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ELECTRICAL FORMULAS

TO FIND KNOWN VALUES 1-PHAGE 3-PHASE
K OWATTS W) Yoits, Current, Power Factor Exl ExTz1 73 £ PE
1000 1000
AEVA VOiL‘;. Current ' s+ g E X I . l EKI‘( 173
1000 1000
;
AMPERES kW, Valis, Power Factor KW o 1000 ; Y x 1000
E i Ex1.73xFF
WATTS Volts, Amps, Power Factor Volts x Amps ExIx173xFF
NOOQF ROTOR Frequency, RPM 2% 60 x Frequendy | 2. 60 % Fraquency
POLES ' EPM RPM
FREQUENCY EPM, No. of Rotor Poles LA Ialag A ales
2 % 60 2 x 60
RPEM Frequency, No. of Rotor Poles 22,00 x Freguency 2 x 60 x Frequensy
Rotor Foles Rotor Poles
kW (required for Motor Hursepower, Efficiency HP x 0746 1P x 0,74
Maotor) Efficiency Efficiency
RESISTANCE Volts, Amperes E | E
I ! I
i
YOLTS Qhm, Amperes IxR IxR
ANPERES Ohns, Volis E E
R R
L = VOLTS 1 = AMPERES R = RESISTANCE (QHMS) PF =FOWER FACTOR




SPECIFICATIONS

GENERATOR SPECIFICATIONS:

RATED
POWER

B kW

12 5 kKW

16 kW

20 kW

RATED VOLTS

-|-420/240, 1-Phase

120/248,-1-Phase
120/240, 3-Phase
120/208, 3-Phase

120/240, 1-Phasz
120/240, 2-Phass
1201208, 3.Phasa

- 120/24¢, 1-Phase

120/24G, 3-Fhase
120/208, 3-Phase

MAX. LOAD :

CURRENTAT 66.6/33.3 104.2/582.1 133.3/B68.5 166.6/33.3

120/240 VOLTS,

1-PHASE

MAX. LOAD

CURRENTAT Noi Applicable 104.2/52.1 %6.3/55.5 120.4/585

120/208 VOLTE,

3-PHASE

EMNGINE 483 cc OHV 1.2 Liler QHC, 4-Cyiindei

V-Twin

ENGINE

COOLING Air-Cooled Liquid-Cooled

FUEL LPorNatura! Gas

RATED

FREQUENGY 60 Hz at 3600 rpm 60 Hz at 1800 mpm 80 Mz 3l 3600 rpm | 60 Mz a1 3800 iom

TYPz OF ROTOR 2-Pole 4.Fole 2-Fols 2-Pala

ROTOR WINDING 12.6 Ohms 10.9 Obims 2.0 Ohms 8.5 Ohms

RESISTANCE

STATOR WINDING RESISTANCE VALUES:

B kW, 120/240 Voits, 1-Phase Units;

Battery Charge Winding . ............ 006 Ohm Across Leads 83-56 ... ... ... ¢.21 Ohm

ExcitationWinding ............ ... .. 1.0% Chm Actoss Leads 89-812 ... ... .. 0.21 Chm

AC Power Winding {each winding) ... .. 0.16 Chm Across Leads S2-35 ... ... ... ... 0.21 Ohm
Across Leads 26 ..., $.75 Ohm

12.5 kW, 120/240 Volts, 1-Phase Units;

Across Wires 11-22 ... ... L. 0,12 Ohm 16 kW, 120/240 Volts, 1-Phase Units:

Across Wires 3344 ..., ..., ... ....0130hm Across Leads 11-22 .. .. ... ... . ..... 0,10 QObm

Across Wires 8-6 ... .. ... ... . ..... 0.87 Ohm Across Leads 3344 ... ... L L 0.10 Ohm
Across Lleads 28 ... .. .. .. 0.63 Ohm

12.5 kW, 120/240 Volts, 3-Phase Units:

Across Leads S1-84 ... ... L. 0.12 Ohm 16 kW, 120/240 Volts, 3-Phase UJnlts:

Across Leads S7-510 . .. ... ... L. 0.12 Chm Across Leads S1-84 . .. ... ... ... .., 0,12 Ghm

Across Leads 58-541 . ... .. .., ... 018 Ohm Acrosa beads 87-310 . .. ... .. ... ... 0.12 Ohm

Across Leads 83-88 .. ... .. .. ..., .. 0180"m Across Leads S8-511 ., ..., ... ... .., {.1% Ohm

Across Leads 38-512 . ... ... .. ... .. 0.19 Ohm Across Leads S3-56................ 0.18 Ohm

Across Leads 5&2-55 ... .. . L. L ©.18 Ohm Across beads 858512 ... ... L. .15 Ohm

AcrossLeads 2.6 ... ... ... ... 0.78 Ohm Across Leads 82-55 ... ... . ... ... {.19 Ohm
Acrossteads 58 ... . . . o .. £.24 Chm

12.5 kW, 120/208 Volis, 3-Phase Units:

Across beads 81-84 ... ... ... ..., ... 0.21 Ohm

Across Leads 37-810........ ... ... 021 Chm {Continued on Next Page)

Across Leads S8-S11............... 021 Ohm
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SPECIFICATIONS

STATOR WINDING RESISTANCE
VALUES (CONTINUED)

16 kW, 120/208 Volis, 3.Phase Unlis:
Across Lleads $1-84 ... .. ... ... .. G.18 Chm

Across Leads S7-310¢ ... .. .. ... .18 Chm
Across Leads 88-511 .. ... . ... ... .18 Ohm
Across Leads 83-36 ........ ... ... 0.18 Chm
meeeherngy beades 89-512 ey s vy o 0.8 Ohmyee

Across Leads S52-55 ... .. ... ... 0.18 Ohm
Acrossleads 56 ... .. ... ....... 0.24 Qhm
20 kWY, 120/240 Yolts, 1-Phase Units: :

Acrossleads T1-22 ... . o inn., 0.08 Ohm
Across beads 33-44 ... ... ... ..., ... 0.05 Ohm
Acrossleads 2-6 ... . Ll e e 0.50 Chm

20 kW, 120/240 Volts, 3-Fhase Units:
Across Leads 81-84 ... .., .. ... 0.08 Ohm

Across Leads S7-810 ... ... . ... C.08 Qhm

Across Leads S8-511 ... oo oL, 0.135 Ohm
Across Leads 83-S6 ... ... ... .. .. 0.135 Ohm
Acrossleads 88-512 ... ... 0.135 Ohm
Across Leads S2-85 ... ... . .. 0.135 Ohm

ACross Leads 5-6 ...oovnn 0.45 Ohm
20 kW, 120/208 Volts, 3-Phase Units:

Acrogzs beads S1-84 ... . o0, 0.15 Ohm
Across Leads S7-510 ... ... ... .. ... 0.15 Ohm
Across Leads 88-311 ... . L. 0.15 Ohm

Across beads 83-58 ... oo 0.15 Ohm

Across Leads S8-8%2 ... .. ... ... 0.152 Qhm
Acrossleads B32-85 ... .. .., 0.15 Ohm
AcrosaleadsS-6 ... ... ... 0.39 Ohm

AIR-COOLED V-TWIN ENGINE
SPECIFICATIONS

TypeofEngine ............ Twin Cylinder
Cooling . ... .ot Alr-Cooled
Fated Harsepower . ... ... ., 16 at 3000 pm
Cisplacement. ... ... ...... 480 cc's
Comprassion Ratio ......... 851w
CylinderBlock ............, Aluminum with cast
iron sleeve
Type of Governer ........., Mechanical, Fixed
Speed
Governed Speed ... ... ... .. 3500 rpm
AirCleanar...... ... Paper element with
foam pre-cleaner
Typeof Starter............. 12 vgits DC electric
Ignition System ............ Solid State with
flywheel magnelo
Recommended Spark Plugs
Champien .............. RCizyYe
AC L R453
Fram Autolite ............ 65
Spark Plug Gap .......... .. 0.030 inch

Armature AlrGap ... 0.008-0012 inch
Valve Clearance- Cold ... .. 0.004-0.006 inch
GilFilter ... ... . ... FRAM PH3614

Engine Cranking Curmrent . .. .. 100 DC amperes

Engine Torque Spacifications:
Enging Fiywheel
Cylinder Head Belts .. ... ..
ConneclingRod .. ... ...t

v CEANKCASE SOMEL wemrirn
Govarnor Lever Lock Nut ..
Spak Flugs ... ... ..
Starter Mounting Balls ... ..

QAR CH-pOUNAS

125 foot-pounds
169 inch-pounds
115 inch-pounds

70 inch-pounds
200 inch-pounds
140 inch-pounds

NOTE: A service manualls avaliable for the V-Twin
engina, The manual Is entitled "V-Twin OHY
Horlzontal and Ventical Shaft Englnes™ and may ba
ardered by spechying Manual Part No. 81134,

LIQUID-COOLED 1.2 LITER ENGINE
SPECIFICATIONS

Number of Cylinders ........
Coofing ... ... .............
Valve Arrangement .........
Displacemeant ........ ... ...
Campression Batio .........
Rated Horsepower..........
Crankcase Oil Capacity ......

Cooling System Capacity .. ..
Typs of Cooling System

Alr Cleaner .. ... ... ... ...
Cooling Alr Requiramants .. ..
Combustion Air Reguirements

GOVEIMOT . ..o

Staner L e

-Page 2-

4, In-Line
Liguid-Cooled
Overhead Cam

1.2 liters (V3 Cu. 1)
S0tct

42 at 3600 rpm

3.0 U.S. quarts
{with filler changea)

2 1).8. gallons
Pressurizad, closed
recovery
Heplaceable dry type
cariridge

1820 cubic feet/Min,
72 cubic feat/Min.
Mechanical, Fixsd
Speed

12 volts DC electric



THE 8 KW, AIR-COOLED PREPACKAGED GENERATOR

SPECIFICATIONS

2
s gl
=
ITEM NOMENCLATURE ITEM NOMENCLATURE

1 Engine Valve Cover 7 AG Generator
2 Engine Air Cleaner g Batte Cqmgartment
3 Oil Dipstick & Filt Tuke 9 Line Circuit Breaker
4 Ol Drain Hose 10 15 amp Fuse
5 Qil Fitter H Auto-Oif-Manual Switch
g Qil Makeup Tank 12 Encigsure

R

12
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SPECIFICATIONS

TYPICAL PREPACKAGED GENERATOR WITH 1.2 LITER ENGINE

ITEM DESCRIPTION ITEM DESCRIPTION
1 Exhaust Muftler 10 Bearing Carrier Cover
P Engine Gavernor 11 30 Amp Fuse
3 Data Plate 12 Fault Indicator Lamp
4 Qil Drain Hose 13 Auto-OH-Manual Switch
5 Fuat Connection 14 Battery Volimeter
6 Fuel Solencid Valve 15 Hourmeter
7 Starer Mator 16 AC Voltmeter
& Voltage-FPhase Selector Switchf 17 AG Ammeter
9 Mounting Base 13 AC Frequency Meter

Page 4-
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PART 1
GENERAL INFORMATION

~ SECTION 1.1
GENERATOR IDENTIFICATION

Section 1.1

GENERATOR IDENTIFICATION

- Introduction

This Diagnostic Repair Manual hias been prepared
espaecially for the pumpose of {dmiliarizing service per-
sonnel with the testing, troubleshooting and repair of
Generac liprepackaged home standby systerns. Every
effort Nas been expended to ensure that information
and instructions in the manual are both accurale and
current. However, Generac reserves the right to
change, alter or otherwise improve the product at any
tirme without prior notification.

The manual has been divided into ten FARTS. Each
PART has been divided into SECTIONS. Each &8EC-
TION consists of two or more SUBSECTIONS.

ft is not our intent fo provide detailed disassembly
and reassembly instructions in this manual. 1f is our
irtent to (&) provide the service technician wilh an
understanding of how the various assembligs and sys-
tems work, (b} assist the technicianin finding the cause
of malfunctions, and {¢} effect the expeditious repair of
the equipment.

Units with Air-Caoled V-Twin Engine

See Page 3 at front of this manual. These units are
driven by an air-cooled, "V-Twin" engine. The driving
engine and AG generater are maunted verically and
gice by side inside an all-weather enclosure. The AC
generator is a "Z-bearing” type and is driven by the
engine through a belt and pulley arrangement,

ADATAPLATE is prominently affixed to the unit. The
unil Model Number, Serial Number, wattage rating and
othar pertinent information can be found on this DATA
PLATE (see Figure 1).

Units with Liquid Cooled Engine

A typical prepackaged generator with liquid cooled
engine is shown on Page 4 at front of this manual.

A DATA PLATE, affixed to the unit, contains impar-
tant information pertaining to the unit, including its
Maodel Number, Serial Number, kW rating, rated ipm,
rated voltage, etc.

In addition to the data plate, a DATA CARD is in-
cluded with each unit shipped fromthe factery. Atypical
data card is shown in Figure 2. You may be asked to
supply some of the information fromthe data card when
requesting inlormation, ordering pars, ete. The card
lists the following information:

MODEL NUMBER:

Many home standby gengralors are manufactured o
the unique specifications of {he buver. The Model Num-
ber identifies the speciflic generator setl and its unigue
design specifications,

DATE:
Indicates the date of manufacture for the unit,

GENERATOR IDENTIFICATION CODE:

Specific fealures of the generator, as well as any
options that might be insialied, are included in this
code. The varicus parls of the identification code are
wentified on FPage 1.1-2. Also ses "Vollage Code” in
this section,

GROUP LETTERS/ASSEMBLY NUMEBERE:

The various GROUF S {or subassemblies) that make
up the entire generator set are identiied by means of
the lettars "A" fhrough "G". Adjacent {0 the GROUP
letter is the GROUP DESCRIPTION and one or more
ASSEMBLY NUMBERS, Assembly numbers refer o
specific enginzering drawings, exploded views and
einctrical diagrams applicable to & specific GROUPR,

Voltage Codes

The letter following the "Rated Kilowatis” numeralin
the generator identification code indicates the unit's
rated veltage, phase and AC frequency. At the time of
this writing, liquid cocled prepackaged units were avail
able with Voltage Codasg "A™, "B" or "D" (see CHART
relow) Addiional information on these Voitage Codes
and what they mean can be found int Seclion 1.2, "AC
Connection Systemns .

T —Tvw——
VOLTAGE|] HATED RATED
CODE VOLTAGE PHASE FREQUENCY
A 1207280 T &0 Hz
g 120/208 3 80 Hz
D 1207240 3 80 Mz

Paga 1.1.1



PART 1 SECTION 1.1
GENERAL INFORMATICN GENERATOR IDENTIFICATION

Generator Identification Code

S G 020 A 16 12 N 38 P ¥ Y

e ey S —— g gm - E N T

UNIT HAS A MAIN
W LINE CIRCUIT
BRZAKER

m SHIPFED WITH AN
EXHAUST MUFFLER

INCLLIDES A
i COMPARTMENT

D= DIRECT EXCITED
L. 3 Bu BRUSHLESS

CONTRCL CONSOLE
e o PREPACKAGED

. T E——— RATED RPM
15= {500
18= 1800
30= 3000
28= 3800

}' FUEL SYSTEM
Nu NATURAL GAS
L= LP GAS (PROPANE)

3. ENGINE DISPLACEMENT,
{INLITERS)

M BATED AC FREQUENCY
ee—————— 8= 60 HERTZ
Bu 5O MERTYZ

S p- PHASE (1 OR 8-PHASE)

o - VOLTAGE CQDE

> RATED KILOWATTS

G=CGAS ENGINE
R i } D= DIESEL ENGINE

" > STANDBY GENERATOR

Page 1.1-2



PART 1 ~ SECTION 1.1
GENERAL INFORMATION GENERATOR IDENTIFICATION

i ALTERNATOR DATA A

MODEL [ 1  KvA [::l GENERAG CORP.
SERIAL ] PHASE[::::]

T HEFZTZ
voLTS [::M‘_‘__:] : MODEL NO. 91AD1 2868 DATE 5069

ANMPS [::j RPM SEM2.A181 2NIECDYNY

FRAERT 1 ww | l GROUP  DESCAPTION  ASSEMBLY NUMBERS

CLASS F WINDING INSULATION AT 40" C, A Generator conea  0geoo
=} Cantrot Pang! DOOOT 00000 GODOD
%NE AC CORP. c Mauniing Base 00000 60000
ESHA, Wi o Engire % Accy. [ajale]uls}
45452 MADEIN U.S.A. E Fuet Syslem Q0000
L y G Wiring Eragiam Q0000  00C0G  QCCO0
Figure 1. A Typical Data riare Figure 2. A Typical Data Card

Page 1.1-3
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PART 1
GENERAL INFORMATION

SECTION 1.2
AC CONNECTION SYSTEMS

Section 1.2

AC CONNECTION SYSTEMS

Voliage Codes

Also see "Voltage Codss” on Page 1.1-1, Al the
present time, prepackaged home standby generators
were avaitable with voltage eodes A", "B" or "D".

Voitage Code "A"

Units with voltage code "A" are rated 126/240 valts,
i-phase, 60 Hz. Dual stator AC power windings each
supply 120 voits AC; when the two windings are con-
nectedtogetherin series, 3 240 volts AC output resulis.

See Figure 1. The stator AC power windings are
connected to form 2 "3-wire” conngction system in
whicm ! aade 11 and 44 form the two "hot" fines:andthe
junction of Leads 22 and 33 form the "neutral” line.

Voltage Code "B

These units are rated 120/205 volts, 3-phase, 60 Mz,
The stator's AC power winding is a "parallel wye" ype
as shown in Figure 2. The winding consiste of six (&)
colls, with twelve {12) leads brought out inte the genat-
ator's AC connection {lower! panel. The isads are
numbered 31 through 512, The twelve leads are con-
nected together by means of "bolied” junctions as
shown in the following chad, to form Lines £1, £2, E3
and "neutral” (00}, Also sea Figure 3.

BN T TO T
JUNCTICON LEADS FORR
1 54, 5§, 86, 810, 511, S1208 Neutral (00)
2 51 and 57 Line E£1
3 S2 and 88 Line E2
4 53 and 58 Line E3

- DUAL STATOR POWER WINDINGS —

! 2 33
11 4

- 120 VOLTS g — 120 VOLTS —jm
0o
240 VOLTS ———— e
E1 E2

Frgure 1. Stator Windings- Voltage Code "4~

Ly

84 83
57

r3

Figure 2. Stalor Windings- Voltage Code "E™

4, 55,86,
510, 51, 217

Figure 3. Bolted Junctions- Voltage Cods "B”

Voltage Code "D

These units are rated 120/240 vois, 1 or 3-phase,
60 Hz. The stator AC power wingings are "delta con-
nected”. Two of the stalor's six (8) colls are double-
wound, to supply the unit's full raled capacity at 1-
phase. When used asa 120/240 volts, 1-phase system,
connect leads as follows:

. Egnnect 240 volls AC loads across Lines &1 and

*  Connect 120 volts AC loads across Lines £1 10 00:
or goress lings £E3 10 00,

Page 1.2-1



PART 1 SECTION 1.2
GENERAL INFORMATION AC CONNECTION SYSTEMS

L,

\5 =3 -
W m L

L o 120V R0V

.:q l—-t-ﬂﬂ

11w

-510
53

s £3

Figure 4, Stator Windings- Voltage Code °D” Figure §. Bolted Junctions- Voltage Code "0"

Page 1.2-2




PART 1
GENERAL INFORMATION

SECTION 1.3

PREPACKAGED INSTALLATION BASICS

Section 1.3

PREPACKAGED INSTALLATION BASICS

Introduction

Information in this section is provided so that the
saervice technician will have a basic knowledge of instal-
lation requirements fer prepackaced home standby
systems. Problems that arise are often related 1o poor
or unauthorized instaliation practices,

Atypical prepackaged home standby electric system
iz shown in Figure 1, below. insialiation of such a
system includes the following:
= 3Selecting a location.
Mounting of the generatar.
Grounding the generator.
FProviding a fuel suppiy.
Mounting the transfer switch.
Connscting power source and load lines.
Cennecting system condro! wiring.
Fost instaliziion {ests and adjusiments.

* @ = = & 8 »

Selecting a Location

Insialf the generator set as close as possible to the
alactrical logd distribution panel{s) that will be powered
by the unit. This will reduce wiring and conduit lengths,
Wiring and conduit not only add to ihe cost of the
instatiation, but excessively long wiring runs can rasuit
in a voltane drop.

Mounting the Generator

Mount the ganerstor setto a concrete slak. The slab
should extend past the genserator and o a distance of
at least twelve (12) inches on all sides. The unit canbe
tr)etxained to the concrete slab with masenry anchor

olts.

Grounding the Generator

The National Electric Cede requires that the frame
and external efectrically conductive parls of the genar-
alor be properly connected to an approved eanh
ground. Local electrical codes may 8150 require proper
grounding af the unit. Forthat purpose, a grounding lug
iz attached to the unit. Grourding may be accomplished
hv attaching a stranded copper wire of the proper size
to the generater's grounding lJug and to an earth-driven
copper or brass grounding rod (electrode). Consuit with
a local electrician for grounding requirements in your
area.

The Fuel Supply

Frepackaged units with air-cooled enging were
operated, tested and adjusted at the factory using nat-

GROUNDING ROD

Fulf ® gt

FUEL SUPPLY
CONNECTION

D‘S_'gigm EMERGENGY

’?A'NEFON TRANSFER D‘i’;i’ﬁf“o“
SENSING & TRANSFER i
SIGNAL CONNECTIONS Fm |

1 R
—— STANDBY POWER E J
CONNECTIONS -
i d H
L;‘ STANDEY
GENERATOR
= = :t-r e
j \_SENSING & TRANSFER
SIGNAL LEADS

STANDEY POWERA LEADS

Figure 1. Typical Prepackaged installation
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PART 1
GENERAL INFORMATION

SECTION 1.3

PREPACKAGED INSTALLATION BASICS

The Fuel Supply (Centinued)

urat gas as & fuel These air-cooled engine untts can
be convertedto use LP (propane} gas by making afew
adjustments for bast operation and powaer,

Units with liguid cooled engine arg shipped from the
factory with sithier a natural gas fuei system, or with an
LP (propane; gas fue! system. It is tha responsibility of
the insialler to ensure that models with natural gas fue!
system are used only with a natural gas fuel supply;
and that units with LP gas fuel system are used only
with an LP gas fuel supply.

LF {propane} gas is usually supplied as a fiquid in
pressure tanks, Both the air-cooled and the liguid
cooled units require & "vapor withdrawal” type of fusl
supply system when LP {propans) gas is used. The
vapor withdrawal system uillizes the gaseccus fugl
vapors that form at the top of the supply tank,

pmem, , . -

@;1.“ INGHES HOAD SLOUCK i

W WATER COLUMY i T
e

ERHIMARY ‘J
REGULATOR

SHUTORF
VALYE

FUZL

FUEL SupRLY BOLENGID

e

Figure 2. LF/Natural Gas System (Air-Caoled Units)

The pressure at which LP gas is delivered to the
generator's fuel solenoid vaive may vary considarably,
depending on ambient temperatures. In cold weather,
supply pressures may drop to "zero”. In warm westher,
extremely high gas pressures may be encountered, A
primary regulator may be required to maintain corract
g&as supply pressures.

Recommended gaseous fuel pressure at the iniet
side of the generator's fuef solenoid valve is {a) a
minimurm of 11 inches water column (5.38 ounces par
square inch), and {b) & maximum ¢f 14 inches water
eolumn {8 cunces per square inch). A primary reguiator
may be required o ensure that proper fue! supply
pressures are maintained.

DANGER; LP AND NATURAL GAS ARE BOTH
HIGHLY EXPLOSIVE, GASEQUS FUEL LINES
MUST BEE PROPERLY PURGED AND TESTED
rOR LEAKS BEFORE THIS EQUIPMENT I8
FPLACED INTO SERVICE AND PERIODICALLY
THEREAFTER. PROCEDURES USED IN
GASEQUS FUEL LEAKAGE TESTS MUST COM-
PLY STRICTLY WITH APPLICABLE FUEL GAS
CODES. CONOTUSEFLAME OB ANY 3DOURCE
OF HEATTO TEST FOR GAS LEAKSE. NO GAS
LEAKAGE IS PERMITTED, LF GAS IS HEAVIER
THAN AIR AND TENDS TO SETTLE IN LOW
AREAD, NATURAL GAS IS LIGHTER THAN AIR
AND TENDS TO SETTLE IN HIGH PLACES.
EVEN THE SLIGHTEST SPARK CAN IGNITE
THESE FUELS AND CAUSE AN EXPLOSION,

Use of a fiexible iength of hose between the gener-
atar fuel line connection and rigid fuellines is required.
This will help prevent line breakage that might be
caused by vibration or if the generaior shitts or gattles.
Tne flaxible fuel line must be approvad for use with
gaseous fuais,

SECONDARY AEGULATCR

FUEL SOLENCID
CARDURETOA
oy

b
LLFuet squtorr

FLEXIBLE LINE
MANUAL SHUTOEF

FRIMARY REGULATOR

11 imwater
oatimum

BasE

L-—«MMANML SHUTOFF

VaALWE
FRIMARY REGULATOR

Figure 8. LP (Gas System (Liquid Cooiaa Units
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PART 1
GENERAL INFORMATION

The Transfer Switch

A transfer switch is required by electrical code, 10
prevent electrical feedback between the utiity and
standby power scurces, and to transier electrical loads
from one power supply to ancther safely.

PREPACKAGED TRANSFER SWITCHES:

instructions and information on prepackagad trans-
ter switches may be found in Pars 4 and § of this
manual. These include the "V-Type" and "Y-Type™
prepackaged transfer switches.

GENERAC "GT3" TYPE TRANSFER SWITCHES:

Air-cooled prepackaged standby generators must be
installed and used in conjunction with a compatible,
approved prepackaged transfer swilch.

Units with liquid cooled engine are usuaily installad
and uzed In conjunction with 8 prepackaged {ransfer
switch as well. However, liguid cooled units may also
be insialied and used In conjungiion with Generac's
standard "GT3" type automatlic fransfer switch, (See
“Instatiation with a8 GTS Transfer Switch" in this sec-
fion) -

Power Source and [Load Lines

The utilily power supply lines, the standby {gener-
ator) supply lines, and electrical load lines must all be
connected to the proper terminat jugs in the transfer
switch. The following rules apoly:

SECTION 1.3

PREPACKAGED INSTALLATION BASICS

in 1-phase systems with a 2-pale transfer switch,
cannact the two "Utility" source hot lines {o transter
switeh terminal lugs N1 and N2. Connect the "Standby”
source hotlines (E1, E2) to transier switchlgrminallugs
Eiand E2. Connect the load iings from transfer switch
terminal lugs T1/T2 to the elsctrical ioad circuit, Con-
negt "LHiy", "Standby" and "Load” neutral lines fo the
neutral biock in tha transier switch.

in 3-phage systems, where a 3-pole transier switch
is installed, connect the 3-phase "Utility” lines o trans-
fer switch terminal lugs N1, N2 and N3: connect
"Standby” lines to terminal lugs E1, E2, E3; and con-
nect load lines to terminal lugs 71, T2 and T3, Fower
source and load neufral lines must be connecied o the
iransfar switch neutral block.

System Control Interconnections

Prepackzged home standby generslors are
vojuippad with a terminal beard identified with the fol-
jowing terminals: (a) ulility 1, (b} utility 2, (¢} lead 1, (d)
lazd 2, (e) 23, and {f} 194. Prepackaged transfer
switches house an identically marked terminal board,
Suitabls, approved wiring must be interconnected be-
tween identically numberad ferminals in the generater
and transier switch. When these six terminals are
properly interconnected, dropout of utility source voli-
ags below a preset value will result in aufomatic gen-
erator startup and fransfer of eiecirical loads 1o the
"Standby” squrce. On resteration of utility source volt-
age above a presel vaiue will result in retransfer Dack
to that source and generator shutdown, System control
wiring must be routed through its own separate conduit.

TRAMSTER
SATCH

HEUTRAL
CaMHECTION

FCR {1 ADS Ak

T AmSETR T ILH
Llals gl 8

AC CENERATOR
UOHNECTION PANEL

Figure §. Prepackaged Interconnection Diagram
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PREPACKAGED INSTALLATION BASICS

instailation with 2a GTS Transfer Switch

Frepackaged home standby generators with liquid
cooled engine may be instalied in conjunction with a
stendard "GTS" type transfer switch, # desired. This
can be done as shown in Figure 6, below.

Conneget wtility, standby and nad lines in the same
manner as described under "Power Saource and Load
Lings" on previous page. Connect all neutrzl fines in
the same faghion.

The "GT3" type transter switch houses a terminal
strip with terminals 178 and 183 identified, A similarly
identified terminal strip s housed in the generalor.
interconnect suilable wiring between these two ter-
minal strips as shown in the interconnection diagram
{Figura &),

A CMA circuit board, mounted on the standby gen-
erator set, provides a "7-day exercise” {eature, This
feature allows the standby genaraior to start and run
once every 7 days, on a day and at a time of day
sefectad. The Yimer clock that controls this awtomatic
exarcise of the unit must be powered by voliage from
the transter switch Load i/load 2 terminais. |If the
exercise function is to be made available, connect
suitable wiring from the GTS transfer switch load ter-
minal lugs 1o the "Load 1/Load 27 terminals in the
generator.

The CMA circuit boardin the generalar also provides
a battery "rickle charge” circuit. This circutt, whan
powered by Ltility source vaktage, will defiver acharging
voltage 1o the battery during non-operating periads to
keep the battery charged. To use the trickle charge
faature, connact suitable wiring o the gensrator's
"Utility 1AMIGty 27 terminals and to the appropriste
terminals in the "GTE" transfer swilch,

NEUTRAL
CORHELTION

AC GENERATUR
CONNECTION PANIL

Figure 6. Installzdon with GTS Transier Switch
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Section 1.4

PREPARATION BEFORE USE

Ganegral

The installer must ensure that the home standby
gensrator has been properly installed, The system
must be inspected carefully following instalfation. All
appiicable codes, slandards and regulations peraining
to such installations must ba strictly compiied wkh. In
addition, regulations established by the Occupational
Safety and Health Administration (OSHA} must be
complied with.

Prior to initial startup of the unit, the installer must
ensure that the engine-generator has been properly
prepared for use. This includes the following:

. , deguaie supply of the correst fuel must be
avaiabie for generater opearation,

+ The enging must be properly serviced with the
recommended all,

» The enqine cooking sg;stem must be properly ser-
viced with the recommended codtant (iguid cooled
madels oniyl.

+  The engine governor must he propery sarvicad
with ilﬁegreco. mendedo’i'f. prapesty

Fuel Requiremenis:

UNITS WITH AIR-COOLED ENGINE:
Gzneralors with air-covled engine have been factory

tested and adjusted using natural gas as a fuel If LP .

{propane) gas is to be used at the instaliation sia,
adjustment of the gaseocus fusl load block will be re-
quired for best performance, Refer to Part 8, "Opeara-
ticnal Tests and Adjustments” for laad biock adjustment
procedures,

UNITS WITH LIQUID COOLED ENGINE:

Liquid cocled engine units ars shipped from the
factery with either (a) & natural gas fuei system, or (b)
an L& gas vapor withdrawai fuel systermn. The installer
must ensure that the correct fuel supply system has
been installed and is compatibie with engine-generator
requirements. Read "The Fue/ Supply’ on Pages 1.3-1
and 1.2-2 carefully,

ALL UNITS:

*  Whep natural gas is used as a fuel, # should be
rated at least 1000 BTU's per cubic foat.

+  WhenlP raapanegz%as is used &5 a fuel, it should
ba rated af feas{ 2 BTU'S per cubic foot.

Engine Qil Recommendations

UNITS WITH AIR-COOLED ENGINE:

The primary recommended oli for units with air-
cagled V-Twin engine is a synthetic oil, such as
"MOBILE" Formula 5W-30 oil. Synthetic oil provides
easier starts in cold weather and maximum engnine
protection in hot weather. If a non-synthatic oil is Used,
s viscosity must be suitable for the lowest temperature
at which the enging will be operated. Use a high quality

detergent oil that meets or exceeds AP (American
Peirolaum institute) Sarvice SF, SE/CC, or 3F/CD re-
guirements for gasoiing enginas. The following chan
lists recommenced viscoity ranges for the lowest an-
ticipated ambient temperaturas,

TOWES: ANTICIFAIED AN CoOLED Py
AMBIENT TEMPERATUEE RECOMMENDED OlL
Abave 60° £, [16' C.) Usa SAE 30 cil

2058 F {710 15" C.) Liga SAE 10W-3C cll

Balow 20" F. (77 Q) SAE BW-20/5W-30 il

Usa SAE 5W-30

For all seasons

Synthatic ail

L TR L—)

Some air-cooled engine models (such as Model
8087} are equipped with an ofl makeup tank (Figura 1).
When this is the case, both that tank and the engine
crenkease must be properly serviced with the recom-
mended oil. The air-cooled V-Twin enging has an oil
crankcase capacity of ahout 1.5 U.S, quarts. Qil
makeup tank capaciy is about 2.5 U8, quarts.

Figure 2. Gil Filler Tube and Dipstick (Model 2067
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Engine Oil Recommendations (Con-
tinued)

UNITS WiTH LIQUID COOLED ENGINE:

For prepackaged generators with lquid conied en-
ging, use g high qualily detergant oif that meets or
exceeds AF| Service SC, SD, 5E or SF. Detergent cils
keep the engine cleaner and reduce carbon deposits.
Use oil having the following SAE viscosity rating, based
on the anticipated ambient temperature range before
the next oil change:

R ——
AMBIENT TEMPERATURE
: RANGE

Above 86" F.(30°C))
32-857F. (07307 C)
Belew 32" F (0' C)
Al 3easons

RECOMMENDED OIL
Lisa SAE 40 oil

iJse SAE 30 ol

Use ZAE 20W it

Use SAEZ 10W-30 oil

SECTION 1.4
PREPARATION BEFORE USE

UNITS WITH LIQUID-COCLED ENGINE;

Prepackaged liquid cooled engine models are
eguipped with a belt driven engine governor/DC alter
nator assembly (Figure 3). The governor was properly
serviced with oil at the factory prior to shipment. How-
ever, 1t is recommendad that the governor oil ievel be
checked prior to initial use and every 50 operating
hours thereafter. To check cif level and o add oil,
procesd as ioliows:

’ ﬁternove the oil filler piug ard the ofl level check
u

piug. - .

* Add SAZS 30 off threugh the oil filler plug opening,
Four siow&, until o gtarts to come out of the 4ii
evel check plug opening,

*  When oil level is correst, install the oif level check
plug and the oil filier plug.

I R

Engine crankcase ofl capach, for the 1.2 liter liquid
cooled engine is 3.0 U.8. quarts, with ol filter change};
or 2.5 U.S. quarts without oil fiter change.

Recommended Engine Coolant

Cooling systerm capacity for units with liquic cocled
engine is approximately 2 U.S. gallons (8.5 liters).

Use a mixture of 50 percent soft water and 50 percgnt
ethylene glycol base anti-freeze in the engine cooiing
system. Use only SOFT WATER and LOW SILICATE
anii-ireeze. If so equipped, a coolant recovery bottle
must also be properly serviced with the recommended
50-50 mixture. When adding coolant to the radiatar ar
to the coolant recovery boitle, use only the recom-
mended mixiure.

it Qesired, a high quality rust inhibitor may be added
io the racommended coolant mixture.

CAUTION: Do NOT use any chromate base rust
inhibitor with ethylene giycol base antl-freeze,
or the formation of chromium hydroxide (called
"green slime") may result and cause overheat-
ing of the engine. The use of high silicate anti-
freeze boosters or additives may also causa
overheating. In additlon, use of any soluble ofl
Ltype rust inhiblter s NOT recommended.

Engine Gavernor Oiling

AIR-COOLED ENGINE UNITS:

The air-coolad V-Twin engine governor is an integral
part of the engine andis lubricated by engine crankcase
cil. No special off servicing procedure is required for
air-cocled engine unfts,

Page 1.4-2
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Section 1.5

TESTING, CLEANING AND DRYING

Visual Inspection

When it becomes necessary o test or troubleshoot
agenerator, i3 a good practics (o complets a thorough
visual inspection. Remaove access covers and look
closely for any obvious problems. Lock for the follow-
ing:

« Burned cr broken wires, broken wire connectors,
damaged mounting brackets, etc.

+  Loose or frayed wiring insuation, loose or dirly
cannections.

«  {heck that all wiring is well clear of rotating parts,

«  Verfly that the genesator is properly connected for
the crrect Tae0 Voliage. Ths 16 eaoecially impos
tant on new installahi®ns, Ses Sectien 1.2, "AC
Connection Systems”.

+ {pokforioreignobjects, loose nuts, bolts and other
fasteners.

« Ciean the zrea arcund the ﬁ_]eneraior. Clear awag
Eaper, leaves, snow, and olher objects that migh
Iow against the generator and obstruct itz air
CpEftings.

Measuring Voltages

When troubléshaoting and testing the generator sat,
the techniclan will be required o measure both AC and
DC veltapes. Measuremant of volage requires that the
uzer be thoroughly familiar wiih the meter being used
for such {ests. Consult the instruction manual for the
meter belng usaed.

When measuring voltage, it is bast {o connect the
meter test leads 10 the terminals being lestad while the
generater is shut down or while power 10 those ter
minals is wrned off.

DANGER: POWER VOLTAGES GENERATED
BY THIS EQUIPMENT ARE EXTREMELY HIGH
AND DANGEROUS. USE EXTREME CARE
WHEN MEASURING POWER VOLTAGES SUCH
AS GENERATOR AC QUTRPUT VOLTAGE, CON-
TACT WITH LIVE TERMINALS AND CONDUC-
TORS MAY RESULT IN HARMFUL AND POS-
SIBLY LETHAL ELECTRICAL SHOCK, DO NOT
ATTEMPT TO READ POWER VOLTAGES
WHILE STANDING ONH WET OR DAMP
GROUND, OR WHILE HANDS QR FEET ARE
WET. STAY WELL CLEAR QF HIGH VOLTAGE
POWER TERMINALS. CONNECT METER TEST
LEADS TO TERMINALS AND LEADS WHILE
THE GENERATOR I8 SHUT DOWN QR WHEN
THE POWER SUPPLY TO SUCH LEADS AND
TERMINALS IS TURNED OFF. THE USE OF
INSULATIVE RUBBER MATS IS RECOM-
MENDED. TAKE POWER VOLTAGE READINGS
ONLY WHILE STANDING ON SUCH INSULA-
TIVE MATS.

Measuring Current.

Aferating current (AC) ¢an be measured with a
clamp-on ammeter. Mast clamp-on ammeters will not
measure direct current {DC). Load current readings
should never exceed the generatar's dala plate rating
for continuous operation. However, momeantary surges
in load current may be encouniered when stanting
elactric mators.

On 1-phase generators, the data plate generaliy lists
rated line-fo-ling and ling-to-neutral current.

On 3-phase generators, the data plate usually lists
rated line-to-ling {or phasa-te-phase} current.

fleasuring Resistance

The resistance {in ohrs) of generator stator and
rofor windings can be measured using an ohmmeter or
an accurzte volt-=ohm-milliammeter (VOM).

The nominal (approximate} resistance valuss of
some stator windings are listed on Pages 1 and 2 at
front of this manual Nominal resistanczs of some
retors arg givenin the "Gensrator Spacifications” chan
attop of Page 1, Resistance readings of staterand rotor
wi?dings canbe taken and then compared to the listed
values.

The resistance of some windings is axtremeiy low.
Scme readings are so low that 2 meter capabla of
reading in the "milliohms™ range would be required.
Many meters will simply read "continuity”, However, a
standard volt-ochm-milliammeter (VOM) may he usedio
test for continuity, or for a shorted or grounded condi-
tion. Section 1.2 discusses many of the more commen
1 and 3-phase stator windings and how they are con-
figured.

insulation Resistance

The insulation reslstance of stator and roter windings
s a2 measuremant of ithe integrity of the inaulating
maleriais that separate the electrical windings fromthe
generator's stee! core. This resistance can degrade
aver {ime or due to such contaminants as dust, dirt, ofl,
grease and especially maisture, Inmost cases, failures
of siator and rotor windings is due to a breakdown in
the insulation. And, in many cases, a low insulation
resistance is caused by moisture that collects while the
generator is shut down. When problems are caused by
moisture buildus on the windings, they can usually be
corrected by drying the windings. Dirt ang moisture that
are combingd on generalor windings can ususlly ks
eliminated by cleaning and drying the windings.

Fags 1.56-1
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Insulation Resistance (Continued)

MEGGERS:

The normal resistance of generator winding insu!a-
tion is on the order of millions of chms. This high
resistance can be measured with a device called a
"rnegger”. The megger is a megohm meter ("meg"
stands for million) and a power supply. The powar
supply voltage varies between megger models and is
selectable on some models, The most commaon power
supply voltage is 500 volts. Use of 2 power supply
greater than 560 volts is not recommended on prepack-
aged generators.

3‘ CAUTION: Belore attempting to measure in-

i Sulation resistance, first disconnect and isalate
all leads of the winding to he tesied. Electranic
components, diodas, surge protectors, relays,
voltage regulators, atc., ¢an be destroyed H
subjected to high magger voltages.

HI-FOT TESTER:

A "Hi-Pot" lester is shown in Figure 1. The maodsl
shown iz only ensg of many that are commarcially avail-
able. The tester shown is equipped with a voltage
selector switch which permits the power supply voltage
o be selected. It also mounts a Breakdown iamp that
will illuminate to indicate an insulation brezkdown
during the test,

iy

Figure 1. One Type of Hi-Pot Tester

Stator Insulation Tests- Air Cooled Units

GENERAL:

Units with the air-cooled V-Twin engine are equipped
with (a) dual stator AC powerwindings, (b) an excitation
or DPE winding, and (c) a batlery charge winding.
Insulation tests of the stator consist of (a} testing all
windings 10 greund, (b) testing bietween isolated wind-
ings, and (c) testing tetween paraliel windings. Figure
2is a pictorial representation of the various stator leads
on units with air-cosled engine,
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Figure 2. Stator Winding Leads (Air-Cooled Units)

TESTING ALL STATOR WINDINGS TO GROUND:

1. Disconnect stator AC output leads 11 and 44 from
the generaler main line circult breaker.
2. Bemove the wire nut that joins stator lsads 22 and
33 and saparate the two ieads.
3. Al the excitation circuit breaker (CB2), cisconnsaot
stator excitation winding fead 2.
4. Atthe voltage regulator, disconnect stator exeRation
winding lead 6.
5. Attne batlery charge grounding resistor, disconnact
stator batiery charge wincing lead 55,
6. Al the batlsry charge rectifier (BCR), disconnect
stator battery charge winding leads 66 and 77.
7. Conngct the terminal ends of all stater feads (11, 22,
33, 44, 2, 6, 55, 68, and 77) tagether. Make sure the
wirg terminal ends are not touching any part of the
generaier frame or any terminal.
8. Connect the red test probe of the Hi-Pot taster to the
jpined terminal ends of all stator leads. Connact the
black tester lead to a clean trame ground on the stalar
can. With tester leads connected in this manner,
procaed as follows:
a. Tum the Hi-Pot tester switch "Off"
b. Flugthelestar card into a 120 volis AC wall sooket
and sat its voltage selector switch o "500 volis”,
¢. Turnthe tesier switch "On" and observe the break-
down lamp on taster, DO NOT APPLY VOLTAGE
LONGER THAN 1 SECOND. After cne (1) second,
turn the tester switch "Off".

f the breakdown lamp comes on during the one secand
test, the stator should be cleaned and dried. After
cleaning and drying, repeat the insulation test. If, after
cleaning and drying, the stater fails the second test, the
stator agsembly should be replaced.

TEST DETWEEN ISOLATED WINDINGS:

1. Connect the red tester probe o terminal end of stator
lead 2 and the black probe to stator lead 11,

2. Turn the tester switch "On”™ and make sure ihe piiot
lamp is on,
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Stator Insulation Tests- Air Cooled Units
(Continued)

3. Setvoliage to "500 volts". Apply voltage for ane (1)
second while cbserving the breakdown lamp. Afterons
(1) second, turn the tesizr switch "Off",

4, Connect the red tester probe to stator lead 11, ths
black test probe to siafor tead 66

5 Setvoltage to "500 volts™. Turnthe lester switch "On”
and check that the pilot lamp is on. Apply voltags for
one {1} second while cbserving the breakdown lamp.
After one (1) second, turn the tester switch "OH".

If the breakdown lamp comes on during any one {1)
second test, the stator should be cleaned, dried and
retested, If the breakdown lamp illuminates during the
secand test (after cleaning and drying), replace the
stator assembly.

T ST BETWEEN PARALLEL WINDINGS:

1. Setthe tester's ~H¥=ne selector switch 1o "800 volte™.
2. Connect the red {sster prabe to stater lsad 11, the
black tester probe 1o siator lead 33,

3. Turn the tester switch "On" and check that the pilot
famp is on.

4 Apply voltage for one (1) second whiie ohserving the
breakdown lamp.

L. After one (1) second, furn the tester swilch "OH".

If the breakdown lamp furns on during the ¢ne (1)
second test, clean and dry the statoer. Then, repeat the
test. If breakdown lamp turns on during the second test
(after cleaning and drying), replacs the stator assemb-

ly.

Stator Insufation Tesis- Liquid Coeled
Units with 1-Phase Stator

GENECFAL:

tnits with figuid cooled engine and 1-phasa siator
windings are equipped with (3] dual staior AC power
windings, and {b) an excitation or DPZ winding. These
units are not equipped with a battery charge winding.
Stator winding insultation tests consist of () {esting al
windings to ground, (b) 1esiing between isolated wing-
ings, and (c) testing between parallel windings, Figure
3 represenis the various stator AC outpul leads on
1-phase units with fiquid-cooled engine,

TEST ALL WINDINGS TO GROLIND:

1, Disconnect and isolale stator leads 11, 22, 33,44, 2
and &.
2. Connect terminal ends of aif stator leads together.
Make sure all wire terminal ends are completely iso-
ated from frame ground.
3. Connect the red lest probe of the Mi-Pollasterto the
terminal ends of all stator leads. Connect ihe black
tester probe to & clean frame ground on the stator can.
Than, procead as follows:

a. Turn the Hi-Fot tester switch "Off",

SECTION 1.5
TESTING, CLEANING & DRYING

b. Plug the tester cord into a 120 voits AC wall sockst
and se! its vollage selector swilch to "500 volts”,

c. Turnihe tester switch "On" and observe the break-
down lamp. After ane (1) second, tumn the tester
switch "Cff",

It the breakdown famp turned on during the ong (1)
second test, clean and dry the siafor. Then, repeat the
test, If breakdown lamp comes on during the second
tes!, replace the siator assembly.

Single Phase Units Only

: 33

_

e [

C_ j:::

Figure 3. Stator Winding Leads {Liguid Coolsd Units)

TEST BETWEEN ISQLATED WINLCINGS:

1. Connectthe red test probeto stater lead 2, the black
probe to stator lead 11,

2. St the {aster swiich to "500 volts™,

3. Turn the tester switch "On" and check that the pilot
lamp is lighted.

4. Wait ane {1) sacond while observing the iester
brezakdown lamp. DO NOT EXCEED ONE SECOND.
After one {1} second, turn the tester switch "Off".

5. Connect the red test probe to stater lead 2, the black
probe to stator lead 33, Then, repeat Steps 2, 3 and 4,

If the breakdown lamp turned on during any ong {1)
second test, the stator should be cleaned and dried.
Alter cleaning and drying, repeatl the test. If the break-
down lamp turns on during the secand test, replace the
stator assembly.

TEST BETWEEN PABALLEL WINDINGS:

1. Set tha taster's voltage switch to "500 volts".

2. Connect the red testar proebe to stator lead 11, the
bfack probe to staler iead 33,

3. Turn the tester switch "On" and check that the pilol
lamp is on. ,

4. Wait ona (1} second whilg obsearving the breakdown
lamp. Then, turn the tester swich "Of",

If the breakdown lamp came on during the ore (1)
second test, clean and dry the stater, Then, repeat the
test, if breakdown lamp comes on during second test,
replace the stator assembly,
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Stator nsulation Tests- Licuid Cooled
Units with 3-Phase Stator

GENEBAL:

Units with liguid cooled engine and having a 3-phase
stator may be raled either (a) 120/240 volls, or {b)
1207208 volts. The statar contiguration for units rated
120/24C volts, 3-phase is illustrated in Figure 4; units
rated 120/208 volts, 3-phase are shown in Figure 5.
These 3-phase stalors consist of six (8) coils, with each
coil having two (2) leads, so that twelve (12) stator AC
power leads are brought out of the stater assembly,
These twelve stator AC power leads are identified as
leads &1 through S12.

In addition 1o the siator’s AC power winding l2ads
(51 through 5123, the stator can housas an excitation
winding. The excitation winding AC output taads are
identified as Wires 2 and 8.{or 5 and & on seme units).

TESTING ALL WINDINGS TO GROUND:

1 Diswerniect anc sslate statarleads 31 through 812,
and 2 and & (or S and &),

2. Connect all stater AC output leads together.

3. Sen"Statar insulation Tests-Liguid Coolad Units with
1-Phase Staior” on Page 1.5-3. Test all windings to
ground as outiined in Steps 3(a} through 3(c) of that
subsectian.

TEST BETWEEN ISOLATED WINDINGS:

1. Turn the Hi-Pot tester switch "Oif",

2. Set the tester switch to "500 volts",

3. Connect the red tester probe fo stater lead 2 (or 8),
4. Cannegct the black tesier probe o stator lesd 51,

B, Turn the taster switch "On" and observe the break-
down lamp. 0O NOT EXCEED ONE SECOND,

. Withthe red tester probe still connacted to stator lead
2 {or 5}, connect the black probe to the following stator
leads one at 2 time and repeat Steps 1 throeugh S: (a)
1o stator lead 57, {b) stator lead 39, {c) stator lead 53,
{d} stator lead 58, and (e) stator lead 52,

TEST BETWEEN PARALLEL WINDINGS:

Fedormthis testin the same manner ag "Tast Between
Isofated Windings” but with the red and black tester
arobes connecied across the following windings, in
urn:

S1t057;511w0S12: 311058 510 811: 8110 35,
STt0 512, 5710 §9; 5710 511: 5710 85,

S121c 558, 81210 811: S12 10 85,

9610 511; 88 1o 35.

511 {o 85,

Testing Rotor Insulation

= & % & =

Before atternpting to test rotor insulation, either the
brush leads must be completely removed from the
brugshes or the brush hclders must be completely
removed. The rotor must be completaly isolated from
other components before starting the test.

1. Connect the red tester lead o the positive {+) slip
1ing (nearest the rofar bearing).
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2. Connect the black tester probe lo a clean frame
ground, such as a clean metal pan of the rotor.

3. Turn the tester switch "Off",

4, Flug the taster into a 120 volts AC wall socket and
sat the voltage swilch 1o "500 volis™.

0. Turn the tester switch "On" and make surs the pilot
light hias turned on,

£. QObserve the breakdown tamp, then turn the tester
switch "Off". DO NOT APPLY VOLTAGE LONGER
THAN OME {1) SECOND,

If the breakdown lamp came on during the one (1)
second iest, cleaning and drying of the rotor may he
necessary. Alter cleaning and drying, repeat the insula-
tion breakdown iest. If breakdown tamp comes on
during the second test, replace the rotor assambly.

1

L1 A
L P

[*1]

11111

(e 1)
|

€
e R H]

r

[

Fa o 00

[ ——

i
T

|

Figure 4. Slator on 120/24C Velis, 3-Fhase Uniis

— riepitirmmareerem— = | 1
5 ) o

Figurg 5. Stator on 120/208 Volts, 3-Fhage Linits



PART 1
GENERAL INFORMATION

Testing Rotor insulation (Continued)

VBLACK TESTLEAD

Figure 6. Testing Rotor Insulation

Cleaning the Generator

Caked or greasy dit may be icosaned with g soft
brush or a damp cloth. A vacuum sysiem may be used
to clean up loosened dit. Dust and dit may also be
removed using dry, low pressure air (25 psi maximumy).

CAUTION: Do not use spraved water to clean
the generator. Some of the water will be
retained on generator windings and terminals,
and may cause veiy serlous problems.

Drying the Generator

To dry a generator, proceed as follows:

1. Open the generator main ¢ircuid breaker. NO
ELECTRICAL LOADS MUST BE APPLIED TO THE
GENERATOR WHILE DRYING.

2. Disconnedct all wires No. 4 from the veitage regulator.
3. Provide an exlernal scurce to blow warm, dry air
through the generater interior {around the rotor and
stator windings, DO NOT EXCEED 185° F. (85" C.).
4, Start the generator and et i run for 2 or 3 hours,

5. Shut the generator cown and repeal the stator and
rofor insulation resistance fests.

SECTION 1.5
TESTING, CLEANING & DRYING

Paga 1.5-5
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Seclion 1.6

ENGINE-GENERATOR PROTECTIVE DEVICES

General

Standby electric powear gererators will oflen run un-
attended for long periods of time. Such operating
parameters zs {a) engine oil pressure, () engine
tamperature, (¢) engine cperating speed, and (d) en-
gine cranking and startup are not monicred by an
operator during automatic operation. Because engine
operation will not be monitored, the use of engine
protective safely devices is required to prevent engine
damage in the event of a problem.

Frepackaged generator engines mount sevaral en-
gine protective devices. These devices work in con-
junction with a controi module assembly (CMA) circuit
board, to proiect the engine against such oparating
fzuls as (&) low engine ofi pressure, {b) high tempera-
ture, (o) overspaed, and {d) cvercrank. On occurerice
of any one or more of those operating faults, CMA
circuit board action will effect an engine shutdown.

Units with Air-Cooled Engineg

LOW DIL PRESSURE SHUTDOWN:

See Figure 1. An oil pressure switch is mounted on
the engine cil {liter adapter. This switch has normally-
closad contacts which are Feld open by engine oil
prassura during cranking and startup. Should ¢if pres-
sure drop below approximately 8-12 psi, the switch
comacts will ciose. Cn closure of the switch contacts,
a Wire 85 circuit from the CMA circuit board will be
cannected to ground. CMA circuit board action willthen
de-anergize a "runrelay" {on the circuit board). The rn
refay's normally-open contacts will thenopenand a 12
volts DO powear supply to a Wire 14 circun wili then be
terminated, This will result in closure of a fuel shutolf
sofenoid and ioss of engine ignition.

HIGH OIL TEMPERATURE SHUTDOWN:

An oif temperature switch {Figurg 1) is mounted on
the engine oit fiter adapter. The thermal switch has
normally-open contacts which will close if oil ternpera-
wire should exceed approximately 284" F, (140° C.).
This will resultin the same action as a low oil pressure
shutdown.,

OVERSPEED SHUTDOWN:

During engine cranking and speration, the CMA cir-
cult board receives AC voltage and frequency signals
from the generator's stater batiery charge windings, via
Wire 68. Shouid the AC frequency exceed ap-
proximalely 72 Hz (4320 rpm), CMA circuit board action
wiil de-energize a8 "run relay” {mounted on the circult
board). The reiay's contacts will cpen, to terminate
engine ignition and close a fuel shutoff salenoid. The
gngine wili than shut down. This feature proiects the
engine-generator against damaging overspeeds.

HIGH
TEMPELATLIRE

Figure 1. Enging Frotective Swifches on Alr-Cooled
Enging

NOTE: The CMA circuit board also uses stator battery
chargs winding eutpu! 1o tarminate engine cranking at
approximately 30 Rz (1800 rpmy}. In addition, the stator
battery charge output is used by the cireuit board as an
‘enging runring” signal. The circuit board will not in-
ftiata transfer of electrical loads to the "Slandby" source
unless the enging is running at 30 Hz or abave.

QVERCRANK SHUTDOWN:

Autcmatic engine cranking and stafup normally og-
eurs when the CMA circuit board senses that ufility
source voltage has dropped below approximately 60

ercent of its nominal reted veltage and remains at that
ﬁnw level longer than six (6) seconds. Al the end of six
(6} ssconds, CMA circull bosrd action will energize a
crank relay and a run relay {both relays are onthe CMA
circuit baard). On clasure of the crank relay contacts,
CMA board action will deliver 12 volts 0C {o 2 contral
contactor {CC). The controt contactor will energize and
haitery power will be delivered across its clesed con-
tacts to ihe starter maolor (8M). The engine will then
crank.

During & manual startup (auto-off-manual switeh at
"Manual’y, action is the same as during an automatic
start, except that cranking will begin immedigtely when
the switeh is set to "Manuai”.

CMA circuit baard action (during both & manuat and
an autematic stan) will hold the crank relay energized
for about 7-9 seconds. The relay will then de-energize
for about V-9 saconds, and then energize again, In this
manner, the engine will be cranked for 7-9 seconds, wiii
rest for 7-9 seconds, will crank again, and so on unti
the engine siarns.

if the engine has not staried after approximately 90
seconds of these crank-rest cycles, cranking will auto-
matically terminate and shutdown will occur, The CMA
circuit board uses AC sigrals from the stator battery
charge windings a5 an indication that the angine has
started.

