured at the engine exhaust elbow.

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

Operating Procedures

BREAK-IN PERIOD

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

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

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

4. 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).

Operating Instructions:
Maintain at least a 75% load on your generator
set for the first 100 hours. If this is not possible,
maintain no less than a 50% load to ensure proper
seating of the piston rings. Vary the load to help
seat the rings.

BEFORE STARTING

1. 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.

2. 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.

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

4. Close the sea-cock, 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 alternator could be
damaged.
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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 10-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

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 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. Add electrical load.

STOPPING

Remove electrical load from the generator set.

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

Move the Engine Control switch to the STOP
position.
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Operating Procedures

SHUTDOWNS AND ALARMS

1. Your unit is fitted with a system to protect it from
high water temperature or low oil pressure.
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. Check the temperature gauge. If above 205° F
(96° C), shut off the engine immediately.
b. Use the Trouble Shooting Guide on page 25 to
isolate the cause of the overheat.

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. Check the engine crankcase oil level.

b. 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.

c. Ifthe 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.

Northern Lights standard spare parts kit (P/N
38-01207 or 38-01204)* contains:

Primary fuel filters

. Oil filters

Air filter element

. Drive belt

Thermostat and seal ring

Rocker arm cover gasket

. Raw water pump impellers

. Zinc anodes

g e o o

. Intended for long-distance cruisers, Northern

Lights world class spare parts kit (P/N 38-01205 or
38-01209)* contains:
. Primary fuel filters
. Oil filters
. Air filter element
. Drive belt
. Thermostat and seal ring
Rocker arm cover gasket
. Raw water pump impellers
. Zinc anodes
Fuel injector
Glow plug
. Raw water pump
O-ring
m. 12VDC, 50A replay
n. Gasket kit
0. Workshop manual

| SEra =l | ST o S C R P e B o

Ju—

*- For use with M944T, M944T3 or M944T3F generator 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: EVERY 250 HOURS:
Inspect for any signs of fluid leaking SP2-3 Change engine oil and filter
SP1 Check oil level in engine SP4 Check air cleaner
SP8 Check primary fuel filter SP13 Check turbocharger
SP14 Check cooling water level SP18 Check zinc electrodes

Check sea strainer
EVERY 500 HOURS:

AFTER FIRST 50 HOURS: SP6 Check valve clearances
SP2-3 Change engine oil and filter SP8 Change primary fuel filter element
SP5 Check V-belt tension SP9 Change secondary fuel filter
SP19 Check electrolyte level in batteries SP11 Check injectors
SP14-15 Check cooling system
EVERY 50 HOURS: SP17 Change impeller
SP5 Check V-belt tension SP20 Check battery charge with hydrometer

SP19 Check electrolyte level in batteries
EVERY 2000 HOURS or as needed:
AFTER FIRST 100 HOURS: SP4 Change air cleaner
SP2-3 Change engine oil and filter SP12 Check fuel injection pump
SP16 Check and clean heat exchanger

SERVICE 50 100 250 500 2000
POINT |PAGE | OPERATION DAILY Hours Hours Hours Hours Hours
SP1 20 Check oil level ol

SP2 20 Change engine oil "5
SP3 21 Change lube oil filters '-®

SP4 21 Check air cleaner 34 d d
SP5 21 Check V-belt tension - ® d

SP6 22 Check valve clearances "8 L4

SP7 23 Check primary filter 2 L4

SP8 23 Change primary filter element 23

SP9 23 Change secondary fuel filter "2
SP10 24 Bleed the fuel system 3

SP11 25 Check injectors "© 4
Check fuel injection pump *

SP14 28 Check cooling water level ol
SP15 28 Check and flush cooling system ”
SP16 29 Check and clean heat exchanger 3

SP17 29 Change impeller in raw water pump":* o
Check zinc electrodes ?

Check electrolyte level in batteries " 2
Check condition of batteries with hydrometer !

After first 50 hours.

Fuel inj. valve opening pressure: 11.77 MPa (120 kgf/cm?)
Or every 2 years.

Valve clearance = .25 mm (0.0098”).

1) Perform maintenance once a year even if hour level has not been reached.
2) Consult manufacturer's maintenance schedule, note on chart.

Or whenever necessary.

Change at 1000 hours.

0 N O O,

)
)
)
)

3
4
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Service Record

Service
Point

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
SP13 | Check turbocharger
SP18 | Check zinc electrodes
EVERY 500 HOURS

SP6 Check valve clearances
SP8 Change primary filter element
SP9 Change secondary fuel filter
SP11 | Check injectors
SP15 | Flush cooling system
SP17 | Change impeller in seawater pump
SP20 | Check condition of batteries with hydrometer

2000 HOURS or as required
SP-4 | Change air cleaner
SP12 | Check fuel injection pump
SP16 | Check and clean heat exchanger

Service Notes:
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Servicing

LUBRICATION - GENERAL

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

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.

Use the proper weight oil for your average
operation temperature.

Air Multi-
Temperature Viscosity
Above 32° F SAE 15-40W

(0°C)
-10°to 32° F SAE 10-30W
(-23°t0 0° C)

Figure 7: Lube Oils

4. Never put additives or flushing oil in crankcase.

SP-1. CHECKING OIL LEVEL

1. Ensuring that the engine is stopped, check the oil
level in the crackcase daily. The oil level must be
between the high and low marks on the stick. Fill
with recommended oil (see Figure 7) and fill only to
the high mark on the dipstick.

SP-2. 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 diesel-rated break in oil (John
Deere pre-packaged or equivalent) during the first
100 hours. Consult your dealer for more informa-
tion.

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

3. During intermittent cold weather operation, change
oil level every 1000 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:
.................... 2.64 gallons (10 liters)

OM944T3 2/20
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Servicing

SP-3. CHANGING LUBE OIL FILTER SP-5. V-BELTS

1. Change the lube oil filter every 250 hours. 1. Check the tension and wear on the V-belt after 50

hours.
2. Use a filter wrench to remove old filter. Dispose of ours

filter in approved manner. o
2. Use your thumb to press on the belt at the midpoint

3. Make sure the gasket from the old filter is between the crankshaft and alternator pulleys. The
removed and discarded. Clean mount face. tension is correct if the belt can be depressed about
10-12 mm (approximately 1/3” to 1/5”) with 10 kg

4. Spread a thin film of engine oil on the rubber (22 1bs.) force.

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:
....................................... #24-01201

SP-4. AIR CLEANER

1. Visually inspect air cleaner every 250 hours.

2. Take off the hose clamp on the bracket and the
hump hose to detach the air cleaner.

3. Make sure the hump hose is clean inside and also
that the new filter element is absolutely clean and
installed properly.

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

SP-6. VALVE CLEARANCES

1. Readjust valve clearance after first 50 hours of Adjusting

operation. Check valves every 500 hours thereafter. Terew 0.25 mm

Lock nut (0.0098")

2. Check the valves when the engine is cold.

e

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 9: Valve Adjustment
6. Adjust the remaining valves.

