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Safety Precautions

Before operaling the genurator set, read the Cperator's
Manual ard bacome familiar with it and the equipment. Safe
and efficlent operation ean be achleved only i the unit is
properly operated and maintalined, Many accidents are
caused hy failure lo follow fundamental rules and precautions.

The following symbiols, found throughout this manual, alert you
fo potentially dangsrous conditions to the operator, service per-
sonnel, or the equipment.

YNYNTEESR This symbol warns of immediate haz-
ards which will resulf in severe personal injury or
death.

[aWARNING) This symbol refers to a hazard or unsafe
practice which can result In severe personal injury
or death.

la CAUTION | This symbol refers to a hazard or unsafe
practice which can result in personal Injury or prod-
uct or property damage.

FUEL AND FUMES ARE FLAMMASLE. Fire, explosion, and
parsonal injury can rasult from improper practices.

¢ DONOT fill fueltanks with the engine runninguniesstanks
araoutside the engine compartment. Fuel contact with hot
angina or exhaust [s a potantial fire haxard.

* DONOT SMOKE OR ALLOW AN CPEN FLAME near the
genarator set or fual tank. internal combustion engine fu-
als ara highly flammabhla.

# Fuel lines must be adequately secured and free of leaks.
Fuelconnsclions at the engine shoukd be made withanap-
proved iaxible fine. Do not use copper piping on fiexible
lines as copper will work harden and become brittle.

¢ Be sure that all fus{ supplies have a positive shutof{ valve.

& DONOT SMOKE while senvicing batteries, Lead acki bat-
teties amit a highly explosive hydrogen gas that can be ig-
nited by alactricat arcing or by smoking.

EXHAUST GASES ARE DEADLY

® Provide anadequate exhaust system o properly expael dis-
charged gases. Inspectthe exhaust systam daily forleaks
per the mairtenance schedule. See that exhaust mani-
Tolds -are sacure and are not warped. Do not use exhaust

gases to heat a compariment.

& Bo sure the unit Is well ventilated.

MOVING PARTS CAN CAUSE SEVERE PERSONAL
INJURY DR DEATH

® HKesp your hands away from moving parts,

* Bafora performing any maintenance on the generator set,
disconnect the starting battery negative {—} ground lead
laad lirst. This will prevent accidental starting.

# Make sure that fastansrs on the generator set &re secure.
Tightansupports and clamps, keep guards in position over
fanes, drive belts, ele.

# Do not wear loase clothing or jewelry while servicing any
part of the genarator set. Loosa clothing and jewslry can
become caught in maving parts. Jewelry can short out
alecttical contacts and cause shock or buraing.

o [t adjustment must be made whila the unitis running, use
extrame caution around hot manifelds, moving parts, ste.

ELECTRICAL SHOCK WILL CAUSE SEVERE
PERSONAL INJURY OR DEATH

* Remove alactric power bafors removing protective shislds
or touching elactrical equipment. Uss rubber insulative
mats placed on dry wood plalicrms over finors that are
metal or concrste when arourdd electrical equipment. Do
niot wear damp clothing {particularly welt shoes) or allow
skin surfaces to be damp when handling electrical equip-
men.

® Use extreme caution when working on electrical compo-
nents. High voltages can cause injury ot death. DO NOT
tamper with interlocks.

e Followalstate and local electrical codes. Have all electri-
cal installations performed by a qualfiad licensed alscts-
dian. Tag open switches to avoid actidertal closure.

e DONOTCONNECT THE GENERATOR SET DIRECTLY
TO ANY BUILDING ELECTRICAL POWER SYSTEM.
Mazardous veoitages can flow trom the generator sef into
the utility line. This creates a potential for elecirocution or
property damage. Connectonly through an approved de-
vica and after building main switch i open. Consult an
alectrician in regard to emergency power use.

GENERAL SAFETY PRECAUTIONS

® Provide appropriate fire extinguishers and install them in
convenient locations. Consult your lozal fire departmant
forthe comrect type of extinguisherto usa. Donotuse foam
onelectrical fires. Use extinguisher rated ABC by NFPA.

® Used engine oils have beanidentified by some state or fed-
erat agencies as causing cancer or reproductive toxicily.
When checking or changing engins il take care noltoin-
gest, breathe the fumes, or contact used off,

¢ Benzene and [sad, found in some gasoline, have been
identified by some state and federat agencies as causing
canecer or reproductive toxicity. When checking, draining
or adding gasoline, take care not to ingest, breathe the
fumes, or contact gasoline.

& Make sure that rags are not left on or near the engirie.

® Remove all unnecassary graasa and ail from the unit. Ac-
cumulated grease and oil can cause over heating and en-
gine damage, and present a potential fire hazard.

¢ Kaap the generator set and the surrounding area clean
and frae from obstructions. Remove any debris from the
set and keep the floor clean and dry,

¢ Donotwork on this equipment when mentally or physically
fatigued, cor after consuming any alcohol or drug thal

makes the operation of equiprent unsale.
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Introduction

This manual provides troubleshooting and repairinforma-
tion for Onan UN generators. It includes procedures for
repairing the generator and control system. This infor-
mation does not apply to the engine; engine information
is provided in the ENGINE portion of the Master Service
Manual (922-0501).

Many troubleshooling procedures pre-
AWARNING sent hazards which can resull in
severe personal injury or death. Only qualified service
personnel with knowledge of electricity and machinery
hazards should perform service procedures. Review
safety precaulions on inside cover page.

TEST EQUIPMENT

Most of the tests described in this manual can be made
with an AC-DC multimeter. Other test equipment
includes:

® Onan Multi-Tester 420-0303

o Wheatstane or Kelvin bridge (tests resistance values
below one chm)

e Continuity tester (6 voli)

@ Jumper wires

® Onanload testpanels 420-0413, 420-0414, 420-0501
# Onan armature growler 420-0194

Electrical shock can cause severe
AWARNING personal injury or death. Do notiouch
electrical wiring or components during testing. Dis-
connect electrical power by removing the starting bai-
tery negative (-) cable before handling electrical wiring
or components.

Electrical shock can cause severe
personal injury or death. Use extreme

caution when working on electrical circuitry. Attach
and remove meier leads only when generator set is not
operating. Do not touch meter or meler leads during
testing.

FIGURE 1-1, TEST EQUIPMENT

1-1



LOAD WIRE CONNECTIONS

Electrical shock can cause severe

AWARNING personal injury or death. Check vol-

tage at the main junction box to be sure power has been
disconnected before disconneciing load wires.

The genset nameplate displays its electrical output
rating in watts, volts and hertz. Table 1-1 lists these
figures for gensets using the UN generator. Contractor
and portable gensets are prewired, and include a
receptacle box with two duplex 120-volt, 15-ampere
grounding receptacles and two 240-volt, 20-ampere,
twist-lock receptacles (Figure 1-2). Figures 1-4and 1-5
show the elegtrical circuits and connections for various
voltages on all other UN-based generator sets.

TABLE 1-1. ELECTRICAL DATA FOR UN GENERATORS

60 HERTZ, 1800 r/min

GENERATOR SET ‘ STACK LENGTH
SERIES WATTS VOLTAGE PHASE AMPERES inches (nm)

LK (RV) 2500 120/240 1 21/10.5 3.12 (80}
NB . 3000 120/240 1 25/125 312 {80)
BF {RV) 4000 120/240 1 34/17 312 {80)
BF {Power Drawer) 4000 120 1 34 312 {80)
BFA (RV) 4000 120 1 34 312 {80)
BGA (Rv) 5000 120/240 1 42/21 5.50 (140}
CCK 4000 1207240 1 34/17 3.12 {80)
MCCK 4000 120/240 1 34/17 3.12 (80)
GCK 5000 120/240 1 42/21 5.50 (140)
MCCK 8500 120/240 1 54/27 5.50 (140)
NH 6500 120/240 1 54/27 5.50 (140)
CCK 4000 120/208 3 11* 3.12 (80)
GCK 5000 120/208 3 14* 5.50 (140)
CCK 5000 1207240 3 12* 5.50 (140)
CCK 5000 2777480 3 6* 5.50 (140)
NH 6500 120/208 3 18* 5.50 (140)
NH 6500 120/240 3 15.5* 5.50 (140)
NH 6500 2777480 3 7.8% 550 (140)
NH 6500 120 1 50 5.50 (140)

50 HERTZ, 1500 r/min

NB ' 2300 120/240 1 19/9.5 312 (80)
CCK 3500 120/240 1 30/15 312 (80)
MCCK 3500 120/240 1 30/15 312 (80)
CCK 4200 120/240 1 35/17.5 5.50 (140)
NH 5500 120/240 1 46/23 5.50 (140)
MCCK 5500 120/240 1 46/23 5.50 (140)
CCK 4200 120/240 3 10* 550 {140)
CCK 4200 220/380 3 6.4% 5.50 (140)
NH 5500 120/240 3 13.2* 550 . (140}
NH 5500 220/380 3 8.4* 5.50 (140}

*Current rating for three-phase voltage only (higher nameplate rating).

(RV) Special generatar set model for recreational vehicles.



Meet all applicable code requirements. A qualified
serviceman or electrician must instali the genset, and

the installation must be inspected and approved, Use
flexible conduit and stranded load wires near the set, to

absorb vibration. Strip enough insulation from the wire
ends for clean connections.

The AC output box has openings for load wires (Figure
1-3). Connect each load wire to the proper generator
output lead inside the AC output box {descriptions
following). Insulate the bare ends of ungrounded wires.

Install a fused main switch {or circuit breaker) between
the generator set and the load.

Elecitrical shock can cause severe
AWARNING personal infury or death. Check vol-
fage at the main junction box to be sure power has been

disconnected before attempting foad wire disconnec-
tion/reconnection.

CONTRACTOR MODEL SHOWN

240-VOLT, 20-AMPERE
TWIST-LOCK RECEPTACLES

120-VOLT, 15 AMPERE
DUPLEX RECEPTACLES

M-1773

FIGURE 1-2. CONTRACTOR AND PORTABLE GENSETS

OTHER RY MODELS

STANDARD MODELS
AC OUTPUT BOX /

GROUND CONNECTOR

S
=

/,7 AC AND DC ™=

"POWER DRAWER" MODELS

it

CONNECTION

BOX GROUND LUG - GROUND BOX
GENERATOR SET TO
CLEAN, BARE GROUND

KNOCKOUTS

ON VEHICLE FRAME

ES-1810

FIGURE 1-3, AC OUTPUT BOX LOCATION



Reconnectible Single-Phase Generator

. AWARNING Elecirical shock can cause severe

personal injury or deaih. Check voli-
tage at the vehicle junction box {o be sure power has
been disconnected before attempting load wire dis-
connection/reconnection. Reconnectible
single-phase generators can supply the following vol-
tages (Figure 1-4):

120/240 volis, 3 wire

120 volts, 2 wire
240 volis, 2 wire

120 VOLT, 2 WIRE

w

UNGROUNDED LLOAD WIRE M1, M3 [a]
(BLACK) @ wom u“j

120 V.(Full nameplate rating) g
l c
] GROUNDED LOAD WIRE M2, M4 5
{WHITE) (JOIN AND Z

GRCOUND) W

? m

Use the connection for two-wire service when one load
exceeds one-half rated capacity. Balance the load
when connecting for three-wire service, Currentfor any
one output lead must not exceed the nameplate rating.
Serious overloading can damage the generator wind-
ings. When two or more single-phase circuits are avail-
able, divide the load equaily among them.

240 VOLT, 2 WIRE

(WHITE)

in

UNGROUNDED LOAD WIRE a
@ v i

(BLACK) a

14

40 V. (Full nameplaie rating) . M1, M4 E
(JOIN) g

X

GROUNDED LOAD WIRE ‘w
@ 12 z

]

©

(DO NOT USE FOR "RV"}

120/240 VOLT, 3 WIRE

UNGROUNDED LCAD WIRE (BLACK)

1
V.
NOTE: Only half nameplate 120

rating can be taken off each

| GROUNDED LOAD WIRE {WHITE)

-

240 V. f
120 V.

120 volt connection.

4 UNGROUNDED LOAD WIRE (BLACK) . M4

! M2, M3 (JOIN)

GENERATOR LEADS

ES-1811

FIGURE 1-4. 120/240 VOLT RECONNECTIBLE GENERATOR LOAD CONNECTIONS



Three-Phase Delta Wound Generator

120/240 Volt (Code 5D)
Electrical shock can cause severe
AWARNING personal injury or death. Check volt-
age at the main junction box to be sure power has been
disconnecied before attempting load wire disconnec-
tion/reconnection. Three-phase delta-connecied
generafor sets can supply the following voltages (Fig-
ure 1-5);

120-voit, single-phase current
240-voit, single-phase current
240-voll, three-phase current

For three-phase operation, connectthethree load wires
to the three terminals M1, M2 and M3, one wire per
terminal. M0 is neutral, and is not used for three-phase
operation.

Connect the “hot” (black) load wire to either M1 or M2
for 120-volt single-phase service. Connect the neutral
(white} wire to MO. Two 120-volt circuits are available.

Do not use MO and M3 as a 120-volt circuit.

For single-phase 240-volt service, connect the load
between M1 and M2, or between M2 and M3, or
between M1 and M3 (three circuits available). MO is not
used.

Any combination of single-phase and ihree-phase load-
ing can be used if no one terminal current exceeds the
generator nameplate rating. Single-phase loads as
large as two-thirds of the three-phase rating may be
used if no other load exists on the generator.

DELTA GENERATOR CONNECTIONS FOR VOLTAGE CODE -5D

UNGROUNDED LOAD WIRE
MI
] (BLACK) ’
HOY-. UNGROUNDED LOAD WIRE
[}
240V., 240V, M2
3 PHASE ) 240 3 (BLACK) 1 _.
} UNGROUNDED LLOAD WIRE . Mz
(BLACK)

GROUNDED LQOAD Wi RE‘

120 v., 120

=

FIGURE 1-8. THREE PHASE 120/240 VOLT (DELTA)

(WHITE)

o

ES-1812

GENERATOR LOAD CONNECTIONS



Three Phase (Wye Connected) Generator
1207208 Volt (Code 4)
277/480 Voit .(Code 4X)

Electrical shock can cause severe
AWARNING personal injury or death. Check volt-
age al the main junction box ta be sure power has been
disconnecied before attempting load wire disconnection/
reconnection.

Three-phase (wye-connected) generator sets produce
single-phase voltage of the lower nameplate voltage
(e.g. 120 volts) and three-phase voltage of the higher
nameplate voltage (e.g. 208 volts}). The MO terminal is
grounded. For singte-phase current, connectihe neutral
(white) [oad wire to M0. Connect the “hot” (black) load
wire to either M1, M2 or M3. Three separate single-
phase circuits are available, each having no more than
one-third the rated genset capacity from any one circuit.

Forthree-phase current, connect separate load wires to
generator terminals M1, M2 and M3. Single-phase cur-
rent is found between any two three-phase terminals.
If using single-phase and three-phase current at the
same time, take care to balance the single-phase load

properly.

Continucus generator set overload-
ACAUTION ing can cause high operating temper-
alures that could damage the generator windings. Use
any combination of single-phase and three-phase
loads, as Jong as the current in each load line of the
generator does not exceed rafed current,

WYE GENERATOR CONNECTIONS FOR VOLTAGE CODES 4 (120/208} and 4X (277/480)

UNGROUNDED LOAD WIRE

Mi
[} (BLAGK) .
3-PHASE B
HIGHER 2 § UNGROUNDED LOAD WIRE .m
NAMEPLATE ; [) (BLACK) 4
VOLTAGE l 3
UNGROUNDED LOAD WIRE
M3
{BLACK) | .
A A A
GROUNDED LOADWIRE §  § ¢

gm

WHITE)

A - L.ower nameplate voltage, | phase circuit.
B - Higher namepiate voltage, | phase circuit.

ES-1813

FIGURE 1-6. THREE-PHASE, FOUR WIRE (WYE)
GEMERATOR LOAD CONNECTIONS



Section 2. Generator

Onan Power Drawer gensets and controls are described in a separ-
ale section of this manual,

GENERATOR DISASSEMBLY

Before disassembling the generator, mark all leads and
note their connection points, Figure 2-1 llustrates a
typical generator parts breakdown.

Many service procedures present
AWARNING hazards which can result in severe
personal injury, death, and/or equipment damage.
Only quaiified service personnel with knowledge of
fuels, electricify, and machinery hazards should per-
form service procedures. Review safely precautions
on Inside cover page.

2,

1. Disconnect the battery cables from the generator 3,
set, negative {-) cable first.

4,

5.

6.

COLLECTOR RINGS
COMMUTATOR
ARMATURE ASSEMBLY

GENERATOR TO ENGINE
ADAPTER

Batleries presentthe hazard ofexplo-
AWARNING sion, which can result in severe
personal injury. Because batteries produce explo-
sive gas, do not smoke or allow any arc-producing
devices in the batlery area. To avoid excessive
arcing, always disconnect the negative {(-) cable

first, and connect it last.
Inadvertent starting of the
AWARNING generator set can cause damage
to the generator sel, severe personal injury, or
death. For this reason, do not reconnect the nega-
tive (-) batiery cable until instructed to do so in this
procedure.

Remove the cantrol leads and other electrical leads
to the engine.

Disconnectthe load wires from the generator output
wires in the AC output box.

Remove all accessories attached to the generator,

Remove the generafor fan cover and end bell
wrapper.

Loosen and lift out the brush rigs, or use wooden
dowels or alligator clips to hold the brushes out of
the way, to remove the end bell.

WRAPPER

ARMATURE BEARING

DT CONDENSER —\

FAN COVER

2
BRUSH SPRING
COLLECTOR RING BRUSH
COMMUTATOR BRUSH

AC CONDENSER
BRUSH BLOCK

M-1774

FIGURE 2-1. TYPICAL GENERATOR DISASSEMBLY (EARLY MODELS)



10.

11,

The brushes may be damaged
ACAUTION during removal if not held off the
sfip rings. Make certain to hold the brushes out of
the way before removing the generator end beil.

. Remove the generator fan, mounting nut and
washer,

. Remove all the generator wire leads from the end
bell assembly.

. Remove the four generator through-boits.

Lift or pull the end bell from the frame assembly (do
not pry with a screwdriver). Tap around the edges of
the end bell with a plastic hammet.

Remove the frame assembly, Screwdriver slots in
the engine-generator adapter enable the frame to
be pried loose. Be careful notto letthe frame restor
drag on the armature during removal.

12.

13.

While pulling outward on the armature with one
hand, strike a blow on the end of the armature
through-stud with the nut on the stud, to loosen the
armature. Remove the armature and drive hub as a
unit. Do not lose the key from the drive hub on the
engine shaft.

If the armature does not come loose, place a heavy
brass rod on the armature shaft near the ball bear-
ing and strike a sharp downward blow on the rod
with 2 hammer. Rotate the armature 180° before
repeating.

inadverlently striking the com-
ACAUTION mutator, collector rings or bear-
ing can damage these parts severely. Use extreme
care when performing this procedure.

Remove the engine-generator adapter by removing
the mounting screws.



GENERATOR TROUBLESHOOTING

AWARNING Many froubleshooting procedures present hazards which can result in severe personal injury or
death. Only qualified service personnel with knowledge of fuels, eleciricity, and machinery hazards
should perform service procedures. Review safely precauiions on inside cover page.

TROUBLE POSSIBLE CAUSE CORRECTIVE ACTION
NO AC VOLTAGE . Blown fuse or circuit . Look for cause and repair.
breaker (if used) Then replace fuse or reset
breaker.
. Disconnected wire or . Reconnect wire or wires.
lead brushes.
. Brushes not making contact . Check brush springs for free
with collector rings. movement or brushes which
may be excessively worn.
. Open, grounded or short circuit . Test with chmmeter or
in field or armature winding. continuity tester and repair or
replace as necessary.
LOW AC OUTPUT . External short circuit on line. . Locate and eliminate short
circuit problem.
. Generator overloaded. . Remove part of load.
. Shorted or grounded circuit in . Test with continuity tester or
field or armature winding. ohmmeter and replace
if defective.
. Engine not running properly . Refer to Engine Section-
causing generator to slow Troubleshooting.
down.
NOISY GENERATOR . Defective bearing in end bell. . Replace bearing.
. Brush rig loose. . Retorque.
. Armature and field frame . Check generator alignment and
rubbing together. clean air gap between arm and
field of varnish lumps.
GENERATOR . Generator overloaded. . Remove part of [pad.
OVERHEATS . Windings and parts covered . Clean generator.
with oil or dirt,
. Air intake restricted or . Take necessary steps to allow
incoming air too hot. for proper cooling.
. Shorted, open or grounded . Test with chmmeter or
circult in armature or continuity tester and replace
field windings. if defective.

2-3




GENERATOR SERVICE PROCEDURES AND
TESTS
Brush Replacement

Install new brushes when the old ones are worn to the
dimensions shown in Figure 2-2. Replace the brush
springs if they are damaged, or iftheir correcttensionis
doubtful.

G217 G-1218

MEASURE FROM TOP FACE OF FIGURE 2-3. GENERATOR BRUSH REMOVAL
BRUSH BLOGK TO TOP OF BRUSH

DC AC ACAUTION Using the wrong brush can
NEW 5/8” (158 mm) | 11/16" (17.5 mm) damage or desiroy the genera-

A i h which b
v WEAR 13/16” 20.6mm) | 7/8" 22.2 mm) for. Never substitute a brush which appears to be

the same, because it may have different electrical
REPLACE 1" (264 mm) '1-1/16" (269 mm) characleristics. Always use the correct Onan

brush (correct part number listed in parts catalog).

FIGURE 2-2. MEASURING BRUSH WEAR 6. Instali the brush blocks and the generator end bell
wrapper.
New brushes are shaped to fit, and seldom need sand-
) Il wrapper to expose ing to fit properly. If brush sparking occurs, run the
! 1?,2":,?:;:23 generator end bell wrapp P generator set with a light load until the brushes are
) properly seated.

2. Measure the brush wear.

3. Remove the three screws holding each brush block
in place (Figure 2-3).

4. Remove the old brushes and clean the holders so
the new brushes can move easily in their holders.

5. Install the new brushes.



Coliector Rings and Commutator

If the collector rings are so grooved or pitted that good
brush seating cannot be maintained, remove the arma-
ture and refinish the collector rings in a iathe. If the
commutator appears rough or scored, refinish it at the
same time.

Incorrect use of a lathe or other
AWARNlNG power lools can cause severe per-
sonal injury, death, or equipment damage. Service

persannel must be fully qualified to operate a lathe

before attempting ihis service procedure. Wear eye
and hand protection while performing this procedure.