Paga 1.6-1
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Units with Liquid Cooled Engine

LOW Dlt. PRESSURE SHUTDCWN;

See Figure 2, Prgpackaged generators with liguid
cocled engine are sguipped with an oil pressure switsh
naving & closing pressure of about 15 psi. Should oil
pressure drop befow that value, an'automaltic engine
shutdewn will assur. Cirsuit operation is similar 4o that
of zir-cogled units.

HIGH CODLANT TEMPERATURE SHUTDOWN;

The engine is equipped with a coolant temperature
switch, Should engine coolant temperature exseed ap-
proximately 2237 F. (107" C.), the engine will be shut
down automatically by CMA ¢ircuit board action.

LOW COOLANT LEVEL SENSOR:

Itis possible that engine coolant level might drop low
enougn $o that the hightemperaturs switch is no tenger
immersed in the fiquid coclant. If this happens engine
temperalures could increase rapidly but the tempera-
turg switch would not sense the high temperature con-
dition and the engine would continie to run. Te prevent
this occurencs, a low coclant level sénsor is provided
on some units. The sensor is immersed in cooling
system liquid. If coclant leve! drops below the level of
ihe low coolant level sensar, the device will compiets a
Wire 83 circuit to ground. Engine shutdown will oceur.

OVERSPEED SHUTDOWN:

The CMA circuitboard on Hguid cooled units recalves
AC frequency (rpm) signals directly from the stator AC
power windings, via sensing leads 15 and 81s.
Should AC frequency exceed approximately 72 Hz,
circuit board action will initiate an automatic engine
shutdown,

NOTE: For unils rated 3600 rom, a frequency of 72 Hz
is equal to 4320 rpm. For units raied 1800 rpm, 72 He
is equal to 2160 rpm.

NOTE: The CMA circuit board also uses the sensing
lead signals (815, S18) (a) to terminate cranking et
about 50% of rated frequency, and (k) as an “angine
running” signal. The circulf board will not initiate trans-
fer of elecirical Joads to the "Siandby™ source untii
sensing voltage and frequency is greater than 50 % of
he dnit's rated vaiues.

OVERCRANK SHUTDOWN;

Overcrank shutdown is the same as for units wiih
air-cocled engina. Aftar 90 seconds of crank-rast
cycles, cranking will end and shutdown will oocur,

Refer to "Overcrank Shutdown™ on Fage 1.5-1.

HIGH COOLANT

LOW COCLANT
LEVEL SENSOR

C

TEMFERATURE SWITCH

OVERSPEED
& QVERCRANK
SHUTDOWN

I° f— oy
g CMA ;'
£ CIRCUNT

—

| BOARD I

LOW OlL
BRESIURE SWITCH

Figure 2. Frotective Devices on Liquid Cooled Ergine
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Section 1.7

OPERATING INSTRUCTIONS

Conirol FPanel- Units with Air-Coolfed En- DANGER: WHEN THE GENERATOR IS IN- g
gine . STALLED IN CONJUNCTION WITH AN AUTO- |

' MATIC TRANSFER SWITCH, ENGINE CRANK-

GENERAL: ING AND STARTUP CAN OCCUR AT ANY TIME
T e WITHOUT WARNING (FROVIDING THE
MANUAL-QFF-AUTO SWITCH IS SET TO

Seg Figure 1. The front face of this panet mounts (&)

a manual-off-auto switeh. AND POSSIBLE INJURY THAT MIGHT BE
CAUSED BY SUCH STARTUR, ALWAYS SET
MAIN LINS GIRGUIT BREAKER: THE MANUAL-OFF-AUTO SWITCH TO ITS
Air-cooled engine units raled 8000 watts (8.0 kW) AN T St T WORKING ON OR
i : ;

employ a 2-pole, 240 voits circuit breaker having a trip
rating of 35 AC amperes. Stater AT power winding
lzads 11 and 44 connect o one side of the brasker
customer ings £1 and EZ2 o the olher side of the

breaker. (f
!

..{)

15 AMP FUSE:

This fuse protects the DC control clroult {including -
the CMA circuit board) against overload. If the fuse EYERCEE
glement has mefted open due to an overload, engine TiME ON
cranking or running will not be possible. Should fuse MAIN BREAKER

replacement become necessary, use only an identical
P
MANLIAL-OFF-AUTO SWITCH: | lI i ill

15 amp replacemant fuse.
Use this switchio (a) select Jully autematic operation, ) 15 AME ))}

T

MAMLAL

L

(b} to crank and stan the enginé manually, and (2) to L OFF
shut the unit down or to prevent automatic stariup. N
1. "Aute" Pesiiton
a. Select “Auto” for fuily automatic operation.
b. When "Auto” is seiected, CMA circuit board wil Figure 1. Centrol Pangl- Units with Air-Coglsd Engine
monitor utilily power source volage.
c. Should utility voitage crop below a presst level

and remain at such a low level for a prese! time, 2 i i ;
CMA board action will initiate engine c?anking and Cantrol Panel- Units .W”h Liquid Cooled
startup. Engine
d. Following engine startup, CMA board action will GENERAL-
initiate transter of electrical loads to the "Standby” et
source side. See Figure 2. A typical prepackaged control panel
. On restoration of utiity source veoltage above a on units with liquid cooled engine includes (a) an AC
preset level, CMA board action will initiate voltmeter, (b} an AT ammeter, {¢] an AC frequency
retransfer back to the "Utility” side. meter, () a DG volimeter, (g} an hourmeter, {f} an
f. Following retransfer, CMA board will shut the auto-off-start switch, (g} a fault incicator lamp, (P} a 30
engine down ang will then continue {o monitar amp fuse, and (i) a voltage-phase selector switch,
> ug;‘rftygource vollage.
. "Oit” Position ' i
. A . NOTE: Soms models may not be squipped with ali of
gl'_l Sisé.the switch to "Off" 1o stop an operating the features shown. For example, some units may not
b. To pravent an automatic startup from oceuring, hav;e the AC meters (volimeter, ammeter, fraquency
set the switch to "Off", ' meler).
3. "Manual" Fosition )
a. Set switch to "Manua!” to crank and siart unit AC YOLTMETER:
manually. This AT metar permits an cperator to monitor the
L. Engine will crank cyelically and stant {(same as generators AG voltage output. Refer 10 the generator
automatic startup, but without transfer). CATA PLATE for the unit's rated vaoltage.

Pace 1.7-1
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Control Panel- Units with Liquid Cooled
Engine (Continued)

Whentaking AC veltmetsrreadings, xeep in mind the
fact that, if ail systems are functioning procerly, volizge
will be proportional to AC frequency. For exzmple, on
modets rated 120/240 volts AC and 80 Hz, when the
no-load frequency is 62 Mz the no-lcad voltage will be
approximately 248 volts (line-to-line) or 124 volts (fine-
{o-neutral).

AC AMMETER:

This meterwillindicate the current draw of connactad
electrical loads. The generator's rated amperage
should never be exceeded for continuous operation.
Refer to the unit's DATA PLATE for rated maximurn
cortinuous amperage.

AC FEEQUENCY METER:

The fraquency meter indicates generater AC autput
frequency, in HERTZ (cycies per second). The no-load
{requency reading should be about 61-83 Hz.

The frequency meter is also zn indicator of engine-
generatar operating speed. Unils with 4-pole rotor will
supply 60 Hz at 1800 rpm, or 50 Mz at 1500 rpm; unis
with 2-pole rotor will delivar 60 Hz at 3600 mm, or 50
Hz at 3000 mm, Generally, ¥ fraquency is incorract,
engine operating speed is also incorrect and the engine
goverror requires adjustment,

DC VOLTMETER:

The 1.2 titer liquid cooled engine is equipped with a
combination engine governor and DC alternator. The
DC alternator functions to maintain battery state of
charge during operation. With the engine running, ths
reter should read approximately 12.5-14.5 valis RC,
depending on battery stale of charge. A low reading
maans the battery is discharging.

~

(9

w

Jc‘-h‘*{a ‘l-c‘._.‘c)
ieads) | Lurires

e

Figure 2. Control Fanegl- Liquid Gooled Engine Unils
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OPERATING INSTRUCTIONS

HOURMETER:

The hourmeter indicates engine-generator operating
time, in hours and tenths of hours. Use the mater in
conjunclion with the periedic maintenance schedule tar
the applicable generator set. CMA ¢ircuit board action
turns the hourmeter on at startup, via the same (Wire
14} circuit that powers the engine ignition system and
the fuel shulof solenoid. ‘

AUTO-OFF-START SWITCH:

Switch operation is the same as for units with air-
coocled engine. The "Start” position of the switch i3
identical to the "Manual” position on air-cocled untt
switches. See "Manual-Off-Aute Switch" on Page 1.7-
1.

FAULT INDICATOR LAMP:

This advisary lamp is a light emitling diode (LED).
The lamp will turn 2now e 2vent that any one of more
of the following engine fzult conditions should oceur:
(a} low ol pressure, (b) high coolant tamperature, (0
low coolant level, (d) overspeed, and {g) overcrank.

30 AMP FUSE:;

Fuse protects the DC control system, inciuding the
CMA circul board, against overicad. If the fuse has
blown, engine ¢ranking and running will not be pos-
sibie. Should fuse replacement becorme necessary, usa
only enidentical 30 amp replacemant fuse.,

VOLTAGE-PHASE SELECTOR SWITCH:

This 4-position switch permits the oparator {0 salect
specific {ing-to-line or line-to-neutral readings on ths
panel AC voltmeter and arnmeter. AC voltmeter and
ammeter readings will be determined by switch posi-
tion, as shown in the chart below.

I N
SWITCH

1-PHASE FPHASE
POSITION UNITS UNITS
7 Line E1 1o Neulral | Line £] 1o B2
2 Line E3to Neutral | Line E2to £3
3 Line k1 toE2 Ling E3te E1
OFF No Reading No Raading
]

Figure 3, on the next page, is a schematic repra-
sentation ¢f the voliage-phase selector switeh on a
1-phase generator sel. Switch positions ard switch
contacts conditions are shown inthe chart balow.

CONTACT SWITCH POSITION

NUMBERS i 2 ] (%213
14 &£13 Giosad Open Clasod Opan
18 & 18 Cpen Ciosad Opan Cpan
28218 Ciosed Upan Cpan Qpen
18 417 Cpen Closed Closed Cpeén
1 &2 Drmr‘e Closad Closed Closed
384 Ciosed Opan Chan Opan
S&E Closed Opan Closod Cioged
788 Opan Ciosed Opan Cpar
8 & 10 Closed Glosad Ooan Closed
11412 Cpen Opan Ciosed Cpan

A U LA
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Contrel Panel- Units with Liquid Cooled Engine (Continued)
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Figure 3. Voltage-Fhase Selector Switch Schematic

To Select Automatic Operation

The following procedurs applies only to thase instal-
lations inwhich the prepackaged home standby gener-
ator is installed in conjunction with a prepackaged
transiar switch. Prepackaged transfer switches do not
have an intelligence circuit of their own, as do Genarze
"@GTS" type transfer swilches. Instead, automatic
operation on prepackaged transfer swilch and gener-
ator combinations is conirofled by a circuit board
housed in the generator's control module assembiy
{CMA).

NQTE: Liquid cooled prepackaged generators can be
insiafied in conjunction with Generac’s "GTS8" type

gulomatic franster swilch, if desired. Ses "Installation

with a GTS Transfer Switch™ cn Fage 1.3-4. When this
15 dene, automatic operation wifl be controlled by circuit
beards housed inthe GTS transfer switch. For automat-
lc pparating sequences and parameters when a GTS
transfer switch is used, refer fo the appropriate transfer
switch instructions.

Ta select automatic operatian when 2 prepackaged
transfer swilch i3 installed along wih a prepackaged
home siandby generaior, proceed as follows:

1. Check that the prepackaged transfer switch main

contacts are at their "Utility" position, i.e. the loadis

connected 10 the Utility power supply. It necessary,
manually actuate the switch main contacls to their

"ttty source side. See Part 4, 5 or 6 of this manual,

as appropriate, for instructions,

2. Check that utility source voliage is available to
transier switch terminal lugs N1 and N2 (2-pole,
1-phaseiransfer switches) ortoterminaliugs N1, N2,
N3 (for 3-pole, 3-phase transfer switches).

3. Set the generator's auo-off-manual swrch to its
"AuUta" position.

4, Actuate the generator's main line circuit breaker
to its "On” or "Closed” position.

With the preceding Steps 1 through 4 compléted, &
dropout i Uity supply voltage below & preset lavel
will resuit in automatic generator cranking and star-
tup. Fellowing startup, the prepackaged fransfer
switch will be acluated o is "Standby” source side,
i.e., loads powered by the standby generater.

Manual Transfer to "Standby" and
Manual Startup

Ta transfer electriczt loads to the "Standby” {gener-
ator) source and start the generator manually, proceed
as follows:

1. On the genermor panel, set the auto-ofi-manual

switch to "Of",

2. Onthe generator, set the main line circuit bregker

1o its "OH" or "Open” position.

3. Turn OFF the utilify power supply ta the transfer

switch, using whatever means provided (such as a

utility seurce line cirouit breaker),

4, Manually actuate she transfer switch main contacts

1o their "Standby” position, 2., loads connected to

the "Standby” power source side,
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Manual Transfer to "Standby” and
Manuai Startup (Continued) .

NOTE: For ingirvelions on manual eperation of prapackagsd
transfer switchas, see Part 4 or 5 as sppropriats.

5. On the generator panel, se! tHe aytg-off-manual
switch to "Manual”. The engine should crank and start.
6. Let ther engine warm up and stabilize for a minutc or
two at no-load.

7. Set the generzlors main ling circult breaker to its
"On" or "Closed" position. Electrical loads are now
powered by the generator.

Manual Shutdowr and Retransfer Back
to "Utility"

To shut the generalor down and retransfer electrical
loads back to the "Utility" positicn, proceed as follows:

1. Seif the generator's main line circult breaker 4o hs
"Off" or "Open" position.

2. Letthe generator run at ne-load for a few minutes,
to cool.

J. Sef the generalor's auto-off-manuai switch {o "Off",
Wait for ihe engine to come to a compiete stop.

4. Turn QOFF the "Utiliy" power supply 1o the transter
switch using whatever means proviced {(such as a
"Utility” seurce main line circuit breaker).

3. Manually actuate the prepackaged tranafer switch ta
fts "Utility" power source side, i.e., "Load” connected ta
the "Litility" source,

8. Turn ON the "Litility" power supply 1o the transfer
switch, using whatever means providéd.

7. Seithe generator’s auto-off-manual swich to "Auto”.

Page 1.7-4
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The Set Exercise Time Switch

The prepackaged home standby generator will stas
and exercise once every seven {7} days, on a day and
at a time of day selected by the owner or operator, The
set exercisa time switch is provided 1o seiect the day
and time of day for systermn exerciza,

See Pang, Section8.2 {"The 7-Day Exercise Cycle™)
for instructions on how to set exercise time.

DANGER: THE GENERATOR WILL CRANK AND
START WHEN THE SET EXERCISE TIME
SWITCH 15 SET TO "ON". DO NOT ACTUATE
THE SWITCH TO "ON" UNTIL AFTER YOU
HAVE READ THE INSTRUCTIONS IN SECTION
8.2
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Section 1.8

AUTOMATIC OPERATING PARAMETERS

Intreduction

When the prepackaged generaior is installed in con-
junction with a prepackaged transfer switch, either
manual or aulomatic operation is poassible. Manual
transfer and engine startup, as well as manual shut-
down and retransfer, are covered in Section 1.7, Sefac-
tion of fully automatic operationis alzo discussed in that
section. This secticn will provide a siep-by-step
description of the sequence of events that will cccur
during automatic operation of the system.

Automatic Operating Sequences

PHASE 1- UTILITY VOLTAGE AVAILABLE:

With utllity source wnltage available to the transfer
swilch, tha source voltaye is sensed by &8 CMA circult
board inthe generator panel and the circuit board takes
no action.

Electrical loads are powered by the "Utility" source
and the auto-off-manual swilch i¢ sst {o “Autc".

PHASE 2- UTILITY VOLTAGE DROPOUT:

it 2 dropout in utility source voltage should occur
below abaut 60 percant of the nominal ulility source
voltage, a six (6) second timer cn the CMA board will
start timing.  This timer is required to prevent false
ganerator stans that might be caused by transient tility
valtzge dips.

PHASE 3- ENGINE CRANKING:

When the CMA board's six (6) second timer has
finished tirming ang if utility source voltage is stiil below
60 percent of the nominat scurce voltage, CMA circuit
board action will energize a crank relay and a nun ralay.
Soth of thase relays are mounted on the CMA circuit

oard.

CMA board action will hold the crank relay energized
for abeut 7-8 secands. The relay will than be de-ener-
gized for about 7-¢ seconds, energized again for 7-9
seconds, and $o on. When the crank relay enecgizes
the engine will crank, when it is de-energized, engina
cranking will stop. This cyelic action of crank/fest,
crank/rast, ete., will continue until either (a) the engine
starts, or {b} until ninety (90) seconds have elapsed.

If the engine has not started within ninety (80)
seconds, cranking will terminate and shutdown will
occur. On liguid ¢ooled engine units, a fack ingdicator
lamp (LED) on the generator pane! will iilluminate.

If the ergine starts, cranking will terminate whan
ggnﬁrator AC output frequency reaches approximately
Z.

PHASE 4-ENGINE STARTUP AND RUNNING:

The CMA circuit board senses that the engina iz
running by receiving a voltage/frequency signal from
the generator stator windings.

When gensrator AC frequency réeaches ap
proximately 30 Hz, an engine warmup #mar on the
CMA circuit board turns on. That fimer will run for abaut
tifteen (15) seconds. At the same time, an engine
minimum run timer will turn en,

The engine warmuptimer lets the engine warmup up
and stabilize before transier to the "Standby” source
can oecur.

The engine minimum run timer prevents & cold an-
gine from being shut down, as might happen if utifity
source power is restorsd very nuickly 7RI ~inimem
run timer will run for ebout 13-15 minutes, That means
the engine must run for 13-15 minutes before it can ba
shut down automatically.

NOTE: The encine can be shut down manually at any
fima, by setting the auto-cff-manual switch to "0~

FPHASE 5- TRANSFER TQ "STANDEY"™:

When the CMA board’'s enging warmup timer has
timed out, CMA circuit board action compietes atrans-
fer relay circuit fo ground. The transfer relay is housed
in the prepackaged transfer switch enclosure,

The transier relay energizes and transfer of loads to
the "Standby" power source gegurs. Loads arg now
powered by standby ganeralor AC output,

PHASE 6- "UTILITY" FOWER RESTORED:

When ulility source voltage is restored above about
&0 percent of the nominal supply voltage, a six ()
secend timer on the CMA beard starts iming. If utility
voltage remaing sufficiently high at the end of six {8)
seconds, a "retransfer time delay” will start timing and
will time for about six (8) seconds.

PHASE 7- RETRANSFER BACK TO "UTILITY™:

When the retransfer time delay has finished timing,
CMA board action will open g ¢ircull 1o a transfer relay
(housed in the transfer switch), The transfer relay will
then de-energize and retransfer back to the “Utility"
source will oceur, Loads are now powerad by "Utility”
source power. On retransfer, an "enging cooldown
limer” staris timing and will run for about one (1) minute.

PHASE 8- GENERATOR SHUTDOWN:

When the engine cocldown timer has finished tming,
and if the minimum run timer has timed ouf, enging
shutdown will pceur,

Fage 1.8-1
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AUTOMATIC OPERATING PARAMETERS

Automatic Operating Sequences Chart

SEQ. | CONDITION ACTION SENSOR , TIMER CR QTHER
1 "Utility” source voltage is No action Valtage Dropout Sensor on CMA
available. ‘ circuit board.

2 Utility" voltage dropaut balow
60% of rated voltags occurs.

A B-second timer on CMA
board turns on,

Voltage Dropout Senser and 8
sacond timer on CMA board.

3 “Utility™ vattage is still halow
80% of rated voitage.

E-second timar runs far 6
secands., then stops.

Voltage Dropout Sensor and 6
sacond timer.

4 "Litility” voltage still low after &

CMA beard action snargizas a

CMA ¢ireuit board crank and run

seconds. crank relay and a run relay, The | relays,
engine cranks for 7-9 seconds,
rasts for 7-9 seconds, and so on,
uatit engine starts, See NOTE 1.
5 “Litility" veltage still low and the CMA beard's "angine warmup Engine Warmup Timar {15 seconds}

sngine has slarted,

timer" and "angine minimum run
timer™ both turn on,

Minimum Run Tirmer {13 minutes)

g Engine running and "engine
warmug timer” times out

CMA board action encrgizes a
transior ralay In transfar switch
and transfer o "Standby” acours.

CMA beoard transfar ralay oireuit
Transter switch transfaer ralay.

7 Engina running and load is
powered by "Slandby* pawer,

Na further action,

CMA board's "voltaga pickup
sensor” continges to seek an
acceptable "Utilty" voltage.

g "Uiility" source voltaga is
rastored above 80% of rated
soutce voltage.

CMA board’s "volage pickup
sensor” reacts and a “returm o
Wlility timer™ turns on,

Voltage Pickup Sensor (80%)
Return to Utlliy Timer (8 seconds)

g "LAllity" voltage still high after 6
sgconds,

"Returns to utifity timer” times out.

Returs to Utility Timer

10 | "Uilility" valtage siill high,

CMA board action opens the
transfer ralay circuit 1o ground.
Transfer relay de-enargizas and
ratransfar 1o "Ltility” oceurs.

CMA board transfer relay circuit
Transfar switch transfer ralay.

11 { Engine still running, loads are
powarad by "Utiity" source,

CMA boards "engine cooldown
timar” starts running,

CMA board's Engineg Cocldown
Tiner (1 minute}.

12

Aftar 1 minute, *sngina cooldown
times" stops and CMA board's
run relay de-enargizes. Engina
shuls down.

Engine Cocldown Timer
CMA Board Run Relay.

13 | Engine is shut down, icads are
powerad by “Utifity” sourca.
Return o Saquenca 1.

Mo action.

Valtage Oropout Sensar an CMA
circult board.

NOTE 1! In Sequance 4, if sngine has not started in 80 seconds cranking will and and shutdown will ocour,

Page 1.8-2
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PART 2- PREPACKAGED
AIR-COOLED AC GENERATORS

SECTION 2.1
DESCRIPTION & COMPONENTS

Section 2.4

DESCRIPTION AND COMPONENTS

Introduction

The "Generac II" air-coaled hama standby systemis
an sasy 1o install, fully enclosed and seff sufficient
glectric power system. It is designed especially for
home owners, but may be used in other applications as
well On occurance of 4 ulility power failure, this high
periormance system wiil (8} crank and start automat-
ically, and ) autamatically fransfer electrical loads to
generator AC output.

The generator's "2-bearing” revelving field {rotor) is
driven by an air-cooled V-Twin engine at about 3600
rpm, threugh a drive belt and pullay arrangemsnt,

The generaler may be used to sunply elaciical
powar for the operation of 120 and/or 240 volts, 1-
nhase, 80 Hz, AC loads reguiring up to 8000 watts (8.0
kW) of power. Elecirical wads reouinng up i 667 AC
amperas of current at 120 volig {Iine-to-nautral), crup
10 33.3 AC amperes at 240 volts (ling-to-ling) may be
pavwared by the unit.

A Z-pole, "V-Type", prepackaged transfer switch is
usually shipped with the unit {(see Fam 4). PFrepackaged
transfer swilches do notinclude an “intelliigsnce circuit”
of their own. Instead, automatic startup, tranzfer, run-
ning, retransier and shutdown operations are control-
ied by a sofid sizte circuit beard in a control module
acsambly (ChMA).

Engine-Generator Drive System

The gensgrator's revolving field is driven by an air-
cosled, vertical crankshalt, twin cylinder engine
through a drive belt and pulleys arrangement. The
engine and generater are mounted side-by-side and
verically inacompantment enclasure, to accemmodate
drive pulleys in the botom of the compantment. Both
the esngine and generator rotor are driven at ap-
prozimately 3800 rpm, 1o provide a €0 Hz AC output,

The AC Generator

See Figure 1. Major componenis of the "2-bearing”
AC genaralor are listed below.

Lower Bearing Carrier

The cast and machined lower bearing carrier sup-
ponz the AC generaler at its fower end. A machinad
bore in the center of the bearing carrier 2ccepts the
lower rotor bearing. Four holes are provided around the
outer pariphery of the carrier for passage of siator
studs. The extra long stator studs pass thraugh ths four
bearing carrier holes and are also used to ratain tha
carrier to a mounting tase by means of slofied holas.
Tensioning springs, installed over the ends of the statar
studs, separate the carrier from the mounting base and
aliow it to slide the length of the sigited holes on nyien
clides. The slotied holes permit drive bel tansion to be
adjusted. The two flanged legs of the bearing carrier
allow for passage of spring-loaded drive et lensioning
bols. By turning the tensioning bolts, the baaring car-
rieris moved laterzlly onthe mounting base to esiabisg
proper bell tension.

\‘.',

— T S
ITeM | DESCHIPTION ITEM| DESCRIPTION
1 Lower Buaring Carrier 9 | Brush Helder
2 Rotor Assembly 1C | Screw
3 Lowur Hotar Bearing 11 ] Stator Lead Clamp
4 Upper Ratar Baanng 12 | Sempw
5 Stator Assemnbly 13 | MNyton Washer
g Upper Bearing Carrfer 14 | Ganarator Tap Cover
7 Gerarator Studs (4) 15 | Flanged Lock Nut
g Hex Nuts
B —r

Figure 1. AQC Gengrator Exploded View

Page 2.1-
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Lower Bearing Carrier (Continved)

Figure 2. Lower Bearing Carrier

Fotor Assembly

The 2-pole roter must be oparated at 3600 rpm lo
supply & 60 Hertz AC frequency. The term "2-palg”
means the rotor has a single north magnatic pole and
a single south magnetic poie. As the rotor rotates, is
ines of magnetic flux cut across the stator assemely
windings and a voltage is induced into the stator wind-
ings, The upper roter shaft mounts a positive (+) and a
negative (-) slip ring, with the positive (+) slip ring
nearest the upper rolor bearing. Rotor bearings are
mressed onto both the upper and lawer sha® of the
rotor.

Figure 3. The 2-Fole Rotor Assembly

Paga 2.3-2

SECTION 2.1
DESCRIPTION & COMPONENTS

Stator Assembly

The stalor can houses and retains {a) dual AC power
windings, {0) an excitation winding, and (¢) dual battery
charge'windings. Leads are brought out of the stator
canto forma "3-wire", 1-phase, AC connection system
{see "Voltage Code A" on Page 1.2-1). In addition,
excitation winding leads 2 and 6 plus battery chiarge
winding leads 55, 68 and 77 are brought out, for a tolal
of eleven (11) leads as shown in Figure 4.

The stater can is sandwiched between the upper and
lower bearing carriers. ft is retained in that position by
four stator studs,

(L-\ . Wf;/’j :___:_2

p——— 113
2B

e 725

T S
a4

o )

413

rﬂﬁmm \ B "“-“__ﬂ

Foure & Stator Assembly Leads

Upper Bearing Carrier

Referto Figure 1, The four stator studs pass through
holes in the upper bearing carrier, to retain the stalor
can in s "sandwiched™ positian. A machined bere in
the center of the carrier accepts the upner bail bearing
of {he rotor assembly. Bosses on the upper Bearing
casrier provide for retenticn of a brush helcer assembly.

Brush Holder and Brushes

The brush holder is retained to the upper bearin
carrier by means of two M5-0.80 x 15mm (Taptie
screws. A positive (+) and a negative (-) brush are
retained in the brush holder, with the positive (+) brush
riding an the slip ring nearest the rotor bearing.

Wire No. 4 connects to the positive (+) brush and
Wirg No. 0 fo the negative {-) brush. Wire No. 0
conngcls o rame ground, Rectified and regulated sx-
citation current, as well as current from a field boost
circur, are delivered to the rotor windings via Wire No.
4, andthe positive {+) brush and slip ring. The excitation
and fleld boost current passes through the windings
and to frame ground via the negative (-} siip ring and
brush, and Wire No. 0. This current tiow creates a
magnstic field around the rotor having aflux concentra-
tion that is proportional to the amount of current flow,
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Brush Holder and Brushes (Continued)

Figure 5. Brush Holder and Brushas

Cther AC Generator Components

Some AC generalor components are housed in the
generator control panet enclosure, and are not shown
in Figure 1. These are (a) an excitation circult breaker,
(b) a voltage reguiator, () & battery charge ractifier, (d)
a bettery charge resisior, and (g) a main line circuit
breaker.

EXCITATION CIRCUIT BREARKER:

The excitation circuit breaker (CB2) is housed in the
generater panel enclosure and electrically connecied
in series with the excitation (DPE) winding output to the
vollage reguiator. The breaker is seff reselfting, ie, its
contacts wili close again when excitation current drops
to 4 safe value.

If the circuit breaker has falled open, excitation cur-
rent flow o the voltage reguiator and subiseguently, to
the rotor windings will be lost. Without excitation current
flow, AC voltage induced into the stalor AC power
windings will drap to a value that s cammensurate with
the rofor's residual magnetism pius field boost mag-
netism. Residual magaetism plus field Boost mag-
netism {without excitation) wili result in an AC vaitage
putput that is somewhere near one-half the unit's rated
voltage,

th2 o

O O

Figure 6. Excitation Circuil Breaker

SECTION 2.1
DESCRIPTION & COMPONENTS

VOLTAGE REGULATOR:

Atypical prepackaged voltage reguiator is shcwn in
Figure 7. Unregulated AC output from the stator excita-
tion winding is deliverad to the regulator's "DPE” ter-
minals, via Wire No. 2, the excitation circud breaker,
Wire Na. 182, and Wire No. 6. The voltage reguiator
rectifies that current and, based on statar AC power
winding sensing, reguiatas it. The rectified and regu.
iated excitation current is then delivered {o the rolor
windings from the "+" and "-" regulatar termingls, via
Wire No. 4 and 1. Slalor AC power winding "sensing"
iz delivered to the regulator "5EN" 1erminals via Wires
Mo, 11 and 22.

The requlalor used on prepackaged uniis provides
"overvollage” protection, but does not pretact against
"undervoltage”. Onoccurence of an "overvoliage” con-
dition, the regulator will "shut down” and complete loss
of excitation current to the rotor will ocour. Withouw
excitation current, the generator's AC output valtags
will drop to approximateh: ne =slif the unit's rated
velage (rasiduat plus ficld boost).

A single red lamp (LED) glows during nermal opera-
tion. The lamp will became dim if excitation winding AC
sutpul diminishes. twill go cut gnoccurence of anopen
condition in the exciation winding AC cutput circuit, or
i tha rotor's excitation circudt,

An adiustment potentiomeater parmits the stators AC
power winding veltage to be adjusted. Perform this
adjustment with the generater running at ne-load, and
with a 62 Hz AC frequency (82 Mz eguals 3720 pm).
Al the stated no-load frequancy, adjust to oflain 2
ling-ie-line AC voltage of 2bout 248 volis,

LR

A\

Figure 7. Typical Volage Regulator

BATTERY CHARGE RECTIFIER:

The “full-wave” battery charge rectifier (BCR) chan-
ges the battery charge winding AC cutput lo "0C". The
rectified current is then delivered 1o the unit ballesy
during operation. See Figure 8.

FPage 2.1-3
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Other AC Generator Components {Continued)

Notice that field boost current is available only whila
the crank retay (K1) is energized, i.e., whilg the engine.

f, Is cranking.

I : Figld boost voltage is reduced from that of battery
!

1

|

5 (2 WIRES) voltage by the resistor action and, when read with a DC
&;j 15 valtmeter, wilt ve appraximately 2 or 10 volts DC.

T WOLTE L
1 b o]

17y
> OTARTER

ey
‘{)HD c
{J-

BiEY
{C" RELGTEH
-

I
!
1
i
Figure 8. Battery Chargs Rectifier |

BAﬁEH‘( GHAHGE AESISTOR: fa ORANK

This resistor is electrically connected in serigs with
battery charge winding Wire No. 55, The resister i
rated 1 ohm, 20 or 25 watl. CMACIRCUITBOARD

Figure 10, Field Boost Circuit Schamatic

Flgure 8. Battery Charge Resistor

MAIN LINE CIRCUIT BREAKER:

The main line circult bregker protects the generator
against electricaloverload. The 2-pole breakeris rated
38 AC ampergs. Also see "Control Panal- Units with
Air-Cooled Enging" on Page 1.7-1.

Field Boost Circuif

When the engine is cranking, direct current flow is
deliverad from a CMA circult board to the generalor
retor windings, via Wire No. 4.

The figkd boost system is shown schematically in
Figure 10, Manuai and automalic engine cranking is
initfated by CMA circu® board action, when that circuil
board energizes a crank relay (K1), Baltsry vollage is
then delivered to fiold baost Wirea No. 4 {and 1o the
rotor), via a field boost resistor and diade. The crank
relay, liefd boost resistor and diode are zil located on
the CMA circuit board,

Page 2.1-4
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Section 2.2

OPERATIONAL ANALYSIS

Rotor Residual Magnetism

The generator's revolving field {rotor) may be con-
sidered to be a permarent magnet. Some "residual”
magnetismis always present in the rotor. This residual
magnetism is sutficient to induce a volitage into the
ste;torECAC power windings that is approximately 2-12
volis AC,

Fisid Boost

See "rield Boost Circuit" on Page 2.1-4. During
enging cranking (when crank relay K1 is energized),
approximately 9410 volts DC s delivered 10 the rotor
windings from a CMA circuit board. This veltage Is only
av~ilvtle whils the engine is cranking.

- Operation

STARTUP:

When the engine is started, residual plus field boost
magnetismirom the rotor induces 2 veltage inlo (8} the
staior AC power windings, (b} the stator exciiation or
OPE windings, and (c) inla the stator battary charge
windings. in an "on-spesd” condiiion, residual plus field
boest magnatism are capabile of creating approximate-
Iy one-haif the unit's rated voltage.

ON-SPEED OPERATION:

As the engine accelerates, the voltage that is in-
duced info the stator windings increasas rapidly, cugto
the increasing speed at which the rotor operates.

FIELD EXCITATION:

An AC voltage is induced into the stalor excitation
(DPE) windings. The DPE winding circuit is completed
1o the voltage reculator, via Wire No. 2, excitation circuit
breaker, Wire Mo, 162, and Wire No. 6. Unregulated
alternating current can fow from the winding to the
reguiator.

The velage raguidior "senses” AC power winding
oulput voltage and fraquency via stator Wires No. 11
ang 22,

The reguialor changss the AG from the excitation
winding t¢ DC. In addition, kased on the Wires 11 and
22 sensing signals, it regulates the flow of direct cur-
rent.

The reclified and regulated current flow from the
regulatoris delivered to the rotor windings, via Wira No,
4, and the positive brush and slip ring. This exchtation
current flows through the rotor windings and is dirgeted
to ground through the nagative (-) slip rfing and brush,
and Wire No. G.

G —
= S gATTERY |
5O

[

e
o

51 BCR

MLEB

FROM CMA —<
CIRCIIT
BOARD

LEGEND:

ACP = STATOR POWER WINDING
BCW = BATTERY CHARGE WINDING

BCR = BATIERY CHARGE RECTIFIER
DPE = STATOR EXCITATION WINDING
ECE =« EXCITATION CIRCUIT BREAKER
MLE = MAIN LINE CIHCIHT BREAKER
VR w VOLTAGE REGULATOR

Figure 1. Operating Diagram of AC Generator

Page 2.2-1




PART 2- PREPACKAGED
AIR-COOLED AC GENERATORS

Operation (Continued)

The greater the current flow through the rotor wird-
ings, the more concentrated the lines of flux around the
rotor become.

The mere concentrated the lines.of flux around the
rotor that cut across the stationary stator windings, the
greater the voltage that is induced irfo the stator wind-
ings.

Inttially, the AC power winding voltags sensad by the
reguiator is low. The reguiator reacts by increasing the
flow of excitation current fo the rotor untit voltage in-
craasesto adesiredlevel, The regulatorthen mairdains
the desired voltage. For example, #f voltage excaads
the desired level, the regulalor will decraase the flow of
excitation current. Conversely, if voltage drops below
the desired level, the regulator responds by ingreasing
the flow of excitation current.

AC POWER WINDING QUTPUT:

A regulated voRage is induced into the stator AC
power windings. When electrical loads are connected
across the AC power windings to complete the eircuit,
current can flow in the circuit. The reguiated AC power
winding output voltage will be in direct proportion to the
AC frequency, For example, ¢n unils rated 120/240
volts at 80 Hz, the ragulator witl try 1o maintain 240 volts
{line-to-line) at 60 Hz. This type of reguiation system
provides greatly improved motor starting capability
over other types of systems,

BATTERY CHARGE WINDING QUTRUT:

Avotageis induced into the battery charge windings.
Cutput frem these windings is delivered to 2 hattery
charge rectifier, via Wires No. 6€ and 77. The rectifier
consists of a pair of diodes which reclify the current
{changs it 1o DC). The resulting direct current flow is
delivered to the unit battery, via Wire No. 15,215 amp
fuse, and Wire No. 13. This output is used fo maintain
battery state of charge during cperation.

NQTE: Battery charge winding output is also deliversd
o a soiid stale circult board in a control module as-
sembly (CMA), via Wire No. 88, This output "tells™ the
circuit board that the enging has started and what its
operating speed and voltage is. The CMA circuwit board
uses these signals from the battery charge winding io
(a} terminate cranking, and (b} turn on various fiming
circuits that control avtomatic operation, See Part 7,
"DC Contrel- Units with Alr-Cooled Engine”,

Paga 2.2-2
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Section 2.3

TROUBLESHOOTING FLOW CHARTS

Use the "Flow Charts” in conjunction with the detailed
instructions in Section 2.4, Test numbers used in the

flow charts correspond to {he numbered fesis in Saction

2.4

General

Froblem 1- Generator Froduces Zero or Residual Voltage

TEST 1-CHECK
MAIN

CIRCUIT
BREAKER

S O.K.—ﬁ-

TEST 2-CHECK
AC QUTFUT
VOLTAGE

BaD

i

BESET TO "ON"
DR REFLACE
IF BAD

TESTA-TEST
STATOR DPE
WINDING

] O_K,M

TEST 5-CHECK
BRUSHES AND
SLIP RINGS

ZERQ
OR
EESIDUAL

—.

Hc— Q_K.l__-b- ASSEMBLY

REPLACE STATOR ASSEMBLY

1.
v

CLEAN SLIF RINGS
REPAIR OR REFLACE

TEST 3-TEST EXCITATICN
CIRCUIT BREAKER

The first step in using the flow charls is o comectly
identify the problem. Once that has been done, locate
the problem on the following pages. For best results,
perform alftests in the exact sequence shown in the tlow
charts.

GO0 mna——"

!

REPLACE
DEFECTIVE
EREAKER

TESTE-TEST ROTOR

Ik

REPLACE ROTQR

GoOn

DEFECTIVE PARTS OR
WITING
\4

TEST 7-CHEGK TEST BCHECK

STATCH AC o (). a1 F1 51 D s

POWER BOOST oK.

WINDINGS

B!D BAD

REFLACE STATOR HES]ACE CMA

ASSEMBLY

CIRCUIT BOARD

TEST 9-CHECK
VOLTAGE
REGULATCR

BAD

'

ADJLIST QR BERPLACE
ASNECESSARY

Page 2.3-1
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TROUBLESHOOTING FLOW CHARTS

Problem 2- Generator Produces Low Voltage at No-Load

i LOW e At oo R T— | AND e ] QUENCY
| QUTR : ADJUST FREQUE &
VOLTAGE FREQUENGCY { cncine e L TAGE O K.
 GOVERNOR
RPN |
AMD ADSUST FREQUENCY Ok BUT
VOLTAGE Wepowmm /O TAGE O
REGULATOR |
'_"'L__ VOLTAGE & FREGQUENGY O.K. mum sy STOP TESTS
FREGUENCY 1S O.K. mmommmmorsmneiye § TEST 4-TEST TEST 8. TEST ROYTCR
BUT VOLTAGE IS STATORDPE  fomcumm O.K. muemecmsnlip |  ASSEMBLY
STILL LOW WINDING
REFLACE STATOR ASSEMBLY ‘w BADHJ BAD

AEPLACE ROTOR ASSEMELY - -

POWER
WINDINGS

TEET 7-CHECK
STATOR AC S _-}

TESY 8-CHECK
VOLTAGE
REGULATOR

Cr——— BA\DH- RERLACE
DEFECTIVE

VOLTAGE
REGULATOR

BAD m}- REPLACE STATOR ASSEMELY

Problem 3- Generator Produces High Voltage at No-Load

TEST 11-CHECK ENGINE GOVERNOR

eyl STT—— DL T
e AC OU e

VOLTAGE FREcUENCY o
erers——

TEST 12-CHECK § I

AND ADIST  § FREGUENGY O.K.

VOLTAGE § s T TAGE LIGH

REGULATOR

VOLTAGE & FREQUENGY O K. wemmmmas DiSCONTINUE TESTING

VOLTAGE & FREQUENCY QK.

TEST 9-CHECK

FREQUENCY 0K,
VOLTAGE ETILL Hi e}y

VOLTAGE REGULATOR

FREQUENCY O.K.
YOLTAGE HIGH

< sri———

REPLACE DEFECTIVE VOLTAGE REGUILATDA -‘-um— BAD-——]

Fage 2.3.2
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SECTION 2.3

Problem 4- Voltage and Frequency Drop Excessively When Loads are Applied

TEST 13-CHECK

YOLTAGE AND BOTH

FREQUENCY PR | OV

UNDER LOAD .

BOTH !RE GK

DISCONTINUE TESTS

TEST 7-CHECH m

STATOR AC .

POWER

WINDINGS [ BAD e
QK H

1 TEST 14.CHECK §
{ FOR OVERLOAD |
| CONDITION

TEST 15-CHECK ENGINE
CONDITION

NOT
OVERLOADED—}

ENGINE FROBLEMS ARE FOUND

'

BREDUCE LOADS TO REFAIR ENGINE AZ NEEDED
UNIT'S RATED CAPACITY

QVERLOQADED

ENGINE CONDITION 18 GOOD TR SO et

REPLACE STATOR ASSEMELY

LOOK FOR A SHORTED CONDITION IN A CONNECTED LOAD
COR IN ONE OF THE LOAD CIRCUITS

Fage 2.3-3
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Secticn 2.4

DIAGNOSTIC TESTS

lntroduction

This section is provided o farmiliarize the gservice
technician with acceptabie procedures for the testing
and evaluation of various probiams that could be en-
countered on prepackaged standby generators with
air-cooled engine, ise this section of the manual in
conjunction with Section 2.3, "Troubleshooting Flow
Chants”. The numbered tests i this section correspend
with those of Saction 2.3,

Testprocedures inthis section do not require the use
of specialized test equipment, meters or {oois. Most

tests can be perormead with an inexpensive voit-ohm-

milliarmmeter (VOM}. An AC frequency meter is re-
quired, where frequency readings must be taken. A
clamp-on ammeter may be ysed to measure AC loads
on the generator.

Testing and troubleshooting metheds covered inthis
sectian are net exhaustive. We have not aftempizd fo
discuss, evaluale and advise the home standby setvice
trade of all conceivable ways in which service and
trouble diagnosis might be performed. We have not
undertaken any such broad evatuation, Accordingly,
anyone who tses & test method not recommended
herein must first satisfy himself that neither his nor the
product's safety will be jeopardized by the procedure
or methiod he has selected.

Safety

Bervice personnel who work an this equipment must
be made aware of the dangers of such equipment.
Extrernely high and dangercus voltages are present
that can kil or cause serious injury. Gaseous fuels are
highly explosive and can be ignited by the slightest
spark. Engine exhaust gases contain deadly carbon
monoxide gasthat can cause unconsciousness oraven
geath. Contact with moving parts can cause serious
injury. The list of harards is szemingly endless.

When working on this equipment, use comman
sense and remain alert at all imes. Never work on this
aquipment while you are physically or mentally
fatigued. !f you don’t understand a component, davice
ar system, don't work on it.

Test 1- Check Main Circuit Breakear

DISCUSSION:

Oiten the most obvious cause of a problem is over-
looked. [t the generatar's main line circuit breakeris set
1o "Off” or "Cpan”, no eleciical power wili be suppled
ta electrical loads. If loads are not receiving power,
pernaps the main ¢ircuit breaker is open ar has failed.

PROCEDURE:

The generator's main circuit breaker is located onthe
control panel. I loads are not receiving power, maks
sure the breaker is set to "On" or "Closed”,

i you suspect the breaker may have faled, it canbe
tested as follows (see Figure 1)
1. 8et g velf-chm-milliammeter (VOM) 1o ils "Rx1" scale
and zero the matar.
2. Disconnect all wires from fhe circult breaker ter-
minais, to prevent interaction.
3. With the generator shut dewn, connect one VOM test
probe 1o the Wire Mo, 11 tarminal of the breaker and
the other test probe to the Wire E1 terminaf.
4, Set the breaker o its "On" or "Closed” position. The
VOM should read "cantinuity”.
5. Befthe breaker to its "Off" or "Open” positivi ana iihs
VOM shouild indicate “infinity".
£, Hepesat Sleps 4 and 5 with the VOM test probes
connected across the breaker's Wire No. 44 lermina!
and the EZ terminal.

RESULTS:

1. If the circuft breaker tests good, go cnio Test 2.
2.1 the breaker tests bad, it should ke replaced.

] T
WIRE 11 //T

TERMINAL

Figure 1. Generator Main Circuit Breaker Test Paints

Test 2- Check AC Oulput Vollage

DISCUSSEION:

the generatoris not equipned with an AC voltmetar,
a volt-oturemilliammeter (VOM) may be used to check
its outpul voltage. Oulput voltege may be checked at
the unit's main circull breaker terminals, or even at the
transfar switch's E1 and E2 terminals, i desirad, Refer
to the unit’'s DATA PLATE for rated line-to-line and
ling-to-neutral voltages.

Page Z.441
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Test 2- Check AC Qutput Voliage (Con-
tinued)

DANGER: USE EXTREME CAUTICON DURING
THIS TEST. THE GENERATOR WILL BE RUN-
NING. HIGH AND DANGEROUS VOLTAGES
WILL BE PRESENT AT THE TEST TEAMINALS.
CONNECTMETER TEST CLAMPS TO THE HIGH
VOLTAGE TERMINALS WHILE THE GENER-
ATOR 15 SHUT DOWN, STAY CLEAR OF
POWEH TERMINALS DURING THE TEST. MAKE
SURE METER CLAMPS ARE SECURELY AT-
TACHED AND WILL NQT SHAKE LGOSE,

PROCEDURE:

1. Withthe enging shut down, connect the AC voltmetar
&5t leads across the Wires 11 and 44 terminals of the
generator man circuit breaker (see Figure 1), Test
leads may alse be connected across transfer switeh
terminal lugs E1 and &2, i desired. These cornections
will parndt ling-1o-line voltages 10 be read.

2. Set the generalcr's main circuit braaker to its "Off"
or "Open” position. This test will be conducted with the
generator ranning 2t no-load.

3. Starl ihe generator, let it stabilize and warm up for a
minute or twa.

4. Take the meter reading. On unit's having a rated '

line-ta-line voltage of 240 voits, the ne-load voltage
=houid be about 242-252 volts AC.

5. Shut the engine down and remove the meter test
leads.

BESULTS:

1.1 zero volts or residual voltage 1s indicated, go onto
Test 3.

2. If the voilage reading is higher than resigual, but is
lower than the stated limits, go to Test 10,

3. # g high voltage is indicated, go on to Test 19.

NOTE: "Residual” voltage may be definad as the volt-
age that is preduced by rotorresidua! magnetism alona,
The amount of voltage induced into the stator's AC
gowar windings by residual voitage alone will be ap-
croximately 2 to 10 volts AC, depending on the charag-
teristics of the specific generator. If a unit is supplying
residual voltane enly, either excitation current is not
reaching ths rotor or the rofor windings are open and
the excitation currentcannof pass. Oncurrent Units with
alr-cooied engine, "ield boost” current flow is avaitable
io the rotor only during engine cranking.

Test 3- Test Excitation Circuit Breaker

Unrequlated excitation current is deliverad to the volt-
age regulator trom the stator excitation (DPE) winding,
via Wire No, 2, an excitation circuft breaker {CBE), Wire
No. 182, and Wire No. 8. li the excitation circult brasker
has falied open, exciation current will not be available
o the voitage regulator or to the rator. Stater AT power
winding ouiptt will then be reduced to a voltage thatis
the product of residual magnetism alons,

Paga 2.4.2

SECTION 2.4
DIAGNOSTIC TESTS

1. With the generator shut down, Iceate the axcitation
circuit breaker in the generator panel. Disconnect wires
from the breaker, to prevent interaction.

2. Setavolt-chm-milliarnmeter (VOM) to its "Hx 1" scale
and zero the meter,

3. Connect the VOM test prebes across the circuit
breaker terminals. The meter should read "continuity™,
4, Use the VOM to test Wires No. 2, €, and 182 for an
open of shortad condition,

RESULTS:

1. Replace circuit breaker if defactive.
2. i circuit breaker is good, go onto Test 4,

O QO

Figure 2. Exeitation Circuit Ereaker

Test 4- Test Stator DPE Winding

Stator excitation (DPE) winding AC output is delivered
to the voliage regulator during operation, via Wires 2,
6, 162 and the exciation circult breaker. Tha voltage
regulalor (@) rectifies the current, and (b} regulates the
current flow based on sensing signals frorm the stator
AC powerleads, The rectifisd and requlated DC currant
is then delivered to the roter, via Wire No. 4, and the
positive (+) brush and slip ring. The current flows
through the roter windings and 1o frame ground, vig the
negative (-} slip ring and brush. An epen circuit in the
DFE winding can result in complete loss of the rectiisd
and reguiated current flow to the rotor, Output voltage
from the stator AC power windings will then be the
result of residual voltage only (approximataly 2-10 voits
AC). A shortad condition in the BPE winding can resuft
ir partial loss of the rectified and regulated current flow
to the rotor. In the latter case, output voltage from the
stator AC power windings may be reduced but greataer
than residital voitage alone.

PROCEDURE:

1. Iri the contrel panel, disconnect Wire No. 2 from tha
excitation circult breaker, Also disconnact Wire No. 6
from the voltage ragulator.

2 Sela VOM 1o its "Rx 1" scale and zero ihe meler.

3. Connectihe VOMest leads across the termina ends
of Wires No. £ and 6 The VOM should read ap-
proximately 1.1 ohms.,




PART 2- PEEPACKAGED

AIR-COOLED STANDBY GENERATORS

Test 4- Test Stator DPE Winding (Con-
tinued)

4. Now, set the VOM to a high resistance scals {such
as "Rx10,000" or "Rx1K"). Again, zero the meter.

5. Connect one VOM {est lead to terminzl end of Wire
No. 2, the other {est lead to a clean frame ground on
the stator can. The meter should read “infinity™.

6. With the VOM still set to a high resistance scals,
connect one VOM test lead to terminal end of Wire No,
2 and the other test lead 10 terminal end of Wire No. 11
{on the main circutt breaker), The VOM should indicate
"infinity". Finally, connect the VOM test leads across
Wire No. 2 and 44 (on the main circuif breaker).

7. Disconnect terminal end of Wire No. 65 from the
battery charge rectifier. Gonnect the VOM test leads
across terminal end of Wire No. 2 and terminal end of
Wire Mo, 88, Connect the VOM lest leads across thess
two wirss, The meter should read "infinity”,

RESULTE:

1. Step 3 is a lest of DPE winding continuity and
rezistance. If a very high resistance or "infinity" is
indicated, the winding is open or partially open,

2. Step 5is a testfor “grounded” condition. Any upscale
movement of the metar needle or dialindicates the DPE
winging I grounded.

3. Sleps € and 7 are tesis for "shoried" condition. Any
upscale movemeant of the VOM needie or dial indicates
the DPE winding is shaonad,

NOTE: Read Section 1.5, "Testing, Cleaning and
Crying" carefully. If the DPE winding tests bad, pedorm
an insulation resistance test. ¥ the winding fails the
insuiation resistance test, ¢lean and dry the stator as
outiined in Section 1.5, Then, repeat the insulation
resistance test. It the winding fails the second resis-
tance test (after claaning and drying), replace the stator
assambiy,

GFE CIRCUIT
BREAKER

IR

VOLTAGE
REGULATOR

SECTION 2.4
DIAGNOSTIC TESTS

Test 5. Check Brushes and Slip Rings

DISCUSSION:

~ The function of the brushes ard sip rings is to
provide for passage of @xcitation current from station-
ary components to the rotating rotor, Brushes are made
of a special jong lasting material and seldom wear out
or fail. However, slip rings can develop a tarmsh or film
that can inhibit or offer a resistance 1o the flow of
electricity. Such a non-canducting films usually develops
during non-cperating periods, Broken or disconnected
wiring can alse cause 10ss of excitation current o the
rotor.

PROCEDURE:

1. Bee Figure 4. Carefully inspect brush wirgs, make
tuse they are properly and securely cennectad.

2. Wire No. 0 frem the negative (-) brush connects to g
&-1ab grounding lug in the control panel. Tast that wirg
for an open condition, Also make sure LB prupeny
connected to the grounding g, :

3, Wire No. 4 from the positive (+) brush connecis to g
voltage requiator terminal. Test Wire No. 4{or an open
ar grounded conditior and make sure it s properly
connectad to the correct regulatar terminal.

4. Disconnect Wires No. 0 and 4 from the brushes,
Remove the brush holder {rom the bearing carrier.

5. Inspect the brushes for excessive wear, dameags.
8. Inspect the rotor slip rings. If thay appear dull or
tarnished, they may be polished with fing sandpaper,
£O NOT USE ANY METALLIC GRIT TQ POLISH SLIP
RINGS.

RESULTS:

1. Repair, repiace or reconnect wirgs as necessary.
2. Replace any damaged siip rings or brush holder.

2, Clean and polish siip rings as required.

4. Test unit for AC oulput veltage. I AC voltzge is still
not acceptable, go ontle Test 6,

Figure 3. DFE Winding Test Points

Figurs 4. Checking Brushes and Slip Rings

Page 2.4-3
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AIR-COOLED STANDRBY GENERATORS

Test 6- Test fictor Assembly
DISCUSSION:

A rotor having completely open windings will cause
loss of exchtation current flow and, as a resutt, generator
AC output voltage will drop to "residual* voltage, A
“shiorted” rotor winding can resull,in a low voltage
condition. J

PROCEDURE;

1. Disconnect the brush wires or remove the brush
nolder, to pravant interaction.

Z Seta VOMIoits "Rx1" scale and rare the metar.

3. Cennect the positive (+) VOMtest Isad to the positive
(+) rotor slip ring (nearest the rotar bearing): and the
commen (-} test lead to the negalive {-) sfip ring. The
meter should read approximately 12-13 ohms.

4. Now, set the VOM to a high resistance scale (such
as "Rx10.000" or "Rx1K"), Again, zero the meter.

5. Connectthe posttive (+) VOM tast lead to the positive
(+) slip ring and the common (-) tast lead 10 a clean
frame ground. The meter should indicata “infinity”.

RESULTS:

1. Replace rotor assembly if 1t is open or shoned.
2. It rotor dasts good, go onto Test 7.

NOTE: Be surg to read Section 1.5, "Testing, Cleaning
ang Drying", carefully. If rotor tests bad, try performing
an fnsulation resistance test. Claan and dry rotor if 1t
fails that test. Then, repsat the tost. If rotor fails the
secondinsuistion resistance tegt, it should be replaced.

SECTION 2.4
DIAGNOSTIC TESTS

«  Asmal amount of voltage must be induced ints the
DFE winding to turn {he voitage regulator on.

= If a rotor's residual magnetism is sufficiant to in-
duce a volaga ilo the DPE winding that is high
enough 1o turn the voltage requlaloron, reculator

excitdtion currant willbe Supplied even f Jeld boost
has flafided. Marmat AC output voltage will than be
supplied,

« M rotor residual magnetism has been logt or is not
sufticient 10 furn thé regulator on, and field boost
has also been lost, excilation current will nol be
suoplied ta the rotor, Generator AC output voltage
will then drop to zero or neary zaro.

PROCEDURE:

1. Locate Wirg No. 4 that is routed from the CMA circuit
board and connects 10 a voltage regulator terminal,
Disconnect that wire from the vollage regulatar ter-
minal.

2. Seta VOM 1o read DC volts, and to & DC volts scale
greater than 12 voits.

3. Connect the positive (+) VOM test probe 1o the
terminal end of disconnaected Wire No. 4 (fromtha CMA
Baard),

4, Connect the common (-} VOM test probe to the
4-place grounding lug.