7. Replace the rocker arm cover.

Timing Mark

Figure 8: 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)......ccevvverennnnne. 0.0098 in. (0.25 mm)
Exhaust (EX)......c.ccvene..e. 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 9).
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Servicing
FUELS - GENERAL SP-7. PRIMARY FUEL FILTER
a. Check the primary fuel filter daily as
1. Use only clean, high quality fuels of the following recommended by the filter manufacturer.
specifications, as defined by ASTM designation
D975 for diesel fuels: SP-8. PRIMARY FUEL FILTER ELEMENT
a. Use grade No. 2 diesel at ambient temperatures b. Change the element as often as necessary or
above freezing 32° F (0° C). every 200 hours.
b. Use grade No. 1 at ambient temperatures below c. If the bowl fills with water, change the primary
freezing. and secondary element immediately.
c. International fuel specifications:
JIS K2204 SP-9. SECONDARY FUEL FILTER
1SO-8217-DMA d. Change the engine mounted filter as often as
BS 2869 Part 1 Class Al necessary or every 250 hours.
BS 2869 Part 2 Class A2 e. Remove the fuel filter with a filter wrench.
f. Apply a coating of fuel to the o-ring of the new
2. Use fuel having less that 0.2% sulphur of weight fuel filter.
(less than 0.05% recommended). g. Tighten the new filter by hand, do not use a filter
wrench for tightening.
3. The cetane number should be 45 or higher. h. The filter should be dry.
i. Do not add fuel to the fuel filter before
4. Particulate contaminate should be 5.0 mg// (0.00018 installation, as this could cause unfiltered fuel to
0z/U.S. gal) or lower. enter the fuel pump.

j. Bleed the air out of the filter.
5. DO NOT use these unsuitable grades of fuel:

a. Domestic heating oils, all types. The fuel filter part number is:
b. Class B engine. 24-51201

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.

6. 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.
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SP-10. BLEEDING THE FUEL SYSTEM

CAUTION: Escaping diesel fuel under pres-
sure 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 is not
administered immediately.

Figure 10 Fuel Feed Pump

1. Fuel system air bleeding may be needed when:

) 3. To bleed air at the fuel injection pump:
a. After fuel has been added to a newly installed

a. Turn the air vent plug (#3 on Figure 10) about

engine. . 1-1/2 turns to loosen it. (Cover the vent with a
b. A new fgel filter is installed. cloth to prevent fuel from splashing.)
¢. The engine has run out of fuel. b. Pump the feed pump cap up and down.

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

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.
2. 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 10) 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 10) up and down. To 4.
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.

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.

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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SP-11. INJECTOR SERVICE 3.

1. Injectors should be checked every 500 hours. This
check should be made by a Northern Lights dealer
or local injection repair station.

Injector repair and cleaning:

a.

Take injectors to your Northern Lights dealer
or local injection repair station for testing and
service.

4. Injector installation:
A CAUTION: Escaping diesel fuel under pressure can a. Install new injector seal washer seat and
have sufficient force to penetrate the skin causing injector. Evenly tighten the injector retaining
serious personal injury. If injured by escaping fuel, nuts to 18.1 to 25.3 ft/lbs (24.5 to 34.3 Nem), or
see a doctor at once. 2.5 to 3.5 kgfem. Do not overtighten.
b. Reinstall the return line using new sealing
2. Injector removal: washers. Tighten bolts to 13.0 to 15.9 ft/lbs
(17.7 t0 21.6 Nem), or 1.8 to 2.2 kgfem.
a. Clean loose dirt from around the injectors and
the fuel lines. NOTE: Overtightening can damage injectors.
b. Relieve high pressure in the fuel lines by
loosening the delivery line flare nuts at each c. Reinstall injection lines. Tighten
injector. flare nuts at injection pump to 19.5 to 23.9
c. Remove delivery lines by disconnecting them ft/Ibs (26.5 to 32.4 Nem), or 2.7 to 3.3 kgfem.
from the injectors and injection pump. Leave the lines loose at injectors for bleeding.
Remove all lines as an assembly; do not remove d. Bleed the injection lines. Crank the
the spacers. Cover the ends of the lines, the injector engine to fill the lines. Tighten flare nuts at
inlets, and the injection pump outlets to keep dirt injectors to 14.5 to 17.4 ft/lbs (21.0 to 23.0 Nem),
out. 2.0 to 2.4 kgfem.
d. Remove the return line retaining bolts, washers, e. Start the engine and check for leaks using a

and return line.

e. Loosen the injector retaining nuts at the same
time a little at a time. Remove the injector.

f. Remove the injector seat. Cover the holes to
prevent debris from entering the cylinders.

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

piece of paper or cardboard. Do not use your
hand to check for leaks.
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SP-12. 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, 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
injection 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. Remove the injection pump drive gear cover
plate and the sea water pump.

d. Align timing marks on timing gears.

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

f. Remove the 4 mounting nuts.

g. 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 11: Timing Marks

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 11 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

SP-13. TURBOCHARGER

1. Check for air leaks every 250 hours. Air leakage will
lower engine output and may cause black exhaust
smoke and soot.

2. Listen along air line while the engine is running. A
whistling or hissing sound could indicate leakage.

3. Leakage on the pressure side, between turbo and
engine, can be found by applying soapy water to the
air line.

4. Tighten the hose clamps and replace hoses or gaskets
as required.

5. Check to see that the lubrication and cooling lines are
tight and without leaks.
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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 5.5t0 9.0

3.

4.

If chlorides, 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.

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.

SP-14. CHECKING 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.

SP-15. 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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Servicing

SP-16. HEAT EXCHANGER SP-18. ZINC ELECTRODES

1. Clean the heat exchanger core as needed.
2. Drain the expansion tank and heat exchanger.
3. Remove the heat exchanger end covers.

4. Clean the inside of the exchanger core tubes using
a metal rod. Flush, inspect, and clean again if
necessary.

To remove scaling, cleaning the heat exchanger
using a 50/50 mix of muriatic acid and water may
be necessary. The heat exchanger will need to be
removed from the generator. To be performed only
by qualified technician.

5. Reassemble the heat exchanger. Fill the cooling
system. Start the engine and check for leaks.

SP-17. RAW WATER PUMP

1. Change the raw water pump impeller every 500
hours, or as needed.

2. Remove the pump cover. Pry out the impeller using
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.

. A zinc electrode is installed in the heat exchanger

cooling system to protect the engine from
electrolysis. Check it faithfully every 250 hours. If
you are in warm saltwater, or where electrolysis is

a known problem, check it more often. Wear rate

of zinc varies from vessel to vessel. Operators will
develop their own service schedule based on observed
wear pattern.

. Remove the zinc holder from the bottom of the

exchanger. This will drain raw water from the
exchanger.

Scrape or steel brush the zinc electrode clean. If more
than 50% of the electrode is corroded away, replace

it with a new zinc. The electrode screws out of the
holder.

. Reinstall the zinc holders. Be sure the threads are

clean for good metal-to-metal contact. Do not use
thread sealant.

. Refill the cooling system. Start the engine and check

for leaks.

OM944T3 2/20

29




Updated 2-7-20

Servicing

GENERATOR END

The maintenance and operation recommendations for
the generator end are in a separate Owner's Manual
(OPX300K2 or OLXE, check generator end part number
for correct manual)

Megger generator end windings every two years.

Generator end bearings should be replaced every 10,000
hours.

If you do not have one of these manuals, they can be
obtained through the Northern Lights web site
www.nothern-lights.com.
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Figure 12: Booster Battery Connections

ELECTRICAL SYSTEM - GENERAL

. Never switch the battery switch off or break the

1
A circuit between the alternator and the batteries while

the engine is running. Alternator damage can result.

2. 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.

1. Before changing or using booster batteries, check the
battery electrolyte level. Add distilled water if neces-

sary.

2. Booster and main batteries must have the same
voltage rating.

3. 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).

