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Introduction

Servicing of marine engines and generator sets presents Failures can begin with minor problemsthat are
unique problems. In many cases boats cannot be moved overlooked and become amplified when not corrected
to arepair facility. Marine engines cannot be compared during routine maintenance.

to the servicing of automobiles, trucks or even farm

equipment. Failures often occur in remote areas far As operator, it isyour obligation to learn about your
from competent assistance. Marine engines are taxed equipment and its proper maintenance. Thisisnot a
far more severely than auto or truck engines; therefore, comprehensive technical service manual. Nor will it
maintenance schedules must be adhered to more make the reader into an expert mechanic. Itsaim isto
strictly. aid you in maintaining your unit properly.

Unit Identification

MODELS INCLUDED

Thismanual covers the operating instructions for:
M843JK marine generator sets,
M843NK marine generator sets, and
NL843NK industrial generator sets.

Fill in the model number of your unit in the blank space provided.
Thiswill give you areference whenever service or maintenance is required:

My Northern Lights generator set MODEL number is:

Model Numbers

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

M/ NL 843 J/K
S I S
M - Northern Lights marine generator set Model number of engine block Additional letter
+ Bore Cylinders + | designates series
NL - Northern Lights industrial generator set 84 mm 3 within model number

a J-series 843 engine and a PX-300K generator end series 843 engine, PX-300K generator with an AVR,
with an AVR. and a radiator.

M843JK I — Northern Lights marine diesel generator set with NL843NK I — Northern Lights industrial generator set with an N-

— Northern Lights marine diesel generator set with
M843NK I an N-series 843 engine and a PX-300K generator
end.
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Serial Numbers

o \% Your set has three serial numbers: @ an engine number stamped

NORTHERN LIGHTS on the block, @ a generator plate, and @ a generator set plate.

’ Use the serial number on the generator set plate when ordering parts

Serial No. or in correspondence. The generator set plate is found on the service
Model No. side of the generator and resembles the drawing in Figure 1.
@ ALASKA DIESEL ELECTRIC, Inc. o )
\ &)y 4420 14THAVE. NW, SEATTLE, WAU.SA. Fill in the serial number of My Northern Lights generator set SERIAL number is:
o\ 0 your unit in the box provided.

Figure1: Generator set serial number plate.

Warranty
A warranty registration certificateis supplied NOTE: If the warranty isto apply, the servicing
with your set. It entitles the original purchaser of our instructions outlined in this manual must be
equipment to awarranty covering material followed. If further information is needed, please
or assembly faults. The extent of coverage is described contact an authorized dealer or the factory.

in the Limited Warranty Statement. We recommend
that you study the statement carefully.

Safety Rules

CAUTION: 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.

* Never leave engine without proper security. » Keep your hands, feet, hair and clothing away from
* Turn the coolant tank cap slowly to relieve pressure power-driven parts.
before removing. Add coolant only when the » Check for any loose electrical connections or faulty
engineis stopped and cool. wiring.
e Mount afire extinguisher near engine. e Engines should be operated only by

» Always disconnect the battery ground strap before knowledgeeble, qualified personnel.
making adjustments. e Look completely around engine to make sure that

» Operate enginesin properly ventilated areas. everything is clear before starting.

» Do not operate an engine that isn't in proper
working order. If an unsafe operating condition is

*  Escaping fluids under pressure can penetrate your noted, tag the set and control panel so others will
skin. Use a piece of cardboard or wood, not your also know about the problem.

hands, to search for leaks.

» Keep trash and other objects away from engine.

* Providefirst aid kits.
» Avoid wearing loose clothing without a belt when

working around engines.

» Do not ail or grease engine whileit is running.

» Usecautionin handling fuel. Never refuel a hot or g CAUTION: Thissymbol isused throughout

running engine. Do not smoke while filling fuel this book to alert you to possible danger areas.
tank or servicing fuel system. Please take special notice of these sections.

0843K 05/03
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Marine Generator Component Locations

No oA~

Non-Service Side p

DC Circuit Breaker

AC Circuit Breaker for AVR
Fuel Filter

Air Filter (inside Manifold)
Intake Manifold

Fuel Lift Pump

Qil Fill (2)

9.
10.
11.
12.
13.
14.

Figure2: M843JK, M843NK, service and non-service views

Crankcase Vent 15.
Fuel Injector 16.
Coolant Fill 17.
Heat Exchanger End Cap  18.
Injection Pump 19.
Seawater Pump 20.
Freshwater Block Drain 21.

Fuel Inlet & Return
Oil Filter

Oil Dipstick

Oil Drain

Control Panel Plug-In
Generator Set Plate
Expansion Tank

« Service Side

T

-
-

-
-
-
-
@
-

=23
[ =
|
-
- =

22. Wet Exhaust Elbow
23. Junction Box

24. Starter

25. Vibration Mount

26. DC Alternator
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Figure 3: NL843NK, service and non-service views

Nogahkowb~

Non-Service Side P>

DC Alternator

Exhaust Outlet

Air Filter

Starter

DC Circuit Breaker
Generator Junction Box
Starter

11.

13.
14.
15.

Lube Oil Drain

AC Circuit Breaker
Secondary Fuel Filter
Crankcase Vent
Lube Oil Fill

Coolant Fill

Injection Pump

16.
17.

19.
20.

<« Service Side

Fuel Inlet and Return
Qil Filter

Fuel Lift Pump

Block Water Drain
Dipstick
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Control Panels

1.
s TOR GENERATOR *
PREHEAT & SHUT:| GENERA’ :
DOWN BYPASS ) : HOURS S
i n
/ p tHobbs
on |- “| fooomel
TOTAL HOURS
| 14
2.
1ou1 K “ |'
3.
QUARTZ ™\
4,
Generator
Control
5.
6.

Figure4-C: Series4 Generator Control Panel

7.
Series 4
Generator Set
Control Panel
8.
Shutdown Bypass i AAC Ammeter & Voltmeter 9
And Preheat Switch Switch Selector Switch -

SHUTDOWN BYPASS-PREHEAT SWITCH

Two functions are built into this switch: the preheating
of the engine, and bypassing of the engine safety
shutdown circuit. Hold switch in the ON position

10 - 20 seconds before starting the engine, and
continue holding on during engine cranking. Release
the switch as soon as the engine is running. Holding
the switch on too long can burn out the heater element.