3. Crank the engine while observing the VOM rezding.
While the engine is cranking, the VOM should read
approximately 9-10 volts DC, When sngine is not crank-
ing, VOM should indicate “zaro" volts,

RESULTS:

1. i normai field boost voltags is indicated in Step 5, go
on i Test 9,

2. if nermal field boost voltage is NCT indicated in Step
3, check Wire No. 4 (batween reguiator and CMA
board) for open or shorted condition, i wire iz qoad,
replace the CMA circuil board.

Figure 5. The Rotor Assemkly

Test 8« Check Field Boost

DISCUSSION:

See "Figld Beost Gircult™ on Page 2.1-4. Field boost
current {fram tha CMA circuit board) is available to the
rotor only while the engine is cranking. Loss of field
8008t outpul to the rofor may or may not affecr powar
winding AC oulput voltage. The following facts apply:

Pags 2.4-4
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Figure £. Figld Boost Tast Paints
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Test 8- Check Voltage Regulator

DISCUSSION;

The voitage regulator receives unregulated aliernat-
ing current from tha stator DPE winding, via Wires No.
2, 6 and 162. It also receives voltage and frequency
signals from the stater AC pawer windings, via Wires
MNo. 11 and 22. The regulalor rectifies the AC from the
DPE winding and, based onthe sensing signals, regu-
lates that current flow. The rectified and regulafed
current flow is delivered 1o the rotor brushes via Wires
No. 4 (+) and o {-).

The regulator mounts an LED (light emitling dindea)
and a single adjusiment potentiometer. The LED tumns
on when sensing voltage is available; goes out when
sensing is lost. The adiusiment potentiomster parmits
genarater AC output volisge to be adjusted.

PROCEDURE:

1. With the generater running at no-load, observe the
red LED on the voltage reguiator. If the light is "On”,
go to Step 2 of this test.
a, if the LED is "Out”, use a VOM to test for AC
voltage at the Wires No, 11 and 22 terminals of the
reguiator,
b. The meter should read about one-hal the line-to-
line voliage that was indizated In Test 2 (line-to-
neutral voilage),
2. Now check the vaftage across the reguiator's Wires
No. @ and 162 termirals. This is DPE winding AC
voltage output to the regulator. With the unil running at
R%and, this reading should be around 130-150 volis
3. Finally, check for a DO oulput voltage at the
regulatar's No. 4 {+} and 0 (-) terminals.

@ VOLTAGE
— ADJURT

LI

N\

Figure 7. Voltage Regulator Tast Foints

SECTION 2.4
DIAGNOSTIC TESTS

RESULTS:

1. In Stgp 1, # the red LED is out and ne voltage is
indicated at the Wire No. 11/22 terminals, test sensing
leads 11 and 22 for an open condition.

5. Repelr or repizee open sensing leads a3 neces-

sary.
b. rI-%/sensing teads are good, repeat Test 7,
¢, If the red LED is cut and DPE veolltage is good,
replace the voltage regulator
2. in Step 2, it voltage reading i3 bad, repeal Test 4
Also test DPE winding AC output leads for ¢pen or
shoned condition.
3. H voltage readings in Steps 1 and 2 were good, but
no oulput was indicated in Step 3, repiaca the voltags
regulator. '

Test 10- Check AC Quiput Frequency

DISCUSSION:

The generaor s ACD frequency is proporional to the
operating spe=d oftha rotor. The 2-pole rolor will supply
& 50 Henz AC frequency at 36800 mpm. The unit's AC
ouiput voliage is proportional to the AC frequensy. For
exampie, a uni rated 240 volts {ine-lo-line) will supply
that rated vottage (plus or minus 2 percent) at a tre-
guency of 60 Merz. If, for ény reason, the {recuency
should dropio 30 Hertz, the iine-to-line voltage will drop
to a matching veltage of 120 volts &G, Thus, if the AC
voltage cutput is high or jow and the AGC frequency is
correspondingly high or low, the engine speed governor
may require adiustment.

1. Gonnect an accurate AC frequency meter across the
Wirgs 11 and <4 terminais of the genarator main ling
circuit breaker {see Figure 1, Fage 2.4-1).

2. Start the engine, let it stabilize and warm up &t
no-load.

3. When engine has stabiized, read the frequency
meter. The no-load frequency showld be about 61-63
Hertz.

RESULTS:

1. if the AL frequency is high or low, go onte Test 11,
2. I frequency is good, but voliage is high arfow, go to
Test 12,

3. Itfragquency and voltage are both gaod, tests may be
discontinued.

Test 11- Check and Adjust Engine Gover-
nor

RISCUSSION:

A tow or high governed speed will result in a cor-
respondingly low or high AC frequency and voltage
output as measured in Tests 2 and 10, The governed
speed must be correct before any allempt to adjust the
voltage regulator is made.

Paga 2.4-5
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Test 11- Check and Adjust Engine
Governor (Continued)

FROCEDURE:

Refer to Part 9, "Operational Tests and Adjust
ments". :

RESULTS:

1.if, alter adjusting the engine governor, frequency and
voilage are gocd, tesis may be discontinued.

2. It frequency Is now good, but voltage is hiak or low,
go onto Test 12,

Test 12- Check and Adjust Voltage
Aegulator

DISCUSSION:

The prepackaged voltage regulator mounts a sirgle
adiusiment potentiometer, for the adjustment of gener-
ator AC voltage output. Prior to adjusting the voltage
regulator, you must make surg that the engine speed
governor is properly adjusted and opazrating speed is
correct.

PROCEDOURE:

See Part 9 of this manual, "Operational Tests and
Adjugtments”,

RESULTS:

1. 1 frequency and voltage are now good, discontinue
tests.

¢, [ frequency is now good but voltage is high or low,
o to Teat 4.

Test 13- Check Veltage and Frequency
Under Load

DISCUSSION:

It is passitle for the generator's AC cutput frequency
and voltage to be good at no-load, but they may drop
excessively when slectrical loads are appiied. This
condition, inwhich voltage and frequency droop exces-
sively when loads are applied, can be caused by {a)
overloading the gensrator, (b) loss of engine power, or
{c) a shonad condition in the stator windings or in ane
or more connected loads.

FROCEDURE:

1. Connect an accurate AG frequency meter and an AC
voltmeter across the stater's AC power winding leads.
Z. Slart the enging, let R stabilize and warm up.

3. Apply electrical loads te the generator equal to the
rated canacily of the unit.

4. Check the AGC frequency znd voltage. Frequency
ghauld not droop below approximatsly 58-59 Henz.
Violtage should not drocp below about 232-236 volts
{pivs or minus 2 perzent).

Page 24.6

SECTION 2.4
DIAGNOSTIC TESTS

HESULTS:

1. If frequency and vokage droop excessively undar
joad, go to Tast 14,

2. It frequency ang voltage under load are good, dis-
confinue tests,

Test 14- Check for Overioad Condition
DISCUSSION:

An"overlozd” condition is one in which the generator's
rated wattege/amperage capacity has been exseeded,
To test for an overiead condition on an instzlied unit,
the best method is 1o use an ammeter. See "Measuring
Current" on Page 1.5-1,

FROCEDURE:

Use a clamp-on ammeter to measure load current
araw, with the generatar running and 2l normal eisetri-
cal loads tumed on.

RESULTS: -
1. If the urit is overloaded, reduce Ioads to the unit's
ratsd capacity.

2. ffunitis not overicaded, but mpm and frequency droop
gxcessively when loads are applied, go to Test 15.

Test 15- Check Engine Condition

it enging speed and fraquancy droep excessively undar
load, the engine may be underpowered. An undear-
F-owered anginge can be the result of a difly air cleaner,
ogs of engine compression, fauily carburetor settings,
incorrect ignition tising, elc.

For engine testing, troubleshooting and repair proce-
aures, reter 1o "Service Manual- V-Twin QMV Horizen-
tal and Verical Shaft Engines”. Thal manual is avail-
able from Ganerac by specilving Manual Part No.
81134,

RESULTS:

1, Hég—a?é“ngine, of replace defactive pan(s), or adjust
a5 Necessary.
2. f no engine problems ara found, go lo Test 7,



TABLE OF CONTENTS

3 ISECTION TITLE

3.1 Description and MaJor Components
3.2 Operational Analysls
3.3 Troubleshooting Flow Charts

3.4 L__Diagncsﬂc Tests

GENERACH

PREFPACKAGED
HOME STANDBY
ELECTRIC POWER
SYSTEMS




NOTES




PART 3- PREPACKAGED LIQUID
COOLED AC GENERATORS

SECTION 3.1

DESCRIPTION & MAJOR COMPONENTS

Section 3.1

DESCRIPTION AND MAJOR COMPONENTS

Introduction

This section covers he majorfcomponents of the AC
generator proper, i.e., those generalor assembiies that
provide ter the production of AC electrical power.

The single bearing rotor {revolving field} is driven by
a 1.2liter, liquid cooled gas enging. The rotoris coupled
to the engine flywheel, by means of a flexible coupling
and a fan and ring gear assembly, 20 the enginé
crankshaft and rofor operate at the same spaed.

Major components of the AC generator are shawn in
Figure 1 on the next page. These components are (&)
a flexibie coupling, {bj fan and ring gear, (¢} rotor, (d)
blower heusing, (e} stator assembly, (f) rear bearing
carrfer, and {g) a rear bearing carrier ¢over,

Blower Housing

The blower housing is bolted to the engine and
suppons the enging end of the AC genarator, | houses
the tan and ring gear assembly. A cutout area on one
side of the housing allows 2 blower air outlet screanto
be mounted.

Flexible Disk

A fiexibie disk bolts to the engine flywheet and to the
fan and ring gear assembly. The disk maintains proper
alignment between the engine and generator paria.

Fan and FHing Gear Assembly

The fan and ring gear assembly are retained (o the
flexible disk which, in turn, is retained to the engine
flywheel. The fan draws cooling air inte the generator
interior through slots in & rear bearing carrier cover,
then expels the heated alr outward through a scresnon
the blower housing. Tharing geartesth mate withteeth
&n ak séarter moter pinion gear, when the engine is
cranked.

Rotor Assembly

The rotor assembly on units rated 1800 rpm is a
4-pole type, having two narth magnetic poles and two
south magnetic poles.

Unils rated 3800 rpm have a E2-pole rotor, with a
single south and a single nerth magnetic pole.

The rear end of the rotor is bolted and keyed to the
fanand ring gear. A ballbearing has been pressed ento
the rotor's front shaft which is retained in a3 machined
bore inthe rear bearing carrer.

A pasitive (+} and a negative (-} slip ring is provided
onthe rotor shatt that retains the ball bearing. Brushes
will ride on these slip rings.

The combination of slip rings and brushes allow rotor
excilation current 1o be transmitted {rom stationary
compenents into the rotating rotor windings. The posi-
five (+) slip ring is the one nzarest the retor bearing,

Rear Bearing Carrier

The rear bearing carrier supports the front of the
generator, Mounting feet at the carrier bottorn permit
the carrier to be bolted o tha genarator mouniing base.
A machined bora, in the center of the carrier, accepts
the rotor bearing. Bosses allow for the retention of
brush helders. Lang stator bolts pass through holes in
thg carrier's outer periphery, to sandwich and retain the
stator can between the carrier and the biower housing.
A rear bearing carrier gasket helps prevent dust from
entering the bearing area.

Stator Assembly

Stator windings may be connected as {a} a 3-wirg,
t-phase system, (D) a 3-pnase, 12 lead, paraiizl wye
type system, ar {¢) a 3-phase, 12 lead, defta connactad
system. [See Sectlon 1.2, "AC Connection Systerns™)

A neoiched cutout has been provided in the rear
bearing carrier end of the siator can. A rubber grommet
has been plaged inte thal neich, for protection of the
Siat0r [@ads that are brought out ¢of ths stator,

Tha stator can is sandwiched hetween the bloweys
housing and the rear bearing carrier, and retfainad in
that posiion by four (4) stator bolls

Rear Bearing Carrier Plate

This plate is retained to the rear bearing carrier by
tour (4) capscrews, lockwashers and flatwashers, The
plate provides sloted airinlet openings forthe passags
of coaling and ventilating air into the generator,

Erush Holders and Brushes

Brushes are refained in a brush helder which is
retained to drilied and threaded bosses on the rear
bearing carrier. In mast cases, two brush holders are
used having two brushes per holder. Brush holders are
precisely positionad so that one of the two brushes
siides on a positive (+) sfip ring, the other on a negative
{-) slip ring. The pasitive (+) brush and <lip ring are
nearest the rotor bearing. The pesitive {+) side of the
DC excitation circuil (Wire No. 4, red) connects {o the
positive (+) brush; the negative (-} or grounded side
(Wire No. 0) to the negative (-) brush. Brushes and
brush helders are fllustrated in Figure 2, on Page 3.1-3.

Faga 3.1-1
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SECTION 3.1
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ITEM DESCRIPTION ITEM | DESCRIPTICN [TeM i DESCRIPTION

T HalEr ASSemEly g Hezr Baifng Carmier 25 HEX Hoad Capsoraw
2 Blowar Housing 15 Brush Holder 73 Lockwasher

3 Alr Qudat Seraen 6 Hex Head Scraw 30 Hex Head Capscrow
4 Hux Huad Capscraw 7 Bearing Carrinr Gaske! a1 Lockwasher

) Lackwasher 18 Plug 32 Hax Nut

3 Fiatwashar 18 Baaring Carrier Plata 33 Hax Head Capscraw
7 Hex Hand Capscoraw -20 Stator Bait 34" Stainlgas Sasl Hex Nut
g Hex Head Capscraw 21 Heéx Head Capscrow ag" RPM Sansor

] Flatwashar 22 Lockwashar 5 Rubbaer Grommat

19 Loskwashar 23 Flatwasher a7 Flastic Plug

n Hax Nut 24 Fan and Ring Gear 38 “Flax Guard" Conduit
12 Daowal 25 Square Kay

13 Etator Assambly 28 Spacar

27 Fiexinis Coupling

Y ftems 34 and 35 are NOT used on prepackaged standby generalors.

is covered by a Flastic Plug (ltam 37}

On prepackaged units, the threaded RFM Sensor hels

Fage 3.1.2

Figure 1. Expladed View of AC Generator Components
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Brush Holders and Brushes (Continued)

4 IREL) e
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Figure 2. Brush Holders and Grushes
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The Excitation Circuit

AC oulput from the siater excitation (DPE) winding
is delivered {o the voltage regulator, via & thermai
protector (TP}, Wire No. 2, an excitation circuit breaker
(CB1), Wire No. 162, and Wira No. 6. This is "unrequ-
iated" excitation current.

SECTION 3.1

DESCRIPTION & MAJOR COMPONENTS

The thermal protector is seff resetting. That is, when
internal stator temperatures drop to & safe value, its
contacts will re-¢lose and normal DPE output to the
regulator will resume,

Wire No. 5 is a thermal protector "bypags” lead. i the
thermal switch has failed in #2 open position, R cankbe
bypassad. The Wire No. & bypass lead is brought owt
of the stator and has & wire nut on i end.

SOHEMATIC SYMBOL
1

S{BYPASS) A\ wWifp
I HIT

T—Jwﬁ R ST

p——

™ . |
[_ VOLYAGE

6 KEGULATOR

OFE

| 000

|

B ————

CB1 = EXCITATION
CIRCUIT
BREAKER

DPE = STATCR
EXCITATION
WINDING

TF = THERMAL
PROTECTOR

Figure 3. Schematic- Excitation Cirouit

THERMAL PROTECTOR;:

This normaly-closed thermal switch protects the
stater windings against excessively high intarnal
temperatures, The switch is physically imbeddedin the
stator windings and electrically connectiad in series with
the DPE winding AC output to the regulator. If internal
stator temperature exceads a safe value, the swilch
contacts will open and DFPE cutput to the voitage
regulator will be tarminated. Without excitation current
flow to the rotor, generator AC output voltage will drop
to a vaiue comensurate with rotor residual magnetism.

Figure 4. The Thermal Frotecior

EXCITATION CIRCUIT BREAKER:

This circuil breaker protects the regulator against
high voltage surges. It the breaaker has tripped open,
loss of excitation current will ccour. Stator power wind-
ing AC ocutput veltage will then drop to a value comen-
surate with residual magnetism in the rotor. The
breaker is selff resetling.

= 2

O Q

e ]

Figure 8. Excitation Circuft Brezker

VOLTAGE REGULATOR:

Sea Figure 6. Unreguiated AC output from the stator
DPE winding is delivered to the valtage regquiater, via
Wires No. 6 and 182. Stator power winding AC voltage
and frequency signals are delivered o the regulator, via
"sensing" Wires No. 8§15 and S16. The reguiator rec-
fifies the DPE oulput and, based on the sensing lead
gignals, regulates the DPE output. An LED ({light emit-
ting diods) Is incorporated on the reguiator. This red
light senses the "sensing” {S15/515) input.
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The Excitation Circuit (Continued)

If the red LED goes "out”, sensing signals 1o the
reguiator have been fost. The following rules apply:

+ Loss of sensing can be caused by an "open” circuit
condition i sensing feads 815 and 516, These
sensing |eads also Gperate the_generalar's pane:-
n“épunted AC frecjuenc me;er. Thus, it he the red
LED i out and the panesl frequency metar is not
oppra:n_nq you may assume 1natl an open ciroun
exists inthe sensing cireuit.

* Loss of sensing ta 1he regulator will usually rescl
in a "full fizla” condition and resultant nigh Voltage
output from stator AC power windings. The maz-
mum voitage thal regulator action can deliver is
limited by & "claming” acticn on the part of tha
regulator!

« A complete open gircud condition in the stater AC
pawer windings wil: cause |gss of sensing voltage
ang frequenq{r. However, this wiil result In 5 zgro
voitage output from the stator windings.

Based on the "senzing” signals, the regulater
delivers diredt wurrent (CC) & the rotor, via Wire No. 4
and the pasitive {+) brush &nd slip ring. This reguiated
current flows through the rolor and to frame ground, via
the negative (-} siip ring and brush and Wirs No. 1. Ths
foliowing apply:

* The concentration of magnetic lines of flux around
the rolor will be propontionialto the requlsted excita-
tion current fiow through the rator plds any residual
magnetism,

+  AnD increass in exgitation current flow throuagh the
rater windings will ingrease the concentraﬁon o
magnetic 1luk lines around the rofor which, in tum,
witlincrease the AC voltage induced into the statar

¢ power windings.

SECTION 3.1

DESCRIPTION & MAJOR COMPONENTS

A fleld boost diode and a fisld boast rezistor are
installed in a CMA circuit board. Field boost DC oulput
to the rotor is reduced to approximately 9-10 volts by
the field boost resister,

Marual and automatic cranking is initiated by CMA
board acticn, when that board engrgizes a crank relay
{=1). When the relay is enargized, taltary voltage iz
detivered across its closed contacts andto the rotor, via
& field bocst rasistor, ffeld boost dicda, and Wirs Mo. 4,
Notice 1hat field beost current flow is available only
while the engine is cranking.
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Figure 6. FPrepackaged Voltage Regutator
Field Boost

Ses Figure 7. The prepackaged system provides a
“figld beost” feature. Field boost, in sffect, "flashes the
field” whenever the engine is cranking to ensure an
early "pickup voltage” in the stator windings.
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Figure 7. The Field Boost Circuit

AC Meters

An AC frequency meter, voitmeter and ammeter may
be mouniad an the ganerator panel. (3ae Section 1.7,
"Qperating Instructions”.}

The AC fregquency meter is powered by sensing
leads 515 and 516 from the stator power windings,

The AC voltmeteris powerad by Wiras No. 515, 516
and S44 from the stator AC power windings, These
wires feed the voltmeter through a "voltage-phase
sefector switch”. Line $15 is connacted to siztor AG
output tine E1; line 16 to "Neutral” (00); and line §44
to stzlor lead E2. The voltage-phase seleeter switch
permils the operator to select either “line-io-line” or
“iine to nguirai” readings on the maeter.

The AC ammeter is powared by he induced ocutput
of current transformers and by way of the "voliags-
phase sefectar switch”. Al 1-phase units will have two
(2) transformers; 3-phase unite will have three (3) trans-
formers, The voltage-phase swilch permits operator
selection of eifher "line-to-ing” ammeler readings or
“line-to-neutral” readings,
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OPERATIONAL ANALYSIS

Section 3.2

OPERATIONAL ANALYSIS

Rotor Residual Magnetism

The rotor (o ravolving field) i$ & permarent magnat.
That 15, a2 small amount of "residual magnetism” is
always present in the rotor. The “residual magneatism”
of atypical rotor should be sufficient to induce a voltage
intc the stator poewer windings of spproximately 2-12
volts AC,

QOperation

STARTUP:

Whanthe engine is cranked, resicual plug fisldboost
magnetism in the rotor will induce avoltage intothe

stator's AC power windings and excitation (DPE)
winding that is the equivatent sum of those two mag-
netic fields, i feld boost is lost for any reason, residual
magnetism alene may or may not be able to induce a
"mickup” voltage into the stator windings.

FIELD EXCITATION:

As the rotor's magnatic field cuts aoross the stator
exctation (DPE} windings, a voltage is induced into-
those windings. The cirouit is completed fnrough a
vottage reguiator and unreguiated aliternating current
flows to the reguiater, via Wire No. 2, a thermal protec:
tor (TP}, an excitation circult breaker (CE1), Wire No.
162, and Wire No. 6.
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: ! ; 515 _'..4"‘ Ba
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l s moo \"1--"‘) i
H 54 ! .-*:__’_f ! —l_ﬁ,,J . EOEITON |
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il AOINDICATES (O O5EG
t A = ACAMMETER :
CRT
(& \ = SIATOR
e 1 B! - GIRCUI® BREAKER
1 oo £2 CT12= CUARENT TRANSFORMERS )“77
o E;E = g;T'éTOR EXCITATION WINDING
CUSTOMER CONNECTION G2 = FRRQUENCY METER
1 20/2 40V 1=PHASE VR w VOLTAGE REGULATOR

Figura 1. Schematic Diagram of AC Genaralor
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OPERATIONAL ANALYSIS

Qperation {Continued)

The voltage regulator senses AC power winding
output voltage and frequiency, via sensing leads 815
and 516. The regulator rectifies the excifation (DPE)
winding current and, based on the sensing signals,
regulates that curreni. The rectied and regulated ex-
citation currert Is then delivered to the roter, via Wire
No. 4, and the positive (+) brush and slip ring. The
circult is completed through the rotor and o frame
ground thqough the negative {-} sfip fing and brush and
Wire MNo. 1.

The higher the current flow through the rotor wing-
ings, the more concentrated the lines of magnatic flux
araund the rotor. The more concentrated tHe linas of
fiux, the greater the voliage that id induced into the
stator windings. Thus, by regulating the excitation cur-
rent, the volage regulator regulates the rotor's mag-
netic field and, intum, the stator powerwinding veltage
is regulated.

CB1 TP

TP BYPASS

REGULATOR SENSING

VR DPE ACP ACP
1T T 77
\ ‘\ N s/
vy | /
MAGNETIC FLUX
y I o
WA F /7
ik Ly A
\ 4 by 27

RCTOR

ENGINE

AC POWER WINDINGS
MAIN CIRCUIT BREARER

[}
o1
a ka3

TP = THERMAL PROTECTOR
VR = VCLTAGE REGULATOR

EXCITATION CIRCLIT BREAKER

STATOR EXCITATION WINGINGS

Figure 2. Block Diagram of AC Generator
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Section 3.3

TRCUBLESHOOTING FLOW CHARTS

Problem 1- Genarator Produces Zero or Residual Voitage

p
Cc

vormact | swron o | EREeER e | A VOL THIE SR ox

¥ i IT A } QK. c =¥ 1, o—————
PHASE PR [ (- - | S TA e

SELECTOR

SWITCH

FOSITION a

SET#:) “OFF ZEEC QR BRESIDUAL EaD

RESET TG "1, *2 OR "2’ RERLACE CEFECTIVE METER

TEST 4. TEST TEST5-TEST | [TTEST6.7E5T |
.l e —e| THE RMAL e O K. ity

DT s semsa s . DDE CIRCUET BRI, e o D S(H J—_
WINDING® | FROTECTOR BREAKER ’
SHORTED QFEN OREN

=R I W T H S

CPEN,
OR GROUNDED é
REPLACESTATOR ASSEMBLY BYPASS THERMAL PROTECTOR REPLACE BAD BEREAKER
TESTA?\'EETEST oK TESTérCHEGK 1%%7 %{%HREgéSBFZUSHEE oK
VOLTAGE e O, 1, LEADZ 1 AND 4 QK. HO S ! . cm—"
HEGULA%CJQ H B __%. = -
, ! ]
BAD i [
BEPLACE BAD REPAIR REPLACE OR CLEAN BLIP RINGS
REGULATOR RECONNEGCT REFLACE BAD ERUSHES

TEST 12-TEST TEST 11-TESBT TEST12.TEST

WINDINGS” 5 o SELECTOR LEADE 515, ‘
SWITCH 2156, 544

E!\D BAD BAD

REFLACE TEST 13-TEST REFLACE SWITGH REFPAIROR REPLACE

ROTOR STATOR DEFECTIVE LEADS

WiNDINGS: — CHECK. o &
w Loy GOOD TEST 14 1 A
b FIELD BCOST

BAC memstmmm—. FEF{ACE STATOR ASSEMBLY REPLACE CMA

CIRCUIT B0ARE

"NOTE: Be sure to read Secticn 1,5, "Tasting, Cleaning and Orying”. Some statar and rotor problerns may be causad
Dy insulation tailure, Dirt and moisture can contribute 10 insulation breakdown. A shorted or grounded winding shouid
De tesled for insulation breakdown. If the winding(s) fail the insutation braakdown test, they should be cleansd and

dried, followed by a second insulation breakdown test. Replace the winding(s) & they failthe second test (after cieaning
and drying).
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TROUBLESHOOTING FLOW CHARTS

Froblem 2- Generator Produces Low Voltage at No-Load

TEST 2-.CHECK
AC OUTPUT
VOLTAGE

TEST 3-CHECK
AC VOLTMETER

LOW VOLTAGE

v

TEST 18-CHECK COMPARE WITH GENERATOR
FREQUENCY [ PANEL FREQUENGCY METER
18 GCOD BUT

YOLTAGE STILL

LOW

v

TEST 18-ADJUST

7

O_KM

TEST 11-TESTVOLTAGE-FPHASE
SELECTOR SWITCH

REPLAGE 4&— EADJ

REPLACE PANEL FREQUENCY METER
IFIT READS INCORRECTLY

TEST17-ADJUST

ENGINE GD\’EHPJG%%;}!!-

VOLTAGE &
FHEQUENCY O K,

FREQUENCY O.K.

VOLTAGE STILL LOW

DISCONTINUE TESTS

IF VOLTAGE 12 QK DISCONTINUE TESTS

TEST 3.CHECK BHUSHES
AND SLIP RINGS

REPLACE BAD BRUSHES

L

v

CLEAN SUP RINGS

* SEE NOTE ON PAGE 3.3-1

VOLTAGE

REGILILATOR %

MO CHANGE

YOLTAGE STILL LOW

T I = e

SRR VOLTAGE

WINDING™ REGULATOR

2AD ég\D

REPLACE ETATOR REFPLACE BAD BEGULATCR

-

T%?’E;'QG_TEST oK TEST 13.TE5T

3 fr— —w*- STATCH AC

WINDINGS RPOWER
WINDINGS®

BlD BAD

REFLACE RCTCOR REPLACE GTATOR
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Problem 3- Generator Produces High Voltage at No-Load

eV TACE | O —— A VoL T E PANEL AC VOLTMETER
AG O.K. METER BAD RERPLAL AME = TC
SUTRUT - »

.

*

HIGH !DLTAGE TEST 16-LHECK COMFARE WITH GENERATOR REPLACE PANEL

I i FRECIENCY e pAMEL FREQUENCY METER w’ METER, {F BAD

FEECUENGY IS OK, FREQUENCY ! G| TEST 1 7-ADJUST VOLTAGE & BREQUENCY
VOLTAGE 15 STILL HIGH HIGH ENGINE GOVERNOR |wewwes 071 00D

{

TEST 18-GHECK FREQUENGY 'S GOOD DISCONTINUE
VOLTAGE o VOLTAGE IS STILL HIGH TESTS
REGULATORLED A

LED 1S ON LED I8 OUT TEST 20-0HECK LEADS REPLACE

CR DM -_*. REGULATOR K. oty YOLTAGE
SENSING LEADS REGULATOR

Vo TAGE 0K O TanE DUUST VOLTAGE AND FREGUENCY ARE BCTH GOOD
v () (i

REGULATOR e DLATOR P - -

REGULATOR CANNGT ADJUST

IS BAD VOLTAGE STILL HIGH

Problem 4- Generator Produces Low Voltage and Frequency When Load is Applied

TEST 21.CHECK NOT TEST 13-TEST i TEST 22-CHECK
FOR OVERLOAD {mam OVER- _b’ STATOR AC O_K.ﬂ ENGINE POWER  jere— GDDDW

CONDITION LOADED POWER

WINDINGS®
OVERLCADED a!\D ENGINE HAS LOST POWER
RECUCE LOADS REPLACE STATCOR REPAIR ENGINE AZ NECESSARY

TO UNIT CAPACITY

CHECK FOR SHORTED CONDITION IN o
CONNECTED ELECTRICAL LOADS

* SEE "NOTE" ON PAGE 3.3-1
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Section 3.4

DIAGNOSTIC TESTS

General

Perform the tests in this section in conjunction with
the "Troubleshooting Flow Charts™ of Sectian 3.3, Test
numbars assigned in this saction are identical {0 the
test numbers used in the flow charts.

Test 1- Check Voltage-Phase Selector
Switch Position

DHSCUSSION:

Sae "Conirol Panel-Units with Liguid Conlad Engine”
In Part 1, Section 1.7. Prepackaged unis with fiquid
cooted engines may be equipped with panel-meunted
AC veltmetars. Such meters are typicaily very reliable,
i 1he voltmeter reads "zero”, it is possible that the
vollage-phase selector switch has been set to "Ci”
When tha switch is setto "0, neithar the AC voltmaiar
northe AC ammeter will function.

PROGEDURE:
Make sure the switch is set to Position "1, "2" ar 3",

RESULTS:
1.l necessary, reset switch o "1™, "2" ar "3",

2. Hmeteris not set to "Off" and panelvoltmeterreads
"rero” or low vollage, go onto Test 2,

Test 2- Check AC Cutput Voltage

DISCUSSION:

Wnen the panel AC voltmeter indicates that gener-
ator output voltage is incorrect, 1 is best to read AC
autput voltage with an exiernal meter. The sxternal
meler reading can then be compared to the reading on
the panal meter, 1o see if the latter is in error.

PROCEDURE:

Set a VOM to an "AC Volts" scale greater than the
ratsd line-to-line voltage of the unit being tested. Con-
nect the metar lest leads across the terminals of the
generator main circuit breaker, on the generator side of
the breaker. Start the engine, fel it stabllize and warm
up al ne-load. Then, observe the meter reading. Refer
to the generator DATA PLATE for rated voltage.

RESULTS:

1. 1t VOM reading s good, but panel meter reading is
not, go to Test 3.

2. FVOM reading is is zero, rasidual, low, or high refer

to the appropriale flow char in Section 3.3, Go ‘o the
test indicated an the proper flow chan.

Tesi .3- Check AC Voltmeter

You should have already determingd that the aciual AC
voltage is not the samea as the voltage indicaled on the
panel AC vollmetar, The next siep iz {0 find out if the
veltmeter itself is at fault.

PROCEDURE.

1. Cannect an accurste AC voltmeter zerass the tar-
minats of the AG voitmeler on the generalor panel.

2. With the engine running at no-lead, read the vohage
on the external meter and compare that reading 1o the
reading obtained in Test 2,

3. Alse, compare the external meter reading in s tast
10 the reading on the generalor pangl veiimetar,

RESULTS:

1. If the extarnal meter rzading obtained in Step 2 i3
different than the reading obtained in Test 2, go on o
Test 11.

2. In Btep 3, above, §f fhe axternal meter reading is
different than the reading on the panel meter, repiace
the panel-mounted AC voitmeter,

Test 4- Test Stator DPE Winding

DISCUSSION:

if excitation winding output Is lost for any reason, gen-
grator AC output woltage will drog 1o a voltage that is
comensurale with the rotor's regidual voltage only, The
voltags produced as a result of residuai magnetism
alone is very low {around 2-10 volts AC). The scurce of
excitation voliage is the stator excitation {(DPE) wind-

ing.
PROCEDURE:

1.Inthe control panal, disconanec! stator lead No. 6 from
ihe voltage regulator.

2. Remiove the wire nut from end of Wire No_ 5 from the
DPE winding.

3. 3et a VOM to its "Rx1" scale and zera the meter.

4. With the engine shut down, connect the VOM test
leads across Wires No. 5 and € The VOM shauld
ingdicale the rasistance of the stater DPE winding. See
"Slator Winding Resistance Values® on Page 1 at front
of this manual. A high resistance or a reading of "in-
fimity™ indicates an an open circull condition.

5. Now, 58t the VOM to a high resistance scale {such
as "Rx10.600" or "Rx1K"). Again, zers the meter,

5. Connact one VOM tast lead to Wire No. 5, the other
to a clean frame ground on the stator ¢an. The meter
should read "infintty”. Any upscale reading indicates a
"grounded” condilion.

7. Wilh the meter still get to a high resistance scale.
connect one test tead {o Wire No. & and the other test

Faga 3.4-1
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Test 4- Test Stator DPE Winding {Con-
tinued)

tead to to stalor AC power winding lead No. 11. The
meter should read "infinity". Any upscale meter rezding
indicates a shorted condition,

RESULTS:

t.if DFE windingis open, grounded or shoried, replace
the stator assembly. (See Section 1.5, "Testing, Clean
ing and Drving™.)

2 ifthe DPE winding lests good, go to Test 5.

SECTION 3.4
DIAGNQSTIC TESTS

2. ¥ normal resistance is indiceted in both Test 4 and

ﬂ 33

._I—_Q

-

]

G —

TP

Test S, goto Test 6,
162
)CB1
2

s,

DRE

Figure 1. Stator Leads

Test 5- Test Therimal Protector

DISCUSSION:

Also see "The Excitation Clrcuit® on Page 3.1-3,
gspecigtly the subsection entitled "Thermal Frotactor,
An open thermal protector will rasull in loss of excita-
ion. Gengrator AC output voltage will then drop to a
residual voitage.

PROCEDURE;

1. Locale DPE Wire No. 2 whare it connecls to the
excitation circull breaker. Disconnaat the wire from ths
circuit breakear.

2. Disconnect DFE Wire No, § from the voitage
requiator.

3. Set & VOM to Ha "Rx1” scale and zerp the metsr.

4. Connect the VOM test leads across Wires No. 2 and
6. The meter should indicate the resistance of the stator
excitation {DFE) winding. If the meater indicated "in-
finity™ in this test, but read narmal resistance in Test 4,
the thermal protector is open.

i it normal DPE winding resistance weas indicated in
Test 4, but "infinity” i indicaled in Test 5, bypass the
thermal protector by conneciing Wire Na. 5 10 the
excitation circult bresker (CB1), Ses Figure 2.

Page 3.4-2

Figura 2. Byvpassing the Thermal Frotecics
Test 6- Test DFE Circuit Breaker

PISCUSIION:

Lika the thermal protectar, i tha excitation (DFE) circult
breaker has falled open, 0ss of excitation to the rotar
will resull, The result will be a generator AC oulput
voltage that is comensurate with rolor residual mag-
netism alone,

FROCEDURE:

1. Disconnect both wires from the circuit breakesr ter-
minais, o prevent interaction.

2 Seta VOM 10 its "Rx1" scale and zar the meter.

3. Connect the VOM test prabes across the circult
brezker terminals (Figure 3). The meter sheuld read
"continuity”.

1. It the VOM reads other than "continuity”, replace the
axcitation circuit breaker.
2. If "continuity” 15 indicated, go to Test 7.

g w—

SF O

Figure 3, Excilation (DFE) Circult Breaksr
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Test 7- Test Voltage Regulator

DISCUSSION:

-aee Figure 4. The vohage regulator receives unregu-
lated AC outpu! from the stator exciiation (DPE) wind-
ings, via Wires No. 162 and 8. Yoltage and frequency
sensing signals from the stator AC power windings are
delivered o the regulator, via Wires No. 515 and $16.
A regulated, DC output (s dativered to the rotor wind-
ings, via Wires No. 4 {positive) and 0 {negative). A red
LED {light emitting diade) s furned on by the sensing
voltage (light will go out ¥ sensing voltage is not avail-
abie). The following facts apply to reguiater oparation:

Regulator operating vollage is the sensing voltage
%r?r%\ thia stater AC power windings (Wiras No. 575,

= On 1-[pha$?.umts Wires No. 815/S18 will normallg
supply a line-{o-neytral veltags mgut to tn
reguigtor, L.e., about 120 volits ACTn 120/240 volis,
1-8hase units.

»  On 3-ghage uni's Wirzs No, 515/816 will normally
deliver a line-fo-line vollage input to the regulaior
[Line ET to E3). For example, $ensing voltage wiil
oe appraximatiely 208 volts on 3-phass units rated
208 volts; about” 240 voits on 3-phasa unis rated
240 volis.

*  [Ifsensing vellage should drop below aporoximatel
3G Ve ARSR RIS TRR R v arpomately
regulator will be inoperative.

+  On 1-phase units. protection against gver-vollage
is provided by a_"clampln?" aclion, which will rot
allow the excitation creulto, 4

. approxmately 135 volts AC (Hne-to-neutrai),

«  On 3-phass units, the over-voltage "clamping” ae-
fion will not permit tha excitatign circud’ 1o buid
;mtii_ag:)es abcve approximately 270 volis AC (line-
o-ing).

= The regulaior will NOT shut down on occurence of
ap over-vollage condition, It will merely Hmit the
voltage o the previously stated values.

FROCEDURE:

1. Sian the generator, let it stabilize and warm up at
no-load.
2. Cbserve the red LED on the reguiaier,
a. ltthe LED is out, sensing voltage is not available
or & tault exisls in the reguiator,
b. if the LED is very dirn, sensing vollage must te
very low or a fault exists in the regulater.
¢. It the LED is on, sensing voltage is available and
the reguiator shoutd be supplying an excitation vak-
ags.
3. Use an accurale AC volimeter to check the voltage
a2cross the regqulator's 815 and $16 terminals.
a. On 1-phase units, the veltage reading should be
the same as tha genarator's line-to-neutral AC cutput
voltage (about 126 volts AC on 120/240 volts, 1-
phase units).
L. Qn 3-phase units, the reading should be the sama
as the generalar's finedo-line AC outpu! voltage
(about 240 valts AC an 120/240 volts, 3-phase units;
of 208 voits on units rated 120/208 volls).
4_MNow, check the voltage across regulator terminals 1
and 2 {Wires 162 and 6, respectively). This is unregu-
lated AC output vollage from the stator excitation (DPE)
winding. The no-load DPE winding output should be
about 130-160 volls AC.

SECTION 3.4
DIAGNOSTIC TESTS

5. Finally, use a DC vollmeter 10 ¢check the voltags
across reguistor tarminals 3 () and 4 (+).

HESULTS:

1. If voltage readings in both Steps 3 and 4 are good,
but no oulpul voltage is indicated in Step &, replage the
vaoliage reguiator,
2. ifthe LED s out but valtage readingin Step 4 is good,
replace the voltage reguiatar.
3. if zero or tow voltage is indicated in Step 3, test
senzing leads 515 and 3186,
a. Repairorreplace bad sensing teads as necessary.
b. if senging leads are good, go on to Test 5.
4 i no voltage or iow voltage is indicated in Step 4,
repeat Tests 4, 5 and 6.

o build vollage above

/ON

—\
v,

&S

Figure 4. Vollage Regulalor

Test 8 Check Leads 1 and 4

DISCUSSION:

The regulated and rectified excliation current frem the
voltage regulator is delivered to the brushes via VWires
No. 4 (+) and 1 {-). You should have already checked
the DC valtage at requiator lerminals 3 (-) and 4 {+).
Now, check Wires No. 1 and 4 to the brushes by
checking for continuity.

FROCEDURE:

1. Generator engine must be shut down for this test,
2. See Figure 1 on Page 3.1-2, Bemove the bearing
carrier plate and gasket to gain access to the brushes,
3. Connect the positive {+) fest lead of 2 VOM to the
Wire No. 4 terminal screw (an the brush nearest the
rofor bearing).

4. Connect the VOM common (-) test lead io the Wirs
No. 4 terminal on the voltage regulator, The VOM
should read “continuity”.

5. Disconnect Wire No. 1 from terminal toard TB1 in
the ganerator panel. Connect VOM test prabes to dis-
connected terminal end of Wire Ne. 1 and 1o the

Page 3.43
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Test 8- Check Leads 1 and 4 (Continued)

grounded brush holder mourting screw. The VOM
should read "continuity”,

€. Caretully ingpect the Wires 1 and 4 connections.
Repair or reconnset any bad connactions, as neces-
sary. it

RESULTS:

1. Hepair, reconnact or replace bad leads as necas-
Lary.,
2. 1 Wires No. 1 and 4 are good, go onfo Tast §.

TOTH FakATR AL
BOARD 181
BRUSHWITHRED LEAD
CLOSESTTOROTOR
BEARING "
= A RED e o 4 RED g
‘ 0

}  FrussHOLEER
%y p®  MOUNTING SCRIW

Figure 5. Routing of Erush Leads (Typical)

Test 9- Check Brushes and Slip Rings
DISCUSSION:

Brushes are made of long-life materials. During non-
operating pericds, a film can develop an slip rings that
wiil inhibit the flow of excitation current to the raior, If
problems are encoutered, it is a good idea to Inspect
the brushes and slip rings. See Figurs 8.

Figure 8. Brushes and Siip Rings

Pags 3.4-4
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FROCEDURE:

1. Remove the brush holders from the rear bearing
carrier. Visually inspect the brushas for crasks. chig-
ping, or otner damage. Replace brushes in pairs, f
necessary,

2.1t the slip rings appear dulf ortarnished, they may be
cleaned with fine sandpapar, DO NOT UBE ANY
METALLICGRITTOCLEAN 8LIP RINGS. After polish-
ing the slip rings, use low pressura airto blow awsy any
sandpaper rasidua,

3. Test und operation.

Test 10- Test Rotor Windings

DISCUSSION:

An open circuit in the rotor windings will probably resyit
in a generator AC cutput voltage that i3 comensurats
with the rotor's "residual” magnetism. A shorted rotar
winding will usuailv result in & reduced magnetic fizia
and resultant low voltage output,

PROCEDURE:

1. With engine shut down, remove the brush holdzrs to
pravent interaction.

2. Zeta VOM to its "Rx1" scale and zero the meter,

3. Connect the positive (+) VOM test probe 1o the
positive slip ring {nearest tha rotor bearing),

4. Connect the common () VOM test proba to the
negative {;) slip ring. The VOM should indicate tha
resistance of the rotor windings. See "Genersior
Speciications” on Page 1 at frant of this manual ar
naminai rotor resistance values,

5. Betthe VOM to & high resistance scale and zara the
meter.

8. Now, cannect the positive (+) VOM test prabe to the
pesitive {(+) slip ring and the comman (-) test prabe to
z clean frame ground. The meter should read "infinity",
Any upscale reading indicates a shorted condition.

RESULTS:

1. It rolor windings test goad, g6 on to Tast 13,
2. if rotor windings test bad, referto Section 1.5, "Test-
ing, Cleaning and Crying".

Test 11- Test Voltage-Phase Selector
Switch

DISCUSSION:

See "Control Panel- Units with Liquid Cooled Engine”
on Page 1.7-2. if this switch is set lo "OH", the AC
voltmeter on the generator panel will read "zsro* voits.
If the switch is defective, a faulty AC voltage reading
can resuft. You may wish to ook af Figure 1 on Pags
3.2-1.

FROCEDURE:

1. Gain access to the terminal end of the voltagz-phase
selector switch.
2. Set a VOM to its "Rx 1" scale and rero the mater.
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Test 11- Test Voltage-Phase Selector
Switch (Continued)

3. See Figure 7. Connact the VOM 1est leads acroas
switch terminals 14 and 13. .
& Setthe switch 1o "1" and cbserve the meter read-
ing. .
b. Set the switch to "2" and note the meter reading.
¢c. Setthe swilch to "3" and note the VOM reading.
d. Set the switch to "Off" and observe tha reading.
4. See CHART below. Cannect the VOM test probes
acress terminals indicated in the ¢hart and check read-
ings at all swilch pesitions. Test ail terminzaiz at all
switch positions as indicated in the chart. Readings
obiained should be either "cortinuity” or "infinily” as
shown in the charl, whare "Infin." stands for "infinity”
and "Cont." means "continuity”.

COMNECT TEST LEADS SWITCH POSITION

ACROSE TERMINALS 2 3 Ure
TS [SF=11}H o [ Conl Tata™
t6-12 iy Do fin Intin,
20-1% Lant. infin. | infin, Infin,
1817 indir. Cont.] Cont Infin.
{2 infin. Cant.| Cont. Cant,
.4 Cant. infin, 1 iafin. Infin,
£-8 Cont. Infin, | Gont Cenit.
7-8 tnfin, Cont.| infin. infin,
5-10 Cant, Cont. Infin. Cont.
it-12 Indin. Infin, { Cont, infin.

RESULTS:

1. Replace switeh, if defective,

15.
17013

4

i
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phase selector swich termingl. Test leads for an open
or shorted condition.

RESULTS;
1. Bepair, reconnect or replace leads as recessary.

Test 13- Test Stator AC Power Windings

DISCUSSION:

An vpen condition in the stator's AG power windings
will resufl in a logs of AC output voliage.

PROCEDURE:;

1. Testing 1-Phase Stators (Figure 8)
a. Disconneat stator leads 11 and 44 from the gan-
grator main circult breaker terminals.
b, Disconnect stator leads 22 and 33 fromthe nautral
biock {B3).
c. Complate a reaistance test across stator leads 11
and 22. The resistance of a single stalor AC cower
winding should be indicated. Compare the resis.
tance with tha "Stator Winding Resistance Values”
on Page 1.
d. Testfor registance across $tator leads 33 and 44.
Again, the rasistanca of that winding shiould be indi-
cated.
g, Setthe meterto a high resistance scale. Then, test
for 3 shorted conditicn as follows:
{1} Connect one test probe 10 stator lead 11, the
other test probe {o a clean frame ground ¢n the
stator can, The meter should read "infinity".
(2) Connect one metertest probe to stator lead 33
and the other to frame ground. The meter should
read "infindy".
1. With the meter stil set fo a high resistance scale,
check {or a sherted condition between paraltel wind-
ings as follows:
{1) Connect ong meter test probe  to stafor lead

11
{2) Connect the second meter test prebe to stator
fead 33. The meter should read "infinity”.

Figure 7. Voltage-Phase Selector Switch Terminals

Test 12- Test Voltmeter Leads 8§15, 516,
S44

DISCUSSION:

If these leads are open or shored, errcnecus AC
voltmeter readings will rasult.

FROCEDURE:

Reler lo appropriate wiring diagram. inspect the AC
voltmeter leads S15, S16 and S44 carefully. Check
connections against the wiring diagram. Maka sure alt
leads are properly connected {o the correct voltage-

DUAL STATOR POWER WINDINGS

i 2T 13 : !
1 +4

— 120 VOLTS 120 VOLTS —fm
00
Pl 240 VOLTS i
El E2

Figure 8. Typical 1-Fhase Stator Wingings

Pags 2.4-5
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Tast 13- Test Stator AC Power Windings
(Continued)

2, Tasting 3-Phase Stalors
a. Disconnect and isolate stator power winding leads
51 through 812, Also disconnect and isclate stator
DPE winding leads 2 and 6. '
b. See Figure 9. Test all six of the stator AC power
winding coils for continuity by connecting VOM test
probes soross each of the following pairs of leads,
Hefer to "Stator Winding Resgistance Valuez™ on
Fage 1 for nominal resistance values. A very high
reading or "infinity” indicates an open condition.
(1151 to S4.
{2} 57 w 810,
(3) 88ta 811
(4) 53 1tw S5,
(5) 89w 8i2.
(6) &2 to 55
¢, Test all six stator coils for shorted condition by
ety between the following stator leads and a
clean frame ground on the stator can, one lead at a
time_The meler should indicate "infinity" in all cases.
(1) 51 to frame ground,
2) §7 to frame ground,
3; 53 to frame ground.
4
)

2
3
4
5

3 to frame ground.

&9 to frame ground.
6) $2 to frame ground.
d. Now, test for & shorted condition between in-
dividual statar cails ny connacting the VOM test

leads across the following stator leads. in ali cases,.

the VOM should read “infinity™.
{1} Leads 51 1o 57,
{2) Leads 57 to 58,
{3) Leads 88 to 83,
{4) Leads 83 1o &0,
{5) Leads 5% to 52,
(&) Leads 5210 51,
g. Finally, test for a shorted condition between iso-
lated windings as icllows. Tha meter should indicate
“infindy" in all cases. Lead Mo, 6 is from tha stator
DPE winding.
{(tylead 51 to 6.
ylead §7 to 6.
ylead E8tle 6.
Ylead 53 o0 6.
ylead S8 fo 6.
Jlead 52to 6.

RESULTS:

1. K the AC poewer windings fail any test, the stator
should be replaced. However, be sure to comply with
instructions for insulation breakdown tests, cleaning
and drying of stators in Section 1.5

2.1 the stator AC powar windings test good, go onto
Test 14

{2
{3
{4
{5
(6
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=

Figure 8. Stator Ouiput Leads (3-Fhass)

Tast 14- Chieck iWleld Boost

DISCUSSION:

See "Figld Boost" on Page 3.1-4. Field boost voltags is
avaiiable to the rotor only while the engine is cranking.
Thig fisld boost system, i efect, "flashes the field" an
every starup. Loss of field boost may ar may not result
in loss of generator AC oulput voltage, depending on
individual generafor characteristics. The following
apply:
» lf residuzal magnetism in the rotor is sufficient to
nduge a "pickuP voltage” into stator AC power
windings, normai AC oufput may ba ablained even
it field Doost has failed.

o Sfatgr AC power winding ouw'pui must build to ap-
pri:n;?mahﬂ,lg:g> 30-40 vcltg Acpbefore the voitage
regulator wilt turn on.

FPROCEDURE:

In the generater pansi, focate the CMA circuit beard.
Wire No. 4 attachas 1o that circuit board's connector
plug and is routed to the large terminal board (TBT1} in
the panel. Totestforfield boost output voltage, proceed
as follows:

NOTE! If you wish to prevent the engine from slarting
whila cranking, dizconnsacis Wire No. 14 from the larga
terminal board (T81),

1. Disconnect Wire No. 4 from terminal board TE1.

2. Cannect the positive {+)test probe of a DC voltmeter
{for VOM) to the terminal end of disconnectad Wire No.
4 {ram the CMA circuit board.

3. Connect the common () meter test probe 1o terminal
No. 0 of the terminal board {TS1).

4. Crank the engine manuaily. While the engine is
cranking, the meter should indicate approximately 8-1G
volts DC. This is field boost voltage.

RESULTS:

It fietd boost voltage is net indicated while cranking,
replace the CMA circu? board.
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Test 14- Check Field Boost (Continued)

TERMINALBOARD T l

- ryure 10.Checking Field Boost Vollage

Test 16- Check Frequency
DISCUSEZION:

The rolor's driven speed and AC frequency are
direcily proportional. Voltage and AC frequency are
directly proportional. Thus, if rpm and frequency drop
off, voltage will also decrezse, When a low voltage is
Encountered, it is & good idea to ¢hack the frequenay.

It frequency is low, the engine governor may require
adjustment. :

PROCEDURE.

1. Connect an accurate AC frequency meter across the
generator's AG output leads. Also, connect an AC
voitmater across the AC output leads (see Test 2).
2. Start the engine, let it stabilize and warm up at
no-tcad.
3. Read the AC voltmeter and frequency meter,
a. The no-load {line-o-line) voitage should ke ap-
Eroximateiy 242-252 volts AC,
- The na-load AC frequency should be approximate-
ly 61-83 Herlz.
4. Compare the external frequency meter reading with
the panel frequency mater reading.

RESULTS:

1. if frequency i below normal, go to Test 17.

<. If frequency is above normal go to Test 17.

3. frequency is good but voltage is low ar kigh, gaon
{o Test 18,

4. 1f panal frequency meter is incorrect, replace that
meter,

Test 17- Adjust Engihe Governor

DISCUSSION:

If frequency is high or low and veliage appears fa ba
correspoadingly high or low, engine speed may be
incorrect,

SECTION 2.4
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FROCEDURE:

Fefer o Part 9, "Operaticna! Tests and Adiustments
tor governer adjustment procedurses,

RESULTS:

1. It frequency is good after adjustment, but voltage is
stil low or high, go onto Test 18,

2.1t both frequency and voltage are now good, discon-
tinue tesis,

Test 18- Adjust Voitage Reguiator

CISCUSSION:

Do not attempt to adjust the volage regulater until the
AC freguency is correct. The prepackzged vokags
regulator provides & single adiustment polsntiometer,
for the adjust of veltage,

PROCEDURE:

See Pant g, "Operational Tests and Adjustmenis” for
voltage regulater adjustment procedures.

RESULTS:

1. It voltage is still low, go to Test 4.
2. If voltage is good after adjustment of regulztor,
festing may be discontinued.

Test 18- Chack Voliage Regulator LED
DISCUSSION:

The veltage regulator mounts a single LED {light et
ting dicde). This LED is turned onwhen sernsing voltage
from Wires No, 515 and S18is greaterthan 30-40 vols
AC. Loss of sensing votage from $15/516 will usually
result in a "full field” condition and a high AC power
winding output voltage. The voltage reguiaior is
equipped with a “clamping” circuit which acts 1o prevent
vaitages in excess of approximately 135 volts AC (1-
phase units) or 270 voks AC (3-phasa units).

PROCEDURE:
Sae Test 7, "Test Voitage Requiator.

RESULTS:

1. ltthe LED is out or dim, go to Test 20.
2 ltthe LED is on, g0 1o Test 7.

Test 20- Check Regulator Sensing Leads

DISCUSSION:

See Test 16,
FEREOCEDURE:
See Test 7,
RESIILTS:

It sensing leads S18/S16 are good and an AC output
vallage Is available from the stator AC power windings,
but the LED is out, replace the voktage reguiator.

Page 3.4.7
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Tast 21- Check for Gverload Condition

DISCUSSION:

If voltage and frequency are good at no-load condi-
tion, but droop excessively when slectrical ioads are
applied to the generator, the genarator rmay be aver-
ioaded. That is, the unit's wattage/amperage capacity
may oo exceeded, In many instances, the maximum
wattage and amperage that a generator can supply are
limited by availabie engine power.

FPROCEDURE:

The AC ammeter on the generator panel is very
aceurate and can usually be used o indicate current
draw of connected loads. Te test for an overload con-
dition, proceed as follows:

1. On the generator panel, set the manuab-of-auio
switch 1o "OH".

2. Twn OFF all power voltage suppiies to the transter
switch (turn off both the utility and standby power
supplies). This can be done by turning both the utility
and genarator main circult breakers "o,

3. Manually actuate the transfer swiich to the "Standby”

position, i.e., loads connected to the "Standoy” side,

Ses Partd, 5oré, as appropriate for thelype of instalied
transfer switch.

4. Turn an all electrical 1oads that are normally powered
by genérator output.

5. Stan the generator engine manually. Let the engine
stabilize and warm up.

6. Turnthe generalor’s main circuit breaksr"On”. Loads
are now powered by the generator.

7. On the generator pangl, check the AC ammeler
raadings at switch positions "1, 72" and "3,

8. Hefer to the generator DATA PLATE for rated max-
i lead current (amperage).

NOTE: To chack the panel ammater for accuracy, use a
clamp on ammaeler to check amperage draw at the swator
AGC oulput leads £1 and E2 for 1-phase uniis; or £1, EZ2,
E3 for 3-phasa units.

RESULTS:

1. if the unit is overicadsed, reduce the load o unit
capacty. Instruct the customer on how to prevent over
toading the generator,

2. Hunitis NOT overioaded, perform Test 13, A shortad
AC power winding can alsa cause voltage and frequen-
oy droop when loads are turned on,

Page 3.4.8
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Test 22- Check Engine Power

DISCUSSION:

Tha maximum avzailable ampeérage capacity of a gen-
erator is often limited by availzble engine power, Such
a simple fault as g dinty engine air cleaner will result in
engine power loss. Low engine compression, incorrect
ignition timing, faully spark plugs, efs., can resull in
engine power loss and a reduced watlage capacity.

FROCEDURE:

Refer 1o the appropriate engine service manusal. Deter-
ming § an engine power 1055 has occured and then
froubleshoot to find the cause of the power loss.

ESULTS.

Repair or replace enging as necassary to restors én-
gine powar,
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PART 4- "V-TYPE"

SECTION 4.1

PREPACKAGED TRANSFER SWITCHES DESCRIPTION & COMPONENTS

Section 4.1

DESCRIPTION AND COMPONENTS

General

The prepackaged, "V-Type™ ransier switch is rated
100 amps at 250 volts maximum. Itis available in2-pale
configuration cnly and, for that reascn, is useable with
1-phase systems only.