4. Remove the booster battery after starting the engine.
5. Sealed Batteries:

See the manufacturer's charging and booster
instructions.
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Updated 2-7-20

Servicing
SP-19 and 20. BATTERY CARE To Remove Generator Set from Long-Term Storage:
1. Take off all protective coverings and unseal all the
1. Check the electrolyte level every 50 hours, or once openings that were covered up.
a month. Add distilled water to the manufacturer's 2. Install batteries that are fully charged and connect the
recommended level. terminals.
3. Re-install the alternator belt if it had been removed.
2. Batteries, cables, and cable terminals should be 4. Fill the fuel tank.
checked and cleaned every 100 hours. Clean 5. Perform all pre-start checks.
corrosion with a water and baking soda solution. 6. Crank the engine for 10 seconds with the starter,
Flush with clean water. Tighten terminals and grease without letting the engine start. Wait 2 minutes and
them to inhibit future corrosion. crank the engine an additional 10 seconds to make
sure all bearing surfaces are well coated.
3. Check the battery condition with a hydrometer every 7. Start the engine and run at no load in a low idle for
500 hours. several minutes. Make sure the engine is warmed up

and check gauges before going under load.

8. Check all gauges and check for leaks.
SP-21. WINTERIZING / OUT-OF-SERVICE

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

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.

e 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.

OM944T3 2/20
31




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

Low compression pressure
(worn piston rings, etc...)

RECOMMENDATION(S

e Consult dealer.

Engine Overheats

Engine overloaded

Low coolant level

Keel cooling tubes (marine sets)
have been painted

Cooling system needs flushing
Defective thermostat

Defective temperature gauge

Water pump impeller worn
or broken

* Reduce the electrical load.

« Fill tank or radiator to proper level.
 Check hoses for loose connections
and leaks.

* Remove paint from tubes.

* Flush cooling system.
* Remove and check thermostat.

* Check water temperature with thermometer
and replace gauge if necessary.

* Check the impeller and replace if necessary.

Engine Knocks

Insufficient oil
Injection pump out of time

Below normal engine temperature

Faulty fuel injector

Engine overheating

* Call your dealer.
* Call your dealer.

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

* Call your dealer.

* See “Engine Overheating” section.

High Fuel Consumption

Improper type of fuel
Clogged or dirty air cleaner
Engine overloaded
Improper valve clearance
Injection nozzles dirty
Injection pump out of time

Engine not at proper temperature

* Use correct fuel for temperature.
* Service air cleaner.

* Reduce the electrical load.

* See your dealer.

* See your dealer.

* See your dealer.

* Check your thermostats.
* Check water temperature with thermometer
and replace gauge if necessary.

Below Normal
Engine Temperature

Thermostats not working properly

Temperature gauge
not working properly

 Check thermostats.

* Check water temperature with thermometer.

Low Oil Pressure

Low oil level
Improper type of oil
Partially plugged oil filter

* Fill crankcase to proper level.
* Drain and fill crankcase with correct oil.

* Replace filter.

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

>ROBLEM

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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Updated 1-5-15

AC Wiring Diagram
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Revised 1-5-15

AC Wiring Diagram
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AC Wiring Diagram
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Revised 1-5-15

DC Wiring Diagram

“991jou Jnoyim abueyd o} Joalqns sbuimeiq

3dAL ‘¥l OMY 38 OL 3¥V WIOFQDGZOO NOILVTIVLSNI TV

mMFOZ

20AZL

T EmT T ———— {z] Tt T T T T T T T T T T
Lo, <3
- N e ___ e ——— 5
MN.V@ O R e EIET Aﬂm 99 ] LS MOTS | L+ a3
|1 | TYNOLAO™  M89 rouzmwoo o
punou9 plepuels OdA ¢l uﬁmqu#@m” | | o 90
| o o _
WNOILAO —Se e |
[ — 89
EN._ON_O @C. IM Od L——=d VLN AT OVIE " a3/ NmosE i
3A3] INVIOOD H HOLMS NSV TY
“WNOILAO e T&®] V] AN 130
NOLLOINNOD. &, R E WNOILJO
o N\ _/ 7 7
ISd 0Z 2H 0S
L3N :
e CorE™ — sovE 122 J SeSLE09 &7
| w7 3LHM/3mE xﬁ 7
[ N oA et =J —
WNSSIud 110 o
N XX ¥ _/®3aHm T iAm/ad0 L ] MR o — 8]
20APZ HOLNTO o i
OLd DI¥LOF T WNDILIO i 4007 | 7
Yootm_aNiaa o, 1@
T — —— ¥6 dN3L INIONI ~. L
SIVIE *T-Tiovia \ v x ﬂ TF)30HM Im/FoRvdo |- 18 J NSV V-3 oo z]
WNOIAO Gy 5] 7
20AZL_ HOLNTD SUHM/NROSE
OLd DI¥LO3T3 WNDILIO
TINSOTONT ATIHS ANMOS
TYNOLLO
HOLON
| ois ;\z f f f X f
aNnos |
~ e |
a@w . I
i i | RS s 2o0n s X x Eigf | ARG o | | i
il N IS N
,a ,a (\,M.% a3 7 T ol
. %@? \\\\\\ Lean A —— T S
E , 439 ONIN r Sidund SHOV1E 1
< REEITINE i | Iy o T, 1T | i
| ,:F | | L #_Tywet
T 19 \ | |
B 18 oo 35 | | |
B 187 hyray i T ]
i LB TNd e Josz—o WL I8 T T [ NvL a
} | FEGIN | |
g JNELINIBNG
EE | o 3w 3018 08 L , o8 H
< i T 1Sd,_08=0 | ERIE]
i e b ° Hon 33 FEWNES i | ,
[EYNINEN NSSRIA 10 %0018 3NIoNa | |
2 @ |o T
,m = ,m Yov1e OLF 7 | ovia Lok B
RN |
Y |
|
T1dund z¢ i - i
V18 101 ' f
a3 001 T
|
_ | f
ool e |
JR I r B
\\%E T304 ﬁoim SOV | | I
[NREE] N i | i
I = R 1 I |
4.50¢ J SHIHIO A8 M 08l | | p
[P —— QINNDOI™ ® "NOILYOOT 2| 3 o078 3neNa | | |
J\ T oo HEe HES T ] I
EIHW eT#t W ] QonIT0S | e AlONT10S | | ILHM ¥ ]
HOLIMS dW3L B RE on ¥ILVAH MV | | S -
TSNVH S 1012 | B EE . HOSN3S [ A o]
“WNOILdD | ﬁ)Va CUENREI) | i | wiBE @ o e |
vozo ) | - } | ! e
< | “ON
4 vows AvE0 s oL YoviE ERS & J HIAIL BILVAH UV
YooTa_aNiaa JW3L 3NON3 v|_nm
m\ - x" oz@ Tdand F1dand 3
———— A0 66 T38/MOTTEA 68 € 20N 33
¥3HIO A8 HOLIMS m &, ~ o
S5HYHOSI0-3xd 3NsS38d 110 ~STar A m
3 34 vnolldo NN R g g
o BT | @ ZTaEng
JU—— 2 OL10d el Lovor-z A3 NMOGLNHS
H
2 3 ans 3590 ! ON Oz
o = = = = 3101 L [EE] (8
- m ! ¥IWI 08 TInd sz
; cosgers o o
e |
YILVIH ¥V HOLYNMALY S5M1d M09 3LHM OLF T:% 3LHM OLF dxﬁo a3y olF
"XOB— NI dIdlS WNIN¥3L OL HOLNIO OLd A¥Z TYNOLJO 3uiM £ oo Prg T39/MOTIEN
"G3TVISNI 38 ISNW S¥3ON3S a9 v WS [ETEZ oo oo P TN
NOILVIS T¥NQ ‘03SN 34V STINVd TO¥INOD 039NVO OML 3l '9 SHY o 35w Q34/MOTI3X OLF Q38/738 OLF a3y oLF
"G3LYOIONI INIOd 1V ONNOY¥9 "AINO ON3 3NO IV = s i
Q3ANNOY9 0078 INIONI 38 01 3MV SOTIHS dIvd GIUSIML 'S
MNI mmiw e $£0 aaorFL00L T a3y L9k v
ZH 9v¥E) Wdd S69L" v (10101 0vze dung o) {
2AAZL uBIVINE i
ONISN NIHM NMOHS SV (4aS) AV13d NMOGLNHS 3AOW3Y '€ HOLOW ¥31vIS ¥ i TINHID
“INIOd NOILOINNOD HOV3 1Y 303 Hova 14 o
YIYNYW 3uIM AB Q31IINIAI 38 ST NV AVHD 38 0L 3V 3oNg oL Wion
SYOLONANOO ITIVISNI [N TV ‘03000 ¥O100 SSIINN 2 »0018_3NISNI SSINNVH
"G3LON S¥ NV SYVd G3ISIML "SSINSVH 3uIM T _
el e INBNT Od NOTONAT JOIVIINTD s