ENGINE CONTROL SWITCH

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

NOTE: Excessive cranking of marine sets equipped
with water lift muffler systems can cause engine

damage. See page 10.
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 until the engine has
completely stopped.

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

Keepstrack of engine running time.

OIL PRESSURE GAUGE

Shows the il pressure in the engine lubricating system.

ENGINE TEMPERATURE GAUGE
Registers the temperature of the engine coolant.

D.C. VOLTMETER OR AMMETER

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:

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 SWITCH

Used to check voltage and current of each phase.

A.C. AMMETER

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

0843K 05/03
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Control Panels

6. STATUS INDICATOR PANEL
Engine monitoring alarms and lamps for monitoring
o engine functions.
7. ALARM LAMP TEST AND RESET BUTTON
Press UP to test the indicator lights and press DOWN
to reset the alarm.
8. AC VOLTAGE ADJUSTMENT RHEOSTAT
Voltage has been set at the factory and should only be
o adjusted by factory-trained personnel.
9. AMMETER SELECTOR SWITCH

Used to check each phase for load condition.
NOTE: Always |leave this switch in the ON position

Figure5: Series7.0 through Series 7.6 Generator while the unit is running.
Control Panels 10. FREQUENCY METER (HERTZ)

The frequency meter indicates alternator current
frequency: 60 Hz (1200 or 1800 RPM), or 50 Hz

SHUTDOWN BYPASS SWITCH (1500 RPM).

Manual Start Panels

(S7.1and S7.3) 11. A.C. VOLTMETER

Hold the switch in the START position until the engineis Shows the generator output voltage.

running

NOTE: Excessive cranking may cause engine damage. 12. A.C. AMMETER

After the engine starts, release the switch and it will return Shows the generator load on each phase. The phaseis
to the RUN position. To stop the engine, hold the switch in selected with the Ammeter Selector switch.

the STOP position.

Auto Start Panels

(§7.0,57.2,S7.4,575, and S-7.6)

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

OIL PRESSURE GAUGE
Shows the oil pressure in the engine lubricating system.

HOUR METER
Keepstrack of engine running time.

ENGINE TEMPERATURE GAUGE
Registers the temperature of the coolant.

DC VOLTMETER

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

0843K 05/03
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Operating Procedures

STARTING

1.

1

2.

w

BREAK-IN PERIOD

The first 100 hours on anew or reconditioned
engine are critical to itslife and performance.
Frequently check the engine temperature and oil
pressure gauges (sets with Series 3 or 4 panels).
Qil consumption is greater during break-in as
piston rings take time to seat.

Break-In Qil Changes: Change engine oil and
filter at 50 hours. Change oil and filter again at
100 hours (consult Lubricants section for oil
recommendation).

Retighten head bolts at 50 hours (see page 13).

Operating Instructions:

Maintain at least a 75% load on your generator
set for the first 100 hours. If thisis 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

Check the water level by removing the pressure

cap from the expansion tank or radiator. In order to
give the cooling water an opportunity to expand, the
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
thefiller cap carefully when the engineiswarm
to prevent burns.

Check the oil level in the crankcase with the
dipstick. The il level must be in the waffled areaon
the stick. Never allow the level to go below this area.
Always add the same viscosity of oil asisalready in
the crankcase.

Check the fuel tank level and open any fuel valves.
Marine Sets: close the sea-cock; check, clean, and
reassembl e the sea strainer and reopen the sea-cock.
Marine Sets. place the battery switch in the ON
position.

NOTE: The battery switch must always be kept
ON whilethe engineisrunning. If the switch is
turned OFF while the engineisrunning, the
battery charging regulator could be ruined.

Hold the Shutdown Bypass-Preheat switch in the
ON position for 10 to 20 seconds before starting a
cold engine. Holding the switch too long can burn
out the glow plugs. This step is not necessary if the
engine is already warm.

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

As s0on asthe engine sarts, release both switches. Do not
crank the gtarter for more than 20 seconds consecutively.
If the enginefallsto start with thefirst attempt, be sure
that it has opped completely before re-engaging.
NOTE: Excessive cranking of the starter on Marine
sets equipped with a water lift muffler can cause
engine damage. I the engine does not start after three
20-second cranks, remove the impeller from the raw
water pump. Thiswill prevent the muffler from filling
with water and backfilling the exhaust line and engine.
Once the engine starts, shut it off immediately and
re-install theimpeller. Re-start the engine and check
the exhaust overboard outlet for gushes of water.

OPERATING

1.

2.

3.

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 on Marine sets must be
below 200°F (94°C); on Industrial units the water
temperature gauge must be below 225°F (107°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.

Let the unit run unloaded for athree to five minute
warm-up period.

Apply electrical load.

STOPPING

Remove electrical |oad from the generator set.

Run the engine for a 3 to 5 minute cool down period.
Hold the Engine Control switch to the STOP
position until the engine comes to a compl ete stop.
Marine Sets: shut off the seacock, fuel valve, and
battery switch.

0843K 05/03
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Operating Procedures

SHUTDOWNS AND ALARMS

1. Your unit isfitted with a system to protect it from
high water temperature or low oil pressure.
a. Generator sets have shutdown systemsto stop the
engine. They have no warning horns.
b. Other alarms and shutdowns are available as
optional equipment.
NOTE: Do not rely on your warning to the
exclusion of careful gauge monitoring. Watching
your gauges can prevent damage to the unit and
dangerous power losses.
Do the following when your warning or shutdown
system is activated:
a. Check the temperature gauge.
Marine sets: If above 205°F (96°C), shut off the
engine immediately.
Industrial sets: If above 230°F (110°C) shut off
the engine immediately.
. Use the Trouble Shooting Guide on page 22 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.

. Make repairs. Restart your Marine set after the
temperature gauge registers below 200°F (94°C).
Watch the temperature gauge regularly and

turn off the unit if the temperature rises

above 205°F (96°C) on Marine units.

Repeat troubleshooting.

If shutdown is activated and the temperature gauge

shows temperature within normal temperature range:

a. Check the engine crankcase oil level.

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

If the oil level isnormal, 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 already have “On-Board-Kits,”
ahandy box that contains the most common parts
you will need.

