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ELECTRICAL FORMULAS

TO FIND KNOWN VALUES 1-FHASE 3-PHASE
KILOWATTS (kW) Volts, Current, Power Factor Ex1 ExIx173xPF
1000 1000
Kva Yolts, Current Exi ExIx173
1000 10C0
AMPERES kW, Volts, Power Factor kW x 106G0 KW x1
' E Ex173xPF
WATTS VYolts, Amps, Power Factor Volits x Amps Exix173xPFF
NO. OF ROTCR Frequency, RPM 2x 60 Hency 2 % 60 x Frequency
POLES EPM RPM
FREQUENCY RPM, No. of Rotor Poles RPM x Poles RPM x Poles
2x 60 2x 60
RPM Fregquency, No. of Roter Poles 2x 60 uency 2 1en
Rotor Poles Rotor Poles
kW {required for Motor Horsepower, Efficiency HP x 0.745 HPx0.744
Motor) Efficiency Efficiency
RESISTANCE Volts, Amperes E E
I 1
VOLTS Ohin, Amperes IxR IxR
AMPERES Ohms, Volis E E
R R
E = VOLTS I = AMPERES R = RESISTANCE (CHMS) PF=POWER FACTOR




SPECIFICATIONS

GENERATOR SPECIFICATIONS:

RATED

POWER 8 kW 12.5 kKW 16 kW 20 kW

RATED VOLTS

-120/240, 1-Phase

120/240,-4-Phase
120/240, 3-Phase
120/208, 3-Phase

120/240, 1-Phase
1207240, 3-Phase
120/208, 3-Phase

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

MAX. LOAD :
CURRENT AT £68.6/33.3 104.2/52.1 133.3/66.6 166.6/83.3
120/240 VOLTS,
1-PHASE
MAX. LOAD
CURRENT AT Not Applicable 104.2/52.1 96.3/85.8 120,4/695
1203/208 VOLTS,
3-PHASE
ENGINE 480 cc OHV 1.2 Liter OMC, 4-Cylindey
V-Twin
ENGINE
COOLING Air-Cooled tiquid-Cooled
FUEL LP or Natural Gas
RATED
FREQUENCY 60 Hz at 36800 rpm § 60 Hz at 1800 pm 50 Hz al 3600 rpm | 80 Hz at 3600 rpm
TYPE OF ROTCR 2-Pole 4-Fole 2-Fole 2-Pole
ROTOR WINDING 12.6 Ohms 10.¢ Chms 8.0 Ohms 8.5 Ohms
RESISTANCE
STATOR WINDING RESISTANCE VALUES:
8 kKW, 120/240 Volits, 1-Phase Units:
Battery Charge Winding . ............ 0.06 Ohm Across beads S3-86......... ... ... 0.21 Ohm
ExcitationWinding ................. 1.08 Chm Across Leads S8-512 ... ............ 0.21 Ohm
AC Power Winding (sach winding) ... .. 0.16 Ohm Across Leads S2-85 ... ... ..., 0.21 Ohm
Acrossbeads2-8 ... ... ... .. ... ... 0.75 Ohm
12.8 kW, 120/240C Volts, 1-Phase Units:
Across Wires 11-22 ... ... ........ 0.13 Ohm 15 kW, 120/240 Volts, 1-Phase Units:
Across Wires 33-44 ... ... .. ... .. 0.13 Ohm Acrossbeads 11-22 . ... .. ... ....... 0.10 Chm
Across Wires 56 ..., ... ... .. ..... 0.87 Ohm Across Leads 33-44 ... ... ... .10 Chm
Across Leads2-8 ... ... .. ... $.83 Chm
12.5 kW, 120/240 Volts, 3-Phase Units:
Acrossbeads S1-S4 .. ... ... ... ..., .12 Ohm 15 KXW, 120/240 Volis, 3-Phase Units:
Across Leads 87-S10. ... ... ... £.120hm AcrossLeads S1-S4 ... ... ... ... .12 Chm
Across Leads SB-S11 . ... ... .. 0.19 Ohm Across Leads S7-810 ... ... ... ... ... 0.12 Chm
Acress Leads S3-S6.. ... ... ... 0.18 Ohm Across Leads 88-811 ... ... .. .. ... 0.18 Chm
Across Leads S8-812. ... ... ... 0.18 Ohm Acrossleads 83-86 . ... ............ 0.1 Ohm
Across Leads 82-85.. ... . ... ..., 0.18 Chm AcrossleadsS9-812 ... ... .. .. ... 0.18 Ohm
Acrossleads2-6 .................. 0.78 Ohm Across Leads S2-85 . ... ... ... ... 0.1¢ Ohm
Acrossleads5-6 ... ... . ... ... . ... 0.¢4 Ohm
12.5 kW, 120/208 Volis, 3-Phase Units:
Across beads S1-S4 .. .. ... ... 0.21 Chm
Across Leads S7-S10. ... .. ..., .. 0.21 Chm {Continued on Next Page)
Acrcss Leads S8-8S11 . .. ... .. ... ..., 0.21 Ohm
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SPECIFICATIONS

STATOR WINDING RESISTANCE
VALUES (CONTINUED)

16 kW, 120/208 Volis, 3-Phase Units:
Across Leads $1-S4 '
Across Leads S57-510
Across Leads 58-S11
Across Leads 53-56 ...
—fkoross beads 58-512 -
Across Leads §2-55
Acrossbeads 56 ... ... ... ..

20 kW, 120/240 Voits, 1-Fhase Units:

Acrossteads 1122 ... ............ 0.05 Ohm
Acrossbeads33-44 ........ ... ..... 0.05 Ohm
Acrossbeads2-6 ... ... ... . ... ... 0.50 Chm
20 kW, 120/240 Volts, 3-Phase Units:

AcrossLeads S1-84 ... . ..., 0.08 Ohm
Across Leads S7-810 ... ... ..., .. 0.08 Ohm
Across Leads S8-811 ... .. ... 0.135 Ohm
Across Leads 83-86 . ... ... ... ... 0.135 Ohm
Across Leads 88-S12 ... .. ... ... .. 0.135 Ohm
Across Leads S2-85 ... .. ... 0.135 Ohm
Acrossleads5-6 ... ... ... ...... 0.45 Chm
20 kW, 120/208 Volts, 3-Fhase Units:
Acrossleads 81-S4 ............... 0.15 Chm
Across Leads 87-810 . ............. 0.15 Ohm
Across Leads 88-S11 ... ........... 0.15 Ohm
Across Leads 83-36 ... ... ... 0.15 Ohm
Across Leads 58-812 . ... ... ... .. 0.15 Ohm
Across Leads 82-S5 ... ... L. -0.15 Ohm
Acrossleads5-6 .. ... .. ... .. ..., 0.39 Ohm

AIR-COOLED V-TWIN ENGINE
SPECIFICATIONS

TypeofEngine ............ Twin Cylinder

Cooling ......oviuin.. Air-Cooled

Rated Horsepower ......... 16 at 3000 mpm

Displacement ... ........... 480 ¢c's

Compressicn Ralio ......... B5t01

CylinderBlock . ............ Alurninum with cast
iron sleeve

Type of Govemnor .......... Mechanical, Fixed
Speed

Governed Speed . .......... 3600 rpm

AirCleaner................ Paper element with
foam pre-cleaner

Type of Starter ............. 12 voits DC electric

Ignition System ............ Soiid State with

fiywheel magneto
Recommended Spark Plugs

Champion .............. RC12yYC

AC . R458

Fram Autolite .. .......... 65
Spark PlugGap ............ 0.030 inch
Armature AirGap .......... £.008-0.012 inch
Vaive Clearance- Cold ... ... £.004-0.€06 inch
CilFilter ............ ... FRAM PH3614
Engine Cranking Current . .. .. 100 DC amperes

Engine Torque Speciications:

Engine Flywheel ......... 125 foot-pounds
CylinderHead Belts ... 165 inch-pounds
ConnectingRod .......... 115 inch-pounds
44444444444 Crankcase.Cover. ... 150.inch-pounds
Govarner Lever Lock Nut .. 70 inch-pounds
Spark Plugs ............. 200 inch-pounds
Starter Mounting Bofts ... .. 140 inch-pounds

NOTE: A service manual is available for the V-Twin
engine, The manual is entlitled "V-Twin OHY
Horizontal and Verticai Shaft Englnes” and may be
ordered by speclfying Manual Part No. 81134,

LIQUID-COOLED 1.2 LITER ENGINE
SPECIFICATIONS

Number of Cylinders .. ...... 4, In-Line

Coofing......... ... ... ... Liquid-Cooled

Valve Arrangement ......... Overhead Cam

Displacement .............. 1.2 Jiters (73 Cu. In.)

Compression Ratio ......... 9.0101

Rated Horsepower.......... 42 at 3600 mm

Crankcase Oif Capacity ...... 3.0 U.S. quaris
{with filter change)

Cooling System Capacity .... 2 U.8. gailons

Type of Cooling System ..... Fressurized, closed
recovery

A Cleaner................ Replaceable dry type
cariridge

Ceoling Alr Requirements .. .. 1580 cubic feetMin,

Combustion Air Reguirements 72 cubic fee¥V/Min.

GOVEMIOr .t ii i iiiinennns Mechanical, Fixed
Speed

Stafter ........ ... ... 12 volts DC electric

-Page 2-



THE 8 KW,

SPECIFICATIONS

AIR-COOLED PREPACKAGED GENERATOR

_ ]
3
ls \
5 6
ITEM NOMENCLATURE NOMENCLATURE
Engine Valve Cover AC Generator

PR -

Engine Air Cleaner

Cit Dipsiick & Fill Tube
Qii Drain Hose

Cil Fitter

Oil Makeup Tank

k(300
P s £

Battery Compartment
Line Circuit Breaker

-15 amp Fuse

Autc-Off-Manual Switch
Enciosure

i2




SPECIFICATIONS

TYPICAL PREPACKAGED GENERATOR WITH 1.2 LITER ENGINE

ITEM DESCRIPTION ITEM DESCRIPTION
1 Exhaust Muffler 10 Bearing Carrier Cover
2 Engine Governor ik 30 Amp Fuse
3 Data Plate 12 Fault Indicator Lamp
4 Qil Drain Hose 13 Auto-Off-Manual Switch
5 Fuel Cannection 14 Battery Volimeter
6 ruel Solenoid Valve 15 HMourmeter
7 Starter Mator 16 AC Voltmeter
8 Voltage-Phase Selector Swilchl 17 AC Ammeter
Ej Mounting Base 18 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 has been prepared
especially for the pumpose of familiarizing service per-
sonnel with the testing, troubleshooting and repair of
Generac Il prepackaged home standby systems. Every
effort has been expended to ensure that information
and instructions in the manual are both accurate and
current. However, Generac reserves the right to
change, alter or otherwise improve the product at any
time without prior notification.

The manual has been divided into ten PARTS. Each
PART has been divided into SECTIONS. Each SEC-
TION consists of two or more SUBSECTIONS,

It is not our intent to provide detailed disassembly
and reassembly instructions in this manual. it is our
intent fo {a) provide the service technician with an
understanding of how the various assemblies and sys-
tems work, (b} assist the technician in finding the cause
of maifunctions, and (¢} effect the expeditious repair of
the eguipment.

Units with Air-Cooled V-Twin Engine

See Page 3 at front of this manuval. These units are
driven by an air-cooled, "V-Twin" engine. The driving
engine and AC generator are mounted vertically and
side by side inside an ail-weather enclosure. The AC
generator is a "2-bearing” type and is driven by the
engine through a belt and pulley arrangement.

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

Units with Liquid Cooled Engine

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

A DATA PLATE, affixed to the unit, contains impor-
tant information pertaining to the unit, including s
Medel Number, Serial Number, kW rating, rated pm,
rated voltage, ete.

In addition to the data plate, a DATA CARD is in-
ciuded with each unit shipped fromthe factory. A typical
data card is shown in Figure 2. You may be asked to
supply some of the information fromthe data card when
requesting information, ordering parts, etc. The card
lists the following information:

MODEL NUMBER:

Many home standby generators are manufacturedio
the unigue specifications of the buyer. The Model Num-
ber identifies the specific generator set and its unique
design specifications.

DATE:
indicates the date of manufaciure for the unit.

GENERATOR IDENTIFICATION CODE;

Specific features of the generator, as well as any
options that might be installed, are included in this
code. The various parts of the identification code are
identified on Page 1.1-2. Alsc see "Voftage Code" in
this section.

GROUP LETTERS/ASSEMELY NUMEERS:

The various GROUPS {or subassemblies) that make
up the entire generator sef are identified by msans of
the letlers "A" through "@". Adiacent to the GROUP
letter is the GROUP DESCRIPTION and one or more
ASSEMBLY NUMBERS, Assembly numbers refer to
specific enginsering drawings, exploded views and
electrical diagrams applicable to a specific GRCQUP,

Voltage Codes

The ietter following the "Rated Kilowatis™ numeralin
the generator identification code indicates the unit's
raled voliage, phase and AC frequency. At the time of
this writing, liquid cooled prepackaged units were avail-
able with Vollage Codes "A™, "B" or "D" (see CHART
below). Additicnal information on these Voltage Codes
and what they mean can be found in Section 1.2, "AC
Connection Systems”.

FOLTAGE| RATED RATED
CQOLE VOLTAGE PHASE FREQUENCY
A 1207240 1 60 Hz
B 120/208 3 60 Hz
D 1207240 3 60 Hz

Page 1.1-1



PART 1 SECTION 1.1
GENERAL INFORMATION GENERATOR IDENTIFICATION

Generator Identification Code

S G 020 A 1612 N 3P D Y Y

Y
T g SR L] B Mpu D R b G o mpae
UNIT HAS A MAIN
LINE CIRCUIT

BREAKER

B SHIFPED WITH AN
EXHAUST MUFFLER

INCLUDES A
P COMPARTMENT

D= DIRECT EXCITED
» B- BRUSHLESS

CONTROL CONSOLE
P - PREPACKAGED

. S M RATED RPM
18= 1500
18= 1800

30=30C0
38= 36C0

3 FUEL SYSTEM
N= NATURAL GAS
L= LP GAS (PROPANE}

ENGINE DISPLACEMENT]
P (N LITERS)

—— » RATED AC FREQUENCY
B= 80 HERTZ

5= 50 HERTZ

| S 3 PHASE (1 OR 3-PHASE)

- - p VOLTAGE CODE

RATED KILOWATTS
>

G= GAS ENGINE
D D= DIESEL ENGINE

> STANDBY GENERATOR

Page 1.1-2



PART 1 ~ SECTION 1.1
GENERAL INFORMATION GENERATOR IDENTIFICATION

é ALTERNATOR DATA A

MODEL [ - ] Kva [:: GENERAC CORP.
O e R
! .
VOLTS HERTZ |
E::] APM MODEL NC. 514012588 DATE 80291
amps [ ] L SGa12-A161 ZHIBCOVY
EER T 1 ww [ GROUP  DESCRIPTION  ASSEMBLY NUMBERS

CLASS F WINDING INSULATION AT 40° C. A Generatar gocoo - ooeoe
8 Cantrol Pansl CO0c0 02000 GDODO
EN E RAC CORP. c Mounting Base QQ000  00G00
AU KESHA, W; o Enging & Accy. Go0Co
45452 MADE IN U.S.A. E Fuel System [slelslale}
L y G Wiring Dagram 00000 00000 Q0000
Figure 1. A Typical Data Fiaie 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

Voitage Codes

Also see "Voltage Codes" on Page 1.1-1. At the
present time, prepackaged home standby generators
were available with voitage codes "A", "B or "D".

Voitage Code "A"”

Units with voltage code "A" are rated 120/240 volts,
i-phase, 60 Hz. Dual stator AC power windings each
supply 120 voits AC; when the two windings are con-
nected togetherin series, a 240 volts AC output results.

See Figure 1. The stator AC power windings are
connected to form a "3-wirg" connection system in
whicht aaris 11 and 44 form the two "hot" lines; and the
junction of Leads 22 and 33 form the "neutral” line.

Voltage Code "B

These units are rated 120/208 voits, 3-phase, 60 Hz.
The stalor's AC power winding is a "paraitel wye" type
as shown in Figure 2. The winding consists of six {6}
coils, with twelve (12) leads brought out into the gener-
ator's AC connecticn (lower} panel. The leads are
nurnbered 51 through $12. The twelve leads are con-
necled together by means of "bolted” junctions,as
shown in the following char, to form Lines E1, E2, E3
and "neutral” (00). Also see Figure 3.

“BOLTED CONNECT O
JUNCTION LEADS FORM
1 54, 55, 56, 510, $11, 3124 Nautral (00}
2 51 and 57 Line E1
3 52 and 88 Line E2
4 53 and Sg Line E3

— DUAL STATOR POWER WINDINGS ]

2 33 , ’
11 44

haf— 120 VOLTS 120 VOLTS —3
3]8]
040 VOLTS S

E1 E2

Figure 1. Stator Windings- Voltage Code "A"

sz
81
S5
S4 $8
S

Figure 2. Stator Windings- Voltage Code "B”

S4, 85, g8,

S10, 511, 812
-
ﬂoo (NEUTRAL)

— S

_51h_;’_->_E1
87

Figure 3. Bolted Junctions- Voltage Code "B”

Voltage Code "D*

These units are rated 120/240 volts, 1 or 3-phase,
€0 Hz. The stator AC power windings are "delta con-
nected”. Two of the stator's six (B) colis are double-
wound, to supply the unit's full rated capacity at 1-
phase. When used as a 120/240 voi{s, 1-phase system,
connect teads as {ollows:

. ggnnect 24C volts AC loads across Lines £1 and

> Connact 120 volts AC loads across Lines E1 to 00:
or across lines E3 io 00,

Page 1.2-1



PART 1
GENERAL INFORMATION

SECTION 1.2
AC CONNECTION SYSTEMS

sz 512

S11
53

) [y

51 sS4 57 S0

58

B © ey w s
1

Y St 120V 240V

57: C FGG

120V,
im0 S 8
53

Figure 4. Stator Windings- Voltage Code "D”

Page 1.2-2
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PART 1
GENERAL INFORMATION

SECTICON 1.3

PREPACKAGED INSTALLATION BASICS

Section 1.3

PREPACKAGED INSTALLATION BASICS

introduction

information in this section is provided so that the
service technictan will have a basic knowiedge of instal-
lation requirements for prepackaged home standby
systems. Problems that arise are often related to poor
or unauthorized installation practices.

Atypical prepackaged home standby electric system
is shown in Figure 1, below. instaliation of such a
systemn includes the following:
«  Selecting a location.
Mounting of the generator.
Grounding the generator.
Providing a fual supply.
Mounting the transfer switch.
Connecting power scurce and foad lines,
Connecting system control wiring.
Post instaliation tests and adjustments.

Selecting a Location

install the generator set as close as possible to the
electrical load distribution panei(s) that will be powered
by the unit. This will reduce wiring and conduit lengths.
Wiring and conduit not only add to the cost of the
installation, but excessively long wiring runs can result
in a voitage drop.

Mounting the Generator

Mount the generator setio a concrete slab. The slab
should extend past the generator and to a distance of
at least twelve {12} inches on all sides. The unit canbe
retzined fo the concrete siab with masonry anchor
bolts.

Grounding the Generator

The National Electric Code requires that the frame
and external electrically conductive pants of the gener-
ator be preperly connected to an approved earth
ground. Local electrical codes may also require proper
grounding of the unit. Forthat purpose, a grounding lug
is attached to the unit. Grounding may be accomplished
hy attaching a siranded copper wire of the proper size
to the generalor's grounding lug and to an earth-driven
copper or brass grounding rod {elecirode). Consuli with
a tocal electrician for grounding reguirements in your
area.

The Fuel Supply

Prepackaged units with air-cocled engine were
operated, tested and adjusied at the factory using nat-

GROUNDING RCD

SENSING & TRANSFER
SIGNAL CONNECTIONS

e EMEAGENCY
ISTRIBUTION =0, cone  DISTRIBUTION
PANEL TRANSFER PANEL

—— STANDBY POWER
CONNECTIONS

|

b

it DI}:{

STANDBY
GENERATOR

M ﬂ l SWITCH | E
3

E
J

X T o o = o =

FUEL SuPPLY
CONNECTION

" \_SENSING & TRANSFER
SIGNALLEADS
STANDBY POWER LEADS

Figure 1. Typical Prepackaged installation
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PART 1
GENERAL INFORMATION

SECTION 1.3

PREPACKAGED INSTALLATION BASICS

The Fuel Supply (Continued)

ural gas as afuel. These air-cooled engine units can
be converted to use LP (propane) gas by making afew
adjustments for best operation and power.

Units with liquid cooled engine are shipped from the
factory with either a natural gas fuei sysiem, or with an
LP (propane) gas fuel system. It is the responsibility of
the instailer to ensure that modelis with natural gas fuel
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.

LP {propane) gas is usually supplied as a liquid in
pressure tanks. Both the air-cocled and the liquid
ceoled units require & "vapor withdrawal” type of fuel
supply system when LP {propane) gas is used. The
vapor withdrawal system utilizes the gaseous fuel
vapors that form at the top of the supply tank.

7] — —_
) 11-14 INCHES LOAD BLGCK i T
WATER COLUMN o 5“”&_
J AEGULATOR
s )
14

Wil

SHUTOFF
VALVE \.
=

FLUEL
SOLENCID

Figure 2. LP/Natural Gas System [Air-Cooled Units)

The pressure at which LP gas is delivered to the
generator's fuei scienoid vaive may vary considerably,
depending on ambient temperatures. In cold weather,
sUpply pressures may drop to "zero™. In warm weather,
extremely high gas pressures may be encountered. A
primary regulator may be required to maintain correct
gas supply pressures.

Recommended gaseous fuel prassure at the injet
side of the generator's fuel solencid vaive is (a) a
minimum of 11 inches water column (8.38 ounces per
square inch), and (b} a maximum of 14 inches water
column {8 ounces per square inch). A primary regulator
may be reguired to ensure that proper fuel supply
pressures are maintained.

DANGER: LP AND NATURAL GAS ARE BOTH
HIGHLY EXPLOSIVE. GASEQUS FUEL LINES
MUST BE PROPERLY PURGED AND TESTED
FOR LEAKS BEFORE THIS EQUIPMENT IS
PLACED INTO SERVICE AND PERIODICALLY
THEREAFTER. PROCEDURES USED IN
GASEQUS FUEL LEAKAGE TESTS MUST COM-
PLY STRICTLY WITH APPLICABLE FUEL GAS
CODES. DO NOT USE FLAME OR ANY SOURCE
OF HEAT TO TEST FOR GAS LEAKS. NO GAS
LEAKAGE IS PERMITTED. LP GAS IS HEAVIER
THAN AIR AND TENDS TO SETTLE IN LOW
AREAS. 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 cf a fiaxible length of hose betwsen the gener-
ator fuel ling connection and rigid fuel lines is required.
This will help prevent line breakage that might be
caused by vibration or if the generator shifts or setties.
The flexible fuel line must be approved for use with
gaseocus fuels.

SECONDARY REGULATCR

FUEL SOLENGID
CARBURETOR
A

. _ ).
FLEXIBLE LINE LLFUEL SHUTOFF

MANUAL SHUTOFE

PRIMARY REGULATOR

1t inwater

YALVE
PRIMARY REGULATOR

(] J y o
/ L__._MANUAL SHUTOFF

Figure 3. LP Gas System (Liguid Coolad Units

Page 1.3-2

Figure 4. Natural Gas System-Liguid Cooled Units




PART 1
GENERAL INFORMATION

The Transfer Swiich

A transfer switch is required by electrical code, 10
pravent electrical feedback between the utility and
standby power sources, and to transter electrical loads
from one power supply to another safely.

¥

PREPACKAGED TRANSFER SWITCHES:

Instructions and information on prepackaged trans-
fer switches may be found in Parts 4 and 5 of this
manual. These include the "V-Type" and "Y-Type”
prepackaged transfer switches.

GENERAC "GTS8" TYPE TRANSFER SWITCHES:

Air-cooled prepackaged standby generators musibe
installed and used in conjunction with a compatible,
approved prepackaged transfer switch,

Units with liquid cooled engine are usually installed
and used in conjunction with a prepackaged irznsfer
switch as well. However, liquid cocled units may aiso
be installed and used in conjunclion with Generac’s
standard "GTS" type automatic transier swiich, {See
"Jnsf)aﬂaﬁon with 2 GTS Transfer Swiich" in this sec-
tion.) -

Power Source and Load Lines

The utility power supply lines, the standby {(gener-
ator) supply fines, and electrical load lines must all be
connected to the proper terminal lugs in the transfer
switch. The fcllowing rules apply:

SECTION 1.3

PREPACKAGED INSTALLATION BASICS

In 1-phase systems with a 2-pole transfer switch,
connect the two "Utility" source hot lines fo transfer
switch terminal lugs N1 and N2. Cennect the "Standby”
source hotlines (E1, E2} to transfer switch {erminal lugs
E1 and E2. Connect the load lings from transfer switch
terminal lugs T1/T2 to the electrical lead circuit. Con-
nect "Wility", "Standby” and "Load" neutral lings to the
neutrai block in the transfer switch.

In 3-phasa sysiems, where a 3-pole transfer switch
is instaiied, connect the 3-phase "Utility” lines to trans-
fer switch terminal lugs N1, N2 and N3; connect
"Standby” ines to terminal lugs E1, E2, E3; and con-
nact load lines to terminal lugs T1, T2 and T3. Power
source and load neutral lines must be connecied o the
iransfer switch neutral block.

System Control interconnections

Prepackaged home standby generators are
equipped with a terminal beard identified with the foi-
jowing terminals: (a) viility 1, {b) utiiity 2, {c) lead 1, (d}
load 2, (e} 23, and (f) 194. Prepackaged transfer
switches house an identically marked terminal board.
Suitable, approved wiring must be interconnected be-
tween identically numbered terminals in the generator
and transfer switch. When these six lerminals are
properly interconnecied, dropout of utility source voit-
age below a preset value will result in automatic gen-
erator startup and fransfer of electrical lcads to the
“Standby" source. On restoration of utility source volt-
age above a preset value will result in retransfer back
to that source and generator shutdown, System control
wiring must be routed through its own separate conduit.

r

L
[

NEUTRAL
CONNECTION

USTOMER
LOAD

AC GENERATOR
CONNECTION PANEL

Figure 5. Prepackaged Interconnection Diagram
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PREPACKAGED INSTALLATION BASICS

Installation with a GTS Transfer Switch

Prepackaged home standby generators with liquid
cooled engine may be installed in conjunction with a
standard "GTS" type transfer swilch, # desired. This
can be done as shown in Figure 6, below.

Connect utility, standby and load lines in the same
manner as described under "Power Source and Load
Lines" on previous page. Connect all neutral lines in
the same fashion.

The "GTS" type transfer swilch houses a terminal
strip with terminals 178 and 183 identified. A similarly
identified terminal strip is housed in the generator.
Interconnect suitable wiring between these two ter-
minal strips as shown in the interconnection diagram
{Figure 8).

A CMA circuit beard, mounted on the standby gen-
erator set, provides a "7-day exarcise” {eature. This
feature allows the standby generator {0 start and run
once every 7 days, on a day and at a time of day
selected. The timer clock that controls this automatic
exercise of the unit must be powered by vaoltage from
the fransfer switch Load i/lcad 2 terminals. ! the
exercise function is to be made available, connect
suitable wiring from the GTS transfer switch load ter-
minal lugs o the "Load 1/iLgcad 2" terminals in the
generator.

The CMA circult board in the generator also provides
a battery "trickle charge" circuit. This circuit, when
powered by utility source voltage, will deliver acharging
voltage to the battery during non-operating pericds to
keep the batlery charged. To use the trickle charge
feature, connect suitable wiring to the generator's
"Utility 1/Utility 2" terminals and to the appropriate
terminals in the "GTS" transfer swilch.

UTILTY
SUPPLY

TE

178
011183

UTiLiTy 1
e Y VETY 2
= L OAD 1

[[
’:&H‘_

<o
[¥]
® o]

GTs | =%

=i

22

13
NEUTRAL
CONNECTION

30 UTUTY 1
UTHITY 2
LOAD 1
[ Loal 2

Figure 6. Installation with GTS Transfer Switch
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Section 1.4

PREPARATION BEFORE USE

General

The installer must ensure that the home standby
generator has been properly installed. The system
must be inspected carefully following instailation. All
applicable codes, standards and regulations pertaining
to such installations must be strictly complied with. In
addition, reguiations established by the Occupational
Safety and Health Administration (OSHA) must be
complied with.

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

* An adeguate supply of the correct fuel must be
available for generator cperation.

*+  The engine must be properly serviced with the
recommeanded ail.

+ The eng%ine couiing system must be properly ser-
viced with the recofnmended coslant {liquid cosled
models oniy).

+ The engine governor must be properly serviced
with the recommendead oll,

Fuel Requirementis:

UNITS WITH AIR-COOLED ENGINE:

Generators with air-cooled engine have been factory
tested and adjusted using natural gas as a fuel. if LP
{propane) gas is to be used a! the instaliation site,
adjustment of the gaseous fuel load block will be re-
quired for best performance. Refer 1o Part 9, "Opera-
tional Tests and Adjustments" for load block adjustment
procedures.

UNITS WITH LIQUID COOLED ENGINE:

Liquid cooled engine units are shipped from the
factory with either (3} a natural gas fue! system, or (b}
an LP gas vapor withdrawal fuel system. The installer
must ensure that the correct fuel supply system has
beeninstalied and is compatible with engine-generator
requirements. Read "The Fuel Supply” on Pages 1.3-1
and 1.3-2 carefully.

ALL UNITS:

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

*»  WhenLP (propans) gas is used as a fuel, it should
be rated af least 2520 BTU's per cubic fcot.

Engine Oil Recommendations

UNITS WITH AIR-COQLED ENGINE:

The primary recommended ofl for units with air-
cooled V-Twin engine is & synthetic oil, such as
"MOBIL@" Formula SW-30 oil. Synthstic ¢il provides
easier starts in cold weather and maximum engnine
protection in hot weather. If a non-synthetic oil is Gsed,
its viscosity must be suitable for the lowest temperature
at which the engine will be operated. Use a high quality

detergent cif that meets or exceeds API (American
Petroleum Institute} Service SF, SF/CC, or SF/CD re-
quirements for gascline engines. The following chart
lists recommendead viscoity ranges for the lowest an-
ticipated ambient temperatures.

A§§-555t55 Eﬁ&ﬂ

LOWES] ANTICICATED =
AMBIENT TEMPERATURE RECOMMENDED CIL
Above BO' F. (16" C)) Use SAE 30 cil
20°-58" F. {-7"10 15" C.} Use SAE 10W-30 i
Beiow 20" F. {-7° C.) SAE BW-20/5W-30 oit
For all seasens Use SAE 5W-30
Synthastic cil i

Some air-cooled engine models (such as Modsl
8067} are equipped with an oil makeup tank (Figure 1).
When this is the case, both that tank and the engina
crankcase must be properly serviced with the recom-
mended ¢il. The air-ceeled V-Twin engine has an oil
crankcase capacily of about 1.5 U.S. quarts. Ol
makeup tank capactty is about 2.5 U.S. guarts.

i
Vi

| |
o FJ
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Engine Oil Recommendations (Con-
tinued)

UNITS WITH LIQUID COOLED ENGINE:

For prepackaged generators with liquid cooled en-
gine, use a high quality detergent oil that meefs or
exceeds APl Service SC, 8D, SE or SF. Detergent oils
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:

AMBIENT TEMPERATURE
: R

ANGE RECOMMENDED OiL
Above 88' F. 130" C.) Usa SAE 40 ofl
32°-85" F. {0°-30°C)) Use SAE 30 ol

SECTION 1.4
PREPARATION BEFORE USE

UNITS WITH LIQUID-COOLED ENGINE;

Prepackaged liquid cooled engine modsls are
equipped with a belt driven engine governor/DC alter-
nater assembily (Figure 3). The governor was properly
serviced with oil at the factory prior to shipment. How-
ever, i is recommended that the governor oil level be
checked prior to initial use and every 50 operating
hours thereafter. To check oil level and to add oil,
proceed as foliows:

. Hlemove the oil filler plug and the oif level check
u

+  Add SAE 30 off through the oif filler plug opening,
Pour s!ow}(y. until oil starts to come ouf of the Gil
level chacK plug opening.

*+  When oi] leve!l is correct, install the il level check
plug and the oil filler plug.

Below 32°F. {0" C)
All Seasons

Use SAE 20W oil
Use SAE 10W-30 o}

Engine crankease oil capaciiy for the 1.2 liter liquid
cooled engine is 3.0 U.S. quarts, with oil filter change);
or 2.5 U.S. quarts without oii filter change.

Recommended Engine Coolant

Cooling sysiem capacity for units with liguid cooled
engine is approximately 2 U.S. gallons (8.5 liters).

Use a mixture of 5¢ percent soft water and 50 percent
ethylene glycol base anti-freeze in the engine cocling
system. Use only SOFT WATER and LOW SILICATE
anti-ireeze. If so equipped, a coolant recovery bottle
must also be properly serviced with the recommended
50-50 mixture. When adding coclant to the radiator or
to the coolant recovery bottle, use only the recom-
mended mixture.

If desired, a high quality rust inhibitor may be added
to the recommended coolant mixture.

CAUTION: Do NOT use any chromate base rust
Inhibitor with ethylene glycol 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 aiso cause
overheating. In addition, use of any soluble oil
type rust inhibltor is NOT recommended.

Engine Governor Qiling

AiIR-COCLED ENGINE UNITS:

The air-cooled V-Twin engine governoris an integral
part of the engine and is lubricated by engine crankcase
oil. No special oil servicing procedure is required for
air-cooled engine units.

Page 1.4-2
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Section 1.5

TESTING, CLEANING AND DRYING

Visual Inspection

When it becomes necessary to {est or troubleshoot
agenerator, it is a good practice to compiete a therough
visugl inspection. Remove access covers and look
closely for any obvious problems. Loak for the follow-
ing:

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

« Loose or frayed wiring insulation, loose or dirty
connections.

»  Check that all wiring is well clear of rotating parts.

+  Verify that the generator is propearly connected for
the c%rrecf rate% voltage. Tﬁi P
tant on new_instaliatiéns, See Ssction 1.2,
Connection Systems”.

+ | ookforforeignobjects, lcose nuts, bolis and other
fasteners.

+ Ciean the area around the generator, Clear awa
gaper, leaves, snow, and ofher objects that might
iow against the generator and obstruct #ts air
openings.

Measuring Voltages

When troubleshooting and lesting the generator set,
the technician will be required to measure both AC and
DC veoltages. Measurement of voliage requires that the
user be thoroughly familiar with the meter being used
for such tests. Consult the instruction manual for the
meier being used.

When measuring voltage, it is best to connect the
meter test leads 1o the terminals being tested while the
generator is shut down or while power to those ter-
minals is turned off,

DANGER: POWER VOLTAGES GENERATED
BY THIS EQUIPMENT ARE EXTREMELY HIGH
AND DANGEROQUS. USE EXTREME CARE
WHEN MEASURING POWER VOLTAGES SUCH
AS GENERATOR AC QUTPUT VOLTAGE. CON-
TACT WITH LIVE TERMINALS AND CONDUC-
TORS MAY RESULT IN HARMFUL AND PQOS-
SiBLY LETHAL ELECTRICAL SHOCK. DO NCT
ATTEMPT TO READ POWER VOLTAGES
WHILE STANDING ON WET CR DAMP
GROUND, OR WHILE HANDS OR FEET ARE
WET. STAY WELL CLEAR OF HIGH VOLTAGE
POWER TERMINALS, CONNECT METER TEST
LEADS TO TERMINALS AND LEADS WHILE
THE GENERATQOR 1S SHUT DOWN OR WHEN
THE POWER SUPPLY TO SUCH LEADS AND
TERMINALS IS TURNED OFF, THE USE OF
INSULATIVE RUBBER MATS IS RECOM-
MENDED, TAKE POWER VQLTAGE READINGS
ONLY WHILE STANDING ON SUCH INSULA-
TIVE MATS.

$ Is gspeciall impgg

Measuring Current.

Afternating current (AC) c¢an be measured with a
clamp-on ammeter. Mast clamp-cn ammeters will not
measure direct current {DC). Load current readings
should never exceed the generater's data plate rating
for continuous operation. However, momentary surges
in load current may be encountered when stariing
electric motors.

Cn 1-phase generators, the data plate generally lists
rated line-to-line and iine-to-neutral current.

On 3-phase generators, the data plate usually lists
rated line-to-line {or phase-to-phase) current.

Measuring Resistance

The resistance {in ohrs) of generator stator and
rotor windings can be measured using an ohmmeter or
an accurate volt-chm-milliammeter (VOM).

The ncminal {approximate) resistance values of
some stator windings are listed on Pages 1 and 2 at
front of this manual. Nominal resistances of some
rotors are given in the "Generator Specifications” chan
atiop of Page 1. Resistance readings of stator and roter
windings can be taken and then compared te the listed
values.

The resistance of some windings is exiremely low.
Some readings are so low that a meter capable of
reading in the "milliohms” range would be reguired.
Many meters will simply read "continuity”. However, a
standard velt-ochm-milliammeter (VOM) may be usedio
test for continuity, or for a shorted or grounded condi-
tion. Section 1.2 discusses many of the mare common
1 and 3-phase stalor windings and how they are con-
figured.

insulation Resistance

The insulation resistance of stater and rotor windings
is a measurement of the integrity of the insulating
materials that separate the electrical windings fromthe
generator's steel core. This resistance can degrade
over time or due to such contaminants as dust, dirt, oil,
grease and especially moisture. In maosi cases, failures
of stator and rotor windings is due i¢ a breakdown in
the insulation. And, in many cases, a low insulation
resistance is caused by meisture that collects while the
generator is shut down. When problems are caused by
moisture buildup on the windings, they can usually be
corrected by drying the windings. Dirt and moisture that
are combined on generalor windings can usually be
eliminated by cleaning and drying the windings.
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Insulation Resistance (Continued)

MEGGERS:

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

CAUTION: Before attempting to measure in-
sulation resistance, first disconnect and isolaie
aii leads of the winding to be tested. Electronic
components, dlodes, surge protectors, relays,
voltage regulators, efc., can be destroyed if
subiected to high megger voltages.