The lathe refinishing process can
ACAUTION damage the ball bearing. Shield the
ball bearing during refinishing to prevent damage.

The commutator gradually wears with use. If the proper
brushes have been used, and if they have been replaced
atproper intervals, the commutator will wear slowly and
evenly. In dusty conditions, or if the wrong brushes are
used, wear occurs faster. Improper or excessive clean-
ing with sandpaper may cause the commutator fo
become grooved or out of round. if this condition exists,
refinish the commutator in a lathe.

Lathe-Turning Collector Rings or Commutator

When a collector ring or commutator becomes grooved
or pitted, turn it frue in a lathe, as follows.

Remove the armature and center it on a lathe. Turn the
commutator or collector ring just enough to provide a
true concentric surface. Use #240 sandpaper to remove
tool marks.

incorrect use of a lathe or other
AWARNING power tools can cause severe per-
sonal injury, deaih, or equipment damage. Service
personnel must be fully qualified to operate a lathe

before afiempting this service procedure. Wear eye
and hand protection while performing this procedure.

After turning the slip rings, cut a slight chamfer on them
to remove burrs and sharp edges. This reduces the
possibility of a “flash over” between the rings. After the
commutator is turned, undercut the mica insulation
between the commuiator bars as described in the para-
graph Undercutting the Mica Insulation.

Undercutting the Mica Insulation: When the commutator
wears down tc the point that the mica insulation
between bars contacts the brushes, the brushes will
“jump”, spark, operate noisily, and wear rapidly. This
lowers the efficiency of the generator, and burns the
commutator (Figure 2-4). When a “high mica” condition
exists, or after the commutator has been turned on a
lathe, the mica insulation must be undercut. A tool for
this task is illustrated in Figure 2-4.

The undercuiling process can easily
ACAUTION damage the slip rings. Use exireme
care not to draw the undercutting tool into the slip
rings.

To undercut the mica, center the cutting tool over the
mica, and draw the tool the length of the commutator
with a firm, steady pull. Repeat the cutting operation
until the mica is removed to approximately 1/32 inch
{0.8 mm) below the surface of the commutator.

When each section of mica is cut to the proper depth,
proceed to the next section, until all are equally under-
cut. Carefully remove any burrs by holding a piece of
#240 sandpaper against the commutator with a flat
piece of wood, while the commutator turns rapidly.



Contact with rotating machinery can

AWARNlNG result in severe personal infury. Wear

eye protection and gloves, and use extreme care when
performing this burr-removal procedure.

Before returning the armature to service, blow or brush
all mica dust, metallic particles, etc. from the commuta-
tor grooves and surface. Bavel the edges of the bars on

the larger commutators.

WOODEN HANDLE

HACK SAW BLADE

I y

— ] rd
o & RIGHT WRONG
TEETH POINT MICA *I, WAY TO WAY TO
TOWARD HANDLE GRIND GRIND
TEETH TEETH

GRIND TEETH TO
WIDTH OF MICA

COMMUTATOR
BARS

COMMUTATOR BARS
WORN BELOW LEVEL
OF MICA SEPARATORS
CAUSE SPARKING,
JUMPING, NDISY BRUSHES

M-1775

FIGURE 2-4. UNDERCUTTING MICA INSULATION
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Testing Armature AC Windings - Continuity
Single Phase Models:

Using a Continuity Tester {6-volt Buzzer or Test Lamp):
Continuity should exist between collector rings M1-M2,
and between rings M3-M4. (On single-phase BFA mod-
els, continuity should exist only between M1 and
M2.jThere should be no continuity between M2-M3
(Figure 2-5).

Using an Accurate Ohmmeter: Resistances between
collector rings M1-M2 and between M3-M4 should
match values in Table 2-1. (On single-phase BFA mod-
els, measure resistance only between M1 and M2))

Three-Phase Models:

Using a Continuity Tester (6-voit Buzzer or Test Lamp):
Continuity should exist between collector rings M1-M2,
M2-M3, and M1-M3 (Figure 2-5).

Using an Accurate Ohmmeter: Resistances between
collector rings M1-M2, M2-M3, and M1-M3 should
match values in Table 2-2,

TABLE 2-1.
SINGLE-PHASE ARMATURE RESISTANCES
VOLTAGE kw RESISTANCE
120/240 6.5 0.15 chms
120/240 55 0.25 ohms
120/240 50 0.141 ohms
120 4.0 0.27 ohms
120/240 4.0 0.39 ohms
120/240 3.0 0.30 ohms
120/240 23 0.56 chms

TEST PRODS ON
TWO SLIP RINGS

TABLE 2-2.
THREE-PHASE ARMATURE RESISTANCES
VOLTAGE kW I?gESIST ANCE
120/208 6.5 0.20 ohms
120/208 4.0 .{0.49 ohms
120/240 65 0.40 chms
120/240 55 0.76 ohms
120/240 4.0 1.28 ohms
277/480 6.5 (.76 ohms
COLLECTOR RING
F BEARING
I}
o M2 M7 SINGLE PHASE
COMMUTATOR
COLLECTOR HINGS
]1'_‘] BEARING
i )
r h
=\ M& M3 M2 M1 SINGLE PHASE
M3 M2 MG M1 THREE PHASE

COMMUTATOR

ES-1814

FIGURE 2-5. ARMATURE AC OPEN TEST




Testing DC Armature Windings

Open Circuil Test: Using a six-volt continuity tester,
touch one prod to a commutator bar and hold it there.
Touch the other prod to successive bars, working
completely around the commutator. If the light does not
glow and the buzzer does notbuzz, there isan open DC
winding. Replace the armature.

The growler can also indicate an open circuit. Place the
armature in the growler and turn the current on. Pass a
smooth steel strip across the commutator bars (Figure
2-6). Rotate the armature to check ali bars and coils. A
spark should occur between the commutator bars. No
spark indicates an open coil. Replace the armature.

GROWLER

FIGURE 2-6. ARMATURE DC OPEN TEST WITH GROWLER
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Armature Short Circuit Test

Totestforashortcircuit, place thearmature in a growler
(Figure 2-7). With the growler current on, hoid a steel
strip about ¥z inch (13 mm) above the armature lamina-
tions. Pass the strip back and forth over the lamination.
Cover as much of the lamination area as possible. If the
strip is magnetically atiracted to the armature at any
point, this indicates a short circuit.

ARMATURE

& 0
‘\\‘%;;\\
=~/

GROWLER ES-1816

FIGURE 2-7. ARMATURE SHORT CIRCUIT TEST WITH GROWLER

After testing in one position, rotate the armature slightly
in the growler and repeat the test. Continue until the
armature is completely rotated in the growler. Replace a
short-circuited armature with a new one.

The continuity tester may be used to test for a short
circuit between AC and DC circuits of the armature. With
one test prod contacting the commutator, contact the
second test prod to the slip rings (Figure 2-8). lithe lamp
lights or buzzer sounds, a short circuit exists. Replace
the armature.



ONE TEST PROD ON COMMUTATOR.
ONE TEST PROD ON SLIP RINGS.
LAMP SHOULD NOT LIGHT OR
BUZZER SHOULD NOT SOUND.

ES-1817

FIGURE 2-8. ARMATURE SHORT CIRCUIT TEST
WITH CONTINUITY TESTER

Armature Ground Test

Use a continuity tester. To test the DC winding, place
one test prod on the armature shaft and the other on a
commutator bar (Figure 2-9). If the tester lights or buzzer
sounds, a grounded circuit is indicated. Replace the
armature.

ONE TEST PROD ON COMMUTATOR.
ONE TEST PROD ON ARMATURE SHAFT.
LAMP SHOULD NOT LIGHT OR BUZZER
SHOULD NOT SOUND.

ES-1818

FIGURE 2-9, ARMATURE DC GROUND TEST

To test the AC winding, place one test prod on the
armature shaft and the other prod to a slip ring (Figure
2-10Q). Iif the tester lights or buzzer sounds, a grounded
winding or slip ring is indicated (repeat for each sfip
ring). Replace the armature.

ONE TEST PROD ON SLIP RING.

ONE TEST PROD ON ARMATURE SHAFT.
LAMP SHOULD NOT LIGHT OR BUZZER
SHOULD NOT SOUND.

ES-1818

FIGURE 2-10. ARMATURE AC GROUND TEST

Field Winding Tests

The following tests can be performed without dis-
assembling the generator. Disconnect the field coit
leads from their terminal points on brush blocks and
disconnect the S1 terminal from the start solenoid.

Electrical shock can cause severe
AWARNING personal injury or death. Use exireme
caution when working on electrical circuitry. Altach
and remove meler leads only when generator setis not
operating. Do not touch meter or meler leads during
testing.




[fthe frame assembly failure is an external lead between
coils or the coil lead, the connection may easily be
repaired. If the problem lies inside a coil, replace the
entire frame assembly (wound stator). Figure 2-11
shows the wound stator assembly separated from the
other generator components, to simplify the wire lead
illustration.

DC field voltage during no-load operation for the LK is
17 volts, 27 to 33 volts tor the CCK, MCCK, and NH.

81 TERMINAL
{CONNECTS TO START
SOLENOID)

END)

F2 TERMINAL
{TOP BRUSH BLOCK)

ES5-1520

FIGURE 2-11. GENERATOR FRAME (WOUND STATOR) ASSEMBLY

To connectthe voltmeter, first remove the wrapper from
the end bell. With the generator set stopped, connect
one voltmeter lead to the top commutator brush lead
which goes to ground, and connect the other voltmeter
lead to the commutator brush lead on the left. Start the
generator set and note the DC field voitage. Stop the
generator set, remove the volimeter lead from the brush
on the left side and connect it to the other commutator
brush lead on the right side. Restart the generator set
and check the DC voltage again. Stop the generator set
when finished,

Electrical shock can cause severe
AWARNING personal injury ordeath. Use exitreme
caution when working on electrical circuitry. Attach
and remove meter leads only when generator setis not
operating. Do not fouch mefer or meter leads during
testing.

Field Ground Tests

With an ohmmeter or continuity tester, touch one prod to
each coil terminal and the other test prod tc a clean,
paint-free part of the generator frame. If the lamp lights
or the ohmmeter shows continuity, replace the frame
assembly.

Field Open Tests

Check the shunt winding resistance between $1and F2,
Table 2-3 lists field winding resistances. Measure the
series winding resistances between S$1 and 82, and S1
and S3. If resistance is high, an open circuitis likely, and
the frame assembly should be replaced.

TABLE 2-3. FIELD WINDING RESISTANCES

GENERATOR SHUNT SERIES

SET WINDING WINDING
LK 0.89 0.015
BK 1.82 0.019
BFA 1.00 0.019
BGA 1.88 0.014
CCK 1.48 0.014
MCCK 0.93 0.011
NB 0.67 0.016
NH 0.84 0.010

* - Resistance values £5% at 77°F or 25°C. See Generator section
in Service Manual 900-0196 for procedure.

TABLE 2-4. ROTOR/STATOR RESISTANCE

VALUES
RESISTANCE, OHMS @ 77° F (25° C})

COMPONENT 4.0 MCCK-3CR 6.5 MCCK-3CR
ROTOR 0.194 TC 0.238 0.103TO 0.127
STATCR
{Shunt Field)

Fi-F2 156.23 t0 16.17 15.331t0 16.27

F2-F3 3.81 t0 4.04 3.83104.07

Fa-F1 11.421012.13 "11.50 10 12.20

2-10
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GENERATOR ASSEMBLY

. Clean and inspectall mating surfaces. The surfaces

must be clean and smooth.

. Coat the mating area between the generator shaft

and the engine crankshaft with a thin film of lub-
ricating oil.

. Assemble the armature through-stud to the engine

crankshaft with required torgue.

. Make certain that the key is in the crankshaft.
. Slide the armature over the through-stud and onto

the crankshaft, taking care not to et the weight of
the armature rest on the through-stud,

Misalignment can shorten the
ACAUTION lite of the rear main and
outboard bearings. It can also double cranking
torque requirements, resulting in damage to the
commutator and DC brushes. For this reason, do
not tighten the armature or rofor through-stud
before mounting the frame and end bell.

. Install the frame and end bell (with bearing).
. Install the four generator through-boits, washers,

lockwashers and nuts. Tighten to the specified
torque.

. Install the generator fan cover.
. Torque down the armature through-stud nut.

2-11

10.

.

12,
13.

Tap the end bell in the horizontal and vertical planes
with a lead hammer to relieve stresses on the
componenis, then recheck the torque.

Install the generator fan cover.

Reconnect the wire leads to the engine.
Reinstall the battery cables.

Arcing or inadvertent starting of
AWARNING the generator sei can cause
damage to the generalor set, severe personal
injury, or death. For this reason, do not reconnect
the negative {-) batlery cable until Instructed to do
so in this procedure.




Redistribution or publication of this document,
by any means, is strictly prohibited.



Section 3. Control System

OPERATION DESCRIPTION

This manual sectionis divided into five parts, correspond-
ing to the different types of controls used with the UN
generators. Table 3-1 indexes the operation descrip-
tions for the different types of controls. Troubleshooting
procedures are described in Section 4 of this manual.

NOTE: Saction 5 ol this manual describes the generators and
conirols of the Onan *“Power Drawer” genseis,

TABLE 3-1.
INDEX OF CONTROL SYSTEM DESCRIPTIONS

UNIT PAGE
NB 3-1
MCCK {Spec D}

NH {Spec A through C) 32
CCK (Spec R)

MCCK (Begin Spec E)

NH (Spec D through F} 3-4
BF

CCK {Begin Spec U)

LK (Begin Spec M)

NH {Begin Spec J) 3-6
BFA (Spec A)

BGA (Spec A}

NH (Spac K} 37
MCCK (Spec H) 3-8

NOTE:When relay operation is described, “N.0.” refers o normally
open relays, and “N.C.” refers to normally closed refays.

NB MODELS
STARTING

When switch S1 is moved to START (Figure 3-1), battery
negative (-) is connected to start solenoid relay Ki.
(Battery positive B+ is already present.)Relay K1 closes
its N.O. contacts to connect B+ to the series field
cranking windings of the generator. K1 also connects
B+ to stop relay K2. The N.O. contacts of K2 close to
connect B+ to ignition coil T1 and breaker points S2.
Salenoid K4 energizes o release gaseous fuel to the
engine, or electric fuel pump E2 operates to pump
gasoline to the engine.

IGNITION

The generator acts as a motor to crank the engine. If
ignition voltage and fuel are present, the engine starts,
and attains rated speed. After starting, the start switch
can be released, because generator voltage is con-
nected through resistor R1 to keep relay K2 energized,
connecting voltage through R1 and diode CR1 1o
ignition coil T1 and breaker point assembly S2 to keep
the engine running.

BATTERY CHARGING

The two-stage battery charging circuit provides a
continuous low-current charge from the generator
through resistor R1, diode CR1, and ammeter M1 {0
battery BT1. If this charging rate is too low, the circuit
automatically switches to a higher rate, as follows.
Voltage regulator relay K3 receives too low a voltage to
energize, so its N.C. contacts remain closed, allowing
generator current to pass through resistor R2, K3
contacts, diode CR1, and to the battery. When the
battery is fully charged, encugh voltage is present to
energize K3, opening its contacts to remove the high
charge rate from the circuit.

STOPPING

Moving switch S1 to STOP grounds the positive side of
stop relay K2. K2 deenergizes, opening its contacts to
remove B+ from the primary side of the ignition coil. This
prevents a make and break of the ignition primary, to
eliminate the spark at the piug, stopping the engine.



3] @ O
START
_ ]
K1
_C; ITOP v'u 7]
® & R Fod S I 11
PO
] 1 |
3 =4
BT1...... Battery
CR1 ..... Reverse Current Diode
El....... Electric Choke
E2....... Fuel Pump (When Used)
BTl E3....... Spark Plug
" HiF— Gluevuenn. Generator
0 - € Ki....... Start Solenoid Relay
i g K2...oon. Stop Relay
| I _a\,__
_ j}:_ et K3...onee Two-Step Voltage Regulator Relay
R (] Kd....... Gas Solencid (When Used)
00— Mi....... Charge Ammater
" f:_'_'_"___o____ B2~ ] R1,A2,R3. Resistor
L4 = S1....... Start-Stop Switch
[l S2....... Breaker and Cap Assembly
v o L Ignition Coil
L._......JE
£3
*
FIGURE 3-1, TYPICAL SCHEMATIC FOR NB
MCCK (SPEC D) AND NH IGNITION
(SPEC A THROUGH C) MODELS The generator acts as a motor and cranks the engine. if

This description refers to an NH generator set, but
apphlies for the most part to the Spec D MCCK generator
set as well. See Figure 3-2.

STARTING

When switch §1 is moved to START, battery negative {-)
is connhected through switch S1, closed K4 contacts,
and start disconnect relay assembly K4 terminals 6 and
7, to start solenoid relay K1. The N.O. contacts of K1 are
closed to connect B+ to the choke, and to connect B+t
the series field windings of the generator and stop relay
K2. K2 closes its N.O. contacts to connect B+ {o the
two-step voltage reguiator relay K3, to the fuel pump or
gas valve E2 (if used}, and to ignition coil T1 and breaker
points assembly $2.

ignition voltage and fuel are present, the engine starts
and reaches rated speed. Generator DC output, after
reaching 10 to 11 voits, energizes the transistor in start
disconnect refay K4 assembly, which connects ground
to start disconnect relay K4. K4 remains energized
during genset operation, holding its N.Q. contacts
closed to keep stop relay K2 energized, and providing
voltage for the ignition circuit and battery charging
through ammeter M1. The N.C. contacts of K4 are
opened at this time, breaking the start signal from switch
S1 and start solenoid K1. Opticnally, another set of K4
contacts are closed, connecting B+ tothe choke and its
heating element {when used).



To test the start disconnect relay, check the coil
resistance (20 to 24 ohms) and the contact operation
when the unit starts.

BATTERY CHARGING CIRCUIT

The generator DC windings supply battery charging
current through adjustable charge rate resistor R2, start
disconnect relay K4 contacts, and ammeter M1 to
battery BT1. The slider on R2 adjusts the charge rate
between two and five amperes.

AUTOMATIC EMERGENCY STOPPING

The emergency stopping system consists of two
devices; the high temperature cut-off and the low ail
pressure cut-off,

The optional high air temperature switch (83 in Figure
3-2) for the NH generator set closes during high
temperatures, grounding the coil side of the ignition
points, to stap the engine. A high water iemperature
shutdown on MCCK marine generator set also shuts
down the engine for high water coclant temperature, by
opening to remove B+ from the ignition coil.

A low oil pressure circuit (optional on the NH) includes a
non-adjustable low oil pressure switch (shown as S4 in
Figure 3-2). This switch closes if {ow oil pressure
occurs, grounding the ignition breaker points. On the
MCCK, this switch closes during low oil pressure
conditions, but connects ground to a low oil pressure
relay, which opens contacts that remove B+ from the
ignition coil.

When the genset is used with an automatic transfer
switch or automatic demand control and one of the
emergency stopping devices operates, the engine
stops, then cranks until the control cranking limiter
opens.

STOPPING

Moving switch 31 to STOP grounds the positive side of
stop relay K2. K2 deenergizes, aopening contacts that
remove B+from the primary side of the ignition coil. This
eliminates spark at the plugs, stopping the engine.

The six-volt stop relay is used in series with the 30-ohm
voltage drap resistor. Coil resistance of the stop relay is
roughly 30 ohms. If a problem arises, check the
resistance, inspect the contacts, and check contact
cperation when voitage is applied to the coil.

Ny

L L PR LI T ]
BT1...... Batiery
Et....... Electric Choke {(When Used)
E2....... Fuel Pump or Gas Valve (When Used}
E3,E4 .... Spark Plug
G1....... Generator
Ki....... Start Solenoid Relay
K2....... Stop Relay
K3....... Two-Step Voltage Reguiator Relay
Ké....... Start Disconnect Relay Assembly
Mi....... Charge Ammeter
R1,R2,R3. Resistor
S1....... Start-Stop Switch
82....... Breaker and Cap Assembly
S3....... High Air Temperature Switch {When Used)
S4....... Low Qif Pressure Switch (When Used)
T™....... lgnition Coil

FIGURE 3-2. TYPICAL SCHEMATIC FOR NH



CCK (SPEC R), MCCK (BEGIN SPEC E),
AND NH (SPEC D THROUGH F) MODELS

This description refers to CCK and NH generator sets,
but applies for the most part to the MCCK generator set
(begin Spec E) as well. See Figure 3-3.

STARTING AND IGNITION

Controls With 300-1227 Start Disconnect Adapter
Switch A182, when moved io START, (Figure 3-3),
closes a circuit through diode A1CR1 and switch A151
to terminal 6. This energizes ignition coit T1 and either
electric fuel pump E1 or fuel solenoid K2, for gasoline or
gaseous fuel, respectively.

When switch A1S52 closes, it places B+ onterminal 16 of
start disconnect adapter A3, Transisior A3Q1 is ener-
gized, and connects B+ to start solencid K1. K1 contacts
close, connecting B+ to the generator. The generator
acts as a motor and cranks the engine. ifignition voltage
and fuel are present, the engine starts and accelerates
to governed speed. On some models, the start solenoid
K1 also energizes a ¢choke.

For generator sets with a three-wire start adapter A2,
moving the switch to START energizes relay A2K2,
which closes contacts A2K2, This connects B+to termi-
nal 16 and start disconnect adapter A3, which energizes
start solenoid K1.

*A1F1 FUSE (USED ON EARLIER MODELS)

Later models use a9 amperein-line fuse (F1) for protecting
board against reverse bailery connections. This fuse is
located in wiring hamess between terminal 5 and baltery.

Al Generator Set Control Assembly

A2, 0 Start Adapter Control {4 to 3 wire)
A3....... Disconnect Adapter Control

BT1...... Battery

El....... Fuel Pump ar Gas Valve (When Used)
E2.E3.... Spark Piug

B4....... Electric Choke {(When Used)

Gl.ovaa, Generator

Ki....... Start Solenoid Relay

K2....... Fuel Sclenoid (When Used)

S1......t Low Qil Pressure Switch (When Used)
§2....... High Air Temperature Switch (When Used)
S3....... Breaker and Cap Assembly

S4....... Remote Start-Stop Switch {Customer Remote)
S5....... Vacuum Switch (When Used)

T Ignition Coil

A151..... Hand Crank - Electric Start Switch
A1S2..... Start-Stop Switch

Controls Without Start Disconnect Adapter
Switch A182, when moved to START, closes a circuit
through diode A1CR1, swilch A1S1 and to terminai 6.
This energizes ignition coil T1, electric fue! pump E1
{when used), and fue! solenoid K2 (when used).