All owners should have the following spares:

a. Primary and secondary fuel filter elements

b. Oil filters

c. Airfilter

d. Alternator belt

e. Thermostat and gaskets

f. Seawater pump impeller & gaskets (marine only)
g. Glow plug

h. Injector and washer

If your set is operating along distance from a
servicing dealer, add the following:

a. Complete set of injectors

b. Copper washersfor injector change

c. Complete set of glow plugs

d. Fud lift pump

0843K 05/03
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Servicing Schedule Chart

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

DAILY:
SP1  Check ail level in engine
SP7  Check primary fuel filter
SP13 Check cooling water level
Check sea strainer (marine only)
Check raw water pump for leaks

AFTER FIRST 50 HOURS:
SP2/3 Change engine oil and filter
SP5  Check V-belt tension
SP6  Adjust valves
SP18 Check electrolytein batteries

Retighten head bolts (see page 11)

EVERY 50 HOURS:
SP5  Check V-belt tension
SP18 Check €electrolyte in batteries

EVERY 100 HOURS:
SP16 Check and clean radiator (industrial only)

EVERY 200 HOURS:
SP2/3 Change engine oil and filter
SP4  Check air cleaner
SP8 Change primary fuel filter element
SP9  Change secondary fuel filter

EVERY 600 HOURS:
SP6  Check valve clearances
SP11 Check injectors
SP14 Check and flush cooling system
SP17 Changeimpeller (marine only)
SP19 Check state of charge of batteries

EVERY 2400 HOURS:
SP12 Check fuel injection pump
SP15 Check and clean heat exchanger (marine only)

SERVICE 50 100 200 600 2400
POINT | PAGE | OPERATION DAILY Hours Hours Hours Hours Hours
ENGINE:
SP1 8 & 12 | Check oil level [
SP2 12 Change engine oil 1) 5) [
SP3 12 Change lube oil filters 1) 5) [ J
SP4 12 Check air cleaner 1) 4) [ J
SP5 12 Check V-belt tension 1) 4) [ J
SP6 13 Check valve clearances 1)2) 5) [
FUEL SYSTEM:
SP7 14 Check primary filter (Racor) 2)3) [ J
SP8 14 Change primary filter element (Racor) 2)3) [ J
SP9 14 Change secondary fuel filter 1) 3) [
SP10 15 Bleed the fuel system 3)
SP11 [16-17 | Check injectors 1) 3) [ J
SP12 17 Check fuel injection pump ®
COOLING SYSTEM:
SP13 [8 & 17 | Check cooling water level [
SP14 [17-18| Check and flush cooling system [
SP15 18 Check and clean heat exchanger (Marine) [
SP16 - Check and clean radiator fins (Industrial) [
SP17 18 Change impeller in raw water pump 1)3) ([
SP21 Inspect condition of exhaust elbow 4) [
ELECTRICAL SYSTEM:
SP18 19 Check electrolyte level in batteries 1) 4) [ J
SP19 19 Check condition of batteries with hydrometer 1) 4) ([
DRIVEN EQUIPMENT:
SP20 19 Clutch and PTO service (M843NK only) 2)
OUT OF SERVICE:
SP21 19 Winterizing or out-of-service 3)

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

4) More often if necessary.
5) After first 50 hours.

0843K 05/03
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Service Record

Service
Point OPERATION HOURS/DATE
50 HOURS
SP5 Check V-belt tension
SP18 | Check electrolyte in batteries
100 HOURS

SP3 | Change lubricating oil filters

SP4 Check air cleaner

SP16 | Check and clean radiator

EVERY 200 HOURS

SP2 | Change engine oil and filter

SP8 | Change primary filter element (Racor)

SP9 | Change secondary fuel filter

SP21 | Inspect condition of exhaust elbow

EVERY 600 HOURS

SP6 | Check valve clearances

SP11 | Check injectors

SP14 | Check and flush cooling system

SP17 | Change impeller in raw water pump

SP19 | Check condition of batteries with hydrometer

2400 HOURS

SP12 | Check fuel injection pump

SP15 | Check and clean heat exchanger

0843K 05/03
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LUBRICATION - GENERAL

1. Useonly clean, high quality lubricants stored in
clean containersin a protected area.

2. These lubricants are acceptable;
a. API Service CC/CDI/CE single viscosity oails.
b. APl Service CC/CD/SF multi-viscosity oils.

3. Usethe proper weight oil for your average operation
temperature.

Air Single Multi-
Temperature Viscosity Viscosity
Above 32°F SAE 30W SAE 15-40W
(0°C)
-10 to 32°F
(-23 to 0°C) SAE 10W SAE 10-30W
Below -10°F
(-23°C) SAE 5W SAE 5-20W

Figure 6: Lube Oils

4. Someincreasein oil consumption may be expected
when SAE 5W and SAE 5-20W oils are used. Check
ail level frequently.

5. Never put additives or flushing oil in crankcase.

SP1. CHECKING OIL LEVEL

1. Check the oil level in the crankcase with the
dipstick. The il level must be in the waffled area
on the stick. Never allow the level to go below this
area. Follow the lubrication recommendations above.

SP2. OIL CHANGES

1. Thesetisdelivered with special break-in oil.
Change the engine oil and oil filter after 50 hours
of operation. Use Service CC 30 weight oil during
thefirst 100 hours.

2. Changetheoil and filter again at 100 hours using the
oil recommended in the above diagram. After this,
change oil and filter every 200 hours.

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

4. Change ail at the end of each season and the

beginning of each season.

Change oil when engineiswarm.

Dispose of waste oil in an approved manner.

Never use aflushing oil.

Loosen the clamp on the oil change tube. Remove

cap. Drain ail. Replace the cap and tube.

9. Refill engine with recommended ail for the season.

10. Engine capacity with new ail filter is:
843JK and 843NK - 5.8 quarts (5.5 liters)

© NG

SP3. CHANGING LUBE OIL FILTER

1. Change the lube oil filter every 200 hours.

2. Use afilter wrench to remove old filter. Dispose of
filter in approved manner.

3. Make sure the gasket from the old filter is removed
and discarded. Clean mount face.

4. Spread athin 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. Qil filter part number is:

843JK and 843NK - #24-03100

0843K 05/03




SP4. AIR CLEANER

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

Marine sets: if dirty, wash element in soapy water.
Rinse and dry thoroughly before re-installing.
Replace if necessary. Part numbers are:

M843JK and M843NK - #24-23100
Industrial sets: the element cannot be cleaned.
Replace it when necessary. Part number is:

NL843NK - #314531127

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

SP5. V-BELTS

Check the tension and wear on the V-belt after
every 50 hours.