Hi-POT TESTER:

A "Hi-Pot” tester is shown in Figure 1. The model
shown is only one of many that are commercially avail-
able. The tester shown is equipped with a voitage
selecter switch which permits the power supply voltage
to be selected. it also mounts a brezkdown lamp that
will illuminate fo indicate an insulation breakdown
during the test.

SECTION 1.5
TESTING, CLEANING & DRYING

S

o P

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 (¢} a battery charge winding.
Insulation tests of the stator consist of {a) testing all
windings fo ground, (b} testing between isolated wind-
ings, and (c) testing between parallel windings. Figure
2 is a pictorial representation of the various stater leads
on units with air-cooled 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 generator main line circuit breaker.
2. Remove the wire nut that jeins stator leads 22 and
33 and separate the two leads.
3. At the excilation circuit breaker (CB2), disconnect
stator excitation winding lead 2.
4. At the voltage regulator, disconnect stator exeiiation
winding lead 6.
5. At the baltery charge grounding resistor, disconnect
stator battery charge winding lead 55.
8. At the batltery charge rectifier {BCR), disconnect
siator battery charge winding leads 66 and 77.
/7. Connect the terminal ends of all stator leads {11, 22,
33, 44, 2, 6, 55, 86, and 77) together. Make sure the
wire terminal ends are not touching any pant of the
generator frame or any terminal.
8. Connect the red test probe of the Hi-Pot tester to the
joined terminal ends of all stator leads. Connect the
black tester lead to a clean frame ground on the stater
can. With tester leads connected in this manner,
proceed as f{oliows:
a. Turn the Hi-Pot tester switch "0,
b. Plug the tester cord into a 120 voits AC wall sccket
and set its vollage selector switch to "500 volts”,
¢. Turn the tester switch "On" and observe the break-
down lamp on tester. DO NOT APPLY VOLTAGE
LONGER THAN 1 SECOND. After one (1) second,
turn the tester switch "Cff".

If the breakdown lamp comes on during the one second
test, the stator should be cleaned and dried. Afier
cleaning and drying, repeat the insuiation test. If, after
cleaning and drying, the stator fails the second test, the
stator assembly should be replaced.

TEST BETWEEN ISOLATED WINDINGS:

1. Connec! the red tester probe o terminal end of stator
fead 2 and the black probe to stator lead 11.

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

3. Set voltage to "500C volls". Apply voitage for one (1}
second while observing the breakdown lamp, Afterone
{1) second, turn the tester switch "Off".

4. Connect the red tester probe fo stafor lead 11, the
black test probe to stafor lead 66:

5. Setvoliage to "500 volts”. Turnthe tester switch "On”
and check that the pilot lamp is on. Apply voltage for
one {1} second while observing the breakdown famp.
Afler one (1) second, turn the tester switch "CH™.

If the breakdown lamp comes on during any one (1)
second test, the stalor sheould be cleaned, dried and
retested. If the braakdown iamp illuminates during the
second test {after cleaning and drying), replace the
siator assembly.

TEST BETWEEN PARALLEL WINDINGS:

1. Setthe tester's - ~¥=a0e selector swilch 10 "500 voits”.
2. Connect the red tesier probe to stator lead 11; the
black tester probe to stator lead 33.

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

4. Apply voitage for one (1) second while observing the
breakdown lamp.

5. After one (1} second, turn the tester switch "Off",

If the breakdown lamp turns on during the one (1)
second test, ciean and dry the stator, Then, repeat the
test. If breakdown lamp turns on during the second test
I(after cleaning and drying), replace the statar assemb-
Y.

Stator Insulation Tests- Liquid Cooled
Units with 1-Phase Stator

GENERAL:

Units with liquid cooled engine and 1-phase stator
windings are equipped with (a) dual stator AC power
windings, and (&) an excitation or DPE winding. These
units are not equipped with a battery charge winding.
Stator winding insulation lests consist of (&} testing al
windings o ground, {b) testing between isolated wind-
ings, and (c) testing between parailel windings. Figurs
3 represents the various stator AC output ieads on
1-phase units with liguid-coolad engine.

TEST ALL WINDINGS TO GROUND:

1. dDiéconﬂect and isolate stator leads 11,22, 33,44, 2
and 6.
2. Connect terminal ends of all stater leads together.
Make sure all wire terminal ends are completely iso-
lated from frame ground.
3. Connact the red test probe of the Hi-Pot tester to the
terminal ends of all stater leads. Caonnect the biack
tester probe to a clean frame ground on the stator can,
Then, proceed as follows:

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

SECTION 1.5
TESTING, CLEANING & DRYING

b. Plug the tester cord into a 120 volis AC wall socket
and set its voltage selector switch to "500 voits”,

¢. Turnthe tester switch "On" and observe the break-
down lamp. After one (1) second, turn the {ester
switch "Off".

If the breakdown famp turned on during the one (1)
second test, clean and dry the stator. Then, repeat the
tast, If breakdown lamp comes on during the second
test, replace the stator assembly.

Single Phase Units Only

22

-

- )

Figure 3. Stator Winding Leads (Liquid Cocled Unils)

TEST BETWEEN ISOLATED WINDINGS:

1. Connect the red test probe to statorlead 2, the biack
probe to stator lead 11.

2. Set the tester swiich 1o "800 volis™.

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

4, Walt one {1) second while cbserving the tester
breakdown famp. DO NOT EXCEED ONE SECOND.
After one {1} second, turn the tester switch "Off".

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

If the breakdown lamp turned on during any one {1}
second est, the stator sheuld be cleaned and dried.
After cleaning and drying, repeat the test. if the break-
down lamp turns on during the second test, replace the
stator assembly.

TEST BETWEEN PARALLEL WINDINGS:

1. Set the tester's voltage switch to "500 vohis".

2. Connect the red tester probe to stator lead 11, the
black probe ta stator lead 33.

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

4. Walt one (1} second while observing the breakdown
lamp. Then, turn the tester swilch "Off".

If the breakdown lamp came on during the one {1)
second tes!, clean and dry the stator. Then, repeat the
test. If breakdown lamp comes on during second test,
replace the stator assembly.
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Stator Insuiation Tests- Liquid Cooled
Units with 3-Phase Stator

GENERAL:

Units with fiquid cooled engine and having a 3-phase
stator may be rated either (a} 120/240 volts, or (b)
120/208 volts. The stator configuration for units rated
120/240 volis, 3-phase is Hlustrated in Figure 4; units
rated 120/208 volts, 3-phase are shown in Figure 5.
These 3-phase stators consist of six (6) coils, with each
coil having two (2) leads, so that twelve (12) stator AC
pewer leads are brought out of the siator assembly.
These twelve stalor AC power leads are identified as
leads St through S12.

In addition 1o the stator's AC power winding leads
{S1 through 812), the stater can houses an excitation
winding. The excitation winding AC output leads are
identified as Wires 2 and &€.{or & and 8 on some units).

TESTING ALL WINDINGS TO GROUND:

v Disuernrect and isclate statorleads S1 through S12,
and 2 and 5 (or 5 and 8).

2. Connect all stater AC cutput leads together.

3. See "Stator Insulation Tests-Liquid Coolad Units with
1-Phase Stator’ on Page 1.5-3. Test all windings to
ground as outlined in Steps 3{a) through 3{c} of that
subsection.

TEST BETWEEN iISCLATED WiNDiNGS:

1. Turn the Hi-Pot tesier switch "Off",

2. Set the tester switch to "500 valts".

3. Connect the red iester probe to stator lead 2 (or 5).
4. Connect the black tester probe to stator iead S1.

5. Turn the tester swilch "On" and obsarve the break-
down lamp. DO NOQT EXCEED ONE SECOND.

6. Withthe red tester probe still connectadio stator lead
2 {or 5}, connect the biack probe to the following stater
leads one at g time and repeat Sleps 1 through 5: {a)
to stator lead 57, {b} stator lead S8, {c) stator lead 83,
{d) stator iead 38, and (g} stator lead S2.

TEST BETWEEN PARALLEL WINDINGS:

Perform this testinthe same manneras "Test Between
isolated Windings" but with the red and black {ester
probes connected across the fellowing windings, in
turn:

+ S11t057;8110812;511t056;S110511;: 5110 S5.
S71t0512; 5710 89; 57 t0 S11; S7 to S5.

S1210 86; 51210 S11; 81210 S5.

S61t0 S11; 5610 S5.

S11to0 85,

Testing Rotor Insulation

- s 5 @

Before attemptling to test rotor insulation, either the
brush leads must be completely removed from the
brushes or the brush holders must be completely
removed. The rotor must be completely isolated frem
other components before stanting the test.

1. Connect the red tester lead to the positive {+) slip
ring (nearest the retor bearing).
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2. Connect the black tester probe o a clean frame
ground, such as a clean metal parn of the rotor.

3, Turn the tester switch "Cff".

4. Plug the tester intc a 120 volts AC wall socket and
set the voltage switch to "500 volis”,

5. Turn the tester switch "On” and make sure the pilot
light has turned on.

6. Observe the breakdown lamp, then turn the tester
switch "Off". DO NOT APPLY VOLTAGE LONGER
THAN ONE (1) SECOND,

i the breakdown lamp came on during the ona (1)
second test, cleaning and drying of the rotor may be
necessary. After cleaning and drying, repeat the insula-
tion breakdown test. If breakdown lamp comes on
during the second test, replace the retor assembly.
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Testing Rotor Insulation (Continued)

BLACK TEST LEAD
@IRED TEST LEADQ,

Figure 6. Testing Rotor Insulation

Cleaning the Generator

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

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

Drying the Generator

Te dry a generator, proceed as follows:

1. Open the generator main circuit breaker. NO
ELECTRICAL LOADS MUST BE AFPLIED TO THE
GENERATOR WHILE DRYING.

2. Disconnect all wires No. 4 from the voltage regulator.
3. Provide an external source to blow warm, dry air
through the generator interior (around the rotor and
stator windings, DO NOT EXCEED 185" F. (85° C.).
4. Start the generalor and let it run for 2 or 3 hours.

5. Shut the generator down and repea! the stator and
rotor insulation resistance {ests.

SECTION 1.5
TESTING, CLEANING & DRYING
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ENGINE-GENERATOR PROTECTIVE DEVICES

Section 1.6

ENGINE-GENERATOR PROTECTIVE DEVICES

General

Siandby electric power generators will often run un-
attended for long periods of time. Such operating
parameters as (a) engine oil pressure, {&) engine
temperature, (¢} engine operating speed, and (d) an-
gine cranking and startup are not monitored by an
operator during automatic operaticn. Because engine
operation will not be monitored, the use of engine
protective safety devices is required o prevent engine
damage in the event of a problem.

Prepackaged generaltor engines moun{ several en-
gine protective devices. These devices work in con-
junction with a control medule assembly (CMA) circuit
board, to protect the engine against such operating
faults as {a) low engine oit pressure, (b) high tampera-
ture, {c) overspesad, and (d) overcrank. On occurence
of any one or more of those operating faults, CMA
circuit board action will effect an engine shutdown.

Units with Air-Cooled Engine

LOW OIL PRESSURE SHUTDOWN;

See Figure 1. An oil pressure switch is mounted on
the engine oil fitter adapter. This swilch has normally-
closed contacts which are held open by engine ol
pressure during cranking and startup. Should oil pres-
sure drop below approximately 8-12 psi, the switch
contacts will close. On closure of the switch contacts,
a Wire 85 circuit from the CMA circuit board will be
connected to ground. CMA circuit board action willthen
de-energize a "run relay"” {on the circuit board). The run
relay’s normally-open contacis will thenopenand a 12
volts DC power supply to a Wire 14 circun will then be
terminated. This will result in closure of a fuel shutoff
solencid and loss of engine ignition.

HIGH OlL TEMPERATURE SHUTDOWN:

An oil temperature switch (Figure 13 is mounted on
the engine oif fiter adapter. The thermal switch has
normally-cpen contacts which will close if oil tempera-
ture should exceed approximately 284" F. (140" C.).
This will resuit in the same action as a low cil pressure
shutdown.

OVERSPEED SHUTDOWN:

During engine cranking and operation, the CMA cir-
cuft board receives AC voltage and frequency signals
fromthe generator's stator battery charge windings, via
Wire 66. Should the AC frequency exceed ap-
preximately 72 Hz {4320 rpm), CMA circuit board action
will de-energize a "run relay" (mounied on the circuit
board). The relay's contacts will open, fo terminate
engine ignition and close a fuel shutoff sclenoid. The
gngine will then shut down. This feature protects the
engine-generator against damaging overspeeds.

RIGH
TEMPERATURE
SWIHTCH

Figure 1. Engine Protective Switches on Air-Cooled
Engine

NOTE: The CMA circuit board alsc uses stator batiery
charge winding cutput to terminate engine cranking at
approximately 30 Hz (1800 rpmy). In addition, the stator
battery charge oulput is used by the circuit board as an
“engine running” signal. The circuit board will not in-
ftiate transfer of electrical foads to the "Standby” source
unless the engine is running at 30 Hz or above,

OVERCRANK SHUTDOWN:

Autornatic enging cranking and startup normally oc-
curs when the CMA circuit board senses that utiiily
source voltage has dropped below appreximately 80
percent of its nominal rated voltage and remains at that
low level longer than six {8} seconds. At the end of six
{8} seconds, CMA circuit board action will energize a
crank relay and a run relay {both relays are onthe CMA
circuit board), On closure of the crank relay contacts,
CMA board action will deliver 12 voits DC o a contral
contactor {CC). The control contactor will energize and
battery power will be delivered across its closed con-
tacts to the siarter motor (SM). The engine will then
crank.

During & manual startup {auto-off-manual switch at
"Manual"), action is the same as during an automatic
stant, except that cranking will begin immediately when
ihe switch is set 1o "Manual™.

CMA circuit board action (during both a manual and
an automatic start) will hold the crank relay energized
for about 7-9 seconds. The relay will then de-energize
for about 7-¢ seconds, and then energize again. in this
manner, the engine will be cranked for 7-8 seconds, will
rest {or 7-9 seconds, will crank again, and so on until
the engine sfarts.

It the engine has not stanted after approximately 89
seconds of these crank-rest cycles, cranking will aute-
matically terminate and shutdewn will accur. The CMA
circuit board uses AC signals from the stater battery
charge windings as an indication that the engine has
staried,
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SECTION 1.6

ENGINE-GENERATOR PROTECTIVE DEVICES

Units with Liquid Cooled Engine

LOW OiL PRESSURE SHUTDOWN:

See Figure 2. Prepackaged generators with liquid
cocled engine are equippad with an oil pressure switch
having a closing pressure of about 15 psi. Should oil
pressure drop below that value, an automatic engine
shutdown wili occur. Circuit operation is similar {o that
of air-cooled units.

HIGH COCLANT TEMPERATURE SHUTDOWN:

The engine is equipped with a coolant temperature
switch. Should engine coclant temperature exceed ap-
proximately 225" F. {107 C.}, the engine will be shut
down automatically by CMA circuit board action.

LOW COOLANT LEVEL SENSOR:

tis possible that engine coolant level might drop low
encugh so that the high temperature switch is no longer
immersed in the liquid coolant. if this happens engine
temperatures could increase rapidly but the tempera-
ture switch would not sense the high temperature con-
dition and the engine would continue to run. To prevent
this occurence, a low coolant level sensor is provided
on some units. The sensor is immersed in cooling
sysiem liquid. If coolant level drops below the lavel of
the low coolant level sensor, the device will complete a
Wire 85 circutt to ground. Engine shutdown will ocour.

OVERSPEED SHUTDOWN:

The CMA circuit board on liquid cooied units receives
AC frequency (rpm) signals directly from the stator AC
power windings, via sensing leads S15 and S1s.
Sheould AC frequency exceed approximately 72 Hz,
circuit board action will initiate an automatic engine
shutdown.,

NOTE: For units rated 3600 rpm, a frequency of 72 Hz
is equal to 4320 rpm. For units raied 1800 rom, 72 Hz
is equal fo 2180 rpm.

NOTE: The CMA circuit board also uses the sensing
fead signals (515, S16} {a) to terminate cranking at
about 50% of rated frequency, and (b) as an "engine
running” signal. The circuit board will not initiate trans-
fer of elecirical loads to the "Standby” source until
sensing voltage and frequéncy is greater than 50 % of
the urnt's rated valuss.

OVERCRANK SHUTDOWN:

Overcrank shutdown is the same as for units wih
air-cooied engine. After 80 seconds of crank-rest
cycles, cranking will end and shutdown will oceur.

Refer to "Overcrank Shutdown” on Page 1.6-1.

HIGH CQOLANT
TEMPERATURE SWITCH

LOW COOLANT
LEVEL SENSOR

COVERSFEED
& OVERCRANK
SHUTDOWN

d 7

L = -} 41
CMA

o2 CIRCUIT

BOARD

LOW OIL
RRESSURE SWITCH

A P

bl C Sy S

Figure 2. Frotective Devices on Liquid Cooled Engine
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Section 1.7

OPERATING INSTRUCTIONS

Conirol Panel- Units with Air-Cocled En-
gine .
GENERAL:
See Figure 1. The front face of this panel mounts ()

a main line circuit breaker, (b) a 15 amp fuse, and (¢)
a manual-off-auto switch.

MAIN LINE CIRCUIT BREAKER:

Air-cooled engine units rated 8000 watts (8.0 kW)
empioy a 2-pole, 240 volts circult breaker having a trip
rating of 35 AC amperes. Slator AC power winding
leads 11 and 44 connect to one side of the breaker;
customer lines E1 and E2 {o the othsr side of the
breaker.

15 AMP FUSE!

This fuse protects the DC contrel circuit (including
the CMA circuit board) against overload, if the fuse
element has melted open due to an overload, engine
cranking or running will not be possible. Should fuse
replacemeant become necessary, use only an identical
15 amp repiacement fuse.

MANUAL-CFF-AUTO SWITCH,

Use this swilchto (a) select fully automatic operation,
(b to crank and start the engine manually, and {c) to
shut the unit down or to prevent automatic startup.

1. "Aute” Position

a. Select "Auto" for fuily automatic operatian.

b. When "Auto” is selected, CMA circuit board will
monitor utility poewer source voltage.

¢. Should wlility voltage drop balow a presst leve!
and ramain at such a low level for a praset time,
CMA board action will initiate engine cranking and
startup.

d. Foliowing engine startup, CMA board action will
initiate transter of electrical loads to the "Standby"
source side.

€. On restoration of utility source voltage above a
preset level, CMA board action will initiate
retransfer back to the "Utility” side.

t. Following retransfer, CMA beard will shut the
engine down and wiil then continue to monitor
utility source voltage.

2. "Cit" Position

a. Set the switch to "Cff" to stop an cperating
engine.

b. To pravent an automatic startup frem occuring,
set the switch to "Off",

3. "Manual" Postition

a. Set swilch to "Manual” to crank and start unit
manually.

b. Engine will crank cyclically and start (same as
automatic startup, but without transfer).

DANGER: WHEN THE GENERATOR IS IN-
STALLED IN CONJUNCTION WITH AN AUTO-
MATIC TRANSFER SWITCH, ENGINE CRANK-
ING AND STARTUP CAN OCCUR AT ANY TIME
WITHOUT WARNING (PROVIDING THE
MANUAL-OFF-AUTO SWITCH IS SET TO
"AUTQ"). TO PREVENT AUTOMATIC STARTUP
AND POSSIBLE INJURY THAT MIGHT BE
CAUSED BY SUCH STARTUP, ALWAYS SET
THE MANUAL-OFF-AUTO SWITCH TO ITS
"OFF" POSITION BEFORE WORKING ON OR
ARGCUND THIS EQUIPMENT,

(7 ~\
Ji: |
&
ercee ¥ .
TIME CH
MAIN BREAKER
FUSE
-
[ <
<l HUE Qs
- 15 AMP
\\ OFF )/J’

Figure 1. Control Panel- Units with Air-Cooled Engine

Control Panel- Units with Liquid Cooled
Engine

GENERAL:

See Figure 2. A typical prepackaged control panel
on units with liquid cocled engine includes (g} an AC
voltmeter, (b) an AC ammeter, (¢} an AC frequency
meter, (d) a DC voltmeter, (&) an hourmeter, (f} an
auto-off-start switch, (g} a fault indicator lamp, (k) a 30
amp fuse, and {i} a voltage-phase selector switch.

NOTE: Some models may not be equipped with all of
the features shown. For example, some units may not
have the AC meters [voltmeter, ammeter, frequancy
meter).

AC VOLTMETER:

This AC meter permits an operator to monitor the
generator's AC voltage output. Refer to the generator
DATA PLATE for the unit's rated voltage.
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Control Panel- Units with Liquid Cooled
Engine (Continued)

When taking AC voltmeter readings, keep in mind the
fact that, if all systems are functioning properly, voltage
will be proportional to AC frequency. For example, on
models rated 120/240 volis AC and 60 Hz, when the
no-load frequency is 62 Hz the no-load valtage will be
approximately 248 valts (line-{o-line) or 124 volts (line-
to-neutral),

AC AMMETER:

This meterwill indicate the current draw of conneacted
glectrical loads. The generator's rated amperage
should never be exceeded for continucus operation.
Refer to the unit's DATA PLATE for rated maximum
continuous amperage.

AC FREQUENCY METER:

The frequency meter indicates generator AC ouiput
frequency, in HERTZ (cycles per second). The no-load
fraquency reading should be about 61-63 Hz.

The frequency meter is also an indicator of engine-
generafor operating speed. Units with 4-pole rotor will
supply 60 Hz at 1800 rpm, or 50 Hz at 1500 rpm; units
with 2-peie rotor will deliver 80 Hz at 3600 rpm, or 50
Hz at 3000 rpm. Generally, if frequency is incorrect,
engine operating speed is also incorrect and the engine
governor requires adjustment.

DC VOLTMETER:

The 1.2 fiter liquid cocled engine is equipped with a
combination engine governor and DC aliernator. The
DC alternator functions to maintain battery state of
charge during operation. With the engine running, the
meter should read approximately 12.5-14.5 volts DC,
depending on battery state of charge. A low reading
means the battery is discharging.

SECTION 1.7
OPERATING INSTRUCTIONS

HOURMETER:

The hourmeter indicates engine-generator operating
time, in hours and tenths of heurs. Use the mster in
conjunction with the periodic maintenance schedule for
the applicable generator set. CMA circuit board action
turns the hourmetler on at startup, via the same (Wire
14} circuit that powers the engine ignition system and
the fuel shutoff solensid.

AUTG-OFF-START SWITCH:

Switch operation s the same as for units with air-
cooled engine. The "Start” position of the switch is
identical to the "Manuzal" position on air-cooled unit
switches. See "Manual-Off-Auto Switch” on Page 1.7-
1.

FAULT INDICATOR LAMP:

This advisory lamp is a light emitling dicde (LED).
The lamp will turn o7 e 2vent that any one or more
of the following engine {ault conditions should occur
{a} low oil pressure, (b} high coolant temperature, {c)
low cociant level, (d} overspead, and (g) overcrank.

30 AMP FUSE:

Fuse protects the DC control system, including the
CMA circuit board, against overload. If the juse has
blown, engine cranking and running will not be pos-
sible. Should fuse replacement become necessary, use
only an identical 30 amp replacement fuse.

VOLTAGE-PHASE SELECTOR SWITCH:

This 4-position switch permits the operator to select
specific {ine-fo-tine or line-to-neutral readings on the
panel AC voltmeter and ammeter. AC voltmeter and
ammeter readings will be determined by switch posi-
tion, as shown in the chart below.

’ @
oG voLTS HCurs

awTo :u;::jl'r‘oﬁ ;;:.s‘: 1—— oFF
@ 3

OFF 3 > 2
8- O =i
START F

SWITCH 1-PHASE 3-PHASE
j POSITION UNITS UNITS
v N y ! i Line £1to Neutral | Line =110 B2
~ “ N 2 Line E3 to Neufral | Line E2to E3
~ < N 3 Line 110 E2 Line E3 to £
- - . f QFF No Reading No Reading
ce O —O @ =0 |

Figure 3, on the next page, is a schematic repre-
sentation of the veoltage-phase selector switch on a
t-phase generator sef. Switch positions and switch
contacts conditions are shown in the chart below.

Figure 2. Coniro! Panel- Liquid Cooled Engine Units
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CONTACT SWITCH POSITION

NUMBERS 1 2 3 OFF
T4 &13 Closed Open Clased Cpen
16 & 15 QOpen - Closed Cpen Coan
20419 Closed Open Qpan Opsn
18 & 17 Qpen Closed Closed Cpan
142 Cpen Closed Closed Closed
344 Closed Open Cpen Open
5886 Closed Cpen Closed Closed
748 Cnen Closed Ceen Cpen
g&10 Closed Closad Open Closed
11412 Qoen Coen Cilased Qpan
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Control Panel- Units with Liquid Cooled Engine (Continued)
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Figure 3. Voltage-FPhase Selector Switch Schematic

To Select Automatic Operation

The foliowing procedure applies oniy to those instal-
iations in which the prepackaged home standby gener-
ator is installed in conjunction with a prepackaged
fransfer swilch. Prepackaged transfer switches do not
have an intelfligence circuit of their own, as do Generac
"GTS" type fransfer swilches. Instead, automatic
operation on prepackaged transfer switch and gener-
ater combinations is conirolled by a circuit board
housed in the generater's control medule assembly
{CMA).

NOTE: Liquid cooled prepackaged generators can be
instalfed in conjunction with Generac's "GTS" type

autornatic transter switch, if desired. Sse "Installation

with a GTS Transfer Switch” on Page 1.3-4. When this
is done, automatic operation will be controfled by circuit
boards housedin the GTS transfer switch. For automat-
ic gperating sequences and parameters when a GTS
transfer switch is used, refer to the appropriate transfer
switch insiructians.

To select automatic cperation when z prepackaged
transfer switch Is installed along with a prepackaged
home siandby generator, proceed as follows:

1. Check that the prepackaged transfer switch main

contacts are at their "Utility” position, i.e., the load is

connected to the utlility power supply. if necessary,
manually actuate the swiich main contacts to their

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

as appropriate, for instructions.

2. Check that utility source vcltage is available {0
transfer switch terminal lugs N1 and N2 {2-pole,
1-phase transfer switches) orto terminal lugs N1, N2,
N3 (for 3-pole, 3-phase transfer switches).

3. Set the generator's auto-off-manual switch o #s
"Aute™ position.

4. Actuate the generator's main fine circuit breaker
to its "On™ or "Closed” posiion.

With the preceding Steps 1 through 4 completed, a
dropout in utility supply voltage telow a preset level
will result in automatic generator cranking and star-
tup. Foliowing startup, the prepackaged transfer
switch will be actuated {o its "Standby” source side,
i.e., loads powered by the standby generator.

fManual Transfer to "Standby” and
Manual Startup

To transier electrical loads to the "Standby" (gener-
ator) seurce and start the generator manually, proceed
as foliows:

1. On the generator panel, set the auto-off-manual

switch o "CH".

2. Onthe generator, set the main line circuit breaker

to #ts "Off" or "GOpen” position,

3. Turn OFF the utility power supply to the transfer

switch, using whatever means provided (such as a

utility source line circuit breaker).

4, Manually actuale the transfer switch main contacts

o their "Standby” position, i.e., lcads connected o

the "Standby" power source side.
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Manual Transfer to "Standby" and
Manual Startup (Continued) -

NOTE: For instructions on manual operation of prepackaged
transfer switchies, see Part 4 or 5 as appropriats.

5. On the generalor panel, set tHe auts-off-manual
switch to "Manual”. The engine should crank and start.
8. Let ther engine warm up and stabilize for a minute or
fwo at no-lead.

7. Set the generator's main line circuit breaker to its
"On" or "Closed" position. Electrical loads are now
powaered by the generator.

Manual Shutdown and Reiransfer Back
to "Utility"”

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

1. Set the generator's main line circui breaker to its
"Off" or "Open" position.

2. Let the generator run at no-load for a few minutes,
1o cool.

3. Set the generator's aute-oif-manual switch ta "Of".
Wait for the engine to come to a complete stop.

4. Turn OFF the "Utility” power supply 1o the transfer
switch using whatever means provided {such as a
"Utility" source main line circuit breaker).

5. Manually actuate the prepackaged transfer switch to
its "Utility" power source side, i.e., "Load” connected {o
the "Utility" source,

6. Turn ON the "Utiiity” power supply to the transfer
switch, using whatever means provided.

7. Set the generator's auto-off-manual switch o "Auto”.

Page 1.7-4
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The Set Exercise Time Switch

The prepackaged home standby generator will stant
and exercise once every seven (7) days, on a day and
at a time of day selected by the cwner or operator, The
set exercise time switch is provided to select the day
and time cf day for sysiem exercise.

See Part 8, Section 8.2 ("The 7-Day Exercise Cycle”)
for instructions on how to sat exercise time.

DANGER: THE GENERATOR WILL CRANK AND
START WHEN THE SET EXERCISE TIME
SWITCH IS 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

Introduction

When the prepackaged generator is installed in con-
juncticn with a prepackaged transfer switch, either
manual or automatic operation is possible. Manual
transfer and engine startup, as well as manual shut-
down and retransfer, are covered in Section 1.7, Selec-
tion of fully automatic operation is also discussed in that
section. This section will provide a step-by-step
description of the sequence of events that will occur
during automatic operation of the system.

Automatic Operating Sequences

PHASE 1- UTILITY VOLTAGE AVAILABLE:

With utilily source unltage available to the transfer
swilch, thal source voltag2 is sensed by a CMA circuit
heard inthe generator penel and the circuit board takes
no action.

Electrical loads are powered by the "Utility” source
and the auto-off-manual switch is set to "Auto”.

PHASE 2- UTILITY VOLTAGE DROFPCUT:

If a dropout in utility source voltage should occur
below about 60 percent of the nominal utility scurce
voltage, a six (8) second timer an the CMA board will
start timing. This timer is required to pravent faise
generator starts that might be caused by transient utility
voltage dips.

PHASE 3- ENGINE CRANKING:

When the CMA board's six (6) second timer has
finished timing and if utifity source voitage is still below
80 percent of the nominal source voltage, CMA circut
board action will energize a crank relay and a run relay.
Both of these relays are mounted on the CMA circuit
board.

CMA board action will hold the crank relay energized
for about 7-9 seconds. The relay will then be de-gner-
gized for about 7-9 seconds, energized again for 7-9
seconds, and so on. When the crank relay energizes
the engine will crank, when it is de-energized, engine
cranking will stop. This cyclic action of crank/rest,
crank/rest, etc., will continue until either (a) the engine
starts, or (b) until ninety (80} seconds have elapsed.

If the engine has not started within ninety (80)
seconds, cranking will terminate and shutdown wil
occur. On liquid cooled engine units, a fault indicator
lamp (LED) on the generator panel will iluminats.

It the engine staris, cranking will terminate when
genﬁrator AC autput frequency reaches approximately
0 Hz.

PHASE 4-ENGINE STARTUF AND RUNNING:

The CMA circuit beard senses that the engine is
running by receiving a voltage/frequency signal from
the generater stator windings.

When generator AC frequency reaches ap-
proximaiely 30 Mz, an engine warmup timer on the
CMA circuit beard turns on. That timer will run for abeut
fifteen {15) seconds. At the same lime, an engine
minimum run timer will turn on.

The engine warmup timer lets the engine warmup up
and stabilize before transfer to the "Standby” source
can occuf.

The engine minimum run timer prevents a cold en-
gine from being shut down, as might happen if utifity
scurce power is resiared very auickly 7RI —inimum
run timer wiil run for about 13-15 minutes. That means
the engine must run for 13-15 minutes before it can be

shut down automatically.

NOTE: The engine can be shut down manually at any
fime, by sefting the auto-off-manual switch to "0

PHASE 5- TRANSFER TO "STANDBY™

When the CMA board’s engine warmup timer has
timad out, CMA circult board action completes a trans-
fer relay circuit to ground. The transfer ralay is housed
in the prepackaged {ransfer switch enclosure.

The transier relay energizes and transfer of loads to
the "Standby” power scurce cccurs. Loads are now
powered by standby generator AC output.

PHASE 6- "UTILITY" POWER RESTORED:

When utility source voltage is resiored gbove ahout
60 percent of the nominal supply voltags, a six (5)
second timer on the CMA board starts timing. If utility
voltage remains sufficiently high at the end of six (8)
seconds, a "retransfer time delay” will star timing and
will time for about six (8) seconds.

FHASE 7- RETRANSFER BACK TO "UTILITY™

When the retransier time delay has finished timing,
CMA board action will open a circuit to 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 powered by "Utility”
source power. On retransfer, an "sngine coaldown
timer" starts timing and will run for about one {1} minute.

PHASE 8- GENERATOR SHUTDOWN:

Whenthe engine cooldown timer has finished timing,
and if the minimum run timer has timed out, engine
shutdown will cceur.
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AUTOMATIC OPERATING PARAMETERS

Automatic Operating Sequences Chart

SEQ. ] CONDITION ACTION SENSOR, TIMER CR OTHER
i "UAtility" scurce voltage is No action Voltage Dropout Senscr on CMA
available. ; circuit board.

2 "Utility” veltage dropout below
60% of rated voltags occurs,

A B-sacond timer on CMA
board turns on.

Voltage Dropout Sensor and 6
second timer on CMA board.

3 "Utility™ voltage is still below
680% of rated voltage.

6-second timer runs for 6
seconds., then stops.

Voltags Dropout Senser and 6§
second timer,

4 "Utility" voltage still low after 6
seconds. .

CMA board action energizes a
crank relay and a run relay. The
engine cranks for 7-8 seconds,
rests for 7-8 seconds, and 30 on,
untit engine starts. Ses NOTE 1.

CMA circuit board crank and run
relays,

5 “Utility” voltage still low and the
engine has started.

CMA board’s "engine warmup
timer” and "engine minimum run
timer” both turn on.

Engine Warmup Timer (15 seconds)§
Minimum Run Timer (13 minutes}

] Engine running and "engine
warmup limer” times out

CMA board action energizes a
transfer relay in transfer switch
and transfer to "Standby” occurs.

CMA board transfer relay circuit
Transfar switch transfer relay.

7 Engine running and load is
powered by "Standby” power.

Ne further action.

CMA board's "voitage pickup
sansot” continues to seek an
acceptable "Utility" voliage.

8 "Utility™ scurce voltage is
restored above 80% of rated
source voliage.

CMA board's "voitage pickup
sensor” reacts and a "return to
utiiity times” turns on,

Voltage Pickup Sensor {80%)
Return to Utility Timer (6 seconds)

9 “Utility" voltage still high after &
seconds,

"Return to utility timer” times out.

Return to Utifity Timer

10 | "Utility” voitage still high,

CMA board action opens ths
transfer relay circuit to ground.
Transfer relay de-energizes and
retransfer to "Utility™ occurs.

CMA board transfer relay circuit
Transfer switch transfer relay.

11 Engine still running, loads ara
powered by "Utility” source.

CMA boards "engine cooldown
timar” starts running.

CMA board's Engine Cocldown
Timer {1 minute).

12

After 1 minute, "engine cooldown
times” stops and CMA board's
run relay de-enargizes. Engine
shuts down.

Engine Cooldown Timer
CMA board Run Relay.

13 | Engine is shut down, loads are
powered by "Utiity” sourca.
Return to Sequence 1.

No action.

Voltage Dropout Sensor on CMA
circult board.

NOTE 1: in Sequence 4, if sngine has not started in S0 seconds cranking will and and shutdown will oocur.
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DESCRIPTION & COMPONENTS

Section 2.1

DESCRIPTION AND COMPONENTS

Introduction

The "Generac II" air-cooled home standby system s
an easy to install, fully enciosed and seff sufficient
electric power system. i is designed especially for
home owners, but may be used in other applications as
well. On occurence of a ulility power failure, this high
performance system will {2} crank and start auiomat-
ically, and (b} automatically transfer electrical loads to
generator AC output.

The generator's "2-bearing” revolving field {rotor] is
driven by an air-ceoled V-Twin enging at about 3600
rpm, through & drive belt and pullsy arrangement,

The generator may be used to supply electrical
power for the operation of 120 and/or 240 volts, 1-
phase, 60 Hz, AC loads requiring up to B000 watts (8.0
kW) of power. Elecirical ;oads requinng up w 6.7 AC
amperes of current at 120 voltz {{ine-lo-nsutral), orup
to 33.3 AC amperes at 240 velis {ine-tc-line) may be
powered by the unit.

A 2-pole, "V-Type", prepackaged transfer switch is
usually shipped with the unit {see Part 4). Prepackaged
transfer switches do notinclude an "intelligence circuit”
of their own. Instead, automatic startup, transfer, run-
ning, retransier and shutdown operaticns are conirol-
led by a solid state circuit board in a control module
assembly {CMA)

Engine-Generator Drive System

The generator's revolving field is driven by an air-
cooled, vertical crankshatt, twin cylinder engine
through a drive beit and puileys arrangement. The
engine and generator are mounted side-by-side and
vertically in a compartment enclosure, to accommodate
drive pulleys in the bottom of the compartment, Both
the engine and generator rofor are driven at ap-
proximately 3600 rpm, to provide a 60 Hz AC cutput.

The AC Generator

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

Lower Bearing Carrier

The cast and machined lower Dearing carrier sup-
ports the AC generator at its lower end. A machinad
bore in the center of the bearing carner accepls the
lower rotor bearing. Four holes are provided around the
outer periphery of the carrier for passage of stator
studs. The extra long stator studs pass through the four
bearing carrier holes and are aiso used to retain the
carrier to a meunting base by means of siotted holes.
Tensioning springs, installed over the ends of the stator
studs, separate the carrier from the mounting base and
allow it to slide the length of the slotted holes on nylon
slides. The slotted holes permit drive belt tensioniobe
adjusted. The two flanged iegs of the bearing carrier
allow for passage of spring-loaded drive belt tensicning
bolts. By turning the tensioning bolts, the bearing car-
rier is moved laterally on the mounting bass to esiabisi
proper belt tension,

TEM | DESCRIPTION ITEM| DESCRIPTION
1 Lower Bearing Carrier g | Brush Holder
2 Rotor Assembly 18 | Screw
3 Lower Rotor Bearing 11 | Stator Lead Clamp
4 Upper Rotor Baaring 12 | Screw
5 Stator Assembly 13 | Nylon Washer
& Upper Bearing Carrier 14 | Generator Top Cover
7 Generator Studs (4} 15 | Flanged Lock Nut
8 Hex Nuts

Figure 1. AC Generator Exploded View
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Lower Bearing Carrier (Continued)

Figure 2. Lower Bearing Carrier

Aotor Assembly

The 2-pole rotor must be operated at 3600 mpmio
supply a 80 Hertz AC frequency. The term “2-pole”
means the rotor has a single north magnetic pole and
a single scuth magnetic pole. As the rotor rotates, its
lines of magnetic flux cut across the stator assembly
windings and a voliage is induced into the stator wind-
ings. The upper rotor shaft mounts a positive (+) and a
negative (-) slip ring, with the posttive {+) slip ring
nearest the upper rotor bearing. Rotor bearings are
pressed onte both the upper and lower shaft of the
rotor.