OM944T3 2/20

39



Updated 2-11-20

DC Wiring Diagram

(R ———

*2o130u Jnoyum abueyo oy Jo8lqns sbuimeiq mm&w%@éwf Aﬂw/ /yosm @7iwods |- 21
LLdO = —

(B2 70 B N ]
a3 H —

[0JJU0D +g punois) plepuels OdA 21 CRa g @w ™~~~ 77T L=z]
0~ —

welbeig Buuipy Oa i e | 2]

ESPET NS Il | mm i oNEs |
RIS ,T,\ \,”.Lwhudﬂh [ 88 Tpmg —=

\\\\\\\\\\ L ——
ﬁ A A T hamaw T
X N _X_T “HoviE

o1d FEtPHRco

spsgre LT -

VNOILJO

30078 _3NON3.

1
WNOLLJO
HOLOW -
| AN w
| gREr

o evEs T T T T T T WMHWL

[l SN =T®]
OIS Mo Lot >8/Nd8 {%
TNOUAO Mo0  wouwsameo o |
o 980 ISd ¥ izH 05
ISd 6 ‘NX‘OW‘ _ Mmu
o[ N =
Q
02 HOLIMS > —— ]
e, e |
SN T 18]
IYNOUAO o XMS‘N\MJJ‘M 76 u
ISd 0Z ZH 0S
ISd G2 ZH 08 —
W[ W &] [
4002 S = |
oL - iE]

WNOILO ™ &

ozﬂ/ﬁu

dN3L 3NION3 e ——————————— z]
NG s "o =
- YT} ]

SL3¥00S IIVW34
ONISNOH FTVW

30IS NOLLY3SNI LOVLNOD
JOLOINNOD SSINJVH

NOLYIS VNG '03SN 3¥v STINVJ TOMINOD 039NvO OML 4 ° @ v e Fo-aag v

I

N e~
Ar b E@( S 30N 3 X | X
# 0 T [ o 7
AR |
9 ONI
HMA
o 350 |
.o L8 | I T8 14
196728
dnal 3NN |
o350 54 og_o 318 08 3n18 08 | 8
o o = R
3WNSSIIJ W0 001 3G
T L
SOViE S F T
, 8s
T T T T @00l T T T T T T T T T T 100N €oosN NO F1BVINAY LON SSINWVH N3 3loN |
! S
3502 |2 4061 |
30078 _3NON3 {3 0078 3MioK3 -
T
SOVIE°30AM BLF I0AM SLF° AVED gonanos | YoVES QIONT10S EETT | 9
¥3IV3IH div -
(co0vw No wNoLdo) ORI L0, 8 mW NS - 8 g STTor
1 | zbnﬁw [oRM IR
uéthmw 30078 3N L. L | 0 2
= K
L o 1 i) o o SoviE 300 NI SEIVAH UV
o0 dW3L 3INION3 L8 |
Jhmzaﬁ m\ _ L, o0 3590 3dand
Sovig S ST T T T T LU AVES 66 39/MOTI3A S5 € 3N ]S
CELTION:) | [ S8, —~g8
— NS 110 € %
TG & | N . | %o < 2
X018 3NN a0 3 2 & ® oz [N V138 NMOALNHS |
3 2 5 ON
=y e =T 3107 E (ES] ®Q a3y 601 | 89
o O YINIT0S TInd T ¥y
= 00990-89vZ8 8 of o¢
YOZ/ACL
ey \oT e
XO8—F NI didIS TWNINY3L OL HOLNTO Old A¥Z TYNOILHO 3MIM "L ¥ILV3H YV A S S9N1d MOTO 30HM OLF 30HM OLF Ouxﬁo a3y oLf N— ab
‘G3TIVASNI 38 LS S¥3AN3S fil o oc |
3

G3LYOIONI INIOd LV ONNO¥O "AINO ON3 SHY
3NO 1V G3ANNOY¥O X008 3NION3 38 OL 3¥V SOT3IHS ¥Vd J3LSIML
‘440 NIVW3Y¥ S3HOLIMS

o

aNo 35v0

@Y/MOTEA OFF

T35/73K OLF o“m. @9 orf

3HL 40 IS3¥ ® NO + ® ¢ HOLMS 3AVA1 'S3HOLMS dId ¥04

_ @39 on
(ZH SE1¥) Wd¥ +£0T d¥L HOLMS 033dS¥INO ZH 09 Qoave%ﬂmﬂwm@ﬁm o)
(zH 949€) o S6 ML HOLMS O33dSH3A0 ZH 05+ wo10n NS
STANVG LHVISOLNY ONV ST3NVA TONINOD ;
INO¥LOF13 HLM ONISN N3HM “(¥GS) AV13Y¥ NMOALNHS 3AON3Y ¢ OGO Mo
*INIOd NOILO3NNOO 0018 INON3 XN eV 0 omv
HOV3 LV 434UV 3MIM A8 O3LUN3CI 38 LSO ONY AVD =
38 OL 34V SUOLONANOO GITIVISNI N TIV ‘3000 ¥0100 SSTINN T Tool
‘T3UON SV ONV S¥IVd JALSIML ANIONS