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

RETIGHTENING CYLINDER HEAD BOLTS

N

Tighten bolts when the engineis cold.

L oosen the nuts and remove rocker arm cover.
Tighten head bolts with a torque wrench in the order
shown in figures below. Tighten bolts evenly in 2 or
3 passes, ending at the specified torque in final pass.
843JK & 843NK: 60 - 64 ft/lbs (9.0 - 9.5 kg/m)

Figure 7: 843N Head Torque Sequence

[ '«—Valve Adjustment Screw

Rocker Arm

¥

0.008 in.

? T 0.200 mm.

Figure 8: Valve Adjustment
SP6. VALVE CLEARANCES

. Adjust valve clearance after first 50 hours of

operation and every 600 hours thereafter.

. Valve adjustments should be done after the cylinder

head bolts have been re-tightened. Engine should be
cold and NOT running.

. Watch the valves while turning the engine over by

hand. Turn until the inlet valve starts to open and the
exhaust valve starts to close (the valves are rocking).
Then turn the crankshaft one more full turn and
adjust the clearance on both valves for this cylinder.

. Loosen the lock nut and adjust the clearance

between the rocker arm and valve guide of both the
intake and exhaust valves with the adjustment screw
(Figure 8). Clearance on both intake and exhaust
valves should be 0.008 in. (0.2 mm).

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

valves must be adjusted individually.

. Replace the rocker arm cover. Tighten cover nuts to

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

0843K 05/03
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SP7-9. FUEL FILTERS

w

FUELS - GENERAL

Use only clean, high quality fuels of the following
specifications, as defined by ASTM designation
D975 for diesel fuels:

a. Usegrade no. 2 diesel at ambient temperatures
above freezing 32°F (0°C).

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

Use fuel having less that 1% sulphur (preferably less

that 0.5%).

The cetane number should be a minimum of 45.

DO NOT use these unsuitable grades of fuel:

a. Domestic heating ails, all types.

Class B engine.

Class D domestic fuels.

. ClassE, F, G or H industrial or marine fuels.

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 thefuel tank at the end of each day’s
operation. Thiswill reduce condensation and
possible biological contamination.

d. If biological contamination is detected or
suspected, contact your dealer for assistance.

©®aoo

1. Your generator set should have a primary fuel filter

2.

installed. We recommend the Racor brand of fuel

filter-water separators.

a. Check the primary fuel filter daily as
recommended by the filter manufacturer.
Empty the collection bowl! as necessary.

b. Change the element as often as necessary or
every 200 hours.

c. If the bowl fills with water, change the primary
and secondary element immediately.

Change secondary fuel filter every 200 hours.

NOTE: The fuel filter on the engineis considered the

“ secondary fuel filter.”

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

b. Fuel filter part numbers are:

843JK and 843NK - #130336020

0843K 05/03
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SP10. BLEEDING THE FUEL SYSTEM

CAUTION: Escaping diesel fuel under pressure can penetrate skin causing serious personal injury.

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

Figure 9: NL843NK Fuel System.

1. Thefuel system is self-bleeding. However, any 3. Loosen bleed screw “C”. Pump hand primer “B”
system may need manual bleeding when: until pure fuel (no bubbles) escapes. Then tighten
a. A new fuel filter isinstalled; bleed screw “C.
b. The engine has run out of fuel; 4. |If the engine does not start after the above bleeding
¢. Thefuel lines, injection pump or any other fuel process, loosen afuel line at the injector while
system component has been removed and cranking the engine with the starter motor until pure
installed. fuel escapes. Then tighten the connection. Do each
2. Loosen bleed bolt “A” (Figure 9) on top of thefilter. line one-at-a-time.
Pump hand primer “B” on fuel lift pump until pure 5. After the engine has started, use a piece of cardboard
fuel (no bubbles) escapes from bleed bolt “A”. to look for fuel leaks.

Tighten bleed screw “A”.

0843K 05/03
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Figure 13: Removereturn line nuts.

Figure 14: Removereturn line.

Figure 15: Unscrew injector.

0843K 05/03
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SP11. INJECTOR SERVICE
1. Injectors should be checked every 600 hours. Check
should be made by a Northern Lights dealer or local
injection repair station.

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

2. Injector removal:

a. Clean loose dirt from around the injectors and

the fuel lines.

Relieve high pressurein the fuel lines by

loosening the delivery line flare nuts at each

injector (Figure 10).

Remove ddlivery lines by disconnecting from

injectors and injection pump (Figure 11). Remove

al lines as an assembly; do not remove the spacers.

Cover the ends of the lines, the injector inlets and

injection pump outlets to keep dirt out (Figure 12).

. Remove the return line retaining bolts (Figure 13).

Remove the return line (Figure 14).

Unscrew and remove the injectors (Figure 15).

NOTE: Do not use pry barsto remove injectors

from cylinder head.

. After removing the injectors, discard the copper
sealing washers from the injector hole in the head
(Figure 16). Cover holes to prevent dirt and debris
from entering the cylinders.

b.

Injector installation:

a. Install anew copper sealing washer in each
injector hole (Figure 16).

Screw in injector and tighten to 44 - 51 ft/lbs

(6 to 7 kgm) (Figure 17).

NOTE: Overtightening can damage injector.
Install return line using a new sealing washer
below each connection. Tighten return line
retaining boltsto 22 - 30 ft/lbs.

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

Crank engineto fill lines. Tighten lines at
injectorsto 11-18 ft./Ibs. Start engine and check
for leaks using a piece of paper or cardboard.
DO NOT use hand to check for leaks.

b.

SP12. INJECTION PUMP

Since operating conditions may vary considerably, it
isdifficult to give adefinite interval for checking the
injection pump. But as arule, pump settings,
maximum speed, idle speed and exhaust smoke
should be checked after every 2400 hours of
operation. Service of the fuel injection pump should
only be done if checks indicate pump malfunction.
Black smoke can be an indication of pump
malfunction. Before servicing the pump, check other
possible causes:

a Check cleanliness of air filter.

b. Check valve clearances.

c¢. Clean and check injectors.