When switch A152 closes, transistor A1Q2 turns on,
energizing terminal 9 and start solenoid K1. K1 contacts
close, connecting the battery to the generator, which
acts as a motor and cranks the engine. If proper coil
voltage and fuel are available, the engine starts and
accelerates to governed speed. On some models, start
solenoid K1 also energizes a choke.

For generator sets with a three-wire start adapter A2,
moving the switch to START energizes relay A2K2, clos-
ing its contacts. This places B+ onterminal 16, connect-
Ing through transistar A1Q2 to start solenoid K1.

K1 o
l_... . P - 1k —
AIFz - __".'.'T'”' - __‘__! L]
| isTaRT FI H AlCRE |
. N ! I— a
| 1msey | a0z ! Ki
: G 6) { —
@ =4 :A 7 'i;lﬁu-s ® E!
AUICRI HD CRANK! FEZ - i T
) ELECT T T I
| lars [E- ' T —
“ RZ E3
\ AIRI
—A— |
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AICRBE SAISI }

@ @ —

AIR3 ARG AICRE
A A A e

AIRS
alc2

AIRID

AlRI2
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FIGURE 3-3. TYPICAL SCHEMATIC FOR CCK (SPEC R) AND NH
(SPEC D THROUGH F)



START DISCONNECT
Controls With 300-1227 Start Disconnect Adapter

When the engine starts, generator DC voltage supplied
to terminal 2 turns on transistor A3Q3 of the start
disconnect adapter and turns off transistors A3Q1 and
A3Q)2. Start solenoid K1 is deenergized and breaks the
starting circuit, Atthe same time, the generator output at
terminal 8 supplies currentthrough diode A1CR2 through
switch A151, to ignition coil T1 and either electric fuel
pump E1 or fuel solenoid K2 (gasoline or LPG-fueled
sets respectively).

Controls Without Start Disconnect Adapter

When the engine starts, generator DC voltage supplied
to terminal 8 causes A1CRS5 to stop conducting, and
turns off transistor A1Q2. This deenergizes start sole-
noid K1 and breaks the starting circuit. Atthe same time,
the generator output at terminal 8 supplies current
through A1CR2 dicde, to ignition coil T1, and electric
fuel pump E1 or fuel solenoid K2.

BATTERY CHARGING

The two-step battery charging circuits (Figure 3-3)
provide either a continuous low 1.5-ampere or a high
5.26-ampere charge rate.

The low charge circuit (about 1.56 amperes) from
generator G1 passes through charge resistor G1R1 (8.3
ohm side) terminal 2, control terminal 8, through A1CR3,
control terminal 5, through fuse A1F2, and fuse F1 to the
battery.

The high charge circuit (about 3.7 amperes) goes
through charge resistor G1R1 (3.8 ohm side), terminal 4,
control terminal 7, transistor A1Q1, diode A1CR3, fuse
A1F2, control terminal 5, and fuse F1 to the battery.
Together the low and high charge circuits provide
roughly 5.26 amperes during high charging periods.
The high charging circuit switches on each time the
generator set is starled, and switches off when the
baitery is almost fully charged. Blocking diode A1CR3
prevents the battery from discharging when the gen-
erator is stopped.

High Charge Rate Control Circuit

Battery voitage and switching transistors A1Q1, A1Q3,
A1Q4, and A1Q5 control the high charge rate control
circuit {Figure 3-3). This circuit switches on when
battery voltage drops to 13 volts, automatically turning
off transistor A1Q5. This action turns on A1Q4, which
then turns on A1Q3. This turns on A1Q1, which com-
pletes the high charge circuitto the battery for charging
at the high rats.

The circuit switches off when battery voltage rises ta 15
volts, automatically turning on transistor A1Q5. This
action turns off A1Q4 which then turns off A1Q3. This
turns off A1Q1, which opens the high charge circuit to
the battery, to stop charging at the high rate.

STOPPING

The generator set stops when switch A152 is moved fo
the STOP position, This switch grounds the point side of
the coil, preventing a make and break of the ignition
primary, cuiting off spark to the plugs. Atthe same time,
the battery is prevented from discharging through the
generator by A1CR3 diode.

On generator sets with a three-wire adapter A2, moving
the switch to STOP energizes relay A2K1, and A2K1
contacts close which ground terminal 14, the point side
of the coil, etc.



BF, CCK (BEGIN SPEC U),
LK (BEGIN SPEC M), AND
NH (BEGIN SPEC J) MODELS

This operation description applies to ali the series listed
above except the Spec A series BF. The Spec A BF
operates identically, except that it does not have a
separate crank ignition relay for the ignition circuit {see
Wiring Diagrams section),

STARTING

When switch 81 is moved to START (Figure 3-4), battery
negative (-) is connected through switch S1 to start
solenoid K1 and crank ignition relay K2. Start solenoid
relay K1 closes its N.O. K1 contacts to connect B+to the
series field cranking windings of the generator. Ignition
relay K2 closes'its N.O. K2 contacts to connect B+ to
ignition coit T1, breaker points assembly S2, and electric
fuel pump E4 or fuel solencid ES. E5 opens the fuel line
to permit gaseaus fuel flow from the fuel pump to the
carburetor.

IGNITION

The generator acts as a motor to crank the engine. If
ignition voltage and fuel are present, the engine starts
and reaches rated speed. Atthis time, ihe ocperator can
release the start switch, because the generator, through
resistor R and fuse F2, supplies voltage to fuel sclencid
E5, ignition coil T1, and breaker point assembly S2. [t
also supplies voltage through diode CR1 to recharge
and maintain the battery. Generator voltage also oper-
ates the Onan electric choke E1, which slowly opens as
the engine runs.

STOPPING

Moving switch 81 to STOF connects battery ground to
terminal 2, to ground the point side of the ignition coil.
This prevents a make and break of the ignition primary,
to eliminate spark at the plugs. As the engine stops,
blocking diode CR1 prevents battery discharge through
the generator.

3PH Mi
GE=
M3
_ —y—NoO
AZ....... Deluxe Remote Controi
B811...... Battery
El....... Electric Choke
E2,E3 .... Spark Plug
Ed4....... Fuel Pump (When Used)
E5....... Fuel Solenoid {When Used)
Gl....... Generator
& Start Solenoid
K2....... Crank Ignition Relay
S1....... Start-Stop Switch
82....... Breaker and Cap Assembly
S3....... Low Qil Pressure Switch (When Used)
S4....... High Air Temperature Switch (When Used)
Tl....... Ignition Coil

FIGURE 3-4. TYPICAL SCHEMATIC FOR BF (BEGIN SPEC B), CCK
(BEGIN SPEC U), LK (BEGIN SPEC M), AND NH (BEGIN SPEC J)



BFA (SPEC A), BGA (SPEC A)
AND NH (SPEC K) MODELS

STARTING

When stari-stop switch S1 is moved to “START” (see
schematic), ground is connecied from the battery
through switch S1 to start solenoid K1 and crank ignition
relay K2. Start solenoid relay K1 closes its normally-open
contacts to connect battery positive to the series field
cranking windings of the generator and to the electric
choke E1. Grank ignition relay K2 closes its normally-
open contacts to connect battery positive through ignition
fuse F2 to electric fuet pump E4 and ignition coil T1. The
fuel pump begins to pump fuel to the carburetor.

SCHEMATIC

¢}||=;‘H

K. Jt
B

—————

IGNITION

The generator acts as a motor and cranks the engine, If
sufficient ignition voftage and fuel are present, the engine
starts and reaches rated speed. Generator output ener-
dizes run ignition relay K3 which connects B+ to ignition
coil T1 and fuel pump E4. This enables the operator to
release start-stop switch which causes start solenoid K1
and crank ignition relay K2 to de-energize. Generator
output also supplies a voltage through diode CR1 to re-
charge and maintain the battery, and io operate the Onan
choke E1 (which sfowly opens as the engine continues to
run).

STOPPING

Moving start-stop switch $1 io “STOP” connects battery
ground to run ignition relay K3 and resistor R1. Relay K3
is de-energized and opens its normally-open contacts to
remove battery positive from fuel pump E4 and ignition
coil T1. This prevents a make and break of the ignition

.primary to eliminate spark at the plugs and siop the en-

gine. After the engine stops, blocking dicde CR1 pre-
vents battery discharge through the generator.

A2....... Deluxe Remote Control
BT1 ..... Battery

E1....... Electric Choke

E2,E3 ... Spark Plug

E4....... Fuel Pump

Gl ...... Generator

Ki....... Start Solenoid Relay
K2....... Crank Ignition Relay
K3....... Run Ignition Relay

A1, R2 ... Resistor

St Start-Stop Switch
S2....... Breaker and Cap Assembly
S3....... Low OQil Pressure Swiich
T1....... Ignition Coil

cB1 ..... Circuit Breaker

FIGURE 3-4. TYPICAL SCHEMATIC FOR
BFA, BGA, AND NH (SPEC K)



MCCK SPEC “H” MODELS

STARTING

When switch S1 is moved to the START position, the
ground circuit is completed for start solenaid coil K1
and crank ignition relay coil K2. Battery current flows
through fuse F2 (5A), relay coil K2, normally closed
contacts of K3 (run ignition, start disconnect relay), and
relay coil K1 to ground.

Solenoid contacts K1 close and connect B+ to starter
motor B1, which cranks the engine. The contacts of
relay K2 close, connecting B+ to the ignition circuit and
fue!l pump E4.

IGNITION

During cranking, battery ignition current is conducied
by the relay contacts of K2. As the engine starts and oil
pressure switch S3 closes, relay K3 is energized by
current build-up in the generator field. Relay contacts
K3 open cranking solenoid K1 (cranking stops), and
complete the “run ignition” circuit (K2 contacts are open
when start switch is released).

The ignition current flows through resistor R3 (1.72
ohm), high water temperature switch S5, feedthrough
capacitor C1, ignition coil T1 and the breaker assembly
to ground.

Run ignition start disconnect relay K3 gets its operating
current from a tap on the generator shunt field. The
circuit is completed by resistor R1 (100 ohm), oil
pressure switch S3 and the normally closed contact of
stop relay K4.

BATTERY CHARGING AND
CHOKE HEATER CIRCUIT

Choke heater £5 is connected in series with the battery
charging circuit. Power is taken from the generator 120-
volt AC winding M1, M2. The AC current is rectified by
diode CR2 and flows through resistors R4 and R5 (7.5
ohm each), fuse F3 (3A), choke heater E5 (40 ohm),
resistor A2 (25 ohm) and fuse F2 (5A). The circuit
components limit the charging current to about one
ampere,

Fuse F3 protects the battery charging circuit. If blown,
the battery will not receive any charging current, and the
carburetor choke will not open, resuliing in poor engine
performance after warm-up.

STOP CIRCUIT

When switch S1 is held in the STOP position, current
flows from B+ through the coil of relay K4, to ground. K4
energizes and opens the circuit to K3, which breaks the
ignition circuit. With the ignition current cut off, the
generator set stops.

BATTERY CHARGING DIODE

CR2 rectifies the AC power from the generator, prevent-
ing battery discharge through the generator on shut-
down. The diode replaces the reverse current relay
used on some earlier models.

SHUNT FIELD BRIDGE RECTIFIER CR1

Diode bridge CR1 is located on the top brush holder of
the generator. It reclifies AC power from generator ter-
minats M1 and M2, and supplies DC currentfor energiz-
ing the generator shuntfield. At normal operating condi-
tions, field voltage measured between F1 and F2 is 100
to 110 volis DC. If there is no generator output, check
CR1 as a possibie fault. The residual magnetism may
need restoring, as shown in Figure 3-6.



..................................... Deluxe Remote Control
Standard Remote Control
................................................... Battery
............................................... Starter Motor
....................................... Condenser Assembly
.......................................... Bridge Rectifier
.......................................... Silicon Rectifier
............................................. Spark Plug
................................................. Fuel Pump
............................................. Eleciric Choke
........................................ Fuse {5 amp, 32 V}
............................................... Fuse (3 amp}
................................................. Generator
.. Start Solenoid Relay
Crank Ignition Relay
.......................................... Run lgnition Relay
................................................. Stop Relay
............................................... Resistor

.......................................... Start/Stop Switch
7 Breaker and Cap Assy. Switch
£ Low Qil Pressure Swiich
2 High Water Temperature Switch
I T ignition Coil
1= 1 S Terminal Block
1= 7 Terminal Block

FIGURE 3-5. TYPICAL SCHEMATIC FOR MCCK SPEC “H" GENERATOR SETS

RESTORING RESIDUAL MAGNETISM

Residual magnetism in shunt field F1 may be lost if
diode bridge CR1 fails, or if the shunt field is replaced.
This renders the genset inoperative. The set will not
operate because starl-disconnect relay K3 is not
energized,

Residual magnetism is restored through the following
procedure:

1. Remove the generator end bell wrapper and locate
the CR1 bridge rectifier on the top brush holder.

2. Make ajumper lead containing a 12-ampere 300 volt
diode and a 20 ochm 10 watt resistor in series as
shown. Observe diode polarity, The lead mustreach
from the genset B+ terminal to the positive terminal of
bridge rectifier CR1. Install clips at each end, and
insulate bare wires and connections.

12 AMP 300-
VOLT DIODE

TO GEMSET BATTERY
POSITIVE (+) TERMINAL

3. Connect the diode end of the jumper lead to the
genset B+ terminal, and the resistor end 1o the posi-
tive (+) terminal of the bridge rectifier, Maintain the
connection for 5 seconds maximum.

4. Remove the jumper lead connections and test
genset operation. Replace the end bell wrapper.

TO
SHUNT
FIELD

CR1
BRIDGE RECTIFIER

TO BRUSH
BLOCKS

FIGURE 3-6. RESTORING RESDUAL MAGNETISM
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Section 4. Troubleshooting

This section is divided into five parts, corresponding to
the types of control circuitry used with the LUN generator.
An index for this section is shown below.

7] Many troubleshooting pracedures pre-
AWARNING sent hazards which can resulf in
severe personal injury, death, and/or equipment
damage. Only qualified service personnel with know-
ledge of fuels, electricily, and machinery hazards
should perform service procedures. Review safely
precautions on inside cover page.

PAGE
4-1

UNIT

NB

MCCK {Spec D)

NH (Spec A through C)
CCK (Spec R}

MCCK (Begin Spec E)
NH {Spec D through F)
BF

CCK (Begin Spec U)
LK (Begin Spec M)

NH (Begin Spec J)
BFA {Spec A)

BGA (Spec A)

NH (Spec K)

4-5

4-16

4-20

RESISTOR Rz

START SOLENOID

START-STOP
SWITCH

NB MODELS

To correct a problem, answer the question in the
appropriate troubleshooting chart either YES or NO.
Refer to the number in that column and proceed to that
step.

Use the wiring diagrams {see Wiring Diagrams section)
to locate terminals, relays, etc. Figure 4-1 shows some
of the conirol components for the NB model generator
sets.

" Many troubleshooting procedures
AWARNING | present hazards which can resull in
severe personal injury, death, and/or equipment
damage. Only qualitied service personnel with know-
ledge of fuels, electricity, and machinery hazards
should perform service procedures. Review safely
precautions on inside cover page.

¢/ TERMINAL
/7 BLOCK TB1

I

7\ VOLTAGE
REGULATOR

&
# oW

SC-1620

FIGURE 4-1. NB GENERATOR SET CONTROL
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PROBLEM SEE PAGE
A. Engine does not crank. 4-2
B. Engine crarks but does not start. 4-2
C. Engine starts but stops when start switch is released. 4-3
D. Generator set ig running - then stops. 4-3
E. Low battery - no high charge rate. 4-4
A. | ENGINE DOES NOT CRANK YES | NO
1. | Check battery. Are battery cables tight? 2 —
2. | Is battery voltage present between control TB1 terminal 3 and B+ terminal when
start switch S1 is pushed to “START?" 4 3
AWARNING Batteries present the hazard of explosion, which can resufl in
severe personal injury. Because batleries produce explosive gas,
do not smoke or allow any arc-producing devices in the batlery area.
3. | Replace start-stop switch 31. e
4, | is batlery voltage present between start solenoid terminal S1 and ground when
start switch S1 is pushed to “START?” 5 6
5. | Replace start solenoid K1 which is defective. - | —
6 Perform generator tests. See Generator section, — | -
B. | ENGINE CRANKS BUT DOES NOT START YES | NO
1. Is battery voltage present between stop relay K2 terminal 5 and a good ground
when start switch is pushed to “START?”
(Open conirol cover.) 3 2
AWARNING Batieries present the hazard of explosion, which can result in
severe personal injury. Betause batteries produce explosive gas,
do not smoke or allow any-arc producing devices in the batlery area
2, | Check wiring to stop relay K2 and connections. Replace stop relay if necessary. — | =
3. | Does unit have fuel solenoid? 4 6
4, | Does fuel solenoid operate when start switch is pressed to “START?” 6 5
5, | Check wires to fuel solenoid, check solenoid, and replace if necessary. e
6. | Does generator set have an electric fuel pump? 7 9
7. | Remove fuel line from carburetor and momentarily jumper control positive terminal
of ignition coil to battery positive post. Does fuel pulsate from fuel line? 9 8

AWARNING Fuel presenis the hazard of fire or explosion which can cause

severe personal injury or death. Do not permit any flame, spark,
pilot light, cigarette, or other ignition source near the fuel system. Use extreme
care during this test. Run fuel into a suitable coniainer and make sure area is
weli-venlilated to prevent accumulation of explosive gasoline fumes. Keep an
ABC type fire extinguisher near.




. ] ENGINE CRANKS BUT DOES NOT START

Check wire lead to fuel pump, check fuel pump, and replace if necessary.

See the Ignition System section in the ENGINE portion of the Master Service
Manual (922-0501).

ENGINE STARTS BUT STOPS WHEN START SWITCH IS RELEADED

YES

NO

Connect DC voltmeter to start solenoid relay K1 terminal 81, and to a good ground.
Crank the engine until it staris, release start switch and note voltmeter, Did voltme-
ter indicate a voltage after start switch was released?

AWARNING Electrical shock can cause severe personal injury or death. Use

exireme caution when working on electrical circuitry. Aftach and
remove meler leads only when generafor set is not operating. Do not fouch meter
or meter leads during testing.

Check wire connections from generator to start solenoid K1 terminal $1. If OK,
perform generator test Generator Troubleshooting and Procedures),

Check resistor R1 and resistor connections. Are they OK?
Replace resistor or wire leads as necessary.

Check reverse current diode CR1 for short or open, and diode connections.
Replace if necessary.

GENERATOR SET IS RUNNING-THEN STOPS

YES

NO

e L

Press start switch S1 to “START". Did engine start but stop when switch 51 is
released?

Connect a DC voltmeter between stop relay K2 terminal 5 and a good ground.
{Open control cover.) Is battery voltage present when start swiich is pushed to
“START?"

Jumper stop relay terminals 5 and 11. Crank the engine. Does engine start and
run?

Stop the engine. Jumper battery positive to stop relay K2 terminal 8. Does stop
refay operate?

AWARNING Batleries present the hazard of explosion, which can resulit in
severe personal injury. Because batleries produce explosive gas,
do not smoke or allow any arc-producing devices in the batfery area.

Replace stop relay K2.
Check resistor R1 and resistor connections. Are they OK?
Repair wire leads or replace resistor as necessary.

Perform generator tests (See Generator Troubleshooting and Procedures).

1C

3B
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E. ' LOW BATTERY - NO HIGH CHARGE RATE YES | NO
1. | Jumper two-step voltage regulator relay terminals “BAT” and “B”. Start generator
set. (Open contro! cover.) Does ammeter indicate higher charge rate? 2 3

AWARNING

Batteries present the hazard of explosion, which can result in
severe personal injury. Because batleries produce explosive gas,

do not smoke or allow any arc-producing devices in the battery area.

Replace two-step voltage regulator relay K3.

Check resistor R2, resistor connections, and replace if necessary.




MCCK (SPEC D) MODELS AND
NH (SPEC A THROUGH C) MODELS

To correct a problem, answer the question in the
appropriate troubleshcoting chart either YES or NO.
Refer to the number in that column and proceed to that
step.

RESISTOR R2

START
SOLENCID

2 Y
19 “-—-", '
1 1
§~..\\“ i
)
3

Use the wiring diagrams (see Wiring Diagrams section)
fo locate terminals, relays, etc. Figure 4-2 shows some
ofthe control components for NH generator sets, Spec A
through C.

Many troubleshooting procedures
AWARNING presznt hazards whictgl c':m result in
severe personal injury or death. Only qualified service
personnel with knowledge of fuels, electricity, and
machinery hazards should perform service pro-
cedures. Review safely precautions on inside cover

page.

TERMINAL
BLOCK TB1

’ =
i feve ™

B

4-STOP RELAY =

VAT =
&« ¥
AN /T
/ INC :

. \ START DISCONMECT

VOLTAGE
REGULATOR
START-STOP
SWITCH RELAY $C-1621
FIGURE 4-2. GENERATOR SET CONTROLS, MCCK (SPEC D),
NH (SPEC A THROUGH C)
PROBLEM SEE PAGE
A. Engine does not crank. 4-5
B. Engine cranks but does not start. 4-6
C. Engine starts but stops when start switch is released. 4-8
D. Engine is running - then stops. 4-8
E. Low battery - no charge rate. 4-8
A. | ENGINE DOES NOT CRANK YES | NO

1. | Check battery. Are battery cables tight?

or meter leads during testing.

3. | Replace start-stop switch S1.

AWARNING Batteries present the hazard of explosion, which can result in
severe personal injury. Because batleries produce explosive gas,
do not smoke or allow any arc-producing devices in the batlery area.