Figure 3. The 2-Pole Rotor Assembly

Pags 2.1-2
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Stator Assembly

The stator can houses and retains (a) dual AC power
windings, (b} an excitation winding, and (c) dual battery
charge 'windings. Leads are brought out of the stator
can to form a "3-wire”, 1-phase, AC connection systern
(see "Voltage Code A" on Page 1.2-1). In addition,
excitation winding leads 2 and 6 plus battery charge
winding leads 55, 66 and 77 are brought out, for a tota
of eleven (11} leads as shown in Figure 4.

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

(L.\ i >
- bl M—)
——1

Figure 4. Stator Assembly Lsads

Upper Bearing Carrier

Refer to Figure 1. The four stator studs pass through
holes in the upper bearing carrier, to retain the stator
can in iis "sandwiched" position. A machined bore in
the center of the carrier accepts the upper ball bearing
of the rotor assembly. Bosses on the upper bearing
carrier provide for retention of a brush holder assembly.

EBrush Holder and Brushes

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

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

e
—

Flgure 5. Brush MHolder and Brushes

Other AC Generator Components

Some AC generalor componenis are housed in the
generalor control panel enclosure, and are not shown
in Figure 1. These are (g} an excitation circutt breaker,
(b} a veltage regulator, {c) a baltery charge rectifier, {d)
a battery charge resisior, and (&) a main line circuf
breaker.

EXCITATION CIRCUIT BREAKER:

The excitation circuit breaker {CB2) is housed in the
generator panel enclosure and electrically connected
in serigs with the excitation (DPE) winding cutput to the
voltage regulator. The breaker is self resefting, i.e., its
contacts will close again when excitation current drops
to a sale vaiue.

if the circuit breaker has failed open, excitation cur-
rent fiow to the voltage regulator and, subsequently, to
the rotor windings wili be lost. Without excitationcurrent
fiow, AC voltage induced into the stalor AC power
windings will drop te a vaiue that is commensurate with
the rotor's residual magnetism pius field boost mag-
netism. Residual magnetism pius field boost mag-
netism (without excitation) will result in an AC voltage
output thal is somewhere near one-half the unit’s rated
voltage,

g2 2

O O
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VOLTAGE REGULATCR:

Atypical prepackaged voitage regulator is shown in
Figure 7. Unregulated AC output from the stator excita-
tion winding is delivered to the regulator's "DPE" ter-
minals, via Wire No. 2, the excitation circult breaker,
Wire No. 162, and Wire No. 6. The voltage regulator
rectifies that current and, based on stator AC power
winding sensing, requlates it. The rectified and regu-
jated excitation current is then delivered to the rolor
windings from the "+" and "-" regulator terminals, via
Wire No. 4 and 1. Stator AC power winding "sensing”
is deliveraed to the regulator "SEN" terminals via Wires
No. 11 and 22.

The regulator used on prepackaged units provides
"overvoltage” protection, bul does not protect against
“undervoltage”. On occurence of an "overveltage” con-
dition, the regulater will "shut down" and complete loss
of excitation current {0 the rotor will occur. Without
excitation current, the generator's AC output voltags
will drop to approximaiely Zne “slf the unit's rated
voltage (residual plus field boost).

A single red tamp {LED) glows during normal opera-
tion. The lamp will become dim if excitation winding AC
output diminishes. i willgo out cnoccurence of ancpen
condition in the excilation winding AC output circul, or
in the rofor's excitation cireut.

An adjustment potentiometer permits the stator's AC
power winding voltage to be adjusted. Perform this
adjiustment with the generator running at no-load, and
with a 62 Hz AC frequency (62 Hz equals 3720 pm).
At the stated no-load frequency, adiust to obtain a
line-te-line AC voitage of about 248 volts.

O\

@

o

Figure 6. Excitation Circuit Breaker

Figure 7. Typical Voltage Regulator

BATTERY CHARGE RECTIFIER:

The "tull-wave” battery charge rectifier (ECR) chan-
ges the battery charge winding AC output to "DC". The
rectified current is then delivered to the unit battery
during operation. See Figure 8.

Page 2.1-3
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Other AC Generator Components (Continued)

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

Field boost voliage is reduced from that of battery
veltage by the resistor action and, when read with a DC
voltmeter, will ve approximately € or 10 volts DC.

Figure 8. Battery Charge Rectifier

BATTERY CHARGE RESISTOR:

This resistor is electrically connected in series with
battery charge winding Wire No. 55. The resistor is
rated 1 ohm, 20 or 25 watt.

TRANSIETCR RELAY K1 CONTACTOR

77 CMACIRCUITEOARD

FIELD
b - e - - ! 5CosT

10
ROTOR

Figure 8. Battery Charge Resistor

MAIN LINE CIRCUIT BREAKER:

The main line circuit breaker protects the generator
against electrical overload. The 2-pole breakeris rated
35 AC amperes. Also see "Control Panel- Units with
Alr-Cooled Enging” on Page 1.7-1.

Field Boost Circuit

When the engine is cranking, direct current flow is
delivered from a CMA circuit beard {o the generator
rotor windings, via Wire No. 4.

The field boost system is shown schematically in
Figure 10. Manual and automatic engine cranking is
inttiated by CMA circuft board action, when that circutt
beard energizes a crank relay (K1), Battery voltags is
then delivered to field boost Wire No. 4 (and to the
rotor), via a field boost resistor and diode. The crank
relay, field boost resistor and dicde are all located on
the CMA circuit board.

Page 2.1-4

Figure 10. Field Boost Circuit Schematic
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Section 2.2

OPERATIONAL ANALYSIS

Rotor Residual Magnetism

The generator's revolving field (relor) may be con-
sidered fo be a permanent magnet. Some “residual”
magnetism is aiways presant in the rotor. This residual
magnetism is sufficient fo induce a veltage info the
stator's AC power windings that is approximately 2-12
volts AC,

Field Boost

See "Field Boost Circuit" on Page 2.1-4. During
enging cranking (whan crank relay K1 is energized),
approximately 9-10 volts DC is delivered to the rotor
windings from a CMA circuit board. This voitage is only
avnilatle while the engine is cranking.

Operation

STARTUP:

When the engine is started, residual plus field boost
magnetism {rom the relor induces a voltage into {a) the
stator AC power windings, (b) the stator exciiation or
DPE windings, and {c} inic the stator battery charge
windings. In an"on-speed” condiion, residual plus fisld
boost magnetism are capable of creating approximate-
ly one-half the unit's rated voltage.

ON-SPEED OPERATION:

As the engine accelerates, the voltage that is in-
duced into the stator windings increases rapigly, due to
the increasing speed at which the rotor operates.

FIELD EXCITATION:

An AC veltage is induced into the stator excitaticn
(DPE} windings. The DPE winding circuit is completed
to the voltage regulator, via Wire No. 2, excitation circuit
breaker, Wire No. 162, and Wire No. 6. Unregulated
atternating current can flow from the winding to the
regulator.

The voltage regulator "senses™ AC power winding
output voltage and frequency via stator Wires No. 11
and 22.

The regulator changes the AC from the sxcitation
winding to DC. In addition, based on the Wires 11 and
22 sensing signals, it regulates the tlow of direct cur-
rent.

The rectified and regulated current fiow frem the
reguiator is deliverad io the rotor windings, via Wire Ne.
4, and the positive brush and slip ring. This excitation
current flows through the rotor windings and is directed
to ground through the negative (-} slip ring and brush,
and Wire No. 0.

R ¢(>TO
BATTERY | _1_

SN\ .
182
et }
s
VR JECB
2
e
=
DPE
FAOM CMA —« —¢ i
CIRCUIT
BOARD

LEGEND:
ACF = STATORPOWER WINDING

BCW = BATTERY CHARGE WINDING
BCR = BATIERY CHARGE RECTIFIER
DPE = STATOR EXCITATION WINDING
ECB = EXCITATION CIRCUIT BREAKER
MLB = MAIN LINE CIRCUIT BREAKER
VYR = VOLTAGE REGULATCR

£

T20Y it 120

24BY il

Figure 1. Operating Diagram of AC Generator
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Operation (Continued)

The greater the current flow through the rotor wing-
ings, the more concentrated the lines of fiux aroundthe
rotor become.

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

Initially, the AC power winding voltage sensed by the
regulator is low. The regulator reacis by increasing the
flow of excitation current to the rotor untit vokage in-
creasesto adesiredlevel. The regulatorthen mairtains
the desired voitage. For example, i vollage exceeds
the dasired level, the regulator will decrease the flow of
excitation current. Conversely, if voltage drops below
the desired level, the regulator responds by increasing
the flow of excitation current.

AC POWER WINDING QUTPUT;

A regulaied voltage is induced into the statcr AC
power windings. When efectrical loads are cornected
across the AC power windings to complete the circuit,
current can flow in the circuit. The regulated AC power
winding output voltage will be in direct proportion to the
AC frequency. For example, on units rated 120/240
volts at 60 Hz, tha regulator will iry to maintain 240 voits
(line-to-line) at 60 Hz. This type of regulation system
provides greatly improved motor starting capability
over other types of systems.

BATTERY CHARGE WINDING OUTPUT:

Avoltage is induced into the battery charge windings.
Output frem these windings is delivered to a battery
charge reciifier, via Wires Ne, 686 and 77. The rectifier
consists of a pair of diodes which rectify the current
{change it to DC). The resuiting direct current flow is
delivered to the unit battery, via Wire No. 15, a 15 amp
fuse, and Wire No. 13. This output is used to maintain
battery state of charge during operation.

NOTE: Battery charge winding output is also delivered
to a solid state circuit board in a control module as-
sembly (CMA), via Wire No. 66. This output "tells” the
circuit board that the engine has started and what its
operating speed and voltage is. The CMA circuit board
uses these signals from the battery charge winding to
(a} terminate cranking, and (b) turn on various timing
circuits that contrel automatic operation. See Part 7,
"DC Centrol- Units with Air-Cooled Engine”.

Page 2.2-2
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Section 2.3

TROUBLESHOOTING FLOW CHARTS

Use the "Flow Charts” in conjunction with the detailed
insiructions in Section 2.4. Test numbers used in the
flow charts correspand to the numbered tests in Section

2.4

General

The first step in using the flow charts is {o comectly
identify the problem. Once that has been done, locate
the problem on the following pages. For best results,
perform all tests in the exact sequance shown inthe flow
charts.

Froblem 1- Generator Produces Zero or Residual Voltage

TEST 1-CHECK TEST 2-CHECK ZERCQ TEST 3-TEST EXCITATION
MAIN e O 1. —q AC QUTRPUT —ici q CIRCUIT BREAKER
CIRCUIT VOLTAGE RESIDUAL

BREAKER

BAD B!O

{

RESET 7O "ON"
OR REPLACE
IF BAD

ﬁ GOOD mnaswae

TEST4-TEST ] TEST 5.CHECK TEST 5-TEST ROTOR
STATOR DPE Jusms O K —u# BRUSHES AND  Jm O.K.—* ASSEMBLY
WINDING SLIP RINGS

RERLACE
DEFECTIVE
BREAKER

B!«D BQD

v

REPLACE STATOR ASSEMBLY CLEAN SLIP RINGS REPLACE RCTOR
REPAIR CR REPLACE
DEFECTIVE PARTS OR
WIRING
TEST 7-CHECK TEST BCHECK TEST 9-CHECK
STATORAC  fewo O K mommemdp- 1 FiEi D bromene O K. VOLTAGE
POWER BOOST REGULATOR
WINDINGS
BAD BAD BAD
REPLACE STATOR REPLACE CMA ADJUST CRREPLACE
ASSEMBLY CIRCUIT BOARD AS NECESSARY
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Problem 2- Generator Froduces Low Voltage at No-Load

SECTION 2.3

TROUBLESHOOTING FLOW CHARTS

AG BTRUE R LOW A QUTPULECK OW momacmn- AND ADJUST REQUENGY
AC OU e OV e { AC OU A—— ADJUS FREQU &
VOLTAGE FREQUENCY ENGINE e 1 TAGE 0K,
GOVERNOR
P
AND ADJUST FREQUENCY O.K, BUT
VOLTAGE A e—— ;[ TAGE | OW
REGULATOR
1 VOLTAGE & FREQUENCY O.K. TOP TESTS
FREQUENCY IS O.K. msmasemsemmnp § TEST 4-TEST TEST 6-TEST ACTOR
BUT VOLTAGE IS STATOR DPE  fommwem O.K.—-—-> ASSEMBLY
STILL LOW WINDING
REPLACE STATOR ASSEMBLY ~gmmunn EAD s BAD GOOD

REPLACE ROTOR ASSEMBLY

\e

— |

TEST 7-CHECK TEST 8-CHECK
STATORAC o O K. eossmmad-§ VOLTAGE
POWER REGULATOR
WINDINGS
Ty EADH_* REFLACE
DEFECTIVE
VOLTAGE
REGULATOR
. BAD smosmmnl@y. REPLACE STATOR ASSEMBLY
Froblem 3- Generator Produces High Voltage at No-Load
TEST 2.CHECK e TEST 10.CHECK ioH TEST 11-CHECK ENGINE GOVERNOR
AC CUTF H AC IG
UO(Tage [ | A ey HICH ey
TEST 12-CHECK I
AND ADJUST FREQUENCY O K., VOLTAGE & FREQUENCY OK.
VOLTAGE “Crem— T YOLTAGE HIGH
REGULATCR

VOLTAGE & FREQUENCY O.K. _-—.} DISCONTINUE TESTING

FREQUENCYOK.. JEST g-CHECK
VOLTAGE STILL HiGHM VOLTAGE REGULATCOR

FREQUENCY OK.
st 5 TAGE HIGH

REPLACE DEFECTIVE VOLTAGE REGULATOR 4__ BAD—_I
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Problem 4- Voltage and Frequency Drop Excessively When Loads are Applied

TEST 13-CHECK TEST 14-CHECK TEST 15-CHECK ENGINE
VOLTAGE AND BOTH FOR OVERLOAD NOT CONDITION -

FREQUENCY p—LOW CONDITION ] OVERLOADED—*

UNDER LOAD .

BOTH !RE O.K. OVEH!OAD%D ENGINE PROBLEMS ARE FOUND
DISCONTINUE TESTS REDUCE LOADS TO REPAIR ENGINE AS NEEDED

UNIT'S RATED CAPACITY

TEST 7-CHECK -( ENGINE CONDITION IS GCQD
STATOR AC .
POWER

WINDINGS — BAM REPLACE STATOR ASSEMBLY

O.K. ——> LOOK FOR A SHORTED CONDITION IN A CONNECTED LCAD
OR IN ONE OF THE LOAD CIRCUITS
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DIAGNOSTIC TESTS

Introduction

This section is provided {o familiarize the service
technician with accepiable procedures for the testing
and evaluation of various problems that could be en-
countered on prepackaged standby generators with
air-cooied engine, Use this section of the manual in
conjunction with Section 2.3, "Troubleshooting Fiow
Charts". The numbered tests in this section correspond
whih those of Section 2.3,

Test procedures inthis section do not require the use
of speciglized test equipment, meters or iogls. Most

tests can be performed with an inexpensive volt-ohm- -

mitiammeter {(VOM). An AC frequency meter is re-
guired, where frequency readings must be izken. A
clamp-on ammeter may be used to measure AC loads
on the generator.

Testing and troubleshooting methods covered inthis
section are net exhaustive. We have not attempled {o
discuss, evaluate and advise the home standby service
frade of all conceivable ways in which service and
frouble diagnosis might be performed. We have not
underaken any such broad evaluation. Accordingly,
anyone who uses g test method not recommended
herein must first satisfy himself that neither his nor the
product's safety will be jecpardized by the procedure
or methed he has selected.

Safety

Service persennel whe wark on this equipment must
be made aware of the dangers of such equipment.
Extremely high and dangerous voltages are present
that can kill or cause serious injury. Gaseous fuels are
highly expicsive and can be ignited by the slighiest
spark. Engine exhaust gases contain deadly carbon
monoxide gas that can cause unconsciousness oreven
death. Contact with moving parts can cause serious
injury. The list of hazards is seemingly endless.

When working on this equipment, use common
sense and remain alert at all times. Naver work on this
equipment while you are physically or mentally
fatigued. If you don't understand a component, device
or system, don't work on it,

Test 1- Check Main Circuit Breaker

DISCUSSION:

Often the most obvious cause of a problem is over-
looked. If the generator's main lina circuit breaker is set
to "Off" or "Cpen”, no electrical power will be suppled
to electrical loads. If lcads are not receiving power,
perhaps the main circuit breaker is open or has failed.

PROCEDURE:

The generaior's main circuit breakeris located onthe
conirol panel. If loads are not receiving power, make
sure the breaker is set to "On" or "Closed"”.

if you suspect the breaker may have {ailed, it can be
tested as follows (see Figure 1);
1. Set avolt-ohm-milliammeter (VOM) to ifs "Rx1" scale
and zero the meter.
2. Disconnect all wires from the circuil breaker ter-
minals, to prevent interaction.
3. Wilh the generator shut down, connactong VOM test
probe to the Wire No. 11 terminal of the breaker and
the other test probe to the Wire E1 terminal.
4. Set the breaker to its "On" or "Closed” position. The
VOM should read "continuity”.
5. Setthe breagkerto Hs "Off or "Oper” positivn angine
YOM should indicate “infinity™.
6. Repeat Steps 4 and 5 with the VOM test probes
connected across the breaker's Wire No. 44 terminal
and the E2 terminal.

RESULTS:

1. lf the circuit breaker tests good, go cnto Test 2.
2. If the breaker tests bad, it shouid be replaced,

| WIRE 44
TERMINAL

WIRE 11
TERMINAL

Figure 1. Generator Main Circuit Breaker Test Points

Test 2- Check AC Output Voliage

DISCUSSION:

Ifthe generatoris not equipped with an AC volimeter,
a volt-ohm-miliiammeter (VOM}) may be usad to check
fts output voltage. Output voltage may be checked af
the unit's main circult breaker terminals, or even at the
transfer switch's £E1 and E2 terminals, # desired. Refer
to the unit's DATA PLATE for rated line-to-line and
line-to-neutral voitages.

Page 2.4-1
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Test 2- Check AC Quiput Voltage (Con-
tinued)

DANGER: USE EXTREME CAUTION DURING
THIS TEST. THE GENERATOR WILL BE RUN-
NING. HIGH AND DANGEROUS VOLTAGES
WILL BE PRESENT AT THE TEST TERMINALS.
CONNECTMETERTEST CLAMPS TC THE HIGH
VOLTAGE TERMINALS WHILE THE GENER.
ATOR 1S SHUT DOWN, STAY CLEAR OF
POWER TERMINALS DURING THE TEST. MAKE
SURE METER CLAMPS ARE SECURELY AT-
TACHED AND WILL NOT SHAKE LOQSE.

PROCEDURE:

1. With the engine shut down, connact the AC valtmeter
test leads across the Wires 11 and 44 terminals of the
generator main circuit breaker {see Figure 1). Test
izads may also be connected across ¥ransfer switch
terminal lugs E1 and £2, if desired. These connections
will permit ling-lo-line voltages {o De read.

2. Set the generator's main circuit breaker to s "Of"
or "Open” position. This test will be conducted with the
generator unning at no-load.

3. Start the generator, let it stabilize and warm up for a
minuie or two.

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

fine-fo-line voltage of 240 voits, the no-ioad voltage
should be about 242-252 volis AC.

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

RESULTS:

1. if zero volts or rasidual voltage is indicated, go onto
Test 3.

2. If the voitage reading is higher than residual, but is
fower than the stated limits, go to Test 10.

3. i g high voltage is indicated, go on to Test 10.

NOTE: "Residual” vcltage may be defined as the voit-
age thal is produced by rotorresidual magnetism alone.
The amount of veliage induced into the stators AC
power windings by residual voltage alone will be ap-
proximately 2to 10 volts AC, depending on the charas-
teristics of the specific generator. If a unitis supplying
residual voltage only, elther excitation current is not
reaching the rotor or the rotor windings are open and
the excitation current cannot pass. Oncurrent units with
air-cocled engine, "field boost” current flow is avaitabie
to the rotor only during engine cranking.

Test 3- Test Excitation Circuit Breaksr

DISCUSSION:

Unregulated excitation current is delivered to the volt-
age reguiater from the stator excilation {DPE} winding,
via Wire No. 2, an excitation circuit breaker {CE2), Wire
No. 182, and Wire No. 6. if the excitation circuit breaker
has failed open, excitation current will not be available
10 the voltage regulator ¢r o the rotor, Stator AC power
winding output witi then be reduced o g voltage that is
the product of residuatl magnetism alone.
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PROCEBURE:

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

2. Set avolt-ohm-milliammeter (VOM o its "Rx 1" soale
and zero the meter,

3. Connect the VOM test probes across the circuit
breaker terminals. The meter should read “continuity”.
4. Use the VOM to test Wires No. 2, 6, and 182 for an
open or shorted condition.

RESULTS:

1. Replace circuit breaker if defective.
2. if circuit breaker is goed, go onte Test 4,

162 el

O O

Figure 2. Excitation Circuit Breaker

Test 4- Test Stator DPE Winding

DISCUSSION:

Stater excitation (DPE) winding AC output is delivered
to the voltage regulater during operation, via Wires 2,
6, 162 and the excitation circult breaker. The vollage
regulator (&) rectifies the current, and (b) regulates the
current flow based on sensing signals frem the staior
AC powerleads. The rectified and regulated DC current
is then delivered to the rotor, via Wire No. 4, and the
positive (+} brush and siip ring. The current flows
through the rotor windings and Yo frame ground, via the
negative (-} siip ring and brush. An open circuit in the
DPE winding can result in complete loss of the rectified
and regulated current flow to the rotor. Qutput voltage
from the staior AC power windings will then be the
result of residual voltage only (approximately 2-19 volts
AC). A shorted condition inthe DPE winding can resuit
in partial loss of the rectified and regulated current flow
1o the rotor. In the latter case, cutput voitage from the
stator AC power windings may be reduced but greater
than residual voltage alone,

PROCEDURE:

1. In the control panel, disconnect Wire No. 2 from the
excitation circuit breaker. Also disconnect Wire No. 8
from the voitage regulator.

2. Set a VOM 1o its "Rx1" scale and zero the meter.

3. Connectthe VOMtest leads across the terminal ends
of Wires No. 2 and 6. The VOM should read ap-
proximately 1.1 chms.
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Test 4- Test Stator DPE Winding (Con-
tinued)

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

5. Ceonnect one VOM test lead o terminal end of Wire
No. 2, the other test lead 10 a ctean frame ground on
the stator can. The meter should read "infinity”.

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

7. Disconnect terminal end of Wire No. 66 from the
battery charge rectifier. Connect the VOM test leads
across terminal end of Wire No. 2 and terminal end of
Wire No. 88. Connect the VOM test leads across these
two wires. The meter should read "infinity".

BRESULTE"

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

2. Step 5is atestfor "grounded” condition. Any upscale
mevement of the meter needle ordial indicates the DPE
winding is grounded.

3. Steps 6 and 7 are tests for "shorted" condition. Any
upscale movement of the VOM needle or dial indicates
the DPE winding is shorted.

NOTE: Read Section 1.5, "Testing, Cleaning and
Drying" carefully. If the DPE winding tests bad, perform
an insulation resistance test. if the winding fails the
insulation resistance lest, ¢lean and dry the stator as
outlined in Section 1.5. Then, repeat the insulation
resistance test. if the winding falls the second resis-
tance test {afier cieaning and drying), repiace the stator
assembly.

DPE CIRCUIT

BREAKER
= /

00010

VOLTAGE
REGULATOR

SECTION 2.4
DIAGNOSTIC TESTS

Test 5. Check Brushes and Slip Rings

DISCUSSION:

The function of the brushes and stip rings is to
provide for passage of excitation current from station-
ary components to the rotating rotor. Brushes are made
of a special long lasting material and seldom wear out
or fail. However, siip rings can develop a tarnish or fiim
that can inhib# or offer a resistance to the flow of
electricily. Such a nen-conducting fiim usually develops
during non-operating periods. Broken or disconnected
wiring can aiso cause loss of excitation current to the
rotar,

PROCEDURE:

1. See Figure 4. Carefully inspect brush wires, make
sure they are properly and securely connected.

2. Wire No. 0 from the negative (-} brush connects to &
4-tab grounding lug in the conirol panel. Test that wire
for an open condition. Alsc make suie i 15 propeny
connecied to the grounding iug. .

3. Wire No. 4 from the positive (+) brush connects to a
vollage regulator terminal. Test Wire No. 4 for anopen
or grounded condition and make sure it is properly
connected to the correct reguiator terminal.

4. Disconnect Wires No. 0 and 4 from the brushes.
Remove the brush hoider from the bearing carrier.

5. Inspect the brushes for excassive wear, damage.
6. Inspect the rotor slip rings. If they appear dull or
tarnished, they may be polished with tine sandpaper.
DO NOT USE ANY METALLIC GRIT TOPOLISH SLIP
RINGS.

RESULTS:

1. Repair, replace or reconnect wires as Necessary.
2. Replace any damaged slip rings or brush hoider.

3. Clean and polish slip rings as required.

4. Test unit for AC output voltage. if AC voltage is still
not acceptable, go onto Test 6.

Figure 3. DPE Winding Test Points

Figure 4. Checking Brushes and Slip Sings

Page 243
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Test 6- Test Rotor Assembly

DISCUSSION:

A rofor having compistely open windings will cause
loss of excitation current flow and, as aresut, generator
AC output voitage will drop to "residual” voltage. A
“shorted” rotor winding can result,in a low voltage
condition. ’

PROCEDURE:

1. Disconnect the brush wires or remove the brush
holdar, to prevent interaction.

2. Set a VOM (o its "Rx1" scale and zero the meter.

3. Connect the positive (+) VOM testlead to the positive
(+) rotor slip ring (nearest the rotor bearing): and the
common (-} test lead to the negative (-} 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 "Bx1K"}. Again, zero the meter.

5. Connectthe positive (+) VOM test lead 1o the positive
{+) slip ring and the common (-} test lead to a clean
frame ground. The meter should indicate “infinity".

RESULTS:

1. Repiace rotor assembly if it is apen or shorad.
2. i rotor tests good, go onto Test 7.

NOTE: Be sure to read Section 1.5, "Testing, Cleaning
and Drying", carefully. If rotor tests bad, try performing
an insulation resistance test. Clean and dry rotor if it
falls that test. Then, repeat the test. If rotor falls the
second insulation resisiance test, it should be replaced.

SECTION 2.4
DIAGNGOSTIC TESTS

*  Asmall amount of voltage must be induced into the
DPE winding to turn the voltage regulator on.

+ It a rotor's residual magnetism is sufficient to in-
duce 3 voﬁiage into the DPE winding that is high
encugh to turn the voltage requiatoron, regulafor
excitdtion current will be Supplied even i field boost
has failgd. Noermat AC output voitage will then ba

supplied.

« It rotor residual magnetcsm has been lost or is not
sufficient to turn tha regulator on, and field Boost
has also besn lost, exéitation current will nof be
supplied {0 the rotor. Generator AC output voliage
wilt then drop to zero of nearly zero.

PROCEDURE:

1. Locate Wire No. 4 that is routed from the CMA circuit
board and connects fo a voliage reguiator terminai,
Disconnect that wire from the voltage regulator ter-
minal.

2. Set a VOM to read DC volts, and to a DC volts scale
grezter than 12 volts.

3. Connact the positive (+) VOM test probe to the
terminal end of disconnected Wire No. 4 {fromthe CMA
board),

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

5. Crank the engine while observing the VOM reading.
While the engine is cranking, the VOM should read
approximately 9-10 voits DC. When engine is not crank-
ing, VOM should indicale "zero” volts.

RESULTS:

1. If normal figld boost voltage is indicated in Step 5, go
onio Test§,

2. It normatl field boost voltage is NOT indicated in Step
5, check Wire No. 4 (between reguiaior and CMA
board) for open or shorted condition. If wire is good,
replace the CMA circult board.

Figure 5. The Rotor Assembly

Test 8- Check Field Boost

DISCUSSION:

See "Field Boost Circuit” on Page 2.1-4. Field boost
current {from the CMA circuit board) is available to the
rotor only while the engine is eranking. Loss of field
boost output to the rotor may or may not affect power
winding AC output voltage. The following facts apply:

FPage 2.4-4

f
—a
=
O =
= FAOM CMA
L=
= CIRCUIT BOARD
VOLTAGE
REGULATOR ] O ]
(L GROUNDING

N&Y e

Figure €. Field Boost Test Foints
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Test 9- Check Voltage Regulator

DISCUSSION:

The voltage regulator receives unregulated alternat-
ing current from the stator DPE winding, via Wires No.
2, 6 and 182. I also receives voltage and {requency
signals from the stator AC power windings, via Wires
No. 11 and 22. The regulator rectifies the AC from the
DPE winding and, based on the sensing signals, regu-
lates that current flow. The rectified and regulated
current flow is delivered to the rotor brushes via Wires
No. 4 (+)and o {-).

The reguialor mounts an LED {light emitting diods)
and a single adjustment potentiometer. The LED furns
on when sensing voltage is available; goes out when
sensing is lost. The adjusiment potentiometer permits
generator AC auiput voltage to be adjusied.

PROCEDURE:

1. With the generater running at no-load, observe the
red LED on the voltage reguiater. 1f the light is "On”,
go to Step 2 of this test,
a. If the LED is "Out", use a VOM to test for AC
vollage at the Wires No. 11 and 22 ferminals of the
regulator.
b. The meter should read about one-half the tine-io-
fine voltage that was indicated in Test 2 {line-to-
neutral voilage).
2. Now check the voltage across the ragulator's Wires
No. 6 and 162 terminals. This is DPE winding AC
voltage output to the regulator. With the unit running at
‘r;c(.:-load, this reading should be around 130-150 voils
3. Finally, check for 2 DC culput volizge at the
regulator’s No. 4 {(+} and 0 (-) terminals.

k.

@ VOLTAGE
— ADJUST

=N
Len 4

oS

Figure 7. Voltage Reguiator Test Foints

- SECTION 2.4
DIAGNOSTIC TESTS

RESULTS:

1. In Step 1, if the red LED is out and no voltage is
indicated at the Wire No. 11/22 terminals, test sensing
leads 11 and 22 for an open condition.
a. Repalr or replace open sensing leads as neces-
sary.
b. If sensing leads are good, repeat Test 7.
c. If the red LED is cut and DPE voltage is good,
replace ihe voltage regulator,
2. In Step 2, if voltage reading is bad, repeat Test 4.
Also test DPE winding AC cutput leads for open or
shorted condition.
3. i voltage readings in Steps 1 and 2 wers good, but
no output was indicated in Step 3, replace the voltage
regulator. ‘

Test 10- Check AC Culput Frequency

DISCUSSION:

The generator s AC frequency is proportional to the
operating speed of the rotor. The 2-pole rotor wili supply
a 60 Heriz AC frequency at 3660 mpm. The unit's AC
output voitage is propertional to the AC frequency. For
example, a unit rated 240 volis {line-to-ling) will supply
that ratec voltage {(plus or minus 2 percent} at a ire-
guency of 80 Heriz, If for any reason, the frequency
should dropio 30 Hertz, the line-to-tine voltage wili drop
to & matching voltage of 120 volts AC. Thus, # the AC
voliage cutput is high or low and the AC frequency is
correspondingly high orlow, the engine speed governor
may require adjustment.

PROCEDURE:

1. Connect an accurate AC frequency meter across the
Wires 11 and 44 terminals of the generator main line
circuit breaker (see Figure 1, Page 2.4-1).

2. Start the engine, let it siabilize and warm up at
nc-load.

3. When engine has stabilized, read the freguency
meter. The no-lead frequency should be about 51-63
Hertz.

RESULTS:

1. If the AC frequency is high or low, go onio Test 11,
2. f frequency is good, but voltage is high orlow, go to
Test 12.

3. H frequency and voltage are both good, fesis may be
discontinued.

Test 11- Check and Adjust Engine Gover-
nor

DISCUSSION:

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

Page 2.4-8



PART 2- PREPACKAGED

AIR-COOLED STANDBY GENERATORS

Test 11- Check and Adjust Engine
Governor (Continued)

FPROCEDURE:

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

RESULTS:

1.1, after adjusting the engine governor, frequency and
voitage are gocd, tests may be discontinued,

2. I frequency is now good, but voltage is high or low,
go onto Test 12,

Test 12- Check and Adjust Voltage
Regulator

DISCUSSION:

The prepackaged voltage regulator mounts a single
adjustment potentiometer, for the adjusiment of gener-
ator AC voltage output. Prior to adjusting the voltage
regulator, you must make sure that the engine speed
governor is properly adjusted and operating spesd is
carrect.

PROCEDURE:

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

RESULTS:

1. i frequency and voitage are now good, discontinue
tests.

2. # frequency is now good but voltage is high or low,
go fo Test 4.

Test 13- Check Voltage and Frequency
Under Load

DISCUSSION:

It is possible for the generator's AC output frequency
and veitage to be good at no-load, but they rmay drop
excessively when electrical loads are applied. This
condition, inwhich voltage and frequency droop exces-
sively when loads are applied, can be caused by (a)
overioading the generator, {b) loss of engine power, or
{c} a shorted condition in the stator windings or in one
or more connected loads.

PROCEDURE:

1. Connect an accurate AC frequency meter and an AC
voltmeter across the stator's AC power winding leads.
2. Start the engine, let it stabilize and warm up.

3. Apply eiecirical loads to the generaior equal to the
rated capacity of the unit.

4. Check the AC frequency and voltage. Frequency
should nct droop below approximately 58-58 Herz.
Voltage should not drocp below abouf 232-238 volts
{pius or minus 2 percent).

Page 2.4-6
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RESULTS:

1. It frequency and voliage droop excessively under
ioad, go to Test 14,

2. ) frequency and voltage under load are goad, dis-
centinue tests.,

Test 14- Check for Ovarload Condition

DISCUSSION:

An “overioad” condition is one in which the gensrator's
rated wattage/ampsrage capacity has been exceaded.
To test for an overload condition on an installed unit,
the best method is to use an ammeter. See "Measuring
Current” on Page 1.5-1.

PROCEDURE:

Use a clamp-on ammeter to measure load currant
draw, with the generator running and all normal electri-
cal loads turned on,

RESULTS:

1. If the unit is overloaded, reduce loads to the unit's
rated capacity.

2. lfunitis not overicaded, bui pmand frequency dreep
excessively when loads are applied, go o Test 15.

Test 15- Check Engine Condition

DISCUSSICN:

if engine speed and frequency droop excessively under
load, the engine may be underpowsred. An under-
powered engine can be the result of a dirty air cleaner,
loss of engine compressicn, faulty carburstor settings,
incorrect ignition timing, etc.

FROCEDURE:

For engine testing, troubleshooting and repair proce-
dures, refer to "Service Manual- V-Twin OHV Horizon-
tal and Vertical Shaft Engines”. That manual is avail-
able from Generac by specifying Manual Part No.
81134,

1. Repair engine, or replace defective pari{s}, or adjust
as necessary.
2. f no engine probjems are found, go to Test 7,
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PART 3- PREPACKAGED LIQUID
COOLED AC GENERATORS

SECTION 3.1

DESCRIPTION & MAJOR COMPONENTS

Section 3.1

DESCR!PTION AND MAJOR COMPONENTS

introduction

This section covers the majorcomponents of the AC
generator proper, i.e., those generator assemblies that
provide for the production of AC electrical power.

The single bearing rotor {revolving field) is driven by
a 1.2liter, liquid cooled gas engine. The rotor is couplad
to the engine flywheel, by means of a flexible coupling
and a fan and ring gear assembly, so the engine
crankshaft and rofor operate at the same spsed.

Major compeonents of the AC generator are shown in
Figure 1 on the next page. These compeneants are (a)
a ilexible coupling, (b) fan and ring gear, {c} roter, {d)
blower housing, (e} stator assembiy, (f) rear bearing
carrier, and {g} a rear bearing carrier cover.

Blower Housing

The blower housing is bolted fo the engine and
supports the engine end of the AC generator. It houses
the fan and ring gear assembly. A cutout area on one
side of the housing allows a blower air outiet screento
be mounted.

Flexible Disk

A flexible disk bolts to the engine fiywheel and to the
fan and ring gear assembly. The disk maintains proper
alignment between the engine and generator paris.

Fan and Ring Gear Assembly

The fan and ring gear assembly are retained to the
flexible disk which, in turn, is retained to the engine
flywheel. The fan draws cooling air into the generator
interior throtigh slots in a rear bearing carrier cover,
then expels the heated air cutward through a screen on
the blower housing. The ring gearteeth mate with testh
on a starter motor pinion gear, when the engine is
cranked.

Rotor Assembly

The rotor assembly on units rated 1800 rom is 2
4-pole type, having two nerth magnetic poles and two
south magnetic poles.

Units rated 3600 rpm have a 2-pele rofor, with a
single south and a single niorth magnetic pole.

The rear end of the rotor is bolted and keyed to the
fanandring gear. Abali bearing has been pressed onto
the retor’s front shaft which is retained in a machined
bore in the rear bearing carrier.

A pesitive (+) and a negative (-} slip ring is provided
on the rotor shaft that retains the ball bearing. Brushes
wiil ride on these slip rings.

The combination of slip rings and brushes aliow rotor
excitation current to be fransmitted from stationary
compenents inio the rotating rotor windings. The posi-
tive {+) stip ring is the one nearest the rotor bearing.