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

NOTE: All warrantieson the engine become null
and void if the injection pump seals are broken by
unauthorized persons.

COOLING SYSTEM - GENERAL

NOTE: Marine sets— be sureto 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
enginesto avoid burns. Allow the engine to cool
before working on the cooling system. Open the
filler cap carefully, using protective clothing
when the engineiswarm.

SP13. CHECK THE COOLANT LEVEL

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

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

0843K 05/03
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4.

SP14. COOLING SYSTEM FLUSHING

Flush the cooling system every 600 hours or every

12 months, whichever comesfirst.

Marine sets:

a. Remove expansion tank cap and drain engine
block.

b. Open block drain cock. Remove hose from
bottom of heat exchanger tank.

¢. Pour clean water into expansion tank until water
coming from drainsis free of discoloration and
sediment. Let water drain completely. Close
drains and refill with recommended mixture.

Industrial sets:

Remove radiator cap and open drain cocks on

radiator and engine block. Pour clean water into

radiator until water coming from radiator is clear of

discoloration. Close the radiator drain and continue

flushing until water from enginedrainis clear. Open

all drain cocks and drain completely. Close drain

cock and refill with recommended coolant mixture.

Clean fins on radiator.

Coolant Specifications (marine and industrial):

Use 50% distilled water / 50% ethylene glycol

antifreeze mix. Antifreeze mixture is recommended

as agood year-round coolant.

Check hoses and connections and repair any leakage.

SP15. HEAT EXCHANGER (Marine)
1

Clean the heat exchanger core once ayear or after
2400 hours of operation.

Drain expansion tank and heat exchanger.

Remove heat exchanger end covers and remove
core.

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

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

SP16. CLEAN RADIATOR (Industrial)
1
2.

Remove debris from radiator fins daily.

In very dusty applications, clean the radiator with
compressed air or steam cleaner every 100 hours.
Clean in the reverse direction of the airflow.

SP17. RAW WATER PUMP (Marine)

1.

2.

w

Change the seawater pump impeller every 600
hours, or as needed.

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

Be sure you remove all pieces of failed impeller.
NOTE: Place somekind of protection under the
screwdriversin order not to damage the pump
housing. If theimpeller has broken into pieces,
remove front heat exchanger end cover and inspect
for impeller pieces. Clean inlet to heat exchanger
bundle and reassemble.

Clean the inside of the housing.

Pressin the new impeller and place the sealing
washersin the outer end of the impeller center if this
has not already been done.

Replace the cover using a new gasket.

NOTE: Make surethat thereisalwaysan extra
impeller and cover gasket in reserve on board.

GENERATOR ENDS

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 Northern Lights dealer.

ELECTRICAL SYSTEM - GENERAL

Never switch battery switch off or break the circuit
between the aternator and batteries while the engine
isrunning. Regulator damage can resullt.

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

If welding on the unit, disconnect the regulator and
battery. Isolate the leads.

Disconnect the battery cables when servicing the
D.C. dternator.

Never test with a screwdriver, etc., against any
terminal to seeif it emits sparks.

Do not polarize the alternator or regulator.

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

0843K 05/03
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GLOW PLUGS SP 18-19. BATTERY CARE
_ _ _ _ _ 1. Check electrolyte level every 50 hours or once per
1. Each cylinder is supplied with aglow plug which month. Add distilled water to manufacturer’s recom-
serves to heat the combustion chamber. mended level.
2. To check the glow plugs, loosen the current 2. Batteries, cables and cable terminals should
carrying flat wire between the plus-poles of the be checked and cleaned every 100 hours.
glow plugs (Figure 18). Connect aD.C. test bulb Clean corrosion with awater and baking soda solution.
between the plus-pole of the battery and the Flush with clean water. Tighten terminals and grease
plus-pole of the glow plug. If the bulb lights up, them to inhibit corrosion.
the glow plug is functioning properly. 3. Check the battery condition with a hydrometer every
3. Check all glow plugs and replace any faulty ones. 600 hours.

P.T.O.

1. Theeéelectric clutch P.T.O. does not have any scheduled
mai ntenance points. However, the equipment the
P.T.O. powers may require maintenance. Consult the
manufacturer of the driven equipment.

—
) r e 1 > SP20. WINTERIZING / OUT-OF-SERVICE
ol ,” % - 1. Marine sets: _
A ; J,L% W{, F D a. Drain fresh water and seawater cooling systems
Figure 18: Glow plugs. completely. Remember to shut off seacocks
before opening drain cocks.
BOOSTER BATTERIES b. Drain water supply lines and wet exhaust line.
¢. Loosen the seawater pump cover and drain pump.
CAUTION: Battery gas can explode. 2. Industrial sets:
Keep all flames and sparks away from batteries. a. Drain and flush the radiator and cooling system.
Leave dry or refill with antifreeze-water mixture.
1. Beforechanging or using booster batteries, check battery If refilling, start the engine and run to circulate
dectrolytelevel. Add digtilled water if necessary. the antifreeze.
2. Booster and main batteries must have the same voltage b. Fill thefuel tank or add biocide as per
rating. manufacturer's instructions.
3. First, connect positive (+) terminal of booster battery c. Seal theair cleaner inlet, exhaust opening,
to positive (+) terminal of main battery. Then, connect crankcase breather pipe, and fuel tank vent with
negative (-) terminal of booster battery to ground on plastic bags and tape.
the engine block (see Figure 19). d. Storethesetinadry, protected place. If unit
4. Remove booster battery after starting engine. must be stored outside, be sureit iswell protected
5. Seded batteries: See manufacturer charging and with a cover.
booster instructions. 3. Marine and Industrial sets:

a. Change the crankcase oil and filter.

b. Loosen the alternator belt.

c¢. Disconnect and clean battery. Remove to warm
storage place if possible.

d. Clean outside of unit. Paint any scratched or
chipped surfaces. Put corrosion preventative on
all exposed metal surfaces.

Figure 19: SP21. EXHAUST ELBOW
Battery connections. Battery Booster Battery Look for external corrosion and signs of exhaust
leakage.

0843K 05/03
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Troubleshooting

DC ELECTRICAL SYSTEM
PROBLEM

Battery Will Not Charge

POSSIBLE CAUSE
Loose or corroded connections

Sulfated or worn out batteries

Loose or defective alternator belt

RECOMMENDATION(S)

» Clean and tighten battery connections.
* Check specific gravity of each battery.
* Check electrolyte level of each battery.