2. | Connect a DC volimeter between control terminal 3 and B+ terminal. (Open control
cover.) Is battery voltage present when start switch is pushed to “START?” 4 3

AWARNING Elecirical shock can cause severe personal injury or death. Use
extreme caution when working on electrical circuitry. Aftach and
remove meter leads only when generator set is not operating. Do nof touch meter




A. | ENGINE DOES NOT CRANK | YES | NO
4, Connect the DC voltmeter between terminal 7 of the start disconnect relay assembly
and battery B+ lerminal. Is battery voltage present when start switch $1 is pushed fo
“START"? 6 5
5. | Replace start disconnect relay from start disconnect assembly. _— ] =
6. | Connect the DC voltmeter to the start solenoid relay terminal $1 and to a good
ground. Is battery voltage present when start switch is pushed to “START"? 8 7
7. | Replace start solenoid relay K1. - | —
8. Perform generator tests. See Generator section, —_ —
B. | ENGINE CRANKS BUT DOES NOT START YES | NO
1. | Connecta If)C voltmeter between the control B+ terminal and terminal 9 of the start
disconnect relay assembly. (Open control cover.) Is battery voltage present when
start switch §1 is pushed to “START"? 3 2
AWARNING Elecirical shock can cause severe personal injury or death. Use
extreme caufion when working on elecirical circuitry. Aftach and
remove meter leads oniy when generator sef is nol operating. Do not touch meter
or meter leads during testing.
2 Replace the start disconnect printed circuit board. - | =
3. | Connect a DC voltmeter between control terminal 2 and 1. Is battery voltage
present when the start switch is pushed to “START"? 7 4
4. | Gheck resistor R3 and resistor connections. Are they OK? 6 5
5. | Repair wire lead connections or replace resistor as required. - | -
6. | Replace start disconnect relay K4. - | -
7. Is the unit an MCCK series generator set? 8 20
8. is the red button on the low oil pressure relay KS out? (Wait at least one minute,
then push in red button.) 9 i
8. | Check oil level. If okay, remove wire lead from low oil pressure switch S4 and push
start switch. Does engine crank and run? 0 | 1N
AWARNING Operaling the engine with inadequate oil and oil pressure can
damage or destroy it. Make sure the engine has sufficient oil and
oil pressure. Otherwise, engine damage will occur.
10. | Check for a grounded wire lead to the low oil pressure switch S4. Check low ail
pressure switch S4 and resistor R4. Replace as necessary. —_ -
11. | Connect the DC voltmeter to stop relay K2 terminat 5 and to a good ground. Is bat-
tery voltage present when start switch S1 is pushed to “START"? 13 | 12




B. | ENGINE CRANKS BUT DOES NOT START | ves | no
12, | Check wiring to stop relay K2 and connections. Replace stop relay if necessary. - | =
13. | Jumper resistor RT1 terminal with wire lead which goes to low oil pressure relay K5

and push start switch 1. Does engine crank and run? 14 | 15

AWARNING Electrical shock ¢an cause severe personal injury or death. Use

exfreme caution when working on elecirical circuitry. Attach and

remove jumper leads only when generator set is not operafing. Do not touch

Jumper leads during lesting.
14. | Check low oil pressure relay K5 and replace if necessary. — —
15. | Jumper high water temperature switch S3 and push start switch. Does engine crank

and run? 16 | 17
16. | Check high water temperature switch 53 and wiring. Replace as necessary. - | -
17. | Does generator set have a fuel solenoid K67 i8 | 20
18. | Does fuel solencid K& operate when you push start switch 81 to “START"? 20 | 19
19. | Check wire to fuel solenoid, check fuel purnp, and replace if necessary. - | —
20. | Connect a DC voltmeter to the “+" terminal of the ignition coil and to a good ground,

|s battery voltage present when the start switch 81 is pushed to “START™? 22 1 2
21. | Check wiring to stop reiay K2 and connections. Replace stop relay if necessary. —_ | -
22. | Does unit have a low oil pressure switch? 23 | 27
23. | Check cil level. If okay, remove wire lead from low oil pressure switch and push

start switch. Does engine crank and run? 24 | 27

ACAUTION Operaling the engine with inadequate oil and oil pressure can

damage or destroy it. Make sure the engine has sufficient oil and

oil presstire. Otherwise, engine damage will occur.
24. | |s wire lead from low pressure switch grounded? 25 | 26
25. | Repair or replace wire lead. — | =
26. | Check low oil pressure switch and replace if necessary. - | -
27. | Does unit have high air temperature switch? 28 | 32
28. | Remove wire lead from high air temperature switch and push start switch 51. (Do

not iet wire lead ground while disconnected). Does engine crank and run? 29 | 32
29. | Is wire lead from high air temperature switch grounded? 30 | 3
30. | Repair or replace wire lead. - | —
31. | Check high air temperature switch and replace if necessary. - | —
32. | Does generator set have an gleciric fuel pump? 33_|[ 85




B. | ENGINE CRANKS BUT DOES NOT START | ves | nO
33. | Remove fuel line from carburetor and jumper momentarily B+ to fuel pump. Does

fuel pulsate from fuel line? 35 | 34

Fuel presents the hazard of fire or explosion which can cause

AWARNING severe personal infury or death. Do not permit any Hlame, spark,

pilot light, cigaretie, or other igniition source near the fuel system. Use exireme

care during this test. Run fuel into a suitable container and make sure area is

well-ventilated 1o prevent accumulation of explosive gasoline fumes. Keep an ABC|

fype fire exlinguisher nearby.
34. | Check wire lead to fuel pump, check fuel pump and replace if necessary. b
35. | See the Ignition System section in the ENGINE portion of the Master Service I

Manual (922-0501).
C. | ENGINE STARTS - BUT STOPS WHEN START SWITCH IS RELEASED YES | NO
1. Check resistor R2 and resistor connections in control (open cover), Are they OK? 3 2
2. | Replace resistor or wire leads as necessary. - | =
3. | Check wire connections from generator to start solenoid K1 terminal S1. If OK, per-

form generator tests (see Generator Troubleshooting and Procedures). - | —
D. | ENGINE IS RUNNING - THEN STOPS YES | NO
1. [ Check the unit for a high air temperature, high water temperature, or low oil pres-

sure condition {if applicable) which would shut down the engine.

If no safety shutdown occurred, connect a DC voltmeter to the “I[GN” terminal of

control terminal block TB1 (control cover open). Crank the engine. Does enging

start? 2 | 1B

' AWARNING Electrical shock can cause severe personal injury or death. Use

. exireme caution when working on electrical circuitry. Atiach and

remove meter leads only when generator sef is nof operating. Do not touch meler

or meter leads during testing.
2. | Did engine keep running after start switch was released? 3 | 1C
3 Recheck for high air temperature, low oil condition, etc., which may have

occurred. —
E. | LOW BATTERY - NO HIGH CHARGE RATE YES | NO
1. | Jumper two-step voltage regulator relay terminals “BAT” and “B." (Open control

cover.) Start generator set. Does ammeter indicale higher charge rate? 2 3

[ A WARNING Batteries present the hazard of explosion, which can resuit in

| severe personal injury. Because batleries produce explosive gas,

do not smoke or allow any arc-producing devices in the baltery area.
2. | Replace two-step voitage reguiator relay K3.
3. | Check resistor R1 and resistor connection and replace if necessary. — | -
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CCK (SPECR)
MCCK (BEGIN SPEC E), AND

NH (SPEC D THROUGH F) MODELS

To correct a problem, answer the question in the
appropriate troubleshooting either YES or NO. Refer to
the number in that column and proceed to that step.

Use the wiring diagram (see Wiring Diagrams section)to
locate terminals, relays, etc. Figure 4-3 shows some of
the control components for NH generatar sets, Spec D
through F; CCK generator sets, Spec R; and MCCK
generator sets, begin Spec E (except automatic-starting
MCCK units, described under CONTROL-O-MATIC in
Part lil, Section 5 of the Onan Master Service Manual).

START
SOLENQID

FIGURE 4-3. GENERATOR SET

Many troubleshooting procedures
AWARNING present hazards which can result in

severe personal injury, death, and/or equipment dam-
age. Only qualified service personnel with knowledge
offuels, electricity, and machinery hazards should per-
form service procedures. Review salely precautions
on inside cover page.

ROPE START

SWITCH

START-STOP
SWITCH

GENERATOR SET
CONTROL P.C. BCARD

DISCONNECT
ADAPTER

START ADAPTER GONTROL
{HAS TERMINAL BLOCK WITH
FOUR TERMINALS)

SC-1622

CONTROLS, CCK (SPEC R),

MCCK (BEGIN SPEC E), NH (SPEC D THROUGH F)

PROBLEM SEE PAGE
A. Engine does not crank. 4-10
B. Engine cranks but does not start. 4-11
C. Engine starts but stops when start switch is reteased. 4-12
D. Engine is running - then stops. 4-13
E. Low baltery - no high charge rate. 4-13
F. Battery loses excess water. 4-13
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ENGINE DOES NOT CRANK

YES

NO

10.

For generalar sets with a three-wire start adapter printed circuit (P.C.) board (below the control P.C.
board) and a remote start-stop station, perform start tests first from the generator set control. If the
generator set starts using the generator set control, the problem lies in the three-wire adapter board or
the remote swilch. Check relay K2 of the adapter by jumping terminal 3 to ground. ff the refay does not
operaie or its contacts do not close to energize the start circuit, replace the board.

Check battery. Are battery cables tight?

AWARNING Batteries present the hazard of explosion, which can result in
severe personal infury. Because batleries produce explosive gas,

do not smoke or allow any arc-producing devices in the batlery

area. _

Does generator set have a start disconnect adapter P.C. board below the genera-
tor set control assembly P.C. board (don't confuse this board with a three-wire
adapter, P.C. board on some models which has a terminal biock).

AWARNING For marine applications, be sure bilge blo wer has operated and
time delay (if applicable) on start has complefed. Otherwise,
there is potential danger of explosion or fire from fuel vapors.

Jumper between control terminal 16 and start solenoid terminal K1-S. Press starl
switch A151. Does engine crank?

Replace start disconnect adapter P.C. board.

Push “Hand Crank™ ELECTRIC (called "ROPE START” or "NONFUNCTIONAL" on
some models) switch A1S1. Is battery voltage present between control terminal 6
and ground?

Remave control cover and jumper terminal 5 to terminal 6. Is battery voltage present
between terminal 6 and ground?

AWARNING Electrical shock can cause severe personal injury or death. Use
exitreme caution when working on elecirical circuitry. Attach and

remove meter leads only when generator sef is not operating. Do

not touch meter or meter leads during tesfing.

Replace switch A1S1.

Check battery cables for correct polarity. Replace fuse F1 with a 9-ampere, in-line
fuse. Push start switch A152.

With start switch A152 depressed, is at ieast 8 volts present from terminal 9 to
ground?

Jumper solenoid coil terminal S to battery. Does start solenoid K1 operate?

10

i

14
12

4-10




A. | ENGINE DOES NOT CRANK | YES I NO
11. | Is battery voltage present from right-hand terminai of start solenoid to ground when
start solenoid is energized? 13 | 12
12. | Start solenoid is defective and must be replaced. —_ —_
13. | Perform generator tests. See Generator section. — —
14. | Is voltage present from terminal 15, 17, or 18 to ground? 17 1 15
15. | With start switch A1S2 depressed, jumper terminal 5 to terminal 15, 17 or 18, Does
engine crank and start? 6 | 17
16. | Remove controf P.C. board. Replace A1F2 fuse path with a one-inch (25 mm) length
of number 22 wire. Solder in place through holes provided. - | =
17. | Jumper control terminal 5 to 16. Does engine crank? 18 | 19
18. | Replace start switch A1S2. - | —
19. | With start switch A1S2 depressed, jumper contral terminals 9 to 16. Does engine
crank? 20 | —
20. | Check transistor A1Q2. If defective, replace control P.C. board. - | -
B. | ENGINE CRANKS BUT DOES NOT START YES | NO
1. Is battery voltage present between control terminal 6 and ground when start switch
A152 is depressed? 4 2
AWARNING Electrical shock ¢an cause severe personal injury or death. Use
extreme caution when working on electrical circuitry. Atach and
remove meler leads only when generaior set is not operating. Do not touch meter
or meter leads during testing.
2. | Is battery voltage present between control terminal & and ground when switch A151
is depressed? 3 —
3. | Faulty switch A1S51 or diode A1CR1. Replace control P.C. board. - | =
4, | Is operation with gasoline? a 5
5. Does gaseous fuel solenoid operate when switch A1S1 is pressed? 15 6
6. | Jumper terminal “VALVE" of gaseous vacuum switch {on intake manifold) to control
terminal 6. Does fuel solenoid operate when switch A1S1 is pressed? 7 8
7. Check wire leads to vacuum switch, check switch and replace if necessary. — —
8. ([ Check wire [eads to gaseous fuel solenoid, check soienoid and replace if
necessary. o
9. | Does generator sef have an electric fuel pump? 10 | 15
10. | Does generator set have a gasoline shutoff solenoid? 11 | 13
11. | Fuel solenoid must open during cranking and running. Remove the fuef line from
carburetor and push switch A151. Does fuel pulsate from fuel line? 16 | 12
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B. | ENGINE CRANKS BUT DOES NOT START YES | NO
Fuel presenis the hazard of fire or explosion which can cause
AWARNING severe personal injury or death. Do not permit any flame, spark,
pilot light, cigarette, or other ignition source near the fuel system. Use exireme
care during this test. Run fuel into a suitable container and make sure area is
well-ventilated to prevent accumufation of explosive gasoline fumes. Keep an ABGC
iype fire extinguisher nearby.
12. | Remove the fuel solenoid from the fuel line. Push switch A1S1. Does fuel pulsate :
from the line? 14 | 13
13. | Check wire lead to fuel pump, check fuel pump and replace if necessary. - | -
14. | Check wire leads to gasoline solenoid, check solenoid and replace if necessary. — | -
15. | Check oil level. If okay, remove wire lead for low oil pressure switch S1 from control
terminal 4 and push start switch A152. Does engine crank and run? 16 | 19
| AC AU:T:I ON | Operating the engine with inadequate oil and oil pressure can
| damage or destroy it. Make sure the engine has suificient oil and|
oil pressure. Otherwise, engine damage will occur.
16. | Is wire lead from low oil pressure switch grounded? 17 | 18
17. | Repair or replace wire lead. — | -
18 | Check low oil pressure switch S1 and replace if necessary. - =
19. | Is unit water-cooled and does it have a high water temperature switch? 20 | 22
20. | Jumper across high water temperature switch and push start switch A182. Does
engine crank and run? 21 | 27
21. | Check high water temperature switch and replace if necessary. - -
22. | Is unit air cooled and have a high air temperature switch? 23 | 27
23. | Remove wire lead from high air temperature switch from conirol terminal 3 and
push start switch A182. Does engine crank and run? 24 | 27
24, | Is wire lead from high alr temperature switch grounded? 25 | 26
25. | Repair or replace wire lead. — | -
26. | Check high air temperature swilch and replace if necessary. - | -
27. | See the Ignition Sysfem section. — | -
C. | ENGINE STARTS BUT STOPS WHEN START SWITCH 1S RELEASED YES | NO
1. | Connect voltmeter from control terminal 8 to ground. Crank engine. Is there DC vol-
tage output from generator? 3 2

AWARNING Electrical shock can cause severe personal injury or death. Use

extreme caution when working on elecirical circuitry. Attach and
remove meter leads only when generator set is not operating. Do not touch meler
or meter leads during lesting.
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C.JENGINE STARTS BUT STOPS WHEN START SWITCH 1S RELEASED | YES ! NO
2. | Check resistor G1R11 and all resistor connections. —_ | -
3. | Is voltage present from terminal 6 to ground after engine starts and start switch
A152 is released? — 4
4. | Replace controi P.C. board. — | -
D. | ENGINE IS RUNNING - THEN STOPS YES | NO
1. | Check the unit for a high air temperature, high water temperature or low oil condi-
tion (if applicable) which would shut down unit.
If no safety shutdown occurred, connect a DG voltmeter from control terminal 8 to
ground. Crank the engine. Is there generator DC output voltage? 1B | 2
2. Check resistor G1R11 and zll resistor connections. If OK, perform generator tests
(Generator Troubleshooting and Procedures). _— -
E. |LOW BATTERY - NO HIGH CHARGE RATE YES | NO
1. Remaove wire lead from fuse F1 to control terminal 5. Connect DC ammeter between
wire lead and terminal 5. Start generator set. is high batiery charge rate present
{over 3 amperes)? 2 3
2. | Measure battery terminal voltage with voltmeter (one percent accuracy or better).
Poes voltage rise to 14 volts or more? 4 3
‘ AWARN: !N:IG Batteries present the hazard of explosion, which can result in
severe personal injury. Because balteries produce explosive gas,
do not smoke or allow any arc-producing devices in the baltery area.
AWARNING Electrical shock can cause severe personal injury or death. Use
extreme caution when working on electrical circuiiry. Attach and
remove meter leads only when generator set is not operating. Do not fouch meter
or meter feads during testing.
3. | Remove control cover and jumper conirol terminals 7 and 8. Does charge rate
increase? 6 5
4, | Check battery and replace if necessary. _— —
5. | Stop generator set. Check wire leads to charge resistor G1R1. Check resistor and
replace if necessary. e
6. | Replace control P.C. board. — | —
F. | BATTERY LOSES EXCESS WATER YES | NO
1. | Connect a voltmeter (one percent accuracy or better) to battery terminals, start and
run generator set for 30 minutes. Does battery terminal voltage exceed:
a. 14 volts at 100°F (38°C) or above; or
b. 15 volts at 50 to 100°F (10 to 38°C); or
c. 16 volts at 50°F (10°C) or below? 2 —
AWARNING Electrical shock can cause severe personal injury or death. Use
exireme caution when working on elecirical circuitry. Attach and
remove meter leads oniy when generator sel is noi operating. Do not iouch meter
or meler leads during lesting.
2. | Replace control P.C. board. — | =
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GENERAL CONTROL P.C. BOARD PROBLEMS AND SYMPTOMS

SYMPTOM: Engine wan't start and electric fuel pump won't work unless hand crank switch A1S1 is pushed
during cranking. Engine runs okay after starting with hand crank switch.
PROBLEM: Diode A1CR1 is destroyed through accidental grounding of terminal 6 or the leads supplying
current io the ignition coil, electric fuel pump or fuel solenoid when start switch closes.
SOLUTION: To prevent future failure of diode A1CR1 on units without 9-ampere fuse on terminal 5, add in-line
fuse package #321-0212. Refer to Product Support Bulletin #57.
SYMPTOM: Engine stops running as soon as start switch is released.
PRCBLEM: Diode A1CR2is destroyed through accidental grounding of terminal 6 or the leads supplying current
to the ignition coil, electric fuel pump or fuel solenoid, while engine is running.
SOLUTION: To prevent future failure of diode A1CR2 on units without 9-ampere fuse on terminal 5, add inline
fuse package #321-0212. Refer to Product Support Bulletin #57. The fuse does not protect AICR2,
but will blow during cranking if terminal 6 is grounded.
SYMPTOM: Start solenoid will not energize (check for faulty solenoid before checking following).
1. PROBLEM: Diode A1CR4 may be burned out if battery connections are accidentally reversed on units not
protected by 9-ampere fuse F1 on terminal 5.
SOLUTION:  To prevent future failure of diode A1CR4 on units without 9-ampere fuse on terminal 5, add inline
fuse package #321-0212. Refer to Product Support Bulletin #57.
2. PROBLEM: Accidental reverse battery connection to units not protected by in-line fuse package #321-0212 may
damage diode A1CRS.
SOLUTION:  To prevent future failure of diode A1CR5 on units without 9-ampere fuse on terminal 5, add in-line

fuse package #321-0212. Refer to Product Support Bulietin #57.

Controls Without Start Disconnect Adapter

SYMPTOM: Start solenoid won't energize.

PROBLEM: On units without 9-ampere fuse on terminal 5, accidental grounding of terminal 9 or reverse battery
connections may damage fransistor A1Q2.

SOLUTION: To prevant future failure of transistor A1Q2, on units without 8-ampere in-line fuse on terminal 5,
install in-line fuse package #321-0212. Refer to Product Support Bulletin #57.

SYMPTOM: Engine cranks but will not start (no battery voltage at terminal 6).

PROBLEM: Ashort circuit or accidental ground on terminal 6 may burn the copper path from terminal 6 to A181
when start swifch is pushed and/or burn the copper path from terminal 5 to A181 if handcrank
switch is pushed.

SOLUTION: To prevent future burning of copper path, on units not having 9-ampere fuse on terminal 5, add
in-line fuse package #321-0212. Refer to Product Support Bulietin #57.

SYMPTOMS: 1. Engine won't crank. F1 or ATF2 open.

2. Remote running time meter or generating lamp won't work. A1F3 fuse open.

PROBLEM: On units not having a 9-ampere fuse protection on terminal 5, customer wiring errors including
reverse battery connections, causes A1F2 and AiF3 to blow.

SOLUTION: F1-0On units not having a 9-ampere in-line, F1 fuse protection, solder a wire in place of A1F1 fuse

link on printed circuit board (wire size not important). Add in-line fuse package #321-0212. Refer to
Product Support Bulletin #57.
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GENERAL CONTROL P.C. BOARD PROBLEMS AND SYMPTOMS (Continued)

A1F2-On units not having a 8-ampere fuse protection on terminal 5, install insulated jumper wire
from TB2-18 to TB1-5. Add in-line fuse package #321-0212, Refer to Product Support Bulletin #57.

A1F3-Connect bypass fuse assembly #321-0210 between TB1-2 and TB2-10. Refer to Product
Support Bulletin #40.

SYMPTOM:
PROBLEM:

SOLUTION:

Engine won’t stop on low oil pressure or may not stop with siop watch.

Customer wiring errors which piace battery voltage on terminal 14 destroys diode AICR8 and/ar
copper path from terminal 4 through switch A182 and A1CR8 (may also destroy copper path from
terminal 1 to 14).

Correct the probiem {wiring, etc.). To prevent future failure of diode A1CRS8 or burnt copper paths,
install in-line fuse package #321-0212. Older units having fuse link A1F1 on the printed circuitboard
may also have blown, Replace A1F1 fuse link with jumper wire.

SYMPTOM:
PROBLEM:

SOLUTION:

Engine won't stop with stop switch pushed or from low oil pressure.

On units without 9-ampere fuse on terminal 5, accidental connection of battery positive voltage from
terminal 15 or 16 10 terminal 14, burns one of the following copper paths.

Path from terminal 1 to 14.

Path from terminal 4 to switch A1S1.
Path from terminal 12 to switch A1S1.
Path from terminal 14 to diode A1CR8.

To prevent future burning out of copper paths, on units withcut 9-ampere fuse on terminal 5, add the
in-ine fuse package #321-0212. Refer to Product Support Bulletin #57.

SYMPTOMS:

PROBLEM:

SOLUTION:

Excessive current overheats and destroys diode A1CR10 and copper path from A1CR10 to
terminal 2.

There are three known causes of excessive currents which may cause this problem.

1. Reverse battery connections on units not having the 9-ampere in-line fuse F1 and diode
A1CR11 protection.

2. Improper transfer switch that may connect AC utility power to the generator output while
transferring from utility io generator power. See Product Support Bulletin #58.

3. Starting solenoid chatter or sticking solencid at high cranking current causes current surges
beyond the thermal capability of diode A1CR10.