‘SSINYVH 3YIM 3INION3 3HL 1d30X3 ‘ONVAISLIINN '0.501 ‘OVAQ09
‘MLN 3dAL 9L OMY 38 OL 33V SYOLONGNOD NOILYTIVISNI TV

" :S3ION

00t

X0d NOILONNM JOLVYINIO 7

SSINYVH
1vLoId
13NVd

OM944T3 2/20

40



Revised 1-5-15

DC Wiring Diagram

*9o130u Jnoym abueyo oy Joelqns sbuimeiq

TM\@%* \\\\\\\\\\\ L]
j<da %]
- === = T ;e —— — — —— — HOLMS MOT4 Lo >18/N8
0168-0 I oy — — 2UHM ] T3l WA L i
L ;mo,ﬂ o TNOUAD. W09 seumees o
punols piepuels DAA ¥2 ,JFL f@+\\\\\\\\\\\\\%\3m ] ov OHO
weibeiq Buuipy DA soyguoms | 11 [ e e f
Mo | ! e A <1 =
I ~———
b TYROLLIC © xiTMnu
T ivia ﬂ@z;okmlﬁ J i
FOVOHOLNS 46T~ 1Sd 0Z ZH 05
AT IWIGG0 /H SRR
TNOILIO e ] e &)
Notaznnoo on b ool ALTHAY uzﬁ 30HM/3NT8 Aﬁ = i
[EERNT W/
i 4,002 i
e
1\W e — 6 dNIL ANIONI
V18 "T-)HoviE \ y x ﬂ JACENTIY 31IHM/35NVI0 xﬂmmu f«ﬂmﬁmmn‘ s = i
20A7Z HOLOTD N — — — =~ ————— — — N0 L % J
Old DI¥10373 IVNOILJO
g BT 5 | |
3INSOTONI OTHHS ONNOS i T (A AR
| KoL |
WNOILdO | NN TONS
douon =~ S YNDILIO ! ”
na ——— — R |
| gilgsn s, f mm TS D L N
@RHHm e b= e T gy e cly °5d e
= =3 OILINDYN lzai+ m\Txo\m_\\\J
A ﬂ@% f e g T |
Bk I 1= A S v
kﬂ = aNg_35v0 o T b | |
189 | T + '8 a
T f VI
i BT i 40070 1# i ;o
0°q rog andi BN , |
BTN |
B I\ No_3sv 3M78 08 ] 1 g L8 < H
| g 19 | o 30w 35 S 980 yao 3w | Lo
LB YR 3WNSS3Ad 10 T i 1ot 9
mm)l., | SOV8 0LF I f SOV
wwﬂ |l ! ,
< | |
i v b b ’ i | |
[EREE
1z @ |z | |
555 | I
i I I |
mlrx | |
3dand & | ! !
>Ovig_LoL [ |
a3 00t ! | |
| |
r al | | I |
o008 _3wions | 4oc1 | | |
_F o018_INIoN3 | I |
\\&,31 daﬁojm_ Py | 3| 2 T B T HEo | | | E|
JI0IE 5| F SoviE S ET
WNOLLO, g~y — — — — — — ° QIONIT0S | | |
a3 una oN NIALVAH NIV TaT
_——— QlONT 108 HOSN3S | | pr— |
SH3IHIO A8 avd T3Nd = @ [= dW3L d3LvM NNy ¥0d 135 g
LOINNOD % ‘NOILYDO1 BIEE | | 008 L - |
4502 J — ﬁJVHA | i | ] |
o018 NioNI J\ 008 | | 3 v |
T . e T I , I
SOV S0Hm BT SIHW BT#* KW hl Sov1g ELCD [ |
HOLIMS dN3L | el 7c , 3
1SvHX3 0Lz F1dund L= i 31dund
WNOILdO | nzg .
ano 3v0 B RS 0 J - VE0 66 i T .mm%sz wmm
Bl S - 5, ~
L oups | oy 5] P o} v|,1,~am/r 66 g
0018 _3NIEN3 Fgand
0018 INONI _\q\ dNATTINDNT | = o 3500 v , o1 fuod il | @ worn A3 NMOGLAHS
J\ﬂoﬂm e ——— E s T = T | 3101 E Le=2 80 i
* HINL IO Tnd ™
SHIHLO A8 @ 8720 — T
SLovINGD FOUVHDEI0—3ud = e @ o 18 oe o¢
S3HSINONILX 314 WNGILO HOLVNE s ¢ ] o }o
>
EEIVELRI - SOMId MOTD SLHM OLF I 30AM oLF L d38 OLF
fi TI8/NOTEA
‘G3TIVISNI 38 ISNA S¥3AN3S o to o L8 0¢
. a3 vF W9 [EE o1
NOILVLS ¥NQ ‘g3SN 3dY ST3INVA TONINOD G39N¥D OML i ‘9 # SHY 7 TR OF ¢ A e T Sy C AI3T LavLS
“Q3LVOIONI INIOd 1¥ ONNO¥D "AINO N3 3NO IV o _3svo b
Q3ANNOYY 30078 INION3 38 OL 33V SOTIHS ¥ivd G3ISIML 'S T ol
ZH SEly) WA ¥€OZ™"""""didL HOLMS 033dSHIN0 ZH 09 o1 } 701
MNI mimw W 5691 dINL HOLIMS Q33dSNIA0 ZH 05 ¥ g a3 oif = (=S ﬁHm a3y v
"STINVA LINIAVM HLIM ¥3yivIE i
ONISN NIHM NMOHS SV (¥OS) AVI3 NMOGLMHS 3AOW3Y '€ , 1nod
“INIOd NOLLOINNOD HOVA 1V T bovs s
YIHUYN WM AS QIIIINIOL 38 1SN ONV AVHD 38 OL 3uv AN 1w
SYOLONANOD GITIVISNI TN 711V ‘03000 ¥0700 SSIINN 2 e 0 oy SSINMVH
‘0310N SY ONV Suivd QIISIML ‘SSINAVH i i i
3NIONI 3HL Ld30X3 ‘ONVHISILINA “D.501 ‘OvAGQ9 ‘MIN VLol
3dAL 7L 9MV 38 OL 3V SYOLONANGD NOLVTIVISNI TIV INONT X0d NOILONNI JOIVHIINID 13NVd