* Adjust belt tension.
* Replace belt.

Starter Inoperative

Check DC circuit breaker

Loose or corroded connections

Low battery output

Defective electrical system
ground wire:

* If the breaker is tripped, reset it.

* Clean and tighten loose battery and
harness plug connection.

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

* Repair or replace.

Starter Cranks Slowly

Low battery output

Check specific gravity
of each battery

Check electrolyte level
of each battery

Crankcase oil too heavy

Loose or corroded connections

* Battery istoo small.
* Battery cables are too small.

* Replace battery if necessary.

* |f low, fill cellswith 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

o If breaker istripped, 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.

0843K 05/03
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Troubleshooting

ENGINE
PROBLEM POSSIBLE CAUSE RECOMMENDATION(S)
Engine Hard to Start Improper starting procedure * See starting section of this manual. Take
or Will Not Start special note of Bypass Switch operation.
No fuel * Check level of fuel in fuel tank.
Low battery output * Check electrolyte level and condition.
Excessive resistance * Clean and tighten all battery connections.
in starting circuit
Crankcase oil too heavy » Use oil of proper viscosity.
Improper type of fuel * Consult fuel supplier and use proper type
of fuel for operating condition.
Water, dirt or air in fuel system * Drain, flush, fill and bleed system.
Clogged primary * Clean or replace filter element.
fuel filter element
Clogged secondary * Replacefilter element.
fuel filter element
Dirty or faulty injection nozzles » Have your dedler check injection nozzles.
Engine Runs Irregularly Below normal engine temperature  » Remove and check thermostat.

or Stalls Frequently Clogged primary * Clean or replace filter element.
fuel filter element

Clogged secondary * Replace secondary filter element.
fuel filter element

Water or dirt in the fuel system e Drain, flush, fill and bleed system.
Dirty or faulty injection nozzles » Have your dedler check injection nozzles.

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

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

Lack of Engine Power Intake air restriction * Service air cleaner.

Clogged primary * Clean or replace filter element.
fuel filter element

Clogged secondary * Replacefilter element.
fuel filter element

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

Overheated engine * See “Engine Overheats’ in next category.
Below normal engine temperature  » Remove and check thermostat.
Improper valve clearance * Reset valves. Best done by dealer.

Dirty or faulty injection nozzles * Replace injectors. Best done by dealer.
* Seeyour local dealer.

0843K 05/03
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Troubleshooting

ENGINE
PROBLEM POSSIBLE CAUSE RECOMMENDATION(S)
Engine Overheats Low coolant level * Fill tank or radiator to proper level.
* Check hoses for 10ose connections
and lesks.
Keel cooling tubes * Remove paint from tubes.
have been painted (marine)
Cooling system needs flushing * Flush cooling system.
Defective thermostat * Remove and check thermostat.
Defective temperature gauge » Check water temperature with thermometer
and replace gauge if necessary.
Water pump impeller worn/broken « Check impeller and replace if necessary.
Engine Knocks Insufficient oil * 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.
Engine overheating * See “Engine Overheating” section.
High Fuel Consumption Improper type of fuel * Use correct fuel for temperature.
Clogged or dirty air cleaner * Service air cleaner.
Improper valve clearance » Seeyour dedler.
Injection nozzles dirty » Seeyour dedler.
Injection pump out of time » Seeyour dedler.
Engine not at proper temperature  » Check your thermostats.
 Check water temperature with thermometer
and replace gauge if necessary.
Below Normal Thermostat not working properly ¢ Check thermostat.

Engine Temperature Temperature gauge » Check water temperature with thermometer.

not working properly

Low Oil Pressure Low il level * Fill crankcase to proper level.
Improper type of ail * Drain and fill crankcase with correct oil.
Partialy plugged ail filter * Replacefilter.

High Oil Consumption Break-in period * Qil consumption decreases after break in.
Crankcase oil too light  Use proper viscosity oil.
Oil leaks * Check for leaksin lines around gaskets

and drain plug.

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

ENGINE

PROBLEM POSSIBLE CAUSE RECOMMENDATION(S)

Engine Emits Black Clogged or dirty air cleaner * Service air cleaner.

or Gray Exhaust Smoke Defective muffler » Have dealer check back pressure.
(back pressure too high)
Improper fuel * Use correct fuel for temperature.
Injection nozzles dirty * Seeyour dedler.
Engine out of time * Seeyour dedler.

Engine Emits Improper fuel * Use correct fuel for temperature.

White Smoke Cold engine * Warm up engine to normal operating

temperature.

Defective thermostat * Remove and check thermostat.
Engine out of time  Seeyour dedler.

If you cannot correct problems with these procedures, see your Northern Lights dealer.
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M843JK Data

Kilowatt Rating Prime 10 kW 8 kW

Rated RPM/Frequency 1800/60Hz 1500/50Hz
General Information

Cylinders Inline 3 Inline 3
Displacement 81in3 (1.33 liters) 81in3 (1.33 liters)
Cycles 4 4

Bore x Stroke

Rotation (Facing Flywheel)
Compression Ratio

Total Engine Oil Capacity including Oil Filter
Aspiration

Flywheel Housing Size

Flywheel Drive Size

Rated Flywheel HP

Dry Weight w/Heat Exchanger (1 @)
Length

Width

Height

3.3x3.21in (84 x 80 mm)
counter-clockwise
23:1

6.0 gal (5.7 liter)
Natural

SAE 4

C-107

17.5 HP

662 Ibs. (300 kg)
36.6 in (1078 mm)
19.3 in (490 mm)
24.2in (616 mm)

3.3x3.21in (84 x 80 mm)
counter-clockwise
23:1

6.0 gal (5.7 liter)
Natural

SAE 4

C-107

14.5 HP

662 Ibs. (300 kg)
36.6 in (1078 mm)
19.3 in (490 mm)
24.2in (616 mm)

Cooling System

Approx. Cooling Capacity HE
Minimum Through Hull Diameter
Sea Water Pump Inlet Hose ID
Minimum Sea Water Discharge
Heat Rejection to Jacket Coolant
Fresh Water Pump Capacity
Seawater Pump Cap.