Prepackaged transfer switches do not have an intel-
ligence system of their own. instead, automatic opera-
tion of these transfer swilchas is controlled by a CMA
cirguit board housed in the gengrator control panel.

In & typical installation, both the utility and siancby
power source condustors are connectad 1o the transfer
switch, ag well 2s load lines. See Pari 1, Section 1.3 for
prepackaged inferconnections,

Transfer Switch Major Components

Figure 1, below, shows the transfer switch com=

ponenis. Major components inciuda the following:

HEM T DESCHRIFITON ITEM T DESCHIFPTION
T [SyEewcray 0RO T TECRWERTE
2 Enclosure Caver 17 Wing Stud
3 Transiar Mechanism 18 Manua!l Transler Handle
q Capstrew: M&0.80 19 Fiztwasher. 28"
5 M& Lookwasher 20 Power Tamuaf Cover
[a] M5 Flamwasher 21 Adap!er
7 Tranzler Rela 22 MNo. 10-32 Scrow
& 278716 Hax Nut 21 Solderiess Lug
2 Mo, B.32 Sorew 2 Terminal Sloo
10 N2, B-32 Screw 25 Ma'a Disconnes: Adaptar
11 Ha. 8 Lockwasher 26 Halay Cover
12 Ko, & Flatwasher ' Sundoff
i3 Tie Wrap Meunt 24 HNa, B-32 Hex Nut
14 Haoural Ly et Fuse Holder
15 No, 10-32 Saew 20 2 amp. 600 veits Fusa

Figure 1. Exploded View of V-Type Prepackaged Transfer Switch

Page 4.1-1
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Enclosure

The standard prepackaged, V-Type transter switch
gnclosure if 2 NEMA 1 type ("MEMA" stands for "Na-
tional Efecirival Manufacturer’s Assccigtion"), Basad
on NEMA Standard 250, the NEMA 1 enclosure may
ba defined as one that is intended for indoor use
primarily to provide a degree of protection against
contact with the enclosed eguipment and where un-
usual service condilions do riot exist.

Transtfer Mechanism

The 2-pals transter mechanism consists of a pair of
mavsabie LOAD contacts, a palr of staticnary UTILITY
contacts, and a pair of stationary STANDBY comacts.
Thae LOAD contacts can be connected to the UTILITY
contacts by a utility closing coll: or to the STANDBY
contacts by a2 stangby ciosing coll. In addition, the
LOAD comtacts can be actuated to either the UTILITY
or STANDBY side by means of a manual transfer
handle. See Figures 2 and 3.

UTILITY CLOSING COIL C 1

See Figure 4. This coil 1s enargizad by rectified utility
source power, to actuaie the icad contacis to the
"Utilny” power source side. When energized, the coil
will move the main coniacts to an “overgentiar” position,
A limmit switch will then be actuated to open the circuit
and spring force wili complete the retransfer to
"Slandby”. A bridge rectifier, which changes the wlility
source alternating curren{ (AC) to cirect current {DC),
is sealed in the coil wrappings. If coil or bridge rectifier
repiacemant becomas necessary, the entire coit and
ondge assembly should be replaced.

STANDBY CLOSING COIL C2:

Coil C2 is energized by rectified standby souree
powar, to acluate the load contacts to their “Standby"
source gide. Energizing the coil moves the load con-
tacts to an overcentar position: mit swilch action then
opens the circull and spring force will complete the
ransfer action to "Standby™. This coil's bridgs ractifizr
is also sealed in the coil wrappings. Replace the coil
and bridge reciffiar as a unit.

LIMIT SWITCHES XA1 AND XE{:

Switches are mechanically actuated by load contacts
movemant. When the load contacts are connected to
the wtility contacts, limit switch XAT opens the wtility
cireudt to utility clesing coll C1 and limit switch XB1
ciosas the standby circuil to standby closing coil C2.
The timit switches "arm” the system for retransier back
1o "Utility” when the load cantacts are connecled to the
“Standby” side. Conversely, when the load contacts are
connected to the "Uility™ side, the swilches "arm” the
systam for transfer o "Standoy”. An cpen condition in
fimit switch XA1 will prevent retransfer to "Utility". An
open switch XB1 will prevent frarster to "Standby”.

Page 4.1-2
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UTILITY

STANDBY

STANDBY

UTILITY

Q ‘

Figure 3. Load Cennected to Standby Power Source
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Figure 4. Tha "V-Type® Transfer Mechanism
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Transfer Relay

Transfer relay operation is controlled by a control
medule assembly (CMA)} eircuit board. That cireul
board is a part of a control madule assembly (CMA),
mounted on ihe standby generaior set. The standby
systern instalier must interconnect sufiable wiring to
terminals 23 and 124 of atransfer swilch terminal block.
He must interconnect that wiring with identically num-
bered terminals in the generators control module as-
sembly (CMA). 3ee Figure S on Page 1.3-3.

Figure 5 en this page shows the transier relay pic-
torially ard schematically. Relay operation may be
briefly described as follows:

1. Generater set hattery vollage (12 vaolts 0C) is avall-
able {o the transier relay colf from the generator's CMA
ciroult baard, via terminal 194 and relay terminal A.

a. The 12 volts DC circult is completed through the

transier relay coil and back to the generator's CMA

clreuit Board, A transfer switch terminal 23, cus-

tormer wstalled wiring, and CMA terminal 23.

b, CMA circuil board action normally holds the Wire

Na. 22 circult open to ground and the relay is de-

energized.

¢. When de-energized, the relay's narmally-open

contacts are open and its normally-closed contacts

are closed.

d. The normally-closed relay comtacts will dafiver

witity source power to the utifity clasing sircult of the

transfer mechanism.

g. The normally-opsn relay contacts will deliver

standby source powst to the transfar rmechanism's

siandby closing gircuit.
2. Ouring automatic system operation, whan the gen-
erator's CMA circuil board "sanses” that utility source
voltage has dropped out, the circuli board will initiate
engne cranking and startup.
3. When the CMA board "senses” that the engine has
started, an "engine warmup timer” on the circuit board
staris liming. :
4. Whenthe "engine warmup timer* has timed out, CMA
board aclion completes the Wire No, 23 circult o
ground.

a. The transfer ralay then energizes.

b. The relay’s normally-closed contacts open and fis

normaliy-open contacts close.

¢. When the noemally-open contacts close, standby

source power is delivered to the standby closing coit

and transfer to "Standby” cecurs.
5. When the generator's CMA circuit board "senses”
that utifity source voltage has been restored above a
preset level, the board will open the Wire No., 23 circuit
10 ground.

a. The transfer relay will de-energize, its normally-

closed contacts will ciose and #s normally-open eon-

tacts will open.

b. When the normally-closed relay contacts close,

utiiity seurce voitage is delivered {o the wtility closing

cail 10 energize that coil.

c. Retransier back {0 "Utility” oceurs.

1208 RV 59 : (g1)
I B :
I T
THANSFER RELAY

Figure 5. Transter Relay Schemalic

Neutral Lug

See Figure 1, ltem 14, The standby generator is
ecuipped with an UNGROUNDED neutral. The nautral
lug in the transfer swiich is isolated from the switch
enciosurs, since ity base is of plastic. Lead, Utilty and
Standby neutral fines all should be altached to the
neutral lug's 3/8 inch stud and securely retained with
the 3/8"-18 hex nut,

Manual Transfer Handle

The manual fransfer handle (Figure 1, Hem 18) is
retained in the transfer switch enclosure by means of a
wing stud (Figure 1, tem 17). Use the handla o
manually actuale the transfer mechanism load centacts
to either the "Ulilty™ or "Standby” source side.

Instructions on use of the manual transfer hangle
may be found in Fart &, "Operational Tests and Adfust-
meants",

Terminal Blaock

During systeminstailation, this 7-point ferminal block
must be properly interconnected with an identically
labeled {erminal block inthe generator's control module
agsembly.

Figure 8. Transfer Switch Termina! Block

Page 4.1-3
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Terminal Block (Continued)

Terminals used on the terminal block are identified
as Utiity 1 and 2; Load 1 and 2; 23 and 104,

UTILITY 1 AND 2:

Interconnect with identically iabelled terminals in the
generator's controf module assembly (CMA), This is
the "Lility Voage™ signal fo the CMA circult board. The
signal is delivered to a "stepdown® transtormer in the
control module assembly and the resultant reduced
voitaga is then delivered to the circuit board. Utility 1
and 2 power is used by the CMA circuit board as
follows:

« [ utilty source voltage shou! below
levtel.yCMA board gac:tion \.&I(ljri%‘?tiaze atiopr;?ast?é

cranking and starup, foliowed by automatic trans-
ier to the "Standby” source.

»  Utility seurce voltage is used by the CMA board to
operate a batlery "rickle charge” circuif which
hegas to maintain batlery state of charge during
non-operating periods.

LOAD 1 AND 2:

Tne CMA circult board Is equipped with a "7-Day
Exerciser” circuit which will starl the generator and et
it "exercise” once every seven (7) days on a
preselected day and al a preselected time of day. The
"Load 1/2" lerminais provide power to operate the
exerciser timer clock.

TERMINALS 23 AND 194:

‘These terminals connect the transfer relay to the
generator's CMA circuit board. See "Transfer Relay' on
Fage 4.1-3.

Pago 4.1.4

SECTION 4.1
DESCRIPTION & COMPONENTS

Fuse Holder

The fuse holder holds four {4) fuses, designated as
fuses F1, F2, F3 and F4. Each fuse is rated 2 ampares.
FUSES F1, F2:

These two fuses protect the terminal boards "Utilty
1 and 2" ¢irguit against overload.

FUSES F3, F4.

These two fuses protect the "Laad 1 and 2" circud
against overload.
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OPERATIONAL ANALYSIS'

ESection 4.2

OPERATIONAL ANALYSIS

Utility Seurce Voltage Available

Figure 1is a schematic representation of the transter

switch with ulifity source power availabie. The circutt
~-condiion may be briefly described as-follows:

+  Utility source voltane i5 avaiabie {o terminal iugs
N1 &nd N2 of the transfer machanicm, g

« Line N2A s closed 1o the utility closing coil (C1),
via & bridge rectifier,

' Utllst1y source voltage is avaiizbie to Hmit switch
AAT), via the norpially-closed transter relzy con-
acts {1 and ?g,and Wite No, 126 However, XAT s
anen andthe circuit 1o the Wility clesing coilis open.
”m'}?’ vohage "sensing” sianals ars deliverad 1o a

CMA circull board an Inhe feneratdr, via Wirs Mo,

N1A, a = amp fuse (F1), {fansfer swiich terminal

N1, generator terminal N1, and a sensing trans-

formér. The secand line of the utifity volzg& "sans-

ing" circuit s via Wira No. N2A, 4 7 amp fuse gFE;,
transfer switch terminal N2, genersior terming! NE
and the sensing transformer.

NOTE: Transfar switch tarminals N1 and N2 (Utility 1 and 2)
musi be properly connected te genaraior terminals N1 and
NZ (Utility 1 and 2) by the Installer. Genarator terminals N1
(Uiility 1) and N2 (Ulility 2} are not shown in Figure 1. See
Fart 7, "0C Contrel-Unils with Air-Coolad Engine™ or Far 8,
"DC Cantrof-Liguid Conled Engine Unita®

Utility Source Voltage Dropeout

If utility source voltage should drop below a preset
value, the generator’'s CMA circult board will sense tha

"‘""drqpcut‘:""”Fhai"'circuit""bua'rd"wil'i"‘then‘"‘in‘it"ra‘fe‘"‘g‘@'n‘eratb'r"‘

cranking and startup afler a time delay clreuit times out,

Transfer to Standby

The generstor's CMA circuit board delivers 12 volts
DC io the fransfsr relay, via terminals 154 and back to
the circuit board via terminals 23. However, circuit
poarg action holds the Wiz Ng, 22 ¢ircuit open and the
tranafer relay ramaing de-energized.

On gensrator startup, an "engine warmup timer" on
the generaiors CMA circult board stars timing. When
fhat tyimer has timed out, CMA girouit beard action
compietes the Wire No. 23 circuit to ground. The trans-
fer relay then energizes, s normaily-open contacts
close, and standby scurce vottage Is delivered to the
standby closing coit via Wirgs Ne. E1 and £2, the
transfer relay (TR) cortacts, limit switch (XB1), Wire
"B". and a bridge rectifier. The standby closing coil
ensrgizes and the main contacts acluate to their
"Standby” side.

C1- SELTAGID COL (WTILITY CLOSIkG)

o — 3 CF- SOLENOID COIL (STaMOBY 0 0GING}
TR HE5 - TRAMGFER BwITGH COMIaLTOH
4« @*mrsd A .TF - AELAT, TRAMSFEA

T8 - TERMNAL STRIF [CUSTOMER CONMECTION]
Kat, ¥Di. {IWIT SWITEHES, ACTUATOR

Fi, P2 FX Fa-FUSE, Za SENSING

L3
u—u—-l'b—{}} ql

25 fp— a1 a Cl- SOLEMOID COIL JUTILITY ClO%iNG) ] ‘
i
L2 SOLEMDIT COW. {SIAMDAT CLOZINGI l
GTE - TRANSFER TWITGH COMTADTOR
104 e 194 o -

IR - PELAYT. TRanSFEAR

TS - TERHINAL BTRIP {QUSTOMER LONWEDTICN)
Xal, ¥BI. LIMIT GWlTOmES, AZTUATSR }

—

Fi, Fa, 85, FL-FYSE, oA SEUSING

Figure 1. Circuit Condition- Utility Source Voltags
Availabla

Figure 2. Circuit Condition- Transier to Standby

Fage 4.2-1
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Fetranster Back to Utility N

On restorafion of utiily source voltage above a On closure of the main contacts to the Wity power
preset value, the generators CMA circuit board "sen- source side, limit switches XA1 and XB1 are mechani-
ses"thatvoltage via terminals N1 and N2. After g praset cally actuated to "arm” the circuit for transferto standby.
time interval, that clreult beard opens the terminal 23
circuit to ground. The transfer relay, de-energizas, iis
narmally-closed contacts close, and utility source volt-
age is delivered 1o utiity closing coit (C1), via Wires
N1A and N2A, closed transfer relay (TR) contacts, limt
switch XA1, and a bridge rectifier.

:'\_;-@ T
‘:};@ i

s
w r
ClI- 5;};,[5{3;[; Lo (LTTRITY CLOZINGI Cl- SOUENAID fOTL (UTILITY CuOziNg}
25 P21 — . .
= R C7- SOLENOID COTL [STANCHY (LOSING)

Te- G0 RNCTD COIL ISTanDBY CLOSING)

—

GYE - TRANGFER SRTTOH COMTALTOR TR TS« TRANMGIER SWilTiH QONTACTOR

TR - RELAT, TRANEFER 124 i * - RELAY, TRANSSER

TS - TERuiAL STRIP (CUATNER COMECTION T8 - TERWiNAL STRIR (CUSTOHER CORMECTIOH)
YAl ¥BI- LIMIT SWITOHESD. ASTUATER XKal, xBi- LIMIT SwWITGHES, AQTUATOR N

Fi, P, K5 Fe-FUSE. 2A SENEING |fL Fa fE Fa-FLSE, 24 EENSING

Figure 3. Initial Retransfer to Uility Figurs 4. Final Retransfar to Utility
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Bection 4.3

TROUBLESHOOTING FLOW CHARTS

Introduction to Troubleshooting
The first stepin troubleshooting is to correctly de rtify the Testnumbers assignedin the flow chars are identizalto
problem. Once that is done, the cause of the problem the test numbers in Section 4.4, "Diagnostic Tests",

. can.be found by performing ihelests.inthe approprate - Seciion. 4.4 provides -detailed instructions-{for-perdor -

flow char. marce of each tast,

Problem 1- In Automatic Mode, No Transfer to Standby

I e o ey | T —_—
E 1. G A EAM ANSFER GooD

TERMINAL STANDB‘\F - RELAY TR

tUGSET E2 CLOSING QOIL G2

1

GOOD B«;T NG TRANSFER

¥

FIND CALUSE OF NO AG
QUTPUT TC TRANSEER

EWITCH FROM GENERATOR

TEST 4-CHECK MANUIAL
TRANSFER SWITCH
ORFERATION

L GOOD murwemrelige. REFPLACE STANDBY CLOSING COIL G2

REPLACE BAD RELAY

REPAIR OR AEPLACE -*“II_ BA Co—
DEFECTIVE TRANSFER
MECHANISM PART(S)

r“ A
TEST 5-TEST TEST§-CHE
LIMIT SWITCH XBT e ¥ _m’; ".‘EWNGG%\NR:DCK
WIRING CONMECTIONS
B!D—m REPLACE BAD SWITGH E!D_l’ REPAIR, BECONNEST OR REPLACE WIRING

Problen 2- In Automatic Mode, No RHetransfer Back to Utility

TEST 7 CHECK
YOLTAGE AT
TERMINAL
LUGS M1, N2

R, q

TEST 8-CHECK
YOLTAGE AT
UTILITY 1 AND
UTILITY 2
TERMINALS

[r—— O.K.q

TEST 9-CHECK
YOLTAGE AT

UTILITY
g!{OSING ColL

FIND CAUSE OF NO
UTILITY SOURCE
VOLTAGE TO
TRANSFER SWITCH

5,

—

FUSES F1 AND
F2

TEST 10-CHECK
I— D_K.“

TEST £-CHECK
WIRING AND
WIRING CONNECTIONS

B!\Dﬂ REFLACE BLOWN FU$E{S)

GDODlBUT NGO
TRANSFER

'

BA

GO TOPROALEM 2
TEST 3 ON NEXT
PAGE

GO TO PROBLEM 2
TEST 4 ON NEXT PAGE

BAD WIRING

L BAD s BEP AR, RECONNECT OR REPLAGE

Page 4.3
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Problem 2- In Automatic Mode, No Retransfer Back to Utility (Continued)

TEST 3-TEST

THANSFER  jsssees GOOD-——*
RELAY TR

I,

REPLAGE BAD RELAY

TEST 11-TEST
LIMIT SWITCH
A1

o

REPLACE BAD
LIMIT sSWITCH

TEST 4-CHECK MANUAL HEFLACE UTILITY
TRANSFER SWITCH - GDDD_}- CLOSING COIL C1
OPERATION

B!Dm} FEFAIR OR REPLACE DEFECTIVE

TRANSFER MECHANISM PART(S)

Problern 3- In Automatic Mode, Generator Starts and Transter to Standby Occurs When
Utility Scurce Voltage is Available

TEST 10-CHECK TEST 7-CHECK TEST 8-CHECK VOLTAGE AT
FUSES Ft AND O, e | VOLTAGE AT oo O, K, oo | UTILITY 1 AND UTILITY 2 ety
Fa - TERMINAL TERMINALS
LUGS N1, N2
BL B!aa BAD

REPLACE BLOWN FUSE(S)

}

FIND CAUSE OF NQ UTILITY
SOURCE QUTPLUIT TQ
TAANSFER SWITCH AND
CORRECT THE PROBLEM

TROUSLESHOOT GENERATOR DC CONTROL SYSTEM
SEE PART 7 OR PART 8 AS APPROPRIATE

Paga 4.3.2

-

\d

TEST 6-CHECK WIRING
AND WIRING CONNEGTIONS

VOLTAGE AT UTILITY 1/2
wun TERMINALS IN THANSFER

SWITCH 1S GCOD
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Section 4.4

DIAGNOSTIC TESTS

General

Test numbers in this section correspond o the num-
bered {esls in Section 4.3, "Troubleshooling Fiow
Chans". When troubleshaoting, first identify the prob-
lem., Then, periermthe diagnosticlestsinthe sequence
given in the flow charts,

Test 1- Check Voltage at Terminal Lugs
E1, E2

DISCUSSION:

In aulomatic mode, the standby closing ceil (C2)
must be energized by standby generator output # trans-
fer o the "Standby” source is 1o occur. Transfer to
"Standby” cannot cceur unless that power supply is
available fo the transfer switch.

DANGER: BE CAREFUL! HIGH AND
DANGEROUS VOLTAGES ARE PRESENT AT
TERMINAL LUGS E1 AND E2 WHEN THE GEN-
ERATOR 13 HUNNING. AVOID CONTACT WITH
HIGH VOLTAGE TERMINALS OR DANGERQUS
AND POSSIBLY LETHAL ELECTHICAL SHOCK
MAY RESULT. DO NOT PERFQRM THIS VOLT-
AGE TEST WHILE STANDING ON WET OR
DAMP GROUND, WHILE BAREFQOQT, OR
WHILE HANDS OR FEET ARE WET,

FROCEDURE:

1. if the generalor engine has started automaticaily
{due to a ulility power source outage) and is running,
check the position of the gensrator's main cireuit
breaker. The circuil breaker must be set to fts "On” or
"Closed” position. When you are sure the ganerator's
main circuit breaker is set t¢ "On" or "Closed”, chack
the veltage attransfer mechanism terminal lugs E1 and
2 with an aceurate AC voltmeter gr with an accurate
valt-ohm-miliammeter (VOM). The genarator's ling-io-
line voltage shouid be indicated.
2. if the generator has been shut down, proceed as
follows:
a. On the generator control panel, set the manual-
off-aute switch to "Off".
b. Turn OFF ali power voltage supplies to the transfer
swilch. Both the "Utilty" and "Standby™ power sup-
plies muat be positively turned off before proceeding.
¢. Check the position of the transfer mechanism main
contacts. The moveahle LOAD contacts must be
connecied to the staticnary "Utility” source contacts.
If necessary, manually actuate the main esntacts to
the "LRility" power source side. Sees Pan 8 for manual
operating procedures,
d. Actuate the generalor's main line circut breaker
to its "On" or "Closed" position. The "Utility” power
supply to the transfer switch must be turned OFF,

g Set the generators manual-off-aulo switeh to

"Auto”,

{1YThe generator should crank and starl.

{2§ When the generator starls, an"engine warmup
timer” should start timing. After about 15 seconds,
the iransfer relay should energize and transfer to
the "Standby” source should ocour.

f. If transfer {o "Standby” dogs NOT oceur, check the

vollage across transfer switch terminal ugs E1 and

E2. The generators line-to-line vollage should be

indicated.

RESULTS:

1. If normal transfer to "Standby” eccurs, discontinue
tests.

2. If transfer to "Standby" does NCT occur and no
voltage is indicated across ierminal lugs EV/EZ, deter-
mina why generater AC output has falled.

3. if transfer to "Standby” does NOT accur and voitage
reading across terminat lugs E1/E2 is good, go onto

Tast 2.
Q 59
2\r BRIDGE
————r=,_—RECTIFIER
B 3..,—...,. M1
o
| fi
; e
i i
UTILITY . .ii i CEHHE
CLOBING i -‘co;éoox;
colt
! Ly R-N-R-X-X-2 ]
MANMLIAL y Sloesoos o
TRARZFER 1 e } feegpue @
LEVER e e ey
LT A e&aonda
SWITCH XA? —/{":;_*"“"'*e-,‘m‘—! ! cuoooadl gy
LT m— =l “SHi|oooon opg
SAITEH XET eyt | ([0 8 8 & Sed m}‘;— =4
- = - -
| ol i
i j
STANDEY ‘l i =

= BRIDGE
RECTIFER

CLosNG |
eout feeea,
A .‘ m;‘uﬂhﬂ

o

Figure 1. The "V-Type™ Transter Mechanism

Test 2- Check Vollage at Standby Clos-
ing Coil C2

DISCUSSION: .

Standby source voltage is used to energize the
standby closing coil and actuate the main contacts (o
their "Standby” source side. Standby scurce alternating
current {AG) is changed to direct current {DC) by a
bridoe rectifier before it reaches the closing cotl. This
test will delermine If standby voliage is avaiiabls to the
closing coil.

Paga £.4-1
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Test 2- Check Voltage at Standby Clos-
ing Coil C2 (Continued)

If normal standby source voltage is available to the
terminals of the standby closing coil but transfer to
"Standby” does not occur, look tor (a) binding or stick-
ing in the transfer machanism, (b) a.defective cail, or
(c} a bad bridge rectifier. The cott and the bridge rectifier
must be replaced as g unit.

PROCEDURE:

1.1 necessary, repeat Step 2 under "Frocedure™ of Test
1. The system must be in automatic operating mode,
with engine running, and standby scurce voltage avail-
ablg to terminal ugs EY and E2.

2. Cn the standby closing ¢oi, locate the two terminals
0 which Wires £1 and E2 connect (Figure 1). Use an
accurate AC voltmeter (or a VOM) to check the voltage
across these two terminals. Generator line-to-line voit-
age must ba indicated.

RESULTS:

1. Egeneratorline-to-line voltags is indicaled andtrans-
fer ta "Standby” cccurs, discontinue tests.

2. If generator line-fo-tine voltage is indicated but trans-
fer doas NOT oceur, go 40 Tast 4.

3. genarator line-to-fine voltage is NOT indicated, go
to Test 3.

Test 3- Test Transfer Relay TR

DISCLSSION:

In automatic operating mode, the transfer relay must
be enaergized by CMA circuit board sction or standby
source power wili not be available to the standby clos-
ing coil, Without standby source power, the closing coil
wiil remain de-energized and transfzr to "Standby” will

not occur. This test will determine if the transter relay

is functioning normally,

PROCEDURE:

1. See Figure 2. Disconnect all wires from the transfer
raiay, to prevent interaction.
2. Zet a VOM 1o iis "Rx1" scale and zera the meter,
3. Connect the VOM test leads across relay terminals
§ and g with the relay de-energized. The YOM should
read “infinity ",
4. Connect 1he positive (+) post of & 12 volts battery to
relay terminal "A" ard the negative (-} batiery posi to
relay terminal "B". The relay should engrgize and the
VOM should read "continuity”.
5. Now, tonnect the VOM tost leads across relay ter-
minals 1 and 7.
a. Energize the relay and the meter should indicate
"infinity”.
b. De-energize the relay and the VOM should read
"cantinuity”.

CONNECT YOM DESIRED METERREADING

TEST LEADS ACROSS | ENEHGIZED DE-ERERGIZED
Terminals € gnd & Conunuty inftndy
Terminals 1 and 7 infinity Conhinuity

—

FPage 4.4-2
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1. Replace transfer relay if it is defective,
2. If trarster relay checks good, go to Test 5.

w.8C)

y P
(B

Figure 2. Transfer Belay Test Foints

Test 4- Check Manual Transfer Switch
Operation

DISCUSSION:

i autornatic operaling mode, when utility source volt-
age drops belew a preset level, the engine shouid crank
and start. On engine siartup, an "engine warmup timer"
on the generalor's CMA circuit board should start
timing. When that timer has timed out (about 13
seconds), the ransfar relay should energize to deliver
utility source powar to the standby closing coll tar-
minals. If normal uiility source voltaga is availzble tothe
standby closing coil terminals, but fransfer to "Standoy"
does not occur, the cause of the failure may be (a) a
Tailed standby clesing coil and/or bridga ractifier, or (o)
a seized or sticking actuating coil or load contact. This
test will help you evaluate whether any sticking or
binding is present in the {ransfar mechanism.

PROCEDURE:

1. With the generator shut down, set the generator's
manual-off-aulc switch to "CH".

2. Set the generators main circuit breaker o "OH" or
"Cpen”.

3. Turn off the "Utility” power supply o the transfer
switch, using whatever means provided {such as a
utility source main line breaker). ‘

DANGER: DONOT ATTEMPT MANUAL TRANS-
FER SWITCH QPERATION UNTIL ALL POWER
VOLTAGE SUPPLIES TG THE SWITCH HAVE
BEEN POSITIVELY TURNED OFF. FAILURE TO
TURN OFF ALL POWER VOLTAGE SUPFLIES
MAY RESULT IN EXTREMELY HAZARDOUS
ANDPOSSIBLY LETHAL ELECTRICAL SHOCK.
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Test 4- Check Mznual Transfer Switch
Operation (Continued)

4. in the transfer switch enclosure, locate the manual

transfer handle, Handle is retainad inthe enclosure with’

a wing stud. Remove the wing stud and handle.

3. See Figure 3. Insert the uninsulated end of the
handle over the transfer switch operating laver.

a. Move the transter swiich operating lever up to ac-
tuate the load comtacts to the "Utliity" position, i.e., load
connacied lo the "Uility" scurce,

b, Actuate the operaling Tever down to move the load
contacts against the "Standoy” contacts, i.e., load con-
necied to the "Standby" source.

8. Rgpeat Step b several times. As the transfer switch
operating leveris maved, slight ferce should be neaded
until the lever reaches ifs center position. As the laver
moves past its center position, an over-center spring
should snap the moveable lcad contacts against the
stationary "Standby” or "Utiiity” contacts.

7. Finally, actuate the main contacis {o their "Utility"
power seurce sids, ie., load contacts against the
;‘Utilﬁ)y" contacts (upward movement of the operating
ever).

RESULTS:

1. Hihere is no evidénce of binding, sticking, excessive
force required, repiace the standby closing coit {C2).
2. if evidence of sticking, binding, excessive force
required to move main contacts, tind cause of binding
or sticking and repair or replace damaged part{(s).

4

LOAD CONNECTED TO UTILITY POWER SOURGE
LOAD CONNECTED TO STANDEY POWER SOURLE

MANUAL
TRANSFES
. HANDLE

T THANSERS
SWITCH
CFERATING
LEVER

Figure 3. Manual Transfar Switch Operation

Test 5- Test Limit Switch XB81

DISCUSSION:

Standby power source voltage must be available to the
standby closing coil in order for a "transier to standby”
gction o occur. To deliver that source voltage 1o the

- SECTION4.4
DIAGNOSTIC TESTS

coil, limit switch XB1 must be closed to the "Standby”
power source side. [f the [im# switeh did not get ac-
tuated or hias {ailed open, the scurce vollage will not be
available lo the closing coll and transier to "Standby”
will net ogour,

PROCEDURE:

With the generator shut down and with the "Utllity”
power supply 10 the transfer switch twrned OFF, test
timit swich XB1 as follows:

1. To prevent interaction, disconnect Wire No. 205 and
Wirg "B from the imit swi -h terminals.

2. Seta VOMto its "Rx1" scale and zero the matar,

3. See Figure 1. Connect the VOM test probes across
the two terminals from which the wires wers discon-
necied.

4. Manuazlly actuate the main contacts o their
"Standby” position, The meter should read "infinity".
8. Manually acluate the main contacis to their "Utility"
pasition. The meter should read "continuity”,

6. Repeat Steps 4 and 5 savaral times and verify the
VOM reading at each swilch position.

RESULTS:

1. 1 limit switch XB1 fails the test, remove and replace
the swilch or adjust switch until it is actuated proparly.
2. Himit switeh iz good, go on to Test 6.

Test 6- Check Wiring and Wiring Connections
DISCUSSION:

Anopen cireyit in transfer swiich wiring can prevent a
transfer action from occuring.

FROCEDURE:

See Figure 1. Inspect fransfer switch wiring carefully.
Make sure ail wires are properly and securely atteched
to the carrect terminals. Test wiring for an open or
shonted condition.

RESULTS:

Repair, reconnect or replace any damaged, discon-
nacted, incorrectly connscted, open of shorted wire(s).

Tast 7- Chesk Voltage at Terminal Lugs
N1, N2

DISCUSSION:

if retransferto the "Utility” power source side is {0 ccour,
utility source voltage must be available to termina! lugs
N1 and N2 of the transfer maechanism, In gddition, i that
source volfage is not avaiighle to N1/N2 terminals,
automalic stantup and transfer o "Standhy” will pcour
when the generator's manual-off-auto switch is set to
"Aute™. This test will prove that "UHility" voltage is avail-
able 10 these terminals, or is not available, It is the first
test in a series of tests that should be accomplished
when (aj retransfer back to "Utility” does not ccaur, or
(b; stantup and fransfer ocgurs unnacassarily.
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fest 7- Check Voltage at Terminal Lugs
N1, N2 (Cantinued)

SECTION 4.4
DIAGNOSTIC TESTS

FESULTS:

DANGER: PROCEED WITH CAUTION! HIGH
AND DANGEROUS VOLTAGES ARE PRESENT
AT TERMINAL LUGS N1/H2. CONTACT WIiTH
HIGH VOLTAGE TERMINALS WILL RESULT IN
DANGEROUS AND POSSIBLY LETHAL
ELECTRICAL SHOCK. O NOT ATTEMPT THIS
TEST WHILE STANDING ON WET OR DAMP
GROUND, WHILE BAREFQOT, OR WHILE
HANDS OR FEET ARE WET.

FROCEDURE:

1. Maka sure that &ll main ne circuit breakers in the
utidity fine to the transier switch are "On" or "Closed".
2. Tes! for uliity source fine-to-line voltage across
terminal lugs N1 and N2 (see Figure 1}, Normal utiity
souree voltags should be indicated,

RESULTS:

1. low or no voltage is indicated, find the cause of the
problem and correct.

2. If normal utility source veitage is indicated, go onto
Test 8.

Test 8- Check Voltage at Utility 1 and
Utility 2 Terminals

DISCUSEICON:

During installation the installer should have conneciad
the "Utility 1" and "Utility 2" terminals in the transfer
switch with identically labelled terminals on & terminal
block in the generaslors control module assembiy
(CMA). These terminals deliver utility voltage "sensing”
to & CMA circuit board. If voltage at the terminals is zero
or low, standby generator startup and transfer to the
"Standby” source will cceur sutomatically as controlled
by the CMA circuit board. A zero or low voltags atthese
terminals will also prevent retransfer backto the "Utility”
source,

PROCEDURE:

With utility source voltage available to terminal lugs N1
and N2, use an AC voltmeter or a VOM 16 test for utility
scurce line-to-line voitage across terminal block *Utdity
1" and "Ulility 2" terminals. Narmal line-to-line utiiity
source veltags should be indicated,

7]

UTIEITY 1 !m;_\a

uTleary 2 G

Figure 4. Transfer Switch Terming! Block

Pagad 4.4

1. If vollage reading across the "Utlility 1" and "Utiiity 2
terminals is zero, goto Test 10.
2. If veitage reading is good, go to Test .

Test 8- Check Voltage at Utility Closing
Coil CT1

DISCUSSION:

Utility source voRage is required to energize utility
ciesing coft C1 and effect ratransfer back to the "Wility"
source. This voliage is deliverad o the utility closing
coil via Wires No. N1A and N2A, the transfer reiay’s
nommally-ciosed contacts {relay de-energized), Wire
No. 128, limit switch XA1, and a bridge rectifier.

PROCEDLURE:

1. On the generator contrel panel, set the manual-ofi-
auto switch to "Of™
2. Turn OFF the uliity power supply ‘o the transfer
switch, using whalever means grovidsd {such as a
utility source main line eircuit breaker),
3. Set the generatar's main line circUit breaker to its
"Off" or "Open" position.
4, Check the position of the transfer mechanism main
contacts. The moveable load contacts must be con-
nected to the stationary utility contacts. If necessary,
manually actuate the main contacts o their "Utility"
source side (load connected to the "Uiility" source).
5. et the generator's main ling circull breaker to its
"On" or "Closed” position.
&. 5etthe generator's manuai-off-auto switch o "Auto",
a. Thg generator should crank and start.
b. About 15 seconds after angine startup, the transier
refay should energize and transfer fo the "Standby”
source should ocour.
7. When you are cerain that transfer io "Standby" has
occured, turn ON the dlility power supply to the transfer
switch. After a short wait, retransier back to the "Utility”
source should acour.
8. If retransier back to "Utility” does not cceur, use an
AC voltmeler {or a VOM) to test the voitage across the
twa terminals of the utility closing coil. Nerma! utility
seurce linz-to-line voiage should be indicated.

HESULTS!

1. In Step &, il the generalor does not erank or start,
refer to Pant 7, "DC Control- Units with Air Cooled
Enging".

2.1n Step &, it transferto the "Standby™ source does nof
nceur, go o Problem 1,

3. In Step 8, if normal utility source ling-to-line voitage
iz NOT indicated, goto Test 3.

4. In Step 8, if normal utility source lina-to-line voitzge
is indicated but retransfer back o "Utilily" does not
ocecur, go to Test 4,
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Test 10- Check Fuses F1 and F2

DISCUSSION:

Fuses £1 and F2 are connected in series with the
Utility T and Utility 2 circuits, respectively, A blown fuse
will open the applicable circuit ang will result in (a)
generator starlup and transfer to “Standby”, or (b)
taliure to retransfer back to the "Utility” source.

FROCEDURE;:

1. On the generator parel, set the manual-of-zuto

switch to "Off",

2. turmn OFF the utility power supply to the transfer

switeh, using whatever means provided.

a. Isdee Figure 5. Remove fuseas F1 and F2 fromthe fuse
older.

4. Inspect and test fuses for blown condition.
RESULTS:

1. Replace blowr fuse(s).
2 #fuses both check good, go to Test 6.

Figura 5. Fuse Holder and Fuses

Test 11- Test Limit Switch XA1

DISCUISION:

Whenthe transfer switch main contacts are actustedto
their "thility™ position, fimit switch XA1 should be
mechanically actuated to its open position. On transter
to the "Standby" peosition, the limit switch should ac-
tuate o its closed position. If the swilch does not
actuate to its closed position, retransier back to "Utility”
will not occur.

PROCEDURE:

1. With the standby generator sht down, set its
manual-off-auto switch {o "Off".

& Turn OFF the utility power supply to the transfer
switch, using whatever means provided.

3. To prevent interacticn, disconnect Wire No. 126 and
Wire "A” from the imit switch terminals,

. SECTION 4.4
DIAGNOSTIC TESTS

4. Set a VOM 1o #ts "R 1" scale and zero the mater.

5. Connect the VOM tfest leads acress the two iimit
swilch terminals from which Wireg "A" and 126 wers
removed.

6. Manually actuste the main contacis to their
"Standby” position. The VOM should indicale "con-
tinuity™.

7. Manually actuate the main contacts to their "Utiliy"
position. The VOM shouid read "infinity™.

RESULTS,
Repiace limit switch XA1 i it checks bad.

NOTE: Froblems with transfer switch cperation can sfso ba
caused by (a) defeclive wiring batwesn the gansratar and
transfer switch, or (b) & defsctive componant in the ganer-
ator's conlrol madwle assembly (CMA) See Pan 7, "0C
Cantral- Units with Alr Coaled Engina™

Page 4.4-3
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SECTION 5.1
DESCRIPTION & COMPONENTS

Section 5.1

DESCRIPTION AND COMPONENTS

General

The ™Y-Type" prepackaged transfer switches are
availabie as 100 amp, 3-pole units: aras 200 amp, 2 ot
3-pole units. Like the "V-Type" switches, the "Y-Type"
have no intelligence cireuit ¢f their own. The circuit that
controls autematic transfer switch operation is housed
in a control module assembly (CMA) on the generator
sel.

The 3-pole modals are intended foruse with 3-phase
utllity and standby powar source sysisms. These units
are equipped with 2 3-phase power monitor (PM).

The 2-poie models are intenced foruse with 1-phase
power systems. These units do not have a 3-phase
power monior.

Since prepackaged generators with air cooled en-
gine are available only as 1-phase units, the 3-pole
transfer switches are normally used in conjunciion with
figuid cooled engine unts,

Major Compenents

See Figure 1, below. Major transfer switch com-
penents include the foliowing:

ITEM{NOMENCLATURE

ITEM NOMENCLATURE
T [ Powar Montior Tockst
Switch Enclosure
Translor Ralay
Nautral Lug

franstefr Machanism [
Prapackaged Teminal Suip
Manual Transfer Handlg
Wing Stud

* 13-Phagsa Power Monkor

Le RN |

[, L

* ftems 5 and 6 are included on 3-pofe unils only.

O
154

Figure 1. The "Y-Type" Transter Swilch

rage 5.1-1




PART 5-"Y-TYPE™

SECTION 5.1

PREPACKAGED TRANSFER SWITCHES DESCRIPTION & COMPONENTS

Transfer Mechanism

GENERAL

The "Y-Type" transfer mechanism is a single
solenaid, etectrically acluated and mechanically hald
type switch. Gentact surtaces of the main current car-
rying contasts are of 87 percent silver and 13 parcent
cadmivum oxide, for better wear and conductivity. A
typical 2-pole and 3-pale fransfer mechanism is shown
in Figures 2 and 3, respectively.

STATIONARY MAIN CONTACTS:

The siationary main contacts are retained in g “pole
assembily” which may consist of sither two (2) or three
(3) poles that are sandwiched together. The poie as-
sembly is retained in the transfer mechanism by two (2!
ihru-Golts, See Figure 4.

Gurarac GTI] S0 | e
m— ] T A T [
A ’
== | FART S
fe I YT ) WILT ‘:'J N
AR 1T Aot el
ar _T_xi ['&Ae coand) T

LOAD

i MANUAL
i TRANSFER
) SHIFT

B ) T
i T

STATIONARY

Figure 2. Typical 2-Fole Transier Mechanism

LGan

MANLUIAL
TRAMEFER
SHAFT

Figure 3. Typical 3-Fole Transfer Mechanism

Paga 5.1-2

Figure 4. Stationary and Moveabje Main Contzars

MOVEABLE CONTACTS CARRIER:

This one-piece carrier (Figure 4) pivets on a single
shaft. H is available a5 a 2-pola or a 3-pole carrier, as
required, Each set of moveable contacts is retained in
the carriar by & spring.

MAIN CONTACTS OPERATION:

A dual set of moveable main contacts provides the
interconneciion between the lsad and power source
terminais, The moveable main contacts are soring
loaded to @nsure proper alignment between contact
surfaces. Figure 5 shows the moveable main contzets
as they are held in place machanically, fo supply the
load from the "Utility™ power source side.

LDADL
Lo
- 5 S UTITY

STANDBY -

.,

_

INTERLOCK MEGCHAMIEM
Figure 5. Main Contacts at "Ulilily" Position
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PREPACKAGED TRANSFER SWITCHES DESCRIPTION & COMPONENTS

Transfer Mechanism (Centinued}

MAIN CONTACTS QPERATION (CONT'D):

Flaure & shows the movezble main contacts at
"Newtral” pesition, with the lead disconnected fram poth
power supplies. During electrical (automatic) opera-
tion, the main contacts wil rermain at "Neutral® as iong
as the main contacts actuating coil remaing energized.

STANDBY _ 7

INTERLOCK MECHANISH

Figurs 6. Main Contacts at "Neutral™

In Figure 7, the main contacts are held in place

mechanically {0 supply the load from the “Standby”
DOWET S0UTCE,

LOAD |
sTANDEY , < - ™
0

UTiLiTY

PRSI e SN \
R A

INTEBLOCK MECHANISM

Figure 7. Main Contacts at "Stangby”

ELECTRICAL COMPONENTS;

See Figure B, below. The following electrical com-
ponents are part of the transfer mechanism:
1. Contrad Terminal Sirp
a. Terminals A1/AZ provide the actuating command
vaitage to the "Utility" power source side.
b. Terminals 81/82 provide the actuating command
to the "Standby" power source side.

YELLOWY
URANGE

TERMINAL STRIP GRAY

4
x\ BED
Py wHITE

SOLENSID COiy,

BRIOWN
gLy
YELLOW

- '_ \'_ LS54
e
\'\ ]

SRAY

L52

LS3 ORANGE

BRIDGE RECTIFIER

Figure £. Transfer Mechanisim Electrical Components
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PREPACKAGED TRANSFER SWITCHES DESCRIPTION & COMPONENTS

Transfer Mechanism (Continued)

ELECTRICAL COMPONENTS (CONT'DY:

¢. Terminals T1/72 are for use with an optional "time
delay ai neutral” feature. This feature is not generally
usad on prepackaged units,
2. Solenoid Coil i
a. Current flaw through this coil provides the mag-
nelic field which actuates the moveable main con-
tacts via a solenoid plunger.
b. The solenoid coil's rated voltage must be come
patible with both "Utility”™ and "Standby” rated voli-

age.

3. Bridge Rectifier :
&. To actuate the main contacts to their "Utility” side,
the solznoid celf is energized by "Utility" ‘source
power.
k. For movement to the "Standby” source side, the
solenoid ¢oii i5 energized by "Standby” source
power,
e. The oridge ractifier changes the alternating current
(Ag) from either power source side 1o direct current
(DC).
d. The rectified direct current (DC) from either power
source side engrgizes the solenoid coil.

4. Neutral Limit Switch LS3
g. During automatic transfer cperations, the salenoid
coilis energized to actuate tha main contacts to their
"Neutral" position. ‘
b. When the main contacts reach their "Neutral®
position, limit switch L83 will be machanicaly ac-
tuated to ils "Cpan” position.
¢. When switch L53 opens, current flaw to the
solenoid coil is intarrupted. The coil de-enargizes
and spring force completes the transfer action to
either power source side.
d. The solenoid coill will remain energized at main
contacts will remain at "Neutral" as long as limit
switch L83 remains closed,

5. Limit Swilches L8152
a. Main contacts movement o gither power source
side will actuate these lim# switches,
D, With the main contacts at their "Utility™ position
(load connected to "Utility” source), limit switches
LS1AS2 will be closed to the terminals B1/82 side.
This action "arms" the salenoid coll clreuit for transfar
to "Standby"
¢. When the main contacts are at their "Standby®
pesition. the two limit switches will ¢lose to the fer
minais A1/AZ2 side. Thizs "arms” the sclenoid coil
circut for retransfer back fo "Utility”.

AUXILIARY CONTACTS:

See Figures 2 and 3 on Page 5.1-2. The auxiliary
conlacts may be identified by the circled numbers "1™
through "6" and by the letters "C" {common), "N.C."
(normally-closed), and "N.O." (normally-open). These
contacts may be used by the customer, ¥ desired, for
cperating accessories (such as advisory lights, ete.).

One example of how these auxiliary contacts might
be uged is shown in Figure 8. Advisory lamps are

Page 5.1-4

connected across the contacis as shown, along with
& power supply for the lamps. When properly con-
nected, one of the advisory lamps will illuminate when
the rmain contacts are at their "Uiiliy" position. The
second lamp will turnon when the main contacts are at
their "Standby” pesition. By using the auxiliary contacts
inthis manner, the operator can identify the position o
the main contacts by simply looking at the lamps.

DO NOT EXCEED THE RATED CURRENT AND
VOLTAGE OF THE AUXILIARY CONTAGTS. The con-
tacts are rated as follows:

+  I5 amperes at 125, 250 or 480 volts AC.
¢ 1/2 ampere af 125 volts DC,
« /4 ampers at 250 volis DC.

OFEN CLOSED  COMMEN
& S 4

—[ WORMALLY NOAMALLT

ED & &

-
L

(45| Fminn
=
@&
(51 |-~ oRrH —
L

HOIFRALLY

- 4 |

Figure 8. Auxiliary Contacts Schematie

Frepackaged Terminai Strip

The 7-point prepackaged terminal strip (Figure 10)
must be properly interconnected with an identically
numbered terminal strip in the generator's conirol
module assembly (CMA). See "System Contral Irier-
connections on Page 1.3-3.

Terminals Ni/MN2 deliver a utilty voltage sensing
signai to the genarator's control module assembly. [f
this voliage signal drops low, CMA circuit board action
wiil initiate generator startup and transfer to "Standby".
The CMA circuit board also uses this power to aperate
a battery trickle charger, which helps maintain battery
state of charge when the generator is not running.

Terminals T1/T2 delfiver power from the ‘ransfer
switch LOAD terminal lugs to the CMA circuit board, for
the operation of a 7-day exercise timer clock. CMA
circult board action will stad the generator and let it
"exercise” once every seven dayvs, on a day and &t a
time of day selected by the installer or user,

Termingls 194/23 connect the transter relay to the
generator's CMA clrcuit board, so that relay oparation
can be contrelled by the circuit board.
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Frepackaged Terminal Strip (Continued)

Moo=
@
o8 @

UTILITY 1

Figure 10. Frépcakaged Terminal Skip

Manual Transfer Handle

Use this handle for testing and maintsnance pur-
poses, to actuate the transfer switch main contacts
manually. To actuate the main contacts manually,
procead as follows:

1. On the penerator panel, se! the manual-off-auto
swiich to "Off".

2. Turn OFF all power voltage supplies o the transfer
switch. Both the "Ulility" and "Standby™ powsr supplies
must be turned OFF before proceeding.

DANGER: ANY ATTEMPT TQ QPERATE THE
TRANSFER SWITCH MANUALLY WHEN
FOWER VOLTAGES ARE AVAILABLE TO THE
SWITCH MAY RESULT IN EXTREMELY HAZ-
ARDOUS AND POSSIBLY LETHAL ELECTRI-
CAL SHOCK.

3. Attach the square opening of the manual handle over
the square shaft at lower right corner of the transfer
mechanism.
4. Move the handle upward. When movement stops,
the main contacts will be at "Neutral", Return the handie
to its eriginal position and actuate again.
5. Observe the changeover display on the transfer
Mmechanism.
a. If the "Utility" arrow is aligned with the green band,
load terminals are connected {o the "Utilky” power
supply.
b. It the "Standoy” arrow is aligned with the green
band, load terminals ara connecied io the "Standby”

power supply.
3-Phase Power Monitor

This monitoring device is used only on 3-pole transter
switches. The monitor "senses™ utility power source
voltage in all three lings of the 3-phase system. A
voltage diopout in ane line, two lines, or alf thrae lines
will cause the power moniter contacis to open. The
power maniter contacls are electrically connected in
saries with the terminal N1A circult to the generator's
control modute assembly (CMA).

2. Movamenl Stops &t Neulal®

1. Move Mandla Up

Figure 11. Using the Manuai Transfer Hancle

The 3-phase power monitoris adjustabie, Thatis, the
line vollage al which its contacts open can be adiusted.
See Part ¢, "Operational Tests and Adjustmente for
adiustment procedures,

Cpening of the power monitor contacts wilt result in
loss of the "UtilRty" veitage sensing signal to the genss-
ator's CMA circuit board. The ¢ircull board will then
initiate automatic engine starup and transfer of loads
to the “Standby" power source.

Switch Enclosure

The transfer swilch is a NEMA 1 type. "NEMA®
stands 1or "National Electrical Manufaclurer's Associa-
tion". NEMA 1 type enclosures are intended for indoor
use primarily to provide a degree of protection against
corntact with the enclosed compenenis and in locations
where unusual service conditions do not exist.

Transfer Relay

The transfer relay is rated 12 velts DC and 10 amps.
Heiay operalion is controlled by the generator's CMA
circuit board. Relay operation may be briefly described
as follows:

s Tha generamr'? CMA eireyit board delivers 12 :uolss

DLt the transfar relay cotl, via wires anc ferminals

and 23. Howevef, that circut board nomally

holds the circuit 23 open fo ground and the relay s
normally de-energized.

. Qurin_? g transfer to "Standby” action the CMA
circuit board completes the Wire 23 circuit to
ground. The ralay energ:zes, its normally open
contacts close and "=t ndbg” souree Power is
gelivered o fransier machanism 5 B1/E2.

terming
Transier to "Standby” oceurs,

Page 5.1-5
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Transfer Relay {Continued)

During a "retransfer back (o Utility” action, action of
the generator's CMA circuil board opens the Wire 23
circuit to ground. The transfer relay then de-energizes,
fis normally-cloged contacts close, and retransfer back
to "Litilty" occurs. ’

o @
| N ON
G e e ®
=== &), |
P =t s |

(Af i g i
| ; -, 23
L !
1205 i vs ; " i ]
L U S
TRANSFER RELAY

Figure 12, Transter Relay Pictorial and Schematic

Neutral Lug

The transferswitch "Neutral” lug consisis of 2 3/8"-16
threaded stud which is insulated from the switch
enclosure Dy a plastic base. Thus, the "Neutral” lug is
ungraounded. Utlity, standby and load neutral lines
should be connected to this fug.

ihe prepackaged standby generators usually have
a "Meating” or "ungrounded” neutral. Strict compliance
with electrical codes and standards is required when
connecting these "loating” neutral ines. In most cases
where a floating neutral line Is used, only the "Neutral"
lug at the main electrical service entrance is permitted
tc be grounded. However, electrical codes may vary
widely in different arpas.

Paga 5.1-6



PART 5- "Y-TYPE"

PREPACKAGED TRANSFER SWITCHES

SeCTION 5.2
OPERATIONAL ANALYSIS

Seciion 5.2
OPERATIONAL ANALYSIS

Utility Voliage Avaiiable (2-Pole Units)

1. Utlity voltage Is available to. terminal lugs N1/N2,
across the main contacts and o the T4/T2 terminal
lugs. Utility voltage is also available toterminals N{/N2
and te the generator's contrel module aszembly (CMA).
2. Utiity voltage g available fo transfer mechanism
terminals A1/A2. However, limit switches LS1/L82 are
closedto the terminals B1/B2 side and the A1/A2 circult
to the sofenoid coil is open.

3. From the T1/T2 terminal lugs, power is delivered to
the gsnerator's conirol module (CMA) to operate a
7-day exercise dmer.

4. The generator's CMA board senses normal "Utility"
source voitage and takes no action. The generaior is
shut down and the transter relay de-energized,

Utility Voltage Available (3-Pole Unifs)

1. Action is the same as for 2-pole units, except that
wility source voltage applied to terminals N1, N2, N3
energize a 3-phase powar monitor. That monitor's nar-
maily-cpen contacts are closed and line-o-line "Utiity"
voltage signals are available to the generstor's CMA
board via terminals N1A and N2,

2. UtHity volizge is avallable to transfer mechanism
terminals A1/AZ, However, L81 and LS82 are clased to
the B1/B2 side and the solencid coil is de-energized.
3. The generator's CMA circult board takes no action
and the transier relay (TR} is de-anergized.

4. Qutput from load terminals T1/72 Is delivered fo the
generator's CMA board, for operation of a 7-day exer-
cizer clock.

miriEi & " S - N
CEGENT r g
G om COMTACTOR ACTUR TG Dn, i (iﬁil
ST - IWAMEFLH dmiCe COMTACTHR g —

LEILSILGE - LT GwTiRES aLTuaIgs

1% - Ritar Panifis

Th = TERMINA STRIP L0STOmED L‘l'_}HHECT\ON]t

- COAPALTGR mtltuaieg 0L

THAWEFER W IH DU DAl PIH

LE) - Ll SWATTALL. AFIUATOA
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Figure 1. UMility Fower Available (1-Fhase Units)

Figure 2. Utility Voltage Available (3-Phase Units)
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Utility Voltage Dropout (2-Pole Units)

1. Utility voltage is sensed by the generators CMA
beard, via witing connectad to terminals N1/N2.

2. If voltage drops below a preset valize, CMA board
action witl start the generator.

3. With the generator running, "Standby" source volt-
age 1s available to terminal lugs E1/E2.

4. Loads connected o terminal lugs T1/T2 are not
powered,

5. The Wire 23 circuit from the transfer refay coil is held
open 1o ground by action efthe generator's CMA board,
The transfer relay is de-energizad.

§. The transfer relay’'s normally-open contacts are open
and "Standby” source power is not available to frangfar
mechanism terminals 81/B2.

7. The transfer switch main contacts remain at their
"Uility” position.

SECTION 5.2
OPERATIONAL ANALYSIS

Utility Power Qutage (3-Pole Uniis)

1. ifvoltage inlings N1, N2 or N3 drop low, the 3-phase
power moniter {PM) will de-energize and ifs normally-
open caontacts will open.

2. With the monitor contacts cpen, less of sansing
voliage o terminals NTA/NZ will occur,

3. The generator's CMA board senses the power out-
age and initiates generator stanup,

4. Standby scurce poweris delivered o transfer switch
werminal lugs E1, E2, E3.

5. The transier relay (TR) is de-energized, #s normal-
ly-open cantacts are open and the circuit to transter
mechanism terminzls B1/B2 is opan. The solenoid coll
remains de-engrgized.
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Figure 3. Ltility Power Qutage (1-FPhase Units)
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Initial Transfer to Standby (2-Fole Units)

1. The CMAboard inthe generator defivers 12 voits DC
to terminal "A” of transfar relay TR, via Wire No, 194,
The DC circult is completed through the TR ¢oll and
beck to the circult board, via Wire No. 23. Howaver,
CMA board action helds the Wire 23 circuit open 1o
greund and the rafay is de-energized.

2. An "engine warmup timer” on the genarator's SMA
circut board times {or aboul 15 seconds. When that
timer has timad out, the generator's CMA board closas
the Wire No. 23 circult to ground and TR energizes. The
TR normaily-open contacts {6 & 2) close and standby
sSoUrCe power energizes the solencid coil via Wire
E1/£2, TR contacts, terminais 81/32, limit switches,
angd a bridge rectiier,

3. Solenoid coil (C) energizes and actuates the main
contacis o their "Neulral® position. The main contacts
will remain at "Neutral" as iong as the solenoid coil ()
remains energized,

- SECTION 5.2
OPERATIONAL ANALYSIS

Initial Transfer to Standby (3-FPole Units)

1. The generator's CMA circuit board delivers 12 voits
D€ to transfer relay (TR) terminal "A” via Wire 194, The
DC circuil Is compietad through the TR coif and back to
the ChMA board, via Wire No. 23, However, CMA board
action holds the Wire 23 circuit opente ground and TR
ramains de-energized,

2. An "enging warmup tmer” on the generater's CMA
board times for about 15 seconds. When that timer has
timed cut, CMA beard aciion closes the Wire 23 circult
to ground and TR energizes. The relay's normaliy-open
contacts (6 & 8) close to deliver standby voltage 1o the
solenoid coil, via Wires E1/EZ the TR closed condacts,
terminals B1/B2, limii switches, and a bridge rectifiar.