Rear Bearing Carrier

The rear bearing carrier supports the front of the
genarator. Mounting feet at the carrier bottorn permit
the carrier to be bolted to the generator mounting base.
A machined bore, in the center of the carrier, accepts
the rofor bearing. Bosses allow for the retention of
brush holders. Long stator bolts pass through holes in
the carrier's cuter periphery, to sandwich and retain the
stator can between the carrier and the blewer housing.
A rear bearing carrier gasket helps prevent dust from
entenng the bearing area.

Stator Assembly

Stalor windings may be connected as (2} & 3-wirs,
1-phase system, (b} a 3-phase, 12 lsad, paralle! wye
type system, or (c) a 3-phase, 12 lead, dafta connected
system. (See Section 1.2, "AC Connection Systems™.)

A notched culout has been provided in the rear
bearing carrier end of the stator can. A rubber gremmet
has been placed into that notch, for proiection of the
siator leads that are brought out of the stator.

The stator can is sandwiched between the blower
heusing and the rear bearing carrier, and retained in
that position by four (4) stator boits

FRear Bearing Carrier Plate

This plate is retained to the rear bearing carrier by
four (4) capscrews, lockwashers and fiatwashers. The
piate provides slotted airinlet epenings for the passage
of cooling and ventilating air into the generator.

Brush Holders and Brushes

Brushes are retained in a brush holder which is
refained to driled and threaded bosses on the rear
bearing carrier. In most cases, two brush holders are
used having two brushes per holder. Brush hoiders are
precisely positioned so that one of the two brushes
slides on a positive (+) siip ring, the other on a negative
{-} slip ring. The positive {+} brush and slip ring are
nearest the rofor bearing. The positive {+) side of the
DC excitation circult (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 illustrated in Figure 2, on Page 3.1-3.

Fage 3.1-1
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ITEM DESCRIPTION ITEM | DESCRIPTION {TEM | DESCRIPTION

T Holor Assembly 14 Hear Deanng Carnier 28 Hax Head Uapscrew
2 Blawer Housing 15 Brush Holder 29 Lockwashar

3 Air Qutlet Screen 16 Hex Head Screw 30 Hax Head Capscrew
4 Hex Head Capscrew 17 Bearing Carrier Gasket 31 Lockwashar

g Lockwasher 18 Plug 32 Hax Nut

3 Flatwasher 19 Bearing Carrier Plate 33 Hax Head Capscraw
7 Hex Head Capscraw -20 Stator Boit 34° § Stainless Steel Hex Nut
8 Hex Head Capscrew 21 Hex Head Capscrew 35 RPM Sensor

8 Flatwasher 22 Lockwashar 36 Rubber Grommet

10 Lockwasher 23 Flatwasher 37 Plastic Plug

1 Hex Nut 24 Fan and Ring Gear 38 “Flex Guard™ Conduit
12 Dowel 25 Square Key

13 Stator Assembly 26 Spacer

27 Flexible Coupling

" ltems 34 and 35 are NOT used on prep
is covered by & Plastic Plug (ltem 37).

RS
“\\..

ackaged standby generators. On prepackaged units, the threaded RPM Sensor hols

Page 3.1-2

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

I

& (REDY ——-1-‘ < : £
—— BRUSH WiTH RZD
t (BLACK} ! T 1—C  Leagciosest

BRAUSH

TQ RCTOR BEARING
HOLDER
SCREW

Figure 2. Erush Holders and Grushes
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The Excitation Circuit

AC output from the stator excitation (DPE) winding
is delivered {o the voilage reguiator, via a thermal
protector (TP), Wire No. 2, an excitation circuit breaker
(CB1}, Wira No. 162, and Wire No. 6. This is "unrequ-
lated" excitation current.

SECTION 3.1

DESCRIPTION & MAJOR COMPONENTS

The thermal protector is seif resetting. That is, when
internal stator temperatures drop to a safe value, s
contacts will re-close and normal DPE output to the
regulator will resume,

Wire No. 5 is athermal protector "bypass” lead. If the
thermal switch has failed in its open position, it can be
bypassed. The Wire No. 5 bypass lead is brought out
of the stator and has a wire nut on fs end.

SCHEMATIC SYMBOL
TP

—

5 (BYPASS) ffj WIRE
7T

N
»—f,@Lz 5 O-tszbe==
CEBi

u—‘
( DPE ‘ 70
. r VOLTAGE

§  REGULATOR

€81 = EXCITATION
CIRCUIT
BREAKER

BPE = STATOR
EXCITATION
WINDING

TP = THERMAL
PROTECTCR

Figure 3. Schematic- Excitation Circuit

THERMAL PROTECTOR:

This normally-closed thermal swiich protects the
stator windings against excessively high internal
temperatures. The switch is physically imbedded in the
stator windings and electrically connected in series with
the DPE winding AC output to the regulator. If internal
stator femperature exceeds a safe value, the switch
contacts will open and DPE ocutput to the voltage
regulator will be terminated. Without excitation current
flow to the rotor, generator AC cutput voltage will drep
o a value comensurate with rotor residual magnetism.

Figure 4. The Thermal Frotector

EXCITATION CIRCUIT BREAKER:

This circuit breaker protects the regulator against
high voltage surges. If the breaker has {ripped open,
loss of excifation current will occur. Staior power wind-
ing AC cutput voltage will then drop to a value comen-
surate with residuail magnetism in the rotor. The
breaker is seff resetting.

162 2

O O

Figure 5. Excitation Circuit Brearer

VOLTAGE REGULATOR:

Ses Figure 6. Unregulated AC output from the stator
DPE winding is delivered o the voltage regulator, via
Wires No. 6 and 162. Stator power winding AC vollage
and frequency signals are delivered to the regulator, via
"sensing” Wires No. S15 and S18. The reguiator res-
tifies {he DPE output and, based on the sensing lead
signais, regulates the DPE output. An LED flight emit-
ting dicde} is incorparated on the regulator. This red
light zenses the "sensing” (S15/316) input.

Page 3.1-3
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The Excitation Circuit (Continued)

if the red LED goes "oul", sensing signals to the
regulator have been lest. The following rules apply:

» Lossof sensing can be caused by an "apen” circuit
condition in sénsing leads S15 and S16. These
sensing leags also Cperate theﬁ_]enefazor’s anel-
mourtéd AC frec%uenc meter. Thus, i the the red
LED is out and the panel frequency meter is not
Op_erazx_nq you may assume that an open circuit
exists in thé sensing circuit.

« Loss of sensing to the regulator will usually result
in a "full field" condilign and resultant high voltage
output from stator AC power windings. The maxe
mum voltage that requlator action can deliver is
limited by a "claming” acticn on the part of ihe
ragutator.

« A complete open circuit condition in the stator AC
power windings will cause Ioss of sensing voltage
and f{equency. Howsever, this will result in a zero

voltage output from the stator windings.

Based on the "sensing” signals, the regulator
delivers direci wurrent (OC) w the rotor, via Wire No. 4
and the positive {+) brush and slip ring. This regulated
current flows through the rolor and to frame ground, via
the negative {-) slip ring and brush and Wire No. 1. The
following appily:

»  The concentration of magnetic lines of flux around
the rotor will be preporntional o the regulated excita-
tion curient ffow through the rotor pids any residial
magnetism.

+  Anincrease in excitation current flow through the
retor windings, will increase the concentrafion of
magnetic Hiux lings around the rotor which, in turn,
willincrease the AC veltage induced into the siator

C power windings.

oS

Figure 8. FPrepackaged Voltage Regulator
Field Boost

See Figure 7. The prepackaged system provides a
"fieid boost” feature. Field boost, in effect, "flashes the
field” whenever the engine s cranking to ensure an
early "pickup valtage™ in the stator windings.

Page 3.1-4

SECTION 3.1

DESCRIPTION & MAJOR COMPONENTS

A field boost diode and a field boost resisior are
installed in a CMA circuit board. Field boost DC output
1o the rotor is reduced to approximately 8-10 velts by
the field boost resistor.

Manual and autematic cranking is initiated by CMA
board action, when that board energizes a crank relay
(K1), When the relay is energized, battery voltage is
delivered across iis closed contacts and to the rotor, via
a field boost resistor, field boost ciode, and Wire No. 4.
Notice that field boost current flow is available only
while the engine is cranking.

AELAY K1

i
BA5E 5
TRANSETOR
CMACIRCUIT BOARD

Figure 7. The Figid Boost Circuit
AC Melers

An AC frequency meter, voltmeter and ammeter may
be mounted on the generator panel. (See Section 1.7,
"Operating Instructions”.)

The AC frequency meter is powered by sensing
leads $15 and 5186 from the stator power windings.

The AC voltmeter is powerad by Wires No. $15, 818
and S44 from the stator AC power windings. These
wires feed the voltmeter through a "voltags-phase
selector switch”. Line S15 is connected to stator AC
oulput line E1, line S16 to "Neutral” (20); and line S44
lo stator lead E2. The voltage-phase selector swiich
permits the operator to select either "line-to-line" or
“line to neutral” readings on the mater.

The AC ammeter is powered by the induced cutput
of current transformers and by way of the "voltage-
phase selector switch™. All 1-phase units will have two
(2} transformers; 3-phase units will have three (3} trans-
formers. The voitage-phase switch permits operater
selection of either "line-to-line” ammeter readings or
"line-to-neutral” readings.
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Seciion 3.2

OPERATIONAL ANALYSIS

Rotor Residual Magnetism

The rotor {or revolving field) i$ a permanent magnet.
That is, & small amount of "residual magnetism” is
always present in the rotor. The “resicual magnetism”
of a typical rotor should be sufficient to induce a voltage
into the stator power windings of approximately 2-12
volis AC.

Operation

STARTUP:

When the engine is cranked, residual plus field boost
magnetism in the rotor will induce a voitage intc the

stater's AC power windings and excitation (DPE)
winding that is the equivalent sum of those two mag-
netic fields. if field boost is lost for any reason, residual
magnetism alone may or may not be able to induce a
"pickup” voltage into the stater windings.

FIELD EXCITATION:

As the rotor's magnetic field cuts across the stator
excitation (DPE) windings, a voltage is induced info
those windings. The circui? is completed through a
voltage regulator and unreguiated alternating current
flows to the regulator, via Wire No. 2, a thermal protec-
tor (TP), an excitation circui breaker {CB1), Wire No.
162, and Wire No. 6.
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= { AS = STATCR
I ]' CB1 = CIRCUIT BREAKER
£ oo £z C71,2 = CURRENT TRANSFORMERS ?'77
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CUSTOMER CONNECTION ¢ = FREQUENCY MeTeR
120/240V 1—-PHASE VR = VOLTAGE REGULATOR

Figure 1. Schematic Diagram of AC Generator
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SECTION 3.2
OPERATIONAL ANALYSIS

Operaticn (Continued)

The voltage regulator senses AC power winding
output voltage and frequency, via sensing leads $15
and $16. The regulator rectifies the excitation (DPE)
winding current and, based on the sensing signals,
reguiates that current. The rectified and regulated ex-
citation current is then delivered to the rotor, via Wire
No. 4, and the positive (+) brush and slip ring. The
circuit is compleled through the rotor and to frame
ground through the negative (-} slip ring and brush and
Wire No. 1.

The higher the current flow through the rotor wind-
ings, the more concentrated the lines of magnetic flux
around the roter. The more concentrated the lines of
flux, the greater the vottage that i induced into the
stator windings. Thus, by regulating the excitation cur-
rent, the voltage reguiator regulates the rotor's mag-
netic field and, in turn, the stater power winding voitage
is regulated.

REGULATOR SENSING

CB1 TP CB2
TP BYPASS
= DPE ACP ACP
T 1 T 7
\ “ 0 7/
VY ] !
Ly [ MAGNETIC FLUX
/7
WA Y
/0¥ 1Y Ly 7/
by iy 7/
- ROTOR : ENGINE
ACP AT POCWER WINDINGS

CB1Y
CB2

LI O ]

EXGITATION CIRCUIT BAEAKER
MAIN CIRCUIT BREAKER

DPE STATOR EXCITATION WINDINGS
TP THERMAL PROTECTOR
VR VYOLTAGE REGULATOR

Figure 2. Block Diagram of AC Generator
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Section 3.3

TROUBLESHOOTING FLOW CHARTS

Problem 1- Generator Produces Zero or Residual Voltage

T

TEST‘;\(_SCEHECK SWITCH ' ;EST 2-CH§CK XE%}O%:??ECKR oK
VOLT. . T C OUTPU —— O.K..—q ETER pussmn O K. a0y
FHASE i 1S *ON" VOLTAGE
SELECTOR
SWITCH
PCSITION i
SET#G "OFF" ZERO CRRESIDUAL BAD
1
RESETTO 1", "2 OR "% REPLACE DEFECTIVE METER

-

TEST 4-TEST ] TESTETEST ) ] TESTETEST l o

TATON TR e 7 HERMA K. £ i LTS T N I —
WINDING® 3 PROTECTOR P DR CAc -
OP!N. SHORTED OPEN
OR GROUNDED &
REPLACE STATOR ASSEMBLY BYPASS THERMAL PROTECTOR REPLACE BAD BREAKER
TEST 77657 TEST B-CHECK TEST 8-CHECK BRUSHES

YOLTAGE —— O.K—.—-} LEADS 1 AND 4 posasene OK——-& AND SLIP RINGS Rt —
REGULATCR

BiD BiD E%D
v

REPLACE BAD . REPAIR, REPLACE CR CLEAN SLIP RINGS
REGULATCOR RECONNECT REPLACE BAD BRUSKES

TEST 10-TEST TEST 11-TEST TEST12-TEST
ROTCR VOLTAGE-PHASE 4 C K. sy VOLTMETER m
WINDINGS® O Doy SELECTOR LEADS S15, )
SWITCH S16, S44
Bg\D BAD BAD
REFLACE TEST 13-TEST REPLACE SWITCH REPAIR CR REFPLACE
RQTOR STATOR DEFECTIVE LEADS

évompfgtl\?g 8 {TesT CK BA
5 GOOD mussmmp | TEST 14.CHE f,__

5 FIELD BOOST

EADw—p- REPACE STATOR ASSEMBLY "REPLACE CMA

CIRCUIT BOARD

"NOTE: Be sure to read Secticn 1.5, “Testing, Cleaning and Drying". Some stator and rotor problems may be caused
by insulation failure. Dirt and moisture can contribute to insulation breakdown. A shoried or grounded winding should
be testad for insulation breakdown. If the winding(s; fail the insulation breakdown test, they shaould be cleaned and
dried, followed by a second insulation breakdown test. Replace the winding(s) if they {ailthe second test (after cleaning
and drying).
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Problem 2- Generator Produces Low Voltage at No-Load

TEST 2-CHECK TEST 3-CHECK TEST 11-TEST VOLTAGE-FHASE
AC QUTPUT ey 1. w ACVOLTMETER | O.K—-q SELECTOR SWITCH

VOLTAGE
REPLACE o EAO—J REPLACE < BAD—j

LOW VOLTAGE

4

TEST 16-CHECK COMPARE WiTH GENERATOR REPLACE PANEL FREQUENCY METER
FREGUENCY R PANEL FREQUENCY METER m* IFIT READS INCORRECTLY

FREQUENCY  lrwmar FREQUENCY (S LOWM TEST17-ADJUST YOLTAGE &
15 GOOD BUT - ENGCINE COVERNCR FRECQUENCY O.K.
VOLTAGE STHL

LOW
FREQUENCY O.K.
VOLTAGE STILL LOW
TEST 18-ADJUST E DISCONTINUE TESTS
VOLTAGE 4
REGULATCR
NO C)—ANGE IF VOLTAGE IS O.K., DISCONTINUE TESTS

YOLTAGE STiLL LOW

v

g%_STT'éggSE ox EEST 7-TEST " TEST 9-%HREIgéSBRUSHES
A FE e O. w OLTAGE r— O, -u-—} AND SUI
WINDING® REGULATOR

I I, ] il
. _

REPLACE STATOR REPLACE BAD REGULATOR CLEAN SLIP RINGS
AEPLACE BAD BRUSHES

DTS L o k| SRR
K, A AC
WINDINGS® POWER * SEE NOTE ON PAGE 3.3-1
WINDINGS®
sio BAD
REPLACE ROTOR REPLACE STATOR
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TEST 2-CHECK
AC VOLTAGE
QUTPUT

HIGH SOL?AGE

e

FREOEENCY ISO.K, F
H

SECTION3.3

TROUBLESHOOTING FLOW CHARTS

Problem 3- Generator Produces High Voltage at No-Load

oy O 1. —’»

VOLTAGE IS STILL HiGH

}

TEST 19.CHECK

VOLTAGE «#

REGULATOR LED

LED IS ON LED IS OUT

VL TAGE OK.
PO AL

REGULATOR

GlLATOR

TEST 3-CHECK
AC VOLTMETER

— BADﬁ REPLACE PANEL AC VOLTMETER

TEST 18-CHECK
FREGQUENCY

REQUENCY !h} TEST 17-ADJUST
IGH

COMPARE WITH GENERATOR REPLACE PANEL
p— pANEL FREQUENCY METER METER, iF BAD
VOLTAGE & FREQUENCY!
ENGINE GOVERNOR [™ 80TH GCQD
FREQUENiY IS GOOD DISCONTINUE
"= VOLTAGE IS STILL MIGH TeSTS

TEST 20-CHECK
REGULATOR
SENSING LEADS

s, (e
- R =
REGULATOR

TEST 18-ADJUST
YOLTAGE
REGULATCR

CANNOT ADJUST

VOLTAGE STILL HIGH

REP LACE VOLTAGE REGULATCR

wween YOLTAGE AND FREQUENCY ARE BOTH GCOD memmmal

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

TEST 21-CHECK NOT

FOR QVERLOAD !mes CVER- q
CONDITION LOADED
OVERLCADED

REDUCE LOADS

TG UNIT CAPACITY

TEST 13-TEST {
STATOR AC O.Kﬁ

POWER
WINDINGS®

o

REPLACE STATOR

TEST 22-CHECK
ENGINE POWER

ENGINE HAS LOST POWER

CHECK FOR SHORTED CONDITION IN  fummmasmrencmemend
CONNECTED ELECTRICAL LOADS

* SEE"NOTE" ON PAGE 3.3-1

REPAIR ENGINE AS NECESSARY

esesener GO0 mommm—my
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, SECTION 3.4
DIAGNOSTIC TESTS

Section 3.4

DIAGNOSTIC TESTS

General

Perform the tests in this section in conjunction with
the "Troubleshooting Fiow Charts” of Section 3.3, Test
numbers assigned in this section are identical io the
test numbers used in the fiow chars,

Test 1- Check Voltage-Phase Selector
Switch Position

DISCUSSION:

See "Control Fanel-Units with Liguid Cooled Enging”
in Fart 1, Section 1.7. Prepackaged units with liquid
cooled engines may be equipped with panel-mounted
AC voltmeters. Such meters are typically very reliable.
if the voltmeter reads "zero”, it is possible that the
voltage-phase selector switch has been set to "Cii”
When the switch is set to "Off", neither the AC volimeter
nor the AC ammeter wili function.

FROCEDURE:
Make sure the switch is set to Position "1, "2" or "3,

BESULTS:
1. H necessary, reset switch to "1, "2" or "3".

2. If meter is not set to "Of" and panel volimeter reads
“zero" or low voltage, go onfo Test 2.

Test 2- Check AC Output Voliage

DISCUSSION:

When the panel AC voltmeter indicates that gener-
ator output voltage is incorrect, it is best to read AC
output vollage with an external meter. The external
meter reading can then be compared to the reading en
the panel meter, {c see i the latter Is in error.

PROCEDURE:

Set a VOM to an "AC Volts" scale greater than the
rated line-to-line voltage of the unit being tested. Con-
nect the meter test leads across the terminals of the
genarator main circuit breaker, onthe generator side of
the breaker. Start the engine, let it stabilize and warm
up at no-load. Then, observe the meter reading. Refer
to the gensrator DATA PLATE for rated voltage.

RESULTS;

1. 1 VOM reading is good, but pane! meter reading is
not, go to Test 3.

2. if VOM reading is is zero, residual, low, or high refer
to the appropriate flow chant in Section 2.3. Go to the
test indicated on the proper flow chart.

Tast _3- Check AC Voltmeter

DISCUSSION:

You should have already determined that the actugl AC
voltage is not the same as the voitage indicated onthe
panel AC volimeter. The next step is o find out i the
veltmeter itself is at fault.

PROCEDURE:

1. Connect an accuraie AC velimeter across the ter-
minals of the AC voltmeter on the generator panel.

2. With thg engine running at no-foad, read the voltage
on the external meter and compare that reading o ths
reading obtained in Test 2.

3. Also, compare the external meter reading in this test
to the reading on the generator panel voltmeater.

RESULTE:

i. If the external meter reading obtained in Step 2 is
difterent than the reading obtained in Test 2, go onto
Test 11,

2. in Step 3, above, if the external meter reading is
different than the reading on the panel meter, replacs
the panel-mounied AC voltmeter,

Test 4- Test Stator DPE Winding

DISCUSSION:

If excitation winding oulput is lost for any reason, gen-
erator AC cutput voliage will drop to a voltage that is
comensurate with the rotor’s residual voltage only. The
voltage produced as a result of residual magnetlism
alone is very low (around 2-1G volts AC). The source of
excilation voltage is the stator excitation {DPE) wind-

ing.
FROCEDURE:

1. Inthe control panel, disconnect statorlead No, 6from
the voltage reguiator.

2. Remove the wire nut from end of Wire No. 5 from the
DPE winding.

3. Seta VOM to its "Rx1" scale and zero the meter.

4. With the engine shut down, connect the VOM test
leads across Wires No. 5 and 6. The VCM should
indicate 1he resistance of the stator DPE winding. Ses
“Stator Winding Resistance Values™ cn Page 1 at front
of this manual. A high resistance or a reading of "in-
finity™ indicates an an open circuit condiion.

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

8. Cennect one VOM test lead to Wire No. 5, the other
o a clean frame ground on the stator can. The meier
should read "infinity", Any upscale reading indicates a
"grounded” condition.

7. With the meter stili set to a high resistance scale,
connect one test iead to Wire No. 5 and the other test

FPage 3.4-1
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Test 4- Test Stator DPE Winding (Con-
tinued)

lead to to stator AC power winding jead No. 11. The
meter should read "infinity”. Any upscale meter reading
indicates a sherted condiion,

RESULTS:

1. it DPE wingingis open, grounded or shored, replace
the sfator assembly. (See Section 1.5, "Testing, Clearr
ing and Drying".)

2. lf the DPE winding tests good, go to Test 5.

SECTION 3.4
DIAGNOSTIC TESTS

2. if normal resistance is indicated in both Test 4 and

D, Jy

s 4

s 1 1

ovemowm

- D

Test 5, go o Test 6.
162
}CB1
2

TP?_S —&

DPE

Figure 1. Stator Leads

Test 5- Test Thermal FProtector

DISCUSSION:

Also see "The Excitation Circuit’ on Page 3.1-3,
gspecially the subsection entitled "Thermal FProtector”.
An open thermat protector will result in loss of excita-
tion. Generator AC output veltage will then drop to a
residuat voltage,

PROCEDURE:

1. Locate DPE Wire No. 2 where it connects to the
excitation circuil breaker. Disconnect the wire from the
circuit breaker.

2. Disconnect DPE Wire No. 6 from the voltage
reguiator.

3. Set a VOM o s "Rx 1" scale and zero the meter.

4. Connect the VOM test leads across Wires No. 2 and
6. The meter should indicate the resistance of the stator
excitaticn {CPE) winding. If the meter indicated "in-
tinity” in this test, but read normal resistance in Test 4,
the thermal protector is open.

RESULTS:

1. 1t normal DPE winding resistance was indicated in
Test 4, but "infinity” is indicated in Test 5, bypass the
thermal protector by connecting Wire No. 5 to the
excitation circult breaker {CB1). See Figure 2.

Page 3.4-2

Figure 2. Bypassing the Thermal Prutecicr

Test 6- Taest DPE Circuit Breaker

DISCUSSION:

Like the thermal protector, if the excitation {DPE) circuit
breaker has falled open, loss of excitation to the rotor
will resull, The result will be a generator AC cutput
voltage that is comensurate with rolor residual mag-
netism alone.

FROCEDURE:

1. Disconnect both wires from the circult breaker ter-
minais, to prevent interaction.

2. Set a VOM 10 its "Rx 1" scale and zero the meter,

3. Connect the VOM test probes across the circuit
breaker terminals (Figure 3). The meter should read
"continuity”.

RESULTS:
1. 1f the VOM reads other than "continuity”, replace the

excitation circuit breaker,
2. If "continuity” is indicated, go to Test 7.

162 2

O O

Figure 3. Excitation {DFE} Circuit Breaksr
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Test 7- Test Voltage Regulator

DISCUSSION:

- See Figure 4. The voltage regulator receives unregu-
lated AC output from the stator excitation (DPE) wind-
ings, via Wires No. 162 and 6. Voltage and frequency
sensing signals from the stater AC power windings are
delivered to the regulator, via Wires No. 515 and S16.
A regulated, DC output is delivered to the rotor wind-
ings, via Wires No. 4 (posilive) and 0 {negative). A red
LED (light emitting diode} is furned on by the sensing
voitage (light will go out if sensing voltage is not avail-
able}. The following facts apply to regulator operation:
= Reguiator cperating voitage is the sensing voltage

g?gi)the stator AC power windings (WiresNo. ST5,

= On 1-phase units Wires No. S$15/316 wiil normally
supply a line-to-neutral veltage input to the
reguigtor, i.e., about 120 volis ACGn 120/240 volis,
1-gbase units,

+ On3-phage units Wirzs No. 515/$16 will normally
deliver a line-te-line voliage input to the requialor
Line E1 to E3). For examinle, sensing voltage will

e approximately 208 voits on 3-phase units rated
%3% vogs; about 240 volis on 3-phase units rated
voiis.

»  Hsensingvolia eshou%ddro%be{owap roximatel
30-40 votts AC, the red LED will go out and th
reguiator will be incperative.

« On i-phase units, protection against over-voltage
is provided by a_ ciampan}g" acticn, which wii not
allow the excitation circuif to build volta;;e above
approximately 135 voits AC {line-to-neutrai).

+ On 3-phase units, the over-voltage "clamping” ac-
tion will not permit the excitalign circuit 19 build
;;oi;;agf)as above approximately 270 voits AC (line-
o-ling).

*  The reguialor will NOT shut down on occurence of
an over-voltage condition. It will merely limit the
voftage to the previously stated values.

PROCEDURE;

1. Start the generator, let it stabilize and warm up at
no-load.
2. Observe the red LED on the regulator.
a. tf the LED is out, sensing voltage is not available
ar a fault exists in the reguiator.
b. f the LED is very dim, sensing voltage must be
very low ¢r a fault exists in the regulator.
c. if the LED is on, sensing voltage is available and
the regulater should be supplying an excitation voit-
2ge.
3. Use an accurate AC volimeter to check the voltage
across the regulator's S15 and S16 terminals.
a. On 1-phase units, the voltage reading should be
the same as the generator's line-t0-neutral AC output
voltage (about 120 volts AC on 120/240 volts, 1-
phase units).
n. On 3-phase units, the reading should be the same
as the generator's line-to-line AC output voitage
(about 240 volts AC on 120/240 volis, 3-phase unils;
or 208 volts on units rated 120/208 volts).
4. Now, check the veltage across regulator terminals 1
and 2 (Wires 162 and 6, respectively). This is unregu-
tated AC output voltage from the stator excitation (DPE)
winding. The no-load DPE winding output should be
about 130-160 voits AC.

~ SECTION 3.4
DIAGNOSTIC TESTS

5. Finally, use a DC voltmeter to check the volitage
across reguiztor terminals 3 (<) and 4 (+).

RESULTS:

1. If voltage readings in beth Steps 3 and 4 are good,
but no output voliage is indicated in Step 5, replace ths
voltage regulator.
2.ifthe LED is cut but voliage reading in Step 4 is good,
repiace the voliage reguiator.
3. If zero or low voltage is indicated in Step 3, test
sensing leads 815 and S16.
a. Repair or replace bad sensing leads as necessary.
b. If sensing leads are good, go ¢n to Test 8.
4. It no voltage or low voltage is indicated in Step 4,
repeat Tests 4, 5 and 6.

, SO\
[ R
® p
L |

Ly

Figure 4. Voltage Regulalor

Test 8- Check Leads 1 and 4

DISCUSSION:

The regulated and rectified exciiation current from the
voltage regulator is delivered {0 the brushes via Wires
No. 4 (+) and 1 {-). You should have aiready checked
the DC voltage at regulator terminals 3 () and 4 {(+).
Now, check Wires No. 1 and 4 {o the brushes by
checking for continuity.

PROCEDURE:

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

4. Connect the VOM common (-) test lead to the Wire
No. 4 terminal on the voltage regulator. The VOM
should read "continuity”™.

5. Disconnect Wire No. 1 from terminal board TB1 in
the generator panel. Connect VOM test probas te dis-
connected terminal end of Wire No. 1 and 1o the

Page 3.4-3
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Test 8- Check Leads 1 and 4 (Continued)

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

6. Carefully inspect the Wires 1 and 4 connections.
Repair or reconnect any bad connections, as neces-

Sary. ;

RESULTS:

1. Repair, reconnect or replace bad leads as neces-
sary.
2. It Wires No. 1 and 4 are good, go on to Test g,

TO TERMINAL
BOUARD TE!1

BRUSHWITHRED LEAD

CLOSESTTO ROTOR

BEARING x
1

BRUSH HOLCEAR
1 MOUNTING SCREW

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 periods, a film can develop on slip rings that
will inhibit the flow of excitation current to the rolor. If
problems are encoutered, #t is a good idea 1o inspect
the brushes and slip rings. See Figure 6.

Figure 8. Brushes and Slip Rings

Page 3.4-4
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FROCEDURE:

1. Remove the brush holders from the rear bearing
carrier. Visually inspect the brushes for cracks, chip-
ping, or other damage. Replace brushes in pairs, i
necassary.

2. if the slip rings appear dull or tarnished, they may be
cleaned with fine sandpaper. DO NOT USE ANY
METALLIC GRIT TO CLEAN SLIP RINGS. After polish-
ing the slip rings, use low pressure airto blow away any
sandpaper residue,

3. Test unit operaticn.

Test 10- Test Rotor Windings

DISCUSSION:

Anopen circuit in the roter windings will probably result
in & generator AC output voltage that is comensurate
with the rotor's "residual" magnetism. A shortad rotor
winding will usually result in a reduced magnetic fiaid
and resuitant low voltage output.

PROCEDURE:

1. With engine shui down, remeve the brush helders o
prevent interaction,

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

3. Connect the positive (+) VOM test probe fo the
positive slip ring {nearest the rotor bearing).

4. Connect the common (-) VOM test probe to the
negative {-) slip ring. The VOM should indicate the
resistance of the rotor windings. See "Generaior
Specifications” on Page 1 at front of this manuai for
nominal roter resistance values.

5. Setthe VOM to a high resistance scale and zero the
meter.

8. Now, connect the positive (+) VOM test probe to the
positive {+} slip ring and the common (-} test probe to
a clean frame ground. The meter should read “infinity”.
Any upscale reading indicates a shorted conditian.

RESULTS;

1. If rotor windings test geod, go on to Test 13.
2. if rotor windings test bad, refer to Section 1.5, "Test-
ing. Cleaning and Drying".

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 to "Off", the AC
voltmeter on the generator panel will read "zaro” volts.
If the switch is defective, a faulty AC voltage reading
can result. You may wish to ook at Figure 1 on Page
3.2-1.

PROCEDURE:

1. Gain access to the terminal end of ihe voltage-phase
selector swilch,
2. Set a VOM to iis "Rx 1" scale and zero the meter,
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Test 11- Test Voltage-Phase Selector
Switch (Continued)

3. See Figure 7. Connect the VOM test leads across
switch terminals 14 and 13. .

a. Set the switch to "1" and observe the meter read-

ing. .

b. Set the swilch to "2” and note the meter reading.

¢. Setthe switch o "3" and note the VOM reading.

d. Set the switch to "Off" and observe the reading.
4. Ses CHART below. Connect the VOM test probes
across terminals indicated inthe chart and check read-
ings at all swilch positions. Test all terminals at all
swilch positions as indicated in the chant. Readings
obtained should be either "continuity” or "infinity" as
shown in the chari, where "Infin." stands for “infinity”
and "Cont.” means "continuity”,

CONNECT TEST LEADS SWITCH POSITICN

ACROES TERMINALS 1 2 1T 3 Ure
IERE! Conl innn, | UEAL TN
16-15 indin. o, nfin. {rfin,
20-18 Contl. infir T Indin, indin.
18-17 Infir. Cont] Cant, infin.
1-2 Infin. Cent.| Cont. Cant,
34 Cont. infin. | Infin. Infie.
£-8 Cont, Infin. | Cont, Cont.
7-8 Infin, Cent.} infin. Infin,
8.10 Caont. Cont.{ Infin. Cent.
it-12 Infin, Infin. { Cont, intin.

RESULTS:

1. Replace switch, if defective,

ZHZHZIE 1B
I uﬁr@i ;%f
3

8
2
el Al

1 T —]

/i

Wﬁﬁi

515
10 {6
Izl

o [

|
i
L,
]

SECTION 3.4
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phase selector switch terminal. Test leads for an cpen
or shorted condition.

RESULTS:
1. Repair, reconnect or replace leads as necessary.

Test 13- Test Stator AC Power Windings

DISCUSSION:

An open condition in the stator's AC power windings
will resutt in a loss of AC output vollage.

PROCEDURE:

1. Tesiing 1-FPhase Stators (Figure 8)
a. Disconnect stator leads 11 and 44 from the gen-
erator main circuit breaker terminals.
b. Disconnect stator leads 22 and 33 fromthe neutral
biock (0G).
c. Complete a resistance test across stater leads 11
and 22, The resistance of a single stator AC nower
winding shouid be indicated. Compare the resis-
tance with the "Stator Winding Resistance Values®
on Page 1.
d. Testforresistance across stator leads 33 and 44,
Again, the resistance of that winding should be indi-
cated.
e. Setthe meterto a highresistance scale. Then, fest
for a shorted condition as follows:
{1) Connect one test probe to stator lead 11, the
other test probe t¢ a clean frame ground on the
stator can, The meter should read "infinity".
{2} Connect one meter test probe to stator lead 33
and the other to frame ground. The mater sheuld
read "infinity".
. With the meter still set to a high resistance scale,
check for a shorted condition between parallel wind-
ings as follows:
(1) Connect one meter test probe to stator fead
1.
{2} Connect the second meter test probe to stator
fead 33. The meter should read “infinity",

Figure 7. Voltage-FPhase Selector Switch Terminals

Test 12- Test Voltmeter Leads S15, S16,
S44

DISCUSSION:

If these leads are open or shorted, erroneocus AC
voltmeter readings wili resul.

PROCEDURE:

Refer to appropriate wiring diagram. Inspect the AC
voltmeter leads $15, S16 and S44 carefully. Check
connections against the wiring diagram. Make sure all
leads are properly connected to the carrect voliage-

DUAL STATOR POWER WINDINGS

1 +

i

— 120 VOLTS 120 VOLTS —Pm
o]y
el 040 VOLTS i
E1 E2

Figure 8. Typical 1-Phase Stator Wincings
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Test 13- Test Stator AC Power Windings
(Continued)

2. Testing 3-Phase Stalors
a. Disconnect and isolate stator power winding leads
S1 through 512, Also disconnect and isolate stator
DPE winding leads 2 and 6. '
b. See Figure 8. Test all six of the stator AC power
winding coils for continuity by connecting VOM test
probes acress each of the {ollowing pairs of leads.
Refer 1o "Stator Winding Resistance Values™ on
Page 1 for nominal resisiance values. A very high
reading or "infinity” indicates an open condition.
{1} 5110 54.
{2) S7 to S10.
{3) S8 10 511
(4) S3 1o S86.
(5) S9 10 S12.
(6) S2tc 85.
¢. Test all six stator coils for shorled condition by
testiy, between the following stater leads and a
clean frame ground on the stator can, one lead at a
time. The mater should indicate "infinity” in all cases.
) St to frame ground,
) S7 to frame ground.
} 38 to frame ground.
} §3 to frame ground.
1 59 to frame ground.
} 82 to frame ground.
d. Now, test for a shorted condition between in-
dividual stator ceils by connecting the VOM test
leads across the following stator leads. In ali cases,
the VOM should read "infinity”.
{1} Leads S1to $7.
{2} Leads S7 to S8.
{3} Leads S8 10 53.
{4) Leads 33 to 59.
{5) Leads S9 1o 52.
(8) Leads S210 S1.
. Firally, test for 2 shorted condition between iso-
lated windings as foliows. The meter should indicate
"nfinity” in ail cases. Lead No. 6 is from the stator
DPE winding.
) Lead St to 8.
}Lead 57 to 6.
)
)

{1
{2
{3
(4
5
(&

Lead S8 {0 6.
Lead S3 10 6.
} Lead S8 10 6.
6) Lead S2 to &.

RESULTS:

1. If the AC power 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. f the stator AC power windings test good, go onto
Test 14

(1
{2
(3
(4
(5
{
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82 S12
S

- s3
58 56
§11 %/53
57 510

5y S4

Figure 9. Stator Oulput Leads (3-FPhass)
Tast 14- Chieck Tield Boost

DISCUSSION:

See "Field Boost” on Page 3.1-4. Field boost voltage is

available to the rotor oniy while the engine is cranking.

The field boost system, in effect, "{lashes the field" on

every startup. Loss ¢f field boost may or may not result

in loss of generater AC output voltage, depending on
ingividual generator characteristics. The foliowing
apply:

+ f residual magnetism in the rotor is sufficient to
induce a "pzckuP vo%ta?e" into stator AC power
windmgs, normal AC oufput may be oblained even
if figld boost has tailed.

«  Stator AC power winding output must build to ap-
proximately 30-40 volts AC belore the voltage
regulator wilt turn on.