To prevent future failure of diode A1CR10 on units without a 9-ampere fuse on terminal 5 for
symptoms 1 and 2 above, add in-line fuse package #321-0212. Refer to Product Support Bulletins
#57 and #58.

To prevent future failure of diode A1CR10 due to start solenoid chatter or siicking for symptom 3on
units without a start disconnect adapter, add a start disconnect package #300-1231.

PROBLEM:
SOLUTION:

A1S1 push button and A1S1 spring can snap off if care is not used in removing cover.

Install cover and switch repair package (part #300-1232) which contains all necessary hardwara
and parts to repair a missing switch push button or spring. This means it is notnecessarytoreplace
the complete printed circuit board unless the entire switch itself becomes broken. In order to prevent
either problem, exercise greater care when removing the printed circuit board cover. Refer to
Product Support Bulletin #57.

Corroded or burned printed circuit parts can and should be repaired by soldering a piece of #20 gauge or larger
insulated wire between soldered connections on the printed circuit board. Soldering on the printed circuit paths
themselves on the bottom of the beard is difficult and should be avoided.

In some cases a jumper wire can be connected between terminals on the terminat strips.

4-15



BF, CCK (BEGIN SPEC U), I FUSES F1 AND 2

LK (BEGIN SPEC M), AND
NH (BEGIN SPEC J) MODELS

To correct a problem, answer the question in the
appropriate troubleshocting chart either YES or NO.
Refer to the number in that column and proceed to that
step.

Use the wiring diagrams (see Wiring Diagrams section)
to locate terminais, relays, etc. Figure 4-4 shows some
of the control components for these generator sets.

l__AWARNING Many troubleshooting procedures

present hazards which can result in
severe personal injury, death, and/or equipment dam-
age. Only qualified service personnel with knowledge

STA

RT-STOP

SWITCH

CRANK IGNITION

RELAY
START

SOLENOID

5C-1623

offuels, electricily, and machinery hazards should per- FIGURE. 4-4. GENERATOR SET CONTROLS, BF, CCK
form service procedures. Review safely precaulions (BEGIN SPEC U), LK (BEGIN SPEC M), NH (BEGIN SPEC J)
on inside cover page.
PROBLEM SEE PAGE

A, Engine does not crank, 4-16

B. Engine cranks but does not start. 4-17

C. Engine starts but stops when start switch is released. 4-18

D. Engine is running - then stops. 4-18

E. Low batlery - no charge rate. 418

F. Running time meter inoperative. 4-18

G. Battery condition meter inoperative. 4-19

A. | ENGINE DOES NOT CRANK

YES

NO

1. | Check battery. Are battery cables tight?

Batteries present the hazard of explosion, which can result in
AWARNING severe personal injury. Because batteries produce explosive gas,
do not smoke or allow any arc-producing devices in the batlery area.

2. Is battery voltage present between control terminal 3 and 5 when switch 81 is
pushed to “START?”

AWARNING Electrical shock can cause severe personal injury or death, Use

extreme caulion when working on electrical circuilry. Attach and
remove meter leads only when generator set is not operating. Do not touch meler
or meiler leads during testing.
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A. | ENGINE DOES NOT CRANK | Yes| no

3. | Replace start-stop switch S1.

4. | Is battery voltage present between start solenoid K1 terminal S1 and ground when
start switch is pushed to “START?" 6 5

5. | Replace start solenoid. _ | =

6. | Perform generator tests. See Generator section. - | =

B. | ENGINE CRANKS BUT DOES NOT START YES | NO
1. | Is battery voliage present at control terminal 6 and ground when start switch S1 is

pushed to “"START?" 5 2
2. | Isfuse F2 in circuit to control terminal 6 “blown?"” 3 4

3. | Replace fuse. — | =

4. | Make sure Faston terminals are making good connections. If OK, replace defective
start solenoid on 4.0 BF (Spec A) or crank ignition relay K2 on 2.5 LK (Spec M), 4.0
BF {Spec B}, CCK (Spec U), and NH (Spec J). — | —-

5. | Fuel solenoid must open during cranking and running. Remove the fuel line from
carburetor and momentarily jJumper control terminal 5 to 6. Does fuel pulsate from
fuel line? 7 6

l—__—___AWARNING | Fuel presents the hazard of fire or explosion which can cause
\ severe personal injury or death. Do not permit any flame, spark,

pilot light, cigaretie, or other ignition source near the fuel system. Use extreme
care during this test. Run fuel inlo a suifable container and make sure area is
well-ventilaled to prevent accumulation of explosive gasoline fumes. Keep an
ABC type fire extinguisher nearby.

6. | Check wire iead to fuel pump. Check fuel pump and replace if necessary. - | =
7. | Does engine have oil pump and full pressure lubrication? ] 12

8. | Check oil level. If okay, remove wire lead from low ail pressure switch and push
start swtich, Does engine crank and run? ] 12

ACAUTION Operating the engine with inadequale oil and off pressure can
damage or destroy il. Make sure the engine has sufficient oil
and oil pressure. Otherwise, engine damage will occur.

9. | Is wire lead from fow 0il pressure switch grounded? 10 | M
10. | Repair or replace wire lead. — | =
11. | Check low oil pressure switch and replace if necessary. — | —

12. | Does unit have a high air temperature switch? 13 | 17
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l ENGINE CRANKS BUT DOES NOT START YES | NO

13. | Remove wire lead from high air temperature switch and push start switch S1

{do not let wire lead ground while disconnecied). Does engine crank and run? 14 | 17
14. | Is wire lead from high air temperature switch grounded.? 15 | 16
15, | Repair or replace wire lead. — —
16. | Check high air temperature switch and replace if necessary - | =
17. | See the Ignition System section, - | =
C. | ENGINE STARTS BUT STOPS WHEN START SWITCH IS RELEASED YES | NO
1. | Connect DC voltmeter from control terminal 6 to ground. Crank engine. Is there DC

voltage output from generator (fuse F2 should be OK if unit started initially)? — 2

Electrical shock can cause severe personal injury or death.

AWARNING Use extreme caution when working on electrical circuitry.

Atiach and remove meier leads only when generator sel is nol operaling. Do not

touch meter or meter leads during testing.
2. | Check resistor R1 and resistor connections. if OK, perform generator tests (see

Generator Troubleshooting and Procedures). - | -
D. | ENGINE 'S RUNNING - THEN STOPS YES | NO
1. | Check the unit for a high air temperature, or high water temperature (whichever

applies) or ow oil pressure condition which would shut down the engine.

If no safety shutdown has cccurred, connect a DC voltmeter from control terminal

6 to ground. Crank the engine. Is there DC generator output voitage? 1B 2
2. s fuse F2 in circuit to control terminal 6 “blown?” 3 4
3. Replace fuse.
4. | Check resistor R1 and all resistar connections. If OK, perform generator tests. See

" Generator Troubleshooting and Procedures. — | -
E. |LOW BATTERY - NO CHARGE RATE YES | NO
1. | Is reverse current diode CR1 shorted or open? 2 3
2. | Replace diode. - | =
8. | Check wiring from diode CR1 to start solenoid and to battery. —_| -
F. | RUNNING TIME METER INOPERATIVE YES | NO
1. | Check wires between control terminal 6 and battery positive terminal for running

time meter, and ground wire and connection to meter. Does this correct the

problem? _ 2
2. | Replace defective running time meter. - | =
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G. | BATTERY CONDITION METER INOPERATIVE | vEs | no
1. |Isfuse F1 “blown?” 2 3
2. | Replace fuse with equivalent type fuse. — | —
3. Check wires between control terminal § and battery positive terminal for battery

condition meter terminal and ground wire and connection to meter. Does this

correct probiem? — | 4
4. | Replace defective battery condition meter. - | -
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BFA, BGA, AND NH (SPEC K) MODELS

To correct a problem, answer the question in the
appropriate troubleshooting chart either YES or NO.
Refer to the number in this column and proceed to that
step.

Use the wiring diagrams (see Wiring Diagrams section)
for location of terminals, relays eic. Figure 4-5 shows
some of the control components for the generator sets.

CONTROL
BOX

TEAMINAL BLOCK
TBT (WHEN USED)

FEED-THROUGH
CONNECTOR (TO
QIL PRESSURE SWITCH}

REVERSE CURRENT
DICDE CR1

Many troubleshooling procedures
AWARNING present hazards which can result in

severe equipment damage. Only qualified service per-
sonnel with knowledge of fuels, electricity, and
machinery hazards should perform service
procedures. Review safely precautions on inside cover

page.

REMOTE
CONNECTOR PLUG

START
SOLENQID K1
CRANK IGNITION f
RELAY K2 RUN IGNITION
RELAY K3
oy CONTROL PANEL
START-STOP -
SWITCH S1 .
FUSEF1 é"‘" 1GNITION
NOTE: CONVHOL PANEL FUEL F2
SHOWN ROTATED 90°
TO ENABLE (LLUSTRATION SC-1624
OF CONTROL COMPONENTS.
FIGURE 4-5. GENERATOR SET CONTROLS,
BFA, BGA, NH (SPEC K)
PROBLEM SEE PAGE
A. Engine does not crank. 4-21
B. Engine cranks but does not start. 4-21
C. Engine starts but stops when start switch s released. 4-22
D. Engine is running - then stops. 4-22
E. Low battery - no charge rate. 4.22
F. Running time meter inoperative, 4-23
G. Battery condition meter inoperative. 4-23
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A | ENGINE DOES NOT CRANK

L{Es | NO

1.

=

Check battery. Are battery cables tight?

IAWARNING! Batteries present the hazard of explosion, which can resuit in
severe personal injury. Because batieries produce explosive gas,

do not smoke or allow any arc-producing devices in the baltery area.

s battery voltage present between control remote connector plug terminals 3 and 5
{or between TB1-3 and TB1-5 where applicable) when start-stop switch S1 is
pushed to "START?" (See drawing of connector plug in Figure D.)

AWARNING Electrical shock can cause severe personal infury or death. Use

extreme caution when working on electrical circuiiry. Attach and
remove meter leads only when generator set is not operating. Do nof touch meter
or meler leads during tesling.

Replace start-stop switch S1.

Is battery voltage present between start solenoid K1 terminal 51 and ground when
start switch is pushed to "ON?"

Replace stari solenoid.

Perform generator tests. See Generator section.

2

w|l o ¢

ENGINE CRANKS BUT DOES NOT START

Is 5-ampere fuse F2 blown?
Replace fuse.

Is battery voltage present between controf remote connector plug terminal & {or
terminal TB1-6 where applicable) and ground when start-stop switch S1 is pushed
to "START?" {Figure D shows locations of connector plug terminals.)

Make sure Faston terminals are making good conneciions to crank ignition relay
K2. If OK, replace crank ignition relay.

Disconnect B+ wire from ignition coil. Remove the fuel line from the carburetor,
connect a flexible hose long enough to run fuel in a suitable container. Momentarily
push start-stop switch to “START.” Does fuel pulsate into container? (Reconnect
line and wire to ignition coil after test)

AWARNING Fuel presenis the hazard of fire or explosion which can cause

severe personal injury or death. Do not permit any flame, spark,
pilot light, cigaretie, or other ignition source near the fuel system. Use extreme
care during this lest. Run fuel info a suitable container and make sure area is
well-ventilated to prevent accumulation of explosive gasoline fumes. Keep an
ABC type fire extinguisher nearby.
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B. | ENGINE CRANKS BUT DOES NOT START | ves | no
Check lead to fuel pump, Check fuel element to see if it needs cleaning. Replace
fuel pump if necessary. — —
7. | See the Ignition System section, - | -
C. | ENGINE STARTS BUT STOPS WHEN START SWITCH IS RELEASED YES | NO
1. | Is engine oil level OK? 3 2
2. | Add oil as needed. - | —
3. | Remove cover from control assembly. Are resistor R1 (120-ohm} and resistor con-
nections OK (located near bottom of control).? 8 4
4. | Remedy or replace as needed. — | =
§. | If oil level was OK in Step 1, pull apart feed-through connector (shown in Figure
4-5) in control from run ignition relay K3 and connect lead from K3 to a good
ground. Push start switch. Does engine crank and run? 6 7
ACAUTION Operating the engine with inadequate oil and ail pressure can
damage or destroy il. Make sure the engine has sufficient oil and
oil pressure. Otherwise, engine damage will occur.
6. | Stop engine and reconnect feed-through connector. Check low oil pressure
switch, chack lead to low oil pressure switch and repair or replace as needed. e
7. | Reconnect feed-through connector in control, jumper remote connector plug ter-
minals 5 and 6 (or terminals TB1-5 and TB1-6 if applicable), and push start switch
51 to “START" (fuse F1 must be QK for this test). Does engine crank and run?
{Figure 4-5 shows locations of connector plug terminals.) 8 —
8. | With engine running, is there 12 VDC from remote connector plug terminal 2 {or
terminal biock terminal TB1-2) to ground? 9 10
9. | Replace run ignition relay K3. — | =
10. | See Generator Troubleshooting and Procedures. — | -
D. | GENERATOR SET IS RUNNING—THEN STOPS YES | NO
1. | Is there fuel in the fuel tank? 2 -
2, Does engine have a low oil level (pressure) condition? 3 4
3. Refill oil to proper oil level. - -
4. | See “ENGIMNE STARTS BUT STOPS WHEN START SWITCH IS RELEASED" in
Troubleshooting. — —
E. |LOW BATTERY—NO CHARGE RATE YES | NO
1 Is reverse current diode CR1 shorted or open? 2 3
2. Replace diode. - | —
3. |ls wiring from reverse current diode to battery OK? 5 4
4. 1 Remedy as necessary. - | =
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E. LOW BATTERY—NO CHARGE RATE I YES | NO
7. | Remave wrapper from around the generator. Is resistor R2 and are resistor

connections OK? 7 6
6. Remedy or replace as necessary, — —
7. | See Generator Troubleshooting and Procedures. — | -
F. | RUNNING TIME METER INOPERATIVE YES | NO
1. | Check wires between control remote connector plug terminal 6 {or TB1-6 where

applicable) and battery positive terminal for running time meter, and ground wire

and connection to meter. Does this correct problem? (Figure 4-5 shows locations of

connector plug terminals.) — 2

Replace defective running time meter. —_ | -
G. | BATTERY CONDITION METER INOPERATIVE YES | NO
1. | lIsfuse F1 “blown?” 2 3
2. Replace fuse with equivalent type fuse. — | —
3. Check wires between control remote connector plug terminal 5 {or TB1-5 where

appiicable} and battery positive terminal for battery condition meter terminal and

ground wire and connection to meter. Does this correct problem? (Figure 4-5

shows locations of connector plug ferminals.) — 4
4. | Replace defective battery condition meter. — | —
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Section 5. Power Drawer Models

GENERATOR DISASSEMBLY

The generator used in the Power Drawer genset nor-
mally needslittle care, other than a periodic check of the
brushes and collector rings. If a major repair is neces-
sary, have the genset checked and tested by an Onan
service technician or a qualified electrician.

Many troubleshooting procedures
AWARNING present hazards which can result in
severe personal injury, death, and/or equipment dam-
age. Only qualified service personnel with knowledge
of fuels, electricity, and machinery hazards should per-
form service procedures. Review safely precaulions
on inside cover page.

. Remove the unit from its slide rails.

. Remove all accessories attached to the generator.
. Tag and remove all leads.

. Loosen and [ift out both brush rigs (Figure 5-1).

W

The brushes will be damaged
ACAUTION during disassembly if not held
off the slip rings. Use extreme care when removing
the brush rigs.

o

. Remove four generator through-stud nuts.

6. Lift or pull the end bell from the frame assembly. Do
not pry it loose with a screwdriver; rather, tap
around the edges of the end bell with a plastic
hammer to loosen it.

Striking the end bell or other
ACAUTION generator parts can damage or
destroy them. Use exireme care while tapping the
edges of the end bell to loosen it.

. Remove the frame (field) assembly, being careful

not to let it rest or drag on the armature,

The generator will overheat if it
ACAUTION is reassembled incorrectly. Four
seals are used between the frame (tield) assembly
and engine-lo-generator adapter. These seals
musi be used to reassemble the generator
correctly.

. Insert a square 3/8 inch drive into the 12-point

{internal wrenching) armature holddown nut to
remove it.

. While pulling outward with one hand under the

armature, strike a sharp blow on the end of the
armature shaft to loosen the armature. The armature
has an internal taper which fits onto the external
taper of the engine adapter. If the armature does not
come loose, place a heavy brass rod on the arma-
ture shaft near the ball bearing and strike a sharp
downward blow on the rod with a hammer. Rotate
the armature 1/2 turn before repeating.

Siriking the collector rings or

ACAUTION bearing can severely damage or

destroy them. Use exireme care when performing
the procedure described above.
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FIGURE 5-1. EXPLLODED VIEW OF AC GENERATOR

GENERATOR TROUBLESHOOTING GUIDE

Many troubleshooling procedures
AWARNING present hazards which can result in
severe personal injury or death. Onjy qualified service
personnel with knowledge of fuels, electricity, and
machinery hazards should perform service
procedures. Review safely precautions on inside cover

page.
AWARNING‘ Fuel presents the hazard of fire or

| explosion which can cause severe
personal injury or death. Do not permit any flame,
spark, pifot light, cigarette, or other ignition source
near the fuel system. Keep an ABC type fire extin-
guisher nearby.

Arcing or inadvertent starting of the
AWARNING generator set can cause damage o
the generalor set, severe personal injury, or death. For
this reason, disconnect the negative {-} batlery cable
belore beginning these procedures, and do not recon-
nect the negalive {-) battery cable until these proce-
dures are complete.

’ AWARNING:- Electrical shock can cause severe

personal injury or death. Use
extreme caution when working on electrical circuitry.
Attach and remove meter leads only when generator
set is nol operating. Do not fouch meler or meter leads
during testing.

The brushes are easily damaged dur-
ACAUTION ing gensel disassembly/assembly.
Use extreme care while Installing/removing the genset
brushes.

| Continuous generator set overload-
ACAUTION | ing can cause high operating temp-
eratures that could damage the generator windings.
Keep the foad within the nameplate rating.




TROUBLE POSSIBLE CAUSE CORRECTIVE ACTION
NO AC QUTPUT . Blawn fuse or circuit breaker. 1. Look for cause and repair. Then
VOLTAGE replace fuse or reset circuit breaker.

. Disconnected wire or lead on 2. Reconnect wire or wires.
brushes, bridge rectifier or
reactor assembly.

. Brushes not making contact with | 3. Check brush springs for
collector ring. free movement or brushes which

may be excessively warn.

- Open, grounded or 4, Test with fester or
short circuit in field ohmmeter and replace if
or armature winding. defective.

. Defective bridge 5, Test with ohmmeter and
rectifier assembly. replace if defective.

. Bridge reclifier 6. Reinstall making sure
assembly installed marks on case and rectifier
wrong In iis case. match.

LIGHTS FLICKER . Loose or broken lead/ 1. Repair broken lead or

INTERMITTENTLY leads in generator. reconnect loose lead,

LOW AC OUTPUT . External short circuit 1. Locate and eliminate short
VOLTAGE on line, circuit problem.

. Generator overloaded. 2. Remove part of load.

. Shorted or grounded 3, Test with ohmmeter or
circuit in field or tester and replace
armature winding. if defective.

. Engine not running 4. Refer to Engine Troubleshooting
properly causing generator guide,
to slow down.

NOISY GENERATOR . Defective bearing in 1. Replace bearing.
end ball.
GENERATOR . Generator overicaded. 1. Remove part of load.
QVERHEATS

. Windings and paris 2. Clean generator.
covered with oil or dink.

. Adr intake restricted 3. Take necessary steps to
or incoming air too hot. allow for proper cooling.

. Shorted or grounded 4, Test with chmmeter or
ciscuit in armature tester and replace
or field windings. if defective.

AC QUTPUT VOLTAGE . Gompounding reactor 1. Remove, test and replace.
HIGH WITH NO LOAD
CONNECTED AND
GENERATOR RUNNING
AT 1800 RPM




GENERATOR SERVICE PROCEDURES
AND TESTS

BRUSH REMOVAL AND REPLACEMENT

To reach the brushes, remove the plastic end beli
screens. (See Figure 5-1 for lacation of generator com-
ponents.) Measure brush wear as shown in Figure 5-2,
by inserting a small, narrow scale into the top of the
brush block. If the brushes need replacing, remove and
tag the wires connected to the brush blocks. Then
remove the brush blocks and liftthem out of the end bell.
Pull the brushes and springs out from the bottom of the
brush blogk. Clean the brush block at this time.

The brushes are easily damaged dur-
ACAUTION ing genset disassembly/assembly.
Use extreme care while installing/removing the genset
brushes.

New brushes are shaped to fit, and seldom need sand-
ing to seat properly. Always replace brushes as a set,
and use only the correct brushes. Never use a substitute
brush, which may appear to be the same, but have
different electrical characteristics.

TOP VIEW OF
BRUSH BLOCK

O
D

BRE END B

o

o

CROSS SECTION OF

MAXIMUM WEAR
LIMIT ONE INCH

REPLACE WHEN WORN

5/BIN (16 mm) ===  TO THIS DIMENSION, OR
{F MEASUREMENT “A”

EXCEEDS ONE INCH {25 mm)

Note that brush blocks are stamped “BRG END" on one
side. Be sure that this stamped side faces the bearing
end of the generator for correct brush alignment.
Tighten the brush block screwsto 40t0 7Qin.tbar4106
ftb (5 to 8 Nem). If sparking occurs after replacing the
brushes, run the generator with a light load until they
seat properly. Check the brush springs for freedom of
movement.

ARMATURE GROUND TEST

While the armature is removed for checking shorls
using a growler, additional checks can be made. If the
armature is still installed, liftthe brushes before conduct-
ing these tests, These tests use either the continuity
tester buzzer or the test light.

Piace one test prod on one of the collector rings and the
cther test prod on the armature shafi (Figure 5-3). The
tester buzzer should notbuzz (lamp should not light). Ifit
buzzes {or lights), the AC winding or a collector ring is
grounded to the shaft. Test each collector “ring” in this
manner.

s BRUSH BLOCK
LOCATION

BRUSHBLOCK  NOTE:  MEaSURE FROM TOP FAGE OF
BRUSH BLOCK TO TOP OF BRUSH G-1220

FIGURE 5-2. BRUSH WEAR LIMITS



Electrical shock can cause severe

AWARNING personal injury or death. Use
extreme caution when working on electrical circuilry.
Attach and remove meter leads only when the genera-
tor setis not operating. Do not touch the meter or meter
feads during tesfing.

o

(I

4
=0
IR i
a 'l ié L
5

G-1221

FIGURE 5-3. ARMATURE GROUND TEST

ARMATURE OPEN TEST

Place one test prod on each collector ring (Figure 5-4).
The tester should buzz or light. If it does not do so, the
armature has an open or a bad connecfion,

Electrical shock can cause severe
AWARNING personal injury or death. Use
extreme caution when working on electrical circuilry.
Attach and remove meler leads only when generafor
sel is nol operating. Do not fouch meter or meter leads
during testing.