wm%oz

OM944T3 2/20

41



Updated 2-11-20

DC Wiring Diagram

*2o130u Jnoyum abueyo oy Jo8lqns sbuimeiq

e ——

T i S SR

'SSINYVH NI 3¥NO3S ONV ‘ONISNL MNIMHS IV3H
HLIM 9N 31¥10S| “WNINY3L VS WOY3 Qv31 300i0 3LHM 3AON3Y (8

MU.V.VN O R o | <3 5% TYNINY3L Z0L OL A3¥9 199 LO3INNOO (¥
T~ oV Eﬂzgoxm# €] ouus mons | L> e T T T T T e 2 K
ONYOH 7~ -~ “13NVd TOMINOD ALMYI0d 3AUVO3N ¥3HLO ¥O N3OMILNI ONISN N3HM '8
|0JJUOD +g punols) pale|os| DAA 2L Jw@\z%@%ﬁmu\\@ 57 ﬁ&zﬁc@«x rxzs ume o (Sd 07 ZH 0G XO8— NI JRLS TYNIWY3L OL HOLMO OLd APZ TYNOLJO 3MIM L
ofymze— ————— 89 & 9¥0 18d §Z ZH 09 _ ‘03 TIVLSNI 38 LSni
vouwsamnoo on\_ Mo ALTHM %\ \\\\\\ e S¥ION3S NOLVIS VNG ‘G3SN 3dV STINVA TONINOO G39NVD OML 4l °9
weJbeiq Bulipm O ¥ Tk _/ srmW w12 "GAIVOIONI INIOd 1V ONNO¥S "ATNO QN3
\\\\\\ e rE] e mm P . #@ ] 30 v GaaNnoN #0078 3NION3 38 OL 3u¥ SUTIHS ¥vd TUSML 'S
[ 8 ubowl T NIVAN3Y SIHOLMS 40 1S3y % ® ¢ HOLUMS 3AVI1 ‘SIHOLIMS
Li¥ea, = - di0 ¥0d ‘(ZH SE1¥) WY +£0Z' ML HOLIMS QI3JS¥3A0 ZH 09
I = ,\@xl\ﬁ\xmﬁ\m %] ﬂPu \W\u (zH 9v¥€) Way 5691 RL HOLUMS Q33dS¥3A0 ZH 0S '+
. INIONI o — u 'STANVA L3NIAVM ¥0 00¥JS9-S ‘0DEISI-S
£ 310N 338 — B
3o0vasoums | | | ¥6 15 imm/aanvao | ﬂ@zﬁuﬁ% e L HLM ONISN N3HM NMOHS SV (40S) AY13¥ NMOGLNHS 3AON3Y '€
p 07 | 1 o |rumme %6 Toimg— — LHM/NMOSE "L == INIod
‘IVNOLLJO L ,..Lxuﬁm = -Hovig IJMW]U\\J NOILO3NNOD HOV3 IV Y¥3XYVA 3MIM A8 G3L4LN3AI 38 ISNN ONV AVNO
—— m&ﬁmrr i) 36 OL 3yv SYOLONANOD GITVISNI NN 11V ‘03009 ¥0100 SSIINN T
Sh! — ‘GILON SY ONV S¥Ivd Q3ISIML
H e Wam\ﬂ ‘SSINMVH 3¥IM 3NION3 3HL 1d30X3 ‘ANVLSILINA ‘0.50L ‘OVAO09
m/\ S S 2 MUN 3JAL L 9MY 38 OL 3dV S¥OLONANOD NOLLYTIVISNI TV L
X X AT T T e T ‘S310N
AAFZ _HOLNY:
OLd DRLOFT NOILJO _
8 SN 35N |
e e et e v == — —
| e i A 18 3 a3 S13X00S VNS
| g s e ONISMOH 3TVA
, R
| T(FEDHm
| Tpiovie
| 3QIS NOLLY3SNI LOVLINOO
| YOLOINNOO SSINGVH
[ Tenso NI gomsaNnos |
|
NOLLAO
HOLON I
By i N e |
AES —/ | P S T e — r\ﬂxt
v BW , 3R
—— oW F—— i
&L > I W39 ONN i r F1dand
i ] > i | TEHMATS | | i
2 o | 7 | |
g & | "
8y | | SRraC] 10070 WL 18 T | WL 18
i ¥ - i | A3GN3S | i
e ogd | JNAL 3NN | | |
T | 7o\ 3me 08 T 3nE 08 8
B [\¥) | 9 340N 335 ,wmwmm%mu | |
i B 187 13 i | Vg 2SN 10 | |
B | InAd v | | | i
m% |l | SNovia viF ' [
I |
e b , e e
o & ls | ~  ann 1300 oI >S5V
3@l I I SO0 e g — —
s | | MNOLdO 3y T
| SUIHIO AS
NOLLO3NNOD #® NOLYO01
| il
1 7~ g Sl S -4
s s - S g
034 ool STIAON £00YN NO J18VIVAY 1ON SSINYVH N4 3LON

ALHM ¥

! [
W I
|
N . U 2| 3 [
W Ovi8" ALIAM m,:ﬂngm mrsmk HA STH” A5 ] gonTos | 38| 3 e, s, |
| TSR 4012 , .%%mnmm«ga " , i x
| o | 5 L | z o
I - P &F ! e o<
oV V9
! ) euNe h Isd st A e
W m\\ JNAL3INNT | Fidand T
| DT S ——————— d V5 66
| v SR »umm — i
| SRR R Gl
I Jtor %0008 NG ] |
| T T
[
| i)
| L8 o
- e 7
j TNSO03 B0 396 B0 - enerr || Somd Moo ENTTNCIY A 30Am oid:m. [ERNTE
ms..aii | (8 of
vy @8 o e ) oo
| | SHY Q38/MOTI3X O T G39/73K OLF a3y OLf
| | A ¥s
oot +
a3 orf L2 ]
0008 3NN
_ oy ¥IvINE
i 802L0-22 T oy s ¢ i 1InoYIo
HOLON MILNVIS [ JR'SGk 6w 0c 8
Sifo
| i SOViE OLff i M oiff i SSINUVH
| - _— 1VLOId
k < ANIONI X008 NOILONNM ¥OLVIINTO 13Nvd

OM944T3 2/20

42



Updated 1-5-15

DC Wiring Diagram

*2o130u Jnoyym abueyo oy }oelqns sbuimeiq

"X08- NI dilS TWNINY3L OL HOLMO OLd A¥Z TYNOILJO 3dIM "L
_ “Q3TTVISNI 38 ISNW SY3AN3S
- e EAge T T T T T — 6] NOLLVLS vNQ ‘035N 34V STINVA 10MINGO Q39NVO OML 4l ‘9
\\\\\\\\ LN P — "Q3LYOIANI INIOd 1Y ONNO¥S "AINO ON3 3NO LV
- S6] | <32
— (=)5ovi8 sovig T L 22 e ———————— %6 Q3ANNOYY %0078 3NION3 38 OL 3d¥ SOT3IHS AV QAUSIML 'S
nou o]e|0S I HRUS o Lo T o a7 - = (ZH S€1%) WdY ¥€0Z
UC o U } _ _ Oﬁ_> Nr L N AN e e = {6 ] NOILDO™  WOO  \wausaneo ov (zH 9vvE) Wdd S691 b
N ¥ 8 _T(F30HM IS8 - 2 o 9¥0 _ "STINV LINIAVM HO 00¥0SH—S ‘00£9S9—S HLIM
Beiq 6 XL
welbeiq bulipp Od S How [~~~ Aﬁ,@mu ONISN N3HM NMOHS SV (das) AVI3d NMOGLNHS 3AON3Y '€
0ld JMID313 TWNOLLLO HOLIMS WYY /M _ ANIOd NOILO3NNOD HOV3 LV
VAL 3N T3N3 [N s HINUYA MM A8 QILNION 38 LSNN ONV AVYO 38 OL 3wy
TYNOILJO = SYO1ONANOD O3 TIVISNI [N 71V ‘03000 ¥O100 SSIINN T
_ . 7 "03LON SV ONV S¥IVd Q3LSIML ‘SSINHVH M
ro—TTEmt T ———— 9] 1Sd 0Z iZH 09 3NION3 FHL Ld3OX3 ‘ONVALSILINW “0.50L ‘OVAQ09 ‘MIN
Moo . .1 - ISd Sz zH 03 3dAL ‘P OMV 38 OL 3¥V SYOLONANOD NOIVIIVASNI TV °
Loy % wlcy  amiw/as L] $3/0N
a3 a3d/3nT8 Aﬂm = SN _
o Mg e &)
39NYOHILIMS 4.00z fal
BEME 1 mea _ l TWNOILHO g
L 8 vonoums, S~ VI8 /NGRS - 52 ] *a 1%
RHES T AL 3INIONI - z]
Fwellag =L REh R 2 "
e
nougmoo on | R/ TTHN 2 N — = ——— ——— — — — 3mwos L %]
CEERN 7
\\\\\\\\\\\\\\\\\\\\\\ n e _ 76
r OV18 (—oviE \ y K ¥ T )ammm ILIAM/IONVI0 Aﬂm 6] o = \\!\\\\\\\\JJ s s
~ ¥ 3LON 335
I 20AZL_HOLNTD B 07) gz zy I 015 RN
| OLd DI¥19373 TWNDlLdO R GRS, Gds I
7 xucgm | 3NION3 f 7 UNDILEO 7 7
] | N e N
TINSOTONT OIS ANNOS | %lf < 0w 338 ¢ I E,Isj ¢ SR A3 |
TWNOILHO N Mmoo (\ﬂm(#« an 5
mm@mi \ | d0%Jld L
e W | LLINDVN 7 F—— Ay —tear s ——
quEES N\ =, 439 ONI | |
~ | REELTYNE] | Ly s0 Lot _ 1 |
@” )| | | L # e
o | 7 | |
> 7 |
7 | | 18 a
o o
i WW ovia W%Mmm\mo NVl 18 7 | | NVL
8¢ | dW3L 3INBN3 | | W | H
e i foe <<
3me o8 | T I EEC]
ome ,om%} ‘9 3UON 335 1S4 08-0 | | |
W Sovia N
L /E, JYNSSII 110 | | |
=] ,mm A3 | t | oL
. mm z:m V4 Yovig olf | | | xu<ﬁm o
! ! | |
i || 4-——1 | .
7 7 Tﬁ T 7 \\mijmdaw\uﬁmj g - T = ““7 “““““““““ Adv‘ ““““““ 7
o 1 lo OWLOITI
= Wm Iz \M%@aﬁam g T T T T T T T T T T T 1 ” |
o X |3 SHIHIO A 7
v 5 g ILO3NNOI # 'NOILYOO1 , | W
AR X B | .
| | |
T1dund < T |
SOVIE 101 [
a3y 0ol | f
|
N , | g
. |
RSN g T |
W 38| F WS o gowms | ! A |
S ¥ALVIH A | 7 | E s A ,
N A | Javoen | @™ % + |
FREIE ! R (¢ O T |
2B | | yiy
C R | i | N THes |
LYJ ﬁ P SIAIL FALV3H v |
=75 |- ! 3
Fidang L= | 31ddnd
,
AVHD 66 7 03¥/MOTI3A G '€ 310N 335 7
S¥IHLO A8 S ¢ 58 ~ 08
S1IVINOD FOHVHISIO—3dd
Y3HSINONILX3 3¥14 IWNOILJO uumﬁuﬂmamﬁ% o /NEM/{ AVHO H m_
ET 7 0100 N [ ® gy [N AV134 NMOQLNHS
%0078 _INIONZ [P
T EllS ON e X3
¥INL 105 T1d Y
g ¥
e SHro
e
L= T
sonTd Moto I0HM OLF TOAM OLF © |17 aag orF
G30/MOTTIX
HALVIH 9V e 1o % mﬂ oe AV VLS
SHY Q34/MOTIZA OLF —= a34/738 OLF us a3y oLF
SOV ¥, VOl
aemzy a3y oif |20 [EENERY o Lok v
%0018 NSN3 vasivaus
8QgLy-z2 30IS_HOVE “Ld € T
DOAZ L 3NI9N3 0L HIONI1 1Ino¥id
HOLOW ¥3LHVIS |3uw 318v0 D oMy NW‘AA TNOW
o SoviE OLF , 150 vor orF 7 SSINUVH
1V1o1d