3. The sulenoid coll (T) energizes e aciuate the main
conlacts o "Neutral”. The main contacts will remain at
"Neutral” as eng as solenoid coil (C) remains aner-
gized.
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B4 - TRANSILR SweTfn aow TASTER &7 PR %

T SWICHLL, ACTUATOR

TRARSIT®

T4 - SCFmmae STRIE [CUBIOMER COMNEC IION)

; LEGEMD

G- CORIACIDR AQRUATHG SO
G = TRanfP{P St T0w SONTALTOR
LOLLERLED = ow? S ?lnEl alluatoR
P - BOalE W ISR, 3 BuadE wlts
T o B[ ar, MPaniFER
‘r oo Hlena SRR (CuSTOMER O

Figure 5. Initial Transter to "Standby” {1-Fhase Units)

Figura . Initial Transfer fo "Standby" (3-FPhase Units)
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Final Transfer fo Standby (2-Pole Units)

1. As the main contacls reach thelr "Neutral” pasition,
z mechanical interiock opens limit switch L33,

2. The circult to the soienoid coit {C) is now open.
Solenoid coff (C) de-energizes and spring force com-
pletes the franster action to the "Standby" source side.
3. As the maln contacts slamto thelr "Standoy” positicn,
a mechanical interlock actuaztes limits switches
LS1/LS2 to the ferminals A1/AZ side,

¢ Load terminals T1/T2 are now connsctad to terminal
lugs E1/E2 and loads are powered by the generator.
5 The guxiliary contacts (indicated by numbers 1
through €} are mechanically actuated to posttions 3 and
g,

SECTION 5.2
OPERATIONAL ANALYSIS

Finai Transfer to Standby (3-Fole Units)

1. As the main contacts reach "Neutral” position, a
megchanica! interlock opens limit swich 1S3,

2. Tha circuit to saienoid coll (C) Is now open and the
sulenoid de-energizes. Spring farce then completes the
transier action to "Standby" position.

3. As the main contacts actuate to their "Standby”
position, a mechanicel Interlock aciuatas mit switches
LE1/.82tc the terminals A1/A2 side. The gircuitis now
ready for retranster back to the "Utility” sovres.

4 Loadterminals T1, T2 and T3 are now connected io
terminal lugs E1, E2 and E3, respectively, Loads are
powsred by the standby generator.

5. Auxitiary contacts have been mechanically reposi-
tionad as shown.
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Figure 7. Final Transfer to "Standby™ (1-Phase Units)
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Retranster to Utility (2-Pole Units)

1. When "Litility” source voltage is restored, #f is avail-
able W transfer swilch terminal lugs N1/N2 and to
terminal strip terminals N1/NZ. The voltage is also
available to the gensrator's CMA circuf board via wiring
connected to terminal strip terminais N1/N2.

2. CMA circuit boerd action opens the Wire 23 circuit to
ground and transfer relay TR de-energizes, The TR
normally-closed contacts close and utility voltage is
delivered to terminals A1/A2 and fo solensid coil (C).
That coil energizes to acluate the main comtacts ta
"Neutrail”, When the main contacts reach "Neutral” LS3
opens, solenoid coil (C) de-energizes, and spring force
completes the retranster action back to "Utifiy™.

3. Limit switches LS1/LE2 are actuated to the B1/B2
side.

4. The guxiliary contacts are repositiongd ag shown.

. SECTION 5.2
OPERATIONAL ANALYSIS

Retranster to Utility (3-Fole Units)

1. When utility voitage is restered, the 3-phase power
menitor energizes and Hs normally-open conlacts
close. Utilty voltage sensing is now available to the
generater's CMA board via terminal strip terminal N1A.
2. CMA board action de-energizes transter relay 7R.

3. Retransier back 1¢ the "Utility™ souyrce aceurs as
described under "Refransfer to Utility (2-Fole Units)".
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Figure 8. Astransfer to "Utiiity” (1-Fhase Units)

Figure 10. Retransfer 1o "Utliity" (3-Fhase Units)
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Secticn 5.2

TROUBLESHOOTING FLOW CHARTS

Problem 1- In Automatic Mode, Will Not Transfer to "Standby™

TEST 1-TEST GENSET STARTS TEST 2-CHECK TEST 3-CHECK
AUTOMATIC e BUT NO THANSFEHM-} VOLTAGE AT . VOLTS GOOD oowmssedie 1 VOLTAGE AT
OPERATION TO STANDBY- TERMINALS E1/EZ/ED TERMINALS Bi/B2
VOLTAGE BAD BAD
SEESECTION 2.3 OR TEST 4-7EST TEST 5-CHECK
I3 A AFPROPRIATE TEANEFER s GOODM WIRING
RELAY TR

A, Ao
v \

HzPLACE BEAD TRANSFER RELAY REPAIR,
RECONNECT
CR BEPLACE
BAD WIRE(S)
r—m TERMNALE B1/H2 VCLTAGE 1S GOGD BUT NO TRANSFZR A ———
TESTE-TEST TEST7-TEST TEST 8-TEET
LIMIT SWITCH i O.K_m» LIMIT SWITCH  je— O,K_m_*- LIMIT SWITCH
L&3 LSt LS2Z
QiD BAD BAD
hu——m | W
REPLAGE BAD LIMIT swITCH

GOOD m——y ewamag]

TeEST 8- TEST

TEST 10-TEET] TEST 11-CHECK
BRIDGE O.K.H—b. SOLENDID S— O.K.m*. MANUAL
RECTIFIER COIL{C) CFERATION
PR
BAD BE\D BAD
HEPLACE REBLACE RtPAIHJ’HEPLACE
TESTI1Z2-INSPECT MAIN SONTAGTS hm_ 10} ) —
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TEST1-TEST
AUTOMATIC
OPERATION

SEE SECTION 23 OR 3.3 -wifum
AS APPROPRIATE

TEST 4-TEST
TRANSFER
RELAY TR

E!D
¥

Problem 2- In Autornatic Mods, Will Not Retranster to "Utility”

SECTION5.3

TROUBLESHOCTING FLOW CHARTS

ENGINE STARTS

e T HANSFERS TM

"STANDEY" 8UT
NO RETHRANSFER

TEST 13-CHECK
VOLTAGE AT
TERMINALS
NTMNZMNI

BADJ

TEST 14-CHECK
VOLTAGE AT
TERMINALS A1/42

BAD

—— O.K.u-———-m_%n

TEST 8-CHECK
WIRING

REPLACE BAD RELAY

1!

RECONNECT, REPAIR OR REPLACE
BAD WIRING

r_ TERMINALS A17A2 VOLTAGE 15 GOOD, BUT NO RETRANSFER BACK TO UTILITY ™ wecmmessoosmmssmssenad

TEST 8- T=8T
LIMIT SWITCH
Lsz

TEST 8-TEST TEST 7-TEST
LIMIT SWITCH e 0 K. s———vipy LIMIT SWITCH  emm— C.K, mo—————
LE3 LS9
|
BAD BAD

B%D

w [ ppremne—

REPLACE 8AD LIMIT SWITCH

TEST 11-CHECK
MANUAL
CPERATION

-O‘K-w

v

TEST 12-INSPECT
MAIN CONTACTS

REPAIR OR REFLACE BROKEN
OR BINDING TRANSFER MECH-
ANIGM COMPONENTS

Page £.3-2
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SECTION 5.3

TROUBLESHOOTING FLOW CHARTS

Problem 3- GenSet Starts and Transfer Ocours When Utility Power is Available
(3-Phase Transfer Swiiches)

TE5T 15-CHECK
VOLTAGE AT
TERMINALS NTA/

BAD s
N2 OF COSTOMER |

TERMINAL STRIP
GéOD

GG TOPAART S
QF THIG MAaNUAL

TEST 13- CHECK
VOLTAGE AT
TERMINAL LUGSE
HI/NZN3

— O.K.M

1]
{

FIND CALSE OF NO

UTILITY SQURCE

VOLTACE SUPFLY

T TRANSFER

SWITGH AND COBRECT

HEPLACE |E BAD hﬂq

TEST 18- TEST
3-PHASE POWER
MONITCR

TEST 5-CHECK
WIRING

)

RECONNELT, REPAIR

DR REFPLACZ BAD
WIRING

—a 3000 ay——

-4

La
[

FPage 5
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| SECTION 5.4
DIAGNOSTIC TESTS

Section 5.4

DIAGNOSTIC TESTS

General

Complete the diagnosiic tests in this section in can-
junction with the "Troubleshooting Flow Chanrts” of Sec-
tion 5.3. Numbered tasts in this section corraspond to
the test numbers of the charts in Section 5.3.

Test 1- Test Automatic Operation

DISCUSSION:

A CMA circuit board an the prepackaged generator
set constantly sensas “"Ulility" power source voltage.
Should that sourcs voltage drop below a preset value,
that circuit board will initiate engine cranking and star-
tup. Follewing engine stariup and after an "engine
warmup ttmer” on the CMA circuit board has timed out,
circuit beard action should cormplete the transter relay
circuit to ground. The transfer relay should then ener-
gize, its normally-open contacts should close and
transter to the "Standby” power source should cocur.

Cn restoration of “Utility" source voltage above a
preset tevel, and affer a preset time delay, CMA circuit
Loard action should open the transfer relay circult to
ground. The relay should then de-enargize, its normal-
ty-closed contacts should ¢lose, and retransfer back to
the “Utility” power saurce should cocur,

it problems are encountered with any part of the
automatic operating sequences described above, the
technician should be able to duplicate the problem by
perierming a test of automatic operation,

DANGER: EXTREMELY HIGH AND
DANGERQUS VOLTAGES ARE PRESENT AT
TERMINALS AND EXPOSED WIRING INSIDE
THE TRANSFER SWITCH. PROCEED WITH
CAUTION. CONTACT WITH HIGH VOLTAGE
TERMINALS AND WIRING MAY RESULT IN EX-
TREMELY HAZARDOUS AND POSSIBLY
LETHAL ELECTRICAL SHOCK,

FROCEDURE:

1. On the generator panel, set the manual-off-auto
switch ta "G".

2. Tum OFF all power voltage supplies to the transier
switch, using whatever means provided (such as the
generator's main fine circuit breaker and a "Utility"
source main line circyit breaker),

3. Cn the transfer mechanism {inside transfer switch
enclosure}, ¢check the changeover display, Make sure
the fransfer switch main contacts are at their "tiity™
power source side (load connected to the "Utility"
source). The changeover display's "Utility” arrow must
be pointing to the "green” display window. If necessary,
manually actuate the main contacts to their "Utility"
powar source side. 8ee "Manual Transfer Handig" in
Section 5.1 (Page 5.1-5).

4. With the generator shut down, set the generator's
mainline circuft breakerto its "Cn" or"Closad” position.
5. Remove the serews that retain the cover to the
transfer switch enclosure and remove the cover. One
person should be stationed at the transfer switch to
cbserve the transfer relay and the fransfer mechanism.
A second persan wili be required at the generator,

DANCER: BEFORE PROCEEDING TQ STEP &,
MAKE SURE ALL PERSONNEL ARE WELL
CLEAR OF THE GENERATOR SET. THE EN-
GINE WILL CRANK AND START WHEN THE
M%@gAL-OFF-AUTO SWITCH I8 SET TO
A ",

NOTE: This saction covars on;y the autematic operaticn as i
applies to lhe "Y-Type™ transfor switeh. For more complste
coverage of system aufomalic operalion, lesting and diag-
nosrs, you may wish to refer to Part 8, "DC Cantral- Units with
Air Cooled Engire”, or FPart 8, "DC Control- Units with Liguid
Covoled Engina”.

6. Setthe generator's manual-off-auto switch to "Aute”.
a. The engine should crank and star.
k. Following engine startup, the transfer relay should
energize and iransfer to the "Standby” source sida
should occur, The observer stationed at the transfer
switch should be able to see these occurences,

7. Gheck the changeover display on the transfer

mechanism.
a. The "Standby” arrow should point to the green
dispiay windaow,
b. The "Utility" arrow should point to the red digpiay
window,

RESULTS:

1. # transfer to "Standby” did NOT accur, go to Test 2
and fellow the testing sequence given in Froblem 1 of
the "Treubleshooting Flaw Charts".

2. normal transfer to “Standby” o¢cured in Step 7, go
onio Step 8 of this test,

3. tfthe generator did not crank and startin Step 6, refer
to Part 8 or § of this rmanual as appropriate. A problem
exists in the DC controf system of the generator.

PROCEDURE:

8. Turn ON the "Utiity" power supply fo the transfer
switch using whatever means provided (such as the
"UHilty" main line circuit breaker.
a. Atter approximately six (8) seconds, generator
CMA cireult board action should open the transfer
refay circult to ground and the transfer retay should
de-energize. Retransfer back to the "Utility" pawer
source should oocur,
b. Atter retransfar and afler a "minimum run timer”
and an "engine cooldown Yimer" on the CMA board
have "timed out”, the generator should shut down,
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Test 1- Test Automatic Operation {Con-
tinued)

RESULTS.

1. o normal retransier back to the "Utlity” souree did
not occur in Siep 8, refer 1o Problem 2 of the
"Troubleshooting Flow Chans". Go to Test 13 of Prob-
lem 2.

2. normal retranster accured in Step 8, discontinue
testing.

Test 2- Check Voltage at Terminals
E1/E2/E3

CISCUSSION:

Transfer of electrical Ioads to the "Standby" source
cannot occur unigss generator AC output voltage is
available to the transter swilch. This test shouid be
performed if transfer fo "Stardby” witl not oceur during
aulormatic operation and will prave whather gansrator

AC output voltage is avalable or not. The test is a

continuation of Test 1 and should be periormed at the
end of Btap 7 of that test.

PROCEDURE:

1. Under "Procedure” of Test 1, complete Steps 1
ihrough 7.
2 4, at the end of Step 7, transfer to "Standby” did not
ocour, Usa an AC voltmeter or a VOM to test for correct
AC voltage at franster mechanism terminal lugs E1, £2
and £3.
a. On 2-pole (1-phase) transfer switches, chack for
corract line-to-line voltage acress terminal lugs E1
and E2.
b. On 3-pole {3-phase) swilches, check for correct
lina-to-line {(phasa-to-phase) voltage acress terminal
lugs BE110 E2; E210 E3; E3t0 E1.

RESULTS:

1. if transfer to "Standby” does not ccour but normal
ling-to-fine voitage is indicated across 1erm|n.:.l ugs
EV/EZ/ETD, goonto Test 3,

2. if normal line-to-line voltage is NOT mdmated across
the terminal lugs go to Part 2 or Part 3 of this manual,
as appropriate.

Test 3- Check Voltage at Terminals B1/B2

DISCUSSION:

This test is a continuation of Test 1, i normal gener-
ator voltage is gvailable 1o terminal lugs E1/E2/E3, but
not to terminals BY/B2, either the transier relay has
falled or imlerconnacting wiring is bad.

PROCEDURE:

1. Complete Steps 1 through 7 under "Procedure” of
Test 1,

2. i transferio "Standby” does not oceur, complete Test
2.
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Figure Z. The 3-Poie Transfer Mechanism

3. If normal generator AC output voltage is avallable in
Test 2, but franster to "Standby” did not ceeur, go on
to Step 4 of ihis test.

4, Connectthetest probes of an AC volm*eterar avon
across transfer mechanism terminals B1/82. Normal
generator AC oulput voltage should be indicated.

RESULTS:

1. if narmal generalor voltage is indicated, but transfer
to "Standby” does not occur, go to Test 5. The probiem
is in the fransfer mechanism.

2. i normal generator voltags 13 NOT indicated and
transfer to "Standby” does not ccour, gelo Test 4. The
problem may be (3} a bad transter relay, {b) bad wiring,
or () & defective GMA circuit board.
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Test 4- Test Transfer Relay TR

DISCUSSION.

A falled tranafer relay will prevent the transisr of
loads o the "Standby” source side, This test of the
transfer relay will verify whather or not the relay coil is
defective, and also whether the relay contacts are in
good condition. ’

FHOCEDURE:

1. On the cenerator panel, set the manual-off-auto
switchio "Cff". The generator must be shut down before
proceeding.
2. Tum OFF all power vcllage supplies to the transéer
swiich,
3. Discennect allwires fromthe transfer relay terminals,
10 prevent interaction.
4. 3¢t a VOM to its "Rx1" scals and zero the meter,
2, Connect ihe VOM test leads across relay terminals
B and 8.
a. Connect the positive (+) post of a 12 voits battery
to relay terminal "A", and the battery negative {-) posi
ta relay terminal "B",
b. The transfer relay should energize and the VOM
should read "continuity”.
c. Disconnect the battery leads from relay terminals
"A" and "B". The relay should de-energize,and the
VOM should read “infinity".
6. Now connect the VOM test leads across relay ter-
minals 1 and 7.
a. Connect the positive {+) post of a 12 voiis baitery
to relay'terminal "A", the negative {-) batery post 1o
relay terminal "B".
D. The relay should energize and the VOM shauld
read “infinity".
c. Disconnect tha battery from the relay terminals.
The relay should de-energize and the VOM shouid
indicate "continuity",

CONNECT VOM METER READING

TEST LEADS ENERGIZED | DE-ENERGIZED
Band g “Continuity® “Infieury"
tand 7 “Infinigy” “Contingity”

Figure 3. Transfer Rolay Tast Foints
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RESULTS:

1. if the transfer relay tests bad, it should ba replacac.
2.l the transfer relay tests good, go o Test 5.

Test 5- Check Wiring

DISCUSSION:

H transfer to "Standby™ doss not oceur and Test 2,3
and 4 have all checked good, the wiring batweern irans-
fer mechanism terminallugs E1 and £2, and the B/82
terminals is suspect.

ff retransfer back to "Ulility" does not cocur, wiring
petween terminal lugs N1 and N2 and terminals A1/A2
may be defective or disconnected.

FROCEDURE:

Carefully inspect wiring and test for open or shoried
condition. Refer {o the appropriale wiring diagram and
make sure all wires are properly connected to the
correct terminals. Use a VOM to test wires for an apen
concition.

RESULTS:

1. Heconnect, repair or replace any damaged, defgc-
tive, or shorted wire{s),

2. if wiring checks good, refer to Part 7 or & as ap-
propriate {problemisingenerator's DC control systemy.

Test 6- Test Limit Switch L83

DISCUSSION:

Limit swiich L83 is actuated 1o it5 open position
mechanicaily by movement of the main contacts to their
"Neutral" position (foad disconnected from both power
sources). For anillustration of "Neutral” position, see
Figure 6on Page 5.1-3, During electrical operation, the
main contacts will remazin at "Neutral" as long as the
solenotd coil (C} remains energized. However, whan
the main contacts are actuated to "Neutral®, LE3 is
actuated to its open position to break the circuil.
Sotgnoid cail (C} is then de-energized and spring force
completes the transfer action to the approprigte power
source side. i limit switch LS3 does not openwhen the
main contacts reach "Neutral’, solenoid coil (&) will
remain Fnergized and the main contacts will remain at
"Neutral™.

NOTE: The changeover display on the transfer mechanism
doas NOT indicate "Neultral™ pogitien. If the main confacts
ramain at "Neutral™ the display will ramaip at the lzst position
of the main contacts. For axampls, if the main centacts wers
al “Utilily™ and are then actuated to "Neutrsl”, ths green
window will remain adjacent to the "Uiility” arrew on the
changeover display.

FROCEDURE:

1. On the generator panel, set the auto-off-manual
switch to "0,

2. Tumn OFF all power voltage supplies to the transfer
switch, using whzatever means provided (such ag the
"Utility™ and "Ztandby” main line circuit breakers).
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Test 6- Test Limit Switch LS3 (Con-
tinued)

FROCEDURE {CONTD):

DANGER: DO NQOT ATTEMPT TO FERFQRM
THIS TEST UNTIL BOTH THE "STANDBY" AND
"UTILITY'" POWER SUPPLIES TO THE TRANS-
FER SWITCH ARE POSITIVELY TURNED OFF.
FAILURE TO TURN OFF ALL POWERVOLTAGE
SUPPLIES MAY RESULT IN ELECTRICAL
SHOCK AND POSSIBLE DAMAGE TO THE
TEST METER BEING USED.

3. Beta VOM to its "Rx 1" scale and zero the meter.

4. Connect tha VOM test leads across transfer

mechanism terminals Tt and T2 {Figure 4).

5. The VOM should indicate "continuity”.

5. Attachthe manual transfer handle to the squars shaft

on ihe transfer machanism,
&, While obaerving the VOM, move the manual hand-
i alf the way up until it stops. This is "Neutral"
position. Hold the handle all the way up {at "Neutral™)
and the VOM should read "infinity". A reading of
"infinity” indicates that L83 has opened and is
functioning properly.
b, Mow, return the handle to its originai positicn and
iet the main contacts complete their movementto the
next power sgurce side. The VOM should now indi-
cate "continuity”, indicating that LS3 has re-closad
and is functioning praperly.

7. Betore proceading, actuate the main contacts to theis

“Utifity" position. The green window display must be

zdjacent to the "Utilty” arrow on the changeover dis-

play.

RESULTS:

1. I limit switch L83 is not opening at "Neutral” and
re-closing at bothdpower source positions, furiher test-
ing iz required io deferming if the switch has failed, or
if a mechanical iinkage failure has occurad in the trans-
for mechanism. Refer o Saction 5.5,

2. If switch operation is good, go on to Test 7.

Pictorial

Schematic

T2
O®

L33
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Test 7- Test Limit Switch L&1

DISCUESION:

When the main contacts are at thelr "Utility” posiior
("Load” connected to "Uity" sousce, limit swiich LS1
should hava aciuated to s terminzl B side. Conver-
sely, when the load is connected to the *Standby” side,
LS1 should be actualed to its ferminal A1 side. Falure
of this limit swich will result in a failure of ths main
contacts to acluate to erkher power source side.

PRDCEDUF%E‘

{n the generater panei,
swstch o "Of".
2. Turmn OFF ali power voltage supplies to the franster
switch, using whalevar means provided (such as the
“Utility” and "Standby” main ling circult breakars).

sel the auto-ofi-manual

DANGER: DO NOT ATTEMPT TO PERFORM
THIS TEST UNTIL BOTH THE "STANDBY" AND
"UTILITY" POWER SUPPLIES TO THE TRANS-
FER SWITCH ARE POSITIVELY TURNED CFF.
FAILURETC TURN OFFALL POWER VOLTAGE
SUPPLIES MAY RESULT IN ELECTRICAL
SHOCK AND MAY ALSO DAMAGE THE TEST
METER BEING USED.

3. Seta VOM 1o its "Rx 1" scale and zero the meter.

4, Connect the VOM izst leads across transier
mechanism terminals 81 and T (Figure 5),

5. Manually acluate the main contacts fo thelr
"Standby” position. The VOM should read "indfinity”.

&. how aciuate the main contacts back to "Wlity" and
the VOM should read "cortinuity™

7. Connect the VOM lest leads across tranmsier
mechaniam terminals AT and T1.

£ Manually aciuate the main confacts io their
"Standby” position. The VOM should read "continuity™,
9. Manually actuate the main contacts back to "Utiliny”
and the VOM should indicate "infinity”.

CONNECT METER MAIN CONTACTS POSITION
TEST LEADS UTILITY =2 TANDEY
g1 Congruity Infinity
At T infirity Contnyity

Pictorial Schematic
A'i B1 T_1

Figure 4, Lirmit Switch LS3 Test Points

Page 5.4-4

Figure 5. Limit Switch LS1 Test Points




PART 5- "Y-TYPE" PREPACKAGED
THANSFER SWITCHES

Test 7- Test Limit Switch LST (Con-
tinued)

1. 1 LS1 fails the test, additional testing is requirad.
After additional testing, replace switch f defective. See
Section 5.5.

2. H switch checks good. go onio Test 8.

Test 8- Taest Limit Swiich LS2

DISCUSSION:
Befer to "Discussion™ under Test 7.

PROCEDURE:

1. On the generator panel, set the manual-off-auto
switch to "OH".

2. Turn OFF gl power voitage supplies to the {ransfer
switch, using whataver means provided {such as the
"Wility" and "Slandby” source main iine circuit
breakers).

DANGER: DO NOT ATTEMPT THIS TEST UNTIL
ALL POWER VOLTAGE SUPPLIES TO THE
TRANSFER SWITCH HAVE BEEN POSITIVELY
TURNED OFF. FAILURE TO TUWRN QFF ALL
FOWER VOLTAGE SUPPLIES MAY RESULT IN
ELECTRICAL SHOCK AND MAY ALSO
DAMAGE THE TEST METER BEING USED.

3. Remove the two (2) screws (with fiatwashers and
lockwashers) that retain the cover {Figure 8). Then,
remove the cover and proceed as follows:
a. Locate the gray wire (Figure 7) that is routed from
limi switch L32 to the bridge rectifier.
b. Locate the wira connector on the gray wire.
Separate the two halves of the wire connector.
4, Scta VOM to its "Rx1” scale and zero the mater.
5. Connect the meter tes! leads across transfer
mechanism terminal A2 and the gray wire connactor,

SECTION 5.4
DIAGNOSTIC TESTS

& Manually actuate the main contacts to thair
"Standby” side. The VOM should read "continuity".

7. Manuaily acluate {he main contacts o their "Uility"
side. The VOM should indicate “infinity".

8. Now, connect the VOM {est leads across {ransfsr
mechantiem terminal B2 and the gray wire connecior,
8. Repeat Stgp 6 and the VOM should read "infinky".
10. Repeat Step 7 and the VOM should indicate "con-
tinuity".

RESULTS:

1. K limit switch LS2 chacks bad, replace the switch.
See Section 5.5,
2. # limit switch tests good, go onto Test &

GRANGE

FECTIFIER

Figure 6. Cover Removal

Figure 7. Tast Points for Limit Switch LS2

Test 8- Test Bridge Rectifier

DISCUSSION;

The transfer mechanism's bridge rectifier rechilies
both the *Utility" and the "Standby” current ic the
solenoid coil (C). A defective bridge rectilierwill prevent
any transfer or retransfer action at all in the automalic
mode. Sae Figura 8.

FROCEDURE:

1. On the generaler panel, sef the manughoff-auto
switch o "OH"

2. Turn OFF all power voitage supplies to the fransier
switch, using whataver means provided {such as the
"Utility" and "Standby” main line circuit breakers).

DANGER: DO NOT PROQCEED WiTH THIS TEST
UNTIL ALL POWER YOLTAGE SUPPLIES TO
THE TRANSFER SWITCH ARE POSITIVELY
TURNED QFF. FAILURE TO TURN OFF POWER
VOLTAGE SUPPLIES MAY RESULT IN
ELECTRICAL SHOCK AND MAY ALSORESULT
INDAMAGE TO THE TEST METER USED,

PagaS.458
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SECTION 5.4
DIAGNOSTIC TESTS

Test 8- Test Bridge Rectifier (Continued)

PROQCEDURE (CONT'D):

3, The cover {Figura 6 on Page 5.4-3) has aiready been
removed and the solenoid coilis exposed, Remave the
clear plastic insulator from the solencid coil. A red (+}
and a white (-) wire connect to the coil, Remove these
two wirgs from the coil, v
4. Malke sure the maincontacts are at thair "Utility” side,
i.e., the "Utility" arrow is pointing to the green display
window.
5. EBeta VOM to its "Hx1" scale and zero the matar. |}
the VOM has a polarily switch, set it to "+0C”,
6. Test one bridge ractifier dicde as follows:
a. Conrect one VOM test lead to red wire terminal
end and the other test lzad to transfer mechanism
tgrminal B2. Note the VIOM reading.
b. Mew, reverse the iest leads {raverse the {est
polarity). Again, nofe the meter reading,
¢. The forward resistance of a diode should be indi-
cated at one polarity only. At the opposite polarity,
“infinity” shouid be indicated.
7. Test a second bridge rectifier diode as follows:
a. Connect ons VOM test lead to terminal end of the
white wire, the other test lead to terminal B2, Note
the metzr reading,
b Now, reverse tha test feads {reverse the polarity}.
Again, cbserva the VOM reading.
¢. The farward resistance of the second dicde should
. be indicated at one polarily only, "infinity" al the
opposite polarity.
g Tastathird diode as foliows:
a.Connect one VOM test lsad to the white wire, the
other test lead to fransfer mechanism tarminal B1.
Note the meter reading.
b. Now, reverse the pelarily (reverse the VOM test
leads). Note the reading.
¢. The diode's forward resisiance should be indi-
cated at cne polarity only, "infinity" at the opposite
polarity,
4, Test the fourth bridge rectifier diode as follows:
a. Connect first VOM 18at lead to the rad wire, the
sacond test lead to terminal B1. Nete the meter
reading.
k. Revarse the test polarity {reverse the test leads).
Note the reading.
c. Forward registance of the diode shouid be indi-
cated at one polarity only, "infinily" at the oppostite
colarty,

BESULTS:

1. If all diodes test good, go cn o Test 10,
2. In Steps 6 through &, # any diode reads "infinity” at
both polarities, replace the bridge reétifier.
3. In Steps 6 through 9, if any upscale VOM reading is
indicated at both palarilies, replace the bridge rectifier,

NOTE: For information on transfer machanism disassermbly,
testing and reassambly, refer In Section 5.5, "Disaasembly,
Tasting, Reassembly”, Finallesiing of the bridge reciifjer and
other companents can be accompfished when the compaonent
iz remaved during the disassembly process.

Page 5.4-8
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Figure 5. Schernatic- Bridge Rectifier Tast Foints

Figure 10. Red and White Wiras cn Sclenoid Coif
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Test 10- Test Solenoid Coil

DHISCUSIION:

ifthe ransfer mechanisni's solencid coit (C) has failed,
transfar to "Standby” as well as retranster tack to
"Udifity" will not Be possible.

PROCEDURE:

1. On the generator panel, set the manual-off-auio
switch to "Of".

2. Turn OFF all power voltage supplies to the transier
switch, using whalever means provided {such as the
"Standby” and "Utility" source main line circuit
breakers).

DANGER: IF POWER VOLTAGE SUPPLIES TO
THE TRANSFER SWITCH ARE NOT TURNED
QFF, DANGEROUS ELECTRICAL SHOCK
COULD RESULT. IN ADDITION, THE TEST
METER COULD BE DAMAGED,

3. 1f net already done, disconnect the red {+} and white
(- wires from the solencid coil (see Figure 10).
4. Use an accurale volt-chm-milliammeter (VOM) to
test solenoid coll resistance, as follows {Figure 11):
a. Connect one VOM test lead to {erminal end of the
red wire; the other test lead to the outer {right hand)
terminal, Read the resistance.
b. Connect one metler fest lead o terminal end of
white wire; the other test lead to outer {left hand)
terminal. Read the resistance.

NOMINAL RESISTANCE = 0.20%-0.215 OHM

REZULTS:

1. 1F "infinity™ or a very high resistance is indicated,
replace the solenoid coll. Ses Section 5.5.
2. solenoid coll tests good, go on to Test 11,

RED WHITE 1O

Figurz 11, Solenoid Coil Test Points

- SECTION 5.4
DIAGNOSTIC TESTS

Test 11- Check Manual Operaticn

DISCUSSION:

Failure {o transter or retransier can be caussd oy a
mechanical failure in the transfer mechzanism. Such
failures can often be detected by operating the
mechanism manually, Binding, sticking, breken
mechanical componants, etc., can often bs fsund,

FROCEDURE:

1. Cn the generator pane!, sel the manuzl-off-auts
switch {o "OH".

2. Tumn OFF all power vollage supplies to the transfer
switch uging whatevar means provicded (such as the
"Utiity” and "Standby” main line circuit brazkers).

CANGER: DO NOT ATTEMPT MANUAL OFPERA-
TION UNTIL ALL POWER VOLTAGE SUFPLIES
TOTHETRANSFER SWITCH HAVE BEEN POSI-
TIVELY TURNED OFF. FAILURE TO TURN OFF
POWER VOLTAGE SUPPLIES MAY RESULTIN
DANGEROUS AND PQOSSIELY LETHAL
ELECTRICAL SHOCK.

3. Use the manual fransfar handle o actuats the main
contacts to their "Utilty" and "Standby" sides several
timas. See "Manual Transfer Handle™ on Page 5.1-5.
wWateh for binding or sticking during the cperation. Also
check the changeover display on the fransfer
mechanism caretully as each swilch position is
selected.

AESULTS:

1.1 binding is evident or if the changsover display doss

notoperate properly, further disassembly of the transfer

mechanism is required fo find the problem.

_?_. If the transfer mechanism operates properly, go to
gst 12.

Test 12- Inspect Main Contacts

DISCUSSION,

if severe arcing has occured, main contacts can be
damaged. A visual inspection of the main contacts will
reveal (a} any damage causad by arcing, (b) falivre of
ths contacts to close o either power source side, and
() any other damage thal can be sesn visually.

FROCEDURE:

Visually inspect the main contacts through the clear
plastic shield at extreme right side of the transfer
mechanism. Lock for evidence of arcing, burning, pit-
ting, obvicus damage, etc.

RESULTS:

if any problems are discovered during the visualinspec-
tion, further disassembly of the transter mechanismwill
be required. See Section 5.5,

Pags &.4-7
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Test 13- Check Voltage at Terminals
N1/N2/N3

DISCUSEION:

A dual requirement exists before loads can be
retransferred back o the “Utilgy™ power source. First,
the soleroid coit (C} must be energized by "Ulility”
source power. Second, "Utilty™ voliage must be avail-
able to the transfer swich or the generator's CMA
circuit board will not initiate a retransfer action. if, when
"Rl source voltage is restored, retransfer dogs not
occur or if generator startup and transfer to "Standby”
osours when thare is no "Utility” power fatlure, ihe first
siep in troubleshooting is to determine i "Utility" voliage
is available t¢ the transfer switch.

1. Use an AC volimeler or a VOM o test for correct
rated AC veitage at transier mechanism terminat lugs
N1/N2 {2-pele) or N1/N2/N3 (3-pole).

2. Correct rated "Utility” powar source valtage should
be indicated.

RESULTS:

1. 1 normal "WUilty” source veltage is indicated but
retranstar does not occur, go to Test 14,

2. If normal "Utiiity” source voltage is available but
generator staris in auiomatic mode, go to Test 5.

3.0 "Utilty” voltage is NOT indicated, find cause of
problem and comrect.

Test 14- Check Voltage at Terminals
A1/A2

DISCUSSION:

During a retransfer oparation, action of the generator's
CMA circuit board must de-energize the transfer relay.
The transierrelay’s normaily-closed contacts mustthen
close to deliver "Utility” source power from terminal lugs
N1/NZ to terminais A1/AZ. it Is this "Utility” power that
must energize the solensid coil and initiate the
retransfer action,

PROCEDURE:

1. See Test 1 onPage 5.4-1. Complete Steps { through
7 ¢f that test. The generator should crank and siar.
Transfer to the "Standby” power supply should accur.
2. Complete Stap 8 of Tast 1. Retransferback to "Utility”
should occur, followed by generator shutdown,

3. if retransfer does NOT cecur, use an AC voltmeter
{or a YOM) to check for cerrect "Utility” source voltage
at ferminals A1/AZ. :

RESULTS:
1.1 "Utility” source voitage is NCT indicated, go to Tast
4

2. it voltage reading iz good but retransfer does NOT
oceur, go to Test 6.

Paga 5.4-8

SECTION 5.4
DIAGNOSTIC TESTS

Test 15- Check Voltage at Terminals

N1A/N2 of Customer Terminal Strip
BISCUSSION:
Terminals N1A and N2 of this terminal sirip must be
properly interconnected with an identically numbered
terminal sirip in the generator's control module as-
sembly (CMA). This is the "Utility” veltage senging ling
to the CMA circuit board. Any dropeut in the voltage
sensing signal will result in generator startup foliowed
by transfer to "Standby”. A preset veltage signal must
be available at these terminals or rotransfer bask (o
“Utitity” will not oceur, On 3-phase systems, the 3-pols
transfer switch is equipped with a 3-phase power
monitor. Loss of any phase output will cause that
maonitor 1o de-energize. With the 3-phase manitar da-
energized, its contaclts will open and less of "Utiiity"
voltage output to terminals NTA/NZ will accur.

PROCEDURE:

Use an accurats AC voitmeter or VOM to chack ths
voltage across terminals N1A and N2, Normal rated
“Utility" source veltage should be indicated.

RESUHLTS:

1. i voltage reading is good, go to Part 8 of this manuai,
A problem exists in the generater's DC control systam.
2. If voltage reading is bad, complete Tests 13 and 5.
Then, gqo to Test 16.

Tast 16- Test 3-Phase Fower Monitor

DISCUSSION:

The 3-phasza power monitor is used only on 3-pole
(3-phase) transfer awitches, Ses "Discussion” under
Test 15,

FROCEDURE:

1. On the generator panel, set the manuaboff-auto
switch to "Otf",

2. Check for correct iine-to-ling (phase-to-phase) voil-
age across ierminals 3 and 4; across 4 and &; and
across § and 3 of the power monitor's socke! {sze
Figure 12).

3. Check lineto-line voltage across monitor socket
terminal t and terminal N2 of the terminal strip. Normal
utility source voltage {line-te-iine) should be indicated.
4. Check vollage across manilor socket terminal 8 and
terminal N2 of the terminal strip. Normal utility source
fine-to-line voltage should be indicated.

5. Turn OFF the "Ulility” power supply 1o the transier
switch, using whalever means provided {such a3 the
"Utility" main line circult breaker).

6. Sel a VOM to its "Rx1" scale and zero the meter,
Connact the VOM test leads across terminals 1 and 8
of the power monitar. The VOM should read infinity”.
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- SECTIONGS.4
DIAGNOSTIC TESTS

Test 16- Test 3-Phase Power Monitor (Continued)

RESULTS:

1. i line-to-line voltage is NOT indicated across any pair
of terminals in Step 2, inspect and fast wiras N1, N2,
N3 for open gr disconnecied condition,

2. If line-o-line vollage s NOT indicated in Step 3,
inspest and fest Wires NU/N2 for open or disconnected
condition.

3. f normal line-to-line voltage is indicated in Stap 3 b
not in Step 4, the power monitor cantacts have failed
cpen. Replace the power monitor.

4. [n Step 8, any reading other than "infinity” indicates
the monifor contacts have failed closad. Replace the
power menitar,

]

‘& LO3E MONITOR

) | m
eREEN LSS H'L-OMIN @ \MAX
)

»[3 PHASE SEGUENCE ™

190-270 VAL
30 I HT

|
|
r-!

Figure 12. 3-Fhase Fower Monitor and Sockel

Fage 5 4.9
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SECTION 5.5

DISASSEMBLY, TESTING, REASSEMELY

Seclicn 5.5

DISASSEMBLY, TESTING, REASSEMBLY

Transfer Mechanism Hemoval

To removs the transier machanismiérom the ransier
switch enclosure, proceed as follows:
1. On the generstor panel, set the manual-off-auto
switch o "Cif". Then place 2 "DO NOT OPERATE tag
in a consplcuous place on of near the generator panel,
2. As asalety measure to preventinadverteni gensrator
startup, disconnect the battery cables from the gener-
ator battery.
2. Tur OFF all power voltage supnliss o the fransfer
switch, osing whatever means provided (such as the
"Utility" and "Standby" main line circuit breakers).

DANGER: DG NOT PROCEED UNTIL ALL
POWER VOLTAGE SUPPLIES TO THE TRANS-
FER SWITCH HAVE BEEN POSITIVELY
TURNED QFF. FAILURE TO TURN OFF ALL
POWER VOLTAGE SUPPLIES TO THE TRANS-
FER SWITCH WILL RESULT IN EXTREMELY
HAZARDOUS AND POSSIBLY LETHAL
ELECTRICAL SHOCK. BOTH THE “UTILITY"
AND "STANDBY" POWER SUPPLIES TO THE
TRANSFER SWITCH MUST B POSITIVELY
TURNED CFF.

4. Dissannect all wirgs rom transfer mechanism fer-
minal iugs N1, N2, T1, T2 E1, E2.

5. bisconnect all wires from transfer mechanism ter-
minals A1, A2, B1, Bz,

6. Remove the M5-0.80 capscrews, lockwashers and
flatwashers that retain the {ransfer mechanism in the
enclosure. Then, ramove the transfer machanism.

Electrical Section Disassambly

FRELIMINARY 5TEPS,

1. Remove two (2) screws that retain the outsr cover to
the transfer mechanism (Figure 2).

88
s

TR E P

Figure 1. Transter Machanism Removal

Figurg 2. Quigr Cover Removal

2. Ramove four {4) screws that refain the inner cover
{Figure 3).

Figure 3. Femoval of Inner Gover Scraws

3. Limit swilch LS3 is retained to the inner cover by
means of two long screws with countersunk heads
{Figure 3) and & retaining bar with threaded heles, Lift
up on thg inner cover slightly and remove g two long
screws with countersunk heads.

4. See Figure 4. Remove the inner cover and the imit
switch retaining bar, as well as a limit switch actuating
tever bracket, Iimit swiich actuating lever and actuating
isver spring.
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DISASSEMBLY, TESTING, REASSEMBLY

Electrical Section Disassembly (Continued)

(;%jvea BHAZNED

o, ; '

T, £ k
ﬁ_\\ e
>l

LIMIT SWTGH La3 b

E?:':"%_ ‘L f{'l ﬁig

“AETUATING LEVER TPANG

i’\[&;

N,
i LEIACTUATING | EVER

\"5’ LS RETAINING R4

2. Rotate the coil slightly to allow access to the coil
terminal screws. Remove the terminal screws and dis-
cannact the coit red and white wires.

3. Remove the sclenoid cofl aleng with the coil cylinder.

Figure 4, Limit Switch LS3 Actuating Parts

LIMIT BWITCH L83 REMOVAL:

1. The limit switch retaining screws and bar were pre-
vicusly removed during removal of the inner cover.

2. Disconnect all wires from limit switch L83 and com-
plataly ramove the limit switeh from the transfer
mechanism.

2. Limit switch L83 paris are shown in Figure 5.

i CTUNIErELAK Scraws (o)
lnner Covar

Actuating Lever Spring
Agtuating Lever

Limit Swedeh L33
Actualing Levar Brackat

YELLOW
=/ QRANGE

DESCRIPTION
Lol BackiAg Flate |2}
Backing Plate Capscrew {d;

gf

Figure &, Exploded View of Limit Switch L33

TERMINAL STRIF REMOQVAL:

1. Bee Figure 6, Remove two (2) scraws that retain the
terminat strip to the transfer mechanism.

2. Logsen- DO NOT REMOVE- the wire retaining
screws at back of terminal strip. Remove alf wires and
remove the terminal strip,

SOLENQID COIL REMOVAL:

1. Sge Figure 7. Remove four capscrews that retain the
coil backing piate. Also remove the copscrew that
retains ihe selencid coil to the backing plate.

Paga 5.5:2

Selancid Cad Cybinder 14}
Solenoid Cail (1)

Solenoid Cott Capscraw (1)
Solanoid Coil Srackat (1)
Eolenoid Plunger

Figure 7. Solenaid Cail Removal

BRIDGE RECTIFIER REMOVAL:

With the solencid coil removed, guide the bridge rec-
tifler wirgs out through the protective rubber grommet
and remave the Dridge reclifier. See Figure 8.

SOLENGID COIL BRACKET REMOVAL:

Remove two (2) screws that refain the bracket to the
base. Then, remove the coil bracket. See Figure 9.

\.Im(h.h.l'.-}m_.;-l.l

]

LIMIT SWITCH LS1 REMOVAL:

With the sclenoid coll remeved, limit switch L3171 is
accessiole. Remove twa (2) serews, then remove LS1
along wilh two insulator strips. Wires on switch L31 are
soldered connactions.
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Electrical Section Disassembly (Continued)

LIMIT SWITCH LS2 REMOVAL:

1. See Figure 11. Remove the spring retaining gin.

2. Ses Figure 12, Bemove two (2) screws that retain

Lhe actuating link assembly to the transfer mechanism
ase.

3. You should be abfe to lift the actuading linx assembly

sufficiently high o remove the two (2) screws that

refain imit swilch LS2 to its support.

4, Ramova tha two (2) screws.

5. Remove limit switch LEZ, along with two (2) insulater

strips. LB2 wires have soldared connections.

— =
® @ g
— ACTUATING LINK ‘ ]
i ASSEMELY {
: EE
T ’ ﬂ
/ (=] - = : r_ R - A -.-;: N\;

Figure 12. Actuating Link Assembly Screws

AUXILIARY CONTACTS REMOVAL:

See Figure 13 eh next page, Remove two {2) screws
that retain the first auxiliary contacts. Remove the
auxiliary contacts. The second auxiliary contacts can
be removed in the samea manner.

Figure 10. Limit Switch L51 Removal

Fage 5.3-3
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Eleclrical Section Disassembly (Con-
tinued)

SECTION 5.5

DISASSEMBLY, TESTING, REASSEMBLY

NOMENCLATURE
Moveahie Contact Carner
Maveable Contagt Scring
Maoveable Contact

Figure 13. Auxiliary Contacts Removal

Stationary Main Conlacts Removal

See Figure 14, Remove the two (2) long thru-bolts
that retain the stationary main contacts assembly.
Carefully remave the stationary main contacts.

Figure 14, Stationary Main Contacts Aasembly

Moveable Main Contacts
The dual moveable main contacts are now exposed

and may be inspectad, removed ¢r replaced as neceas-
s&y. See Figurs 15

Fage 5.5-4

Figure 15, Moveable Main Contacts

Tesling and Inspection

inspect the siationary and moveable main contacts
closely. tnspect springs, linkage, retaining pins, ete. for
damage, excessive wear, Replace any defective com-
ponants,

Switches may be tested using a volt-ohm-rmilliam-
metar. Replace any defactive switch.

NOTE: Test procedurss far most switchas, bridge rectiiise,
and solencid coil are discussad in Seclien 5.4.

Reassembly

Reazsemble the fransfar mechanism in the revarse
order of disassembly.

rollowing reassembly, the transfer mechanism
should be tested tharoughly, Actuate the main contacts
manually several timaes, using the manual fransfsr
harj;di_vle_ Also test electrical operation of the transfer
SWITGT.
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PART 6- DC CONTROL

(UNITS WITH AIR COOLED ENGINE)

- SECTION 6.1
DESCRIPTION & COMPONENTS

Sectlon 6.1

DESCRIPTION AND COMPONENTS

General

This section will familiarize the reader with the
various components that maks up the DG contral sys-
tern. You may alse wishito read Section 1.7, especially
the zubsaction entitled "Contrel Panel- Units with Alr
Cooied Engine”.

Major DC control system compenents thal will be
covered include the following:
Control Module Assembiy (CMA).
An Auto-Off-Manua; Switch,
The Batter\’;.
A 15 Amp Fuse,
Engine Starer Contactor.
Starter Molor,
Fuel Solencid Valve.
Engine protective Shutdown Switches.
Engine Ignition Systern.
Battery Charge Cirouit,

Control Module Assembly (CMA)

The control module assembily (Figure 1) is mounted
on the rear panel of the standby generalor enclosure.
This assembly, called simply the "CMA”, mounts (a) a
terminal board, (b) a currenttransformer, and {c) a CMA
circuit beard.

LT T T T R R R

The terminal board providas the Iallowing connection
points:

A Utility 1 and Utility 2
1. Cannzet o identically marked terminals on &
prepackaged transier switeh terming! board,
2. The circult delivers "Udity™ power source volt-
age 1o the control module assembly's sensing
transformer,

B. Lead 1 and ioad 2 :
1. Connects to identically marked terminzals onthe
tarminal board of the prepackaged transfer switch.
2. Power from the transter switch load terminals is
usad (0 operale a 7-uay exerciser circuit on the
CMA cirguit board.

C. 23 and 184
1. Connect to identically numbered terminals on
the t?rminai board of the prepackaged transfer
switch.
2. This circuit connects the CMA circult board 1o
the transfer relay coil in the prepackaged transfer
switch.

TERMINAL
~BUARD

A
AN

SET EXERCISE L
e s SWITCH

CIRCUIT i
BOARD i

APy

o

“3 2l

T g

L,
TRANSFORMER

- \ Sl

g[gg 2l

m
20}

uTILTY 1 [(EHD
vty 2 [

L0AD 1
LOAD 2
194

Figure 1. The Coniro! Meaule Assembly

TERMINAL BOARD:

Suftabie, approved wiring must be connected 1o the
terminats of this terminal board and to identically num-
bered terminals on a prepackaced transfer swifch tar-
minal board. The terminal board connects the transfer
switch to the CMA circuit board and transformer.

Figure 2. CMA Terminal Board

SENSING TRANSFORMER:

The controfmodule assembly's sansing fransformer
is & step-down type. The line-o-line voltage from the
Utility 1/Utility 2 terminals is delivered to the
transtormer's primary winding. Transformer actionthen
induces a reduced voitage (about 12 volis at 2 amps)
intc the secondary t ansformer vio ng. This reduced
viitage is delivered to the CMA circuit board as ~Utllity”
saurce sensing voitage. The reduced sansing voltage
is used by the CMA circult board for the following:
= I the "Utildy™ sensing voltage drops below & preset

vatue, CMA board "action” will initizle automatic

generator stanup and transter to the "Stancby”
source side.

+ The CMA board also uses the “Liiliy” ﬁqower to
operate a hattery trickle charge circun) This cirgunt
maintzing battery slate of chdrge when the enging
15 A0t runming.

The sensing transformer is shown in Figure 3, both
picterially and schematically.
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PART 6- DC CONTROL
(UNITS WITH AIR COOLED ENGINE)

SECTION 6.1
DESCRIPTION & COMPONENTS

Contro! Module Assembly (Continued)

Y

-

PR Y ]

115 WOLTS

SECOUD ATY
12 WOLTS

-

-

DANGER: THE GENERATOR ENGINE WILL
CRANK AND START WHEN THE 7-DAY EXER-
CISER SWITCH IS ACTUATED. THE UNIT WILL
ALSO CRANK AND START EYERY 7 DAYS
THEREAFTER, ONTHE DAY AND AT THE TIME
GF DAY THE SWITCH WAS ACTUATED.

Figure 3. The Sansing Transformer

CMA CIRCUIT BOARD:

The CMA circuit board controls alt standby electric
system operations including (a) engine cranking, (b)
gngine startup, (¢} engine running, (d) automaiic trans-
fer, (g} qutomatic retransfer, and (f) engine shutdown.
In addition, the circutt beard performs the foliowing
functions:

»  Delivers "field baost” current to the generatar rotar
windings (see "Field Boost Circuil’ on Fage 2.1-4),

+  Starts and "exercises” the generalor once every
seven days.

«  Deljvers a "trickle charge” to the generator battery
during non-oparating p ncds

+  Provides automatic engine shutdown in the event
of Iow ol pressure, high oil temperature, or over-
speed.

A 17-pin connector intercorinects the CMA circuit
board with the varous circuits of the DG systems.
Connectar pin numbers, associated wires and circuit
functions are fisted in the CHART on this page.

The circuit board mounts & CRANK BELAY (K1) and
a RUN RELAY (K2). See Figure 4. Crank ralay {Ki}is
gnergized by circuit board action during both manual
and automatic startup to crank the engineg. Cranking is
accomplished in equal duration crank-rest cycles. That
i3, K1 will energize and the engine will crank for about
7-3 seconds. Relay K1 wili then dz-energiza and ¢rank-
ing wilt end for about 7-6 seconds. This cyclic cranking
action continues until either (a) the engine stars, or (b)
approximately 80 seconds of the crank-rest cycles
have elapsed.

The RUN RELAY is energized by ¢ircuit board action
at the same time as the CRANK RELAY, to energize
and open a fuel solengid valve.

The CMA circult poard alse mounts a push-button
type "7-day exerciser swiah® (Figure 4), used to select
the day and time of day for the system to stant and
grpreise,

Page 6.1-2

Pid | WIRE CIRCUIT FUNCTION

1 4 Fiald boast currant 1 rater {ahaut S-10 waits DC)

2 85 Low oit prassuraMigh o tlempemiure lauit. Automaii
shuldawn pouurs whan Wire 85 s grounded by off
pressurafoil lemparature switth closing action,

3 23 Groundesd sida of ransfer relay Gircuit.

4 154 Feoeitive {+] side of ransfer refay droait (12 velie D).

5 E5 Enargized (12 voig DC) by circuli board's arank rejay
(1) @ orank engina.

g 18 Engine shutdswn, Clrguit is grounded by cirsuit board
action W ground the engine's 'S0 modile and eerinata
lgnmoﬂ.

7 14 uring starmup, cirzuit boart datvers 12 volie DO w this
circuit 1o open the fual solunatd.

8 [zt Engina running ard spaed signals fom ganstawl's
banaly cnarga winging,

g 17 Manual s1art sigral fram actooff-manual swich,

10 1EA Hattery voltaga (12 valts OC) ter dreuit board operation.

1" 238 KELVQJHIDC wien auto-off-manual switch is satio

AN

12 15 Battery tnckie charge crrcuit (412 voits DCY.

13 0 Cammon ground.

14 224 Transtormar reduced "Uthty” saurca sansing valiaga.

15 228 Transiormar reduced "Unty" source s~nsmg volage,

i3] T2 From ransfer switch ioad rerminal teg T2, for aparation
T-d:\\,l wxercisar clock cirewit,

17 T1 Frgm yansier switeh load Larmma g T1, %o operation
ol 7-day exerdser clock cirzuit,

17 15A
88
239
13
1§ —————— 1%
S8 ——rrrmmrany 2
224
184 295
I
23 T2
B —T1
P p——

il
E
i

Figure 4. CMA circuit Board




PART 6- DC CONTROL
(UNITS WITH AIR COOLED ENGINE)

Auto-Off-Manual Switch

NOTE. Also see “Control Fanel- Units with Air-Cooled En-
gine” an Faga 1.7-1.

Thiz 3-position switch permils the operator to (a)
select fully automatic operation, (b) start the generator
mmanuatly, or (c) stop the engine and prevent automatic
startup. 8witch terminals are shown pictorially and
schematically in Figure 8, below,

Fictorial View | Schamatie

Figure 8. The Auto-Oft-Manual Swilch

15 Amp Fuse

This fuse prolects the CMA circuit beoard against
excassive current. if the fuse has blown, engine crank-
ing and operation will not be possible. Should fuse
replacement become necessary, use only an identical
1% amp replacement fuse.

- SECTION 8.1
DESCRIPTION & COMPONENTS

Page 6.1-3
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PART 6- DC CONTROL ~ SECTION 6.2

(UNITS WITH AIR COOLED ENGINE) OPERATIONAL ANALYSIS
Saction 6.2
OPERATIONAL ANALYSIS

intreduction .

This "Operational Analysis" is intended fo familiarize the sarvice technician with the operation of the DO controi
systemn on prepackaged unils with air-cooled engine. A thoreugh understanding of how the systemworks is essential
to sound and logicai troubleshooting. The DC control systern iflustrations on the following pages include a "V-Type"
prepackaged transfer switch.

Utility Source Voltage Available _
See Figure 1, below. The circuit condition with the auto-off-manual swilch sel te "Aule” and with "Utility” source
powar available can be brigtly described as follows:

«  "Utity" source voltage is availanie 1o {ransfer swich terminal lugs N1/N2, via installer connected wiring. With
the transfer swilch main contacts at their "Utiiity” side, this source vollage is availabie to terminal lugs T1/72
and to the "Load"” circuits.

v “Utility" voltage is delivered 1o the primary winding of a sensing transiormer (T1}, via transter swilch wires
N1ANZA, fuses FI/FZ, installer connectad wiring, and CMA "Utility 1/Utility 2" lerminals. A resuftant voltags
{about 12 volis AC} is induced into the transformer secondary windings and then detivered to the circull board
via Wires 224/225. The circuit board uses this reduced "Wility” vollage as (a) sensing vollaze and (D) to daliver
& battery trickie charge to the unit battery, via circuit board Pin 12, Wire 15, & 15 amp fuse (F1), and Wire 13.

»  Poweris available to the CMA circult board, via transfer switch T1/T2 tarminals, fuses F3/F4, instalier cannected

wiring, and the "Load 1/Load 2" terminals of the CMA terminal board. This voltage is used to operate a "7-day
exercizer” ¢lock circuit in the cirguit board.

»  Battary output is delivered to the circult board with the auto-off-manual switch (SW1) setig "Aute”, as shown,

i
P=i
FAOM t
UTILITY i
SQURCE

i o | |

’ -
! E Te— 1,
l e e |
I . i 1
I |
N SR Q. !