5-5

S py Pt g pem g e e

G-1222

FIGURE 5-4. ARMATURE OPEN TEST
TESTING FIELD WINDINGS FOR GROUNDS

Before testing, disconnect all field leads. Touch one test
prod to F1 (+) and the other prod to the frame (Figure
5-5). The buzzer should not saund or the lamp should
not light. If the tester buzzes or lights, the field is
grounded, and must be replaced, Testlead F2 (-) in the

same manner,

Electrical shock can cause severe
AWARNING personal injury or death. Use
exitreme caution when working on electrical circuitry.
Attach and remove mefer leads only when generator
sel is not operating. Do not touch mefer or meter leads
during testing.




' Electrical shock can cause severe
AWARNING personal injury or death. Use
extreme caution when working on elecirical circuitry.
Atiach and remove meter leads only when generator
set is not operating. Do not touch meter or meler leads
during testing.

Using a Continuity Tester

Disconnect the external leads and touch the test prods
to F1 and F2. The lamp should light or the buzzer should
sound. If not, the field winding is open, and must be
replaced. Check the terminal ends closely for loose
connections. These can be tightened without replacing
the assembly.

TESTING BRIDGE RECTIFIER

To accurately test the bridge rectifier proceed as
follows:

TESTING FOR GROUNDS 1. Loosen the screw 1o remove the bridge rectifier
assembly (see Figure 5-6 for [ocation).

2. Disconnect the nylon connector from the bridge
rectifier assembly, noting the polarity marking of the
bridge rectifier assembly and connector.

3, Pull the assembly out from the end bell and remove
the bridge rectifier from its case.

The bridge rectifier and attached
ACAUTION components may be damaged or
destroyed by incorrect mounting. Nofe that the
connector can only be mounted in the end bell in
onec direction, but the bridge reclifier can be
mounted in four (4) directions, of which only one
will work. Use extreme care 10 mount the bridge
reclifier correctly.

TESTING FOR OPENS

FIGURE 5-5. TESTING FIELD WINDINGS

TESTING FIELD WINDINGS FOR
AN OPEN CIRCUIT

Use either a continuity tester or an ohmmeter for this
test.

Using an Ohmmeter
Disconnectthe external leads and connect the chmme-
ter leads to F1 {(+} and F2 (-).

At70° F (21° C), resistance should be 28.8 ohms {- 3%)
for the BF and 38 ohms (= 3%0) for the NH.



LOAD WIRES
COMPOUNDING
REACTOR

TORQUE TO
40-70 INCH LBS.
(5 TO 8 Nom)

¢ )
A
N\ VeAusk sLOCK

ASSEMBLY
40-70IN LB (5 TO 8 Nom)
o

L/

. X1 LEAD

BRIDGE RECTIFIER
ASSEMBLY

TORQUE M-1776

FIGURE £-6. END BELL ASSEMELY

| All terminals are marked on both the
A.CAUTION | bridge rectifier and the nylon case,
Observe the proper polarily when reinstalling. If
installed incorrectly, generafor voltage will not build
up to the proper level.

4. Use an chmmeler to test the bridge rectifier. Set the

ohmmeter dial to R x 1 scale.

. Placethe meterleads on the points shown in Figure
5-7 and nate the readings from the table below.

. If any tests do not agree with the above readings,
install 2 new bridge rectifier.

NOTE: RED MARK APPEARS
NEAR “+" LEAD

P 2.

AC

AC

TOP VIEW SCHEMATIC

M-1777

FIGURE 5-7. TESTING BRIDGE RECTIFIER

OHMMETER
BLACK LEAD*

OHMMETER

RED LEAD RESISTANCE

*8 Ohms
*3 Ohms
*3 Ohms
*8 Ohms
Infinity
Inlinity
Infinity
Infinity

COO0OPOoW>»r
Ow>»>»000m

* . £ 10% ~ Readings taken at TO°F (21°C).

COLLECTOR RINGS

Collector rings acquire a glossy brown finish in normal
operation. Do not attempt to maintain a bright, new-
looking surface on the rings. Cleaning with a dry, lint-
free cloth is usually sufficient. Very fine sandpaper (#240
or finer) may be used to sand the collector rings while
the genset is running, to remove slight roughness. Use
only light pressure on the sandpaper. Do not use emery
or carborundum paper or cloth. Clean out all carbon
dust from the generator.

Contact with rotating machinery can
AWARNING resuit in death or severe personal
injury. Use exireme care, and keep hands and fingers
clear while sanding the coflector rings.




GENERATOR BEARING COMPOUNDING REACTOR

The generator is pre-lubricated and double-seaied. With the generator running at 1800 rpm, if the output
Replace t_he bearing approximately every 5 years, or voltage is high with no electrical load attached, then the
each engine overhaul, or whenever the generator is compounding reacior is probably defective. Test as

disassembled.

shown in Figure 5-8 using a variac.

WITH ONE AMPERE INPUT THE
VOLTAGE SHOULD READ

VOLTAGE

AKW (315-3803 | 6575

SKW (315-378) 60-70

1 COMPOUNDING
VARIAC AMMETER REACTOR
i\
60 HZ Lt
12v PRIMARY
VOLTMETER
- H3
FIGURE 5-3. TESTING COMPOUNDING REACTOR Es-1821
END BELL
REACTOR
HI -————"
4 }
H2 : i
THYRECTOR, |
]
l _ i ; CIRCUIT PROTECTOR
1  — . t '} ﬂ
: === LOAD LEADS LOAD
: / / GRD-L2 :
] ]
) GRD-L2
|
]
L =
GENERATOR ERIDGE RECTIFIER
ES-1222

FIGURE 5-3. AC GENERATOR SCHEMATIC

APPROXIMATE GENERATOR VALUES

TYPICAL TYPICAL | N.L.VOLTS | N.L.VOLTS |RESISTANCE| RESISTANCE CURRENT
MODEL N.L.VOLTS | F.L.VOLTS X110 Ht Fito F2 F1to F2 H1 to X1 FULL LOAD
4 kW 125 112 100 VAC 40V DC 28 Ohms 0.83 Ohms 33 Amps
6 kW 123 113 80 VAC 50V DC 38 Ohms 0.85 Ohms 50 Amps
N.L - No Load
F.L.- Full Load

GENERATOR TORQUE VALUES

DESCRIPTION TORQUE VALUE
Generator Through Studs (4) .. .. ....vvive s teerrsssecnrarssasanesa:i5t0181tlb (20 to 24 Nem}
Armature Hold-down Nut-12Point.........ccovenana veserassnacacansas 4510 50 it Ib (61 to 67 Nem}
Compounding Reactor StUAS . . oo v vve v ianinarisersstacacansossactosesans 4106 filb (5to 8 Nem)
Brush Block Assembly Stds . oo oo i v vaisi i i vir s s asi st 4t06filb(5to 8 Nemj
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CONTROL SYSTEM OPERATION
DESCRIPTION

When relay operation is described, "N.O." refers to normally open
relays, and “N.C." refers to narmally closed relays.

STARTING

When switch S3 (Figure 5-10} is moved to the START
position, B+ current flows through K1 solenoid, K2 con-
tacts and switch 53 to battery negative (-). K1 solenoid
closes contacts, feding current to the starter mator and
to choke E1 and relay K3. Relay K3 contacts close the
circuit to the ignition coil T1 and fuel pump E2/fuel
solenoid K4. The engine cranks and the fuel pump, fuel
solenoid and ignition operate, starting the engine.

IGNITION

After the engine starts and its rpm increases, the fly-
wheel alternator develops a voltage which is rectified to
DC, energizing relay K2. K2 N.O. contacts close to hold
relay K3 energized, and K2 N.C. contacts open to drop
K1 start solenoid. K3 contacis maintain current o the
ignition coil, the fuel pump and the fuel solenoid. As the
engine runs, K2 remains energized.

“XCRE Ko~ @ ‘

RS X El T
575";1! @?

Ki | =

Oty b 4)—*: |
PN

STOPPING

Relay K3, energized by K2, maintains the ignition. Push-
ing the stop switch shorts K3, which drops out to remove
power from the fuel pump, fuel solenoid and ignition
cail. Resistor R2 absorbs the power that was supplied to
K3 while the stop switch is held closed, as the engine
stops.

LOW OIL PRESSURE SHUTDOWN

If oit pressure is low, switch S2 closes to charge capaci-
tor C3 through resistor R3. This provides a time delay of
2 to 4 seconds. When the voltage on capacitor C3
matches the voltage of the divider R5-R6, programma-
ble unijunction transistor Q1 fires, to trigger CR8. CR8
turns on to deenergize K3 relay. K2 contacts openasihe
engine stops and CR8 furns oif.

BATTERY VOLTAGE SENSING

The battery voitage sensing portion of the voltage regu-
lator determines whether the voliage reguiator should
turn on or off. To test battery charging, connect a DC
voltmeter from B+ of the regulator to ground. A reading
of 14.1 to 14.5 volts is acceptable.

= 1 Battery
- Starter
Bl i Electric Choke
Bt ittt et a et Fuel Pump
o T P Spark Plugs
= 5 amp. Fuse
LC 1 Battery Charging Alternator
1 Stari Solenoid
L Breaker Box
3 7 Low Qil Pressure Switch
£ A Start-Stop Switch
Tt vi e ce e e s o« gnition Coil
VR (et e Voltage Regulator
RTM.. . Running Time Meter (Opt)
BCM .. i, Battery Condition Meter (Opt)
€ S Fuel Solenoid

FIGURE 5-10. CONTROL SYSTEM SCHEMATIC
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EMERGENCY START-STOP OPERATION

In an emergency, the control board can be bypassed to
start or stop the genset. Connect a jumper between
ferminals 9 and 11 o energize the ignition, fuel solenoid
and fuel pump. Then temporarily jumperterminals 1 and
7 1o energize starter. Remove this jumper as soon as the
engine starts and runs. DO NOT jumper these terminals
while the engine is running. To stop the genset, remove
the jumper from terminals 9 and 11.

This emergency operation DOES
ACAUTION NOT provide fuse protection, start
disconnect or low oil pressure shutdown, and should
not he used withoul monitoring the generaior sei.

FUSE PROTECTION

A 5-ampere fuse, installed on the control board, protects
the board from shorts in the remote wiring. If the fuse is
blown, correct the situation that blew the fuse, then
remove the cover on the control and replace it with an
identical fuse (Figure 5-11).

==
i CONTROL
START _
lF
ﬁ sTOP )
(Rervlcf;\‘;gJI COVER L—]
TO REPLACE)
'
[
|
i
om La
ELECTRIC POWER
' =

8134

FS-1779

FIGURE 5-11. FUEL LOCATION
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CONTROL SYSTEM TROUBLESHOOTING

After removing the control cover, use a long-nosed pli-
ers to remove the flag connectors from the terminals on
the board. Pull these connectors straight out to avoid
breaking the control board terminals. Do not attempt to
adjust the contacis on relays K2 and K3; they are
precision-set at the factory. Blow dirt out of the relay
contacts with a low-pressure compressed air source.

To correct a problem, answer the guestion in the
appropriate troubleshooting chart either “YES" or “NO”,
Refer to the number in that column and proceed to that

step.

Many troubleshooting procedures
presgnt hazards whicg gm result in
severe personal injury or death. Only qualitied service
personnel with knowiedge ol fuels, electricity, and
machinery hazards should perform service pro-
cedures. Review safely precautions on inside cover
page.

PROBLEM

SEE PAGE

A. Engine does not crank.
B. Engine cranks but does not start.

D. Low battery - no charge rate.

C. Engine runs for 3 or 4 seconds, then stops 5-13

5-11
5-12

§-13

A. | ENGINE DOES NOT CRANK

| ves | no

dures are complete.

Does engine crank?

during testing.

Check battery. Are battery terminals clean and are cables tight? 2 —

2. | Check battery cables for polarity. fs 12 volts present across battery terminals with
engine stopped and is 8 volts or higher present with engine cranking? 3 10

Arcing or inadvertent starting of the generator sel can cause
AWARNING daimage io the generator sel, severe personal injury, or death.
For this reason, disconnect the negative (-) batlery cable before beginning these
procedures, and do not reconnect the negative {-) battery cable until these proce-

3. | Remove cover on printed circuit board. Jumper terminal 7 to 3. Press start switch.

AWARNING Electrical shock can cause severe personal injury or death. Use
extreme caution when working on elecirical circuitry. Attach and
remove jumpers only when generator set Is nof operating. Do not touch jumpers




A. | ENGINE DOES NOT CRANK | YES | NO
4. | K2 contact is defective. Replace printed circuit board. — | =
5. | Jumper terminal 7 to 1. Does engine crank? 6 7
6. | Start switch §3 is defective. Replace printed circuit board. — | =
7. | Jumper from S terminal of B1 starter motor o positive {+). Does engine crank? 8 9
8. | Replace K1 start solenoid. - | -
9. | Starter is defective. Remove and perform tests listed in Starter section of master

service manual and/or replace starter. —_ —
10. | Replace battery. - | -
B. | ENGINE CRANKS BUT DOES NOT START YES | NO
1. | Is F1 fuse on control board OK? 3 2
2. 1 Replace with an identical 5-ampere fuse. Correct problem which caused fuse 10

burn. Note: Remote leads may be shorted or grounded. - | =
3. | While engine cranks, check K1-! start solenoid voltage. Is 12 volts present between

terminals 10 and 17 5 4
4, | Replace K1 start solenoid. — | =
5. | Jumper terminals 9 to 11. Does engine start when start switch is pushed? 6 7
8. | K3 contacts are defective. Replace printed circuit board. e
7. | Fuel solenoid K4 must be open during starting and running. Remave fuel line from

carburetor. Does fuel pulsate from line when start switch is pushed? 11 8

Fuel presents the hazard of fire or explosion which can cause

AWARNING severe personal injury or death. Do not permit any lame, spark,

pilot light, cigarette, or other ignition source near the fuel sysiem. Keep an ABC

type fire exlinguisher nearby.
8. Disconnect fuel solenoid from line and check fuel pump E2. Pump wifl click when

operating properly. Does fuel puisate from pump (solenoid disconnected} when

start switch is pushed? 10 9
9. | Fuel pump (or wiring) is defective and must be replaced. — | =
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B. ' ENGINE CRANKS BUT DOES NOT START

| YES | NO

10. | Fuel solenoid is defective and must be replaced. el
1. | Is electric choke closed when engine is cranking? 13 | 12
12. | Voltage at choke terminal when engine is cranking should be 12 volts. If choke

does not move (at room temperature} with 12 volts applied, replace it. Also check

wire from choke to control for shorts to ground. - =
13. | The faultis in the ignition system. Check points, plugs, wires and coil. Refer to Igni-

tion section of master service manual. —_ | -
C. |[ENGINE RUNS 3 OR 4 SECONDS - THEN STOPS* YES | NO
1. | Check oil level. Refill to FULL mark on dipstick. Does engine now continue to run? | — 2

' ACAUTION Cperating the engine with inadequate oil and oil pressure can

. damage or destroy it. Make sure the engine has sufficient oil and

oil pressure. Otherwise, engine damage will occur.
2. | Check voltage from terminal 11 to 12. [s it 12 volts with engine stopped and does

voltage drop to zero when engine runs? — 3
3. | Check oil pressure sensor wire far sharts to ground by visually tracing wire from S2

low oil pressure switch to control, Is wire grounded? 4 5
4. | Replace or repair wire making sure it isn't rubbing against anything that may again

cause a ground problem. — | =

* . Remotie lead 1 may be shorted to remole lead 2. Lead 2 may be grounded,
D. |LOW BATTERY—LOW CHARGE RATE YES | NO
1. | With engine cranking, measure voltage at terminal 8 to BAT terminal of K1 start

solenoid. Is 6 volts present? 2 3
2. | Check battery connections. They must be clean and tight. - | =
3. | Check flywheel aiternator G1 output. Disconnect AC lead that connects to voltage

regulator VRT and connect voltmeter to this lead and BAT terminal of K1 start sole-

noid. This checks AC open circuit voltage. Start engine. Is AC oufput voltage

approximately 28 volts with unit running at 1800 rpm? 5 4
4. | Replace alternator stator G1. —_ —
5. | Connect a voltmeter across battery terminals. Start engine. Does DC voltage

increase to 13 to 14-1/2 volts after engine is running for a few minutes? — 6
6. | Remove and replace voltage reguiator VR1. — | —
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Redistribution or publication of this document,
by any means, is strictly prohibited.



Section 6. Wiring Diagrams

All the wiring diagrams included in this section apply to generator sets equipped with the UN generator, To find the correct
wiring diagram, proceed to the page corresponding to the generator set seties.

SERIES WIRING DIAGRAM SEE PAGE
BF-1R/2000A (9500A) 611-1094 6-11
BF-1R/2000B 611-1109 X 6-13
BF-3CR/16000A 611-1123 6-14
BF-3CR/16000B 611-1127 6-15
BFA-1R/16000A 811-1135 6-19
BFA-1R/16000B 611-1146 . 6-17
BGA-3CR/16000A 611-1135 6-19
BGA-3CR/16000B 611-1146 6-17
CCK-3CE/2236R 606-0203 6-4
CCK-3CE/13276R 606-0203 6-14
CCK-3CPAR 602-0245 6-3
CCK-RAR 611-1080 6-10
CCK-3CR/12000R 611-1086 6-9
CCK-3CR/16000U 611-1127 6-15
LK-3CR/1M 610-0350 6-6
MCCK-3CRAE 611-1096 6-12
MCCK-3CR/AF 611-1096 6-12
MCCK-3CRMG 611-1143 6-16
MCCK/H 611-1145 6-20
MCCK/ 611-1185 6-18
NB-3CM/AA 601-0197 6-2
NB-3CR/1A 610-0326 8-5
NH-3CR/16000A 611-1135 6-18
NH-1R/8000A (9500A) 611-1094 6-11
NH-1R/90008 611-1109 6-13
NH-3CE/2236D 806-0203 6-4
NH-R/6000A 611-1062 §-8
NH-R/A 611-1018 : 6-7
NH-R/1R 611-1090 6-10
NH-3CR/12000D 611-1086 69
NH-3CR/16000.J 611-1127 6-15



. 619109 308 WY AJ0S A F o
o Gma Hd 1 KOYZ/DZ1 ‘Ul ‘Aor2/oct '>)
135 N30 - 081NLD o
NYHAVIO SNIHIN . YIMIE-OND'E Yi/WoEsaNg2 |1o- m N33 NI ONnOW3
w9 [ ¥a5 T T ot o e W 0L YBLIOVGYD 04N § O JAVE SOYIT Oy
- Lo ~ ¥IKI0 VW CSOVIT OV 0IANNOYD S| ZW
Sty e
2 © uduQ ® I
| =
[ - !
= [(REICTN
N +L 1NOHS
T
41
dot
o T
M ¥
]
i
I £f =
- ] i
e =,
: = e | 1B
LT Y ERRTET N z - ' ! !
 _Hadncoawawed | 7T T X ! !
T T X0E Twviaaany | 7] - it
IRFLdFOny-1awed | T _ 13Nd 40 A3IA BYRY -
Talil 2 =
T I L~
L _dusERTAs 1T T TS| _—
LEEE A L Is T
YW I0714303u T i :
NSO T .._:i:.lnun.q..l
YITWSTRL-TRVLST ¢ i |
CITEELED) |
755¥ OLIRGVR 15
B YEY4S £]
oS30~ Taibls3a 33y ]
NOILLAN — 16530 33| _ X~ m } 09 ]




E &Y< 09 o oma wmmvw wmi._.ﬂw\nw.
(WyHoYlg aNIEIm)

135 N39-T0MLNOD | 81/dIE-HD20'S B O}
Hm.ﬁE 487 [ei-zi-+

P R e |.u|.|
HONYEOLE0D EIVEMNE 0 NOfIAIG u =o

LESE T
ONNOYD 01 ¥OLIJ¥dvd 04w | D 3AYH
SHIHLO 1T "0¥31 Q¥ ONROHD.