PROCEDURE:

In the generator panel, locate the CMA circult board.
Wire No. 4 attaches to that circuit board's connector
plug and is routed to the large ferminal board (181} in
the panel. To testfor field boost output voltage, proceed
as follows:

NOTE: If you wish to prevent the engine from starting
while cranking, disconnects Wire No. 14 from the large
terminal board (TG 1),

1. Disconnect Wire No. 4 from terminal board TB1.

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

3. Connect the commeon {-) metertest probe to terminal
No. 0 of the terminal board (TB1).

4. Crank the engine manually. While the engine is
cranking, the meter should indicate approximately 8-10
velts DC. This is fisld boost voltage.

RESULTS:

i field boost voltage is not indicated while cranking,
replace the CMA circuit board.
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Test 14- Check Field Boost (Continued)

TERMINAL BOARD TB1 F

~ rigure 10. Checking Field Boost Voliage

Test 16- Check Frequency

DISCUSSION:

The rator's driven speed and AC frequency are
directly propertional. Voltage and AC frequency are
directly proportional. Thus, # rpm and frequency drop
off, voltage will also decrease. When a low voltage is
encountered, it is 2 good idea to check the frequency.
If frequency is low, the engine governor may require
adjustment,

PROCEDURE:

1. Connect an accurate AC frequency meter across the
generalor's AC cutput leads. Also, connect an AC
voltmeter acress the AC output leads {sae Test 2).
2. Start the engine, let it stabilize and warm up at
no-load.
3. Read the AC volimeter and frequency meter,
a. The no-lead (line-to-line) voltage ‘should be ap-
proximately 242-252 volts AC,
b. The ne-load AC frequency should be approximate-
fy 61-63 Hertz.
4. Compare the external frequency meter reading with
the panel frequency meter reading.

RESULTS:

1. If frequency is below normal, go to Test 17.

2. If frequency is above nermal, go to Test 17.

3. i frequency is good but voltage is low er high, goon
to Test 18,

4. If panel frequency meter is incorrect, replace that
meter.

Test 17- Adjust Engir}e Governor

GISCUSSION:

i frequency is high or low and voltage appears to be
correspondingly high or low, engine speed may be
incorrect,

- SECTION 3.4
DIAGNOSTIC TESTS

FRCCEDURE:

Refer to Part 9, "Operational Tests and Adjustments”
for governer adjustment procedures.

RESULTS:

1. It frequency is good after adjustment, but voltage is
still low or high, go o to Test 18

2. If bath frequency and voltage are now good, discon-
tinue tesis.

Test 18- Adjust Voltage Reguiator

DISCUSSION:

Do not attempt to adjust the voltage reguiator until the
AC frequency is correct. The prepackaged voitage
regulator provides a single adjusiment pofentiometer,
for the adjust of voltage.

PROCEDURE: _

See Parl 9, "Operational Tests and Adjustments” for
voltage regulator adjustment procedures.

RESULTS:

1. It voltage is still low, go to Tast 4.
2. if voltage is good after adjustment of regulator,
festing may be discontinued.

Test 19- Check Voltage Reguiator LED

DISCUSSION:

Tne voltage regutator mounts a single LED (light emit-
ting diode;. This LED is turned on when sensing voiiage
from Wires No. $15 and S16is greaterthan 20-40 volis
AC. Loss of sensing voltage from S15/516 wili usually
result in a "full field" condition and a high AC power
winding output voltage. The voltage regulator is
equipped with a "clamping” circuit which acts to prevent
voltages in excess of approximately 135 volts AC (1-
phase units) or 270 voits AC (3-phase units).

PROCEDURE:
See Test 7, "Test Voltage Regulator’.

RESULTS:

1. If the LED is out or dim, go to Test 20.
2. itthe LEDis on, goto Test 7.

Test 20- Check Regulator Sensing Leads

DISCUSSION:

See Test 18.
FROCEDURE:

See Test 7,
RESULTS:

It sensing leads S15/S16 are gocd and an AC output
voltage is available from the stator AC power windings,
but the LED is out, replace the voltage regulator.
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Test 21- Check for Overload Condition

DISCUSSION:

If voltage and frequency are good at no-load condi-
tion, but droop excessively when electrical loads are
applied to the generator, the generator may be over-
foaded. That is, the unit's watiage/amperage capacity
may be exceeded. In many instances, the maximum
wattage and amperage that a generator can supply are
limited by available engine power.

PROCEDURE:

The AC ammeter on the generator pane! is very
accurate and can usually be used to indicate current
draw of connected loads. To test for an overioad con-
dition, proceed as follows:

1. Cn the generator panel, set the manual-off-auto
switch to "Of".

2. Turmn OFF all power voliage supplies to the transfer
switch {turn off both the utility and standby power
supplies). This can be done by turning both the utility
and generater main circult breakers "Off",

3. Manually actuate the transfer swiich fo the "Standby”
position, i.e., loads connected to the "Standby” side,
See Pantd, 5org, as appropriate forthe type of installed
transfar switch.

4. Turn on all electrical loads that are normally powered
by generator output.

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

€. Turnthe generator's main circuit breaker "On”, Loads
are now powered by the generator.

7. On the generator panel, check the AC ammeter
readings at switch positions "1”, "2" ang 3",

8. Refer to the generator DATA PLATE for rated max-
imum load current {amperage).

NOTE: To check the panel ammeter for accuracy, use a
clamp on ammalsr to check amperage draw at the stator
AC output leads E1 and £2 for 1-phase units; or E1, E2,
E3 for 3-phase units.

RESULTS:

1. I the unit is overloaded, reduce the load to unit
capacily. Instruct the customer on how to prevent over.
loading the generator.

2. Huntis NOT overloaded, perform Test 13, A shorted
AC power winding can also cause voltage and frequen-
cy droop when loads are turnad on,

Paga 3.4-8
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Test 22- Check Engine Power

DISCUSSION:

The maximum available amperage capacity of a2 gen-
erator is often limited by available engine power, Such
a simple fault as a dirty engine alr cleaner will result in
engine power loss. Low engine compressicn, incorrect
ignition timing, faully spark plugs, etc., can result in
engine power loss and a reduced watlags capacity.

FPROCEDURE:

Referlo the appropriate engine service manual. Deter-
mine if an engine power loss has occured and then
troubleshoot o find the cause of the power loss.

RESULTS:

Repair or replace engine as necessary to restore en-
gine power.
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PREPACKAGED TRANSFER SWITCHES DESCRIPTION & COMPONENTS

Section 4.1

DESCRIPTION AND COMPONENTS

General

The prepackaged, "V-Type™ transfer switch is rated
100 amps at 250 voks maximum. itis available in 2-pole
configuration only and, for thai reason, is useable with
1-phase systems only.

Prepackaged transier switches do not have anintel-
figence systam of their own. Instead, automatic opera-
tion of these transfer swilches is controlled by a CMA
circuit board housed in the generator control panel.

in a typical installation, both the ulility and standby
power socurce conductors are connectad io the transfer
switch, as well as load lines. See Part 1, Section 1.3 for
prepackaged interconnections.

Transfer Switch Major Components

Figure 1, below, shows the transfer switch com-

ponenis. Major compenents inciude the following:

ITEMT DESTHIFITON fTeM] DESUHIFTION
T ETCSUTE T N TTICRWESIET
2 Enclosure Cover 17 wWing Stud
3 Transier Mechanism 13 Marual Transfer Handla
4 Capscrew- M5 0.80 19 Flatwasher- 3/8"
5 M5 Lockwasher 20 Power Taminai Cover
B M5 Flatwasher 21 Adapter
7 Transfer Reta 22 No. 10-32 Screw
8 3/87-16 Hex Nut 23 Solderless Lug
8 Na. 832 Screw 24 Terminal Block
10 No. 8-32 Screw 25 Male Disconnect Adaptsr
11 Nao. 8 Lockwasher 2% Relay Cover
i2 No. 8 Fiatwasher 27 Standeif
i3 Tie Wrap Mount 28 Nao, 8-32 Hax Nut
14 Neoyral i.u% 29 Fuse Halder
18 No. 16-22 Saraw ac 2 amp, 600 veits Fuss

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

Enclosura

The standard prepackaged, V-Type transier switch
enclosure i a NEMA 1 type ("NEMA" stands for "Na-
tional Electrical Manufacturer’'s Association"). Based
on NEMA Standard 250, the NEMA 1 enclosure may
be defined as one that is intended for indcor use
primarily to provide a degree of protection against
contact with the enclosed equipment and where un-
usual service conditions do not exist.

Transfer Mechanism

The 2-pole transfer mechanism caonsists of a pair of
moveable LOAD contacts, a pair of stationary UTILITY
contacts, and a pair of stationary STANDBY contacts.
The LOAD comtacts can be connectad to the UTILITY
contacts by a utility closing coil; or to the STANDBY
contacts by a standby clesing coil. In additicn, the
LCAD contacts can be actuated {o either the UTILITY
or STANDEY side by means of a manual transier
handie. See Figures 2 and 3.

UTILITY CLOSING COIL C1:

See Figure 4. This ceil is energized by rectified utility
source power, to actuate the lcad contacts to the
"Utility” power source side. When energized, the coil
will move the main contacts to an “overcenter” position.
A limit switch will then be actuated to open the circuit
and spring force wili complete the retransiar to
"Standby". A bridge rectifier, which changes the utility
source alternating current (AC) to direct current {DC),
is sealad in the coil wrappings. if coil or bridge rectifier
replacement becomes necessary, the entire coil and
bridge assembly should be repiaced.

STANDBY CLOSING CCIL C2:

Cait C2 is energized by rectified standby source
power, o actuate the load contacts to their "Standby”
source side. Energizing the coil moves the load con-
tacts to an overcenter position; imit switch action then
opens the circull and spring force will complete the
transfer action to "Standby”. This coil's bridge rectifier
is also saaled in the coll wrappings. Replace the coil
and bridge rectifier as a unit.

LIMIT SWITCHES XA1 AND XB1:

Switches are mechanically actuated by load contacts
movement. When the load contacts are connected to
the utility contacts, limit switch XA1 cpens the utility
circuit to utility closing coil C1 and limit switch XB1
closes the standby circuit to standby closing coil C2.
The limit switches "arm” the system for retransfer back
to "Utility” when the load contacis are connected to the
"Standby” side. Conversely, whenthe joad contacts are
connected to the "Uiiity” side, the switches "arm” the
system for fransfer to "Standby”. An gpen condition in
limit switch XA1 will prevent retransfer to "Utility". An
open switch XB1 will prevent transfer to "Standby".
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Figure 4. The "V-Type” Transfer Mechanism
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Transfer Relay

Transfer relay operation is controlled by a control
module assembly (CMA) circuit board, That circult
board is a part of a control module assembly (CMA),
mounted on the standby generator set. The standby
system installer must interconnect sufiable wiring to
terminals 23 and 194 of atransfer switch terminal block.
He must intercennect that wiring with identically num-
bered terminals in the generators conirol module as-
sembly (CMA). See Figure 5 on Page 1.3-3.

Figure 5 on this page shows the transfer relay pic-
torially and schematically. Relay cperation may be
briefly described as follows:

1. Generator set battery voltage (12 voits DC) is avaii-
able to the transfer relay coil from the generator's CMA
circult board, via terminal 194 and relay terminal A,

a. The 12 voits DC circuit is completed through the

transfer refay coil and back to the generator's CMA

circult board, via transfar switch terminal 23, cus-

fomer wisialled wiring, and CMA terminal 23.

b. CMA circuit board action normally holds the Wire

Ne. 23 cireuit open to ground and the relay is de-

energized. .

c. When de-energized, the relay’'s normally-open

coentacts are open and its normally-closed contacts

are closed.

d. The normally-closed relay contacts will deliver

utility source power to the utility closing circuit of the

fransfer mechanism.

8. The normally-open relay contacts will defiver

standby source power to the fransfer mechanism's

standby closing circult.
2. During autormnatic system operation, when the gen-
erator's CMA circult board "senses” that wtility source
voltage has dropped out, the circuit board will initiate
enging cranking and startup.
3. When the CMA board "senses” that the engine has
started, an "engine warmup timer” on the circuit board
staris timing. :
4. When the "engine warmup timer" has timedout, CMA
board action completes the Wire No. 23 circuit o
ground.

a. The transfer relay then energizes.

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

normally-cpen contacts close.

c. When the normally-open contacts close, standby

source power is defivered to the standby closing coil

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

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

closed contacts will clese and #ts normally-open con-

tacts will open.

b. When the normally-closed relay contacts close,

utility source voltage is delivered to the utiiity clesing

coil to energize that coil.

c. Retransfer back {o "Utility" ocours.

. SECTION 4.1
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g |
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|
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1205 t | Et

L4
TRANSFER RELAY

Figure 5. Transfer Relay Schematic

Neutral Lug

See Figure 1, liem 14, The standby generator is
equipped with an UNGROUNDED neutral, The neutral
lug in the transfer switch is isclated from the switch
enclosure, since its base is of plastic. Load, Utility and
Standby neutral fines all should be attached to the
neutral fug's 3/8 inch stud and securely retained with
the 3/8"-16 hex nu,

Manual Transfer Handle

The manual transfer handle {Figure 1, tem 18) is
retained in the transfer switch enclosure by means of a
wing stud (Figure 1, Hem 17). Use the handle to
manually acluate the transfer mechanism load contacts
1o either the "Utility" or "Standhy™ source side.

Instructions on use of the manual fransfer handie
may be found in Part 8, "Operational Tests and Adjust-
ments",

Terminal Block

During system instailation, this 7-point terminal block
must be properly intercennected with an identically
labeled terminal block inthe generator's control module
assembly,

()

S

i

1

uTiTY 1 [rdy

UTILETY 2
L.OAD
LOAD 2

Figure 6. Transfer Switch Terminal Block
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Terminal Block (Continued)

Terminals used on the terminal block are identified
as Utility 1 and 2; Load 1 and 2; 23 and 194,

UTILITY 1 AND 2:

Interconnect with identically iabelled terminals in the
generalor's control module assembly {(CMA). This is
ihe "Utility Voltage™ signal to the CMA circult board. The
signai is delivered to a "stepdown” transformer in the
control module assembly and ihe resultant reduced
voltage is then delivered to the circuit board. Utility 1
and 2 power is used by the CMA circuit board as
follows:

«  If utility source voltage should drop below
Ievél,yCMA board %ction wili in%iate atia%grff?astieg

cranking and startup, followed by automatic trans-
fer to the "Standoy” source.

+  Ltility source voltage is used by the CMA board to
operate a battery™"trickle charge” circut which
heips to maintain battery state of charge duting
non-operating periods.

LOAD 1 AND 2

The CMA circult board is equipped with a "7-Day
Exerciser” circuit which will start the generator and let
it "exercise” once every seven (7) days on a
preselected day and at a praselected time of day. The
“Load 1/2" terminals provide power to operate the
exerciser {imer clock.

TERMINALS 23 AND 194:

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

The fuse holder holds four {4} fuses, designated as
fuses F1, F2, F3 and F4. Eachfuse is rated 2 amperes.
FUSES F1, F2:

These two fuses protect the terminal boards "Utility
1 and 2" circuit against overioad.

FUSES F3, F4:

These two fuses protect the "Load 1 and 2" circui
against overioad.

Figure 7. The Fuse Holder
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OPERATIONAL ANALYSIS

Utility Source Voltage Available

Figure 11is a schematic representation of the transfer
switch with utility source power available. The circuit

condition may be briefly described as-{ofiows:

« Ultility source voltage is available to terminal fugs
N1 and N2 of the transfer mechanism,

« Line N2A is closed to the utility clesing coil (C1),
via a bridge rectifier.
= Ulility source voltage is avaiiable to limit swiich
{XA ), via the normaily-closed transier retay con-
acts g& and 7) ang Wire No, 126 However, XA1 is
open and the circuit 1o the utility closing coil is open.
. gtiii}iy voiltage "sensing” signals are deiiverad to a
MA circud board onthe %enerator, vig Wirs No,
N1A, & £ amp fuse {371}\,l ransfer switch terminal
N1, generator terminal N1, and a sensmg trans-
former. The second line of the tility voiiags "sens-
ing” circuit is via Wire No. N2A, a Z amp fUse {F23,
transfer switch terminal N2, generator terminat N2,
and the sensing transformer,

NCTE: Transfer swilch terminals N1 and N2 (Utility 1 and 2)
must be properfy connected to generator terminals NT and
N2 (Udlity 1 and 2} by the installer. Generator terminals N1
{Utiiity 1) and N2 (Utility 2} are not shown in Figure 1. See
Part 7, "DC Control-Unils with Air-Cooled Engine” or Part 8,
"0C Control-Liguid Cooled Engine Units”,

Utility Source Voltage Dropout

if utility source veliage should drop below a preset'
value, the generator's CMA circuit board will sense the

dropout-That circuit-beard witl then inftfate gererater—

cranking and startup after a time delay circuit times out.

Transfer to Standby

The generator's CMA circult board delivers 12 volis
DC to the transfer relay, via terminals 184 and back to
the circuit board via terminals 23. However, circutt
boarg action nolds the Wire No. 23 circuit open and the
transter relay remains de-energized.

On generator startup, an "engine warmup timer™ cn
the generator's CMA circult board starts timing. When
that tyimer has timed out, CMA circuit board action
completes the Wire No. 23 circuit to ground. The trans-
fer relay then energizes, its normally-open contacts
close, and standby source voltage is delivered 1o the
standby closing cofl via Wires No. E1 and E2, the
transfer relay (TR) contacts, limit switch (XB1), Wire
"B". and a bridge rectifier. The standby closing coif
energizes and the main contacts aciuate to their
"Standby” side.

C- SCUENGID COIL {UTILITY CLOSING)

Ty, C2- SOLENOID COIL ($TANDEY CLOSING}
G753 - TRANSFER SwITCH CONTACTOR
9 (D 154 A TR - RELAY, TRANSFER

TS5 - TERMNAL STRIP {LUSTOMER CONMECTION]
Xap MBi- LIMIT SWITCHES, ACTUATOR

Fi, F2, FI, F&-FUSL, ZA SENSING

i
D

23 @—.._ 1 < Ci- SOLENOIO COIL [UTILITY CLOSING)
8 2
@ C2- SOLENDID COIL {STANDBY CLOSING)
: GTS - TRANSFER SWITCH CONTACTOR

194 @-—qg;

TR - RELAY, TRANSFER

TS - TERMINAL STRIP [QUSTOMER ConnNECTION)
XAl XBE- LIMIT SWITCHES, ACTUATOR

FI, F2, F3, F&-FySE, 2a SENSING J

Figure 1. Circuit Condition- Utility Source Voltage
Available

Figure 2. Circuit Condition- Transfer to Standby
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Hetranster Back to Utility

On resteration of utiiity scurce voltage above a On clesure of the main contacts o the utility power
preset value, the generator's CMA circuit board "sen- source side, imit switches XA1 and XB1 are mechani-
ses”that voltage via terminais N1 and N2. After a preset cally actuated to "arm” the circuit for transfer to standby.
time interval, that circult board opens the terminal 23
circuit to ground. The transfer relay de-energizes, its
normally-closed contacts close, and utitity source voli-
age is defivered to utiiily closing coif (C1), via Wires
N1A and N2A, closed iransfer relay {TR} contacts, limit
switch XA1, and a bridge rectifier.

|

g o oy
)

== _mm_“_.__
|

F3
5o v
YD 12
Fé
Fo Fz
e INFD ek A\ 9D 2
Cl- SOLENCID COIL {UTILITY CLOSING) Ci- SGLENOID COIL {UTILITY CLCSING)
23 2 § v ¥ - r gy
25 (@— 23 C2- SOLENGID SOIL [STANDBY CLOSING! ot £ C2- SOLENDID COIL {STANCEY CLOSING)
f, |5TS - TRANSFER SeITCH CONTACTOR GTS - TRANSFER SWitCH CONTACTIR
@ TR - RELAY, TRENSFER 184 @_494 S TA - RELAY, TRANSFER
' ] - i
194 st 7S - TEAMINAL STAIP {CUSTOMEA CONNECTION] TS - TERMINAL STRIP (CUSTCMER COMNECTION)
XAl XBl- LIMIT SWITCHES, ACTUATOR XAl XBI- LIMIT SWITCHES, ACTUATOR
Fi, ¥2, FX, F4-FUSE, 2a SEHGING . "iF1, F2, FX, F4-FUSE, 24 SENSING
- b
Figure 3. Initial Retransier to Utility Figure 4. Final Retransfer to Ulility
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Section 4.3

TROUBLESHOOTING FLOW CHARTS

The first step introubleshooting is to correctly identify the
problem. Once that is done, the cause of the problem
S can be found by performing the lest

flow chari.

Introduction to Troubleshooting

s-in-the appropriate

mance of each iest,

Problem 1- In Automatic Mode, No Transfer to Standby

TEST 1-CHECK
VOLTAGE AT
TERMINAL
LUGSE1 E2

e—— O.K.-:-q

TEST 2-CHECK
VOLTAGE AT
STANDBY

_BAM

LOSING COlLC2

TEST 3-TEST
TRANSFER
RELAY TR

EiD

FIND CAUSE OF NO AC
QUTPUT TO TRANSFER
SWITCH FROM GENERATOR

GoOD BC'T NO TRANSFER

¥

TEST 4-CHECK MANUAL
TRANSFER SWITCH
OFERATION

,

REPLACE BAD RELAY

L GOODq REPLACE STANDBY CLOSINGCOILC2

ey 0O D

Test numbers assigned in the flow charts are identicalic
the test numbers in Section 4.4, "Diagnostic Tests"
Section- 4.4-provides - detailed-instructions -for-perfor-

DEFECTIVE TRANSFER
MECHANISM PARTIS)
TEST 5-TEST TEST6-CHECK
LIMITSWITCH XB! sy & K. _* WIRING AND
WIRING CONNECTIONS
B!Dm REPLACE BAD SWITCH Elw REPAIR, RECONNECT OR REPLACE WIRING

Problem 2- In Automatic Mode, No Retransfer Back to Utility

TEST 7- CHECK
YOLTAGE AT
TERMINAL
LUGS N1, N2

iy O 1, ﬁ

v

FIND CAUSE OF NO
UTILITY SOURCE
VOLTAGE TO
TRANSFER SWITCH

TEST 16-CHECK
EUSES F1 AND
2

— O.K.ﬁ

WIRING AND
WIRING CONNECTIONS

B!DM REPLACE BLOWN FUSE(S)

GO TC PROBLEM 2
TEST 3 ON NEXT
PAGE

TEST 4 ON NEXT PAGE

BAD WIRING

TEST 8-CHECK TEST 9-CHECK
VOLTAGE AT O.K.ﬁ VOLTAGE AT purm—— 54
UTILITY { AND UTILITY
UTILITY 2 CLOSING COil.
TERMINALS €1
GOO!! BUT NO
TRANSFER
TEST &-CHECK GO TO PROBLEM 2

L— BADM REPAIR, RECONNECT OR REPLACE
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TROUBLESHOOTING FLOW CHARTS

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

o

REPLACE BAD RELAY

Bho

REPLACE BAD
LIMIT SWITCH

TEST 3-TEST TEST 11-TEST TEST 4-CHECK MANUAL REPLACE UTILITY
TRANSFER  jeesosns GOOD# LIMIT SWITCH THANSFER SWITCH - G%H CLOSING COiL Ct
RELAY TR XAl OPERATION

B!\D—ﬁ REFAIFR COR REPLACE DEFECTIVE

TRANSFER MECHANISM PART(S)

Problem 3~ In Automatic Mode, Generator Starts and Transfer to Standby Occurs When
Utility Source Volitage is Available

TEST 10-CHECK
FUSES F1 AND
F2

s O K, _—>

.
|

REPLACE BLOW

N FUSE(S)

ETE o oy BB BRI
AGE AT K

TERMINAL T _—> TERMINALS

LUGS N1, N2

BAD BAD

}

TROUBLESHOOT GENERATOR DC CONTROL SYSTEM
SEE PART 7 OR PART B AS APPROPRIATE

FIND CAUSE OF NO UTILITY TEST 6-CHECK WIRING
SQURCE QUTPUT TO AND WIRING CONNECTIONS
TRANSFER SWITCH AND
CORRECT THE PROBLEM

VOLTAGE AT UTILITY 172
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. SECTION 4.4
DIAGNOSTIC TESTS

Section 4.4

DIAGNOSTIC TESTS

General

Test numbers in this section correspond to the rnum-
bered tests in Section 4.3, "Troubleshooting Flow
Charts". When troubleshoating, first identify the prob-
lem, Then, performthe diagnostictesis inthe sequence
given in the flow charts,

Test 1- Check Voltage at Terminal Lugs
E1, E2

DISCUSSION:

In awlomatic mode, the standby closing coil {C2}
must be energized by standby generator output if trans-
fer 1o the "Standby” source is to occur. Transfer to
"Standby” cannot occur unless that power supply is
available o the transfer switch.,

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

FROCELQURE:

i. if the generator engine has staried automatically
(due to a utility power source outage) and is running,
check the position of the generator's main circut
breaker. The circuit breaker must be set to its "On" or
"Closed” position. When you are sure the generator's
main circuit breaker is set fo "On" or "Closed”, check
the voltage at transter mechanism terminal lugs E1 and
E2 with an accurate AC voltmeter or with an accurate
volt-ohm-milliammeter (VOM). The generator's line-to-
line voltage shouid be indicated.
2. i the generator has been shut down, procsed as
follows:
a. On the generator control panel, set the manual-
off-auto swilch to "Cff".
b. Turn OFF all power voltage supplies to the fransfer
switch. Both the "Utility" and "Standby" power sup-
plies must be positively turned off before proceeding.
¢. Check the position of the transfer mechanism main
contacts. The moveable LOAD contacts must be
connected to the stationary "Utility” source contacts.
lf necessary, manually actuate the main contacts to
the "Utility™ power source side. See Part ¢ for manual
operating procedures.
d. Actuate the generator's main line circult breaker
to its "On" or "Closed” position. The "Utility™ power
supply to the transfer swiich must be turned OFF.

e. Set the generator's manual-off-auto switch to
"Autc”.
{1}The generator should crank and stan.
(2) When the generator staris, an "engine warmup
timer” should start liming. After about 15 seconds,
the {ransfer relay should energize and transfer to
the "Standby" source should occur.
f. If iransfer fo "Standby" does NOT cccur, check the
veltage across transfer switch termina! lugs E1 and
E2. The generator’s line-to-line voltage should be
indicated.

RESULTS:

1. if normal transfer to "Standby" occurs, discontinue
iests. :

2. If transfer to "Standby" does NOT occur and no
voltage is indicated across terminal lugs E1/E2, deter-
mine why generator AC output has falled.

3. lf transfer to "Standby” does NOT occur and voltage
reading across terminal lugs EY/E2 is goed, go on to

Test 2.
A
|5

_~—RECTIFIER
ﬂlj S N

UTILITY
CLOSING

CoiL " A llovcoos o
MANUAL y : EILTER
TRANSFER ] i 2soooo ol
I 11 b
LT LEVER < 'E- 0CT 00 oGlE

SWITCHXA}—/C:;";% ¢ooo0odl gy
——i DO00Y Ok
LIMIT et T y&"

SWITCH XB1 T ~—E2
i .

STANDEY '1

CLOSING ST

COIL j}; -T2

; BRIDGE
RECTIFIER

R

ol
|

Q?

Figure 1. The "V-Type” Transfer Mschanism

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

DISCUSSION: .

Standby source voltage is used f¢ energize the
standby closing coil and actuate the main contacts to
their "Standby” source side. Standby source alternating
current (AC) is changed to direct current (DC) by &
bridge rectifier before it reaches the closing coil. This
{est will determine # standby voltage is available to the
closing coil.
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Test 2- Check Voltage at Standby Clos-
ing Coil C2 (Continued)

If normal standby source voitage is availabie to the
terminais of the standby closing coil but transfer to
"Standby” does not occur, look for (a) binding or stick-
ing in the transfer mechanism, (b) a.defective coil, or
(c) abad bridge rectifier. The coil and the bridge rectifier
must be replaced as a unit.

PROCEDURE:

1. M necessary, repeat Step 2 under "Procedure” of Tes!
1. The system must be in automatic operating mode,
with engine running, and standby source voltage avail-
zble to terminal lugs EY and E2.

2. On the standby closing coil, locate the two terminals
to which Wires E1 and E2 connect {Figure 1). Use an
accurate AC voitmeter (or a VOM) to check the voltage
across these two terminals. Generator line-to-line voit-
age must be indicated.

HRESULTS:

1.1f generator line-to-line voltage is indicated and trans-
fer to "Standby” cccurs, discontinue tests.

2. If generator line-to-line voltage is indicated but rans-
fer does NOT occur, go to Test 4.

3. If generator line-to-line voltage is NOT indicated, go
to Test 3.

Test 3- Test Transfer Relay TR

DISCUSSION:

In automatic cperating mode, the transfer relay must
be energized by CMA circult board action or standby
source power will not be avaliable to the standby clos-
ing coil. Without standby source power, the closing coil
will remain de-energized and transfer to "Standby” will

not occur. This test will determine if the transfer relay

is functioning normaily.

PROCEDURE:

1. See Figure 2. Disconnect all wires from the transfer
ralay, to prevent interaction.
2. Set g VOM to its "Rx1" scale and zero the meter.
3. Connect the VOM test leads across relay terminals
6 and 2 with the relay de-energized. The VOM should
read "infinity",
4. Connect the positive (+} post of a 12 volts battery to
relay terminal "A" and the negative (-) battery post to
relay terminal "B", The relay should enargize and the
VOM should read "continuity”.
5. Now, connect the VOM test leads across relay ter-
minals 1 and 7.
a. Energize the relay and the meter should indicate
"infinity™.
b. De-energize the refay and the VOM should read
“continuity”.

SECTION 4.4
DIAGNOSTIC TESTS

RESULTS:

1. Replace transfer relay if it is defactive.
2. It transfer refay checks good, go to Test 5.

CONNECT YOM DESIR Eg METERREADING

TEST LEADS ACROSS UE-ENERGIZED

Terminals 6 and 9 Connnuity inRraty
Terminals 1 and 7 Infinity - Continyity
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Figure 2. Transfer Relay Test Foinis

Test 4- Check Manual Transfer Switch
Operation

DISCUSSION:

In automatic operating mode, when utility source volt-
age drops below a preset level, the engine should crank
and start. On engine startup, an "engine warmup timer”
on the generator's CMA circuit board should stan
timing. When that timer has timed out (about 15
seconds), the transfer relay should energize to dejiver
utility source power to the standby closing coil ter-
minals. If normal utility source voitage is available to the
standby closing coil terminals, but transfer to "Standoy”
does not occur, the cause of the failure may be (a) a
failed standby closing coil and/or bridge rectifier, or (b)
a seized or sticking actuating coil or load contact. This
test will help you evaluate whether any sticking or
binding is present in the transfer mechanism.

PROCEDURE:

1. With the generator shut down, set the generator's
manuat-off-auta switch to "Off".

2. Set the generator’s main circuit breaker 1o "Off" or
"Open”.

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

DANGER: DONQOT ATTEMPT MANUAL TRANS-
FER SWITCH OPERATION UNTIL ALL POWER
VOLTAGE SUPPLIES TO THE SW{TCH HAVE
BEEN POSITIVELY TURNED OFF. FAILURE TO
TURN OFF ALL POWER VOLTAGE SUPPLIES
MAY RESULT IN EXTREMELY HAZARDOUS
AND POSSIELY LETHAL ELECTRICAL SHOCK,
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Test 4- Check Manual Transfer Switch
Operation (Continued)

4. in the transfer switch enclosure, locate the manual

transfer handle. Handlg is retained in the enclosure with”

g wing stud. Remove the wing stud and handle.

5. See Figure 3. Insert the uninsulated end of the
handle over the transfer switch operating lever.

a. Move the transfer swiich operating lever up to ac-
tuate the load contacts to the "Utility” position, i.e., ioad
connected to the "Utility” source,

b. Actuate the operating lever down to move the joad
contacts against the "Standby” contacts, i.e., load con-
nected to the "Standby” source.

§. Repeat Step 5 several times, As the transfer switch
operating leveris moved, slight force shouid be needed
untii the lever reaches its center position. As the lever
moves past its center position, an ovar-center spring
should snap the moveable load contacts against the
stationary "Standby” or "Ulllity" contacts.

7. Finally, actuate the main contacts to their "Utility"
power source side, i.e., load contacis against the
;‘Uti%i’c}y" contacts {upward movement of the operating
ever}.

RESULTS:

1. # there is no evidence of binding, sticking, excessive
force required, replace the standby closing coil {C2).
2. If evidence of sticking, binding, excessive force
required o move main contacts, find cause of binding
or sticking and repair or replace damaged part{s).

4

LOAD CONNECTED TO UTILITY POWER SQURCE
LOAD CONNECTED TO STANDBY POWER SOURCE

* o

MANUAL
THANSFER
HANDLE

THANSFER
SWITCH
OPERATING
LEVER

Figure 3. Manual Transfer Switch Cperation

Test 5- Test Limit Switch XB1

DiSCUSSION;

Standby pewer source veltage must be available to the
standby closing coil in order for a "transfer to standby”
action to occur. Te deliver that source veitage to the

-~ SECTION 4.4
DIAGNOSTIC TESTS

coil, limit switch XB1 must be closed fo the "Standoy"
power source side. if the limi switch did not get ac-
tuated or has failed open, the source voltage will not be
available o the closing coll and transfer to "Standby”
will not oceur,

With the generater shut down and with the "Utility”
power supply to the transter switch turned OFF, test
imit switch XB1 as follows:

1. To prevent interaction, disconnact Wire No. 205 and
Wire "B” from the imit swi h terminals,

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

3. See Figure 1. Connect the VOM test probes across
the two terminals from which ihe wires were discon-
nected.

4, Manually actuate the main contacts to their
"Standby" positicn. The meter should read "infinity”.
5. Manually actuate the maln contacts to their "Uthity"
pasition. The meter should read "continuity”.

6. Repeat Steps 4 and & several times and verify the
VOM reading at each switch posiiion.

RESULTS:

1. If imit switch XB1 fails the test, remove and replace
the swilch or adjust swilch until it is actuated properly.
2. if limit swilch is good, go onto Test 6.

Test 6- Chack Wiring and Wiring Connections
DISCUSSION:

An open circutt in fransfer switch wiring can pravent a
transfer action from occuring.

FROCEDURE:

See Figure 1. Inspect fransfer switch wiring carefully.
Make sure all wires are properly and securely attached
to the correct terminals. Test wiring for an open or
shorted condition.

RESULTS:

fepair, reconnect or replace any damaged, discon-
nected, incorrectly connected, open or shorted wire(s),

Test 7- Check Voltage at Terminal Lugs
N1, N2

DISCUSSION:

i retransfer {o the "Utility” power source side is to oceur,
utility source veltage must be available to terminal lugs
N1 and N2 of the transfer mechanism. in addition, i that
source voftage is not available to N1/N2 terminals,
automatic startup and transfer fo "Standby” wiil ccour
when the generator's manual-off-auto swilch is set to
"Auto. This test will prove that "Utility” voitage is avail-
able to those terminals, or is not available. it is the first
test in a series of tests that should be accomplished
when (a} retransfer back to "Utiliy" does not cecur, or
(b) startup and transter occurs unnecessarily.

Page 4.4-3
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Test 7- Check Voltage at Terminal Lugs
N1, N2 (Continued)

SECTION 4.4
DIAGNOSTIC TESTS

RESULTS:

DANGER: PROCEED WITH CAUTION! HIGH
AND DANGEROUS VOLTAGES ARE PRESENT
AT TERMINAL LUGS N1/N2. CONTACT WITH
HIGH VOLTAGE TERMINALS WILL RESULT IN
DANGEROUS AND POSSIBLY LETHAL
ELECTRICAL SHOCK. DO NOT ATTEMPT THIS
TEST WHILE STANDING ON WET OR DAMP
GROUND, WHILE BAREFOOT, OR WHILE
HANDS CR FEET ARE WET.

PROCEDURE:

1. Make sure that all main fine circuit breakers in the
utility tine o the transfer switch are "On" or "Closed".
2. Test for utility source line-to-line voltage across
terminal lugs N1 and N2 (see Figure 1). Normal utiity
source voltage should be indicatad.

RESULTS;

1. If low or no vollage is indicated, find the cause of the
problem and correct.

2. If normal utility source voltage is indicated, go onto
Test 8.

Test 8- Check Voltage at Utility 1 and
Utility 2 Terminals

DISCUSSION:

During instaliation the instaifer should have connecled
the "Utility 1" and "Utilly 2" terminals in ihe fransfer
switch with identically labeiled terminals on a terminal
block in the generalors control module assembly
{CMA). These terminals deliver utility voltage "sensing”
te a CMA circuit board. If voltage at the terminals is zero
or low, standby generator startup and transfer to the
"Standby" source will occur automatically as controlled
by the CMA circuit board. A zero or low voltage at these
terminals wiil also prevent retransier back to the "Utility”
source.

PROCEDURE:

With utitity source voltage available to terminal lugs N1
and N2, use an AC voltmeter or a VOM to test for utility
source line-to-line voitage across terminal block "Utility
1" and "Utility 2" terminals. Normal line-to-line utility
source voltage should be indicated.

Figure 4. Transfer Switch Terminal Block
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1. If voitage reading across the "Utility 1" and "Utiiity 2"
terminals is zero, go to Test 10.
2. If voltage reading is good, go to Test 9.

Test 9- Check Voltage at Utility Closing
Coil C1

DISCUSSION:

Utility source voltage is required to energize utility
closing coif C1 and effect retransfer back to the "Utility”
source. This voliage is delivered to the utility clesing
coil via Wires No. N1A and N2A, the transfer relay's
normally-closed contacts (relay de-snargized), Wire
No. 126, limit switch XA1, and a bridge rectifier.