1 a &
i j I D . !
RS S - !
L b i
YRy ,
I ._%_ |
l P R T ey ¥ |
L - " !
TRANSFER T i Qg ot | !
T FRCM b 1
SWiTCH LTAD STANDBY % _____________ °4’ :
SOURCE /_L’
L 77 - - - = -
STANDBY
GENERATOR

Figure 1. Circuit Condition- Ulility Sourge Voltage Available
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PART 6- DC CONTROL SECTION 6.2
(UNITS WITH AIR COOLED ENGINE) OPERATIONAL ANALYSIS

initial Dropout of Utility Source Voltage

Fefer 10 Figure 2, below. Should a "Utlity” power source failure occur, circuit condition may be briefly dascribed
as follows: :

The CMA circult board constantly senses for an accaptable "Utllity” source voitage |, via transfer switeh fuses
F1/F2, transier switch "Utility 1/Utility 2" terminals, installer connected wiring, control module assembly (CMA)
"Liility /Uty 2" terminals, the CMA sensing transformer (T1), Wires 224/225,

Sheouid "Utility” volage drop below approximately 60 percent of the nominal source vollage, a 8-second timer
on the CMA circuit board will tern on.

In Figure 2, the B-second timer is siiil timing and engine cranking has not yet begun.

The auto-off-manuat switch is shown in s "Auto” position. Battery voltage is avaiiable to the CMA circult board,
via Wirg 13, 15 amp fuse (F1), Wire 15, the aute-off-manual switch (SW1), Wire 15A, and Pin 10 of the cireutt
board connecior.

"t‘.'j

!
|
i
' B A A L
l Foe il I
! e ¥, o ol !
- “‘_42"!‘_ ;54 [ L g, " i : : y
N R S P —t 2
i i - i i I
| i A SRR *'—a—T ! i
P 1 & R -y

! G g i i

3 o &--; . -4
L : i — i I
e i ol
| X ! P I
P } | I

f1
| ‘ ! !

! i
L - | '
TRANSFER b T e e '
SWITCH 70 FRoM J l
LOAD STANDEY | J;(__ PR—— i

SOURCE
mmmmmmmmm -l
STANDBY
GENERATOR

Flgure 2. Cirguit Condition- Initial Dropowt of Uitility Source Voitage
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PART 6- DC CONTROL SECTION 6.2
(UNITS WITH AIR COOLED ENGINE) OPERATIONAL ANALYSIS

Litility Voltage Dropout and Engine Cranking

»  After six (8) seconds and when the circuit board's 6-second timer has fimed out, it "Utility” voltage is still below
60 percent of nominal, CMA board action will gnergize the circuit board's crank &nd run relays (K1 and K2)
simultanaousty. ' .

»  The crank relay (K1) will remain energized for about 7-¢ seconds. The refay willthen de-energize for7-ssconds
anc will zgain energize. Thus, the engine will crank cyciically fer 7-9 secand crank-rest cycles. This cyclic
cranking will continue until either the engine starts or until about ninety {80} seconds of crank-rest cycies have
been used up.

«  Whantha crank relay (K1) is energized, circuit board action delivers 12 voits DC 1o a starter contactor {8C), via
Wire 58. SC energizes, s contacts close and battery power is delivered to & starter motor (SM). The engins
cranks,

+  Whan the circuit board's run relay (K2) energizes, 12 volts DC is delivered to a fusl selencid (F5), via Wire 14.
The tue! solenoid {FS)} energizes open and fual is available to the engine. ,

«  Asthe engine cranks, magnets ¢n the engine fivwheel induce a high voltage into the engine ignifion medules
(IM1/IM2). A spark is produced that jumps the spark plug (BP1/8P2) gap.

«  Asthe engine cranks oil pressure builds and the contacts of a low oil pressure switch (LOS) are opened by oil
pressure.

«  With ignition and fuel flow available the engine can start.

et
I[ {—u-—u_C)—ﬂ-Him— o ard —‘l
i hﬁ"k‘-!.—®-in—ihcl

__\‘:;: i
o=

TRANSFER (Lo Bive
SWITCH FRCH = h |
STaNDaY .

SOURCE ’Ll'_ :

“sTanpBY -

GENERATOR '

Figure 2. Circut Condition- Engine Cranking
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PART 6- DC CONTROL
(UNITS WITH AIR COOLED ENGINE)

SECTION 6.2
OPERATIONAL ANALYSIS

Engine Slartup and Running

With the fuel solencid open and ignition ¢ceuring, the engine starts. Engine startup and running may be brielly
described as {oilows:

.

An AC voltagefrequency signal is delivered to the CMA circuit board from the generator's battery chargs
winding, via Wire 86. When AC! frequency reaches approximately 30 Mz, the circuit board {a) terminates
cranking, {b} turns on an "engine minimum run timer”, and (C)turns on an "engine warmup timer”,

The circuit board's "minimum run timer" wilt run for about 13-15 minutes. Automatic shutdown cannot oesur
while that timer Is running, The timer prevents shutdown of a coid engine.

The "enginge warmup timer” will run for about 15 seconds. When this imer finishes timing, CMA board action
will initiate transter to the "Standby” power source.  As shown in Figure 4 {below}, the timer iz giiil unning ang
transfer has not yet occured.

Generator AC output is available to transier switch terminal tugs E1/E2 and to the normaliy-open contacts of a
transter relay. However, the transfer relay is de-energized and its contacts are open.

FROM =~ - -:
UTITY !
Soumcs ! 1
i il Bl B b '
R - [ j
{
| — : i
| — bt 13} !
i Y e |
A i ] =
SR I e PR !
! 0o f_ th oz mCwar
! r-,f ----- ]/ (e T4 et },J'q i |
- - : i Fl
o Ei-- . \[_ l':_ — == ;L_.:..?‘."_LJ‘ @i |
) | w Tl
RN Py e z
Er‘" e
R S R o vy S ,
: i 15 " L"‘“
= = ! - == H i
l L ' - |
—_—
L i ] :
— -_— I 7;—w--—-—r'r Ed
TRANSFEH BAVILMY THaRGE winDimi ‘ N I
SWITCH O FROM | ® i
LCAD STANDEY | .
SQURCE {
I A -

STANDBY
GENERATCR

Figure 4. Circuit Condition- Engine Startup and Running
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PART 6- DC CONTROL - SECTIONG6.2
(UNITS WITH AlH COOLED ENGINE) OPERATIONAL ANALYSIS

Initial Transfer to the “Standby” Source

The genaralor is running, the CMA circuit board's "engine warmup timer” is timing, and generator AC oulput is
available to transfer switch terminal legs £1/E2 and to the open contacts of tha transgfer relay. Initial transferto the
"Standby" power supply may be briefly described as foliows:

+  The CMA circuit hoard delivers a 12 volts DC cutput to the transfer relay {TR) actuating coil, via Wire 164, CMA
terminal 194, insialier connedted wirng, transtar switch terminal 184, Wire 184, and terminal A of the transier
relay (TR; in the transter switch. This 12 volts DC circult is completed back to the CMA board, via transfer relay
terminal B, Wire 23, installer connected wiring, CMA terminal 23, Wire 23, and circult board connecior Pin 2.
However, circuit board action holds the Wire 23 circuit apento ground andthe transfer relay {TR) is d2-energized.

= Whenthe CMA board's "engine warmug timer” times out, ¢ircult board action completes the Wire 23 circut to
ground, via circult beard connector Pin 13 and Wire 0. The transfer relay then energizes and its nermally-open
contacts closs.

= "Slandby” power is now deliverac o the standby closing coll {C2), via Wires E1/E2, the normally-open transfer
relay contacts, Wire 205, limit switch XB1, Wire B, and a bridge rectifier. The standby closing coll enargizes
and ne main current carrying contacts of the transfer switch are actuated o their "Standby” source side.

* Agthe main contacts move o their "Standby” saurce side, 8 mechanical interlock actuates imit switeh XB1 to

its open position and limit switch XA1 to itz "Utility” side position. When XB1 opens, stancby closing coif 02

de-energizes.

"Siandby” power is defiverad to the "Load" terminals {T1/T2) of the transter switchi

*

A
|
|
|
|
|
!
|
|
|

4

|
%_
J

_______

N

J ]
“'.4 : ’|
il

&

n
) _j bl

TOBMTIERY CaACE WlnDi a I
E-]

TRANSFER

SWITCH TO FEOM !
Loan STANDBY

SOUAGE ) f

L. —

—— e i mrm - — e

STANDBY
GENERATOR

Figure 5. Circult Condition- Initial Transfar to Standby
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PART 6- DC CONTROL SECTION 6.2
(UNITS WITH AIR COOLED ENGINE) OPERATIONAL ANALYSIS

Utility Voltage Restored and Retransfer to "Utility"

The "Load” is powered by the "Standby" power supply. The CMA circuit board continuas to seek an accepiable
“Utility” source voltage. On restoration of "Utility” sourde veltage, the following events will ocour: ‘

*  Onrestaration of "Utility" source yoltage above 80 percent of the nominal rated voltage, a "ratransfer time delay”
on the CMA circuit board starts timing. The timer will run for about six {6) seconds.

« Atthe end of six (6) seconds, the "retransfer time delay” will stop timing and CMA board action will open tha
Wire 23 circult to ground. The transier relay (TR) will then de-energize.

« Whenthe transfer relay (TR) de-¢nergizes, its normally-closed contacts close. "Utility” source voliage is then
dalivered {0 the Llility closing coit {C1), via Wires N1A/NZA, the closed TR comtacts, Wire 126, limit switch XA1,
and a bridge rectifier,

+  The utility closing ecil (C1} enrergizes and moves the main current carrying contacts 1o their "Neutral” position.
The main contacts move to an overcenter position past "Neutral® and spring force closes thern fo their "Utility”
side. "Load"terminals are now powered by the "Uilty” source.

*  Movement of the main contacts to "Utility" actuates limit switches XA1/XB1. XAl opens and XB1 acluates to
fis "Standby” source side.

+  The generator continues 1o run.
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Figure €. Cireuit Condition- Ratraasfar t¢ "Utiity”
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PART 6- DC CONTROL SECTION 6.2
(UNITS WITH AIR COOLED ENGINE) OPERATIONAL ANALYSIS

Engine Shutdown

Following retranster back to the "Utility” source, an "engine cooldown timer” onthe CMA circuit board starts timing.
When that imer has timed out (and providing an "engine minimum mn timer” has also timed out), CMA circult board
action will de-energize the circuit board’s run retay {K2). The foilowing events will then oceur:

+ The DC circuil to Wire 14 and the fuel solenoid (FS) will be opened. The fuel solensid (FS) will de-energize and
close to terminate the engina fuef supply.

+  CMAboard action will connect the engine’s ignition shutdown moduie (ISM) ta ground, via Wire 18, circuit board
Pin 13, and Wire C. Ignition wili be terminated.

«  Without fuel flow and without ignition, the engine will shut down.

r........_..u_‘....v_.;‘”;..r‘____w;;w__i
FHROM \ ;
UTILITY ! [ "“"‘“M‘h— o —
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m 1 13 . ,C .
(o ' -
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s |
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- ]
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SPpTEE gmg . H

!
L et _
' L;_“,f D

L = = i B
TRANSFER 7“3:3:fﬁﬁuﬂfm s ! |
SWITCH T PR & | !
L&AD STANDBY ’L_’f;_ o | l
SOURCE
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STANDBY
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Figure 7. Circuit Condition- Engine Shutdown
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FART 6- DC CONTROL . SECTION 6.3
{(UNITS WITH AIR COOLED ENGINE) TROUBLESHOOTING FLOW CHARTS

Section 6.3

TROUBLESHOOTING FLOW CHARTS

Problem 1 - Engine Will Not Crank When Utility Power Source Fails

TEST 1- CHECK P EYEST2-TRY ENGINE STARTS TEST 3-TEST
POSITIONOF  Auma SWITCH AMANUAL (e MANUALLY BUT 1 AUTO-OFF-
AUTO-OFF- AT *AUTO" {START NDT AUTOMATICALLY MANUAL SWITCH
MANUAL
SWITCH
SWITCH 18 "OFE" DOES NOT START BAD
RESET SWITCH GO TO PROBLEM 2 REPLAGE
70 AUTO" AND BAD SWITCH
TEST SYSTEM
AUTOMATIC
OPERATICN

r—- SWITCH 13 O.X! T———

574
WIRES 134 b (0 D) Ml REPLACE CMA CIRCUIT BOARD

i—— EAD=mmmoil SEPAIR OF REPLACE BAD WIRING

Froblem 2- Engine Wiﬂ Not Crank When Auto-Qff-Manual Switch is Set to "Manual”

TEST 5-CHECK TEST €- CHECK TEST 7« CHECK
15 AMF FUSE  fomemm O.K. BATTERY — O.K. mowmeie I WIRES 15/154  fum 0K, ooy
_ VOLTAGE
| i
FUSE BLOWN BAD BAD
REPLACE BLOWN FUSE ~ RECHARGE/REPLACE REPAIR OR REPLACE
BAD WIRING

& - C K. W
TEST 8- CHECK
WIRE 58 e GOOT weves———- GO TO PROBLEM 2, TEST & ON NEXT PAGE
VOLTAGE L —

S — EAD——--.-_} GO TO PROBLEM 2, TEST 12 ON NEXT FAGE
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FART 6- DC CONTROL
(UNITS WITH AIR COOLED ENGINE)

SECTION 6.3

TROUBLESHOOTING FLOW CHARTS

Problem 2- Engine Will Not Crank When Auto-Off-Manual Switch is Set to "Manual” (Con-

REPEAT TEST 7 m GOOD rmmosinm

RePLACE CMA CIRCUIT BOARD

POWER SUPPLY
TOBOARD IS BAD

TEST 3-TEST
AUTO-OFF-
MANUAL EWITCH

TEST 14- CHECK
FUEL SQLENDID

tinugd)
TEST ¢-TEST TEST 10-TEST TEST 12- CHEGK
STARTER s O, K. w4 STARTER CMA CIRCUIT
CONTACTOR MOTOR BOARD POWER
SUPPLY AND
QUTPUT TO
WIRE 55
BAD BAD POWER SUPPLY OK.
OUTPUT TOWIRE 58
15 BAD
4 v
REPLACE REPAIR OR REPLACE
REFLACE BAD SWITCH
Freblem 3- Engine Cranks But Won't Start
o
TEST 11- CHECK TEST 13- CHEGK
FUEL SUPPLY  foumws 0.1 svmmlid CMA BOARD S SR

AND PRESSURE

EAD

FIND CAUSE OF

NO FUEL

QR FUEL PRESSURE AND

CORRBECT

—

WIRE 14 GUTPUT

NO O[:TPUT

AEPLACE CMA
CIRCUIT BGARD

0K

g,
y

REFLACE BAD
FUEL SOLENCID

TEST 15-CHECK TEST 18- CHECK
FORIGNITION o O K ssmcsedin § SPARK PLUGS
SPARK

BAD BAD

ENGINE 1.5.D.
MORULE

TEST 18- CHECK

CLEAN, REGAP
OR REPLACE

e COOD

REPAIR OR REPLACE
ENGINE AS REQUIRED

GO TC PROBLEM 3, TEST 20 ON NEXT PAGE

Fage B.3.2
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PART 6- DC CONTROL . SECTION 6.3
(UNITS WITH AIR COOLED ENGINE) TROUBLESHOOTING FLOW CHARTS

Probiem 3- Engine Cranks But Won't Start (Continued)

TEST 18- CHECK TEST 20- CHECK glEf_“rré??\;wPC:i%;ElGH
AND ADJUST  fom O.K o § OIL PEESSURE S O. K. rommcme £

SGNITION SWITCH EWITCH

MODULES

T, ) 1,
! ! !

ADJUST COR REPLACE REPLACE REFLACE

; -

TEST 22- CHECK 3 HEPAIR OR REPLACE
WIRE 18 SHORTED WIRE 18

Froblem 4- Engine Cranks and Staris But No Transfer to Standby

TEST 23- CHECK TEST 24- TEST TEST 28- GROUND
GENERATOR st L OSEDwl STATOR BATTERY prwcemn )1 oo 1 CIMA TERMINAL 23

MAIN CIRCUIT CHARGE WINDING
BREAKERS QuUTPUT MU
QPEN EAD THANSFJ‘\S TO STANDBY
CLOSE CIRCUIT BREAKER REPAIR/REPLALCE EAD REPLACE CMA CIRCUIT
WIRING CR REPLACE BOARD
BAD STATOR ASSEMBLY
h—— DOES NOT TRANSFER TO STANDEY mamu
;Eg;?ﬁkzgST TESTZ27-TEST TEST 28-CHECK
! 23 Fm O.K.-n*— TRANSFER gt K. w VOLTAGE AT
AND 134 HELAY STANDEY
CIRCUHT CLOSING COIL
BAD BAD LOW OR NO VOLTAGE
kA
REPAIR, RECONNECT REPLAGCE BAD RELAY TEST 25-TEST LIMIT SWITCH XB1
ORM REFLACE BAD WIRING | EE—— y

REPLACE COIL C2 e/ CLTAGE O.K. BUT NO TRANSFER TO STANDBY GCLD

-1zl THANSFER SWIHTOH WinkES -‘ M
E1, 205, B&E2 BERPLACE hEAD
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FART 6- DC CONTROL SECTION 6.3
(UNITS WITH AIR COOLED ENGINE) TROUBLESHOQOTING FLOW CHARTS

Problem 5- No Automatic Retransfer Back to Ulility

TEST 31- CHECK TEST 32- CHECK TEST GSéTEST
TRANSFER s (., el § VOLTAGE AT et O, 1. g §  SENSIN
SWITCH FUSES UTILITY 1 AND 2 TRANSFORMER
F1 AND F2 TERMINALS
. AL

B!D B!D
REFLACE BLOWN FUSE(S) REPAIR, RECONNECT CR REPLACE DEFELTIVE

REPLACE BAD WIRING THRANSFORMER

am TRANSFORMER TESTS GO0 L et e s e o sy sdiemmrcrae

RSy | DOES NOT TEST 27-TEST § TEST 35-CHECK
| WIRE 23 FROM CMA S FiETRANSF o sl § TEANSFER  § O, VOLTAGE AT
| TERMINAL STRIP RELAY UTILITY CLOSING
| { COlL C1
RETRANSFERS Bin VOLTS O.K.
NO
i | RETRANSFER
REFLACE CMA CIRCUIT BOARD REPLACE BAD RELAY REPLACE
UTILITY
CLOSING
colL C1

[
G- TEST 37- CHECK
LIMIT SWITCH s ). X, st 4 TR ANS FE R ‘ 2 REPAIR, RECONNECT OR REPLACE
XAt SWITCH WIRES | DEFECTIVE OR DISCONNECTED WIRING
MN1A NZA, 126
AND "A"
BAD IF WIRES ARE GOQD TEST AUTOMATIC

OFERATION AND RE-EVALUATE OR
REDEFINE THE PROBLEM, IF TEST OF
AUTOQMATIC OFPERATION IS G K., 5TOP
TESTS.

m—ﬂ-mu_.—.—mq REPLACE DEFECTIVE LIMIT SWITCH XAT
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PART 6- PC CONTROL. : SECTION 6.3
{UNITS WITH AIR-COQLED ENGINE) TROUBLESHOOTING FLOW CHARTS

Problem 6- Unit Starts & Transfer Occurs When Utility Power is Available

TEST 32-CHECK TEST 33-TEST TEST 28-CHECK UTILITY SENSING
VOLTAGE AT VOLTS SENSING Fomr— O,’K.—-—-—}f YOLTAGE AT CMA CIRCUIT BOARD
UTILITY 1 AND 2 ™= Goop ™ TRANSFORMER

TERMINALS :

T I 1,
4 } v

TEET 31-CHECK REPLACE TEST WIRES
TRANSFER DEFECTIVE 224 & 225-
SWITCH FUSES TRANSFORMER nEFAIR, BEFPLACE
Fi AND F2 OR RECONNECT
; . AS NEEDED :
O B A D omr————— HFUTILITY SENSING VOLTATD AT A
£ CIRCUIT BCARD IS GOOD, BUT PROBLEM
%l STILL EXISTS, REPLACE THE CMA CIRCUIT
T —— BOARD AND TEST OFPERATION
TEST TRANSFER REFLACE
SWITCH WIRES BLOWN
N1AMN2A, REPAIR rUSES

OR REPLACE BAD
WIRES AS NEEDED

Problem 7- Generator Does Not Start and Exercise as Programmed

P
TEST 1-CHECK TEST 38-CHECK TEST 40-CHECK VOLTAGE f?gALS
AUTO-OF F- SETTO TRANSFER -—O.K.-——% CMAUTILITY 1 AND 2 TERM
MANUAL LT = S TOH FUSES
SWITCH F3ANDF4
POSITION . 1
swwii IS "OFF B!D BAD O,
RESET TO "AUTO REPLACE BLOWN FUSES l
——— —— TEST 42-BESET
EXCARCISE
b — TiMER
TEST 41-CHECK § REPAIR, RECONNECT
VOLTAGE AT | OR REPLACE BAD
TRANSFER O, ot UTILITY /2 WIRING
SWITCH LOAD BETWECZN CMA AND
ANDLOAD 2 TRANSFER SWITCH GENERATOR
TERMINALS DOES NOT
- START OR STILL
NO EXERCISE
BAD - CHECK TRANSFER AS PROGRAMMED
SWITCH WIRING &
OPERATION

REPLACE CMA CIRCUIT
BOARD, SET EXERCIZE,
AND EVALLIATE
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PART 6- DC CONTROL
{(UNITS WITH AIR COOLED ENGINE})

. SECTION 6.4
DIAGNOSTIC TESTS

Section 6.4

DIAGNOSTIC TESTS

Iniroduction

Perform thesa "Diagnostic Tesis" in conjunclion with
the "Troubleshoating Flow Charts” of Section 6.3. Tes!
numbers inthis section correspond with the numbered
igsis in Seclion 8.3.

Tha test procedures and metheds presented in this
section are not exhaustive, Wa could not possibiy know
of, evaluate and advise the service trade of all conceiv-
able ways In which testing and trouble diagnosis might
be performed. We have not undertaken any such broad
evaluation.

Test 1- Check Position of Auto-Off-
Manual Switch

DISCUSSION:

if tha standby systemis {o aparate automatically the
generator's auto-off-manual switch must be set o
"Auto”, Thatis, the generator will not crank and start on
accurencs of a "UHilty" power outage unless that switch
is at "Auto”. [n addition, the generalor will nof exercisa
every seven (7) days as programmed unless the swilch
is at "Auio”.

FROCEDURE:

With the auto-ofi-manual switch set to "Auto”, test
automatic cperation. Testing of automatic operation
can be ascomplished by turning OFF the "Utility” power
supply {o the transier switch. When the "Utility” power
is turned OFF, the standby generator should crank and
starl. Following startup, transfer to the "Standby”
source should ocour. Refer to Sagtion 1.8 in thig
manual. An"Automatic Operating Saquences Chan"is
provided on Page 1.8-2. Usze the "Chart” as a guide in
avaluating auiomatic operation.

Following generator slartup and transfer to the
"Standby" saurce, turn ON the "Utility” powar supply 1o
the transfer switch, Retransfer back fo the ~Utility”
source should occur, After a "minimum run timer" and
an "engine conldown timer” bave limed out, generator
shutdown should cceour,

RESULTS:

1. If normal automatic operation is obtained, discon-
tinue tesls.

2. It engine does not crank when "Utility” power is
turned off, go onto Test 2 of Problem 1 in Section 6.3,
3. ¥ engine cranks but won't start, go to Problem 2 in
Section 6.3.

4. |f engine cranks and siarts, but transter to "Standby”
does not occur, go to Problem 4 in Section 6.3,

5. i transfer to "Standby” oceurs, but retransfer back to
"Utiity"™ does not occur when that source voltage is
rastored, go to Problem 5.

Test 2- Try a Manual Start

DISCUSSION:

The first siep in troubleshooting for an "engine wont
crank™ condition is t¢ determine if the problem is
peculiar {o autematic operations only or if the engine
won't crank manuaily either.

PROCEDURE:

1. On the generator panel, set the aute-off-manual
switch to "Off".

2. Set the generator's main line circuil breaker to i
" or "Open” pasition.

3. Set the gernerators auto-off-mapual swilch to
"Manual".

a. The engine should crank cyclically in 7-8 second
"crank-rest” cyclas until it starts.

b. Let the sngine stabilize and warm up for a few
minutes after it stans,

RESULTS:

i If the engine cranks mariually tut does not crank
automatically, go 1o Test 3.

2. l{the engine does not crank manually, go to Problem
2 in the "Troubleshooting Flew Charts".

Test 3- Test Auto-Off-Manual switch

DISCUSSICN:

When the auto-off-manual swheh is set to "Autn”
position, battery voltage (12 voits DC) is delivered to
the CMA circuit board via Wire 15, the closed swilch
terminal, Wire 15A, and Pin 10 of the circult b_oar;i
cannector, Thisvoltage is needed o operaiz the circuit
board.

Seiting the swilch 1o iis "Manual" position also
delivers battery voltage to the circuit board for its opera-
tion. in addition, when the switch is setto "Manual”, 12
volts DG is supplied to the circuit board via Pin 11 of
the board, Wira 234, the closed switch contacts, Wire
17 and Fin & of the circuit hoard connecior.

A Seatto "Auto” 8. Set to "Manual”

Figure 1. Schematic of Auto-Ofi-Manual switch

Page 6.4-1
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Test 3- Test Auto-Off-Manual Switch
{Continued)

PROCEDURE:

Disconnect all wires from switch tarminals, to prevent
interaction. Then, use a voll-ohm-milliarmmeter (VOM)
to test for cortinuity across switch termipals as shown
in the fellowing chari:

SECTION 6.4
DIAGNOSTIC TESTS

PROCEDURE:

Carefully inspect the two Wires 15A {Figura 2). Maks
zure they are properly connected {o the switch, Use &
VOM to tast the wires for an open or shorted condition.

RESULTS:

1. 1f engine starts manually but not aulomatically; i
auto-offi-manual switch tests good: if Wires 15A are
gocd; but cranking dees not cccur during a "Utility”
powear source outage, replace the CMA circuit board,
2. |t Wires 15A are open, shorted, or improperly con-
nected, repair, reconnect or replace bad wires. Then,
test automatic operation,

ACROSS
[TEAMINALS 1§ SWITCH POSITION | METER READING
Tand d AUTO Coniinuny
MANUAL Infinity
OrF Infinity
1and 3 AUTC infinity
MANUAL Continuity
CFF Infirity
4 and & AUTO Continuiy
MANUAL . Infinity
OrFF infinity
4 and o AUTO larnity
MANUAL Continufty
OFF Infinity
RESULTS:

1. Replace autc-off-manual switch, if defactive.
2. H switch ig good, go on to Test 4.

T3]
¢

Figure 2. Aute-Off-Manua! Switch Tast Poinis

Tast 4- Check Wires 154

DIECUESION:

Wires 15A serve to deliver fused 12 volts DC (tattery
power) to the CMA circult board when the auto-off-
manual swilch is set to either "Auto" or "Manual". An
open condition in this circuit wilt have the same effact
as setting the avto-of-manuat switch to "Off", One Wire
15A s simply & "jumper™, used o inlerconnect wo of
fhe switch terminals. The other Wire 15A connects the
switch 1¢ the CMA circult board,

Page 6.4-2

Figure 3. Wires 154

Test 5- Check 15 Amp Fuse

DISCUSSEION:

The 15 amp fuse is located on the genera‘or con-
sole A blown fuse wili prevent battery power from
reaching the CMA circult board, with the same resuit as
seiting the auto-off-manual switch to "OH"

FROCEDURE:

Femove the 15 amp fuse (F1) by pushing in an fuse
holder cap and turning the cap counterclockwise. In-
spect the fuse visually and with a VOM for an open
condition.

RESULTS:

1. 1fthe fuse i good, go cnto Test 6.
2. 1f the fuse is bad, it should be replaced. Use only an
identical 15 amp replacement fuse.

Test 6- Check Battery

D.SCUSSION:

Batiery power is used to (3) crank the engine and (b)
to powar the CMA circuit board. Low or no battery
voltage canresult infailure of the engine to crank, either
manually or during automalic operation.
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Test 6- Check Battery (Continued)

PROCEDURE:
A Inspect batiary Cables:

1. Visually inspect battery cables and battery posts. -

2. If cable clamps or terminals are corroded, clean
away alt corrosion. :
3. Installbattery cables, making sure all cable clamps
are tight. The red battery cable (fram starter contac-
tor (5C) must be securely attached to the positive (+)
battery post; the black cable (frem the frame ground
stud) must be tightly attached to the nsgative (-
battery post.
E. Test Ballery State of Charge:
1. Use an autometive type battery nydrometer to test
battery slate of charge,
2. Foliow the hydromater manufacturer's instructions
carcfully. Read the specific gravity of the electrolyte
fiuid in all paltery cells.
3. I the hydrometer does not have a "percentage of
zharge” scale, compare the reading obtained tc the
faiowing:
a. An average reading of 1.280 indicates the bat-
tery is 100% charged.
B An everage reading of 1.230 means the battery
is 739 charged.
¢. An average reading of 1.200 means the battary
i 50% charged.
d. An average reading of 1.170 indicates 1he bat-
tery is 25% charged,
C. Test Battery Condition:
1. [f the ditference between the highest and lowest
rezding cells is greater than 0.050 (5C points), bat-
tery condition has deteriorated and the battery
should be replaced.
2. However, if the highest reading cell has a spegific
gravity of less than 1.230, the test for condition is
questionabie. Recharge the battery to a 100 percent
stale of charge, then repeat the test for condition.

HESULTS!

1. Remove 1he batlery and recharge with an avtomaetive
battary charger, if necessary.

2. if battery condition is bad, replace the battery with a
n2w one.

Test 7- Check Wires 15/154 Voltage

DISCUSSICN:

The CMA circuit board will not turn on unless battery
voltage is available to the board, via Wire 15, the
auto-cff-manual switch and Wirte 15A. If the board does
not "turn on”, neither automatic or manual cranking will
be possibie.

PROGEDURE:

See Figures 2 and 3. Test the voltage at Wire 15 and
15A terminal ends as follows:
1. Connectthe positive (+) test probe of a DC voltmeter
{or VOM) to auto-off-manual switch Terminal 4. Con-

SECTION 6.4
DIAGNOSTIC TESTS

nect the cammen (-} tast probe 1o frame ground., The
meter should indicate battery voltage (12 valts D).
2. Connect the positive (+) melertest probe to Terming!
S cf the aulg-off-manual switch,
2. etthe swiichto "Aute” and the meter should read
batiery voltage,
b. Set the switch to "Manual’- ne voltage should be
indicated.
3. Connect the positive (+) test probe to switch terminal
6 and the common {-) test probe to frame ground,
a. Set the switch to "Auto"- the meter should read
zero velis,
b. Set the swilch fo "Manual™ metfer should indicata
batiary voitage.
4 Test Wirgs 15A between avts-off-manual switeh and
the CMA circuit board conngctor far open candition,

RESULTS:

1, it ne vohage is indicated in Slep 1, check the Wirs
15 circull {or open condition,

2. i voltage 1s indicalzd 'n Step 1 but nof in Slep 2
{switch at "Auto”), replace the auto-off-marnuai switch.
3. If voltage is indicated in Step 1 but not in Step 3
("Manual" position), replace the auto-off-mznual
awitch.

4. Repair or replace any defective wire 15A.

Test 8- Check Wire 56 Voltage
DISCUSIION:
During an automatic start or when stanting manually,
a ¢rank relay (K1) on the CMA circuit board should
energize for about 7-C seconds, de-energive for 7-@
sgconds, and sc on. Each time the crark relay ener-
gizes, the CMA circult board should defiver 12 valis DO
o a starter contactar (3C) and the engine shouild crank.
This test will verify (&) that the crank relay on the circuit
beard is energizing, and (b} that circuit board action is
delivering 12 volis DC 1o the startar contactor.

FROCEDURE:

1. Connectthe posilive (+) test probe of a8 DC voltmeter
(or VOM]) to the Wire 56 terminal of the staner contac-
tor. Connect the commen (+) test probe to frame ground.
2. Gain accass to the controt module assembly (CMA)
s the circult board crank relay (K1) and run refay (K2)
can be observed. The CMA is mounted on the rear
panelof the generator enclosure. See Figure 4 on Fage
8.1-2 for location of cireutt board crank and run relays.
3. Observe the meter and the circuit board relays. Thén,
acluate the auto-of-manual switch to "Manual” posi-
tion,

a. The circult board's crank and run relays should

gnergize,

b. The meter should indicate battery voltage,
4. Inser the pasitive (+) meler test probe info Fin 5 of
the CMA board connegtor, connect the common {-) test
probe to a clean frame ground. Then, repeat Step 2.

a. The circuit board's crank and run relays should

anergiza.

b. The meter should read battery voltage.

Fagz#8.4-3
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Test 8- Check Wire 56 Voltage (Con-
tinued)

1. battery voltage is indicated in Step 4, but not in Step
3, Wire 26 (between the CMA bozard and starter contac-
ter) is open. Repair or replaca this wire as required.

2. It battery voltage is not indicated in Step 4, replace
the CMA ciroutt board,

3. it batlery voltage is indicated in both Steps 3 and 4,
but engine does not crank, go onto Test 9,

B sv=n TOOTARTER COMTal TONR

SHA
CIRCINT
dOARD

AUTO-CFF-MANLUAL
—= SWITCH

SECTION 6.4
DIAGNOSTIC TESTS

2. If battery voltage was indicated in Step 2(b), but the
engine did not crank, ge on te Test 10.

Figure 4, The Wire 58 Circuit

Tesi 8- Test Starter Contactor

DISCUSSION:

The starter contacior {SC) must energize and its
heavy duty contacts must close or the engine will not
crank. This test will determire if the starter contacior is
in working order,

FROCEDURE:

Use a DC veltmeter (or a VOM) to perfarm this test,
Test the starter contactor as joliows:
1. Connect the positive (+) meter test lead to the targe
stafter contacter stud (to which the red battery cable
cennects). Connact the commaen {-) meter test lead fo
a clean frame ground. Battery voitage (12 volts DC}
should be indicated.
2. Now, connact the positive {+) meter test lead to the
farge stanter contactor stud to which *he starter motor
cable attaches (Wirg 16). Connec! the commen {-) test
lead to frame ground,
a. No voltage should be indicated initially,
b, Set the aute-off-manual switch ta "Manual”, The
metar should now indicate baftery voltage a3 the starter
contactor energizes.

RESULTS:

1. if battery voitage was indicated in Step 1, but Aot in
Slep 2{b), replace the starer contacior.

Pags 6.4-4

Figure & The Starter Contazior

Test 10- Test Starter Motor

DISCUSSION:

Test 8 should have bean performad to verify that
CMaA circuit board action is delivering a DC voltage 1o
the starter contactar coil, Test § verified that the siarer
contacior is functioning properfy.  Ancther possible
cause of an "engine won't crank” problem is 4 failure of
the staner motor,

PROCEDURE:

1. Carefully inspect the sfarter motar cable that rums
from the starier confacter to the starter moior. Cable
connections must be clean and tight. If connections are
dinty or corroded, remove the cahle and clean cabis
terrminals andterminal sluds. Repiace any cabie thatis
defective or baadly corrodad,
2. Use a DC voltmeter {or 3 VOM) to perform the
{ollawing test:
a. Connect the positive {+) meter test jead to the
starter motor terminal ig and the common (-} test
lead to frame ground.
b. Set the auto-off-manual swilch io "Manual”. The
meter should indicate battery voltage and the engins
should crank,

RESULTS:

1. i batiery voltage is indicated and the engine cranks,
discontinue tests.

2. If battery voitage iz indicated but engine doss not
crank, go ta Step 3.

PROCEDURE:

3. Totest starter moter perfarmance, remove the starter
and proceed as follows;
a. Ses Figure 6. Connect the starter motor, a fully
charged 12 volts battery, iachometer and an am-
meter as shown,
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Test 10- Test Starter Motor (Continued)

2. Operale the stafer moetor and note the readings
of the ammeter and the tachometer. A stanar motar
in good condition will be within ths test specifications
shown below:

MAXIMUM MOTOR RPM 5500
MAXIMUM AMPERES 35
e

FRESS 10
START

HOTE RPMOF EEMOVE OnE M0 OF
ATARTEN MOTOR i EHUNT FTRIF

Figure §. Testing Starter Motor Berformanca

4. Check starter pinian operation (Fiqure 7).
2. When the motor is erergized, the pinicn gear
should move ouiward to engage the flywheel ring
gear and crank the engine,
b. i the gear does not meve properly, inspect the
helix and pinicn gear tor binding and sticking. Correct
such binding and sticking a3 necessary.

NOTE: if the pinion sticks on the hefix, problem must be
corrected, Parls may be washed in 2 solvent such zs
"Stanisob®" or Varsal® . DO NOT QL OF GREASE THE
HELIX OF PINION GEAR.

Figure 7. Checking Pinion Gear Operation

- SECTION 6.4
DIAGNOSTIC TESTS

Test 11- Check Fuel Supply and Pressure
DISCUSSION:

The air-cooled prepackaged ganerator wag factery

tested and adjusted using natural gas as a fuel, |f
cesired, LP (propane} gas may be uzed. However,
whan changing over to propans, some minar adjust-
ments are required. See Pan 8 "Cperationz! Tests and
Adjustments". The following facis apply:

L]

An adeguate gas suPply and sufficient fusl pres.
sure musl be available dr the engine will not stard.
Minfmurmm recommendead gaseous fuel pressure at
the generator's fuel inlet connection is 11 inches
waldr column (6.38 ounces per square inch),
Maximum gaseou_s fugl ?re,ss,ure atthe Ege nerator's
tuel iniet connection is T4 inches watef column (3
QuUNCEs per square inch),

Whaen propane gas is used, only s "vapor
withdrawal type system may be used ThIS typé of
syslem uijilizés the gas vapdrs that form above ihe
liGuid fuei in & storage tank. The vapor pressure
must be high encughio sustain engine cperation.
The gaseous fus! system must be properiy tested
for ifars following installatian and periocically
thergaftar. No leakage is permitted. Leak test
methods must comply strictly with applicable fug!-
gas codes,

DANGER: GASEQUS FUELS ARE HIGHLY EX.
PLOSIVE. DO NOT USE FLAME OR HEAT TO
TEST THE FUEL SYSTEM FOR LEAKS.
NATURAL GAS IS LIGHTER THAN AIR, TENDS
TO SETTLE IN HIGH PLACES. LP (PROPANE)
GASISHEAVIERTHAN AIR, TENDS TO SETTLE
INLOW AREAS. EVEN THE SLIGHTEST SPARK
CAN IGNITE THESE GASES AND CAUSE AN
EXPLOSION.

FROCEDURE.

A waler manometer or a gauge that is calibrated in

"ounces per square inch” may be used to measure the
fuet pressure, Fuel pressure at the infet side of the fue
solenoic valve sheould be between 11-14 inches water
column as measured with a manometer, or 6.38-14.000
ounces per square inch as measurs with a pressure

gauge.

NOTE: Where a primary regulator s usad to establish fus
infal prassure, adjustmant of that ragulator is uscaily the
respensibility of the fuel suppiier or the fuel supply system
instalier,

RESLHTS:

It fuel supply and pressure are adequale, but engine

will not stant, go ente Test 13, You may wish to raview
Section 1.3, "Prepackaged Instaliation Basics™.

Fage 8.4.5
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Test 11- Check Fuel Supply and Pres-
sure {(Continued)
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PROCEDURE:

1. Set the auto-off-manual switch io "OH".
2. Cannect the positive (+) tes! lead of a DC voltmeter
far VOM) into Pin 7 (Wire 14) of the CMA circuit board
connectar. Connect the common (-) test lead to frame
ground.
3. While observing the meter, set the manual-ofi-auto
switch to "Manual”.
a. The clreuit board's crank and run relays should
gnergize and the engine should crank and start.
b. The meter should indicate battery voitage.

RESULTS:

1. lfthe engine cranks but does not startand DC voltage
is not indicated, replace the CMA circult board.

2. lf the engine cranks but does not startand DC veitaga
is indicated, go to Test 14,

Figure 8. Air Cooled Engine Fuel System

Test 12- Check CMA Circuit Board
Power Supply and Ouiput to Wire 56

CHSCLUSSION:

If the engire will not crank when the auto-otf-manual
switch is set to "Manual”, it is possible that (a) the DC
pewer supply to ihe CMA circutt beard is fost, or (b) the
circuit board is defeclive and its BC output to Wire 56
and the starter contactor is ost.

PROCEDURE:

1. Complete Test 7, "Check Wires 15/15A Voltaga”,
2. Complate Test 8, "Check Wire 56 Voltage”

RESULTS:

i.In Test 7, it battery voltage is indicated and engine
cranks and stans, discontinie tests.

2. In Test 7, # the powsr supply 1o the circuit board is
bad, perorm Test 3.

3.1 power supply 10 the circuit board was good, but no
LG ouiput to Wire 56, replace the TMA circuit board.

Test 13- Check CMA Board Wire 14 Out-
put

DISCUSSION:

During any cranking action, the CMA beard’s crank
refay (K1) and run relay (K2) both energize simub
taneously. When the un relay energizes, i3 contacts
cloge and 12 velts DC is deliverad to Wire 14 and to a
fuet solencid. The solenoid energizes open to allow fuel
flow to the engina, This test wiil determine 1 the CMA
circuit board is working properly.

Page 6.4.6
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Figure 9. The Wire 14 Circuit

Test 14- Check Fuel Solenoid

DISCUSSION:

tn Test 13, § battery voltage was delivared fo Wire 14,
the fuel solencid should Rave energized open. This test
will verify whether or not the fusl solenoid is operating.

—_—

Figura 10. The Fuel Solancid {F3)
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Test 14- Check Fue! Solenoid (Con-
tinued)

PROCEDURE:

Place one hand on the fusl solencid ard crank the
engine. You should be able to feel the solencid actuate
s well as hear it aciuate. i

RESULT S,

1. 1f solenaid actuates, go to Test 15,
2. Replace the solenoid if it does not acluate.

Test 15- Check For Ignition Spark

DISCUSSION:

If the engine cranks but will not staft, cerhaps an
igrition system failure has occured. A spccxal "spark
tester” can be used to check for ignition spark.

PROCEDURE.

1. Remove spark plug leads from the
{Figure 113,

2. Attach the clamp of the spark tester {¢ the ennine
cylinder head.

3. A'rgach the spark plug lead o the spark tester ter-
mina

4. Crank the angine while abserving the spark testar.
spark jumps the tester gap, you may assumethe enging
ignition system is oparating satisfactorily.

spark plugs

NOTE: The engine lywheel must rotats al 350 rpm (or higher)
to obiain a good tast of the solid stats ignition system.

To determine if an enging miss is lgnition related,

connect the spark tester in scries with the spark plug

wire and the spark plug {Figure 12). Then, crank and

star the engine. A spark miss wili be readlly appargnt,

it spark jumps the sparg tester gap regularly but the

er‘egsr‘e miss continues, the problem is inthe spark plug
nthe fusl system.

NOTE: A sheared llywheel kay may change ignition timing
but sparking will stilf occur across the spark tester gap.

SECTION 6.4
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/

A / ,

seaak P’LW \ TESTER

-~

Figure 12, Checkmg Engirtg Miss

RESULTS:
1. no spark orvan, weaak spark Qccurs, go o Test 18,
2. It sparking occurs but engine stilt won't start, go to
Test 16,

3. When checking {or enging miss, if sparking ecours
at regular infervals but engine miss coniinugs, go to
Test 16.

4. When checking for engine miss
readily apparemnt, go to Test 18.

Test 16- Check Spark Plugs

DISCUSSION:

If the engine will not start and Test 15 indicated good
ignition spark, perhaps the spark piugs are foulad or
otherwise damaged. Engine miss may also be caused
by defactive spark plug(s).

PROCEDURE:

1. Remove spark plugs and clean with a pen knife or
use & wire brush and sclvent.

2. Replace any spark plug having burned electrodes or
cracked porcetain.

3. Set gap on new or uzed spark plugs o 0.030 inch
{0.76mm}.

it & spark miss is

RESULTS:

1, Glean, regap or repiace sgark plugs as nscessary.
2. If spark piugs are good, go o Test 17.

/ \“ Q0 TR mm)

- "’_H‘-_""‘*-.
- p \{E LEH"‘-[ rr - -
_.-'
S (‘L _/
— 4__ !
\\\:\\\ , ﬁ‘” ﬁ( A.-’
“H‘\"— \-/ ‘H-.
g N GEAEK PhuG J’_::h\‘"x

Figure 11. Checking Ignition Soarx

Figure 13. Checking Spark Plug Gap
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Test 17- Check Engine Compression
DISCLSSION:

Lost or reduced engine comprassion can resultin (a)
failure cf the engine to start, or {b) rough operaticn.
Loss of compression will usually be caused by one or
mare of the following: :

«  Blown or leaking cylinder head gasket.
= lmproperly seated or sticking vaives,

* Woun piston rings or cylinder. {This will also rosult
in figh oil consumption.

NQTE. Il is exlrernely difficult o obtain an accurate compres-
sion reading without spacial equipment. For tha! reasen,
compression values are not gublishsd for the V-Twin engine,
Testing has proven that an aceurate compression indication
can by eblained using the following method.

PROCEDURE:

1. Rermove both spark plugs.
2 insent & compression gauge inte sither cylinder,

- Crank the engine until there is no furbarincrease I
prassure.
4. Record the highest reading obtained.
8. Repeatihe procedure for the remaining eylinder and
recerd the highest reading.

AESULTS:

The ditferance in pressure between the two eylinders
should not exceed 25 percant, I the differencs is
greater than 25 percent, loss of compression in the
lzwest reading cylinder is indicated.

Example 1. If the pressure reading of cylinder #1 is €5
psi and of aylinder #2, 60 psi, the ditterence is 5 psi.
Divide "0" by the highes! reading (65) to obtain the
percentage of 7.5 percent,

Exampie 2: No. 1 cylinder reads 75 psi: No. 2 eylinder
raads £5 pel. The difference is 20 psi. Divide “20" by
75" ta obtain "26.7 percent. Loss of compressien in No.
2 cylinder is indicated.

Test 18- Check Engine 1.5.0., Module

DISCUSSION:

The 1L.8.D. module is electrically connecied in series
with 1he twe engine ignition modules and Pin 6 of the
CMA circuit board. The module consists of dindes
which permit current flow in one direction only, Wira 18
connects the maduieto the circuit board. During nermal
operation, circuit board action hoids the Wire 18 and
Fin 6 circuit open to ground. For shutdown, circuit board
action closes that cireuit to ground. Termination of
engine ignition is the result and the engine wili shut
down,

FROCEDURE:

1. Set a VOM o its "Hx 1" scale and zero the meter,
2. If the meter has a polarity switch, setit to "+DO"
3. See Figure 14, Connect the VOM positive {4} test
fead to test point "A", the comman {-) to tast point "8,
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4. Check the meter reading.

5. Naw, reverse the test leads. That is, connect the
positive (+) tast lead to test point "B", the common (-)
testiead totestpoint "A". Again, note the meter reading.
The VOM should indicate the forward resisiance of the
1.5.0. diodes at one polarity enly and should indicate
"infinity” at the opposie polariy.

€. Now, connect the positive {+) VOM test lead to {ast
point "B", the common (-) 1o test point "C". The VOM
should read "infinity™.

7. Reverse the les leads, i.e., connect the positive (+)
tast lead 10 test poirt "C™ and the comman {-) to tast
point "B". The mater should indicate “infinity".

RESULTS:
ithe [.5.0. module fails the test, it should be replaced.

Figure 15, Testing 1.8.0. Mecule (Steps 8-7)
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Test 19- Check and Adjust ignition
Modules

DISCUSEION:

in Test 15, & spark testar was used ta check for
engine ignition. If sparking or weak spark occured, one
possible cause might be the ignition module(s). This
test consiste eof adjusting the air gap batwean the
ignition modules and the flywheal,

PROCEDURE:

1. See Figure 16. Rotate the flywheel untii the magnet
is under the module {armature) laminations.

2. Place an 0.008-C.012 inch (0.206-0.30mm)} thicknaas
gauge between the flywheei magnet and the moduis
iaminations,

2. Loosen the mounting screws and let the magnet pult
the module down against the thickness gauge.

4, Tighten both mounting screws.

5. Toremove the thickness gauge, rotate the fiywheel.
6. Repeat the abave procedure for the second module.
7. Repeat Test 15 and check for spark across the spark
tester gap. ‘

RESULTS:

After setting air gzp, if sparking does not occur, replace
the appropriate ignition module (armature),

Figure 16. Satting fgnition Moduie (Armature} Air Gap

Test 20- Check Qil Pressure Switch

DISCUSSION:

Also see Section 1.6 inthis manual. l{the cil pressure
switch contacts have failed in their closed position, the
engine will probably crank and start. However, shut-
down will then oceur within a second or twe. If the
engire cranks and starls, then shuts down almost
immediately, the cause may ba one or more of the
following:

«  Low enging ol tevel
+  Lowoil pressure.
+  Adefective oil pressure switch.

. SECTIONG.4
DIAGNOSTIC TESTS

PEQCEDURE:

1. Check engine crankcase oif level,
a. Check engine ail leval,
b, If nscessary, add the recommended oif to the
dipstick "Fuli” mark, DO NOT OVERFILL ABQVE
THE "FULL" MARK.
c. Check oil level inthe oil makeup tank. Fill tank, o
necessary, usingthe same type and grade of oil usad
inthe engine crankease.
d. If engine gitlavelis low and oil makeup fank is fuli,
check the oll makeup system as foliows:
(1) inspect oll makeup systemlings and fittings tor
leaks, tightness,
(2} Check the oil fill tube and off filler cap for
tightnass,
2. With oll level corract, try starting the engine.
2. If engine still cranks and starts, but then shuts
down, go to Step 3.
b. # engine cranks and stars normally. discontinue
tesls,
3. Disconnect Wire 85 from the oil pressure switch
terminal. Remeve the switch and insiall an oil pressurs
gauge inits place,
a. Crark the engine while observing the oll pressure
reading on gauge.
L. i engine starts and runs with Wire 85 remaved,
note the of pressure,
(1) Normal oit pressure is approximately 10-15 psi
with engine running. i normal oif pressure is indi-
cated, go fo Step 4 of this test
{2) If cif pressure is below ebout 4.5 psi, shut
angine down immediately. & problem exists in tha
engine lubrication system.
c. if engine starts and then shuls down with Wire 85
disconnected from switch, 1o to Test 21,
4. Remove the oil pressure gauge and reinsiall the oil
prassure switch. Do NOT connact Wire 85 to the switch
terminal.
a. Seta VOM 1o iis "Rx 1" scale and zero the meter,
b. Connect the VOM test leads across the swilch
terminal and the switch body, With engine shut down,
the mater should read "continuity",
c. ?rank and stant the engine. The meter should read
"infinity".

RESULTS:

1. If switch ests good, go to Test 21.
2. Replace swilch i i falls the tast.

Figure 17, Oif Fressure Switch

Page 8.4-9



PART 6- DC CONTROL
(UNITS WITH AIR COOLED ENGINE)

Test 21- Check High Qil Temperature
Switch

CISCUSSION:

Also see Section 1.6. If the temperature switch cor-
tacts have failed in a closed position, engine will
generally crank and start. However, shuldown wilt then
nccur within a second or fwo.

PROCEDURE:

1. Disconnect Wire 85 from the switch.

2. Remove the oil temperature switch,

3. Immerse the sensing tip of the switch in ofl as shown
in Figure 18, along with a suitable thermometer.

4, Set a VOM fo s "Rx1" scale ang zero the meter.
Then, connact the VOM tast leads across the switeh
tarminal and the swilch body. The meter should read
"infinity".

5 Heat the oilin the container, When the thermomater
reads approximately 274°-2284° F, {134-1468° C.), the
VOM should indicate “continuity”.

BESULTS:

1. the switch t2sts good, rainstali it and go to Test 22,
2. lf the switch tes!s bad, it should be replaced.

Figure 18. Testing the Ol Temperaturs Swilch

Test 22- Check Wire 18

DISCUSSION:

Wire 18 connecls the enging's 1.5 D. moduls to the
CMA circuit board. During a shutdown aperation, gircuit
board action connects Wire 18 and the 1.5.D. madule
to ground. Thus, ignition is {erminated. If Wire 18 is
shorled (o ground, engine startup cannot occur. 1 Wire
18 is opern, ignitfon will not be terminated to efiect
shutdown. However, shutdown will still occur since the
fuel solenoid (F5) will be de-snergized by circuit beard
action.
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Use a VOM to lest Wire 18, betweszn the 1.5.0.
module and the CMA circuit board connector, for an
cpen of shored condition,

RESULTS:
Repair or replace defective Wire 18 as necessary.

Test 23- Check Generator Main Circuit
Breakers

Refer fo Test 1 in Section 2.4 (Page 2.4-1).

Test 24- Test Stator Battery Charge
Winding Ouiput

The CMA circuit board utilizes battery charge wind-
ing output d@s {a) an indicalion the engine has staned,
and (b) as an ehgine speed indicator. When batiery
charge winding oulput is detected by the circuit boarg,
an "engineg warmup timer® starts timing. I battery
charge winding output is non-existent or low, transfer
of loads o the "Standby” source cannet ocour.

FROCEDURE:

1. See Figure 19. Connect an accurate AC frequency
meter acress Pin #8 of the CMA circult board conneclor
ito which Wire 66 conngcts) and the farminal on the
Datiery charge rectitier to which Wire 77 connects.

2. Btart the engine. The frequency meter should raad
approximately 61-63 H2 at no-load.

NOTE: An AC volimeter can also be used to check for an
“angineg running” signal. With engine mmi?? the vollmatsr
should indicate approximately 15 volts AC [HMS),

3. Inside the genzrator panel, disconnect stator Wire 55
from the resistor. Alse, disconnect Wires 866 and 77
fromthe baftery charge rectifier (BCR). Test the battery
charge windings for continuity as follows:
a. Jet a VOM to ils "Rx1" scale and zero the mater.
b, Connectone VOM testlead to terminal end of Wire
55, the other test tlead 10 Wire 66, A resistance of
approximately 0.06 ohm shauld be indicated. Some
meters will simply read coniinuity.
c. Connect one lest lead to Wire 55, the other to Wire
77. Again, resistance should be about .06 chm.

4. It reading is very high or f "infinity® is read. anopen
clrcull results in the stator battery charge winding.
4. Now, set the VOM to a very high resistance scale

and zero the meter,
a. Connect ons lest lead to Wire 66, the ather test
lead to a clean frame ground. The VOM sheuld read
"infinity".
b. If the VOM reads other than "irdinity" a shorted
condition exists,
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Test 24- Test Stator Battery Charge
Winding Output (Continued)

RESULTS:

1.t an open circuit is indicated, remove and replace
stator assembly.,

2. ¥ a shorted condition is indicated, refer to Section
1.5, "Testing, Cleaning and Drying".

L
L&}

—

BTATOR - edge s
* 77 —— Eﬁ

BCR= BATTERY CHARGE
RECTIFIER

GT = GROUND TERMINAL

R = RESISTOR

Figure 19. Battery Charge Winding Test Foints

Test 25- Ground CMA Terminal 23

DISCUSBICN:

To initiate a transfer to "Standby" action, the CMA
board connects the terminal 23 circuit to ground. This
causes the transfer relay in the transter switch to enar-
gize and transter to "Standby” ocours. If, during auto-
malic aperating moda, transferto tha "Standby” source
does nat occur, this test will determine it the problemn is
in the gensrator's contrel mocule assambly (CMA) or
in the prepackaged transfer swiich.

FPROCEDURE:

1. On the generator panel, set the auto-off-mangal
switch to "Off",
2. Turn OFF all power voltage suppliss to the transfer
switch, using whatever means provided.
3. Chack that the transfer switch main contacts have
Leen actuated (o their "Utility™ power source side.
4. Turn ON the "Utility" power suppiy to the transier
switch.
5. Setthe generator's auto-off-manual switeh 1o "ALta™,
6. Actuate the generator's main line circult breaker 10
its "On" or "Closed” position,
7. Tum OFF the "Utitty" power supply to the transier
swilch using whatever means provided,
a. After a slight delay, the enaine should crank and
stan.

- SECTIONG6.4
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b Following stantup, transier fo "Standby” should

ocCur.
8. if transfer to the "Siandby” source does NOT occur.
cennect a jumper wire from termingi 23 of the CMA and
to a clean frams ground. On connection ¢f the jumper
wire, the transfer relay (in transfer switch? should ener-
gize and transfer to "Standby” should oceur.
ReSULTS,

1. If transfer to "Standby" occurs in Step 8 but did not
oceur in Step 7, replace the CMA gircuit board.

2. It transfer t¢ "Standby™ did not occur in either Step 7
or Slep 8, go on to Test 25.

Test 26- Test Terminals 23 and 194 Cir-
cuit

DISCUSSION:

Terminals 23/194 of the CMAterminal strip should have
been properly connected to identically numbered ter-
minals in the prepackaged transfer switch. if this circuit
is open at any paint, transfer to "Standby” will not accur
in automatic moda,

FROCEZOURE:

Inspect and test Wires 23/1¢4, between the generator
and transfer switch,

RESULTS:

1. Repair, recennect ¢r replace interconnecting Wires
23/184 as reguired.
2. 1f Wires 23 and 154 are good, go on o Tast 27.