0=

S¥20-209

tOH 190w

TR TR

i - 1314 !
I ANOAHS |

w .._IE —_ - \_

QIS0 NINM %

u'—“‘ l.u._ih

OV

DR -~ yNiNEaL
ASSY avysT
ASESY avan
ASSV 093]
ASSY gvan
WOTLINST - 1169 il

3015 - HILIAS 1 __ _ u-h _
¥ T TYAWITEV Jva ONY E3avang -

- 9¢ Ss 1

SEM

| | o o [k [~

g:l

%

3%y 1817 SIuvd
TRINS3L

n
L

Q)
i

00 IMVITIIIN - 1INV
Y0¥ TTOVLd3Y

HOLIMS N30 IdYINIWON

OxdQ7]

———— zumzue_._wm
“ROY?_WIOTISTHL 3TOVI4TD

LI

L EELRFRERI LI
[T A S YT I TV Ei d0.L - e N NI

T3NYd 3G MIIA BV3Y X049 40 MIIA LNOMY
4V

— THSET 10764 - UV

"m
el er

e { N e PN ] —fror | ||

WL 150

NOILdIH9530 [At[s3a 339

PR | S$20209 ]




K A 0Y MY HL-¢{-5 [ S5l ~1ée_SuM _NIMIT
m MONO @O@ o oas ‘He | ‘Ao 2/0z) QDJ Lefe )2y LIS d e AV M
SYLGET/TJE RIS U & o ®L-Li~£ [l ZIM 313734019
._.ﬁNS_m.a_ﬂmWﬁm. .w%m__w.ﬂa%u . 09E22/30E-KN &6 | 40- 0 P T Brd il ] 150 cauve AR |W
Twy | 909 _[22-L1% | Mecz 0t o8 7 07 (0 ] TR o GTSLET Tos a3aavin
(1] Tl s ON 1300w . I
R HOITIOWAD -.uiq-.n:h _..o wAag -“-_no —
1 .g
- 3% B ONNCYe WOLIDVIYD QAN 1
JAWH SUML0 3T N QICNNCUD »
tils =
[T %
a3SN NIHA « EW e .@ s "
1 . 5 a3
Wi ¥3§
40iTHST=1109] 1 bW
! 03401 [ | NW S nt
RS _1JVINOD A8VINIWOK 88
GX1VH 65w - LN i
ASSY dvd % Hadvaual | 75« |1 19
DLANZYH] | £ - -
wl YUIRTS-QULS 500 70 =
RKETTELES] 1819 Ew 2w
Biftd Wovds| 19
___hHILLYE| T Z 13
{438y TS s1u%d H3D OGNS 114
Is o “ NBI\\‘
- Yo n .
L)
~—h SM | :III..F
X049 - ToH1NoT| | L) wm| 1
TJd00- A55% 13aNVd IR
{%0-) _TOUINOD - AGSY _Lanovia] | ! 2 “ J -
WiNG3- ASSV 13Wovaal 1 I T
- &M
er _74 o + ___[u:
] = -
v O~ M - is tig
401S WALTAS| T 25 |
T8¥is “walias| 1 s - —
A0z ¥OO1LSIAL '310Vid3034]| ¢ 15 - 01 - ;.w“.__uumw_mw.m_._oo
A GZ1 %314N0 _ 319vid3a3 ¥IoE(
31N SITLIOE. T e 1INV A0 MM MYIY
BATATI0T8] §

NEILAEIS3q 15T 51svd A0 's3a _ﬂu.mlm _m _ M.ONOI@O@




oDy

ey - " E-
FS2c5019 2ioM3w Azl

T "
Sl "aNNGNY 0L HOLIIVAYD 4N | o — Az N N
" T} ‘037 2 ONROYAT Aokt hozy m
LM P WI/4DE 8N Jio~ u...____ SHIRLO W COvdY Y . | seai _" _L

OL=~0l-¥ .

o aE_"A0NZ OL) At AOEI
== = A0 804 NOTLGINWODIY
] HIADD 30 I0ISNI WD NIFHISHTIS 3D¥1A
3

L IR IS-1 R )

AasH NIHM 3 %

Jﬁ L]
L el .-..zmn_.@.llbﬂ.._. ..Mw
Reév'yn 3 T%e 0 [ 5] 0 ]
“eyS-dignatog (L [ R
T HOVERRIS TV [TTm -
CUER IR W I
DA TS arg w0 "
LU HITR I O I , v o
NN 1E WV T R B 34 = -
Al apaed C oy 0 (TR 2 o~ ] ™
A3t wig GN3 1517 Evd — za— O — — — -]
. i o oy
RS &
DR - 1
L¥wmoue - | o — e — - - - — ]
- LN p— N _ -
LIRAOBY 1) VL N,
et S ey H LY k=
RIS L R 3t i ) e
08 WhINE-w3e0D T 1 - i i %3 0¥ 103
e i | — i LU
108 weina D1 =) “het '

55y JT T THIE

hmﬂm. mT 1]
R —a 0103 05
BEOOT I n] A3 JoLs 1415
.mm.nm‘ T 1. @ _.luu
P i L 0 |_ -
SRR ., -l ! c _'.
RN —a i s | i (a3 I3 _wﬂﬁl
.. Isvaan; T ] I | ] +
TEY WaT L3 = R
BNkTR~d (W15 : G I_
a LLIELEVRE =T X [ I TS O B
~ IS THVIS-Raling 3 i» ) i
) . ASEY_OV3Y 9 HGLIAS v '
= T T 1330 ] ;
L R T Te TR _ 1 -
= T T a6l s [ Bt Al e« . Il | E®3:L___ ________t__1
[~ A% L CE0ISISN — W i - -
R Y O - E T ] N T ]
- LY w1 oL WU
- E
— ———
I SN N -
— = . m
— - - aIs= 41
" s LT i) Fuveas __ e
YIS IVaH | frim
[ LTnY SEUTATES00G [ 0 [ e -n.-ﬂ«qn_w_ﬂi_.
| I ASSY 0¥37 3 431404034
(LN WERTTYRIT T K]

NOMI T

L . . [ ©2¢5019

H
o
9
&
-1
=




THOS MNP
“Hd} "AOk2r0¥t

" —t
AGZH
i 1,
Ay mm __
Wuse-Ai sz | 10 2 S o >o~_ mu:
O 11, w

- MLADYZIO2 LERH]
s i s OO |

LHYHD NOILJINRGDIY

YRR Ty

]
I_.ll |
wy
!
i) l_
€|
T ]
m
1
L~ ¥ !
WHO! AT = ﬁ- - T
e _ iy QT4 ¢um_ wal
a4 Innks ! ﬂ .
10-0350[c | = 414 —NTe -
l 15 u3s z3
_u &y~
L ) Lranr—] 1 B
A0 L33408] (I0BINOS =/ 3 Iul
FLON 34 - I 1EVISSINGTH SREM | 1] Ta E = TT J_
(9NOT 133301) (10LNOD AEM -~
03N~ 3TBVD) SEINHYH SN [ T | Zm » s 1 H
LILOWIH - NNOD ) SSINHVH ONHIA | 1 7] M2 -
b~ ] WD) ;.H
NGILNSIS QP [ 1 ] 11 R - . 24 2N ) : . J0oMINGD 40 Ma1A dor |
n ((.r?\r_nm.f 1 = ,
255V _Jv0 § a3dvana |1 | zs vb i ™ ._ A _
ADIS- IHVIS-HOLIME [T ] 15 ||m|_ 23 R £

~HOLSIGIH

® O 1] _
* —_ CMUO 2M
14v1S | 4OLF
NOILTNG] ANVaS - iy 130 F3 i m — (@ | . W (!

1Hy1S - HONIIOS

i
| |
UCLuH3NTG | | i) | ﬁ
(AT AWy §) dsfulZ | 2e _r - . [ -
TINA-QIONII0S (1§ 3 _ ® _ ! 2 3
Oid WavdS | 1 | 23 :
NVNO-3HQHI| L 13 " | 3
EEEIFFEL] B BNEE] — _ —
118 {438) T081NGS 31OWIY [ {436} T0H1INOD 310W3H
AT]_AUI1LVE 119 QUYONYLS 3xn130
! YOHIHOY SI0W3Y QUVaHVLS m« JLLYWIHIS WYHOVIO 9NIHIM
A5Sv_JOHLNOD[ T [ (¥
NOLLUAZS0 ALB) 30 930

150 S1ave 2 ROIO_ w




0_0_ p]| _w he._. _uxﬂoﬁnn“m . M - [}
S *OWROND O KO113¥4¥ 02 10 M " _
175 NIO-TOULMID . ONCHS [T vt —| " A2y
MYESVIO SHIWIM vl WI/MEE -HN |10- AN SHINAD TIY QNI DY ONCHD. _" Ao " ”
J e o a3 ' ;
o M3 o) az AR AC_"AOVZARE) 8 ML
R ....u.s.. R s ﬁo @ KT A08Cj022 ¢ [T 9F 403 MOTEDIRNDIAN
TN T i1 ST T FTT HiE “ASHE/REE 98 0K NII8I5HT "
= “HiC NIOLAOEL b e 41400 40 3CISHI KD SYLES 33Y
Hd) “ACYZAZI 9F oK -
'A/LLT XY " oy
@._:un___.._u k100 SINTH 41 75°Y ﬁwwol 1
|
- I
[T T T Y = m
1 ] ..ﬁ i - -
WA P 11
S I “ “ ny oo
. _-
L Rt _l “_.uw_ [
035N NIHM N6 o 5 o S 4 ]
"
¥3ovar | 1 * I, 4 = = _l..n z
e 1 H .H FS
..NT I'n ]
T i -
* [TV TR ITF ) i v’
SS36d 110 AOT-HH 1T T %A% (AR
L [T 2 ] "
o )t J
I sl - H
T EE ) L] [l —
BT YOS [ 1] _¥Ed S} N o W u
X 43 TINT-aRld | 1 21 J#4a 5
AYE OW9IHI-T0W0 | ¢ 13 fuus O - . — -
—————— R — ™ o
IIIIII | e
v Hlﬂdl A = =l 1 m
eliclone Y R39 5RY 1311 1974 M —_— " 193NN03S 10 T
= _—— _I_ LHYIS ol
SHES | | A [Id] "
{0—
@ TWIC - a5 55 | T i N I
100 CULNO)- \ Frh
10% _0NINGT .
T3
\
[ —mWm R AR argy s
I AOTER] 0y H
FETATER] [0
A |
ISSY_avi ] .
ASEY 0N T
355Y_ 07} o=
L ALE] a s
ASS¥_0Y3 I ] .._|
ASSY_ Q¥ Y
LEH L N
FETTTL LN .
T = I
I A
'I]Iu.m [ "o
] P.x..mnll (L]
TN ] 1Y,
" o ® o
] JuYmKS " 1
nu ot 4o w314 isw L] ol
TIONITEE TAV1S-1y33d [T] VIS I
F N W VEI TR 13 - - J
1321 SLNW




25010119

Sr_wal

1080 A

{NVIoYIa SN
133 N3ID-TOWLNGD ..

[ vao_ Joive-w |

YOO/ ¥ ¥k=HN

ACAUVEORIY AINVEIGN B RO

AT o uww Q)

Qa4 Mg

435N NIHE

"GRIgas T 7.

T Thmibalcing
§8362 111 ADT-KILINS

AR ATV HOTHFRIETES
ASSY d¥D 7 HIWINA i

HOIVHIATY

[AE]

[}
aNTd ABYAS 2
~dN T

YW OMH3PL-3N0HY ]

8ICI082 _E.. [ T P R

ATl AILIYE | 1

[£)
10

FTH N

J025 TUVLS-HITHASHTIS | 1

KO L1 IRHOITY-HTIHISUIS

13KNCHY

J ] [TE]

100 TOUINDT-HIADD

¥08 1924803 i

Assy Ny

ASSY 0Y¥37

A35v v

i

]

[1]

ASEY A¥3]

41615 H3WAVR

Y0018 _IWNINEIL

ma—m._.x-.—unza.:-w
=IESV M
[T TRY e "RISTSI [

ASSY O¥3T 7 9OISISIH | 1

fiv & 0OM "U9 "HOLSIS3d

ASEY O¥3] % HOISISIY

M 05 '3 "EOISIS3Y

ASSY QY37 T HDAS)53Y
TOIRR0S T OV S-9 133V IRV

AJ3NHDTS 1D LUVES-AYIIY

2510 _LE¥1S=AS: 134

HOLYINGIH II¥LT0A 4315 Z-LVI3H

dCLS-avial

OT0N] 105" THvIS=anay

3N 01 AS5Y_d0L10Ydn)

HOUJINO5X LY~}

151 S1avd

e.: WOEW W W
1

o
~0

T (=]
||$M? ||||| 9 - =
f
IFI __ runhu M.Mw
-t — —— — — -
S v I 4
25, " A _ RN
el .i_
31 i—
23 O 2
] —~
Ay
£

“Ht ‘ADOZ-0ZY ®
‘kdl “ADKZ.OZT) JE

SOHIY 4118 G¥

T oo ™ Ll
oty wlp
N

m
A "AORZ0ZL

&2 “Azl

“ONAOYS 0L WOLIGVAYD GIW 1°0 JAKH T "
SHIHLO TI¥ *O¥31 ¥ ONAOES. "
]
(] an3 .
©) IRI¥IE L1 LLa L
HIE AOKE. 5
4C 'ADME, OB1 Q! wasn 40

b L2 TR HELLUAEL]
IAISHE X0 NIFHISNTIS 3I¥Wd

JILYWAHDS

L]

[ €
pucrwﬂﬁ o5 2|
1S
" AWI3Y JOLS
3 3 BOIVIN9TN
m_w | ——_—— 3001700
[# Y% F B _ BEEHEA BRI =
" _|_ pard
| ® i _
i (MA dOL) |
1538802510
LYYLS 2K —
- = )
e «aw\ U o
) + 3
| M _un M..u. ¥l ..L
gL 2
1Sy IV N6
S
[— ‘,I.HJ_
T in
! . 24, |
_U [ JT-1)=R1-1 F—
K. 1R

WYYOVIQ DNIYIM

%G4 Jo maih 3aisni

[ 2g012119]




98012119 sy | e o n
- Hd | *AOpZ/0Z!| Hd1 “AQWZ/OZ) Q¥31 oY G3ANROND % m..
WYHIYIO ORINIM WOODZI /MR- WISV ¥ | NOOOZIUA A - MIDZWA G ACPT .
135 N3~ KIHINOD mvnl qogozesimi-HNS'S | G000ZI/ME N - SR "
. I 5E-21-2 . . .
e § ——— . ME "A0FE ME ‘ACK2/0R1 mE °ADEI
- " T _ [ BZQOBEE | HN'woi] GALVH  3#0M3 WUSSIS]  &D- —e
T o ek o ®O11Q00C $4£006ST | HN'NDY SWS GXIYH __3wOH) ON|  ¥o-~ ANVHI HOILIINNOIZN
|olidoot #220096 | HN'930]  BWVD S¥D  awoM2 ON|  €0-
©001dCoE 169988¢ 50 3NOHD hwNO| go-
G001000¢ OF5GESE | HN'NOD INOHD  NOS5IS) 10—
oo LA
AS5Y TGuINO)| S53INHVH SNNIM] J3dON INOHD OGN HSYa
o= ani an3
T, ONIHYIE WMD)
HAE ASM/OYE XL o)
WAL A0BR/LL2 X¥ +0H
HAE AORE/OTZ L 40N
HdE Wo¥202] 08 40
1 HdE Ado2/ozl & 0N
¥ " Hd1 ‘AO¥2/02) IE x4
e o I s syl by syt - SR 2607 3OVLIA #u S9N 4115 W
I — AN
13y _ SHIV
AN A — D

!
Otadiv v —]
=20
- 2M—
11 =

- o .... -
§11C 1086 | b
WDILINGT-1i03 [ & I LHDIY
dGiS IN¥iS IIONTE-HOLI8S [ jul-11) cluty nu./
ASSY dv3 3 §3NvaEe 5
78
55784 110 AD-HOLIeS [ E 08_
N |
(AT AN N TTHEE T ) TN (1. 5%+
HIISATL TH-4SSY Q¥I1 i @ Ot @ 5 i
NOTSHIL TH-ESEY O¥31 1] Jaors - @) ® oo ‘3
S3RE - ClonEet E7] -H&) @.l-o..ﬂ_\ = .
3503 - 155 ol T e H
TINI0S _LEYaS-A¥ i3 1 [ 3] BfFF === -
[HIST (F1i o
¥E-30012 | 1 [ 16319 | n...l.wu.ﬁw@ ©
WOLWINIY | 1 I s |1 GH
[T7] it » +S @ ®
NOSSIS - 3ACHD 5 —
an1d NEV4S [ERFE] \ Iy
B0~ 20~ "10- 1ihi-annd [¥]
TN ] O-NOLTav4va | I3 sydv g R nbisy a3 iopay
FTARTETV I Y 118 s ) " aLON
T30} W39 AN 1517 [51avi o18L9313 _.wl
NNVHD aH “79]

H1d0Y ISKI-"WYLINGI

SSINUYH Sxiutd
(310N3W_UIWOLENSY 4015 LUVLS-BILINY
[1 (WIS=104INDY

ASSY 135 HIS-104INDT
JSSY 0uiNDd

o = Ha OILYW3HIS o 580109

150 Sinwd

WYHOVIC 9NIHIM

TR

B
§
¥




¢ et
SRR

ot
QLY

[ 6H-1090 f— —-

. NOILIKD 11100
0 3 LnloNTIRS Ting) MIBIA-HOAIME,

| S10nET uan0iSa01 JOLS SEVIS Huwms]
ASSY 470 3 W3uvAed |

QldIy cldiy

T TN T FI T 1
(-0 W0-80-70-%0) $4aid 10AG1- HILIAS] 13

PR
T
T

MEISHIL TH-A$SV Y]

ADISHI) {H-155V O¥TT
" 350 - hSSY 33O

CAING V8 I¥N) c10nI106 -130)
. BIONII05 JWVES-AIdu |

[ITEIEET]

040 | 3-k011204¥d

204 E1-ni3live

74340 N9 OH3 1511

3002 3I9YLI0A we

0_ 0601-119 THO® MG GLE} a]_ecomis |5 o 0N ' ONd0]  ot— |
2 seal WY ) Aove/02 (] xR Ol ok WRA [ €8 | 00 oy gaawnoup+ ”“
7 WYHAVIO ONINIM WU BE-HN 59 955 [+] [T I3 WX [eN40T ORIVA Tuok WYNd'arindu | e @ AOVE
g 135 N39- JOHINOD Ui URE-NDI0G NI O __SZi0%E | - 03| SNJuONIW @NCHONWND|  Z0- il
(W Seae, P af  veibest 00 “ONO TINOHS WD | 90~ " . .
.ﬂ..«ﬂ.“ﬂ.ﬂ“ﬂﬂ [ .l-ﬂo g‘—-y..—’g INOHD ON [ 1 ME ‘AD¥E ME ADFPZ/OTI KmZ ARSI
OULVH ONOT SV OO ON| 0 - INVHD NOLLOINKDI3Y
ON40T'D Ovin IVANIHL 10— aN3 N3
Qlrwatst] HN JKTVA SYB° 3N0HD ON] 20 - DNINY3E WINGD
figre-wis] W AN 02.1vH T WyN0] - FWOHO NWAG|  (0- HJE NDLY/0FE XL Ml E
re—— Hd € "AQBY/LIZ X¥ Ll W
AAOHD ON HEW] HJT ‘ADBL/0Z2 & mOM| 2w
HdE "AO¥2/021 0% wow| |ew
HdE 'AB02/031 + ow| |an
He) ‘AQ¥E/0231 I8 mZt] | W

SONIR 408 IV

Q35N 10N I OW ILIME
Hd € ‘A 911 HOd
J9YLIDA 66 :3LON @)

AT

E
L]

i

SSINEVH NIUIR | 1 | i8]
HEJOV_3510-1 Y
FUIR E 41 91 WaI4veY LNVIS-I0WINGT

ASEY 135 W3Y

-10u1Kk03

: J5SY I04INGD | 1

F 1
1)
audiv suy POV £HIY ﬁnc_q & ..._“”.... ]

P fF -

1 (+] AN H31dwly]

1§ U 24| ELTE Y
[1 2% 1]
L3 n [ET4
[ 3 e
AT >
1 HW.\T...D sty mv 1brv ooy
T - m
[z L <. Jes oo.g. ZUoIY

1 13 TR S5 b
I €3 24 Tmu_q F 3 @

] 118 - Py ] Sy
d !19373

2 VLA oY o™
18" m
Le—q
O 28258 i
EE £ ]
" LA 1
B m
s ¢ i
i @ %ﬂn -3 @ B
e S ]
—H® Gffrm===m= | -.n
= @ '
_@ O i
M 1
i _@|ﬂ<.ln@| it m
| ;
| U
L e e *a

NOILHIDS30

BT e DILYWIHIS

1501 SAAW

"AVYHOVIA ONIYIM

2

~0601-119

6-10



Sudid
L 1 L r i JlI..
6012119 oo THET WE Hd1 A0ZI
WYESY1a ONTHIM, U006 7 9i-AND 8] oo
SY N3D- 10MINOD ] ¥000G/¥)-a80% 'O
T AW ] 80D J22=2-L ooy Ncpw
-ﬁ.—(ﬂm-‘.ﬂu{“-‘-ﬂt_gﬁ Dk ‘“‘O
/
[
‘MY FLP 3LPINNO2SIO LEVLS NilA 1
P ELON
|3
"
1
6iiClond |-
IR T 751 17 L RETTL Y i
13§ HIT-SSINVH SHIHIN [[]
| 4o, EREETTN[TY [T}
HOLRITATIa [0 ||
TN - QIOWNGE ] | [TF
i
JESV AV % Wanvage | 1 38
driS-01an3 TS
FIINTEES] 5
HOIVNEILTY 13 - -
m_“_”“m-m._““w 7 “w (42¥) SI0¥LNOD ALomIY
IXTHI 13
[Pt}
E0ITI¥3Y 17 ]
TV Z7-5B3IT¥G i ALYW3HOS WYHIYIQ INIMIM
L1145 QIONTNDS-HId8vIT 13
ILH_{DH~=T0HINDS 1y ]
135 A35-ASEV 109 INDT
MO A0 |53 90

151 Sluve _ ¢m Oﬂu _ _w

6-11



96012119

o ooy Hd 1 “ADbR/021

IHOS MEOL ¥

NYHOVIO SNIBIM
435 N3ID-104LNOD

f e

2]

SL-2-

HN/HIC-HITKGIV Oy
med  JIFHIE-HIINGD W O

® L P

o e il
J reurenor snronis @ wosen W -o

611CI096 |-

NOILiKD L 1

N ASSY d¥d 1 ¥3Rvwiud
19350 WIMKIGN DL BALVAM HOIH -RIDIAS
$534d 110 MOT1-HILINS

[ KSZ “UCET) DINILAM MQISIS3Y

¥ 180
11CHIT0S LETIS AT 18
¥0151538
¥ 30010
a0LeBINIg

T T own omzEHL 3wond
_ Ny wivas
(g3 NIKNT 33n4~annd

OIN _~37R0119vd¥D

[ T ok p-daaure

TSLORTH HIn0LSNDNOLS LUVIS HOLIMS

14380 W3O 9K 1$11{S1ung

i

SSTHEYH SHigis

Y0¥ IS|0-WNEND

(IUIN € 01 ¥) HITJ¥OY LEYIS 10HIRED

ASSY 135 HID-TOHLNOD

- o |l e

ASSY 10HINGY

NHOILWS3T

1911 SLAwW

* ﬁ ] ﬂ i
A0Z1
o ava1ov aaamnowe v | A oo | Lo £ | s ™
10=] 2N - w }w. 2N - _w 2N -
1.3 N (L]
ME ‘AOR2 ML ‘AGw2/0Z) MZ ‘ADT!
IN¥ND  NOILOINNGTEN
¥111000E 2LODEE | woom SNOHO DV OWMINL| 20— oNz ana
2001300C 212065€ | MIoW 3Y0HD OviY ONUSHL|  to= c noBsrLLZ xwuz_zaun - Hhoa
AS5Y _JOHLNOD | SSINEVH SNIEM] 1390W ELLTE] GN HEVO P ez Xt ol [om
. = HdE 'AOv2/02 ds on| |2
T HdE ‘ABOZ/OZE ¥ on| |2n
HJl ‘ACw2/021 52 m2W| |en
3000 FCVITOA «w - SSNI oIS IV
— |
121 [V
LI A @ _—
BYIY Iy 2 2-
- = e
a3 -
bl I
oty e — —
-m”mwe C_q a4 43S
UMD
' W pvees }
1bwvis - 10
i5 I
H [ awws) g
w T ) F mv_.n_‘.olq _ 4
L wh FOm T _MI-
oIV 21V v Joi vs el
@
goIv ®
@
X
L AA 20 13
cHIV rAY .