PROCEDURE:

1. On the generator control panel, set the manual-off-
auto switch to "Cif".
2. Turn OFF the utility power supply to the transfer
swilch, using whatever means provided {such as &
utility source main ling circuit breaker).
3. Set the generator's main line circult breaker to its
"O" or "Open” position.
4. Check the position of the transfer mechanism main
contacts. The moveable load contacts must be con-
nected to the stationary utiiity contacts. If necessary,
manuaily actuate the main contacts to their "Utility”
source side (load connected to the "Utility” sourca).
5. Set the generator's main line circuilt breaker to fis
"On" or "Closed" position.
6. Set the generator's manual-off-aulo switch to "Auto”.
a. The generator should crank and start.
b. About 15 seconds after engine stariup, the transfer
relay should energize and transfer i¢ the "Standby"
source should oceur.
7. When you are cerain that transfer to "Standby" has
occured, turn ON {he utility power supply to the transfer
swilch. After a short wait, retransier back to the "Utility”
source should oceur.
8. If retransfer back to "Uliity” does not occur, use an
AC voltmeter (or a VOM) 1o test the voltage across the
two terminals of the utility closing coil. Normal utiiity
source line-to-line voltage should be indicated.

RESULTS:

1. In Step 6, If the generator does not crank or star,
refer to Part 7, "DC Control- Units with Alr Cooled
Enging”.

2.in Step 6, it transfer 1o the "Standby” source does not
oceur, go to Problem 1.

3. In Step 8, i normal utility source ling-to-line voltage
is NOT indicated, go to Test 3.

4.In Step 8, i normal utility source line-to-line voltags
is indicated but retransfer back to "Utiily™ does not
occur, go to Test 4,
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Test 10- Check Fuses F1 and F2

DISCUSSION:

Fuses F1 and F2 are connecied in series with the
Utility ¥ and Utiiity 2 circuits, respectively. A blown fuse
wilt open the appiicable circuit and will result in (a)
generator startup and transfer to “"Standby", or (b}
failure to retranster back to the "Utility” source.

PRCCEDURE;

1. On the generater panel, set the manual-off-auto
switch to "Off",

2. Turn OFF the utility power supply to the transfer
switch, using whatever means provided.

3. See Figure 5. Remove fuses 71 and F2 from the fuse
holder.

4. Inspect and test fuses for blown condition.

RESULTS:

1. Replace blown fuse(s).
2. If fuses both check good, go o Test 6.

Figure 5. Fuse Holder and Fuses

Test 11- Test Limit Switch XA1

DISCUSSION:

Whenthe transfer switch main contacts are aciuatedto
their "Utllity” position, limit switch XAt should be
mechanically actuated to its open position. On transfer
i the "Standby" position, the limit swiich should ac-
tuate to iis closed position. If the switch does not
acluate to its closed position, retransfer back to "Utility”
will not oceur.

PROCEDURE:

1. With the standby generator shut down, set is
manuai-off-auto switch o "O#".

2. Turn OFF the utility power supply to the transfer
switch, using whatever means provided.

3. To prevent interaction, disconnect Wire No. 126 and
Wire "A" from the limit switch terminais.

. SECTION 4.4
DIAGNOSTIC TESTS

4. Set a VOM to its "Rx1" scale and zero the meter.

5. Connect the VOM test leads across the two fimit
switch terminals from which Wires "A" and 125 were
removed.

6. Manually actuate the main contacts to their
"Standby” positien. The VOM sheould indicate "con-
tinuity".

7. Mgnuaiiy actuate the main contacts to their "Utiity"
position. The VOM should read "infinty™.

RESULTS:
Replace limit switch XAt if #t checks bad.

NOTE: Problems with transfer switch operation can alsc be
caused by (a) defective wiring betwsen the ganarator and
transfer switch, or (b) a defective componeant in the gener-
glor's control module assembly {CMA). See Part 7, "DC
Control- Units with Air Cooled Engine™,
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PREPACKAGED TRANSFER SWITCHES

SECTION 5.1
DESCRIPTION & COMPONENTS

Section 5.1

DESCRIPTION AND COMPONENTS

General

The "Y-Type" prepackaged stransfer switches are
availabie as 100 amp, 3-pole units; or as 200 amp,2¢cr
3-poie units. Like the "V-Type" switches, the "Y-Type”
have no intelligence circuit of their own. The circuit that
controls automatic transfer switch operation is housed
in a control module assembly (CMA) on the generator
sat.

The 3-pole models are intended foruse wih 3-phase
utility and standby power source sysiems. These units
are equipped with a 3-phase power monitor (PM).

The 2-pole models are intended foruse with 1-phase
power systems. These units do not have a 3-phase
power monitor,

Since prepackaged generators with air cooled en-
gine are available only as {-phase units, the 3-pole
transfer switches are ncrmally used in conjunction with
fiquid cocled engine units.

Major Components

See Figure 1, below. Major transfer switch com-
ponents include the following:

TEMINOMENCLATURE ITEM NOMENCLATURE

rranster Mechanism ' Pawer Moniior Socke!
Prapackaged Teminal Stripy Switch Enclosurs
Manual Transfer Handls Transter Ralay

Wing Stud Neutral Lug

D O~y O

L5, R AN SRR

* {3-Phasa Powar Monitor

" ltems § and 6 are included cn 3-pole units only.

Figure 1, The "Y-Type" Transfer Switch
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Transfer Mechanism

GENERAL:

The "Y-Typae" transfer mechanism is a single
solenoid, electrically actuated and mechanically held
type switch. Contact surfaces of the main current car-
rying contacts are of 87 percent silver and 13 percent
cadmium oxide, for better wear and conductivity. A
typical 2-poie and 3-poie transfer mechanism is shown
in Figures 2 and 3, respectively.
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STATIONARY MAIN CONTACTS:

The stationary main contacts are retained in a "pole
assembly” which may consist of either two (2) or three
{3} poles that are sandwiched together. The pole as-
sembly is retained in the transfer mechanismby two (2)
thru-bolts. See Figure 4.

STATIONARY

Figure 2. Typical 2-Pole Transfer Mechanism

Figure 4. Stationary and Moveable Main Contacis

MOVEABLE CONTACTS CARRIER:

This one-piece carrier (Figure 4) pivots on a single
shaft. It is available as a 2-pcla or a 3-pole carrier, as
required. Each set of moveabie contacts is retained in
the carrier by a spring.

MAIN CONTACTS OPERATION:

"/—*2 UTILITY
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A dual set of moveable main confacts provides the
interconnection between the load and power source
terminals. The moveable main contacts are spring
lcaded to ensure proper alignment between contact
surfaces. Figure 5 shows the moveable main contacts
as they are held in place mechanically, to supply the
load from the "Utility” power source side.

Figure 3. Typical 3-Pole Transfer Machanism

Page 5.1-2
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Figure 5. Main Contacts at "Utility” Position
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Transfer Mechanism (Centinued}
MAIN CONTACTS OPERATION (CONTDY:

Figure & shows the moveable main contacts at LoaD |
"Neutral” position, with the load disconnected from both -
power supplies. During electrical {(automatic) opera- STANDBY
tion, the main contacts will remain at "Neutral” as long 4
as the main contacts actuating ésil remains energized.

L uTiLITY

LOADL
STANDBY P o . UTILITY
- ™~

N

INTERLOCK MECHANISM

Figure 7. Main Contacts at "Standby”

ELECTRICAL COMPONENTS:

See Figure 8, below. The following elecirical com-
INTERLOCK MECHANISM ponents are part of the transfer mechanism:
: - = : . 1. Control Terminal Strip
Figure 6. Main Contacts at "Neutral a. Terminals A1/A2 provide the actuating command
. valtage {o the "Utility" power source side.
In Figure 7, the main contacts are held in place b. Terminals B1/B2 provide the actuating command

mechanically to supply the load from the “Standby” to the "Standby" power source side.
pOWET SOUrCE.
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Figure 8. Transfer Mechanism Elecirical Components
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PREPACKAGED TRANSFER SWITCHES DESCRIPTION & COMPONENTS

Transfer Mechanism (Continued)

ELECTRICAL COMPONENTS (CONT'D):

c. Terminals T1/T2 are for use with an optional "time
delay at neutral” feature. This feature is not generally
used on prepackaged unils. .

2. Solenoid Cail ’
a. Current fiow through this coil provides the mag-
netic field which actuates the moveable main con-
tacis via & sclenoid plunger.,
b. The solenoid coil's rated voltage must be com-
patible with both "Utility” and "Standby" rated volt-

e,

3. %\?idge Rectifier '
a. To actuate the main contacts to their "Utility” side,
the solenoid coil is energized by "Utility" ‘scurce
pOWer.
b. For movement to the "Standby" source side, the
solencid coil is energized by "Standby” source
power,
¢. The bridge rectifier changes the alternating current
(A%}) from either power source side o direct curent
{OC).
d. The rectified direct current (DC) from either power
source side energizes the solenoid coil.

4, Neutral Limit Switch LS3
a. Buring automatic transfer cperations, the salenoid
coil is energizedto actuate the main contacis to their
"Neutral” position.
b. When the main contacts reach their "Neutral”
pasition, imit switch LS3 will be mechanically ac-
tuated to its "Open” position.
¢. When switch LS3 opens, current flow o the
solenoid coil is interrupted. The coil de-enargizes
and spring force completes the transfer aclion ‘o
either power source side.
d. The solenoid coll will remain energized at main
contacts will remain at "Neutral" as long as limi
switch L83 remains closed.

5. Limit Swilches LS1/L.82
a. Main contacts movement to sither power source
side will actuate these limit switches.
b. With the main contacts at their "Utility™ paosition
{ivad connected to "Utility" source), limit switches
LS1/AS2 will be closed to the terminals B1/B2 side.
This action "arms” the solenoid coil circuit for transfer
to "Standby".
¢. When the main contacts are at their "Standby”
position, the two fimit switches will close to the ter-
minals A1/A2 side. This "arms” the scienoid coil
circuit for retransier back to "Utility”,

AUXILIARY CONTACTS:

See Figures 2 and 3 on Page 5.1-2. The auxitiary
contacts may be identified by the circled numbers "1"
through "8" and by the letters "C" (commen), "N.C."
(normally-closed), and "N.O." (normally-open)}. These
contacts may be used by the customer, if desired, for
operaling accessoeries {such as advisory lights, etc.).

One example of how these auxiliary contacts might
be used is shown in Figure 8. Advisory lamps are

Page 5.1-4

connected across the contacts as shown, along with
a power supply for the lamps. When properiy con-
nected, one of the advisory lamps will iliuminate when
the main contacts are at their "Ulility” position. The
sacond lamp will turn on when the main contacts are at
their "Standby” pesition. By using the auxiliary contacts
in this manner, the operater can identdy the position of
the main contacts by simply looking at the lamps.

DO NOT EXCEED THE RATED CURRENT AND
VOLTAGE OF THE AUXILIARY CONTACTS. The con-
tacts are rated as foliows:

* 15 amperes at 125, 250 or 480 volis AC.
* /2 ampere at 125 volts DC.
* 1/4 ampere at 250 volts DC.

NORMALLY NORMALLY
CPEN CLOSED COMMON

& 5 4
o e
{t ] é
common: b
RORNMALLT |
~oPEn—
NORMALLY L.
CLOSED ﬁ,\.

Figure 9. Auxiliary Contacts Schematic

Prepackaged Terminal 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 Control Inter-
connectiens on Page 1.3-3,

Terminals N1U/N2 deliver a utility voltage sensing
signal to the generator's control module assembiy. If
this voltage signal drops low, CMA circuit board action
will inftiate generator startup and transfer to "Standby”.
The CMA circuilt board also uses this power to operate
a battery trickle charger, which helps maintain battery
state of charge when the generator is not running.

Terminals T1/T2 deliver power from the transfer
switch LOAD terminal lugs to the CMA cireuit board, for
the operation of a 7-day exercise timer clock. CMA
circult board action will start the generator and let it
“exercise” once every seven days, on a day and &t a
time of day selected by the instalier or user.

Terminals 184/23 connect the transfer relay to the
generator's CMA circuit board, so that relay operaticn
can be controiled by the circuit board.
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Prepackaged Terminal Strip (Continued)

44

i
el

194

LOAD 1
LLOAD 2

O O
UTILTY 1 | Qe

UTILITY 2

2. Movement Stops at “Neutral”

1. Move Handis Up

Figure 10. Prepcakaged Terminal Strip

Manual Transfer Handle

Use this handle for testing and maintenance pur-
poses, to actuate the transfer switch main contacts
manually. 7o actuate the main contacts manuaily,
proceed as follows:

1. On the generator panel, set the manual-off-autc
switch to "Cff",

2. Turn OFF all power voltage supplies to the transfer
switch. Both the "Utility" and "Standby” power supplies
must be turned OFF before proceeding.

DANGER: ANY ATTEMPT TO OPERATE THE
TRANSFER SWITCH MANUALLY WHEN
POWER 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 handle
to its original position and actuate again.
5. Observe the changeover display on the fransfer
mechanism.
a. if the "Utility" arrow is aligned with the green band,
load terminals are connected to the "Utility" power
supply.
b. It the "Standby” arrow is aligned with the green
band, load ferminals are connected to the "Standby”

power supply.
3-Phase Power Monitor

This monitoring device is used only on 3-pole transfer
switches. The monitor "senses” utility power source
voltage in all three lines of the 3-phase system. A
voltage dropout in one line, two lines, or all three lines
will cause the power monitor contacts to open. The
power monitor contacts are elecirically connected in
series with the terminal N1A circult to the generator's
control module assembly (CMA).

4. Check the Changeover Display

TSWImeH ¢
POSITION |__

ETANDEY > L0
) MOy

Figure 11. Using the Manual Transfer Hangle

The 3-phase power monitor is adjustable. Thatis, the
line voltage al which its contacts cpen can be adjusied.
See Pant 8, "Operaticnal Tests and Adjustments” for
adjustment procedures,

Opening of the power moniter contacts will result in
loss of the "Utility” veitage sensing signal to the gener-
ator's CMA circuit beard. The circuit baard will then
initiate automatic engine startup and transfer of loads
to the "Standby” pewer source,

Switch Enclosure

The transfer switch is a NEMA 1 type. "NEMA"
stands for "National Electrical Manufaciurer's Assccia-
tion". NEMA 1 type enclosures are intended for indoor
use primarily to provide a degree of protection against
contact with the enclosed components and in locations
where unusual service conditions do not exist.

Transfer Relay

The transfer relay is rated 12 volts DC and 10 amps.
Relay cperation is controlled by the generator's CMA
circuit board. Relay operation may be briefly describad
as follows:

« The generator's CMA circyit board delivers 12 volts

C 1o the transter relay coil, via wires and ferminais

194 and 23. Howevef, that circult board normally

hoids the circuf 23 oepen to ground and the refay 15
normaily de-energized.

0 Qurin? a fransfer to "Standby"™ aclion, the CMA
circull board completes the Wire 23 circuit to
ground. The relay energxzes, iis normally open
contacts close and "Standby” source pawer is
delivered to transier mechanidm terminals B1/82.
Transfer to "Standby” occurs.

Page 5.1.5



PART 5- "Y-TYPE" SECTION 5.1
PREPACKAGED TRANSFER SWITCHES DESCRIPTION & COMPONENTS

Transfer Relay (Continued)

During a "retransfer back {o Utilty” action, action of
the generator's CMA circuit board opens the Wire 23
circuit to ground. The transfer relay then de-energizes,
fts normally-closed contacts close, and retransfer back
to "Utility” cocurs. [

P

SEEEY g e
===
CAD/

TRANSFER RELAY

Figure 12. Transfer Relay Pictorial and Schematic

Neutral Lug

The transfer switch "Neutral” lug consists of 3 3/8"-16
threaded stud which is insulaled from the switch
enclosure by a plastic base. Thus, the "Neutral” lug is
ungrounded. Utility, standby and lead neutral lines
should be connected to this lug.

The prepackaged standby generaters usually have
a "floating” or "ungrounded” neutral. Strict compliance
with electrical codes and standards is required when
connecting these "leating” neutral lines. In most cases
where a floating neutral fine is used, only the "Nautral”
lug at the main electrical service entrance is permitted
io be grounded. However, electrical codes may vary
widely in different areas.

Page 5.1-6
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. SECTION 5.2
OPERATIONAL ANALYSIS

Section 5.2

OPERATIONAL ANALYSIS

Utility Voltage Available (2-Pole Units)

1. Utility voltage is available to. terminal iugs N1/N2,
across the main contacts and to the THT2 terminal
fugs. Utility voRage is alse available o terminals N1/AN2
and to the generator's control module assemily (CMA).
2. Utility voltage is available to transfer mechanism
terminails A1/A2. However, limit switches LS1/LS2 are
ciosed to the terminails B1/B2 side and the A1/A2 circutt
to the solenoid coil is open. :

3. From the T1/T2 {erminal lugs, power is dalivered {o
the generator's control module (CMAY to operate a
7-day exercise imer.

4. The generator's CMA board senses normal "Utility™
source voltage and takes no action. The generator is
shut down and the transfer relay de-energized.

Utiiity Voltage Available (3-Pole Units)

1, Action is the same as for 2-pole units, except that
utiiity source voltage applied {0 ferminals N1, N2, N2
energize a 3-phase power monitor. That monttor's nor-
mally-cpen contacts are closed and ling-to-line "Utility”
voltage signals are available to the generalor's CMA
board via terminals N1A and N2,

2. Utility vollage is avazilable to transfer mechanism
terminals A1/AZ. However, LS1 and LS2 are closed to
the B1/B2 side and the solenoid coil is de-energized.
3. The generator's CMA circult board takes no action
and the transier reiay (TR} is de-energized.

4. Quiput from load terminals T1/72 is delivered to the
generalor's CMA board, for operation of a 7-day exer-
ciser clock.
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Figure 1. Utility Power Available (1-FPhase Units)

Figure 2. Utility Voltage Available (3-Phase Units}
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PREPACKAGED TRANSFER SWITCHES

Utility Voltage Dropout (2-Pole Units)

1. Utiiity voltage is sensed by the generators CMA
board, via wiring connectad to terminals N1/N2.

2. If voliage drops below a preset value, CMA board
action will stant the generator.

3. With the generator running, "Standby” source volt-
age is available to terminal lugs E1/E2.

4. Loads cennected to terminal lugs T1/T2 are not
powered.

5. The Wire 23 circuit from the transfer relay coil is held
cpento ground by action of the generator's CMAboard.
The transfer relay is de-energized.

8. The transfer relay’s normally-open contacts are open
and "Standby" scurce power is not availabie to transfer
mechanism terminals B1/82.

7. The transfer swilch main contacts remain at their
"Utility" position.

SECTION 5.2
OPERATIONAL ANALYSIS

Utility Power Outage (3-Pole Units)

1. If voltage in lings N1, N2 or N3 drop fow, the 3-phase
power moniter (PM) will de-energize and its normally-
open contacts will open.

2. With the monitor contacts open, loss of sensing
voltage o terminals NTA/N2 will occur.

3. The generator's CMA beard senses the power out-
age and initiates generater startup.

4. Standby source power is delivered to franséer switch
terminal lugs E1, E2, E3.

5. The transfer relay {TR) is de-energized, its normalk-
ly-open coniacis are open and the circuit to transfer
mechanism terminals B1/B2 is open. The solenoid cail
remains de-energized.
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Figure 3. Utility Fower Outage (1-Fhase Units)
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PREPACKAGED TRANSFER SWITCHES

Initial Transfer to Standby (2-Pole Units)

1. The CMA board inthe generator defivers 12 voiis DC
to terminal "A" of iranster relay TR, via Wire No. 194.
The DC circuit is completed through the TR coil and
back to the circuit board, via Wire No. 23. However,
CMA board acticn helds the Wire 23 circuit open to
ground and the relay is de-energizad.

2. An "engine warmup timer” on the generator's CMA
circuit board times for about 15 seconds. When that
timer has timed out, the generator's CMA board closes
the Wire No. 23 circuit to ground and TR energizes. The
TR normally-open contacts {6 & 8) close and standby
source power energizes the solencid coil via Wire
E{/E2, TR contacts, terminals B1/B2, limi switches,
and a bridge rectifier.

3. Solenoid coil {C) energizes and actuates the main
contacts to thelr "Neutral" position. The main contacts
will remain at "Neutral” as long as ihe solenoid cail (C)
remains energized.

- SECTION 5.2
OPERATIONAL ANALYSIS

Initial Transfer to Standby (3-Pole Units)

1. The generator's CMA circuit board delivers 12 voits
BC to transferrelay (TR) terminal "A", via Wire 154, The
DC cireutt is completed through the TH coil and back to
the CMA board, via Wire No. 23. However, CMA board
action hiclds the Wire 23 circuit open to ground and TR
remains de-energized.

2. An "engine warmup timer”" on the generator's CMA
board times for about 15 seconds. When that timer has
timed out, CMA board action closes the Wire 23 circuit
to ground and TR energizes.. The relay’'s normaliy-open
contacts (8 & 9) close to deliver standby voltage to the
solenocid coil, via Wires E1/E2, the TR closad contacis,
terminals EV/B2, limi{ switches, and a bridge rectifier.
3. The solenoid coit (C) energizes to actuats the main
contacis to "Neutral”. The main contacts will remain &t
"Neuiral” as long as sclenoid coil {C) remains ener-
gized.
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Figure 5. Initial Transfer to "Stancby” {1-Fhase Unils)

Figure €. initial Transfer to "Standby” {3-Phase Units}
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Final Transfer to Standby (2-Pole Units)

1. As the main contacts reach their "Neutral” position,
a mechanical interlock opens limit switch LS3.

2. The circuit to the solencid coil (C) is now open.
Sciencid colf (C} de-energizes and spring force com-
pletes the transfer action to the "Standby" source side.
3. As the main contacts slamto their "Standby” positien,
a mechanical interlock actuates limits switches
LS1/LS2 to the terminals A1/A2 side.

4. Load terminals T1/T2 are now connected to terminal
lugs E1/E2 and loads are powered by the generator.
5. The auxiliary contacts (indicated by numbers 1
through 6) are mechanically actuated to positions 3 and
&.

SECTION 5.2
OPERATIONAL ANALYSIS

Final Transfer to Standby (3-Pole Units)

1. As the main contacls reach "Neutral" position, a
mechanical interlock opens limit switch LS3.

2. The circuit to selenoid coll {C) is now open and the
solenoid de-energizes. Spring force then completes the
transfer action to "Standby”™ position.

3. As the main contacts actuate to their "Standby”
position, a mechanical interlock actuates limit switches
LS1/.82 to the terminals A1/A2 side. The circuit is now
ready for retransfer back to the "Utility”™ source.

4. Load terminals T4, T2 and 73 are now connecied {o
terminal lugs E1, E2 and ES, respectively. Loads are
powearad by the standby generator.

5. Auxiliary contacts have been mechanically reposi-
ticned as shown.
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Figure 8. Final Transfer to "Stancby” {3-Phase Units)
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Retransfer to Utility (2-Pole Units)

1. When "Utility” source voltage is restored, it is avail-
able to transfer switch terminal lugs N1/N2 and to
terminal strip terminals N1/N2. The voltage is also
available to the generator's CMA circuit board via wiring
connected to terminal strip terminals N1/N2.

2. CMA circuit board action opens the Wire 23 circuit to
ground and transfer relay TR de-energizes. The TR
normaily-closed contacts close and utility voltage is
delivered to terminals A1/A2 and fo solenoid ceil {C).
That coii energizes to actuate the main contacis to
"Neutral". When the main contacts reach "Neutral” LS3
opens, sclenoid coil (C) de-energizes, and spring force
completes the retransfer action back to "Utility".

3. Limit switches LS1/L82 are actuated o the Bi/B2
side.

4. The auxiliary contacts are repositioned as shown.

. SECTION 5.2
OPERATIONAL ANALYSIS

Retransfer to Utility (3-Pole Units)

1. When utility voltage is restored, the 3-phase power
monitor energizes and its normally-opan contacts
close. Utility voltage sensing is now available to the
generator's CMA board via terminal strip terminal N1A.
2. CMA beard action de-energizes transfer relay TR.

3. Relransfer back to the "Utility” souyrce cocurs as
described under "Retransfer to Utility (2-Fole Units)".
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Figure 9. Retransfer to "Utility™ (1-Phase Units)

Figure 10. Retransfer fo "Utility" (3-Phase Units)
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Section 5.3

TROUBLESHOOTING FLOW CHARTS

Problem 1- In Automatic Mode, Will Not Transfer to "Standby™

TEST 1-TEST GENSET éTARTS TEST 2-CHECK TEST 3-CHECK
AUTOMATIC  meews BUT NG THANSFEQ&& VOLTAGE AT b VOLTS GOOD—-:@» VOLTAGE AT
CPERATICN TOSTANDBY" TERMINALS EV/E2/ESR TERMINALS B1/B2
VOLTAGE BAD B ]
SEE SECTION 23 0OR TEST4-TEST TEST 5-CHECK
3.3 AS APPROPRIATE TRANSFER S — GOODm} WIRING
RELAY TR
E!D BAD
REFLACE BAD TRANSFER RELAY REPAIR,
RECONNECT
OR REPLACE
BAD WIRE(S)
h TERMINALS B1/B2 VOLTAGE {5 GDOD BUT NO TRANSFER sammmmyammmmas
TEST 6-TEST TEST7-TEST TEST &-TEST
LIMIT SWITCH e O.K.-—-—_—* LIMIT SWITCH  e—— O.K.w LIMIT SWITCH
L83 LSt LS2
BD BaD BAD

REPLACE BAD LIMIT SWITCH

ﬁ e O B s ——

TEST 8-TEST TEST 10-TEST] TEST 11-CHECK

BRIDGE O-K-w SOLENCID iweemaus O.K.“w MANUAL

RECTIFIER COIL{C; OPERATION
P————

BAD Bi@ B.!D

REPLACE REPLACE HtPAi /REPLACE
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Problem 2- In Automatic Mode, Will Not Retransfer to "Utility”

TEST 1-TEST ENGINE STARTS TEST 13-CHECK TEST 14-CHECK

AUTOMATIC  memowns TRANSFERS TG wmmmmdpd VOLTAGE AT o O. K. sy | VOLTAGE AT

OPERATION "STANDEY" BUT TERMINALS TERMINALS A1/A2
NO RETRANSFER N1ANZ2NG i

SEE SECTION 2.3 OR 3.3 e EADJ BAD

AS APPROPRIATE :

TEST 4-TEST TEST 5.CHECK

TRANSFER  ieremmam O.K.m WIRING

RELAY TR

B!D B!\D
v

REPLACE BAD RELAY RECONNECT, REFPAIR OR REPLACE
BAD WIRING
r TERMINALS A1/A2 VOLTAGE IS GOOD, BUT NO RETRANSFER BACK TO "UTIHLITY " wanmescesrmmmsmmmm:
TEST&-TEST TEST 7-TEST TEST 8-TEST
LIMIT SWITCH O.K.w LIMIT SWITCH e O K. _w» LIMIT SWITCH
LS3 1S3 Lsz2
! |
BAD BAD 8AD
| S ! o)
REPLACE BAD LIMIT SWITCH
ﬁ GOCD
TEST 11-CHECK TEST 12-INSPECT
MANUAL _OK-———-—-} MAIN CONTACTS
CPERATION
BAD BAD
Y
REPAIR OR REPLACE BRCOKEN REPLACE DEFECTIVE MAIN CONTACTS

OR BINDING THANSFER MECH-
ANISM COMPONENTS
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SECTIONS5.3
TROUBLESHOOTING FLOW CHARTS

Problem 3- GenSet Starts and Transfer Occurs When Utifity Power is Available
(3-Phase Transfer Switches)

TEST 18-CHECK
VOLTAGE AT
TERMINALS N1A/
N2 OF CUSTOMER
TERMINAL STRIP

- EAM

TEST 13-CHECK
VOLTAGE AT
TERMINAL LUGS
N1/NZ/N3

ko

GO TOPART 8
OF THIS MANUAL

REPLACE IF BAD -y 3-PHASE POWER

v

FIND CAUSE OF NO
ITHITY SQURCE
VOLTAGE SUPPLY
TO TRANSFER

B!D
U

— O.K.M

SWITCH AND CORRECT

TEST 18- TEST
MONITOR

TEST 5-CHECK
WIRING

!

RECONNECT, REPAIR
OR REFLACE BAD
WIRING

e GOOC mnapw——

%
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TRANSFER SWITCHES DIAGNOSTIC TESTS
Section 5.4
DIAGNOSTIC TESTS

General

Complete the diagnostic tests in this section in con-
junction with the "Troubleshootirig Flow Charts” of Sec-
tion 5.3. Numbered tests in this section correspond to
the test numbers of the charts in Section 5.3.

Test 1- Test Automatic QOperation

DISCUSSION:

A CMA circutt board on the prepackaged generator
set constantly senses "Utility" power source voltage.
Should that source voltage drop below a preset valte,
that circuit board will initiate engine cranking and star-
tup. Following engine startup and after an "engine
warmup timer” on the CMA circuit board has fimed out,
circuit board action shouid compiete the transfer relay
circuit to ground. The transfer relay should then ener-
gize, its normally-open contacts should close and
transfer to the "Standby" power source should oecur.

On restoration of "Utility" source voltage above a
preset level, and after a preset time delay, CMA circuit
board action should open the transfer refay circult to
ground. The relay shouid then de-energize, its normal-
ty-closed contacts should close, and refransfer back to
the "Ultility" power source should occour.

It problems are encountered with any part of the
automatic operating sequences dascribed above, ihe
technician should be abie to duplicate the problem by
periorming a test of automatic operation.

DANGER: EXTREMELY HIGH AND
DANGEROUS 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,

PROCEDURE:

t. On the generator panel, set the manual-ofi-auto
switch {o "Off".

2. Turn OFF all power voltage supplies fo the transfer
switch, using whatever means provided (such as the
generator's main fine circuit breaker and a "Utility"
source main line circult breaker).

3. On the transfer mechanism (inside transfer switch
enclosure), check the changeover display. Make sure
the transfer switch main contacts are at their "Utility”
power source side (lcad 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 contacis to their "Utiiity”
power source side. See "Manual Transfer Handle" in
Section 5.1 {Page 5.1-5).

4. With the generator shut down, set the generator's
main line circuit breaker to its "On" or "Closed" position.
5. Remove the screws that retain the cover to the
transfer switch enclosure and remove the cover. One
person should be stationed at the transfer switch to
observe the transter refay and the fransfer mechanism.
A second person wili be required at the generator.

DANGER: BEFORE PROCEEDING TQ STEP 6,
MAKE SURE ALL PERSONNEL ARE WELL
CLEAR OF THE GENERATOR SET. THE EN-
GINE WILL CRANK AND START WHEN THE
MANUAL-OFF-AUTO SWITCH IS SET TO
"AUTO",

NOTE: This section covers on;'/ the automatic operation as it
applies to the "Y-Type" iransfer switch. For more complste
coverage of system automatic eperation, lesting and diag-
nosis, you may wisk te refer to Part 8, "DC Contrel- Units with
Air Cooled Engine”. or Part 8, "DC Control- Units with Liguid
Cooled Engine”,

6. Setthe generator's manual-off-auto switch to "Aute”,
a. The engine should crank and star.
b. Following engine startup, the transfer relzy shouid
energize and transfer to the "Standby" source side
should occur. The observer stationed at the transfer
switch should be able 1o see these occurences,

7. Check the changeover display on the transfer

mechanism.
a. The "Standby” arrow should point to the green
dispiay window.
b. The "Utility" arrow should point to the red display
window.

RESULTS:

1. If transfer to "Standby” did NOT occur, go to Test 2
and follow the testing sequence given in Problem 1 of
the "Troubleshooting Flow Charts".

2. it normal transfer to “"Standby" occured in Step 7, go
on to Step 8 of this test.

3. I the generator did not crank and startin Step 6, refer
to Part 8 or @ of this manual as appropriate. A problem
exists in the DC control system of the generator.

PROCEDURE:

8. Turn ON the "Utility" power supply to the transfer
switch using whatever means provided (such as the
"Utility” main line circuit breaker).
a. After approximately six (6) seconds, generator
CMA circuit board action should open the transfer
retay circuit to ground and the transfer relay should
de-energize. Retransfer back to the "Utility" pawer
source should occur.,
b. After retransfer and after a "minimum run timer"
and an “enging cooldown timer" on the CMA board
have "timed out”, the generator should shut down.
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Test 1- Test Automatic Operaﬁon {Con-
tinued)

RESULTS:

1. If mormal retransier back to the "Utility" source did
not occur in Step 8, refer t¢ Problem 2 of the
"Troubleshooting Flow Charis". Go to Test 13 of Prob-
fem 2.

2. If normal retranster cccured in Step 8, discontinue
testing.

Test 2- Check Volitage at Terminals
E1/E2/E3

DISCUSSION:

Transfer of efectrical loads to the "Standby” source
cannot cccur unless generater AC output voltage is
available to the transter switch. This test should be
performed if transfer to "Standby" will not occur during
autcmatic operation and will prove whether generator
AC output voltage is available cor not. The test is a
continuation of Test 1 and should be performed at the
end of Step 7 of that test.

PRCCEDURE:

1. Under "Procedure” of Test 1, complste Steps 1
through 7.
2. If, at the end of Step 7, transfer to "Standby” did not
occur, use an AC voltmeater or a VOM fo test for correct
AC voltage at transfer mechanism terminal iugs E1, E2
and E3.
a. On 2-pole (1-phase) transfer switches, check for
correct line-to-line voltage across terminal lugs Et
and E2.
b. On 3-pole (3-phase) switches, check for correct
line-to-tine {(phase-to-phase) voltage across terminal
ugs E1to £2; E210 E3; E3 10 E1.

RESULTS:

1. It transfer to "Standby™ dees not occur bui normal
line-to-line voltage is indicated across terminal lugs
E1/E2/E3, goonto Test 3.

2. if normal line-to-ling voltage is NOT indicated 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. lf normal gener-
ator voltage is avaiiable to terminal lugs E1/E2/E3, but
not to terminals Bi/B2, either the transfer refay has
failed ar interconnecting wiring is bad.

PROCEDURE:

1. Complete Steps 1 through 7 under "Procedure” of
Test 1.

2. lftransferic "Standby" does not occur, complete Test
2.
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Figure 2. The 3-Pole Transfer Mechanism

3. if normal generator AC outpui voliage is available in
Test 2, but transfer to "Standby” did not oecur, go on
to Step 4 of this test.

4, Connectihetest probes of an AC voltmeter ora VoM
across transfer mechanism terminals B1/B2. Normal
generator AC cutput voliage should be indicated.

RESULTS:

1. If normal generater voliage is indicated, but transfer
to "Standby” does not occur, go to Test 6. The problem
is in the transfer mechanism.

2. If normal generator voitage is NOT indicated and
transfer to "Standby” does not oecur, go to Test 4. The
problem may be (a) a bad transfer relay, (b) bad wiring,
or {c) a defective CMA circuit board.
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Test 4- Test Transfer Relay TR

DISCUSSION:

A {ailed transfer relay wiil prevent the transfer of
lcads to the "Standby" source side. This test of the
transter relay will verity whether or not the relay coil is
defective, and also whether the relay contacts are in
gaod condition. '

PROCEDURE:

1. On the generator panei, set the manuzl-off-auta
switchto "Oit". The generator must be shui down before
proceeding.
2. Turn OFF all power voltage supplies to the transfer
switch.
3. Disconnect allwires fromthe {ransfer relay terminals,
to pravent interaction.
4. Set a VOM to its "Rx1" scale and zero the meter.
3. Connect the VOM test leads across relay terminals
6 and 9.
a. Connect the positive (+) post of a 12 volts battery
to relay terminal "A", and the battery nsgative (-} post
to refay terminal "B".
b. The transfer relay should energize and the VOM
shouid read "continuity™.
¢. 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 volts battery
to relay terminal "A", the negative (-) battery post to
relay terminal "B".
b. The relay should energize and the VOM should
read "infinity".
¢. Disconnect the battery from the relay terminals.
The relay shouid de-energize and the VOM should
indicate “continuity”.

CONNECT VOM METER READING

TEST LEADS eNEHGIZED [ DE-ENERGIZED
Gand g "Continuity*® “infinity”
tand 7 “Infinity" "Continuity”

Figure 3. Transfer Relzy Test Points

- SECTION 54
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RESULTS:

1. If the transfer reiay fests bad, it should be replaced.
2. If the transfer relay tests good, go to Test 5.

Test 5- Check Wiring

DISCUSSION:
If transfer {o "Standby” does not occur and Test 2 3

and 4 have all checked good, the wiring between trans-
fer mechanism terminal lugs E1 and B2, and the B1/82

ferminals is suspect.

If retransfer back to "Utility" does not ceeur, wiring
between terminal lugs N1 and N2 and terminals A1/A2
may be defective or discaonnected.

FROCEDURE:

Carefully inspect wiring and test for opan or shoried
condition. Refer to the appropriate wiring diagram and
make sure all wires are properly connected to the
carrect terminais. Use a VOM to test wires for an open
condition.

RESULTS:

1. Reconnect, repair or replace any damaged, defec-
tive, or shorted wire{s).

2. If wiring checks good, refer 1o Pant 7 or 8 as ap-
prepriate (problemisin generator's DC control system.

Test 6- Test Limit Switch LS3

DISCUSSION:

Limit switch L83 is actuated ¢ its open position
mechanically by movement of the main contacts to their
"Neutral" position {load disconnacted from both power
sources). For an iltustration of "Neutral" position, see
Figure 6 on Page 5.1-3, During electrical cperation, the
main contacts will remain at "Neutral” as long as the
solencid coil {C) remains energized. However, when
the main contacts are actuated to "Neutral”, LS3 is
actuated {o its open pesiticn to break the circuit.
Sclenoid coil (C) is then de-energized and spring force
completes the transfer action to the appropriate power
source side. If limit switch L83 does not openwhen the
main contacts reach "Neutral”, solenoid coil (C}) will
remain energized and the main contacts will remain at
"Neutral”,

NOTE: The changeovar display on the transfer meckanism
does NOT indicate "Neutral” position. If the main contacts
remain at "Neulral™ the display will remain at the last position
of the main contacts. For example, if the main contacts wers
at "Utlity™ and are then actusted to “Nsulral”, the gresn
window will remain adjacent to the "Uliiity™ arrow on the
changeover display.

PROCEDURE:

1. On the generaior panel, set the autc-off-manual
switch to "Off",

2. Turn OFF all power voltage supplies fo the transfer
switch, using whatever means provided (such as the
"Utility™ and "Ztandby” main line circuit breakears).