Test 27- Test Transfer Relay
Refer to Test 3 in Part 4, Section 4.4.

Test 28- Check Voltage at Standby Clos-
Ing Coil

See Test 2in Pant 4, Section 4.4,

1est 28- Test Limit Swiich XB1
Refer to Test 5 in Part 4, Saction 4.4.

Test 30- Test Transfer Switch Wires E1,
205, B and E2

See Section 4.4,

Test 31- Check Transfer Switch Fuses
F1and F2

See Test 10 in Section 4.4,

Test 32- Check Voltage at Utility 1 and 2
Terminals

Referto Test 8 in Section 4.4
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Test 33- Test Sensing Transformer

DISCUSSION:

A& sensing transiormer is housed in the ceniral
module assembly (CMAY. Utility 1/Utdity 2 voltage is
deitvered to the primary winding of .this transformer.
The transformer reduces the line-1p-line "Utiity" source
voitage to about 14 voits AC. The reduced voltage is
then delivered to the CMA circolt beard as "Utilty”
sensing voltage. An open elrcuit condition in the drans-
former can (a) prevent automatic retransfer back o
"Utiiity”, and (b} initiate generater startup and transter
to "Standby” when "Hilly” source power is available,

PROCEDURE:

1. Check that "Utlity" seurce vollage is available to the
iransfer switch.

2. Use an AC voitmeter (or a8 VOM) to check the valtage
at transformer terminals 1 and 4, "Uilily" source line.
to-ling voltage ehondd be Gvdicated.

3. Now, check the voltage at transformer torminals 5
a%d 8. The meter should read approximately 14 volts
AL,

RESULTS!

1. It voltage readings in both Steps 2 and 2 are good,
go onto Test 34,

£ If voltage in Slep 2 18 good, but reading in Slep 3 i3
bad, replace the sensing transformer.

Figure 20. Sensing Transformer T1

Test 34- Disconnect Wire 23 from CMA
Termninal Strip

DISCUSIION:

During automatic operation, when "Utilty” power has
been restorad, CMA circuit board action should open
the Wira 23 circult (c ground. With Wire 23 open, the
transfer relay should de-energize and retransier back
o the "Utidity" source sheuid oceour,
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It the CMA board malfunctions and does nct cpen
the ground cn the Wire 23 circuit, retyransier back o
“Utility" will not oceur,

With the genarator running and loads powared by the
"Standgby” source, disconnect Wire 23 from the CMA
terminal strip.  The transter relay should de-erergize
and refransfer back to the "Uiy" source should oceur.

RESULTS!

1. {f relransfer to "UHiiy" occurs whan Wire 23 ig
disconnecied, but does not ¢gcur during normal auto-
malic operation, replace the CMA circuit baard.

2. 4 retransfer does not occur when Wire 23 is discon-

nacted and does not oceur during rormal automatic

operation, complete Test 27 1 the transferrelay checks
good in Test 27, go on to Test 35,

Test 35- Check Voltage af Utility Closing
Coil C1

Referto Test 9 in Section 4.4,

Tast 36- Test Limit Switch XA
See Test 11 in Section 4.4.

Test 37- Check Transfer Switeh Wires
N1A, N2A, 126 and "A" '

Referto Test 6 in Section 4.4.

Test 38- Check Utility Senging Voltage at
CMA Circuit Board

DISCUSSION:

it the generator starts and transfer 1o "Standby” cecurs
in automatic mode even though an acceptable "Utiity"
source voitage is available {o the transfer switzh ) follow
the troubleshooting sequence given In Section 6.3,
Problem &, Complete Tests 32 and 33, in Test 33, if &
normal reduced sensing valtage s availabie from the
sensing transformer, tha next step is t¢ determine if that
sansing vollage is reaching the CMA circuit toard,

PROCEDUHE;

Insert the test probas of an AC voltmeter {or a VOM}
into terminals 14 and 15 of the CMA circull board
connector. Wireas 224 and 225 connect o those tsr-
minals. The meter should indicate approximately 14
volts AC.

REIULTS:

1. If the meter reads about 14 volts AC, replace the
CMA cirguit board and lest automatic cperation.

2. If the sensing transformer cheked good in Test 33,
hut transformer reduced sensing voltage is not avall-
able to the clrouit board in this lest, an open sondition
must exist in Wire(s) 224 and 225. Repalr, rzconnect
or replace defective wire(s) as necessary.
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Test 39- Check Transfer Switch Fuses
F3 and F4

DISCUSSION:

Fuses F3/F4 are located in the V-Type transfer
switch assembly and are electrically connected in
series with the "Load 1" and "Load 2" circult. "This circuit
defivers line-te-ling "Load" terminal power to the CMA
circuit board, The board uses that power 10 oparate a
"7-day exercise” circull. If tha genarator does net start
and exercise every seven days as programmed, it is
possible that one or both of these 2 amp fuge(s) have
biown.

PROCEDURE:

See Figure 21. Remove fuses F1 and F2. Inspect the
fuses visually and with 2 VOM.

RESULTE:

1. Replace any biown fuse(s).
2.1t fuses are good, go on to Test 40,

Figure 21, Transfer Swiich Fuse Block

Test 40- Chieck Voltage at CMA Utility 1
and 2 Terminals

DISCUSSION,

Loss of voltage at the Utility 1/2 terminals of the CMA
will result in foss of the timing count for 7-day exercise.

PROCEDURE:

Use an AC vol;méter (or a VOM) to check the voltage
across the "Wility 1/Utity 2" terminals of the control
madule assembly (CMA) {erminal board.

RESULTS:

1. 1 normai Eng-lo-line voltage is indicated in the test,
go o Test 42,

&, 1 normal line-to-line voltage is NOT indizated in the
test, go o Tast 41

SECTION 6.4
DIAGNOSTIC TESTS

Tast 41. Check Voltage at Transfer
switch Load 1 and Load 2 Terminals

DISCUSSION:

If the voltage reading in Test 40 was bad, an open
circult somewhere between the transfer switeh and the
generator is indicated. This test will help you locate
where the open circuit is.

FPROCEDURE:

Use an AC voltimeter (or VOM) to test the fine-to-line
load voltage at transfer switch terminals "Utiiity 1 and
2"

HESULTS:

1. W ioad veltage is good, but was not good in Tast 40,
an open 0- shorted condition exists in the "Utility 1/2°
wiring be ween the transfer switch and generator.
Repalr, r sonnect or replace bad wiring as necsssary.
2. it losd oltags is bad in this test and was also bad
Test 40, several possibilities sxist as follows:

g Check Wires T1A and T2A, betwean the trancfer

switch terminal board and terminal lugs Ti/T2.

b. Check voltage across terminal lugs T1/72.

¢ If vollage reading across Ti/T2 is bad check

"Uiay" source voltage across transier swilch ter-

minal lugs N1/N2.

d. If voltage reading across N1/N2 is good, but

reading acrass T1/T2 is bad, the main contacts are

not closed to the "Uility” power source side or the

transier machanism is defeciive. Operate the main

contacts manually lo test switch operation,

Test 42- Reset Exercisa Timer

DISCUSSION:

A miniature pushbutton swilch is provided an the
CMA circuit board for selecting day and time of day for
exercize to occur, U the standby generator doss not
start and exercise as originally programmed, perhaps
the circuit board's "timing count™ has been loat,

PROCEDURE:

1. 55t the generator's ao-off-manual switch tc "Off".
2. Check that the transfer switch main contacts are at
their "Utility" power source side, ie., "Load" is can-
nected to the "Utility” source.

3. Check that "Utillty" power source voltage is availabig
to terminai lugs Ni/M2 of the transfer mechanism.

4. Set the auts-off-manual switch to “Auto”.

. 5. On the CMA circult board, locate the small switch

identitied by the words "Set Exarcisa” (Figure 22).

DANGER: THE GENERATOR WILL CRANK AND |
START WHEN THE "SET EXERCISE" SWIiTCH |
{3 ACTUATED. STAND CLEAR OF THE GENER- |
ATOR SET, |

6. Pushthe "Set Exarcise" switeh in and hoid far abaut
15 seconds,
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Test 42- Heset Exercise Timer (Continued)

When the "Set Exercise” swilch is actuated, the
generator engine should crank and start. The engina TERMINAL
should run for about 20 minutes and then shut down. ‘ s BOARD
Transfer to the "Stancdby” source does nol normally
occur during the "exercise” operation,

1y
P

b
i
sl b

a

Every seven {7) days thereafter, onthe selected day [ )
and at the selzcted ime of day, the generator should £=2 85T EXERCISE l
start and exercise. TR SWiTen ]
R r )
of "' is CIRCUIT o

RESULTS: : BOARD

1. it alltests under Probiem 7 {Section 8.3) have been
compleled and no problams have been found, replacs
the CMA ciroull board it the following conditions are

met: g
2. If the generator does not start when the "Set " —— 2
Exercize” CE!','.'\fi‘lch is depressed. (“ T —t /
b it the generator does not start and exercise avary TRANEFORMES
seven {T) gays 2s progremmaed, , - .o - ,

2. fhthe generator starts whenthe "Set Exercise” switch Figure 22 The "Set Exercise” Switch

is actualed and exarcise occurs as pregrammad, dis-
continue tests,
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SECTION 7.1
DESCRIPTION & COMPONENTS

Section 7.1

DESCRIPTION AND COMPONENTS

General

Information in this section is provided to farmiliarize
the reader with the various components that make up
the DC control system on prepackaged units having a
liquid cocled engine. These components may be ar-
;c;‘r{rarily divided into four {4) broad calegeries as foi-
oWs:

+  Components on a control module assembly (CMA),
»  Components on the generator control corisole.

*  Engine mounted components.

* Transier switch components.

Contral Module Assembly

LOCATION AND DESCRIPTION:

The conrtrol module assembly (CMA) is housed inthe
generator conirol consple. The CMA includes (a) a
terminal board, (b) a sensing transtormer, and (¢) a
circuit board,

TERMINAL
/ BOARD

=P ]

[
N
.

nC

SETEXERCISE [
SWITCH

Fad (el =
|

CIRCUT o
BOARD

TRANSFEOAMER

Figura 1. Control Moduie Assembly (CMA)

CMA TERMINAL ECARD:

The 7-position terminal board provides convenient
attachment points for control systern wiring that mus!
be interconnected between the prepackaged transfer
swiich and genarator during system installation. This
wiring mus: be instalted and interconnected between
the CMA terminal board and an identically marked
tarminal beard in the prepackaged transfer switch. The
following terminals are identifiad:

A.N1A and N2 {Utity 1 and Utility 2)
1. These farminals deliver "Utilty™ power source
line-to-ling volage frem the prepackaged transfer
fswimh and to the primary coill of & sensing trans-
armer.

2. Dropout of the "Utility"” sensing voltage below a
preset value will result in generator sfartup due fo
CMA circuit Eoard aclion,
3. This line-to-line "Utility" voltage is also used by the
CMA board to operate a2 battery "rickle charge”
cireuit, That cireuit helps maintain battery state of
charge when the engine is no! running.

B.T1and T2 {load 1 and Load 2):
1. This ling-ta-line powsristaken fromtranster switch
"Load” terminal lugs T1 and T2,
2. This "Load™ voitage power is used by the CMA
circuit board to opergie a "/-day exercisa” ¢lock or
timer circuit. This circuit starts and exersises the
generaior once every seven days, onaday and at g
{ime of day selected by the instalier.

. Terminals 23 and 154:
t. The CMA ¢ircuit board deiivers a +12 vaits DC
signal t¢ a transfer rejay coil in the transfer switch,
via terminal and Wire 194, The 12 volls DC cireuit is
completed through the transter relay coll and back to
the CMA cireuit board, via Wire 23.
2. The CMA board normally holds the terminat 23
circuit open to ground and the transfer refay is de-
energized,
3. During a "Utillly" power source oulage, CMAGircult
board action will crank and stan the generator. Fol-
lewing generator stardup, CMA board action will com-
piete the terminal 23 circuit to ground. The transfer
relay will then energize 1o initiale fransfer of "Load”
circuits 1o the "Standby” power source.
4. When "Utility" source voltage s resiorad, CMA
board action will again cpen the terminal 23 circui{ to
groeund. The iransier relay will then de-energize 1o
inifiate retransfer back to the "Utitity™ source.

e N - i

" BEEEREE

UTIEITY 4
LCAD 1
LOAD 2

23
194

Figure 2. CMA Terminal Board

TRANSFORMER Ti:!

The line-lo-line vollage from the "Ulilty 1/UtiGty 2°
terminals is delivered {o the primary coil of this step-
down transformer. A veltage of about 14 volts AC s
induced into ihe transformer's secondary coil and is
delivered to the CMA circult board as sensing voitage.
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Control Module Assembly (Continued)

The reduced secondary coil outpit from the trans-
former is used by the CMA circult board not only as
"Liility" source sensing voltage, but also to operate a
battery irickle charge circuit. The fatter helps maintain
the battery at a high siate of charge diring non-operat-
ing perinds,

CMA CIRCUIT BOARD:

This solid stale circuit board controls all standby
glectric system operations, in¢luding engine cranking,
starfup, running, automatic transtar and shutdown.
Cther operations controlied by the circult board include
the toliowing:
= Thea board defivers "field boos!" current to the gan-

erator rotar, via cannector pin 1, and Wire 4, Also
see "Field Boost” on Page 3.1-4.

« The circul! board provides autamalic engine shut-
downinthe even} of (ag low enging ol pressure b%
high engine coolant Wemparare, (o) low cooladn
level, {ol’:); gverspeed and ﬂe) avercrank, Ses Sec-
tion 1.6, "Engihe-Generatar Protective Cevices”
(Fage 1.6-2).70n occurence of any one {or more)
of ifesea en%sna faulls, the circult bdard will turn oA
z fault indicator lamp. '

Tha various functions handled by the CMA circuit
board are listed in the following chart, along with ap-
prepriate circul board connector pin nuimbers and wire
numsers,

PIN-1 WIRE FUNCTION

SECTION 7.1
DESCRIPTION & COMPONENTS

Figura 3. CMA Circuit Board Connector Terminais

Contrel Conscle Components

TERMNAL SOARD TB1:

This 20-posilion terminal board (Figure 4) provides
a convenient connection point for DC contral sysiem
wiring. Terminals, associated wires and their functions
are lsted in the following chan.

L) 1310 DOeRT o rowr {3- 10 volls Ut

X P

85 |Engne shutcown fauit ting (fow off pressura, high
coolant temperalure

23 [Grounded (-} side of ransier ralay cirouit

194 {Fosiave {+) DT side ef transiar relay circuit

56 <12 volts DC o conirof cantactor for eraniung

.- INal vsed

L
TERM.| WIRE FUNCTION
O ¥ Lomman ground
72 -- Not usad on prepackagad unita
13 13 Unfusad battary voiis {12 velts DC)
14 14 12 voits BC with engine running coly- used

to turn onignition, epen a fuel solencid and
turn ¢n an hourmeter,

14 p12 voiis DC o innition coil and haurmetsr

Not used

15 -- No factary connected wires (fused 12 vails
DC}- swy Tarminal 229,

178 Manua! siart ing o aute-off-manual switch

fond SRR ST I | K DGR

a 154 1+12 volts DG with auto-of-manual swilch at
[Auin® or “Manual*

1% 239 1+ 12 volts DG o auto-ot-manual switch

+12 volls DC (ballary trickie charge)

13 t{Common ground

14 velts AC fram CMA sensing tansformer

4 volts AC fram CMA sansing transfarmear

Line-10-5ne AC veliage from “Losd™ werminal fugs
of transfer switch

Ling-lo-line AC voltage fram "Load" terminal fugs
ol ransfar switch

S 15 jFraquancy {rpm) sensing from AC cower winding

S16 Fraquancy {rpm} sensing from AC power winding

A
_B

5] 150 JEngine preneai (only on diasel angine unks}

5] 229 [Negative (-} side ot aptional alarm relay connec:
iion. Circult board action wilf complata this circuit
to ground on accurence of a fault shutdown,

3 178 INogalive [} side of fault indicator lamp ciréit,
Circuit board acticn will complete this cireuit jo

piround an ocsurence of a fault shutdown,

Fage 7.1.2

d 4 Reguiaied excitation and lield boast currant
tc rotar

229 For connaction ot opticnal remote alarm
relay

3 EL 12 volts D whan cranking anly

58 58 O prassure sender to panal gauga

S £9 coslant tlemperaturs sender to panal gours

85 ES Law o pressure switch connactian

56 86 Lgh coolant termparature swileh eonnacion

150 For preheat on disse! engine unifs only

218 Not used on prapackaged units

219 Notused on prapackaged units

NQTE: For additional information an Tarminal 229 and an
optional alarm relay, sse "Cplional Alarm Relay™ in this sec-
liom.

NOTE: Terminal board TBZ is mounted in the contral module
assembly (CMA).
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SECTION 7.1
DESCRIPTION & COMPONENTS

Contro!l Console Components (Continued)

TERMINAL BOARD TB3:

Thig 2-pasition terminal board (terminais 178 and
183) must be used when the standby generzior ig
installed in conjunction with a standarg "GTS" type
automatic ranstar switch, See Page 1.3-4,

AUTC-OFF-MANUAL SWITCH:

Figure 4. Terminal Board TE1

OFTIONAL ALARM HELAY:

Ternnnal 229 on terminal board TB1 is a convenient
conncction potny for an optional alamm ratay. The ter-
minal wiil support any relay requiring up to a maximum
of 100 milii-amps of currgnt draw. See Figure 5, below.
The oplional relay coil 1s connected across terminais
15 and 229, Aremotle alarmdevice is connected across
the relay conlacis so that, on confacts closure, a
separate power supply will turn the alarm device on,
Tarminal 15 is fused battery voltage {12 volis ©C). On
occurence of any monilored engine fault, CMA clreuit
board action will complete the terminal 225 circuit to
ground, to anergize the relay and turn the alarm cn.

Switch is shown pictorially and schematically in Fig-
ure 6. Alse see Seclion 1.7, "Operating Instruchions™.

FUSEFT!

Fuse F1is connected in series with Wirss 12 and 15
and is rated 30 DC amperes. If fuse replacement bs-
comes necessary, Use only an identical 30 amp re-
placement fuss,

FAULT INDICATOR LAMF L1,

Lamp LY is powered by the Wire 13 circuit (fused
batiery voltage). The lamp circuit is completed 10 the
CMA chreurt board, via Wire 176, On occurencs of g
menitored engine fault, circult board action will com-
plete the Wire 176 cireutt 10 ground and the lamp will
turn ON, Engine faults that will cause the lamp 1o i
on are discuszed in Section 1.6, "Enging-Gengrsior
Frotective Davices".

-~ - -
o t
\ e i
|
! ALARM FOWER
l { RELAY sUerLy
| !
i
; { |
A i yas
—j I
- e
" o """“"'&?’ ALAFM

o

30 AMP FUSE

SEVICE

TO CMA
s
BOARD

Figurs 5. Connections for Optional Alarm Relay

Pague 7.1-3
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Control Console Components (Cont'd)

HOURMETER:
Ruring startup, a run relay (K2} s energized by CMA

ciwcuit board action. That relay's normaily-open con- -

tacts will then close to deliver 12 volts DG 1o 2 Wire 14
circuit. Wire 14 (a) powers the hourmeter, (b) opens an
engine fue! =olenoid, and (¢} energizes the engire
ignition system.

BATTERY VOLTMETER;

During engine cperation, the battery state of charge
is maintained by an engine-driven DG zlternator. Alter-
nater output to the battery is regulated by a DO
rogulator. The panel mounted batery voltmeter indi-
cates charging voltage to the balttery. When the engine
is running, the DC veltmeter should read approximate’y
12.5-14.5 voits. A low reading indicates the battery &
cischarging.

Engine Mounted Componenis

Engine mounted DC control system components
include the following”
+ A 12 volts battery and battery chargs components.
+  Aslanier moior {SM).
« A controf contactor (COY
+  Low (g%ﬁw c}:h (LOCE) and high water temperature

swiic
» Afuel solenoid {FS).
« Engine ignition system parts,

BATTERY AND BATTERY CHARGE SYSTEM:

See Figura 6. An alternator delivers 3 charging volt-
age 1o the battery during engine eperation. The charg-
ing voitage is regulated and reclified oy the DC
fregulatcr. The charging circult s protected by a 3¢ amp
use.

The belt driven allernator is a permanent magnet
type which is & part of the enging spesd governor.
Alternator maintenance is limited to replacement of
defective paris.

The DC voltage regulztor is housed in an aluminem
healsink, Allcomponents are covered with epoxy resin,
The regutator is NOT repairable. Ragulator connector
Dins are numbered from left to right, as follows:

M1 EUNGTION

Charcing ouiput o ballery T2 5774 5 vals DL

SECTION 7.1
BESCRIPTION & COMPONENTS

—— 13 <
e =

= P
 pEaULATOR (/’—\)\ \
b £ =)

Flgure & Batlery Charging System

STARTER MOTOR AND CONTROL CONTACTOR:

Curing manual or automnatic startup, CMA cireul
board action delivers 12 volis DC to a control contacior
{OC} eoil, The ¢oil energizes, s contacts close, and
battery power is defivered to the starer motor {SM).
The starter motor then energizes and the engine is
cranked.

12 VOLT
BATTERY
N$G F%)S
BLACK

r}y_é_o R{ED O
[GHOUND—l‘ . ] . ‘
LR

N —
| CONTROL CONTACTOR

55w

Figure 7. Engine Cranking Circuit
LOW OIL /HIGH TEMPERATURE SWITCHES;,

Charging input from alternator (AC)
Charging input frem alternator (AL
Charge indicating lamp conngction inot used)

el i roi] 2

Sensing voltage trom battery (Wire #15)

NOTE: The altarnalor supplies alternating current {AC) which
i changed ta direct currant {DC) by the ragulator.

The low oil pressure switch has normally-closed
contacis which are held cpen by engine oil pressure
during cranking and running conditions. Should engine
it pressure drop below approximately 8-12 psi, the
switch contacts will close, CMA circuit board action will
then eftect an automatic engine shutdown and the fauit
indicator tamp {L.1) will turn o,

The high caciant temperature switch (HWT) has
normally-open contacts, Contacts are thermally az-
tuated. i engina coolant tamperafure should excaed
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SECTION 7.1
DESCRIPTION & COMPONENTS

Engine Mounted Components (Continued)

approximately 284 F. (140" C.), CMA cir¢ult board
acticn wilt shut the engineg down. The faut indicator
famp (L1) will then illuminate,

\

LOP u GiL FRESSURE SWITCH
HWT = COOLANT TEMPERATURE SWITCH

See Figure 10, Battery voltage is availzbie to the
CMA circuit board, via Wire 15A. During ¢ranking and
running conditions, circuft board action delivers the
battery voltags through a resistor, through the primary
winging of the ignition coil, through the closed dis-
tributor points and to ground. The current flow through
the coil's primary winding praduces a magnetic field
around the primary coil which cuts across the coil's
secondary winding. Each time the distributor points
open, current flow through the coif primary winding
terminates, Tha magnetic field then collapzes to induce
& high voltage into the coil's secondary winding. Secon-
dary winding output is then deliverad {o the distributor
rotor and to the desired spark piug in a timed saquence,

Figure 8, Qi Pressure & Coolant Temperature Circuif

FUEL SQLENCID:

The fuel sclenoid (F8) provides a positive shutoff of
fuel when the enging is not running. The salenoid is
ensrgized open by 12 volts DC {Wire 14); it is de-ener-
gized closad.

@"2“%;:;
&}

)

[

=3 @!%

P —r

SRAAK PLUGS FIRING OACER = 1.0-4.2

= DISTRIBUTOR
= DISTRIBUTOR POINTS
I = |GNITION COll,
w RESIETOR WIRE

Figurs 9. Fuel Solenoid (F5)

ENGINE IGNITION SYSTEM:

The CMA circult board acts as the “ignition switch”,
i.e., it urns the ignition systern on for stantup and turns
the system off {or shutdown. During startup, & crank
relay (K1) on the CMA circult board energizes, its
contacts close, and 12 volts DC s delivered to the
ignition coil via Wire 14, The ignition system conaists
of (a) the ignition coll, {b} distributor, (c) spark plug
wires, (d) spark plugs, and () an ignition resistor.

Figure 10. Enging Ignition Systerm Diagram

Transfer Swilch

See Part 4, "V-Type Frepackaged Transfer
Switches” or Part 5, "Y-Type Prepackaged Transfer
switches™,

Section 7.2, "Cperational Analysis”", assumes that
the fiquid cocled geNErator - is installed in conjunction
with 2 "Y-Type" ransfer switch.

Page 7.1-5
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Section 7.2

OCPERATIONAL ANALYSIS

introduction _ _ _
Tha schematic dlagram on this and following pages shows the DC control systemn in three {3) major areas, e, the
standby generator area, the engine, and the prepackaged transfer switch, The "Y-Type" prepackaged transier swilch

is used.

O :
? (5 CL éﬁ f
: g
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Figurg 1. DC Controt Systent Schematic
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Circuit Condition- Utility Source Voltage Available

= Utility source voltage is available to transter mechanism terminal lugs N1, N2, N3, via installer attached utility
source lings. .

+  Transter mechanism main contacts are at their "Utilty” source side, Le., "Utility” voltage is across the closed
main contacts and to transfer megchanism terminal lugs T1, T2, T3. Loads connected o lugs T1, T2, T2 are
poweread by the "UtilRy” supply. '

+  Utilty source voltage is available to ranster mechanism tarminais A1/A2, via Wires N1 and N2, normaliy-closed
transfer relay {TR) comacts, and Wire 126.

= Limit switches LEU/LS2 In the transter mechanism are closed to their terminals B1/B2 side. Thus, the A1/A2
cireuit to the main cantacts actuating coll (C) is open and the actuating coil (¢) is de-energized.

+  On3-phase units, "Ulility" voltage is deliverzd to a 3-phase power monitor (PM). The power monitar is energized,
its contacts are ciosed, and "Utility” power is delivered to the primary winding of a sensing transformer (T1) on
the generatar, via Wires NTA/NZ, transfer switch N1A/N2 terminals, installer connected wires, end CMA
terminais N1A/NZ,

NOTE: The 3-phase power monitor (PM) is NOT used on 1-phase units. Instead the 1-phase ling-to-line voltage is
delivered directly to the primary winding of the sensing transformer (T1).

+  Transiormer (T1) action indicas - reduceu voliane (about 14 volts AQ) into the transformer (T1) secondary coil,
This reduced sensing voltage is delivered 1o the CMA circuit board. As long as the sensing voltage remains
above 60 percent of nominal rated line-to-ling voltage, the CMA circult board takes no actien.

< The transiormer reducad sensing voltage is used to opsrate a "rickle ¢harge” circuit te the unit battery. This
trickle charge autput is delivered to the battery from the CMA board via Wira 15, 2 30 amp fuse (F1), and Wire
13. -

+  Battery peweris available to the auta-off-manual switch (SW1) via Wire 13, terminal 12 of terminal board T51,
Wirg 13, 30 amp fuse (F1), and Wire 15, Wihthe aulo-of-manval switch setlo "Auto”, battery power is available
to the CMA circult board via Wire 15A,

» Line-to-hine load voltage from transfer mechanism terminal lugs T1/T2 is deliverad 1o the CMA circuit board via
Wirgs T1/T2, fransier switchterminals T1/72, installer conneected wires, andterminals T1/T2 of the CMA Bazrd's
terminal beard, This power is used by the ¢ircuit board fo cperate a 7-day exerciser clrouit,

Page 7.2.2



SECTION 7.2

OPERATIONAL ANALYSIS

e 17 S
el | e
T 11 t3 -
IES = b1 & . 7]
26y ,_w s F _,.il_ o
)
85 ) .MV L3 -,
TH1 _ _ 5
s by
h 1 _ Pl |
i Cha
CilCsT BOARD -1
o -3
PCTTS
a5 _ - TB3
. 0Q
o1 IR
FIELD DOOST- 4 —— =
56 . 2-WARE START
b AC SENSING FROMSTATOR | FORSTAHOAND
TRAMSFEA SWITCH
105 i B - BATIERYATEANATGH
— - Xy - A
IIAMM_\. ,—! B3 ;IL‘.T.IIE.!! co S1ARTER __m._ﬁ._
| ] LIogE
1 - 5] CISTRALITON BOkS
T r I AMPE I u3E

DE
i

H1

-
I
Fi

LR I N B BRI}

T i “ & ; (o5
14 LE1
FHw === [p _rmw
™ FM
1z Fivy

2
o B> TE CIST.
(h .vyh_ﬂ

3y B mmDII_;TI!i_‘

ST
)
=%
H
oo v
N
Y

19 Mhm 18% BATTERY BAFT. Yot I :mmcc::;
oo i SER
e m — lhm\\_.,_. 4 [

PART 7- DC CONTROL
LIQUID COOLED ENGINE UNITS

{7} & : e E3
C I..... i mwdﬂﬁn& O
i B

Fagae 7.2-3

Figure 2. Circutt Cangition- Utility Source Voltage Available




PART 7- DC CONTROL SECTION 7.2
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Circuit Condition- Initial Utility Voltage Dropout

* On3-phase systems, dropout of "Utility" seurce voltage below the setting of a 3-phase power monftor (FM) will
cause the pewer monitor to de-energize. s contacts will then open, to brezk the circuit to sensing transtormear
(T1). Cutput of the sensing transformer's secondary winding will then drop to zero. The CMA circuit board will
"sense” this loss of vokage and a "6-second timer” will start timing.

« On1-phase systems, a 3-phase power moniteris not used. Line-to-fine *Utility" current is delivered to the SENsing
transformer. iransiormer action reduces the line-to-line voltage to approximately 14 volls AC. The reduced
voitage is delivered to the CMA board as "Utility” sensing voltage. If "Utility” source voltage drops below about
60 percent of rated vollage, CMA board action wifl turn on a "S-second timer”.

«  Veltage is unavailable from both power sources to load terminals T1/T2. Some timing loss may occur on the
CMA circuit board’s 7-day exerciser clock.

Page 7.2-4
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Circuit Condition- Cranking and initial Startup

+  The CMA beard's €-second timer will time for 6 seconds. If "Utility" source voltage Is still low after 8 seconds,
a crank relay (K1) anc a run refay (K2) on the circuit board will energize simuitaneously,

+  When the crank relay (K1) ensrgizes, its contacts will close 1o deliver 12 volts DG to a conirolf contactor (CC)
coil via Wire 56. The contactor energizes and its contacts close to deliver battery pawer to the engine starter
metor (SM). Starter motor (SM) energizes and the engine is cranked.

»  Circuit board action will hold crank relay (K1) energized tar abaut 7-9 seconds, will de-energize the relay for
7-9 seconds, engrgize { again for 7-9 seconds, and 50 an. Thus, the enging will crank for 7-8 seconds, rest for
7-9 seconds, and so on. This cyclic crank/rest action will continue until either the engine starts, or about ninsty
{80) seconds have been used up. i the engine has nct stared in §0 seconds, cranning will end and the fault
indicator lamp will light {"overcrank” condition).

- Whenthe engine is cranking, a DC cutpu!is delivered o the generator reter. This is "field boost” current, which
is deliverad cyclically {during cranking only}, Ses "Field Boost Circuit' on Page 2.1-4.

«  Whanthe enging nun relay (K2) is energizad by ¢ircuit board action, 12 valis DC is delivered to {2) & fuelsclenoid,
{b) the engine ignitien system, and (¢} 10 the panei haurmelsr. The fuel soleroid (F3) is energized opan. to
ailow fusl fliow fo the fuel system. Ignition cccurs. The hourmeter stans running.

+ Wil fuef availabie to the caruretor and with engine ignition occuring, the engine will start.

«  Generalor AC oulput voltags and frequency signals are avaiiable to the CMA circuit board, viz Wirgs 84E and
Lo

+  Whan generater AC output frequency reaches approximately 50% of the rated AC fraquency, an "gnging
warmup timer” and an "engine minimum run timer" on the CMA circuit board are both turned on.

Page 7.2-5
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Circuit Condition- Initial Transfer to Standby

. »  The "engine warmup timer” will run for approximately 15 seconds. The "minimum run timear wiil run for about
13 minutes. Engine cannot be shut down in automatic mode until the "minimum run timer” has finished timing
{praventis shutdown of a cald engine).

+ At approéimately 30 Hz, engine cranking terminates. The circuit board's run relay (K2), however, remains
energizad.

« A DC {battery) votage is delivered lo the transfer switch's transfer relay (TR) coil, via Wire 194, This voltage is
available through the refay ¢ol and back to the circuit board, via Wire 23. Howaver, CMA board action holds
the Wire 23 circuit open.

+  When the "engine warmup timsr” has timed out, CMA circuit board action closes the Wire 23 circuit to ground.
The transfer relay (TR) energizes, s normally-closed contacts (1 & 7) open; s normally-open contacts (6 & g}
close,

» With TR normally-open contacis clesed, “Standby” source power is available to the main cantacts actuating coil
(C), via Wires EV/E2, transfer mechanism terminals B1/82, limit swiches LS1,LS2, L83, and a bridge racitier.
Actuating coil {C) energizes.

+  When actuating coil (C) energizes, the main current carrying contacts of the fransfar mechanism are sctuated
to- their "Neutral” position ("Loag” ferminals disconnected fram both power supplies). The main contacts wil
remain at "Neutral” as long as astuating coll (G} remaing energized,

Page 7.2-8
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Circuit Condition- Final Transfer to Standby

+  Whan the transfer mechanism’s main load carrying cortacts reach "Neutral” posttion {disconnectad from both
power sources), @ mechanical interlock opens fimit switch L33, This opens the ¢ircuit 1o actuating cail (G} and
the ¢oil de-energizes.

+ Withcoll (C) de-energized, spring farce closes the main contacts to their “Standby” power source side ("Load”
connected to the "Standby™ sourge).

*  As lhe main cortacts close to the "Standby” sids, a mechanizal interiock actuates limit switches LS1A.S2 to
their terminals A1/A2 side. This action "prepares” the circuit for retranster back to "Utility",

+  Electricalload circuits (T1, T2, T3) are now powered by ganerator AC output.

Faga 7.2-10
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Circuit Condition- Utility Voltage Reslored

+ 3-Phase Units: When utility source voltage is restored above the setting of the 3-phase pawer meaier {(PM),
the power monitor energizes and its contacts closa. Utilty volitage is then available o the primary winding of
sensing transformer (T1). A voltage is then induced into the transformer secondary winding which is tren
delivered o the CMA circuit boarg.

« 1-Phase Units: These units do not have a 3-phase powar manitor. Utility source line-to-line voltage is daliverad
directly ta the sensing transiormer's primary winding. A resultant sensing voltage is then delivered from the
transformer's secondary winding to the CMA board. !f the "Utility” sensing voitage is above about 80 percent of
the nominal rated voltage, the CMA circurt board wili react.

+  Qnrestoration of "Wtility” source voltage, CMA circuit board action will turn on a "return to utility timer”.

Page 7.2-12
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Circuit Condition- Initial Retranster Eack to Utility

When the “retumn to utilty timer" times out {ahout 8 seconds), CMA circuit board action will apen the Wire 23
circuit 1o ground.

With Wire 23 circuit open, the transfer relay (TR} will de-energize. The reiay's normaliy-closed contacts will
close.

Utility source pewer is now delivered to the maln contacts actuating coit {C), via Wiras N1/MN2, the ¢losed TR
contacts, transfer mechanism terminals A1/A2, limit switches LS1, LS2, LS3, and the bridgs rectifier.
Actuating coif {C) energizes and the main contacts are pulled 'o their “Neutral” position. The main contacts will

remain at "Neuiral” ("Load” disconnect from both power supplies) as jong as actuating ¢ail (C) remains
energized.

=
r
=



2 =M 183
™

SECTION 7.2

Ly
yen

#0
153
B

OPERATIONAL ANALYSIS

e

ey HiE

FIELD BOXGST 4 e

56 2-WIRE START
AT SERSING FROMSTATOR > FORSTANDARD
a5 TRANSFES SWITCH

BAFTER ¥ ALTENMATOR
BATIERY WL IMEEER
STAHEERCORTAGTAN
[l

S ANEBUTDA FEINTS
HPAME BUSE

IJsE

HOUMMETEH
COCLANE TEMP SWITCH
H Hai Tatby N,

[ I R A

TALLTLANME

LY rE At i

SS:0H ASSEMELY
.= STRITER NOTCRH
«  AISGGEF-N RHUAL SerTCH
= TEMM3AL BOARD

- CHa TRARSEORMER
= [MARSFER ELAT
» BATT WOLT. REGULATSH

o i ﬂ %

PART 7- DC CONTROL
LIQUID COOLED ENGINE UNITS

P
A 77

Pager7.2-1%

Figure 8. Circuit Condition- Initial Retransfer Eack to Utility




PART 7- DC CONTROL SECTION 7.2
LIQUID COOLED ENGINE UNITS OPERATIONAL ANALYSIS

Cireuit Condition- Final Retransfer to Utility

+  When the transfer_mechaqﬁsm's main eentacts reach "Neutral” position ("Load" disconnectad from boi'n DOWET
sources), [imit switch L83 is opened by a mechanical interlock. This opens the circuit to actuating coil {C). Cail
{C) de-energizes,

+ Withcoil (C) de-energized, springforce completes the transier action back to the "Utility” side ("Load" connacted
to the "UMility" supply).

+ Loads are now powered by the "Utility" power source.

* The standby generator is still ninning and generatur AC cutput voltage is stilf available to transfar mschaniam
terminal lugs £1, EZ, ES.

»  Foilowing retransfer back 1o the "Standby” source, an "gngine cooldown timer” starts timing. This timer will time
for about 1 minute. Pumposs of this timer is to allow the enging 1o nin at no-lead for about one (1) minute to
stabilize internal engine-generator ternperalures.
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Figure §. Circuit Congition- Final Retransfer Back to Utility
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Circuit Condition- Generator Shutdown

+  Whenthe "engine cooldown timer” has finished timing (about 1 minute) and providing the "minimum run timer”
{about 13 minutas) has also timed out, CMA circuit board action will de-ensrgize the board's run relay.

+  With the run relay de-gnergized, its contacts open and the 12 volts DC powar supply 1o Wire 14 is terminated.

- The Wire 14 circuit is now "dead”. The hourmeter stops running, the fuel solencid (FS) is de-energized closed,
and engine ignfticn is terminated.

«  The engine shuls dowr

Page 7.2-18
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TROUBLESHOOTING FLOW CHARTS

Section 7.3

TROUBLESHOOTING FLOW CHARTS

Froblem 1 - Engine Will Not Crank When Utility Power Failure Occurs

TEST 2 1HY
TO START STARTS
ENGINE e MANUALLY uiie

MANUALLY

FTEcT o TEST |

YTEST 1- CHECK
AUTOOFF- SET
MANUAL Hs)
SWITCH "ALTO"
POSITION
SWITCH (S "QFF"

RESET SWITCHTO

DDESiJQT START
MANUALLY

SO T PROBLEM 2

O m

"ALTC"

TEST 4-INSFECT
AUTO-CFF-MANUAL
SWITCH TO CMA
CIRCUIT BCARD
WIRING

oo W EING QOO

SWITCH

AUTC-OFF-
MANUAL

SWITCH 1S BAD

REPLACE BAD SWITGH

ﬁHEPLACE CMA CIRCUIT BOARD

e V| RING B ADwrommmadn- REPAIR, RECONNECT OR REFLACE BAD WIRING

Froblem 2- Engine Will Not Crank When Auto-Off-Manual Switch Is Set to "Manual”

TEST 5 CHECK FTEST 6.CHECK {TesT7 TeaT

30 AMP FUSE s O K. sasmume- § BATTERY e () e { CONTROL

F1 CONTACTOR CC

Bia B!\D E!D *REPLACE CMA
é CIRCUIT BOARD

REPLACE BLOWN FILISE RECHARGE OR REPLACE REPLACE GO TOTEST 10

ON NEXT FAGE

TEST 8:-TEST TEST G-CHECK

STARTER .——O.K.—m* CMA CIRCINT

MOTOR SM BCARD FOWER Juimmmms FOWER SUPPLY TO EQOARD O.K. BUT

AND WIRE 56 WIRE 86 OUTPUT IS BAD
i CUTPUT
BAD

REFPAIR/REPLACE MOTCR

POWER SUFPLY TO BUARD AND W BE 5o
— TP T ARE BOTH BAD

Page 7,31
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TROUBLESHQOTING FLOW CHARTS

Problem 2- Engine Will Not Crank When Auto-Cff-Manual Switch is Set to "Manual” (Con-
tinued}

[ =
AUTO-OR k-
MANUAL
SWITOH

DAMAGE 1S FOQUND

AND TEST CRANKING GRERATION

gSWITCH TO CMA

CIRCLIT BOARD

FWIRING

a1 7 A\ D R EFLACE DEFECTIVE SWITCH

RECONNECT, REPAIR OR REPLACE
BAD WIRING AS NECESSARY

TEST 10-CHECK
DAMAGE

FOR MECHANICAL

REFAIR MECHANICAL DAMAGE A3 NECESSARY e TN CINE-GENERATOR DAMAGE IS FOIND oo

Probiem 3- Engine Cranks But Won't Stan

TEST #1-CHECK
FUEL SUPPLY

Sy g——

BAD

}

REFLENISH FUEL
OR CORRECT
rFUEL PRESEURE
PROBLEIMS

{ TEST 12-CHECK

{ TO GNITIGN

WIRE 14 QUTPUT |

8AD

_DK.—-I—}I.

TEST 13.TEST
IGMNITION COlL,

BAD

REPLACE
EAD COIL

TEST 21-CHECK TEST 22-TEST TEST 23-CHECK ENGINE

DCVOLTS AT b— O.K.ﬂ FUEL SCLENQID O.K mmalpy. §  COMPRESSION AND

TERMINAL 14 : F3 ENGINE CONDITION

Of TE1

BAD E!D BAD

REPLACE CMA HEPLACE BAD REFPAIR ENGINE

CIRCUIT BQARD SOLENOIDFS "AS NEEDED
W - L RN —

TEST 14-TEST _ TEST 15-INSPECT TEST 18-INBFECT

IGNITION QLK. uw—} DISTRIBUTOR CAP  jumm O K, w CCNTACST POINTS

CONDENSOR AND ROTOR HEAD

EAD BAD BAD L D.K.V

i & @ GOTOTZST 17

REPLACE HEPLACE RERLACE ON NEXT PAGE

Page 7.3-2
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Froblem 3- Engine Cranks But Won't Start (Continued)

TEST 17-CHECK TEST 18-CHECK TEET15-CHECK IGNITION WiRES
ADVANCE :

BAD " BAD

REPAIR OR REPLACE CLEAN, REGAPR, REFLACE REPLACE BAD WIRES
BAD PARTS

TEST 20- GHECK | o O, 1,
IGNITION
TIMING ra—— FESET TIMING AS NECESSARY

Problem 4- Engine Cranks and Starts, But Won't Transfer to Standby

JEELIN A DPRAR IR et
TEST 24-CHECK TEST 25-CHECK TEST 26-GROUND
GENERATOR s . 1<, wmonamin- | SENSING TO O.K e § CMA TERMINAL 23
MAIN LINE CMA CIRCUIT
CIRCUIT BREAKER BOARD

OPEN OR BAD EAD i TRANSFERS TO STANDBY

CLOSE CIRCLIT SREAKER REFPLACE CMA CIRCUIT BCARD
OHR REFLACE IF BAD

NO TRANSFER

TEST 27- CHECK FOA “‘r’-' ;ﬁg TRANgrtﬁ Swi ! Uﬂ, EE !S |

VOLTAGE AT o 0.1, BUT NO mmmrmmeserasmem—lie 4 PR OSLEM 1IN SECTION 5.3

TERMINAL LUGS TRANSFER FOR "V-TYPE" TRANSFER SWITCH, GO TO

£1/52/83 PROBLEM 1 IN SECTION 4.3

B o
t BAD Bm_-bp GO TO "TROUVEBLESHOOTING FLOW CHARTS"
IN SECTICMN 3.3
Problem §- Engine Starts and Transfer Occurs When Utility Power is Avaiiable
FTES | 25-CHECK § Tes) 29-GOELR § TEST 30- TEST
JVOLTAGE AT  bemm OK VOLTAGE AT CMA Jemmummes O, K, o § SENS ING
{ TEAMINAL LUGS | TERMINALS TRANSFORMER
: MNIAMNZ

§ N1NZING

:" 3 B!D EAD GJDD
}

v

DETERMINE CAUSE OF FOR "V-TYPE TRANSFER SWITCHES REPLACE AEPLACE CMA
LOW OR NO UTILITY GO TO PROBLEM 3, SECTION 4.3 LEFECTIVE CIRCUIT BOARD
SOURCE VOLTAGE FOR "Y-TYPE" TRANSFER SWITCHES TRANSFORMER AND TEST AUTO
AND CORRECT GO TO PROBLEM 3, SECTIONB.3 OFERATION

Page 7.3-3
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SECTION 7.4
DIAGNOSTIC TESTS

Sectlon 7.4

DIAGNOSTIC TESTS

General

Perform the tests in this section in conjunction with
the "Troubleshooting Flow Charts” of Section 7.3, Test
numbers in this section correspond with the numbered
tests in Section 7.3.

Test 1- Check Auto-Qff-Manual Switch
Position

DISCUSSION:

In order for automatic operation to oceur, the auto-
ofi-manuat switch must be setto is "Auto” position. The
only other possidle switch pesitions are "OH", where
engine cranking and startup cannoi occur; or "Manual”,
wLos 0 angine should crank and stan, but transfer
to "Ziancoy” will not occur, Thus, # a "Utlity” voltaga
dropout oceurs and the generator will not crank and
start, the first check to perform is to make sure the
swifch is set to "Auto”,

FROCEDURE:

Chisck the position of the auto-off-manuai switch. if
necassary, set the switch to "Auto”,

RESULTS:

1. i switch is already set t¢ "Auto™ and enging will not
crank on occurance of a "Utility"” power failure, goon o
Test 2.

2. If swilch is set to "Oit", rezet it to "Auto" and test
aufomalic operation,

NOTE: To tgst aulomatic cperation, see Tast 1in Sectien 5.4,
This tast is the same for both air cooled and liquid cooled
&ngine units.

Test 2- Try to Start Engine Manually

DISCLUSSION:

wWith the auto-off-manval switch set 1o "Autn”, a
"Uthity" powar source outzgg should result in engine
cranking and starlup. if that power source falls and the
engine does nofcrank, the first step in troubleshodting
should be to see i 3 manual starup can be ac-
complished.

PROCEDURE:

1. On the generalor panel, set the autc-off-manual
switch to "OH",

2. Sel the gengrator's main line circult breaker to s
"Off" or "Cpen” pasition.

3. Set the auvtc-off-mznual switch to “Manual”. The
engine should crank and start.

RESULTS:

1. if the engine will not start manually erher, go 1o
Probiem 2 in the " Troubleshooting Flow Chans”,

2. if the engine cranks and starts manually, but will not
crank in autematic mode, go to Test 3.

Test 3- Test Auto-Qff-Manual Switch

DISCUSSION:

Power for CMA circuit board operationis taken fromithe
Wire 15 circult fused 12 voits DC) and dalivered {o the
circuit board thraugh auto-ofl-manual switch contacts
whenthe switchis setto "Aute” or "Manual". A defeciive
switch can produce ihe same resuits as safting the
switeh o O (engine will nat crank).

A Swiich at "Acio” |y b Swilch at "Manual”

|
gt

Figure 1. Schematic of Auto-Off-Manua! Swilch

PROCEDURE:

Disconnect all wires from switch terminals, to preveni
interaction. Use a velt-ohm-milliammeter {(YOM) {0 test
for continuity across switch ierminals as follows:

P—
CONNECT
ACRGSS
TERMINALS | SWITCH POSITION | METER READING
1 aEnd 2 "Auto” Cantinuity
*Manual Infinity
"Off" Infinty
land 2 "Aute” infindy
"Manual® Cortinuity
Ot Infinity
4and & "Auto” Cortinuity
“Manual® Intiniy
~Offr Infinity
dand 6 "AUto" Infinty
“Manual’ Continuity
Ot Infinity

Pagas 7.4-1
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Test 3- Test Auto-Off-Manual Switch
(Continued)
RESULTS;

1. Heplags swich is defective.
2. lf switch is good, go to Test 4.

Flgure 2. Auto-Cff-Manual Switch Test Points

Test 4- Inspect Auto-Off-Manual Switch
to CMA Circuit Board Wirlng

DISCUSSION;

Any open or disconneciad wiring between the switch
and the CMA circuit board, or between the switch and
other components, can have the same effact as an
open or defective switch, See Figure 3.

Inspect and 1est all wires connected to the switch
terminals for epan, discennactad or shorted condition.
This includes {a) jumper wire 15A between switch
tarminals 5 and &; Jb) Wire 15 between terminal 4 and
the circult board; (&) Wire 18A belween switch and
circuit board; {d) Wire 183 between terminal 2 and TB2;
{g) Wire 239 between terminal 1 and the circuit board:
Wire 178 betwean terminal 3 and TB3; (1) Wire 178
between terminal 3 and the ¢ircuit board.

CMA CIRCINT BOARD -
{ [Sw1

' 7 (S\ IR B HEHETIN
i 154 ﬁﬂu—'S«TO FAULT IND. LAMP 15
239 ’\ﬂ w15 —TO BATT. VOUTMETER 299 |

134 178

238

Figure 3. Auto-Off-Manua! Switch Wiring

Page 7.4.2
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RESULTS:
Repair, reconnect or repiace any bad wiring.

Test 5- Check 30 Amp Fuse F1

DISCUSSION:

A blown fuse F1 will open the DC power supply 1o
the aulo-ofi-manual switch and to the CMA circuit
board. This wili render the circult board incapable of
cranking or stariing the engine, sinca its powsar supply
is gone.

PROCEDURE:

Push in on fuse holder cap and turn counterciock-
wise to remove cap and fuse. Chask the fuse with g
VOM far open concition indicating that fuse is blown.

1. Replace fuse o biown.
2. It fuse is good but engine won ¢rank, go on fo Test

Test b- Check baitery

DISCUSSION:

A weak or dead battery can result in inabilty of the
engine to crank efthar manually or autcmatically.

FRAOCEDURE:

inspact and test the unit's 12 volts battery. Referto
Test 8, "Check Battery” in Part 6, Sactizn 6.4.

RESULTSE:

1.b{ijlean, tighten or replace any defective battery
cabies.

2. If battery is discharged, remove # and recharge with
an automotive typa battery chargar.

3. It battery is worn out, renlace .

4. i hatiery is good, geto Test 7,

Test 7- Test Control Contactor CC

DISCUSSION:

During any startug, CMA circuit board action delivers
12 velits DC to the coil of 2 contro! contactor. The control
contacler energizes, ite contacts closs, and batlery
power is deliverad 10 the starter metor {SM) to crank
the engine. A defective control contactor (CC) can
prevent the enging from being cranked in bath the
gutomatic and manual medes of operation.

PROCEDURE:

Use a DC voltmeter (ar VOM) to test controi contac-
tor (CC) cperation, as follows:
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Test 7- Test Control Contactor (Con-
tinued)

Step 1. Connectthe positive (+) test lzad to the confre! |

contactor's Wire 56 terminal, the common (-) test lead
to a clean frame ground. .

Step 2. Setthe aute-off-manual switch to "Manual”. The
gﬁét}er should indicate baltery voltage {(about 12 volis

RESULTS:

1. 1f battery voitage is not indicated, go to Step 3.
2. i battery voltage is indicated but engine does not
crank, go o Step 4.

Step 3. Connect the meter test leads across terminais
U and 56 of terminal board TB1 (in the conirol console).
Set the avlo-off-manual switch 1o "Manual'. The meter
should read battery volizge.

RESULTS:

1. i batlery voltage is indicated in Step 3 but not in Step
2, Wire 56 batween the control contactor and terminal
board TB1 is open. Repalr, reconnect or repiace Wire
56 as necessary.

2. If battery voliage is not indicated in either Step 2 or
Step 3, replace the CMA girguit board.

3. if battery voltage is indicated in both Steps 2 and 3,
but the engine does not crank, go onto Step 4.

Etep 4. Connect the meter test leads across the large
terminal stud on the control contactor to which the
battery cable (Wire 13) attaches and frame ground. The
mater should read battery voltage.

Step &, Now, connect the positive (+) meter 1ast lead to
the starter mofor (SM) terminal stud and the common
{-} test lead to frame ground. Set the auvto-off-manual
swiich to "Manual". The meter sheould read battery
voltage and engine should crank.

SECTION 7.4
DIAGNOSTIC TESTS

RESULTS:

1.4 battery voltage is indicated in 8lep 5, but engine
does not crank, go onto Test 8,

2. 1f battery voitage is not indicated in Step 5, replace
the control contactor {(LC).

Test & Tes! Starter Motor S/

DISCUSSION:

The starter motor must develop adequate torgue 1o
crank the engine efficiently at sufficient rpmi for startup
10 aceur.

PROCEDURE.!

1.Repeat Siep Sof Test 7.1 batiery voltage is indicated
during the test, but engine dees not crank, the slader
is probably delective asnd should be replaced or
renaired. ,
2. it desired, staner perforrnance can be tested as
foliaws:
a. Remove the staner,
b. See Figure 5. Connect the stader motor, a fully
charged 12 volls ballery, a tachometer and an am-
meter as shown. ’
c. Operate the starier mafor and note the ammster
and tachometer readings. A starer molor in good
go;ndition will be within the lest specifications shewn
giow:

T e e TOU0- 7200

MAXIMUM ANMFERES 17

b L, L-:i- - :
. e +|
. RS- )
=:7 T, S ',-"-.
NETE RPM OF HEMIVE QNE ENG GF

STARTER MGTOR b} SHUMT STRIP

Figure 4. Control Contactor Tast Points

Figura 5. Starter Molor Ferformance Test

RESULTS:

1. Feoair or replace bad starter motor.
2. It motor is good, go o Test 8.

Fags 7.4.3
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Test 9- Check CMA Circuit Board Power
and Wire 56 Cutput

CISCUSSION:

A 12 volts DC power supply must be available to the
CMA circuit board or the board will not eperale. A 2 volts
DC output must be delivered from the circuit board to
Wire 58 or engine cranking canriot occur. In this tast,
yau will check the DC powsr supply to the board and
you will alse check for a DG sutput to Wire 55,

FROCEDURE:

To chack for a 12 velts DC power supply to the CMA
circudt board, proceed as follows:
1. See Figure 8. Connact the positive (+) tast lead of
a DG volimeter (or a VOMj to terminal 4 of the
aute-off-manual switch.
2. Connect the common {-) metar tast lead to frama
ground. The meter should read 12 volis DG,
3. Now, set the auto-off-manual switeh to "0
a. Connegt the positive (+) meter fest lead io
switch terminal 8 the common (=) test lead to
fra,me ground, The meler should indicate "zerg"
voils.
b. Set the swhtch to "Manual”. The meter should
read battery voltage.
4. Locate Pin 10 of the CMA circuit board connactor,
to which Wire 15A attaches.
a. GConnact the positive {+) meter test iead 1o Pin
10 (Wira 15A), the commen (-) test lead 1o frame
greund. Zera volts shouid be indicated,
b. Setthe auto-off-manual switch to "Manua!”. The
meter should read battery voitage.
3. Locate Pin § of the CMA circuit beard connaclor,
to which Wire 56 attaches,
a. Connect the positive {+} meter test lsad to
connactor Pin 5.
b. Connect the common {-) meter test lead to
frame ground. The meter should indicate "zero"
vaits.
¢. Set ihe aufo-off-manual switch to "Manual™.
Crark relay K1 on the CiA board should energize
and the meter should read battery voitage.

RESULTS:

1. In Step 2, if the meter dees not indicate battery
voltage, repeat Test 5, Alsc chack the Wire 15 circuit
for an open condition.

2. 1n Step 3, if battery valtage is not indicated when
"Manual" is selected, the zuto-offi-manual switch is
suspect. Repeat Test § and replace the switch, if bad,
3. In Step 4{b), T battery voltage is not indicated, Wirs
15A (between the auto-off-manual switch and circult
board) is suspect. Reconnect, repair or replace Wire
15A a5 needad,

4. In Step &, if battery voltage is not indicated, the CMA
circult board is bad, Replace the circuit beard and test
rmanyJal and automatic cperation.
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Figure 8. Check Circuit Board Powar Inplf ang Out-
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Test 10- Check for Mechanical Damage

DISCUSEION:

If the engine will not crank when "Manual" position is
setected, the problem is most likely to be an electrical
fault. However, the possibility that angine or generater
camage is preventing the uait from cranking cannot be
overlookad,

FROCEDURE:

Examine the engine and genarator carefully for
gvidence of saizure.