L
Sudiv ik _V @_M‘

AWLD3T3I
ANYY) OH

JLLYWIAHOS

WTHOTIA SNIHIM

26010119

6-12



RN

oy nr 1l horl

DRVEIVIO SHLNM)
S W39 -W0RINOD

FER BTN

3 eooi/a-iuoe
7 0004/31-38 0'F

et M

bt gy sy
HOY BN RDF IIWRRINIE KD eSulian) ﬂo

f Git-1'09 |

{HHS WIS)

J¥O3 ¥OLdINWna 1 T

M3 ¥ HOLDINNOD

JIORIN-SSIUYH SNINIR

435 KIF-SSMNYH SNIN)E

] ET AT IEETTRTT)

HOLING-T10D

S338d 110 AO1~WIL1AS

I ASSY J¥3 9 NTIVIW

1303-groNa10s

14315-01 0NTT0%

COVTELEL

BLYNYILIY

B7d_ANVaS

dmhd_Tind

FTLE]

L1 0vavd

A10A Zi-1RTLIVE

14145 QIANIT6S-NILNVIS

EC Il T [T

133 BI3-AISY JORINGD

N ]
150 SLAW

N4 JNN TNOINIAAY IHL ONY DILYNEN

Wil SLD « LDPNNCISIO Lal's vl €

“O301A084 §1 SICHANOD A10N3d IXN138 IHL

“Qaddv si

“IVINDG IOWIH JAAVI0 40 § TYNINNIL OF 2r do

S TVRINGIL R0o “IWIN TYMGILIOOY MY 41 035N
38 AV ((DAR60-0CE) 10WINDD INpWIE 3%413d )

18 O IO

N T ™

e ——

)

@MWW %

us
JLLVNIHIS

o

W \=

i1} 4703100 Jiovean

YRR SHNM

[T&on-1>

6-13



—

2 ceno.

"Hd1_AObzr021

ZHOS ‘Wb

(WY HaYIQ ONIHIM)
4138 NID-IOHLNGD

YI009/4dE -480 | 10—

R Ngoe

[ r—
MYEOD) TR K WO -_ﬂ.-o

ALOWIH~ 318YD) SEANEYH INILIM,

10NN = NNOD) SSINHYH DNRIA

L MO IRS

ASSY dyd> B8 _HIAVIHG
dO1S-LYVLS-HOLIAS

FE

{43)03xId Goisisay

AUVLS-QIONTTOS

HOLYHIANTD

(33H) (AZeINVE)3SNd

{438) dWnd=13Nd

(F34H)13n3- GIONT 195

ANld HHVAS

NYRO-INOHD

{434}AS5V 30010

HOLIDWd YD

A2l AHILLIVE

(3381 INOD J10MIH OHVONVL

{A39108AINDD JLONIY IXNTT

ASSY TOHLNO:
NS

1o]a)

AUE]

1961 Suvd

@

Ll

NOLLdO

HOILJO
NOILdO

JLLYW3HIS

|
I

2] L

! —ew : -]
>o«o~ 14 a0 >oe~_ N
1] 1]

LY P ] MZA021

LHYHI NOILD3NNODIM

> 14

074 H3S

{434)10HINGD 3lowan
QHYONYLS

£Y {431 10HLNOY SLOWIH v

NYHOVIO ONIYIM

3Ixn13q

2] £el-li9

6-14



og1-119 w08 Mw | - reim [ T wla
L2li-g [ommie] ., mos us . SoTSavsoih . T ™
ViG BRITIA 1 5009178 -unes v
#OOW1/82E WIDO'G GO 30T Er¥egv| § 2 KL | A2 ™
s ocaN - 0| 19- _ i T ]
et Yyt m.mo UEHAS M4 I | MEAQPT/OZI MZAgR
Momaay W @ et "Hd€_ “AdBE/OZE2 LG SNIVIYSIHL I ANNOM b « LHYHD MOILDINNODIH
HONOAK/ YLE~NDI T | 20~ Dy SYANYS DMLY TINOM Em
7 7 OERTY NS THLIG ANIOM 2m
e tveding T STMEV INYS THL TG AINOM I
LRI air1ITY “hhy 2 Auvw = =
THOI M AT ACZZ ] | SMOUDINNOD AT ao et (B | 6E Oa
Q0009/40- 49 0% . TALON T
oo0al/ulE ow
HN- 13 se-g) 597 i am" -
38N NN W Hd ¢ X

!
l
EANRENNLNNNL

| (SNGT Lagaoel LioyaNod [T T
u._.OIUtIu..mdowlswuzzq: ONIHIM | | EM NOILJO
133400} (10¥INOS
SLOWIH—318YD) SSINIVH SNRIMN | [ |_ZM | NOILED
{3LOWDH ~NI NEVH ONIEIM [ T [ 1M | NOILdO
NQILINBI- 105 1L
[ INIL UV HOIH-HILING ¥o. 1%
EEadd U0 MOT-HILIMS g
[ Sty dvo @ Hayvada 1| 2% =
JOLS- LUVIS-HILIMS [ ry
[EROTTET ] 3
SIE3H 1] 1§l | =
|AU|_, TMHO M T |mw.
ANviS | dOoas -
NOILINS=-AVT38 | 1] 2A | {3 L4 | 1
_ JUV1S - idha08 [ 1M ————d ! _lq-
e __ Uolyu N 9 il 1. .l_
TA m«.mrmm:.._ 2] .21d —- TR [
N 08 3 "_I#Iﬁ.l_
N dvind _—and El u O ® 1 o
DR1d NuwS | 2] €32 i .AmN\
RYNG=a%0RT E] H r.mm 3
CEIFITGE ] =
HALIOVA YD (] | ’.oMﬂu.
AZI A Live| i] T _ £5
JOGLNO: ) ONVIS | | . .:. -
3 IXIH0 ¥ (439} ONLINGT FLOWIY Ruz_._ox.—zou ETCTED
.lal.guaﬁc W QUYONYLS 3x¥n130
s TR W OILYN3HOS WVYUSVIO SNIWIM
20~ A
[ 20— LSSV T0uiNGD
S0="10 = A55Y JOHINOCD 1% ,
NOLARN a0 | 5 O FN—-I_—O
151 S1lwwe

6-15




ein

0L,

EpI-119 Jem

ME
A ove /o2l

IH 08

(MYAOYId SHIIM)
L3S HID - 1OMINGD

p 3
i IIfHIE-HTINGD _OM_E

10} 5e91-00€

HIIN|IYW OWHAHL| (0=

ASSY TOHLINGY

T IROHI oN HSYE

"LHEHN SNINNOH

HOHILIW JWIL ONINNNY L0W3N ¥ 804 §I 9-181
HATW NOLLIONOD J43LLvd 310WIY MO ‘YOS S S-18L |

TILON

HAE ' ANPOYE XL
HAE ‘ADRPILLZ Xy
HAE "AGETAOTZ L
Hde‘AoSC/on a8
Hit"AgOZiOD ¥
Hd | " AGYZIOD) OF

3007 3VI0A 59

= -
[17] t
BINHYW -dloIs | | i3
3918 Wiiwaas | [
8L
OV _OWHIHL - 3wona| 1 L
[}
ANIL 0y HOH-HILIME] 1 ™ 5w
" dWIL WY HOH-Loums | o | BS
™ ¥s
- Tiaw) Om-Waamwis | 1], ey
- %3018 TWNIWWAL | T
o || 192
’ §5344 V10 w0y - waivws [0 u
55V 4¥0 T u3uvaud = HoLims | 4 £5
JOLT (B¥ES - WoLomS [ U 7S
[H
TSV AV IaW | 1
ETT - ] ¥
- BDLSISIE 7]
A LT 1]
T8
HOLLINDL WNYHD - 49134 ]
T0N3 108 10V 1]
WOUVEINTY L
RTL amv § - 35 13
LA CREHIE)
[} LSiLE]
f dBDd 304 [
Sié - yWvas | T| 3
[ 4]
ONINVID "LIvQ) WILILYN | T
[ERURITTEN MM BT
= ¥ [E]
TIv_|
TTRD T3y Fuv a0TI0 Q31517 SON Lavd 1w TI._
L 24|}
ASE LN T v 8
HO{ L1530 ol - Om.vm.rmﬁ U_‘—.q—zuIOw
151 Siuvd 530 J3u

L W
oNIY IS Y

Wiy Q3ANOOES ¥

N3 av3an oy

AQYZ — I,
w

™
3]

o L4 i ™
W €W

R ot I
+ w 4]

MY Hdi  LEYMD NOLLZINNOIZY

doLs -luvig

z

1

[&]

EPiL-119

6-16



ADPE /i au_

@

A/0009/MOE- HH B9

{ryuzvio DHwM)
138 H39 - 101 LNaD

k] il o Jai 2z & #7000%1/ NIE- YOU 06
SISO 2 e THOS »e
NOLLYHOKN00 ....‘aa h..____.. hdl AOTI
/0000101 -8 O | 10- @@

[1{[1w]

0350 HIUR

U= HvaT SSINMWH INEH'A | ¢ 1] v

TIIUNTE-RATS: S53NGHH ARTEIN | 7 I

1] 280
] ! [zeni9d
ki
= DV AINSS - HATNORNTIg | [
' Quvod WMIWYIL | 1] 2gl
—
ﬂnw NOLJINDN = 11 1}
SSIH 110 ¥1 - KYLIAS 13
ASSY drd  EINN3HE - KO1IAS 25
N 0% 1HYLS - Ko1iAs [H
FiowIn-~onig LINIGe | 1 ir

40151534 24
Lo nn_ HOISTE I8

a o vy
41002/304¥BUYLS DNLAOTI0F DL LIRS ININAI00 SIHL

ol essold wowa soit ¥ ticoz

10 TWADNAIY 0/ Jdve 38 0L SNOILYIAID
U SITNANI N IZRWANDD BIKE MITLNIVW QL

i

kL] (L] (]

II_M:. 1o o L] i

A0Zi m [ *0rs E{a on ACTH -

- = I} F 1] n

M2 noz ME ADFZOR MZ 'hozl
1HYHD NOILIINNOOIN
¥i90'% HN 59 ¥0R0°'6
‘380 31 o -

WAL FA40LNHE NIHM ATHD O3S0 & b °2 douw Luwis
VOLYWINID M) O2ONNONS S ZW 1 L] 1%
“3ow 0 a1z 6 1)

_—I e — — T /3 L
{ P ]
a1 N3 m -TTTTTTTY = i
& e twans | m |
i i _ :
i _
i3 414 ;
— )
R b
|
3t ky |
s [ I
0 'oe 24 _
__ v R d ==~ .mmn......luz . TN A
! SO MR Faton
_ 9 TOLOL v
g _
I
I

T
NOILINDT W - Av138 | 1]
HORLINAT WAYED - Ay1da [ L] oW "
S 11F [0 1T V3 ) T D €M W0 20
FTITICEEN N H :.ﬁ <= “ f A
e em5-snd | I | i T
100k 3504 | T[T 1 | " |
i _— . e — !
3 — _—— - _—— T T —
CrRE e Iy )2 L a1 v | _ @ ©® O ] .JI |
14 - Wavds | T €03 [ N P - - -
O FLLTM G35n LOR T AYHD - |y L i L Q) ®
1 17} —
wongyy [t w9 | | | _._"__C t H
AT = T I3 1 ]
TOMLNGO 316HT0 JUVONYLS [ T| Ev Iy
TOUINO i16m3d Jemei | v ow _
: us, (334) 0uwiNDD 3lomay | €V 33 OuINGS dowgd | ZV
(E0) LSS WHINGD T T auvaNvLs wnza
XESY SoHLNGT | F
5S4 _J0ELNOD | 1 1] DILVYINIHIS WY HOVIQ 9NIEIM
NOILAND530 s (530 73| _
1SN SLuvd *m— rLi-112

6-17



.-

o _ U err1-119) mer Ny osT s eg[aw ] s
g s8ll-11g Hell prees ™ ol i Ll Bl e m avan ] L T
i (WO THININ) 4 WY opziom ok LE »* 3 tn T sdp in * kw
135 N39 - T04INGD ¢ 750N At S e I V. 8 2w
= I WAL WH] Be6E 4 A3 N [T ] In] N ¥ w| 9 m| 1 "
SOSN8 11068 buury ana [
NIV IO WPHD 40 L ®) sivvan| ¥ N3
B JITS 3V My ‘H4I  LaNHD WOLSINRGIIH -
..mﬁ._u
- - L TCTTT
L DHINANE )
¥0 WILIN INIL TNIWNDY LLOWIN W04 I V-10L & Ay ) — 1
YTLAN MONKINGD AWILLTE JLiNIW WD+ 804 51 S T j e &4 4 o I
VALON
It} - -
. []:]
LI |
_ "
! L
ik
{JUYONVLS) ALONIH TOHANGD ] L 1 _l,-wl
1 S10W3Y JXMI0-I0ULNOD] 1 v 4]
T LA
LI WHINEEL [ 1 Tar | 2u “
L
N0 WHIARIL 1 81 [}
[ HIITRIT=T100 | 1 117] ARAY
| el e o omms [T 8s 2 =t &
NIt BIIVA Relii-iiartes |1 [ ¢ ] e
90§84 110 aOTH0I NS [T 33 o TS
ASSY D T anuvIE0-RILINS | [ 75 | b
= T o \
015 INVIS-WOIINS |1 T ey 3 ™ e
wnl— + \
@ %570 5-gaj3 1574 [ M .V
2| TS G DN HSISE | T T 1 )
1 T L Y = + ~ 1y
W G TTH T I Te 2 I .m - |+ ,/nu“
1) £
BFIL GNINNNB-H313M | | W __ _ W @ bt ./_/"
40T JvTaw |1 Tl oy
HDILING ¢ WDE-2¥1 1 £ .__ﬂ“._hn L] e A et E./_
ROLLIND | AYAG-3¥3E_| | & M |
A 11} 10t 7 S T L 13 AT r - - +
wi— @6 | 3, !
[ LEREE) 5] W Ll @ @ ) (53 I
TN _® a_ | 1
i ™ zar | !
FEIERCEI S [ - “
RIL I 3803 | € | S o] |
- 1
[FNHe]— r9aTa-awomd [ 1 [F] !
EnT-aAnd | ¥ 73 e !
VI [T | ¥% "
1
|||||||||||||||||||| 1
(RU5Z_"wZ1-8) Keai11S-a1(d1Ea3n FIE
3001k0-H I 3G T ¥ _\ _\1: _\. . \ m
[T asr— T S T ® _ :
| 1
yiliyis-soion L1 [ e | 1+ H ! )
AZI-AB3LIYE |1 118 ! I
€134 10MLN0D 1311 SLvd
|
TSV T — _
NOlLLe 633, [aclaa 43u < [ ey
g (4341 TOHLNOD FLOWIM (43t TOWLNOD FLOWIM
ASTT Siuvy i kit GMVONYLS TWHKOILO 3XN7130__ IYNOLLJO, _-m-_ s8ll-119

6-18



" e .l.ﬂ! aAr
- SEI=- 19 FERE T aenaron |~ |7 | |= R 1 :mnmn. - "
(onreevia oame) YOPOSI/IIE - HKE'9 | EO- ' > _.a. _I_HI
° 13T N¥D - J0ULMOD Yo00BI/N3E - v9u 'S | 70— L ||_Hl._.. X 2 P
AYQ +Z & . . .
..-o MT h0Z) lnsovnau Az ‘non
T o - AOR
MOLLPMOIND MV 40 . LUPHY MO
— = voodis vi-waRoy |0 viaoe e
A3 of ]
e WirvY ot (4 CiOY STw Do
o aav D
8| g | () et -oTR WAL 1T YILYEINITI NI 0NNONS 51 2
B
SIS0 IR - . 1
orvo
[JOs 80
'O #0O|
r
.
I L
“ T
N W T T |
[N L L
T3 | W=kt _ -
_ 1
o l
] in
(AT
|5 [##50-02% “ | gu
Yy
o A=
= Tvoa 3L | 1] ¥ .ﬂw.‘mnm | @
o 7 | erso-ans ) “ -
MR [ 7, 1,
. _ + Ml_ i..n:..w!..!
| -
10N =00 14 13508 [ 1[0 | OWo§it i h N e 10N
FITHIF [12] TRLGL 1y
H.-ﬁ.dn.-lﬁ.ﬁ.ﬂum LT _
B i | ° 3
it =
BRI INLS L] | ém Jem v €1
NGLYNINID - 1
AZL iy €< 53 QTN _ P %1
EI0OA 3303 | T4 [ EO0Ta _l -.I_
. T S W ||J.| - | H
Mg 1389 ] 1| |ZVEI-EWY JI J ..M _ J .4 _IT@
TATé - VavS | ¢ 11 ]
—— K ® ¢ | s
- 11 4 [0t00-
" [ nﬂ.,w.ukmnu 1 “ LY*
I | ¢ Y 1 (11 |
[ ovIN.S oWl QUeHVIE [ T[T RO _ ®
J0AIWT 3L0MW 3ennin | | L4 | e0ne-wik _
[ ¥ JARLLEL T e o (437} 10WINDD dioWie | §D Ta30) 0WINOD 10N
i | dTEcwI-00 ) = _ 1 QUYONYLS WANTIT
) ARSY ortivag g[zc91-00¢ v I .
.axn..u..w._ﬂ-mu- e 3 .M”..oo_" T NIVWIHOS WYHOYIQ OSNIHIM N : v
Luwd QI3 - -
AS SEuWvd E S |||vn¢

6-19



-, o > -
: . w i
2 - B T Ar F[FwTEF - - ! :
...M:,...u m.v: —_nw m— FAVE WidkE Mdl Aovefon _ \. \J —\. _ . nﬂﬂﬂnw.-,_.:d( # - L] ——an ow‘ ¥
{HvEvin  Biiim) 4 L30T ol Hal faovefon ok 00 » N fw
- .mumi_mwm‘unm._.momlln /3N c T : - Aot Ly _55 Al ~zm M THH
.._u.,...:_ — 030 T 9069, o oon_.__bou wavel addd] CHEEECAE: — W ' t "
_..o.o..sl.n__u._n-_.:_-.- QH1 [~1\T]
NOLLYHOUHOD HYHO 40 zo_m__.._nﬁ g - wiyvaa| ¥ Ana .
nued_Jesen] Jargare o] HI THIH dV1S AV My Hal LaNbD  WOIDTHRODAY -
el 7| i, SRTEIM T OaL0aHa0T| ¥ ) - .
AR SINOD T d50dv [ 8 . .
| sulzma Y L Al [ . v
o] 1 950300V | d |eose ’ . ——
R 83 0L SB-bM GVM | T |1699 P, .a:m THVIE
Wi LIG0-GOE SvA 18D | 4 lgias 1 ONINNDS -
=l m__ 58- V31 DL 9101 Svit| 516089 W WILIH INIL UNINHNY 2IONIY ¥0d 51 T-1L - f.mw. S oy w.(_r% e 4 i
: L . YILSH HOMIONGD A¥SLINE SIONEY W0 49 403 &1 §-1m0 9 w..._ Is
ekl oY w313V aWIL I 0oV | Inpesez 316N o
FREHIFTS S2.51-LOE SvM ¥ & '2n] I7|BLHeE|
i9 .
—Qaetvabi J1casnIndings [ 1 | 8 BSeo-00f \"EY It ;
o e 22 0UIE AX(TIA-IOHANOD | 1| G PREO-00E | 2¥ 3
»
S dTeLs uaunw__| I | | L13E-EEE p !
BT N T T . L !
S LT b 11" ¥{ E0IZ-LEL 1
[T WeO T8 WML |15 bBAREE T VT | i
L U 1 ' A
oy : i bt —
e —— e . L
T dWEl XA RHDDRS |1 : mm. b 4 L @Mn ﬂm..
i s
S TN E Y I €L | ©) L O
ASSV i Em:_ma__nmu.:: T LH 1
M ..duis pwwiseRSLINS |1 | ¥ EEROE0E is -
) TN £ - T PENY) M
H T U TN =M,.H:= BalsIsIE__ [V |V [ YS0uHE ] i I
05152 P- iy
1 A8 Hoaraat ._mwm 1N EANELEL 14| = 9k ]
. HD
W11 ONINNNY-BIISN_| | { ¥ {80208 1] - = ﬂ
FLTERVAEL N LY 9881108 (1] ayaid K
SN 1YY TNV W Y KT 20T N nhs o
HOLLENSL Wyya- Ayl G s_..f_rE.._,_.
Q1 0RF105 1HVT8"F¥ T30 1EI0E 13 — -
(220 o @
— ] [
TRLVTIT EN . .”....,..* _% %_
— diY § -3snd | 1 £519-RE ] oL Fa - ™ -
WATEIRI0E_| £ ] 9 SLitiiE U._..E._ &M@lOl_l _@n T a 1
RIE AWy S=isha T T FOFERETT T L :3_ W
{wynNolb  103W-3%0H3_§ ¢t 53
AR TE F3 10N
THVTS-ST |2 e
. LAOEZ YZ3-9Y HOAVISNININEASY | 10| 0C6-iet | 7wy \. \. \. N.
P 11" 5 [TV 1 W R LTS T (6] -
s assyEsHaoies 1| { EBerTE i ® .
! .
. TR i | =|lf= _
g :_-;Em_ ] 1] . he . 1
T Ii|.lu|.!.l|...l!..!..l..lfclu¢nulo .,—a- mhn.u .u |—“-Iw— ._ j F _q“:- . : - “
LI I T A ey T ] 6 een0e o ; - - . -
LEE 165 on s IGO0 k u © . U3 W0HINOD JLoNaY z z
o - TGT Ty - JUYHANGS . b _umhzﬁuaw._n._m_ﬁm WNOILJ ww..__..‘.mn wodo_| ] Spi-113




Redistribution or publication of this document,
by any means, is strictly prohibited.



Jnan Corpgration

1400 73rd Avenue NE.
Mmneaools, MN 55432
Telex: 275477

Fax B13-374-80B7

oo s egistsed irademmark of Qnan Carporatian
Cumiminy s+ A régisiered radermark af Cumming Engine Comipany



	Cover
	Safety Precautions
	Table of Contents
	1. Introduction
	2. Generator
	3. Control System
	4. Troubleshooting
	5. Power Drawer Models
	6. Wiring Diagrams

	WATERMARK: Redistribution or publication of this document, by any means, is strictly prohibited.