Maximum Seawater Pump Suction Head
Keel Cooler TurboTube Length
Keel Cooler Head Diameter

Keel Cooler Water Hose ID

1.1 gal (4.1 liter)
3/4in (19 mm)
3/4in (19 mm)
3/4in (19 mm)
703 BTU/min

13.3 gpm (50 Ipm)
9.0 gpm (34 Ipm)
39in (1M)

4 feet (1.2 M)
1in (25.4 mm)
1.25in (31.75 mm)

1.1 gal (4.1 liter)
3/4in (19 mm)
3/4in (19 mm)
3/4in (19 mm)
548 BTU/min

11.0 gpm (42 Ipm)
7.7 gpm (29 Ipm)
39in (1M)

4 feet (1.2 M)
1in (25.4 mm)
1.25in (31.75 mm)

D.C. Electrical

Minimum Battery Capacity
Battery Cable Size
Starting Voltage, Standard

120 Amp/Hour
#1
12 Volt

120 Amp/Hour
#1
12 Volt

A.C. Electrical
Phase

1 Phase Std. (3 Phase Opt.)

1 Phase Std. (3 Phase Opt.)

Air Intake and Exhaust

Air Consumption

Maximum Exhaust Backpressure
Wet Exhaust Elbow OD

Exhaust Gas Volume

Exhaust Gas Temperature

35.2 cfm (1.0 M%m)
48in (1219 mm) H,0
2in (51 mm)

102 cfm (2.9 M®/m)
1022° F (550° C)

29.3 cfm (.84 M%m)
48in (1219 mm) H,0
2in (51 mm)

86 cfm (2.4 M3/m)
1022° F (550° C)

Fuel System

Minimum Suction Line

Minimum Return Line

Maximum Fuel Pump Suction Head
Specific Fuel Consumption at Max. Load

5/16-.3125 in (7.9 mm)
5/16-.3125in (7.9 mm)
39 in (990 mm)

.446 Ibs/hp/hr

5/16-.3125 in (7.9 mm)
5/16-.3125in (7.9 mm)
39 in (990 mm)

.445 Ibs/hp/hr

Approximate Fuel Rate at Max. Load 1.1 US gal/h .91 US gal/h
Maximum Engine Operating Angle

Continuous Operation Front Down Rear Down Left/Right Down
(More than 2 minutes requires use of a remote expansion tank)  0° 0°-10° Q0° - 23°
Intermittent Operation (Sustained up to two minutes)  0° - 35° 0° - 35° 0° - 35°
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M843NK Data

Kilowatt Rating Prime 12 kW 10 kW
Rated RPM/Frequency 1800/60Hz 1500/50Hz
General Information

Cylinders Inline 3 Inline 3
Displacement 91in3(1.51L) 91in3(1.51L)
Cycles 4 4

Bore x Stroke
Rotation (Facing Flywheel)
Compression Ratio

Total Engine Oil Capacity including Oil Filter

Aspiration

Flywheel Housing Size

Flywheel Drive Size

Rated Flywheel HP

Dry Weight w/Heat Exchanger (1 @)
Length

Width

Height

3.3 x3.54 in (84 x 90 mm)
counter-clockwise
22:1

5.8 gal (5.5 liter)
Natural

SAE 4

C-107

20.1 HP

700 Ibs. (318 kg)
36.6 in (1078 mm)
19.3 in (490 mm)
24.7 in (627 mm)

3.3 x3.54 in (84 x 90 mm)
counter-clockwise
22:1

5.8 gal (5.5 liter)
Natural

SAE 4

C-107

16.6 HP

700 Ibs. (318 kg)
36.6 in (1078 mm)
19.3 in (490 mm)
24.7 in (627 mm)

Cooling System

Approx. Cooling Capacity
Minimum Through Hull Diameter
Sea Water Pump Inlet Hose ID
Minimum Sea Water Discharge
Heat Rejection to Jacket Coolant
Fresh Water Pump Capacity
Seawater Pump Cap.

Maximum Seawater Pump Suction Head
Keel Cooler Turbo Tube Length
Keel Cooler Head Diameter

Keel Cooler Water Hose ID

1.1 gal (4.1 liters)
3/4in (19 mm)

3/4 in (19 mm)

3/4 in (19 mm)

790 BTU/min

13.3 gal/min (50 Itr/min)
9.0 gal/min (34 ltr/min)
39in (1M)

4 feet (1.2 M)

1in (25.4 mm)

1.25in (31.75 mm)

1.1 gal (4.1 liters)
3/4in (19 mm)

3/4in (19 mm)

3/4in (19 mm)

658 BTU/min

11.0 gal/min (42 Itr/min)
7.7 gal/min (29 Itr/min)
39in (1M)

4 feet (1.2 M)

1in (25.4 mm)

1.25in (31.75 mm)

D.C. Electrical

Minimum Battery Capacity
Battery Cable Size
Starting Voltage, Standard

120 Amp Hour
#1
12 Volt

120 Amp Hour
#1
12 Volt

A.C. Electrical
Phase

1 Phase Std. (3 Phase Opt.)

1 Phase Std. (3 Phase Opt.)

Air Intake and Exhaust

Air Consumption

Maximum Exhaust Backpressure
Wet Exhaust Elbow OD

Exhaust Gas Volume

Exhaust Gas Temperature

39.6 cfm (1.13 M%m)
48in (1219 mm) H,0
2in (51 mm)

115 c¢fm (3.3 M¥m)
1022° F (550° C)

33 cfm (.95 M®/m)
48in (1219 mm) H,0
2in (51 mm)

96 cfm (7.7 M¥m)
1022° F (550° C)

Fuel System

Minimum Suction Line

Minimum Return Line

Maximum Fuel Pump Suction Head
Specific Fuel Consumption at Max. Load

5/16-.3125 in (7.9 mm)
5/16-.3125in (7.9 mm)
39 in (990 mm)

.423 Ibs/hp/hr

5/16-.3125in (7.9 mm)
5/16-.3125in (7.9 mm)
39 in (990 mm)

.423 Ibs/hp/hr

Approximate Fuel Rate at Max. Load 1.2 US gal/hr .99 US gal/hr

Maximum Engine Operating Angle

Continuous Operation Front Down Rear Down Left Down Right Down
(More than 2 minutes requires use of a remote expansion tank)  0° 0°-10° Q0° - 23° Q0° - 23°
Intermittent Operation (Sustained up to two minutes)  0° - 35° 0° - 35° 0° - 35° 0° - 35°