BESULTS:

if engine-generator is seized due to mechanical
damage, repair the unit as necessary.

Test 11- Check Fuel Supply

DISCUSSION:

Often the most obvicus cause of a problem is over-
locied. If the enging eranks, but will not star, perhaps
the fusl supply is exhausted or fuel pressure is too low.
The following facts apply:

* Forpropane (LP) gas fuel sgstems. onéy a "vapor
wrthdrawac"ta/pe supp_{y systam should Be used on
prepackaged wmis. The vapor pressure in the
storage tank must be high enough to susiain en-
gine gperation.

*  Minimum recommanded C%as pressure st the gen-
erator's fuel mnlet cannection is 171 inches water
¢oluman (B.38 ounces per square inch). Maximum
gas pressure is apéjroximatej 14 inches water
Eolurhn (8 ounces per square inch,
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Test 11- Check Fuel Supply (Continued)
» The gasepus fuel system must be tested for leaks DANGER: GASEQUS FUELS ARE EXPLOSIVE.
{ggggé%gilsng:a{i%&%daz%pﬁ?odgcaié égggegﬁgr. NQD DO NOT USE FLAME TO TEST FOR LEAKS.
=] . dR €5t mMe - 3 .
cdurge sk comply sinictly wih appicadle fUsl- | 1/E¢ I Hich AREAS, LP GAS IS HEAVIER
+ A schematic diaaram of a simp LB A THAN AIR, SETTLES IN LOW PLACES, THE
vapor withdrawa svstens:i ?éﬁ%gﬁgoﬁag?g&ref 'aa SLIGHTEST SPARK CAN IGNITE THE FUELS
prscal natural gas fuel system is shownin Figare AND CAUSE AN EXPLOSION.

LF GAS AEGULATOR

T—LP Gat CARBLUROITCR

SOLENGID SHUTURF WALYE

— M AT AL

SHUTOFF v;i_\.‘€§-7

FUrl Tawk

Figure 7. Typical LF Gas Fuel System

EECOMOARY REGUL AT

11 i water

GENERATOR BASE=——— ,‘ _L,“
; g o & OAS CAR‘EQRE:TQE

APPROVED
FLEX LINE L.

L

LMMANUAL SHUTOFF

Valve
FRIMARY REGULATOR

Figure 8. Typical Natural Gas Fuel Sysiam
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Test 11- Check Fuel Supply {Continued)

FROCEDURE:

Inthe case of LP (propane) gas, some supply tanks
will be eguipped with a gauge that indicates whan the
tank [g iow on fuel,

For natural gas systems, the cas distribution com-
pany wiil usually provide piping irom the main transmis-
sion line to the generator site. The primary regulater
may or may net be furnished and adjusied by the
supplier. it is the responsibility of the supplierio ensurz
that adequate gas pressure is available {o cperate ths
primary ragulator.,

Whers the primary regulator is furnished and is to be
maintained by the gas supplier, primary requiator outiet
prassure may be adjusted by the suppliar, ?n Ary fVERT,
adjustmant of the primary regulator prassure should ba
accomplished by & gas service technician. Gaseous
fusl presaures are usually measured with a water
manometer or with a pressure gauge that reads "oun-
cos par square inch”

If fuel supply and pressure are adequate, but angine
will not start, go to Test 12,

Test 12- Check Wire 14 Quiput to lgnition
DISCUSSION:

When the enging is cranked efther awtomatically or
manually, 2 crank relay (K1) and a runrelay (K2) anthe
CMA circutt board are energized simultansously, See
Figure 9, below. When the engine is cranking, battery
voltage is delivered to the positive {+) tarminal of the
inition ¢oil {IC), via Wire £6, a diode (D1}, and Wire
14. Thus, when cranking, the full 12 volts DC is avail-
azie to the coil to produce a hofter spark.

SECTION 7.4
DIAGNOSTIC TESTS

On startup, crank relay (K1} de-enargizes while the
run relay (K2) remains energized, BDattery voltage is
deliverad to the ignition coil's positive (+) terminal via
Wire 14, a resistorwire, and Wirg 14, Tha resistor wire
reduces the voliage to about 9-10 volts DG for running
cperations.

NOTE: If the resisior wire [RW] circuft is open, ignition will be
avafllable whila eranking enly and the angine will start. Haw-
aver, a3 soon as the clreuit board's crank reiay de-energizes,
igrition will lerminate and shutdown will pceur.

PROCEDURE:

1. Onthe ignition coll, locats the terminal {o which Wire
14 attaches,

2. Connect the positive {+) test lead of a DC voltmeter
(or VOM) to the coit's Wire 14 terminal. Connect the
other test lcad fo a clean frame ground,

3. Set the auto-off-manual swich to "Manval®, The
engine shoukl crank and the mater should indiczie
battary voltage.

NOTE: Whan the circult baard's crank ralay (K1) de-anar-
gizes, voltage reading should drop fo about 8-10 volts DC. Jf
voltags drops to zoro and enging shuts down when the crank
relay de-snergizes, an apsn circuit axisis in the resistor wirg
(BW) circuit to the ¢oll,

4. On startup and when crank relay K1 da-energizes,
the meter voltage rzading should drop to about 8-10
vaits DG,

RESULTE:

L Ifmeterindicates battery voitage while cranking, then
drops to about 9-10 vells DO, you may assume that
Wire 14 cutpui to the ignition ceil is normal. Go to Test
13,

T 7
CIRCUTT BoARD [ $6—@ 28 iﬂ ce
l ‘
o veLs T W oiooe ‘ ! ]
2 5 o
| | 13 13 i ! l
L 4 ;IIIlI[ L t I Om
BATTERY
14
77

FIRING ORDER= 1-3-+2

CONTROL CONTACTOR
DISTRIBUTCR -
DISTRIBUTOR CONDENSOR
DISTRIBUTCR POINTS
IGNITION COIL

RESIETOR WIRE

STARTER MOTOR

Figure 8. Typical Prapackaged lgnition Circuit
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Test 12- Check Wire 14 Ouiput to igni-
tion (Continued)

2. if meter indicates 8-10 volts DC only, check Wire 14,
diode D1 and Wire 56 between the ignition coil and the
control contactor CC for an open condition,

3. 1 meler indicates batlery voltage while cranking, but
vollage drops to zero and shutdown occurs when
cranking terminates, go to Test 21,

Test 13- Test Ignition Coil

DISCUSSION:

The engine ignition coil can be tested quickly and easily
by checking the resistance of its primary and secondary
coil,

PRCCEDURE:

1, Ta test the ceil primary winding, connect the test
probes of an ahmmeter (or VOM) across the positive
{+} and negalive {-) terminzals of the coil and read the
resistance. See Figure 10.

SECTION 7.4
DIAGNOSTIC TESTS

Primary Coil Resistance at 68° F. (20" C.)= 1.31.5
Ohms
Secondary Coll Reslstance at 88" F. (20° C.)=
8700-11,700 Ohms

Test 14- Test Ignition Condensor

DISCUSSION;

The condensaer is located in the engine ignition dis-
tributor. The condensor functions to prevent arcing
across the distributor contact points.

Use a capacity tester to test the condensor, f ong is
available. if such a tester is not availzble, 2 VOM may
be used with its resisiance scale set to a very hign
velue. See Figure 12. When the meter needle swings
violenily and then moves back o "infinity” gradually, the
condensor is good.

RESULTS:
1, If the meter reads "zero” or i it indicates a steady

reading, replace the candensor.
2. If meter indicales a good condensor, go te Test 1S,

Figure 10. Testing Primary Winding Rasistance

2. Toteat secondary coll resistance, connact the mater
test probes as shawn in Figure 11,

(B

Figure 11. Testing Secondary Ceil Resistance

Figurs 12, Distributor Condensor

Test 15- Inspect Distributor Cap and
FAotor Head

This test continues the testing of engine ignifion system
components.
PROCEDURE,;
inspect the distributor cap and rotor head for dust,
carbon deposits, cracks.
RESULTS:

1. Repiace distributor cap, if defective.
2. If inspection reveals the cap iz good, go cnfo Test
16,
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Test 16- Inspect Contact Points

DISCUSSION:

This test is a continuation of the lests of engine
ignition system parts.

PROCEDURE:

Inspect the surfaces of the distribuler contact points.
irregularities may be removed with "S00" or "800"
sandpaper, or with ocilstone. Laosen the braaker point
set screw and adjust gap with a fesler gaugs.

Breaker Point Gap = £.018-0.022 inch

HESULTS:

1. Replace contact points, if defective.
2. If points are in geod condition, go onto Test 17.

SECTION 7.4
DIAGNOSTIC TESTS

PROCEDURE:

1. Disconnect spark plug wires by grasping the boot.
Do NOT puft on the wires.

2. Use a spark plug wrench to remove the spark plugs.
3. Spark piugs may be cleaned in a sand blast cleanar,
inspect the plug insulators for cracks and chipping.
nspect the gaskels for damage, deteriaration. Check
electrodes for wear, burring, pitting. Check spark plug
gap and set fo 0.¢31-0.0358 inch.

4. Replace spark plugs, if bad.

5. install spark plugs and tighten to 14-22 foot-paunds
of torque (20-23 N-m).

NOTE; Uss NGK BFREES, or Champion BNOYC, or AQ
R4ZXLE replacement spark plugs,
RESULTS:

1. Repiace bad spark plugs,
2. W spark plugs are good, go 1o Test 19,

Figure 13. Setting Contacts Point Gap

Test 17- Check Governor Advance

DISCUSSION:

This is a continuation of tests of the enging ignition
system.

PROCEDURE:

In the distributer, urn the rator shait counterciockwize.
Then, release it and chack that it returns to the clock-
wisa direction. Also ¢heckthe rolor shaftinr looseness.
FESULTS:

1. Raplace distributor if governor advance is bad.

2. If test is good, go to Test 18.

Test 18- Check Spark Plugs

DISCUSSION:

This test is a continuation of the tests on the engine
ignition system.

Page 7.4-8

Figure 14. Checking Spark Plug Gap

Test 19- Check lgnition Wires

PISCUSSION:

This is a continuation of tests on the engine ignition
system.

FROCEDURE;

Check high tension ignition wires for damage, cracks,
burned terminals, proper fit. Measure the resigtance of
each wire. Shake each wire as tha reslstance reading
is taken. Resistance should be less than 30,000 ohms,

RESULTS:

1. Replace any defactive ignition wire,
2. f wires test good, go onto Test 20,
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Test 20- Check Ignition Timing

DISCUSSION:

If engine starts hard and runs rough, or if it does not
stan, it may be out of time. if badly out of time, backfiring
may result,

PROCEDURE;

Use an automotive timing light to cheek and adjust
ignition timing. A timing mark is provided on the
crarkshaft puliey and a degree indicator is pravided
{Figure 15).

Settiming to 21" BTDC at 1860 tvm and with the
generator at no-lgad.

Advancge

SECTION 7.4
DIAGNOQSTIC TESTS

1. If baflery voltzge s not indicated, test Wire 14
betweenlerminal board TB1 and the CMA circuit beard
for an opan condition.
a lf Wire 14 is gocd, replace the CMA circult hoard.
b. It Wire 14 Is bad, repair, reconnect or replace as
necessary.
2. if battery voltage is indicated, go to Tast 22.

Test 22- Test Fuel Solenaid F5

DISCUSSION:

The fuel solenoid is opanad by 12 volts DG power from
Wire 14 and from the CMA circult board,

PROCECURE:

1. Cennect a DC voltmeter (or VOM) across Wire 14 at
the fuel solenoid and frame ground.

2. Jel the auto-off-manual switch to "Manual”. The
gnging should crank and start. The mater shayid ==
cate battery voltage. The fuel solenaid showd energize,

RESLULTS:

1. If batlery vollage is indicated g the fuel solenoid
does not energize, replace the solencid.
2. it the fusel solenoid is good, go onlo Test 23

Figure 15_ignition Timing Marks

Test 21- Check DC Volts at Terminal 14
of TB1

DISCUSSION:

This test will determine if CMA circuit board acticn is
delivering battery voitage to the Wire 14 circuit, Wira 14
circuit voltage Is required to (a} power the engine
ignition system and (b) openthe fuel solenoid. Terminal
board TB1 is housed in the generalor control console.,
See "Control Console Componenis” on Page 7.1-2
(Pan 7, Section 7.1},

PROCEDURE:

1. Use a DC voltmeter (or VOM) to chack for battery
voltage at Terminal 14 of terminal bosrd TBA.

2. Gonnect the positive (+) meler test lead to terminal
14, the commen (+) test lead to terminal ¢ (ground).

3. Set the aufo-of-manual switeh to "Manual”, The
meter should indicate battery voltage.

Figure 16, Fuel Solenoid FS

Test 23- Check Engine Compression and
Condition

DISCUS3ION:

If the engine cranks but will not start, or if # starts hard
and runs rough, one possible cause of thg problem is
a mechanical failure in the engine.

PROCEDURE:

1. Warm up the engine.

2. shut engine dewn and remaove all spark plugs.

3. Usg an automotive type compression tester o check
gngine comprassion.
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Test 23- Check Engine Compression and
Condition (Continued)
NOTE: When checking compression, hold the carburstor

throtile wide apen. Then, crank sngine and read tha compros-
sion presgire.

4, Compression pressure should be as follows:

Standard = 192 psi (13.5 kg/cm2) a1 350 rpm
Minimum = 164 psl (11.5 kg/cm2) at 350 ipm
Ditference between cylinders should hot exceed
14 psi (1.0 kg/em2)

If compression is low in any cyiinder, pour a small

amount of clean engine oil into the spark plug opening.

Then, retest comprassion and evaluate as follows:

« i compression pressure increases after adding the
oil, check ferworn or damaged piston rings.

+ If compression pressure did NOT increase after
agding the oi, check for sticking or improperly
caated valves.

« It lomgs gssion i any twe adjacent cylinders is low
and a mndgf_}mi dligt N%)T incréease t eycom{aression
pressure, check for a leaking head gasket.

Test 24- Check Generator Main Line Cir-
cuit Breagker

DISCUSSICN:

Transter to the "Standby” powesr source cannot occur
uniess that power supply is available to the transfer
switch. If automatic startup occurs while the generator's
main line circult braaker is open, tranzfer to "Standby”
will not occur.

PROCEDURE:

1. Check thal tha generator's main line circuit breaker
i3 "On" or "Closad”,

2. Use an AC voitmeter (or & VOM) to check for nraper
genarator AC output to the circult breaksr.

3. With the breaker set 10 "On" or "Closed”, check for
correct AC cutput io the circult breaker output ter-
minals.

RESULTS:
1.if necessary, set the main circuit breaker to its "On”
or "Closed” posttion,

2 If normal rated AC power is available to the breaker
input terminals, but not to the outpul terminals, replace
ihe circult breakar,

3.l normal rated AC power is not available to the
breaker AC input lerminals, refer to Part 3 of this
manual.

Test 25- Check Sensing to CHMA Circuit
Board

DISCUSSION:
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In autornatic mode and when a "Utility" POWEF 8oUrce
dropout oceurs, the CMA circult board will inttiate 2n.
gine cranking and startup, A line-to-newtral voltage/fre-
quency sensing signal is delfivered to the CMA circut
board from the generator's AC power windings, via
Wires £15 and S16. This sensing signal "teils" the
circuit board that the en?\ine has stanted and is running.
Starter cutout occurs when the sensing signal vellage
reaches approximately 50 volts AC, The board's mini-
mum run and engine warmup {imars will then turn o,

Transfer of leads to the "Standby” power sy pply cannet
occur untif after the board's engine warmup timer has
timed out. Thus, if the Wires S15/516 signal Is lost,
transfar wil! not occur. This test will determine if the
fine-tc-nautral sensing signal is availabie to the CMA
circuit board.

FROCEDURE:
1. Setthe auto-off-manual swich o "Off",

=. Turn OFF both the "Utility” and "Standby” power
supplias to the transfer gwit-==

3. If necessary, manually actuate the transfer swich
main contacta to their "Utiity" position {"Load™ terminals
cannacted to the "Utility™ terminals),

4. Insertthe test probes ¢f an AC voitmeter across Pins
Aand B of the CMA circuit board, 1o which Wires §15
and 516 attach.

5. Tum ON the "Utllity” power supply to the transfer
switch.

&, Set the genmerator's main line circult breaker to fs
"On” or "Ciosed" position,

7. Settne generator's auto-off-manual awitch to "Auto”.

8. While observing the AC voltmeter, turn OFF the
"Uttity" powar suppiy to the transfer switch.
a. The angine should crank and start In automatic
made.
b, Starter cutout should ocour at approximately S0
velts AC as indicated on the AC volimeter.,
c. With engine running at rated speed, the valtmeter
should read about 122-126 volts AC,

RESULTS!

1. If correct voltage is Indicated in Step 8, but transtar
1o "Standby" did not occur, go onte Test 26.

2. It low or no voltage is indicated in Step 8, repeat Test
24

a. I correct AC voltage is indicated in Test 24, but
not in Step 8 of this tes!, chack sensing leads 515
and 516 for an open or disconnacted conditon.

b If low or no voltage was indicated in Test 24 refer
to Part 3 of this manual.

Test 26- Ground CMA Terminal 23

DISCUSSION;

Following actomatic startup and when the CMA
beard's enging warmup timer has timed out {15
szconds), ciroult board action should connect Wire 23
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Test 26- Ground CMA Terminal 23 (Con-
linued)

circuit 1o ground. The transfer refay {in transter switeh)
should then energize and transfer 10 the "Stangby”
sourze should occur. This test will delermine if 1he
CMA circuit board Is working properly and is grounding
the Wire 23 circui. ‘

FPROCEDURE:
1. Sefthe auto-off-manual switch to "C",

2. Turn QOFF both the "Utility” and "Standoy" power
supplies 1o the transfer switch using whatever means
provided.

3. If necessary, manually actuate the transfer switch
main contacts o their “Utility" position, ie., "Load"
connggted o the "Uility" power supply.

4. Turn ON the "Ry power supply 1o the transfer
switch.

5, Set the gencrator's main line circuit breaker to its
"On" or "Closed” position.

8. Set the auto-off-manual switch to "Auto™

7. Turn QFF the "Utility™ power supply ta the transier
switch.
a. Engine should crank and start in automatic mode.
b. After the CMA board's engine warmup timer has
timed out, the transfer relay {in transter switch)
should energize and transfer to "Standby" should
oCour.
&_1f the engine starts and runs but transfer doss NOT
occur, proceed as follows:
a. With the engine running, conneet a jumper wire
acress terminal 23 of terminal board TB2 and tar-
minai O of tarminal board TE1,
(1} The transfer relay should energize.
(2} Transfer to "Standby” should oceur.

RESULTS:

1. In Step 8, if transfer to "Standby” occurs when the
jumper wire is connected across terminals 23 and 0,
praceed as follows:

2. Test Wire 23 (between terminal board TB2 and the

CMA board connector) for an open condition.

b If Wire 23 is good, replace the CMA circult board.

2.1n Step 8, # {ransfer o "Standby” does NOT ocour
when the jumper wire is connected, refarto Section 4.3
or 5.3 of this manual as appropriate.

Test 27- Check Voltage at Terminai Lugs
E1, E2 E3

DISCUSIION:

Transter to the "Slandby™ source cannot oceur unless
that pewer supply is available to the transfer switeh.
This test will datermine d "Standby” power is available
to the transfer switch terminal lugs.

SECTION 7.4
DIAGNOSTIC TESTS

DANGER: PROCEED WITH CAUTION. HIGH
AND DANGERQUS VOLTAGES ARE NCRMAL.-
LY PRESENT AT THE TRANSFER SWITCH TER-
MINAL LUGS. CONTACT WITH THESE HIGH
VOLTAGE TERMINALS WILL RESULT IN EX.
TREMELY DANGERQUS AND POSSIBELY
DEADLY ELECTRICAL SHOCK.

FROCEDURE:

1. Start the generator engine manually, let it stabilize
and warmup.

2. Set the generator's main line circuit breaker to "On"
or "Closed”,

3. Use an AC voltmeter {0 test generator ine-to-line
voltage across transier switch terminal lugs E1 and E2
{2-poie}, or across E1 to E2, E2 {0 E3 and E3 1 B

(3-pele}. Normal rated generator AC oulput voltage
should be indicated. ‘

1. If nermal "Standby” source voltage is indicatad, but
transfer 10 "Standby” does not occur, go to Secticn 4.3
or 5.3 of this manual, as appropriata.

2. i normai "Standby" source voltage is NOT indicated,
refer to "Troubieshooting Flow Charts” in Section 3.3.

Test 28- Check Voltage at Terminal Lugs
N1, N2, N3

DISCUSEION;

Automatic startup of the generator engine will occur if
the voltage delivered to transfer swilch terminal lugs
N1/N2 (2-pole) ar N1/N2/N3 (3-poie)is below 3 preset
value.

FROCEDURE;

Use an AC veltmeter to check line-to-line voltage
across lerminal fugs N1/N2 (2-pole transfer switch) or
acress N1/NZ/NE (3-pole switch). Normal rated “Utility"
power gource voltage should be indicaled.

RESULTS:

1. f normal "Utility” voltage is read, but generater
startup and transfer to "Standby" ocours in awtomatic
mads, go to Test 29,

2. If noemal "Utily" voltage is NOT indicated, automatic
staniup and transier is & normal condition.

Test 29- Check Voltage at CMA Ter-
minals N1A and N2
DISCUSSION:

"Utility™ power source voliage is defivered o CMA
terminals N1A and N2 (Utility 1 and 2), and from there
to the CMA transiormer. The step-down transiormer
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Test 29- Check Voltage at CMA Ter-
minais N14 and N2 (Continued)

reduces this sensing volage. The reduced sensing
voitage is then delivered 1o the CMA circuit toard, If,
for any reason, the reduced sensing voltage to the CMA
boardis jost, the circut board willinitiate engine startup
and transfer to "Standby". This test'will determina i
"Utiity” source voltage is available to the CMA.

FROCEDURE:

With "Utility" source power available to the transfer
switch, connect the test leads of an AC volmeter
across terminals N1A and N2 of the CMA terminal
board, Normal rated "Utiity" source voltage should be
indicated.

RESULTS:

1. 1f valiage reading in Test 28 was good, bt reading
in this test is bad, go to Seclion 4.3 or 5.3 as ap-
propriate,

¢ if voltage reading in both Test 28 and this test are
good, go on to Test 30,

Test 20- Test Sensing Transformer

DISCUSSION:

Normal fine-te-line "Utility" source voltage’is delivered
te the primary winding of the CMA transiormar. Tranz-
former action reduces this voliage to approximately 14
volis AG, The reduced sensing voltage is then deliverad
to the CMA circult board. This is a test of the CMA
transformer.

PROCEDURE:

1. See Figure 17. Connect an AC voltmeter across
transftormer terminals 1 and 4, Nermal "Utility” power
source voltage should be indicated,

2. Now, connect the meter test leads across trans-
formerterminals 5 and 8. Approximately 12-14 volts AG
should be indicated.

BESULTS:
L I normal "Litility" source valtage is indicated in Step
1, but net in Slep 2, replace the CMA fransformer.

2. If the transformer checks geod, but startup ang
transfer still cocur when "Uiity” power is avaiiable,
replace the CMA circuit board and test automatic
pperation.

Pece 7.4-12

SECTION 7.4

DIAGNOSTIC TESTS
) SE; TSEC a

Figure 17. The CMA Transformer
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PART 8

OPERATIONAL TESTS & ADJUSTMENTS

SECTION 8.1
SYSTEM FUNCTIONAL TESTS

Section 8.1

SYSTEM FUNCTIONAL TESTS

introduction

Following stancdby electric system Installation and
periodically thereafter, the systém should be tested.
Functional tests of the system include the following:

*  Manual transfer switch operation.
+  Systemveilage tests.

= QGenerator Tests Under Load.

»  Tesling automatic operation,

Before proceeding with funclional tests, read instruc-
tlons and irformation on tags or decals affized to the
generator and transfer switch. Perform all tesis in the
exget order given in this section.

Manual Transfer Switch Operation

"W-TYPE" THANSFER SWITCHES:

t. On the generztor panel, set the auto-of-manual
swileh to "Of".

2, Turn QFF the "Utility” power supply 1o the transier
swilch using whatever means provided (such as a
"Utility™ main ling circuit breaker).

3. Sat the gensrators main line circuit braaker to "Off"
or "Open™

DANGER: BE SURE TQ TURN OFF ALL POWER
YOLTAGE SUPPLIES TQO THE TRANSFER
SWITCH BEFORE ATTEMPTING MANUAL
QPERATION, FAILURE TQ TURN OFF POWER
YOLTAGE SUPPLIES TO THE TRANSFER
SWITCH MAY RESULT IN DANGERQUS AND
POSSIBLY LETHAL ELECTRICAL SHOCK.

4. Hemove the manual transfer handie {rom the
enclosure.

5. Place epen end of the manual transfer handle aver
transter switch operating lever.

8. To connect "Load” terminal lugs 1o the "Standby”
pawer source, mave the handle upward.

7. To connect "Load” terminals fo the “Utility” power
sourcs, move the handle downward.

3. Actuate the switch to "Utilily" and to "Manua* sevaral
‘timeist;. Make sure no evidence ol hinding orirterderence
is feit.

8. When satistied that manual transfer switch operation
is correct, actuate the main contacts to their "LRifity"
position {"Load” connected to the "Utlity” power supply.

"W-TYPE" TRANSFER SWITCHES:

1. On the generator panel, set the aulo-off-manual
swilch to "Of".

2. Turn OFF the "Utility” power supply to the transfer
swilch, using whatever means provided (such as a
"Litifity" main line cireuit breaker),

3. Setthe generator's main line circuit breaker to "Of"
or "Cpen”.

DANGER: BESURE TO TURN OFF ALL POWER
VOLTAGE SUPPLIES TO THE TRANSFER
SWITCH BEFORE ATTEMPTING MANUAL
OPERATION. FAILUHRE TO TURN OFF POWER
VOLTAGE SUPPLIES MAY RESULT IN
DANGERGUS AND POSSIBLY LETHAL
ELECTRICAL SHOCK,

4. Remove the manual transfer handie from the
griclosure.
5. Attach the handie opening over the square shaft at
iower right corner of transfer mechanism.
6. Move the handle upward, When movement stops
{maincontacts at"Netntral"), return handie to ds original
oosition and actuate again.
7. Observe the changeover display on the transfer
mechanism as follaws:
a. If the "Utility" arrow is aligned with the green band,
"Load" Is connected to the "Utllity” power source.
b. If "Standby” source is aligned with the grasn band,
"Load” is connected 1o the "Standby” source.
&. Repeat Steps 6 and 7 several times. Make sure
manual operation is accomplished with no eviderca ¢f
binding, sticking, ste.
8. When certain the transfer swilch works properly,
actuate the main conlacts to their "Utilty" posticn
("Load" connected to "LHlity” sourge.

4

LCAD CONNECTED TO UTILITY POWER SQURCE
LOAD CONNECTED TO STANDBY POWER SQURCE

MANUAL
TRANSFEER
HANDLE

TRANSFER
SWITCH
OPERATING
LEVER

Figure 1. Manual Operation "V-Type" Switch
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Manual Transfer Switch Operatjon (Con-
tinued)

A.MOVE HANDLE UP B. STOPS AT "NEUTRAL®

D. CHECK CHANGEOVER
DISPLAY

Figure 2. Manual Operglion- "Y-Type" Swilch

System Voltage Tests

1. Turn ON the "Utiity" pewer supply 10 the :ransfer
switeh using whatever means provided (such as a
"Uiility" main line circult breaker).

DANGER: PROCEED WITH CAUTION. THE
TRANSFER SWITCH IS ELECTRICALLY HOT.
CONTACT WITH LIVE TERMINALS OR WIRES
WILL CAUSE HAZARDOUS AND POSSIBLY
DEADLY ELECTRICAL SHOCK.

2. Use an accurate AC voltmeter fo check line-ta-line
voltage. On 2-pole switches, check across tarminals N1
and N2. On 3-pole switches, check across terminals N4
and N2;terminals N2 and N3:ferminals N3 and NT. The
voltage must be correct and compatible with rated
transfer switch voltage, as listed on the transfer switch
DATA PLATE.

3. When certain that "Utility” souree voltage is correct
and compalibla, set tha generators auto-oif-manual
switch to "Off"

4. Turn OFF the "Utiiity" power supply to the transfer
switch.

5. Check that the generators main line circuit breaker
is sat to "On" or "Closed",

B. On the generator panel, set the auto-of-manual
switch o "Manual”, The engine should crank and start.
7. Letthe generator engine stabilize and warm up for a
few minutes.
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DANGER: PROCEED WITH CAUTION. THE
TRANSFER SWITCH 1S ELECTRICALLY HOT.
CONTACT WITH LIVE TERMINALS OR WIRES
WILL CAUSE DANGERQUS AND POSSIBLY
DEADLY FLECTRICAL SHOCK,

8. Use an accurate AC voltmetsr to check line-to-lina
voltage acress terminal lugs E1 and E2 (2-pole units).
For 3-phase systems, check line-to-line voltage across
{ermirals E1-E2; zcross terminals E2-E3; across 1er-
rminais £3-E1. Rated generator voltage should be indi-
cated and must be compatible wih the transfer switch
rated voltage.

9. Use an accurate AC frequency meter to check for
proper frequency. Connect the frequency meter test
leads across terminal £1 and the "Nautral" biock, Fre-
quency at no-load sheuld be about 61-63 Hertz.

10. After ail voltage and frequency measuraments have
been completed, set the generalors man circuit
breaker to #s "OH" or "Open” position.

NOTE: Do NOT procead uniil generator AC outout + sltags
and frequancy are corract. If no-load voltage and frequency
are both correspondingly high or low, the sngina govarmor
may require adjustment. If AG frequency i good, but AC
veitage is high or low, the AC voltage reguiatar may require
adiustment,

Generator Tests Under Load

1. Setthe generator's main line circuit breaker to "Off"
or "Open®.

2. Set the auto-off-manua! switch to "OK",

3. Turn OFF the "Utifity” power supply to the transfer
switch using whatever means providsd {such as a
"Utility” main line eircuit braaker).

4. Marually actuate the transier switch main confacts
‘o their "Standby” position, i e, "Load" connected to the
"Standby" source.

5. Sef the auto-off-manual switch to "Manual”. The
engine should crank and start. When it stans, let #
stabilize and warm up for a few minutes.

6. Actuate the generator's main circull breaker to #s
"0n" or "Closed” position,

7. Turn ON electrical locads equal to the full rated
wallage/amperage capacity of the generator. DO NOT
OVERLOAD THE UNIT.

8. With maximum rated load applied, check AC voitage
and frequency across transfer switch terminals E1/E2
(1-phase) or across E1/ER/E3 (3-phase). Voltags
should be greater than 230 volts AG, Frequency should
e greater than 58 Hz.

9. Let tha generator run &t s maximum rated load for
30 minutes. Listen for urusual noises, evidence of
vibration, everheating, oil and coalant leaks, ete.

10. When checkout under load is completed, set the
generator's main line circuit breaker to "Off* or "Open’.
11. Let the generator run &f no-lead for a few minutes.
Then, set the auto-off-manual switch te "Off" 1o stop the
engine.

12. Make sure all power supplies to the iranafer switch
are turned OFF. Then, actuate the transter switch back
to its "Utility" pasition ("Load" connecled to "Utility”
power source).
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Generator Tests Under Load (Continued)

13. Turn ON the "Utility” pawer supply to the transfer
switch.

14. Set the auto-off-manual switch 1o "Auto™. The 3ys5-
tem is now sef for fully automaﬁc{opwaﬁon.

Testing Automalic Qperation

. Setthe generator's aute-o#-rmanual switch 1o "0
2. Turn OFF poth the "Wlility" and “Standby” power
supplies to the transfer switch.
3, It necessary, manually acluate the {ransfer switch
main contacts ta their "Utility" pasition, Ie., "Load"
connacted to the "Utility" source.
4. Turn ON the "Utility” power supply 1o the transfer
switch.
&. 3¢t the generator's main #ne circuit breaker to fts
"On" ar "Closed position.
&. Set the generalor's auvto-off-manual switch to fs
"Auto” position. ‘
7. Turn QFF the "Utility" power suoply to the transfer
swilch.
a. The ganeralor engine should crank and stan.
L. After the CMA board’s "engine warmup timer" has
timed out, transfer of "Load" circuits to the "Standby”
power supply should accour,
8. Wait about 10-15 minutes, then turn ON the "Utility"
power supply 1o the transfer switch,
a. After about six (6) seconds, retransfer back to the
“Litility™ source shoule oceyr,
b. After an "engine cocldown timer” (1 minute) has
timed out and akter any time remaining on an "engins
minimum run timer” has elapsed, the engine should
shut down.

NOTE: The “engine minimum run timer® comes on during
startup In autamatic mode. Engine must run for abect 13
minutes before it can be shut down autaratically. The timer
prevants shutdown of & cold engine. Enging tan be shut
down manually at any lime.

SECTION 8.1
SYSTEM FUNCTIONAL TESTS
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Section 8.2

ADJUSTMENTS- AIR COOLED UNITS

The 7-Day Exarciée Cycle

The engine-generator will start every seven {7) days,

on a day and at a time of day selected by the ownar-
pperator. The unit will run for a few minuies and then
stiut down,

A 8ot Exergise Time loggle swilchis provided en the

gengratar congole, Use the switch to select day and
time of day for exercise, as foliows:

EY

Place the Auto-Manual-Off switeh to "Cf".

ﬁl%ce the Set Exercize Time switch o "On" and
oid for & seconds.

Wait 30 geconds then place the auto-manual-off

swiah Io Aule , 1@ generaior will now start and

exgrcise every 7 days at the presst time.

NOTE: Faflure to wait 30 seconds may resull in enging
startup. If the engine dos s star, it will shut down zutomalically
within about 2 minutes,

f )

|
@ | ’
ii_éHC:EE ¥ g
TiME ON| i
MALN BREAKER
, Fﬁ
e 1S s
DITIE &
L QFF 15 AMF )

Figure 1. Location of Set Exercise Time Switeh

Adjusting the Engine Governor

DISCUESION:

The generalor's AC freguency output is directly

proportional 1o the driven spesd of the rotor. A 2-pole
rotor {Raving a singie north and a single south magnetic
pole) witi produce an AC frequency of 60 Hartz at 3600
rpm. A 4-pole retor (with 2 nonn and 2 south poles) wilk
pravide 80 Herlz at 1800 rpm.

Because ihe generator is equipped with a "voltags-
overdrequency” type AC voltage reguiator, the unit's
AC output voltage is genserally proportionai to AC fre-
quency. For example, the air cooled prepackaged gen-
erator will provide a line-to-line voltage of approximate-
ly 240 volis at 2 frequency of 60 Heriz. Any reduction
in driven spesd and frequency will result In a cor-
responding decrease in the veltage output.

DANGER: ADJUSTMENT OF THE ENRGINE
GOVERNOR SHOULD BE ACCOMPLISHED IN
TWO STAGES. FIRST, COMPLETE THE S§TATIC
ADJUSTMENT. THEN, PERFORM ADJUST-
MENTS WITH THE ENGINE RUNMING F/ I LLURE
TO COMPLETE THE STATIC ADJUSTMENT
COULD RESULT IN OVERSPEERING THE EN-
GINE WITH POSSIBLE RESULTANT INJURY TO
PEQPLE OR DAMAGE TO THE ENGINE-GEN-
ERATCR.

FROCEDURE:

A. The 3tatic Governor Adjusiment

{. The static governor adiustment MUST be com-

pleted after any disassembly and before stanting and

operating the engine. ALL LINKAGE MUST BE IN-

STALLED WHEN MAKING THIS ADJUSTMENT.

2. To completis the stetic adjustment, proceed as

foliows, with engine shut down (Figure 2);
a. Loosen the GOVERKNOR CLAMP NUT.
b, Actuate the GOVERNCR LEVER untifthe throt-
tle is wide open. DO NOT USE EXCESSIVE
FORCE.
¢. While holding the GOVERNOR LEVER in the
"wida open throttle" position, insert a screwdriver
into the slofied end of the GOVERNOR SHAFT.
Rotate the GOVERNQOR SHAFT counterclockwisa
(CCW) as far as it will go.
d. Hold the GOVERNOR SHAFT in its fully
counterclockwise position, then tighten the
GOVERNOR CLAMP NUT. Tighten the GOVER-
NGOR CLAMP NUT to 70 inch-pounds (8 N-mj
torque.

B. Adjustment with Englne BRunning

IMPORTANT: THE STATIC GOVERNOR AD-
JUSTMENT MUST BE PROPERLY COMPLETED
BEFORE PROCEEDING WITH THIS RUNNING
ADJUSTMENT. IN ADDITION, THE GASEQUS
FUEL LOAD BLOCK ADJUSTMENT SHOULD
BE COMPLETED.

1. Inspect the ANTI-LASH SPRING. Make sure tis
rot broken or disengaged.

2. Ceonnact an accurate AC frequency meler across
the generator's AC output leads.
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Adjusting the Engine Governor {Con-
tinued)

3. Start the generator, let it stabilize and warm up at
no-ioad {(all electrical loads disconnected).
4. Forunits rated 60 Hertz, turn the ADJUSTER NUT
10 obtafn a frequency reading as closs as possible to
62 Hertz. On units rated 80 Henz, frequency reading
should be as close as possible to 51 Hertz.
5. Apply electricat joads and test the unit with loads
applied.
a. Total wattage/amperage of all applied loads
should be as close as possible to the ganerator's
full rated wattage/amperage capacity.
b. Check the amount of frequency droop when
glectncal loads are turned on,
(1) if {requency droops below ahout 59 Hertz
when loads are applied, disconnect the eiectri-
cal loads. Then, move the GOVERNOR
SPRING in the ADJUSTMENT BRACKET
closerio the ANTI-LASH SFPRING.,
12) Afer repositioning the GOVERNOR
SPRING in the ADJUSTMENT BERACKET,
resef the ADJUSTER NUT 1o oblain 3 no-load
AC frequency as close as possible to 62 Hertr,
{3) Apply electrical loads again and racheck
frequency droap.
c. Disconnect elactrical loads and note whether
gxcessive "hunting™ cceurs when the loads are
disconnecied.
§. Repeat the above procedures until:
a. No-load speed is as close as possible 1o 67
Heriz.
b. Excessive droop does not occurwhen loads are
applied.
c. Excessive "hunting” does not oceur when Ioads
are disconnected.

Voltage Reguiator Checks and Adjust-
ments

GENERAL:

For additional information on the prepackaged AC
voltage regulator, see "Other AC Generator Com-
ponents” in Section 2.1 (Page 2.1-3).

ADJUSTMENT PROCEDURE:

1. Start the generator enging, let it stabilize and warm
up at no-load.
2. Note the frequency reading. The ne-load frequency
should Be as close as possible to 82 Meriz {81-83
Herz).
a. It necessary, adjust the engine governar to obtain
a no-foad speed that is as close as possible o 62
Heriz.

b. Do not attempt voltage regulator adjustments uatil
the engine is running at the correct no-load speed.
3. Slowly turn the slotted potentiomster on the AC
voltage regulafor (Figure 3) until the generator's line-
to-line voltage reads as close as possible to 243 volts

AC {244-252 volls).
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IDLE 5TCP SCREW
CARBURETOR
THROTTLE LEVER

ADJUSTER NUT.
£

=3 ANTLASH
PRING

GOVERNOH

SRAF GOVERNOR

SPRING

—
e
CLAMP NUT GOVERMOR
LEvER

Figure 2. Engine Governor Adjustment
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Figure 3. The AC Voltage Requiator

{ oad Block Adjustments

TOOLS REQUIRED:

The following are requirad to adjust the gaseous fuel

sysiem lead blogk:

A straight siot scrawdriver,
A t7mim opan-end wrench
An AG frequengy mater with 55-65 Heriz range.
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Load Block Adjustments (Continued)

IF NATURAL GAS 15 USED:

1. On the generalor panel, sa! the auto-off-manual
switch to "Off",

2. Turn OFF the "LRilty" power supply 1o the fransfer
switch using whalever means provided {such as a
*Utility™ main line gircuit breaker).

3. 3et the generator's main line circult breaker to s
"Oif" or "Open” position,

DANGER: DONOT PROCEED TO STEP 4 UNTIL
ALL POWER VOLTAGE SUPPLIES TO THE
TRANSFER SWITCH HAVE BEEN POSITIVELY
TURNED OFF, ANY ATTEMPT TO OPERATE
THE TRANSFER SWITCH MANUALLY WHILE
POWER VOLTAGES ARE AVAILABLE MAY
RESULT IN HAZARDOUS AND FOSSIBLY
DEADLY ELECTRICAL SHOCK,

d. branually actuate the transfer switch main contacts
to their "Standby” pasition, i.e., "Load” connected fo the
"Standby" power supply.
5. Turn ON electrical loads equalto about 13 5 amperes
at 240 vaolts or 27 amperes at 120 volts.
6. Complete inktiat adjustment of the load block as
follows (Figure 4} .
a. Loosen the LOAD BLOCK LOCK NUT.
b Turn the SLOTTED ADJUSTMENT and LOAD
BLOCK IDLE ADJUST clockwise until they iust bot-
tom. DO NOT FORCE.
c. Turn the LOAD BLOCK IDLE ACJUSRT
counierclockwise one-haif (1/2) urn.
d. Turn the SLOTTED ADJUSTMENT counterciock-
wise ong and ane-haff {(1-1/2) {urns.
7. Connect an accurate AC frequensy mater across
transier switch {erminal lugs E1 and E2,
8. Bet the auto-off-marwal switch to "Manual®. The
engine should crank and stan.
9. Let the engine stabilize and warm up for a few
minutes.
1C. lf the engine runs rough, slowly turn the SLOTTED
ADJUSTMENT clockwise until & maximum frequency
of 62 Hertz is reached. SO NOT EXCEED 62 HERTYZ.
11. Now, apply the load of 13.5 amperes at 240 volts,
or 27 amperas at 120 volls. These loads were turned
oniin Step 5, To apply the loads, simgly set the gener-
ator's main ling circuft breaker to "On” or "Cloged”.
12. With the prescribed electrical foad epplied, slowly
turn the SLOTTED ADJUSTMENT clockwise until a
reading of 62 Hariz is oblained. DO NOT EXCEED &2
HEHT%.
13. With engine running at 62 Hartz, back out the
SLOTTED ADJUSTMENT threa (3) full turns. Haold {hat
adjusiment and tighten the LOAD BLOCK LOCK NUT,
The main fuel sefling is now correcs,
14. Set the generator's main line circuit breaker to fis
"Off" or "Open” position. Step 15 mustbe accomplished
with the enging running at ne-load.
15, Adiust the LOAD BLOCK IDLE ADJUSTY until en-
ging is ninning smoothly at 62 Hertz. idle setting at this
point is completa.

LOAD BLCOR

LOCH NUT
LGAD BLOCK e/ SLOTTED
IOLE AGOLSET = ADJUSETMENT

Figure 4. Load ook Adjuctrients

IFLF (PROPANE) GAB I8 UBED:

1. On the generalor panel, st the auto-off-manual
awifeh to "OH",

2. Turnt OFF the "Utilty" power supply {0 the transfer
switch, using whatever means provided (such &5 a
“LAility" main ling circuit breakar).

3. Set the generator’s main ling circuit breaker to g
"o or "Open” position.

DANGER:DONOTPROQCEED TO 8TEP 4 UNTIL
ALL POWER VOLTAGE SUPPLIES TO THE
TRANSFER SWITCH HAVE BEEN POSITIVELY
TURNED OFF. IF POWER VOLTAGE SUPPLIES
ABRE NOT TURNED OFF, DANGERQUS AND
POSSIELY LETHAL ELECTRICAL SHOCK MAY
RESULT WHEN ATTEMPTING MANUAL
TRANSFER SWITCH OCPERATION.

4. Manually sctuate the {ransfer switch main contacts
1o their "Standby” position, i.e., "Load” connasied to the
"Standby” source side.
2. Turn gn eleclical loads equal to abou! 25 amps at
240 volts; or 30 amps at 120 volts.
6. Complete inifizl adiustment of the bad block as
follows (Figure 4):
2 Twnihe SLOTTED ADJUSTMENT andthe LOAD
BLOCKIDLE ADJUST clockwise until they are scftly
seated. DO NOT FORCE.
b. Turnthe SLOTTED ADJUSTMENT counterciocks
wise one and ane-ha¥ (1-1/2) turns. Hold thas adjust-
ment and tighten the LOAD BLOQCK LOCK NUT.
¢. Turn the LOAD BLOCK IDLE ADJUST
counterclockwise one-half (1/2) turn.
7. Connect an accurats AC irequency meter across
transfer switch terminal lugs E1 and E2.
8. Set the auwto-off-manual switch to "Meznual", The
engine should crank and star.
9. L=t the engine stabilize and warm up for a few
minutes.
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Load Block Adjustments (Continued)

10. i the engine runs rough, siowly lurn the SLOTTED

ADJUSTMENT clockwise until @ maximum fraquency

reading of 62 Menz is reached. DO NQT EXCEED 62

HERTZ

11, Now, appiy the load of 25 amperes at 240 volts, or

50 amperes at 120 voits. These loads were turned aon

in Step 5. To apply the loads, set the generalor's main

line circuit breaker to "On” or "Claged™,

12, With the electrical load applied, slowly turn the
LOTTED ADJUSTMENT untit a reading of 62 Hertz is

chiained. DO NOT EXCEED 62 HERTZ,

13. With the engine running at 62 Hertz, turn the

SLOTTED ADJUSTHMENT c¢ounterclockwise one and

ona-half [1-1/2} turns. Hold that adjustment and tighten

the LOAD BLOGK LOCK NUT,

14. Disconnect the load by sefting the genarators main

fing circuit breaker 1o its "Off" or "Open” position.

15. Turnthe LOAD BLOCKIDLE ADJUST slowly clock-

wise and counterclockwise untit engine runs smaooily at

62 Hertz (no-icad).

Adjusting Drive Belt Tension

The ergine and generator are mounted vertically and
side-ny-side. A crive belt extends from and engine
pulley to a generatorpullay, 10 drive the generanor rotor
at tha same speead as the engine. The driva belt should
reguire adjustment only when (a) a new beit is instajled,
or {B) belt lensioning hardware has been removed or
replaced, Adjust drive belt tension as follows:

1. First, adjust the spring on the four stator can bolts ‘o
a length of 1/2 Inck (13mm).

2. Adjust the two sefs of springs that are positioned
laterally at the generator's lower bearing carrier to a
length of 5/8 inch (16mum).
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Flgure 5. Drive Beit Tension Adiusiment




PART 8- OPERATIONAL
TESTS & ADJUSTMENTS

SECTION 8.3

ADJUSTMENTS- LIQUID COQOLED UNITS

Section 8.3

ADJUSTMENTS- LIGUID COOLED UNITS

Setting Weekly Exercise Cycle

The generator will start and exercise once every
seven (7) days, on a day and at’a time of day selscted
by the installer or operator. The unit will run for ap-
proximately 13-15 minutes during this "exercise” cycle,
wiil then shot down, Transter of electrical loads to the
"Standby" power source will ot occur during the exer-
cisa.

A switch, located on the ganerator control console,
permits the day and time of exercise to be selected. To
select the day and time of day for the systam 10 exer-
cise, procasd as follows:

. Eé%ce the auto-off-manuat switch {o its "Off" posi-

> Holdthe saf exercise time switch at #3 "On" positi
for apout five (5) seconds. positien

»  After five seconds, release the set exarcize time
switch 1o s " f"msﬁmn. Wajl 3% seconds, then
place the auo-offi-manual switch %"Auto". The
generator,w:u exercise avery seven (/) days atthe

electad time,

NOTE: Failure to wait 30 seconds bafore placing the auto-off-
manual switch to "Auto” may result in engine cranking and
startup. If the engine does crank and staft, it will shut down
automatically within abeou! two {2) minutes.

Engine Governor Adjustment

GOVERNOR DESCRIPTION:

The mechanical, cenirifugal type governor utilizes
spring tension versus centrifugal force to maintain a
sieady state operating speed regardless of the kead on
the engine. When centrifugal force acting on g set of
fiyweights exceeds governar spring tension, tiyweight
force will decrease carburetor throtile setting and mm.
Shouid engine spesd decreasze, fiywelghiforce will also
decrease. Spring tension then becomes the stionger
force and will increase throttle sefting and mpm. Gover-
nor astion will cease when centrifugal force and spring
tenzion are in equilibrium.

The engine governor alse supports and drives a
battary charge =emator which mainiains battery state
of charge during ¢peration. -

GOVERNGH LUBRICATION:

Eermove CIL FILLER PLUG and OIL LEVEL CHECK
PLUG. Add ergine oilthrough OIL FILLER PLUG open-
ing until oil just staris {o drain from the OIL LEVEL
CHECK FLUG cpening. Install and tighten both plugs,

i voLTs

LC YoLTE

FAULTY
AUTS INDICATOR

A M

Figure 2. Governor Qif Servicing Points

GOVERNQOR LEVER TO CARBURETOR LINK:

~ When installing the governor lever {o carburetor
linkage, adjustthe rod length o 4-3/8 inches (measured
between ball joint centerlings).

Figure 1. The "3t Exercize Time"” Switch

4-3/8 Inshes
ﬁ 111 cm

Figurg 3. Governor Lever to Carburelor Link
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Engine Govarnor Adjustment (Con-
tinued)

ADSUSTMENT.

1. Connect an accurale AC frequency meter across
stator AC oulput leads E71 and E2, to read the gener-
ator's line-te-line fraquency. ;

2. Get the generaior's main line circuit breaker {o #s
"Off" or "Qpen” pesition. Inifial checks and adjusiments
will be accomplished with the engine at no-load.

3. Start the engine, It it stabilize and warm up for a few
minutes.

4. With engine running at no-load, adjust the NO-LOAD
SPEED ADJUST SCREW 1o obtain & frequency read-
g as close as possible to 1.5 Hertz (B0 Herlz units):
crio 5C.0 Hartz (50 Herz units),

E. Adjust the NO-LOAD BUMPER SCREW tc obtaina
frequency reading of 62 Hertz (80 Merz units): or 51
Herzs (50 Hertz units).

£. Apply an electrical load io the generator that is as
close as possible o the rated wattage/amperage
capacity of the ganerator.

7. Chack the AC frequency with the load applied. If
frequency droops below about 53 Hertz with ioad ap-
piled for 60 Heriz units, ar below aboul 48 Herz with
lead applied for 50 Hertz units, adjust the DROGP
ADJUSTMENT downward. Adjust the DROOP AD-
JUSTMENT until apolicaticn of electrical loads resulls
in the smallest possible freguancy droop when lnad is
applied, :

8. if surging accurs when elecirical leads are discon-
nected, adjust the NC-LOAD BUMFPER SCREW in-
ward. | BUMPER SCREW adjustment ehznges the
frequency reading, back the NO-LCAD BUMPER
SCREW out until the no-load frequency returns to 62
Henz (60 Menz units); or o 51 Hertz (50 Hertz units).

SECTION 8.3

ADJUSTMENTS- LIQUID COOLED UNITS

Voltage Regulator Adjustment

GENERAL:

For addifional information on the prepackaged AC
voltage requlator, see "The Excitation Circuit” in Sec-
tion 3.1 of this manual (Fage 3.1-3).

Before adjusting the voltage requlator for correct AC
voltagz output, make sure engine governed speed is
correct,

ADJUSTMENT PROCEDURE:

1. Connect an accurate AC voltmater and frequercy
meter across the generalor's AC cuiput leacs. Read-
ings of ine-to-line voltage may be used.
2. 3zl the enging, let it stabilize and warm up at
no-toad.
3. Check the AC freguency reading. Freguency shouid
be as ciose as possible to 62 Henz (31-83 Hertz) &t
no-load. Adjust the engine governor, it necessary.
<. With enging running at correct speed (fraguency),
slowly furn the slotted potentiometer on the regulator1o
obtain the proper AC voltage as follows:
g. For units rated 120/240 voits AC, the ne-lsad
line-to-line voltage should be &5 close as poszible to
248 volts (244-252 voits).
L. For units reted 120/208 volls AC, the no-load
fing-fo-line voltage should be as closg as possibleto
215 volts {(212-218 voits).

NOTE: Tha no-load voltage Is genserally proparticnal to AC
frequency. For units rated 240 volts, the no-load (fing-to-line)
voltage at 83 Hartz will ba approximately 2458 volis. For units
rated 120/208 volts, the no-load {line-to-line) voflage will be
sbout 215 volls.

To Carburetor

NO LOAD BUMPER SCREW

Oil Levei Check Plug”

DEOOP ADJUSTMENT

NO LOAD SPEED ADJUST SCREW

Eigure 4. Engine Governar Adiustment Points
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PART 8- OPERATIONAL

SECTION 8.3

TESTS & ADJUSTMENTS ADJUSTMENTS- LIQUID COOLED UNITS

Voltage Regulator Adjustment (Con-
tinued)

/O\o

o

Gk

(ENEY

VOLTAGE ADJUST
POTENTIOMETER

)

T

& LOSS MONITCH

m 57
GREEN LIGHT o

o %o
N-‘KoMIN O WA =]

@
Qaﬂ

= FHASE SEQUENCE ‘l-

180-210 VAL .
a0 50-80 HI j I7al5 g

=3 -

Figure 5. Voltage Aegulator

Adjusiment of 3-Phase Power Monitor

DISCUSSION:

This device (Figure 6) 15 used on 3-phase, "Y-Type"
prepackaged transfer switches, It senses "UHility"
powar socurce voltage in alithree (3) lines ofthe 3-chase
systermn. A voltage dropout in one Tine, two lines, or all
three lines of the system will result in opening of the
power manitor contacis and less of "Ulility" veitage
sensing to the CMA circuit board. CMA circuit beard
action willthen initiate generator stardup and transfer of
"Loads" to the "Standby" power supply. The davice is
rated 5 amperes at 240 volts AC.

The power monitor is equipped with a green light
which is pormaily on, but goes oul on loss of ona or
mare of the 3-phase lines. A sloifed voltage dropout
adjustment is provided and is adjustable from 180-270
valts AC. The adjustment is linear.

When the adjustment is turned fully counterclock-
wise to "Min", the power monitor will de-gnergize and
&5 contacts will open at about 120 volts AC.

Whan turmned fully clockwise to "Max", it will de-ener-
gize and its contacts will open at about 270 volts AG.

Whean set to its "mid-position”, the unit will de-ener-
gize and its contacts will open at approximately 230
volts AC.

Figura & The 3-Fhase Fower Menitor
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CY-TYPE" TRANSFER SWITCH
200 AMP, 2-POLE (DRAWING 74498)

ELECTRICAL DATA

PART 9

LN AREELN SRR T i) B o N pot L]
HIW HMONS SIGVINGT

_“zn_ﬁuu_:..durmwsamm_..u.d didls TerMsIE - 5

YIJShwdl CRWIE - s

HOLVALDY TSIRILMS LN - ERYISTIS

VEL (G —— ral . HOLIWINOZ 1S E24SKVSEL — S1D

TR DHELNEDY AQLOFINGD - D
GNA9TT

|
£
12
5
el
st
[ u — L
SIS - i
o [ © I Y !
L, ” H LK

!
H

AR e -
_ ZH 14
N‘J‘ N
_l — M IH & IH
EAN = aomes - £
NV SOV I DN PV AOVID DILYFEIHDS

Page 8.1-1




"Y-TYPE" TRANSFER SWITCH

100/200 AMP, 3-POLE (DRAWING 74499)

ELECTRICAL DATA

PART 8
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"V-TYPE" TRANSFER SWITCH
100 AMP, 2-POLE (DRAWING 81222}

ELECTRICAL DATA

PART 8
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WIRING DIAGRAM (DRAWING 76049)
, LIQUID COOLED GENERATOR

1-PHASE

ELECTRICAL DATA
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SCHEMATIC (DRAWING 76062)
1-PHASE, LIQUID COOLED GENERATOR

ELECTRICAL DATA
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WIRING DIAGHAM (DRAWING 76066
3-PHASE, LIQUID COOLED GENERATOR

ELECTRICAL DATA

PART 8
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PART 9

SCHEMATIC (DRAWING 76058)

3-PHASE, LIQUID COOLED GENERATOR

ELECTRICAL DATA
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WIRING DIAGRAM (DRAWING 79961)
LIQUID COOLED ENGINE (GASOLINE]

ELECTRICAL DATA

PART 8
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PART 9
ELECTRICAL DATA

SCHEMATIC (DRAWING 73962)
LIQUID COOLED ENGINE (GASOLINE)
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WIRING DIAGRAM (DRAWING 76045)

LIQUID COOLED ENGINE (GASEOUS FUEL)

ELECTRICAL DATA
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PART 9
ELECTRICAL DATA

TO CONTEOL, FANEL

SCHEMATIC (DRAWING 76046)
LIQUID COOLED ENGINE (GASEOUS FUEL)
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AIR COOLED ENGINE UNIT

ELECTRICAL DIAGRAM (DRAWING 77042)

ELECTRICAL DATA

PART 9
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