INBONT

X0d NOIIONN JOIVIANIS

T13NVd

OM944T3 2/20

43



Updated 2-11-20

DC Wiring Diagram

= yRviE  Gae7wos |- 22
. I9NVOHALIMS ~ =
so1j0u Jnoym ebueyo oy josfqns sbuimelq AR 2T - et T T T 5]
- { T e ) =S X =1%] |
NOILLOINNOD ON \ > =
N.V.VN O IR TV 157 ’m&mwpmmmu erm L > a3y >8/Ndg ;,m |
\\\\\\ = — — —— s Quowe o8
|0JJU0D +g punols) piepuels OdA v M w5 g1 = MO sy y 2 0g
gy e | BdozH E|
weibeiq Buuipy DA Il , il u,hww -
39nvoroums | | | C 8 _I51iHm/39NVE0 | Jovz W FoHS, - —— ]
S 1 e ssR %8 Joria— THEo - ™ S e - I
Lt o P 2 B HO = FuAf z A,ﬁm ] !
6V wwsky  poms T ———————————
T i ik o ™ 2
e e S Lop == W ——— sovie /e - &
A AP . N,
i e SEET
QaAvZ. HOLOT =
o1d S FRudo T&] wn[C7 3N/ 8] |
ST —— 9 < _
IMS NSy TY L 4.002 3WNSSING N0 F/?\\\\ﬁmmu ,
NHMRAEN, < — WY IY=33d "GO =
oL ~—————— ves | uXﬂ;hu RS2 oS
_ I3 INON o ——————————— ]
\\ - 00 3NN %6 T mizaanvac | A;ézocwm%sw B
J¥NSOTON3 ¥O 3SvE 13SN39 P T _ T 3LiAm/NmoE |- 25
[ 23S Ve = ——
ﬁs ‘annon | * 4.8 JRER:"T B | I
039 60L %0 | ﬁ,‘r%ms kﬂ«wm% | !
| | L_F———
wos 1o - ﬂ \\\\\ —EETHR i SL3MO0S VW34
| mese | -t ONISNOH ITWW
XX X
TSR TS ONTOE HoLNTO = — = =
“WNOILO 0OLd 313 IVNOLLJO
~ |
HOLOW i|o
! s M ) ! a3 2o N S P |
| ONNOS '/ l | S O3S 30IS NOLLY¥3SNI LOVLNOD
@.ﬂ\ \um | R 1 | ! 2 HOLOINNOO SSINYVH
7 la I a3 o0 5 N tTAToZID W,\\\/ 7~ T 30 %:
Iz | ' Jw ) LdW sauovms X | x e
gk [P ) gl AU SN NP N W B |
8 —_————————— >
| W jL,, ! 9 ONI o8 Fidnd |
| un,r Ew{ | xmtsbw =
B W { E\J o 350 |
[S=pe) T +
_ B8 | 4z%uz«u 2o W18 | N NVL 18 4
€ | W %%m ona | | 9
| gH | | ONO_35v0 3mME o8 T 3mMa o8 ]
e b o 3100 335 T 184 08-0
! o @ o ! EVL T %0008 3NN ”
2@ 2 T
=g Sovig oiF T T L
¥ , |
T 17 Y Y ! ¢
e T gl P I
034 00k ST300W £00PW NO J18VIVAY LON SSINUVH Nv3 :3LON |
|
| | S
1508 2| 2 , W
%0018 NI 2| I o8 MO o .e |
= o N HZ9 HES | 9
SIOVIE" 3LFM B O3IAm 81 Ve o108 - v gonos |
HOLMS dN3L m T HOSN3S oN H3LV3IH dIV
(£00vW NO wNolLd0) OLUIRAE 1012 IAWM CLENREIL I , =
o 35v xusmmzscﬂ L | W
T
) Houns 1 e st oV ot !
Ty~ ~——————— 4 T A9 66 | | Q34/MOTIEA SE, C 3w 335
SO 2285 10 | | = S —~98
TNoD i 2 1ot b0 ¥as o {Te6 | Y4
¥3HSINONI NIE) o 5 | | H%:%<% T rawng /!\ AVaD
%008 NIoN3 f | R | @ sororze AYT¥ NMOALNHS
07 _3NoKa 2 H N |
= = W ﬂ FroT OV @Y Lo @39 601 | 8o
¥3NL 105 Tind
P I < ! ) g
oA MOTI3A e mﬂ fmm
"XOB-T NI dRiIS TYNIWY3L OL HOLMIO OLd AYZ TYNOLLJO 3¥im L ¥AUVIH ¥V somid Mo1o kA OLF | WHM oL Ty O 0LF e a
‘QITIVISNI 38 LS SY3AN3S B | ® oc [
NOLYLS vNQ “03SN 3¥¥ STINVA T0¥INOO @3oNvo OML JI '9 o e o1 Fo-ar ey ] ot}
"G3LVOIONI INIOd 1V ONNO¥Y "ATNO ON3 SHY TIU/NOTER OTF |2 t @/ o O o—m oy =
3NO 1V G3ONNO¥O 0078 3NION3 38 OL 3V SUTIHS ¥ivd AUSIML 'S | s
'340 NIVW3Y SIHOLMS o | VoL ot !
3HL 40 1S3¥ % NO + % £ HOLMS 3AVI1 ‘SIHOLMS did ¥04 _ R TIOTF [GEN)
(ZH SCL¥) W $€OZ""""diL HOLMS 033dSHINO ZH 09 Gotoiy m«wﬂmmm%@@m o) -
(zH 9v¥E) Wd¥ S691 dil HOLMS G33dS¥IA0 ZH 05 ¥ I e /PaNke | TinoNID
‘STINVG LAVLSOLNY OGNV ST3NVd 108INOO =
OINOYIOFT3 HUM ONISN N3HM “(¥GS) AV13d NMOQLNHS 3AON3Y ¢ e N | HOUNS
“INIOd_ NOLLOINNOD 08 NG R e rous
HOV3 1V N3NV UM A8 O3LUN3AI 38 LSO ANV AVMD = 03y O g L4
38 OL 33V SYOLONANOO QITIVISNI NN 11V ‘03009 ¥0100 SSIINN °Z
‘030N SV _ONV S¥Ivd J3ISIML ANIONT SSINYVH
‘SSINYVH JYIM 3INIONI 3HL 1d30X3 ‘ONVNLSLINW ‘D.50L ‘OVA009 VLo
MIN 3dAL ‘oL OMY 38 OL 3MV S¥OLONANOD NOIVTIMISNI TV L :SJ| ON X0g NOILONNM JOIVIINID 13NVd