Page §.4-3
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Test 6- Test Limit Switch LS3 (Con-
tinued)

FROCEDURE (CONT:D):

DANGER: DO NOT ATTEMPT TO PERFORM
THIS TEST UNTIL BOTH THE "STANDBY" AND
"UTILITY" POWER SUPPLIES TO THE TRANS-
FER SWITCH ARE POSITIVELY TURNED OFF.
FAILURETOTURN OFF ALL POWERVOLTAGE
SUPPLIES MAY RESULT IN ELECTRICAL
SHOCK AND POSSIBLE DAMAGE TO THE
TEST METER BEING USED.

3. Set a VOM to its "Bx1" scale and zero the meter.

4. Connect the VOM test leads across transfer

mechanism ferminals T1 and T2 (Figure 4).

5. The VOM should indicate "continuity”.

6. Attach the manualtransfer handie to the square shaft

on the transfer mechanism.
a. While observing the VOM, move the manual hand-
la all the way up until it stops. This is "Neutral
position. Hold the handie all the way up (at "Neutral")
and the VOM should read "infinlty". A reading of
“infinity" indicates that LS3 has gpened and is
functioning properly.
b. Now, return the handle to its original position and
let the main contacis complete their movement o the
next power source side. The VOM shouid now indi-
cate "continuity”, indicating that L83 has re-closed
and is functioning properly.

7. Before proceeding, actuate the main contacts to their

“Utility” position. The green window display must be

adiacent to the "Ulility” arrow on the changeover dis-

play.

RESULTS:

1. if fimit switch LS3 is not opening at "Neutral” and
re-closing at both power source positions, further test-
ing is required to cetermina # the switch has failed, or
if a mechanical linkage {ailure has occured in the trans-
fer mechanism. Refer to Section 5.5.

SECTION 5.4
DIAGNOSTIC TESTS

Test 7- Test Limit Switch LS1

DISCUSSION:

When the main contacts are at their "Utility” position
{"Load" connected to "Uiiity" source, limit switch LS1
should have actuated to its terminal B1 sida. Conver-
sely, when the load is connected to the "Standby™ side,
LS1 shouid be actuated to its terminal Al side. Failure
of this limit switch will result in a failure of the main
contacts to actuate {o efther power source sids.

PROCEDURE!

i. On the generator panel, set the auto-off-manual
switch to "Off",

2. Turn OFF alt power voltage supplies o the transier
switch, using whatever means provided (such as the
“Ulility™ and "Standby” main line circuit breakers).

DANGER: DO NOT ATTEMPT TO PERFORM
THIS TEST UNTIL BOTH THE "STANDBY" AND
"UTILITY" POWER SUPPLIES TO THE TRANS-
FER SWITCH ARE POSITIVELY TURNED OFF.
FAILURE TOTURN OFF ALL POWER VOLTAGE
SUPPLIES MAY RESULT IN ELECTRICAL
SHOCK AND MAY ALSO DAMAGE THE TEST
METER BEING USED.

3. Set a VOM to its "Rx 1" scale and zero the meter.

4. Connect the VOM test leads across transier
mechanism terminals Bt and T1 {Figure 5).

5. Manually aciuate the main contacts to their
"Standby” position. The VOM should read "infinity".

6. Now actuate the main contacts back o "Utility" and
the VOM should read "continuity”.

7. Connect the VOM test leads across transfer
mechanism terminals A1 and T1.

8. Manually actuate the main contacts to their
"Standby” positicn. The VOM should read "continuity”,
&. Manually actuate the main contacts back to "Utility"
and the VOM should indicate "infinity”.

2. If switch operation is good, go onto Test 7.
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Figure 4. Limit Switch L53 Test Foints
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Test 7- Test Limit Switch LS1 (Con-
tinued)

RESULTS:

j. 1§ LS1 fails the test, additional testing is required.
After additicnal lesiing, replace switch if defective. Ses
Sectien 5.5.

2. ¥ swilch checks good, go on to Test 8.

Test 8- Test Limit Switch L&2

DISCUSSION;
Refer to "Discussion™ under Test 7.

PROCEDURE:

1. On the generator panel, set the manual-off-auto
switch to "Off".

2. Turn OFF all power voltage supplies 1o the transfer
switch, using whatever means provided {such as the
“Utility” and "Standby” scurce main line circuit
breakers}.

DANGER: DONQT ATTEMPT THIS TEST UNTIL
ALL POWER VOLTAGE SUPPLIES TO THE
TRANSFER SWITCH HAVE BEEN POSITIVELY
TURNED OFF. FAILURE TO TURN OFF ALL
POWER VOLTAGE SUPPLIES MAY RESULT IN
ELECTRICAL SHOCK AND MAY ALSO
DAMAGE THE TEST METER BEING USED.

3. Remove the two {2) screws (with flatwashers and
lockwashers) that retain the cover (Figure €). Then,
remove the cover and procesd as foliows:
a. Locate the gray wire {Figure 7} that is routed from
limit switch LS2 to the bridge reciifier.
b. Locate the wire connector on the gray wire.
Separate the two halves of ihe wire connector.
4. Set a VOM Lo its "Rx1" scale and zero the meter.
5. Connect the meter {est leads across transfer
mechanism terminal A2 and the gray wire connector.

SECTION 5.4
DIAGNOSTIC TESTS

6. Manually actuate the main contacts to their
“Standby” side. The VOM should read "continuity”.

7. Manually actuate the main contacts 1o their "Utility"
side. The VOM should indicate "infinity".

8. Now, connect the VOM test leads across iransfer
mechanism lerminal B2 and the gray wire connector.
8. Aepeat Step € and the VOM should read "infinity”,
10. Repeat Step 7 and the VOM should indicate "con-
tinuity”.

RESULTS:

1. If Himit switch LS2 checks bad, replace the switch.
See Section 5.5.
2. i limi switch tests good, go onto Test 9.

BRIDGE

RECTIFIER

Eigure 6. Cover Removal

Figurg 7. Test Poinis for Limit Switch L.S2

Test §- Test Bridge Rectifier

DISCUSSION:

The transfer mechanism's bridge rectifier rectifies
both the "Utility" and the "Standby” current to the
solenoid coit {C}. A defective bridge rectilier will prevent
any transfer or retransfer action at al in the automatic
mode. See Figure 8.

PROCEDURE:

1. On the generator panel, set the manualoff-auto
switch to "Of".

2. Turn OFF all power voltage supplies to the fransfer
switch, using whatever means provided (such as the
“Uiliky" and "Standby” main line circult breakers).

DANGER: DO NOT PROCEED WITH THIS TEST
UNTIL ALL POWER VOLTAGE SUPPLIES TO
THE TRANSFER SWITCH ARE POSITIVELY
TURNED OFF. FAILURE TQ TURN OFF POWER
VOLTAGE SUPPLIES MAY RESULT IN
ELECTRICAL SHOCK AND MAY ALSO RESULT
IN DAMAGE TO THE TEST METER USED.
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SECTION 5.4
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Test 9- Test Bridge Rectifier (Continued)

PROCEDURE (CONT'D}:

3. The cover (Figure 6 on Page 5.4-5) has already been
removed and the solenoid coil is exposed. Remave the
clear plastic insulator from the sclenocid coil. A red {+)
and a white (-) wire connect to the col E Remove these
two wires from the coil.
4 Make sure the main contacts are at the;r "Utility” side,
the "Utility” arrow is pointing to the green d1splay
window.
5. Set a VOM to its "Ax1" scale and zero the meter. |f
the VOM has a polarity switch, set it io "+DC™.
6. Test one bridge rectifier diode as follows:
a. Connect one VOM test lead to red wire terminal
end and the other test lead to ransfer mechanism
terminal B2. Note the VOM reading.
b. Now, reverse the test leads (reverse the test
polarity). Again, rnote the meter reading.
¢. The jorward resistance of a dicde should be indi-
cated at one polarity only. At the opposite potarity,
"infinity" should be indicated.
7. Test a second bridge rectifier diode as foilows:
a. Connect one VOM test lead fo terminal end of the
whiie wire, the other test lead to terminal B2. Note
the meter reading.
b. Now, reverse the test leads {reverse the polarity).
Again, observe the YOM reading.
¢. The forward resistance of the second diode should
_ be indicated at one polarity only, "infinity" at the
opposite polarity.
8. Test a third diode as follows:
a.Connect one VOM test lead {o the white wire, the
other fest lead o ransfer mechanism terminal B81.
Note the meler reading.
b. Now, reverse the polarity (reverse the VOM test
feads). Note the reading.
¢. The diode's forward resistance shouid be indi-
cated at cne polarity only, "infinity” at the opposite
polarity
8. Test the fourth bridge rectifier diode as follows:
a. Connect first VOM test lead 1o the red wire, the
secand test lead to terminal Bi. Note the meter
reading.
b. Reverse the test polarity (reverse the tes! leads).
Noie the reading.
c. Forward resistance of the diode should be indi-
cated at one polarity only, "infinity” at the oppostite
polarity.

RESULTS:

1. if all diodes test good, go onto Test 10.
2. 1In Steps & through 8, if any diode reads "infinity" at
both polarities, replace the bridge rectifier,
3. In Steps 6 through 8, if any upscale VOM reading is
indicated at both potlarities, replace the bridge rectifier,

NOTE: Fer informaticn on transfer mechanism disassembly,
testing and reassembly, refer to Section 5.5, "Disassembiy,
Testing, Reassembly”. Finallesting of the bridge rectifier and
other components can be accomplished when the component
is removed during the disassembly process.

Pagse 5.4-6
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Figure 10. Red and White Wires on Solenocid Coil
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Test 10- Test Solenoid Coil

DISCUSSION:

Ifthe transfer mechanism's solencid coil (C) has failed,
transfer to "Standby” as well as retransfer back o
"Utility" will not be possible.

PROCEDURE:

1. On the generaior panel, set the manual-off-auto
switch to "Off".

2. Turn OFF all power voitage supplies to the transfer
swiich, using whatever 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
QOFF, DANGERQUS ELECTRICAL SHOCK
COULD RESULT. IN ADDITION, THE TEST
METER COULD BE DAMAGED.

3. If not already done, disconnect the red {+) and white
(-} wires from the solenoid coil {see Figure 10).
4. Use an accurate volt-ohm-mifliammeter (VOM) to
test solenoid coil resistance, as follows (Figure 11):
a. Connect one VOM test lead to terminal end of the
red wire; the other test lead to the outer (right hand)
terminal. Read the resistance.
b. Cennect one meter test lead 1o terminal end of
white wire; the other test lead to outer {left hand)
terminal. Read the resistance.

NOMINAL RESISTANCE = 0.203-0.215 OHM

RESULTS:

1. If "infinity" or a very high resistance is indicated,
repiace the solenoid coil. Ses Section 5.5.
2. I solenoid coil tests good, go on to Test 1.

oY REP WHITE QO

Figure 11. Solenoid Coil Test Foints

- SECTION 5.4
DIAGNOSTIC TESTS

Test 11- Check Manual Operation

DISCUSSION:

Failure to transfer or retransfer can be caused by a
mechanical fajlure in the transfer mechanism. Such
faiiures can often be detected by operating the
mechanism manually. Binding, sticking, broken
mechanical components, etc., can often be found.

PROCEDURE:

1. On the generator pane!, sel the manual-off-auto
switch to "Cff".

2. Turn OFF all power voliage supplies to the transfer
switch using whatever means provicdsd {such sz ths
"Utility" and "Standby” main line circuit brezkers).

DANGER: DO NOT ATTEMPT MANUAL OPERA-
TION UNTIL ALL POWER VOLTAGE SUPPLIES
TO THE TRANSFER SWITCH HAVE BEEN POSI-
TIVELY TURNED OFF, FAILURE TO TURN OFF
POWER VOLTAGE SUPPLIES MAY RESULTIN
DANGEROUS AND POSSIBLY LETHAL
ELECTRICAL SHOCK.

3. Use the manual fransfer handle to actuate the main
contacts to their "Utilty" and "Standby" sides several
times. See "Manua! Transfer Handle" on Page 5.1-5.
Waich for binding or sticking during the operation. Also
check the changecver display on the fransfer
mechanism carefully as each swiich pesition is
selected,

RESULTS:

1. i binding is evident or if the changeover display does
not operate properly, further disassembly of the transier
mechanism is required to find the problem.

2. if the transfer mechanism operates properly, go to
Tast 12

Test 12- Inspect Main Contacts

DIECUSSION:

If severe arcing has occured, main contacts can be
damaged. A visual inspection of the main contacts will
reveai {a) any damage caused by arcing, (b} failure of
the contacts to close to either power source side, and
(c) any other damage that can be seen visually.

FPROCEDURE:

Visually inspect the main contacts through the clear
plastic shield at extreme right side of the transfer
mechanism. Look for evidence of arcing, burning, pit-
ting, obvious damage, etc.

RESULTS:

If any problems are discovered during the visualinspec-
tion, further disassembly of the transfer mechanism will
be required. See Section 5.5.
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Test 13- Check Voltage at Terminals
N1/N2/N3

DISCUSSION:

A dual requirement exists before loads can be
retransferred back to the "Utility” power source. First,
the solenoid coil (C) must be energized by "Utility"
source power. Second, "Utility” voltage must be avail-
able to the transfer switch or the generator's CMA
circuit board will not initiate a retransier action. if, when
“Utility” source voltage is restored, retransfer does not
occur or it generator startup and transfer to "Standby”
occurs when thers is no "Utility” power failure, the first
step in troubleshooting is to determine i "Utility” voltage
is availabie to the transfer switch.

PRCCEDURE:

1. Use an AC voltmeter or a VOM to test for correct
rated AC voitage at transfer mechanism terminal fugs
N1/N2 (2-pole} or N1/N2/N3 {3-pois).

2. Correct rated "Utility” power scurce voltage shouid
be indicated.

RESULTS:

1. 1f normal "Utility" source veltage is indicated but
retransier deas not occur, go to Test 14.

2. If normal "Utility" source voltage is available but
generater starts in aulomatic mode, go to Test 5.

3. "Utility" voltage is NOT indicated, find cause of
problem and correct.

Test 14- Check Voltage at Terminais
AT1/A2

DISCUSSION:

During a retransfer operation, action of the generator's
CMA circuit board must de-energize the transfer relay.
The transferrelay’'s normaliy-closed contacts must then
close to deliver "Utility" source power fromterminal lugs
N1/NZ to terminals A1/AZ. It is this "Utility” power that
must energize the sclenoid coil and initiate the
retransfer action.

PROCEDURE:

1. See Test 1 on Page 5.4-1. Compiete Steps { through
7 of that test. The generator should crank and stan.
Transfer to the "Standby” power supply should cccur.
2. Complete Step 8 of Test 1. Retransfer back to "Utility”
should occur, {ollowed by generator shutdown.

3. If retransfer does NOT occur, use an AC voltmeter
{or a VOM) to check for correct "Utility” source voltage
at terminals A1/A2. .

HESULTS:

1. 1f “Utility" source voltage is NOT indicated, go to Test
4.

2. if voltage reading is good but retransfer does NOT
accur, go fo Test 6.

Pagse 5.4-8
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Test 15- Check Voltage at Terminals
N1A/N2 of Customer Terminal Strip

DISCUSSION:

Terminals N1A and N2 of this terminal strip must be
properly interconnected with an identically numberad
terminal strip in the generator's control module as-
sembly (CMA}. This is the "Utility" voltage sensing line
to the CMA circuit board. Any dropout in the voltage
sensing signal will result in generator stariup followed
by transfer to "Standby”. A preset veoltage signal must
be available at these terminals or retransfer back to
"Utility™ wiil not occur. On 3-phase sysiems, the 3-pole
transier swilch is equipped with a 3-phase power
moniter. Loss of any phase cutput will cause that
monitor to de-energize. With the 3-phase monior de-
energized, s contacts will open and loss of "Utility"
voltage output to terminals NTA/NZ will occur.

PROCEDURE:

Use an accurate AC voltmeter or VOM to check the
voitage acress terminals N1A and N2, Normal rated
"Utility" scurce veltage should be indicated.

RESULTS:

i. lf voltage reading is good, go to Pari 8 of this manual,
A problem exists in the generator's DC conirol system.
2. lf vofitage reading is bad, complete Tests 13 and 5.
Then, go to Test 16.

Test 16- Test 3-Phase Power Monitor

DISCUSSION:

The 3-phase power monitor is usad only on 3-pole
{3-phase} transfer switches, See "Discussion” under
Test 15.

PROCEDURE:

1. On the generalor panel, set the manual-off-auto
switch to "Off",

2. Check for corract ling-to-ling {phase-to-phase} volit-
age across terminals 3 and 4; across 4 and 5; and
across 5 and 3 of the power monitor's socket {ses
Figure 12).

3. Check line-to-line voltage across monitor socket
terminal 1 and lerminal N2 of the terminal strip. Nermal
utility source voitage (line-to-line) should be indicated.
4. Check voltage across monior socket terminal 8 and
terminal N2 of the terminal sirip. Normal utilfty source
line-to-line voitage should be indicaled.

5. Turn OFF the "Utility” power supply to the transfer
switch, using whatever means provided {such as the
"Utility" main line circuit breaker).

8. Set a VOM o its "Rx1" scale and zero the metar.
Connect the VOM test leads across terminals 1 and 8
of the power monitor. The VOM should read "infinity”.
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Test 16- Test 3-Phase Power Monitor (Continued)

RESULTS:

1. line-to-line voltage is NOT indicated across any pair
of terminals in Step 2, inspect and test wires N1, N2,
N3 for open or disconnected condition,

2. It fine-to-line voltage is NOT indicated in Step 3,
inspect and test Wires N1/N2 for open or disconnected
condition.

3. lf normal line-to-line voltage is indicated in Step 3 but
not in Step 4, the power monitor contacts have failed
open. Replace the power rmoniior,

4. [n Step 6, any reading other than "infinity" indicates
the monitor contacts have failed closed. Replace the
power monitor.

& LOSE MONITOR i

GREEN LIGHT | @ !
Komm YMax |
.

180-270 VAL
30, 50-80 HZ E

b PHASE SEQUENCE

o = n

Figure 12. 3-FPhase Power Monifor and Socket
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Section 5.5

DISASSEMBLY, TESTING, REASSEMBLY

Transfer Mechanism Femoval

To remove the transier mechanismfrom the transfer
switch enclosure, proceed as follows:
1. On the generator panel, set the manual-off-auto
switch to "Off". Then place 3 "DO NOT OPERATE  tag
in a conspicucus place on or near the generator panel.
2. As z safely measure to prevent inadvertent generater
startup, disconnect the batiery cables from the gener-
ator battery.
3. Turn OFF ali power voltage supplies to the transfer
switch, osing whatever means provided (such as the
"Utility™ and "Standby" main line circuit breakers).

DANGER: DO NOT PROCEED UNTIL ALL
POWER VOLTAGE SUPPLIES TO THE TRANS-
FER SWITCH HAVE BEEN POSITIVELY
TURNED QOFF. FAILURE TO TURN OFF ALL
FOWER YOLTAGE 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 BE POSITIVELY
TURNED OFF.

4. Disconnect all wires from {ransfer mechanism ter-
minal fugs N1, N2, 71, 72, E1, E2.

5. Disconnect alt wires from transfer mechanism ter-
minals A1, A2, B1, B2,

6. Remove the M5-0.80 capscrews, lockwashers and
flatwashers that retain the fransfer mechanism in the
enclosure. Then, remove the transfer mechanism.

Electrical Section Disassembly

FRELIMINARY STEPS:

1. Remove two (2) screws that retain the outer cover to
ihe transfer mechanism (Figure 2).

Wy

%
L
|

Q] %5%

Figure 1, Transfer Mechanism Removal

Figure 2. Cuter Cover Removal

2. Remove four (4) screws that retain the inner cover
{Figure 3}.

Figurg 3. Removal of Inner Cover Scraws

3. Limit switch L83 is retained to the inner cover by
means of two long screws with countersunk heads
{Figure 3) and a retaining bar with threaded heles. Lift
up on the inner cover slightly and remaove the two long
screws with countersunk heads.

4. See Figure 4. Remove the inner cover and the limit
switch retaining bar, as well as a limit switch actuating
lever bracket, imit switch actuating lever and actuating
lever spring.
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Electrical Section Disassembly (Continued)

ACTUATING LEvES BRACKET

L,

ACTUATING LEVER SPAING

LS ACTUATING LEVER

152 RETAINING 8AH

2. Retate the coil slightly to allow access to the coil
terminal screws. Remaove the terminal screws and dis-
connect the coil red and white wires.

3. Remeve the sclenoid coil along with the coli cylinder.

Figure 4. Limit Switch L53 Actuating Parts

LIMIT SWITCH LS3 REMOVAL:

1. The limit switch retaining screws and bar were pre-
viously removed during removal of the inner caver.

2. Bisconnect all wires from limit switch L33 and com-
pletely remove the limit switch from the transfer
mechanism.

3. Limit switch L83 parts are shown in Figure 5.

CouniersGnk Screws (2]
Inner Cover

Actuating Lever Spring
Actuating Lever

Limit Switeh £.53
Actuating Lever Bracket

YELLOW

ORANGE

7 BLUE
GREEN
. 7 BROWN

BLACK
by

DESCRIPTION

Coll Eacking Flate (2}

Backing Plate Capscrew (4}
Selenoid Coil Cylindar (1)
Sclenoid Coil {1)

Solenoid Coit Capserew (1)
Soiencid Cail Sracket {1)
Solencid Plunger

Figure 5. Exploded View of Limit Switch L83

TERMINAL STRIP REMOVAL.:

1. See Figure 6. Remove wo (2) screws that retain the
terminal strip to the transfer mechanism.

2. Loosen- DO NOT REMOVE- the wire retaining
screws at back of terminat strip. Remoeve all wires and
remove the terminal strip.

SCLENOID COIL REMOVAL:

1. See Figure 7. Remove four capscrews that retainthe
coil backing plate. Alsc remove the capscrew that
retains the sclenocid coil to the backing plate.

Page 5.5-2

5

Figure 7. Solencid Coil Removal

BRIDGE RECTIFIER REMOVAL:

With the solenoid coil removed, guide the bridge rec-
tifier wires out through the protective rubber grommet
and remove the bridge rectifier. See Figure 8.

SOLENOID COIL BRACKET REMOVAL:

Remove two (2} screws that retain the bracket to the
base. Then, remove the coil bracket, Sae Figure 9.
LIMIT SWITCH LS1 REMOVAL:

With the solenoid coll removed, limit switch LST is
accessible. Remove two {2} screws, then remove LS1
along with two insulator strips. Wires on switch LSt are
soldered connections.




PART 5- "Y-TYPE"” PREPACKAGED . SECTION 5.5
TRANSFER SWITCHES DISASSEMBLY, TESTING, REASSEMBLY

Electrical Section Disassembly (Continued)

LIMIT SWITCH LS2 REMOVAL:

1. See Figure 11. Remove the spring retalning pin.

2. See Figure 12. Remove two (2) screws that retain
the actuating link assembly to the fransfer mechanism
base.

3. You should be abie to kft the actuarting link assembly
sufficiently high to remove the two (2) screws that
retain limi switch LSZ to its support.

4. Remove the two (2) screws.

5. Remove limit switch LS2, along with two (2} insulater
strips. LS2 wires have scidered connections.

SBLACK

Figure 8. Bridge Rectifier Assembly

e B
T @ 3
ACTUATING LINK

ASSEMBLY

T I
| R—
e Figure 12. Actuating Link Assembly Screws
1 \‘ :

3 “"‘6‘2 AUXILIARY CONTACTS REMOVAL:
See Figure 13 on next page. Remove two (2) screws
N, @ that retain the first auxifiary contacis. Remove the

auxiliary contacts. The second auxifiary contacts can
be removed in {he same manner.

Figure 10. Limit Switch LS1 Removal

Page 5.5-3
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SECTION 5.5
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NOMENCLATURE

i Moveanie Contact Carner
2 Moveable Cantact Spring
3 Moveable Contact

Figure 13. Auxiliary Contacts Removal

Stationary Main Contacts 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 Conlacts Assembly

Moveable Main Contacts
The dual moveable main contacts are now exposad

and may be inspectad, removed or replaced as neces-
sary. See Figure 15.

Page 5.5-4

Figure 15. Moveable Main Contacts

Testing and Inspection

Inspect the stationary and moveable main contacis
closely. Inspect springs, linkage, retaining pins, etc. for
damage, excessive wear. Replace any defective com-
ponents.

Switches may be tested using a velt-chm-miliiam-
meter, Replace any defective swiich.

NOTE: Test procedures for most switchas, bridge rectifier,
and solenoid coif are discussed in Section 5.4.

Reassembly

Reassembie the transfer mechanism in the reverse
order of disassembly.

Following reassembly, the transfer mechanism
should be tested thorougnly. Actuaie the main contacis
manuaily several times, using the manual transfer
handle. Also test electrical operation of the transfer
switch.
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Sectien 6.1

DESCRIPTION AND COMPONENTS

General

This section will familiarize .the readsr with ths
various components that make up the DC control sys-
tem. You may also wish to read Section 1.7, especially
the subsection entitled "Control Panel- Units with Alr
Cooled Engine™.

Mzjor DC conirol system componenis that will be
covered include the following:
Controi Module Assembiy (CMA).
An Auto-Off-Manuai Switch.,
The Battery.
A 15 Amp Fuse.
Engine Starer Contactor.
Starter Molor.
Fuel Sotenoid Valve.
Engine protective Shutdown Switches.
Engine Ignition System,
Battery Charge Circuit.

Control Module Assembly (CMA)

The controf moduie assembly (Figure 1) is mounted
on the rear panel of the standby generator enclosure.
This assembly, called simply the "CMA”, mounis {(a) a
terminal board, (b) a currenttransiormer, and (¢) a CMA
circuit board.

Theterminal board provides the following conneciion
points:

A, Utility 1 and Utility 2
1. Connect {o identically marked terminals on a
prepackaged transfer switch terminal beard.
2. The circuit delivers "Utility™ power source volt-
age to the control module assembly’s sensing
transformer.

B.load 1andlead 2 .
1. Connects to identically marked terminals on the
terminzal board of the prepackaged transfar switch.
2. Power from the transier switch load terminals is
used to operate z 7-day exerciser circuit on the
CMA circui board.

C. 23 and 184
1. Connect to identically numberad terminals on
the terminal board of the prepackaged transier
swilch.
2. This circuit connects the CMA circult board to
the transfer relay coil in the prepackaged transfer

TERMINAL
~BOARD

A
o iy 610

O

[ vl 3 -
i .
e o SET EXERCISE L
e _al SWITCH

e o

CIRCUIT o
BOARD

la aie

I y,

TRANSFORMER

HEIEEIER

oY
)

o
uTILTY 1 EION
utiury 2 [ Srd

LOADA
LOAD 2
194

Figure 1. The Confrol Module Assembly

TERMINAL BOARD:

Suftabie, approved wiring must be connecied 1o the
terminals of this terminal board and to identically num-
bered terminals on a prepackaged transfer swiich ter-
minal board. The terminal board connects the transfer
switch to the CMA circuit board and transformer.

Figure 2. CMA Terminal Board

SENSING TRANSFORMER:

The confrol module assembly’s sensing transformer
is & step-down type. The line-to-line voltage from the
Utility 1/Utility 2 terminals is delivered to the
transfermer’s primary winding. Transformer action then
induces a reduced voliage (about 12 volts at 2 amps)
inic the secondary t ansformer v.uo wing. This reduced
voitage is delivered to the CMA circuit board as "Utility”
saurce sensing vollage. The reduced sensing voltage
is used by the CMA circuit board for the following:

+  Ifthe "Utility" sensing voltage drops below 2 preset
value, CMA board "action wiil initiate automatic

generator startup and transfer to the "Standby”
Source side.

+ The CMA board also uses the "Utility” ’gz_ower to
operate a battery trickle charge circutt. This circutt
migintains battery state of charge when the engine
is not running.

The sensing transtormer is shown in Figure 3, both
pictorizily and schematicaliy.

Fage €13
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Control Module Assembly (Continued)

O
T 5 T
@ =
bad =
zh 5 G
< iy
25 =0
g2 H
az v 2
0

DANGER: THE GENERATOR ENGINE WILL
CRANK AND START WHEN THE 7-DAY EXER-
CISER SWITCH IS ACTUATED. THE UNIT WILL
ALSO CRANK AND START EVERY 7 DAYS
THEREAFTER, ON THE DAY AND AT THE TIME
OF DAY THE SWITCH WAS ACTUATED.

Figure 3. The Sensing Transformer

CMA CIRCUIT BOARD:

The CMA circuit board controls ali standby electric
system operations including (a) engine cranking, (b)
engine startup, {c) engine running, (d) automatic trans-
fer, {e} autemnatic retransfer, and (f) engine shutdown.
In addition, the circuit board perdorms the foliowing
functions:

+  Delivers "lield boost” current 1o the generator rotor
windings (see "Field Boost Circuit’ on Page 2.1-4).

« Starts and "exercises” the generator cnce every
seven days.

« Delivers a "lrickle charge” to the generator battery
during non-operating périods.

«  Provides automatic engine shutdown in the evert
of Ioué oll pressure, high oil temperature, or over-
speed.

A 17-pin connector interconnects the CMA circuit
board with the various circuits ¢f the DC systems.
Connector pin numbers, associated wires and circult
furctions are Histed in the CHART on this page.

The circuit board mounts a CRANK RELAY (K1) and
a RUN RELAY (K2). See Figure 4. Crank relay (K1} is
energized by circuit board action during both manual
and automatic startup to crank the engine. Cranking is
accomplished in equal duration crank-rest cycles. That
is, K1 will energize and the engine will crank for about
7-9 seconds. Relay K1 willthen de-energize and crank-
ing will end for about 7-8 seconds. This cyclic cranking
action continues until either (a} the engine stans, or (b)
approximately 80 seconds of the crank-rest cycles
have elapsed.

The RUN RELAY is energized by circult board action
at the same time as the CRANK RELAY, to energize
and open a fuel solenoid valve.

The CMA circut board alse mounts a push-bution
type "T-day exerciser swich” (Figure 4}, used to select
the day and time of day for the system to stant and
exgrcise.

Page 6.1-2

PIN | WIRE CIRCUIT FUNCTION

1 4 Field boost currant o rotor {about 8-10 voits 0C)

2 85 Low oil pressura/high ol tamperature fauit. Automatic
shuidown occurs when Wire BS is grounded by oii
pressura/oil temparature switch closing acten.

3 23 Grounded side of transfer relay circuit.

4 194 Positiva {+} side of ransfer relay dreuit {12 voits DC),

5 = Energized {12 voits DC) by circuit board's crank relay
{K1) to rank engine.

8 18 Engine shutdown, Circuit is grounded by irouit board

. action 1o ground the engine's IS0 module and terminate
ignigon,

7 14 During starup, circuit board dafivers 12 volts DC 1w this
circuit to cpen the fual soisncid.

8 66 Engine Amning and spead signats from genarator's
battary charge winging,

g 17 Manual start signal from autc-off-manual switch,

13 15A Battery voitage {12 voits DC) for grouit board operation.

1 239 12 volts DC when auto-off-manual swilch is setio
"Manuai™,

12 15 Battery vrickia charge circuit {+12 voits 0C),

13 o] Commen graund.

14 224 Transformer reduced “Utlity™ source sensing voliage.

15 225 Transformer reduced "Utlity” scurce sensing veltage.

16 T2 From transier switch lcad tarminal lug T2, for aparaton
7-day exercisar clook circuit.

17 Tt From ransier switch load tarminal lug T1, for cperation
of 7-day exerciser clock cirguit, .

17 15A
g6
238
14
1 B e s 15
55 0
224
134 28
23 T2
85 —T1
- J—
£
R i
'LML’I.HIJU .H.'H' l @
e e
— o OO . L
1 Lo = Ej oy
| B
P .
P N I B
FF

Figure 4. CMA circuit Board
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Auto-Off-Manual Switch

NOTE: Also see "Control Fanel- Units with Air-Cooled En-
gine” on Page 1.7-1.

This 3-position switch permits the operator to {a)
select fully automatic operation, (b) start the generator
manually, or {c) stop the engine and prevent automatic
startup. Switch terminals are shown pictorially and
schematically in Figure 5, below.

Pictorial View 3 Schematic

Figure 5. The Auto-Off-Manual Switch

15 Amp Fuse

This fuse protects the CMA circuit board against
excessive current. If the fuse has blown, engine crank-
ing and opsration will not be possible. Should fuse
replacement become necessary, use only an identical
15 amp replacement fuse.

- SECTION 6.1
DESCRIPTION & COMPONENTS

Page 6.1-3
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Section 6.2
OPERATIONAL ANALYSIS

Introduction .

This "Operational Analysis” is intended to familiarize the service technician with the operation of the DC control
system on prepackaged units with air-cosled engine. A thorcugh understanding of how the systemworks is essential
to sound and logical troubleshooting. The DC control system illustrations on the following pages include a "V-Type"
prepackaged transter switch,

Utility Source Voltage Available _
See Figure 1, below. The circuit condition with the auto-off-manual swiich set to "Auto™ and with "Utility” source
power avaliable can be briefly described as follows:

«  "Uity" source voltage is available to fransfer swilch terminal lugs N1/N2, via installer connected wiring. With
the transfer switch main contacts at their "Utility” side, this scurce voltage is available to terminal lugs T1/T2
and to the "Load" circuits.

«  “Ullity" voltage is delivered 1o the primary winding of a sensing transiormer (T1), via transfer swilch wires
NTA/NZA, fuses F1/FZ, installer connected wiring, and CMA "Utility 1/Utliy 2" lerminals. A resultant voliage
{about 12 volis AC) is induced into the transformer secondary windings and then deliverad to the circuit board
via Wires 224/225. The circuit board uses this reduced "Utilily" voltage as (a) sensing voltage and (b) to deliver
a battery trickle charge fo the unit battery, via circuit board Pin 12, Wire 15, & 15 arnp fuse (F1}, and Wire 12

s Poweris available to the CMA circuit board, via transfer switch T1/T2 terminals, fuses F2/F4, installer connected
wiring, and the "Load 1/Lead 2" terminals of the CMA terminal board. This voltage is used {0 operate g "7-day
exerciser” clock circult in the circuit board.

«  Baltery output is delivered to the circuit board with the auto-off-manual switch {SW1) set o "Aute”, as shown.

i
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_________ -
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Figure 1. Circuit Condition- Utility Source Voltage Available
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initial Dropout of Utility Source Voitage

Refer to Figure 2, below. Should a "Utility” power source failure occur, circuit condition may be briefly described
as follows:

The CMA circuit board constantly senses for an acceptable "Utility” source voltage , via transfer switch fuses
F1/F2, transfer swiich "Utility 1/Ulility 2" terminals, installer connecied wiring, control module assembly (CMA)
"Utility 1/UtiIy 2" terminals, the CMA sensing transformer (T1), Wires 224/225.

Should "Utility” voltage drop below approximately 60 percent of the nominal source voliags, a 8-second timer
on the CMA circuit board will turn on.

In Figure 2, the 6-second timer is still timing and engine cranking has not yet begun.

The aute-off-manual switch is shown in its "Auto” position. Battery voltage is available to the CMA circuit board,
via Wire 13, 15 amp fuse (F1), Wire 15, the auto-off-manual swilch (SW1), Wire 154, and Pin 10 of the circuit
board connector.
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UTILITY
SOURCE i
r" ________ 7 i
i i ]
} : :
! & i ]
» .. i
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Jr )
i § b 1
; ; .
ey e |
|
[ bood g — g o4
l r—u ST 1
L o 25
TRANSFER
SWITCH TO FROM
LOAD STANDBY
SOURCE

GENERATOR

Figure 2. Circuit Condition- Initial Dropout of Utility Source Voltage
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Utility Voltage Dropout and Engine Cranking

»  After six (8) seconds and when the circuit board's 6-second timer has timed out, if "Utility” voltage is still below
60 percent of nominal, CMA board action will energize the circult board's crank and run relays (K1 and K2}
simullanecusly. '

»  The crank refay (K1) will remain energized for about 7-9 seconds. The relay willthen de-energize for 7-8 seconds
and will again energize. Thus, the engine will crank cyclically for 7-9 second crank-rest cycles. This cyclic
cranking will continue until either the engine starts or until about rinsty (80} seconds of crank-rest cycles have
been used up.

«  Whenthe crank relay (K1) is energized, circuit board action delivers 12 voits DC to a starter contactor (SCy, via
Wirek56, SC energizes, iis contacts close and battery power is delivered to a starter motor (SM). The engine
cranks.

- When the circuit board's run relay (K2) energizes, 12 volts DC is delivered to a fuel sclenoid (FS), via Wire 14.
The fuel solenoid (FS) energizes open and fuel is available to the engine. .

«  As the engine cranks, magnets on the engine flywheel induce a high voltage into the engine ignition modules
(IM1/1M2). A spark is produced that jumps the spark plug (SP1/SPZ) 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 ¢an start.
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Figure 3. Circuit Condition- Engine Cranking
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Engine Startup and Running

With the fuel solencid open and ignition occuring, the engine stars. Engine startup and running may be briefly
described as follows:

* An AC voitage/frequency signal is delivered to the CMA cireuit board from the generator's battery charge
winding, via Wire 66. When ACifrequency reaches approximately 30 Hz, the circult board (a) terminates
cranking, (b) turns on an "engine minimum run timer”, and (¢} trns on an "engine warmup timer".

« The circuit board's "minimum run timer" will run for about 13-15 minutes. Automatic shutdown cannot cceur
while that timer is running. The timer prevents shutdown of a cold engine.

* The "engine warmup timer” will run for about 15 seconds. When this timer finishes timing, CMA board action
will initiate transfer to the "Standby” power source. As shown in Figure ¢ (below), the timer is still running and
transfer has not yst occured.