0843K 05/03
25




1
G16.-9 buimeld ‘DA AZT V8N -
— M3IA — ng
dIrewsyos Buriipm suibug & NJ 4-d vy TV
090
ON1d SSINYVH ;\ g
B S ) WW oSS
g~ f
"INIOd NOILOINNOD HOV3 1V d3MdVA ¥3BNNN A8 Q3I4IIN3QI 38 LSOW ONY
A3¥9 38 Ol 3¥v SYOLONANOD G3TWISNI 30V TV ‘03000 010D SSIINN T
"031ON SV ONV ¥IVd G3373IHS Q3LSIML Ld30X3
: I "ONVALSILINN "D.50L "MLA 3dAL ‘b1 9MY 38 OL SHOLINONOD NDILVTIVASNI TV “L
| | :S3LON
4.052-0 i i
402 J3IANIS NVL i\ IS i
S5V dW31 3NON3 I d |
»ov8 G135 i i
HOLIMS ) |
dW3L 3INIINI i i
- _ e _ . |
= Is'd 08-0 i oo
T I R
Houms _ A8 i Fy
3NSSId 0 %0078 "ON3 ! X !
% E&W - i L]
Nlora:! SoViE %Y _ [ _rve Lol 7\ - \Am% B ‘,\, liA
e A390 — | Lo
, |
_ f j\‘\ *M\‘] LiA ™
| | N
! 7 I ¢A
AOVE 13N gnnowy 38w 25 EEN] * Tiaana AV NN i I_ JA
VO¥/AZL 7 oc_o/8 7 '
05970681 i @ o y , i
{Raiaetin m, FHECHEE O A T i ﬁ Y313NYNOH 5&%&1 T
= i I B e St S g moioaz, ZDL
SoMid Mo1o % /8, 08 m@o 7 . \MA . ﬁ
k] 039/TX O F 68 . 039/ 134 o;i% = 8 SE 9% Ao 686 i 3 i 66 AVHO dOLS ,
@ o o ' ' O/
o '
. | NMOALNHS
a3 af 001 A 03y OLff g S LA @® 38/ MOTT3A HOLIMS
, /H\ A1 LAvIS 7 o 7 JOHLNOD INIONI
TS5990581 l/ i FENNEN:] : !
ML L/ITAE | 30 HOV3 ‘L4 § | 1IND¥ID 7 ﬁ
SOLON E3LEwLS 3NION3_O1 HION31 i ¥ zol, - — 201
' a3y
;:i XYN F1EVO | OMV: | v i
7 T 7 ! ,
20 ATL : | i
i | S3SSINHVH '
' (X08 I ¥OIVYIN3D NI 93LvDD1) 7 WYLOId 7 (8L-5)
i aNv .
ANIONA V049 AVIdd —  nosnax N—13NVd 104LNOD

0843K 05/03
26




awzr9-4 buimesa ‘oA AZT MNEV8IN
J1rewsyos bullipauibug

)
£
©
S
o
o

q BIA g-g ~n Y-y M _LV< . .
p 9Nd SSINUVH onwmmu ¢ oN7d_SSINIVH Pvs N | 7
D 30IS 3NION3 o', 301S T3Nvd maion S _ | |
Q \V \\\\\\ DU it 9
.. XS |
o) g A,\\\J\\ﬂﬂk\\wp/ |
A__2 |
.m topgst T ----- - 7
S 7 |o39va N !
= dA3L INIONI X/ | |
I 3E-oo-- } ,
W TSI oA W
KN__2 |
¢ Tswerd T hi 7
| 20V N |
, , gRrsRa0NS” 4 !
| voi S , |
| | N |
| T v ol
‘INIOd NOILO3NNOO HAVI LV Y3MYVYN 3YIM A8 J3I4IIN3AI 38 1SN IIMWAOH T »,, !
ANV A3¥9 38 OL 3¥¥ SYOLONANOD (G3TTVISNI “3'd’V 1TV ‘03d00 Y0100 SSIINN *Z ” fot mkxu,\u\w\u?\u L& W !
"03LON SV 1d30X3 '0VAQQ9 B i W 7
‘ANVYLSILINA 0,601 ‘ML 3dAL ‘PL OMY 38 O1 SYOLONANOD NOILVTIVISNI 11V | | \l%li,wg \\\\\\\\\\\\ [
oo |
‘S3LON D S B A
e |
A |
— | e ! A3 ‘v Jo1s I vr |
— 4212 .- ———— ! " |
eI Tha- I HOLIMS
H & > Ve b I SSVdAg |
gpoums e I iavis | NIMOQLNHS
- SV 439/ MOTI3X HOLIMS | 7
ISd vl | o TOHINDD 3INION3 g, |
KB aume T 4.052-0 '8 YL | T ML\ h 9 (s WNOILEOD) |
¥IANIS . T S AN AN
39NSSId 10 _ >ovi8 dW3L 3NIONI , < R, | Tgm NVd 104LNOD
T '3 0% 08 EN T ™ .
s N %0078 4 H o - -
34NSS3Hd 10 3NIONT
ONNDHS 3SYD ——
{oN )
3AWA_QION310S 3LIHMA
ANND¥S MWM 1304
S9N7d M09
,
ANAOHS ISVD EL I RECEL
M3LIWYNOH 31ddnd___ |
g W i i NI 1HOIT #
. JOLVIIAONI NN,
T | | 31dand ! S
overdd i * TN _
YOLYNYILY ERYAFTaVIT ST , - &) M i S 56 o dois !
° W Aovig f O/
| A | )
, | —
2% 034/MOT13A
oof wof 0 o o W Tavis HOLIMS NMOQLNHS
155980581 Uy 7 | T04LNQOJ 3NION3T
WAL 1/D0RZ L
%2078 3NION3 SOLGn T3S - . T
T ‘30IS HV3 ‘L3 ¢ , | a3
00f oallilizey S had 86 Sy
| S3S5INYVH
(x08 I ¥OIVHINID NI 03LvI01) AVLoId A g1-5 v
anv
INIONT ———B——— Q8v0g AVIIY —h NOISN3IX3 <4— 13NVd 104LNOD

0843K 05/03
27




0843K 05/03
28