OM944T3 2/20

44



added 1-5-15

*2o1j0u Jnoyym abueyo oy 3oalqns sbuimeiq

| s——————= — vos | ONISN NIHM NMOHS SV (MGS) AVI3d NMOGLNHS 3AOWIY '€
_,\H = “INIOd NOILO3NNOD HOV3 1v
. . =] MR ey, =L — YIMYVA UM AB 3LLNIAI 38 ISNA ANV AVNO 38 OL 3aV
Owawwlo [ o — — LM £ TWNOLLAO = vss] SYOLONANOD Q3ITIVASNI [N TV ‘03000 ¥0103 SSIINN °Z
[ :mu,ﬂ Rl #&u 7 “Q3LON SY ANV S¥IVd QIUSIML ‘SSINYVH I¥IM
T gy ——————————;\ B L2 1Sd 0Z ZH 05 INIONI IHL 1d30X3 ‘ONVALSIINW ‘D.G0L ‘OVADOS MLA
punolg pajejos| OAA ¢ I | o 038/30T8 ISd 62 zH 08 T®] 3dAL ¥L OMY 38 OL 38V SHOLONANOD NOWVTWISNI TV "k
30nvoroums | | I 3THM/3018 - = -S310N
_.tm._mm_D mr__.__>> ada TAIT IO | o] vousmwen v 7 _
wouse | ' S one . - " et & ]
- T T\ovig T GIS/NMOUE 89 4.00z
39NVOHOLINS \rﬂ\x/ HOVIE ™ G/ NwGwe - = l
Bt w00 R o
“WNOILAO - \\Ti\\\#ﬁu Q _
Nowoanwoa on\ . noo/ SLTHM 2 G INON e —Tz]
RN TNOUO™ g |
~ NEm e E,IgﬂiommL 2%
\\\\\\\\\\\\\\\\\\\\ — — NN e \\\ﬁ\
r SOVIE TEBOVIEN Y Xy TTHEmRR T 30im/3oNvE0 L 28 ]
| i [ttty
20AYZ__HOLN1
| OLd DRIFTT3 WNOLLO 7 % P T 1
| R i, |
| % 00708 _3NON3 Ul TINOLLAO I
TINSOTONT G 1FIHS ANNOS 7 A N“‘l/ e W“*Vﬂ -8 DDDD&W_77 ON1d SSINUVH
NSO, TR QNNOS , Jv _ W_M%# S G e e S
YOLON | .%N% u:x& - - — @y \4‘\:% mC
E SO | A o e
aNnos | N 7 V30 ONIY | |
e | EE Sy s S K § Lz 0 Tl |
v_ 8 | ,1 FiaEnd T F.a ] AvE T |
| o = . , | Lo
| I
- i wr e < d
Gl = SoviE 40620 W18 | T T
FECES |
m 8y | JW3T3INIBNI | [
7 I 7 38 08 (— I L o8 H
© 5, 198 9 20N T35 IS4 08-0 7 | |
= B lu) Mov18 L 3unss3yd 10 | | W
(o))} P EmJ\ ! | Lol 9
© 7 B zm%uzN«L SOVIE OHF | Pt Yov1g
— wﬂ | == — i | o (
(m) 55 ) | 4 N | 0 e i
7 m..lmﬂrnrw 7 T L < R I - 7
)] EEE | JMIITI / 7 | [
> o o WNOLAO, gy — o= — — —— — — ———— —— — ————— — —————— — —— ——— — 1 I
c Bl " S0 g | , I
- B 23NNOD ® NOILY20T | I | 7
— ey — = D , ,
|
| |
W Fidand /¢ j I |
YOviE_10L LI |
(&) @ ool ] , W
(m) W , | 4
4081 o e - | |
o T
z| 22 g N W 7 AN 3T I
SR, 28| 3F Ve QIONTI0S I | T ¢ |
o ALYIH 3 | | g | o o] 100 |
— IR ET) W 7 | whEE @ Y3 |
o5 B | oN i3 |
2 | TS
R | NI |
I LV FY
v | N
L — | 3
Tiaund L | Fdund
=< Av80 66 a3¥/moman 6¢ °¢ 310N 338 7
SYIHLO A8 HILIMS A S - <8, —~98
SR o o e FINSSR 0 7 ST T 4
§3HSINONILXI 3813 WNOLLAO v o 'TEE | o +2 g 9 zum\ﬁ Tvas 168 ] d
51 "40d Nl si0r-z AVI3Y NMOQLNHS
T I s 7
= = EILS £ 8
| lmlao B b 7 ¥IAL 105 TInd L uy
e ¥ siovia of \§ r.‘u > 8 ot 0 &
o
O S e |
Gatsnee © 30w orF |5 s orF 01 Fo—amrory
sosray S9N1d MOTO ¥Hd o)
QF/NOTEA
L8 0f
¥3LV3H AV o e 1o gz Mge | VI3d LAVIS
SHY G3/moTak ot LSE T G349/3k OHF O%mvo a3y oL : 7
T YOl
a3y orf L0 aaoF GEY @ﬁA v
e %0078 _3MoN3 IvasE
20mre BN oL KNG LNo¥I>
HOLON MILAVIS |ONG, QL HISN o Lo
Movig oLF Ou:vmo vav OLF 7
20AVZ SSINYVH
| AvISId
INBNT X0Og NOIIONNI J0IVIINTD 13Nvd

OM944T3 2/20

45



Updated 2-11-20

DC Wiring Diagram
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Updated 1-5-15

S-1B Wiring Diagram
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added 1-5-15

S-3 Wiring Diagram
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