+ Generator AC output is gvailable to transfer switeh terminal lugs E1/E2 and to the normally-open contacts of a
iransfer relay. However, the transfer relay is de-energized and its contacts are open.
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Figure 4. Circuit Condition- Engine Startup and Running
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Initial Transfer to the "Standby” Source

The generator is running, the CMA circuit board’s "engine warmup timer” is timing, and generator AC cutput is
avaifable o transfer swilch terminal lugs £1/E2 and to the open contacts of the transfer relay. Initial transfer to the
"Standby” power supply may be briefly described as follows:

The CMA circuit beard delivers a 12 volts DC output to the transfer relay (TR} actuating coil, via Wire 194, CMA
terminal 194, installer connected wiring, transfer switch terminal 194, Wire 194, and terminal A of the transfer
relay {TR) in the transfer switch. This 12 volts DC ¢ircuit is completed back 1o the CMA board, via transfer relay
terminal B, Wire 23, installer connected wiring, CMA terminal 23, Wire 23, and circuit board connector Pin 3.
However, circuit board action holds the Wire 23 circuit opento ground and the transferrelay (TR) is de-energized.
When the CMA board’s "engine warmup timer” times out, circult board action completes the Wire 23 circuit to
ground, via circult board connector Pin 13 and Wire 0. The transfer relay then energizes and its normally-cpen
contacts close.
“Standby™ power is now delivered to the standby closing coil (C2}, via Wires E1/ER2, the normally-open transfer
relay contacts, Wire 205, limit switch XB1, Wire B, and a bridge rectifier. The standby closing coil energizes
and the main current carrying contacts of the transfer switch are actuated to their "Standby” source side.
As the main contacts move to their "Standby" scurce side, a mechanical interlock actuates limit switch XB1 to
25 open position and limit switch XA1 fo its "Utliiy" side position. When XB1 opens, standby closing coil €2
e-gnergizes.
"Standby” power is delivered to the "Load” terminals (T1/72) of the transfer switce
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Utility Voltage Restored and Retranster to "Utility"

The "Load" is powered by the "Standby" power supply. The CMA circuit board continues to seek an-acceptable
"Utility" source voltage. On restoration of "Utility” source voltage, the following events will occur:

On restoration of "Utility” source voitage above 80 percent of the nominal rated voltage, a “retransfer time defay”
on the CMA circuit board starts timing. The timer will run for about six {6} seconds.

At the end of six {6) seconds, the "retransfer time delay” wil stop timing and CMA board action will open the
Wire 23 circult to ground. The transfer relay (TR) will then de-energize.

When the transfer relay (TR) de-energizes, its normally-closed contacts close. "Utility” source voltage is then
delivered to the ulility closing coil {C1), via Wires NTA/N2A. the closed TR contacts, Wire 126, limit switch XAt,
and a bridge rectifier. _

The utility closing ceil (C1) energizes and moves the main current carrying contacts to their "Neutral” position.
The main contacts move to an overcenter position past "Neutral" and spring force closes them to their "Utility”
side. "Load" terminals are now powered by the "Ulility™ source.

Movement of the main contacts to "Utility” actuates limit switches XA1/XB1. XA1 opens and XB1 actuates to
its "Standby” source side.

The generator continues to run.
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Figure 6. Circuit Condition- Retransfer to "Utility”
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Engine Shutdown

Following retransfer back to the "Utility” source, an "engine cocldown timer" on the CMA circuit board starts timing.
When that timer has time¢ ol {and providing an "engine minimum run timer” has &lso timed cut), CMA circuit board
action will de-energize the circuit board's run relay (K2). The following events will then occur:

+  The DC circuit to Wire 14 and the fuei solenoid (FS) will be opened. The fuel soienoid (FS) will de-energize and
close to terminate the engine fuel supply.

«  CMAboard action will connect the engine’s ignition shutdown module (1ISM) to ground, via Wire 18, circuit board
Pin 12, and Wire 0. Ignition will be terminated.

«  Without fuel flow and without ignition, the engine will shut down.

;

{
TRANSFER
SWITCH
STANDBY
GENERATOR

Figure 7. Circuit Condition- Engine Shutdown
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SECTIONG.3

TROUBLESHOOTING FLOW CHARTS

Section 6.3

TROUBLESHOOTING FLOW CHARTS

Problem 1 - Engine Will Not Crank When Utility Power Source Fails

TEST 1- CHECK * JTEST 2- TRY ENGINE STARTS
POSITION GF o SYYITCOH A MANUAL eomenme MANUALLY BUT
AUTO-OFF- AT "ALUTO! START NOT AUTOMATICALLY
MANUAL
SWITCH
SWITCHIS "OFF" DOES NOT START
RESET SWITCH GO TO PROBLEM 2
TO"AUTO" AND
TEST SYSTZM
AUTOMATIC
CPERATION
r-' SWITCH IS O.K!

e GOC D e REPLACE CMA CIRCUIT BOARD

;—- BADmmesmale- REPAIR OF REPLACE BAD WIRING

TEST 3-TEST

P4 AUTO-OFF-

MANUAL SWITCH

BAD

Y

REPLACE
BAD SWITCH

Froblem 2- Engine Wi!! Not Crank When Auto-Off-Manual Switch is Set to "Manual”

TEST 8-CHECK TEST 6- CHECK

15 AMP FUSE — O.K.—y‘ BATTERY — O.K.w WIRES 15/18A
| VOLTAGE
] | i
FUSE BLOWN Bi@ BAD
REFLACE BLOWN FUSE HRECHARGE/REPLACE REPAIR OR REPLACE

TEST 7- CHECK

v O K, e

BAD WIRING

TEST 8- CHECK
WIRE 56
VOLTAGE

o ———— BADW

— OCD w

GO TOPROELEM 2, TEST 5 ON NEXT PAGE

GO TO PROBLEM 2, TEST 12 ON NEXT PAGE
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Problem 2- Engine Will Not Crank When Auto-Off-Manual Switch is Set to "Manual" (Con-

tinued)
TEST &-TEST TEST1C-TEST TEST 12- CHECK
STARTER P O,K.w STARTER CMA CIRCUIT
CONTACTOR MOTOR BOARD POWER
- SUPPLY AND
QUTPUTTO
WIRE 58
BAD BAD POWER SUPPLY O.K.
CUTPUT TOWIRE 58
IS BAD‘
A 4
REFPLACE REPAIR OR REFLACE

REPLACE CMA CIRCUIT BOARD

REPLACE BAD SWITCH -~ fmmmamasaosmm
REPEAT TEST 7 - gjmmmmessmsmcssnen COO D) sz

Froblem 3- Engine Cranks But Won't Start

TEST 11- CHECK
FUEL SUPPLY
AND PRESSURE

s O 1< svemcreasly-

EAD

TEST 13- CHECK

FIND CAUSE CF NO FUEL
OR FUEL PRESSURE AND

CORRBECT

—

POWER SUPPLY
TOBCARD IS BAD

TEST 3-TEST
AUTO-OFF-
MANUAL SWITCH

BAD

TEST 14- CHECK

CMA BOARD DuE—— O.K.-—l—-} FUEL SCLENOID

WIRE 14 QUTPUT

NO OIUTPUT BiD

REPLACE CMA REPLACE BAD

CIRCUIT BCARD FUEL SCLENOID
O.K " e

TEST 15-CHECK
FORIGNITION
SPARK

—O,K_-—*

TEST 16- CHECK
SPARK PLUGS

TEST 17-CHECK

ey O, mememme> 1 ENGINE

BAD

v

TEST 18- CHECK
ENGINE 1.8.D.
MOBULE

BAD

CLEAN, REGAP
OR REPLACE

COMPRESSION

B!D
¥

LGOOD

REPAIR OR REPLACE
ENGINE AS REQUIRED

GO TO PROBLEM 3, TEST 20 ON NEXT PAGE

Pe————— GOOD—-—-——}’ GO TO PROBLEM 3, TEST 19 ON NEXT PAGE |
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| SECTION 6.3
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Problem 3- Engine Cranks But Won’t Start (Continued)

TEST 19- CHECK

TEST 20- CHECK

OlL PRESSURE mO.K._—*

AND ADJUST — O.K.—*
IGNITION SWITCH
MODULES

| !\
Bia 1{)
ADJUST OR REPLACE REPLACE

TEST 21- CHECK HIGH
Olt. TEMPERATURE
SWITCH

1,
:

REPLACE

TEST 22- CHECK
WIRE 18 >

REPAIR CR REPLACE
SHORTED WIRE 18

Problem 4- Engine Cranks and Starts But No Transfer to Standby

TEST 23- CHECK
GENERATOR
MAIN CIRCUIT
BREAKERS

o CLOSED il

TEST 24- TEST

STATOR BATTERY fmmm O.K msseescady.

CHARGE WINDING
CUTPUT

OPEN

CLOSE CIRCUIT BREAKER

BAD

1

REPAIR/REPLACE BAD

WIRING OR REPLACE

BAD STATOR ASSEMBLY

TEST 25- GROUND
CMA TERMINAL 23

TRANSFERS TO STANDBY

REPLACE CMA CIRCUIT
BOARD

£_—-_ DOES NOT TRANSFER TO STAND BY s s o e A s s s

TEST 26- TEST
TERMINALS 23 Sumse O.K. e
AND 184
CIRCUIT

BAD

REPAIR, RECONNECT
ORM REPLACE BAD WIRING

REPLACE COIL C2 e /CLTAGE O.K. EUT NO TRANSFER TO STANDRY

£ST 30- 1 EST [MANSFER SWIHCH WIRES § s

E1,205,B&EZ

! TEST27-TEST
p] TRANSFER
2 RELAY

BAD

REPLACE BAD RELAY

e O.K.“*

TEST 28-CHECK
VOLTAGE AT
STANDBY
CLOSINGCOIL

LOW OR NG VOLTAGE

4

TEST 25-TEST LIMIT SWITCH XB1

ecgao
S—
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Problem 5- No Automatic Retransfer Back to Utility

TEST 31- CHECK TEST 32- CHECK TEST 33-TEST

TRANSFER pry O K. vy 1 VO TAGE AT et O K. oy § SENSING

SWITCH FUSES UTILITY 1 AND 2 TRANSFORMER

F1 AND F2 TERMINALS

B!\D B!D B;\D

REPLACE ELOWN FUSE(S) REPAIR, RECONNECT OR REPLACE DEFECTIVE -
REPLACE BAD WIRING TRANSFORMER

ﬁ TRANSFORMER TESTS GOOD e s st s S

{1Co a4- Ol g DOES NOT TEST 27-TEST TEST 35-CHECK
d WIRE 23 FROM CMA n RETRANSFER oomcemap-§ TRANSFER OK VOLTAGE AT
y TERMINAL STRIP RELAY UTILITY CLOSING
1 COlL Ct
RETRANSFERS BED VOLTS C.K.
NO
i HETRANSFER
REFLACE CMA CIRCUIT BCARD REPLACE BAD RELAY REFLACE
UTILITY
CLOSING
COiLC1

rn——_ NO VOLTAGE READING AT UTILITY CLOSING COIL TERMINALS scesmcmsnostm—mms

t 8- { TEST 37- CHECK
LIMIT SWITCH O.K. memamndy- 2 TRANSFER
XA1 SWITCH WIRES
N1A, N2A, 126
AND "A"

» REPAIR, RECONNECT OR REPLACE
DEFECTIVE OR DISCONNECTED WIRING

BAD

IF WIRES ARE GOOD TEST AUTOMATIC
QOPERATION AND RE-EVALUATE OR
REDEFINE THE PROBLEM. IF TEST OF
AUTOMATIC OPERATION 1S O.K.,, STOFP
TESTS.

REPLACE DEFECTIVE LIMIT SWITCH XA1
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TROUBLESHOOTING FLOW CHARTS

Problem 6- Unit Starts & Transfer Occurs When Utility Power is Available

TEST 32-CHECK
VOLTAGE AT

UTILITY 1 AND 2
TERMINALS

BAD

v

VOLTS >
GCOD

TEST 31-CHECK
TRANSFER
SWITCH FUSES
F1 AND F2

O.K.

-

v

TEST TRANSFER
SWITCH WIRES
N1ANZA, REPAIR

OR REPLACE BAD
WIRES AS NEEDED

Sammes 5 A D ooy

TEST 33-TEST
SENSING
TRANSFORMER

Fmreen O:K.———}

TEST 38-CHECK UTILITY SENSING
YOLTAGE AT CMA CIRCUIT BCARD

A,
'

REPLACE
DEFECTIVE
TRANSFORMER

v
REPLACE
BLOWN
FUSES

L
!

TEST WIRES
224 & 225-

REPAIR, REPLACE

OR RECONNECT
AS NEEDED

A4

IFUTILITY SENGING VOLTANT i
CIRCUIT BOARD IS GOOD, BUT PROBLEM
STILL EXISTS, REPLACE THE CMA CIRCUIT

BOARD AND TEST OPERATION

Problem 7- Generator Does Not Start and Exercise as Programmed

TEST 1-CHECK
AUTO-OF F-
MANUAL
SWITCH
POSITION

SWITCH IS "OFE-

RESET TO “AUTGC"

TEST 39-CHECK
TRANSFER
SWITCH FUSES
F3 AND F4

MO,K_q

TEST 40-CHECK VOLTAGE AT
CMAUTILITY 1 AND 2 TERMINALS

!

REFPLACE BLOWN FUSES

BAD

TEST 41-CHECK
VCOLTAGE AT
TRANSFER
SWITCHLCAD 1
AND LOAD 2
TERMINALS

REPAIR, RECONNECT

OR REPLACE BAD
b O K oot UTILITY 172 WIRING

BETWEEN CMA AND
TRANSFER SWITCH

e 5 A D —#CH ECK TRANSFER

SWITCH WIRING &

CPERATION

REPLACE CMA CIRCUIT

BOARD, SET EXERCISE, -

AND EVALUATE

G.K.

!

TEST 42-RESET
EXERCISE
TIMER

GENERATOR
DOES NOT
START OR STILL
NO EXERCISE

AS PROGRAMMED
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. SECTIONG.4
DIAGNOSTIC TESTS

Section 6.4

DIAGNOSTIC TESTS

introduction

Perform these "Diagnostic Tesis" in conjunction with
the "Troubleshooting Flow Chans” of Saction 6.3. Test
numbers in this section correspond with the numbered
tests in Section 6.3.

The test procedures and methods presented in this
section are not exhaustive. We could not possibiy know
of, evaluate and advise the service trade of all conceiv-
able ways in which festing and trouble diagnosis might
be performed. We have not undertaken any such broad
gvaiuation.

Test 1- Check Positicn of Auto-Ofi-
Manual Switch

DISCUSSICN:

if the standby systemis to operate automatically, the
generator's auto-off-manual switch must be set to
"Aute”. That is, the generator wili not crank and starton
occurence of a "Utilily" power cutage unless that switch
is at "Auto”. In additicn, the generator will not exercise
every seven {7) days as programmed unless the swilch
is at "Auto™.

PROCEDURE:

With the auto-off-manual switch set to "Auto”, {est
automatic operation. Testing of automatic operation
can be accomplished by turning OFF the "Utility” power
supply to the transfer switch. When the "Utility” power
is turned OFF, the standby generator should crank and
start. Foliowing stariup, transfer to the “Standby®
source should occur. Refer to Section 1.8 in this
manual. An "Automatic Operating Sequences Chart" is
provided on Page 1.8-2. Use the "Chan" as a guide in
evaluating automatic operation.

Following generaior startup and transfer fo the
"Standby” source, turn ON the "Utility” power supply to
the transfer swiich. Retransfer back to the "Utility”
source should occur. After a "minimum run timer” and
an "engine cooldown timer" have limed out, generator
shutdown should oceur,

RESULTS:

1. if normal automatic operation is obtained, discon-
tinue tests.

2. If engine does not crank when "Utility” power is
iurned off, go onte Test 2 of Problem 1 in Section 6.3,
3. If engine cranks but won't start, go to Problem 2 in
Section 6.3,

4. if engine cranks and starts, but transfer to "Standby”
does not occur, go to Problem 4 in Section 6.3,

5. if transfer to "Standby" occurs, but retransfer back to
"Utility™ does not occur when that source voltage is
restered, go o Problem 5.

Test 2- Try a Manual Start

DISCUSSION:

The first step in troubleshoosting for an "engine won't
crank” condition is to determine if the problem is
peculiar to automatic operations only ar if the engine
won'l crank manually either.

PROCEDURE:

1. On the generator panel, set the avfo-off-manual
swiich to "Ofi".

2. Set the generalor's main line circuit breaker to #s
"Off" ar "Open” positian.

3. Set the genrsraior's auto-off-manual switch to
"Manual".

a. The engine should crank cyclically in 7-¢ second
"crank-rest” cycles until it staris.

b. Let the engine siabilize and warm up for a few
minuies after i starts.

RESULTS:

1. if the engine cranks manually but does not crank
automatically, go to Test 3.

2. lf the engine does not crank manually, go to Probiem
2 in the "Troubleshooting Flow Chanls".

Test 3- Test Auto-Cff-Manual swiich

DISCUSSION:

When the auto-off-manual swiich is set to "Auto"
pasition, battery voltage {12 volts DC) is delivered to
the CMA circuit board via Wire 15, the closed swilch
terminal, Wire 15A, and Pin 19 of the circull board
connector. This voltage is needed to operate the circult
board.

Setting the switch to its "Manual” position also
delivers battery voltage to the circuit board {or its opera-
tion. In addition, when the swilch is set to "Manual”, 12
volts DC is supplied to the circuit board via Pin 11 of
the beard, Wire 239, the closed switch contacts, Wire
17 and Pin @ of the circuit board connector.

A. Set to "Auto” B. &at to "Manual”

Figure 1. Schematic of Auto-Off-Manua! switch
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Test 3- Test Auto-Off-Manual Swilch

PROCEDURE:

(Continued)

Disconnect all wires from switch terminals, to prevent
interaction. Then, use a volt-chm-milliammeter (VOM)
1o test for continuity across swilch termipals as shown
in the following chart:

SECTION 6.4
DIAGNOSTIC TESTS

PROCEDURE:

Carefully inspectthe two Wires 15A (Figure 2). Make
sure they are properly connected 1o the switch. Use a
VOM to test the wires for an open ¢r shorted condition.

RESULTS:

1. 1f engine stants manually but not automatically: #
auto-cff-manual swilch tests good; if Wires 15A ars
good; but cranking does not occur during a "Utility”
power source outage, replace the CMA circuit board.
2. If Wires 15A are open, shorted, or improperly con-
nected, repair, reconnect or replace bad wires. Then,
test automalic operation.

ACROSS
[TERMINALS | SWITCH POSITION | METER READING
Tang 2 AUTO Lontinuny
MANUAL Infinity
OFF infinity
1and 3 AUTC infinty
MANUAL Continuity
OFF [nfinity
4dand § AUTO Continuity
MANUAL Infinity
CFF Infinity
4and & AUTO Infinty
MANUAL Continuity
OFF infinity
RESULTS:

1. Replace aute-oif-manual switch, if defective.
2. lf switch is goad, go onto Test 4.

Figure 2. Aute-Off-Manual Switch Test Points

Test 4- Check Wires 15A

DISCUSSION:

Wires 15A serve to deliver fused 12 volts DC (battery
power) 1o the CMA circuit board when the auto-ofi-
manual switch is set to either "Auto” or "Manual”. An
open condition in this circuit wili have the same effect
as setting the auto-off-manual switch to "Off". One Wire
15A is simply a "jumper”, used o intercennsct two of
the switch terminals. The other Wire 15A connects the
switch to the CMA circuit board.

Page §.4-2

Figure 3. Wires 15A

Test 5- Check 15 Amp Fuse

DISCUSSION:

The 15 amp fuse is located on the generator con-
sole. A blown fuse will prevent battery power from
reaching the CMA circult board, with the same result as
setting the auto-off-manual switch to ~Off".

PROCEDURE:-

Remove the 15 amp fuse {F1) by pushing inon fuse
hoider cap and turning the cap counierclockwise. In-
spect the fuse visually and with a VOM for an open
condition.

RESULTS:

1. If the fuse if good, go onto Test 6.
2. If the fuse is bad, it should be replaced. Use only an
identical 15 amp replacement fuse.

Test 6- Check Battery

DISCUSSION:

Battery power is used to (a) crank the engine and {b)
{o power the CMA circuit board. Lew or no batlery
voltage can result infallure of the engine to crank, gither
manually or during automatic operation.
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Test 6- Check Battery (Continued)

PROCEDURE:
A. Inspect battery Cables:

1. Visually inspect battery cables and battery posts. -

2. |f cable clamps or terminals are corroded, clean
away ali corrosion. 5
3. Installbattery cables, making sure all cable clamps
are tight. The red battery cabie (from starter contac-
tor (SC) must be securely attached to the positive {+)
battery post; the black cable (from the frame ground
stud) must be tightly attached to the negative (-}
battery post.
B. Test Battery State of Charge:
1. Use an automotive type battery hydrometer 1o test
battery state of charge.
2. Follow the hydrometer manufacturer's instructions
carefully. Read the specific gravity of the electrolyte
fluid in all baitery cells.
3. It the hydrometer does not have a "percentage of
nharge” scale, compare the reading obtained to the
{ailowing:
a. An average reading of 1.280 indicates the bat-
tery is 100% charged.
b. An average reading of 1.230 means the battery
is 75% charged.
c. An average reading of 1.200 means the battery
is 50% charged.
d. An average reading of 1.170 indicates the bat-
tery is 25% charged.
C. Test Battery Condition:
1. 1f the difference between the highest and lowest
reading ceils is greater than 0.050 (50 peints), bat-
tery condition has deteriorated and the battery
should be replaced.
2. However, if the highest reading cell has a specific
gravity of less than 1.23Q, the test for condition is
questionable. Recharge the battery to a 100 percent
state of charge, then repeat the test for condition.

RESULTS:

1. Remove the battery and recharge with an automative
battery charger, if necessary,

2. if battery condition is bad, replace the batiery with a
new one.

Test 7- Check Wires 15/15A Voltage

DISCUSSION:

The CMA circuit board will not turn on unless battery
voitage is available fo the board, via Wire 15, the
auto-off-manual switch and Wire 15A. If the board does
not "turn on”, neither automatic or manual cranking will
be possible.

PROCEDURE;

See Figures 2 and 3. Test the voltage at Wire 15 and
15A terminai ends as follows:
1. Connect the pesitive (+) test probe of 3 DC voltmeter
{or VOM) to auto-off-manual switch Terminal 4. Con-

SECTION 6.4
DIAGNOSTIC TESTS

nect the common (-] test probe to frame ground. The
meter should indicate battery voltage (12 voits DC).
2. Connect the positive {+) meter test probe to Terminal
5 of the autc-off-manual switch,
a. Set the swiichto "Aute” and the meter should read
battery voltage.
b. Set the switch to "Manual"- no voltage should be
indicated.
3. Connect the positive (+) test probe to switch terminal
& and the common (-} test probe to frame ground.
a. Set the switch to "Auto"- the meter should read
zero volts,
b. Set the switch to "Manuai"- meter should indicate
battery voltage.
4. Test Wires 15A between auto-off-manual switch and
the CMA circuit board connector far epen condition.

RESULTS:

1. If no voltage is indicated in Step 1, check the Wire
15 circuit for open condition.

2. if voltage is indicaled 'n Step 1 but not in Step 2
{swiich at "Auto"), replace tre auto-off-manual switch.
3. I voltage is indicated in Step 1 but not in Step 3
("Manual" position}, replace the auto-off-manual
switch.

4. Repair or replace any defective wire 15A.

Test 8- Check Wire 56 Voltage

DISCUSSION:

During an automatic start or when starting manuaily,
& crank relay (K1} on the CMA circuit bozard shouid
energize for about 7-9 seconds, de-ensrgize for 7-8
seconds, and so on. Each time the crank relay ener-
gizes, the CMA circuit board should deliver 12 volts DC
lo g starier contactor (SC) and the engine should crank,
This tast will verify (a) that the crank relay on the circuit
board is energizing, and (b) that circuit board action is
delivering 12 velts DC to the starter contacior.

PROCEDURE:

1. Connectthe positive (+) test probe of a DC voltmeter
{or VCM) to the Wire 56 terminal of the starter contac-
tor. Connect the commen {-) {est probe to frame ground.
2. Gain access to the control module assembly (CMA)
so the circuit board crank relay (K1) and run reiay (K2)
can be observed. The CMA is mounted on the rear
panel of the generator enclosure, See Figure 4 on Page
6.1-2 for location of circuit board crank and run relays.
3. Observe the meter and the circuit board relays. Then,
actuate the auto-off-manual switch to "Manual” posi-
tion. :

a. The circult board's crank and run relays should

energize.

b. The meter should indicate battery voliage.
4. Insert the positive (+) meter test probe into Pin 5 of
the CMA board connector, connect the common {-) test
probe to a clean frame ground. Then, repeat Step 2.

a. The circuit board's crank and run relays should

energize.

D. The meter should read battery voltage.
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Test 8- Check Wire 56 Voltage (Con-
linued)

RESULTS:

1. If battery voltage is indicated in Step 4, but not in Step
3. Wire 56 (betweenthe CMA board and starter contac-
tor} is open. Repair or replace this wire as required.
2. 1f battery voltage is not indicated in Step 4, replace
the CMA circuit board.

3. It battery voitage is indicated in both Steps 3 and 4,
but engine does not crank, go onto Test 9.

Sgz== TOSTARTER CONTACTOR
17
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2. !f battery voltage was indicated in Step 2{p), but the
engine did not crank, go on to Test 10.

16 56 13
RED

-

©)

b i |

i)

Figure 4. The Wire 56 Circuit

Test G- Test Starter Contactor

DISCUSSION:

Tne starter contactor {SC) must energize and its
heavy duty contacts must close or the engine will not
crank. This test will determine if the stanercontactoris
inworking crder.

FROCEDURE:

Use a DC voltmeter {or a VOM) to perform this test.
Test the starter contactor as follows:
1. Connect the positive (+) meter test lead to the large
starter contactor stud (to which the red battery cable
connects). Connect the common (-} meter fest lead to
a clean frame ground. Battery voltage (12 volis DC)
should be indicated,
2. Now, connect the positive (+) meter test lead o the
large starter contactor stud to which the starter motor
cable attaches (Wire 16}. Connect the commeon (-) test
lead to frame ground.
a. No voltage should be indicated initially.
b. Set the auto-off-manual switch to “Manual™. The
meter should now indicate battery voltage as the starter
contactor energizes.

RESULTS:

1. If battery voltage was indicated in Step 1, but not in
Step 2{b), replace the starter contactor.
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Figure 5. The Starter Contactor

Test 10- Test Starter Motor

DISCUSSION:

Test 8 should have been performed to verify that
CMA circuit board action is delivering a DC voltage to
the starter contactor coil. Test § verified that the starter
contacter is functioning properly. Ancther possible
cause of an "engine won't crank” problem is a failure of
the starier motor.

PROCEDURE:

1. Carefully inspect the starter motor cable that runs
from the starter contactor to the starter motor. Cable
connections must be clean and tight. If connections are
dirty or corroded, remove the cable and clean cable
terminals and terminal studs. Replace any cable that is
defective or badly corroded.
2. Use a DC voitmeter (or a VOM) to perorm the
following test:
a. Connect the positive (+) meter test lead to the
starter motor terminal lug and the commen (-} test
lead to frame ground.
b. Set the auto-off-manual switch o “Manual". The
meter should indicate batiery voltage and the engine
shouid crank.

RESULTS:

1. If baftery voltage is indicated and the engine cranks,
discontinue tests.

2. If battery voltage is indicated but engine does not
crank, go te Step 3.

PROCEDURE:

3. Totest starter moterperdformance, remove the starter
and proceed as follows:
a. See Figure 6. Connect the starter motor, a fully
charged 12 vclts battery, tachometer and an am-
meter as shown.
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Test 10- Test Starter Motor (Continued)

b. Operate the starler motor and note the readings
of the ammeter and the fachometer. A starter motor
in good condition will be within the test specifications
shown below:

MAXIMUM MOTOR RPM 6500
MAXIMUM AMPERES 35

TACHCMETER

[
NOTE RPM GF

i TMar & REMOVE ONE END OF
TARTER MOTGR

EHUNT STRIP

Figure 6. Testing Starter Motor Performance

4. Check starter pinion operation (Figure 7).
a. When the motor is energized, the pinion gear
should move outward 10 engage the flywheel ring
gear and crank the engine.
b. If the gear does nct move properly, inspect the
helix and pinion gear for binding and sticking. Correct
such binding and sticking as necessary.

NOTE: If the pinion sticks on the helix, problem must be
corrected. Parts may be washed in a solvent such as
"Stanisol®" or "Varsol®". DO NOT CIL OR GREASE THE
HELIX OR FPINIGN GEAR.

N}
kf:‘:‘“—*—'—* =

Figure 7. Checking Pinion Gear Operation

SECTION 6.4
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Test 11- Check Fuel Supply and Pressure

DISCUSSION:

The air-cooled prepackaged generator was factory
tested and adjusted using natural gas as a fuel If
desired, LP {propane) gas may be used. However,
when changing over 1o propane, some minor adjust-
meris are required. See Pant 8, "Opsrational Tests and
Adjustments”. The following facts apply:

» An adequate gas suPpiy and sufficient fuel pres-
sure must be avallable ¢r the engine will not start.
= Minimum recommended gaseous fuel pressure at

the generator's fuel inlet connection is 11 inches
water column (6.38 ounces per square inch),

» Maximum gaseou_s fual pressure atthe generzior's
tuel iniet connection is 14 inches water column (8
ounces per square inch).

« When propane gas is used, only_a "vapor
wihdrawal type system may be used. This type of
system utilizés the gas vapors_that form above the
liquid fuel in a storage tank. The vapcr oressure
must be high enoughto sustzain engine operation.

+  The gaseous fuel system must be propery tested
for 1€aks following installation and periodically
thereatter. No learkage is permiited. Leak test
methods must comply™strictly with applicable fusi-
Gas codes.

DANGER: GASEQUS FUELS ARE HIGHLY EX-
PLGSIVE, DO NCT USE FLAME OR HEAT TO
TEST THE FUEL SYSTEM FOR LEAKS.
NATURAL GAS IS LIGHTER THAN AIR, TENDS
TQ SETTLE IN HIGH PLACES. LP (PROPANE)
GASISHEAVIERTHAN AIR, TENDSTO SETTLE
INLOW AREAS. EVEN THE SLIGHTEST SFARK
CAN IGNITE THESE GASES AND CAUSE AN
EXPLCSION.

PROCEDURE;

A waler manometer or a gauge that is calibrated in
"ounces per square inch” may be used to measure the
fuel pressure. Fuel pressure at the infet side of the fuel
solenoid valve should be between 11-14 inches water
calumn as measured with a manometer, or 5.38-14.000
ounces per square inch as measure with a pressure
gauge.

NOTE: Whare a primary regulator is used to establish fuel
inlet pressure, adjustment of that regulator is usually the
respensibility of the fusl supplier or the fuel supply system
instafler,

RESULTS:

It fuel supply and pressure are adequate, but engins
will not stant, go onto Test 13. You may wish o review
Section 1.3, "Prepackaged Instaliation Basics".
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Test 11- Check Fuel Supply and Pres-
sure (Continued)

FUEL

VAPGR
WITHDRAWAL
TANK

SECTION 6.4
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PROCEDURE:

1. Set the auto-off-manual switch to "Off".
2. Connect the posttive (+) test lead of a DC voltmeter
(or VOMY} into Pin 7 (Wire 14) of the CMA circult board
connector. Connect the common {-) test lead o frame
ground.
3. While observing the meter, set the manuak-off-auta
switch fo "Manual”.
a. The circuit board’s ¢rank and run relays should
energize and the engine should crank and start.
b. The meter should indicate battery veitage.

RESULTS:

1. Ifthe engine cranks but does not start and DC voltage
is not indicated, replace the CMA circuit board.

2. lf the engine cranks but does not start and DC voltage
is Indicated, go to Test 14.

Figure 8. Air Cocled Engine Fuel System

Test 12- Check CMA Circuit Board
Power Supply and Output to Wire 56

DISCUSSION:

If the engine will not crank when the auto-off-manual
switch is set to "Manual”, # is possible that {a) the DC
power supply to the CMA circutt board is lost, or (b) the
cireult board is defective and its DC output to Wire 56
and the starter contactor is lost,

PROCEDURE:

1. Complete Test 7, "Check Wires 15/15A Voltage”.
2. Complete Test 8, "Check Wire 56 Voltage",

RESULTS:

1. In Test 7, # battery voltage is indicated and engine
cranks and stans, discontinue 1ests,

2. In Test 7, if the power supply to the circut board is
bad, perform Test 3.

3. if pewer supply to the circuit board was good, but no
DC output to Wire 56, replace the CMA circuit board.

Test 13- Check CMA Board Wire 14 Out-
put

CISCUSSION:

During any cranking action, the CMA board's crank
refay (K1) and run relay (K2) both energize simul-
tanecusly. When the run relay energizes, its contacts
close and 12 volts DC is deliversd to Wire 14 andto a
fual solenoid. The solenoid energizes open to allow fuel
flow {o the engine. This test will determine if the CMA
circuit board is working property.
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Figure 8. The Wire 14 Circuit

Test 14- Check Fuel Solenoid

DISCUSSION:

In Test 13, f battery voltage was delivered to Wire 14,
the fuel sclenoid should have energized open. This test
will verify whether or not the fuel solenoid is operating.

/“:'_D..—-——;

L

%}ﬂ |

}

Figure 10, The Fuel Solenoid {(FS)
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Test 14- Check Fuel Solenoid (Con-
tinued)

FPRCCEDURE:

Place one hand ¢n the fuel solenoid and crank the
engine. You should be abie to feel the solenoid actuale
as well as hear it acluate. ki

RESULTS:

1. if solencid actuates, go to Test 15.
2. Replace the solenoid if it does not acluate.

Test 15- Check For ignition Spark

CISCUSSION:

if the engine cranks but wilf not start, perhaps an
ignition system failure has occured. A special “spark
tester” can be used {0 check for ignition spark.

PROCEDURE:

1. Remove spark plug leads from the spark plugs
(Figure 11).

2. Aftach the clamp of the spark tester {0 the engine
cylinder head.

3. At;ach the spark plug lead to the spark tester ter-
minal.

4. Crank the engine while observing the spark tester. if
spark jumps the testergap, you may assume the engine
ignition system is operating satisfactorily.

NOTE.: The engine llywheel must rotate at 350 rpm (or higher)
fo obtain a good test of the solid state ignition system.

To delermine if an engine miss is ignition reiated,
connect the spark tester in series with the spark plug
wire and the spark plug (Figure 12}, Then, crank and
start the engine. A spark miss will be readily apparent,
i spark jumps the spark tesler gap regularly but the
engine miss continues, the problem is inthe spark piug
or in the fuel system,

NOTE: A shearad flywheel key may change ignition timing
but sparking will still cccur across the spark tester gap.

B
N
W \_/@'
N \‘“'::-"’//”
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SPARKPLUGLEAD o~ B

\\pws
\\\~\ )

Figure 12. Checking Engine Miss

RESULTS:
1. no spark or var, weak spark occurs, goto Test 138,
2. It sparking occurs but engine still won't stari, go to
Test 16.

3. When checking for engine miss, if sparking occurs
at regular intervals but engine miss continues, go to
Test 16.

4. When checking for engine miss, if 2 spark miss is
readily apparent, go {o 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 fouled or
otherwise damaged. Engine miss may also be caused
by defective spark plug(s).

PROCEDURE:

1. Remove spark plugs and clean with a pen knife or
use a wire brush and soivent.

2. Replace any spark plug having burned electredes or
crackad porcelain.

3. Set gap on new or used spark piugs to 6.030 inch
{0.76mm).

RESULTS:

1. Clean, regap or replace spark plugs as necessary.
2. if spark plugs are good, go to Test 17.

G0 P8 mmy
FEELER GAUGE

"
4 77

AN ;!';

. \\___-—-:; L0 u‘{;ul
\\/
Ny L SPARK PLUG

7

Figure 11. Checking Ignition Scark

Figure 13. Checking Spark Plug Gap
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Test 17- Check Engine Compression

DISCUSSION:

Lost or reduced engine compression canresultin (a)
failure of the engine to star, or (b} rough operation.
Loss of compression will usually be caused by one or
more of the following: .

+  Blown or leaking cylinder head gasket.
* Improperly seated or sticking valves.

*  Worn piston rings or cylinder. {This will also result
in high oil consdmption.

NOTE: itis extramnely difficult to obtain an accurate compres-
sion reading without special eguipment. For that reason,
comprassion values are not published for the V-Twin engins.
Testing has proven that an accurate compression indication
can be obtained using the following method,

PROCEDURE:

1. Remove both spark plugs.

2. Insert a compression gauge into either cylinder.

3. Crank the engine untll there is no further ingreaszs in
pressure.

4. Record the highest reading obtained.

5. Repeat the procedure for the remaining cylinder and
record the highest reading.

RESULTS:

The difference in pressure between the two cylinders
should not exceed 25 percent. f the difference is
greater than 25 percent, loss of compression in the
lowest reading cylinder is indicated.

Example 1:1f the pressure reading of cylinder #1 is 65
psi and of cylinder #2, 60 psi, the difference is 5 psi.
Divide "5" by the highest reading (85) to obtain the
percentage of 7.8 percent.

Example 2: No. 1 cylinder reads 75 psi; No. 2 cylinder
reads 55 psi. The difference is 20 psi. Divide 20" by
"737to obtain "26.7 percent. Loss of compression in No.
2 cylinder js indicated.

Test 18- Check Engine 1.8.D. Module

DISCUSSION:

The 1L.5.D. module is electrically connected in series
with the two engine ignition modules and Pin 6 of the
CMA circuit board. The module consists of diodes
which permit current flow in one direction only. Wire 18
connects the moduie to the circult board. During normal
operation, circuit board action holds the Wire 18 and
Fin 6 circuit opento ground. For shutdown, circu# board
action closes that circuit to ground. Termination of
engine ignition is the result and the engine will shut
down.

PROCEDURE:

1. Set a VOM to its "RAx 1" scale and zero the meter.
2. If the meter has a polarity switch, set it to "+DC".
3. See Figure 14. Connect the VOM pesitive (+) test
lead {o test point "A”, the common (-} to test point "B".
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4. Check the meter reading.

5. Now, reverse the test ieads. That is, connect the
positive (+) test lead to test point "B", the common {-}
testiead totest point "A". Again, note the meter reading.
The VOM shouid indicate the forward resistance of the
1.5.D. diodes at one polarity only and should indicate
"infinity” at the oppasite polarity.

6. Now, connect the positive (+) VGM test lead 1o test
point "B", the common {-) to test point "C". The VOM
should read "infinity™.

7. Reverse the test leads, i.e., connect the positive {+)
test lead to test point "C" and the common {-) {o last
point "B". The meter should indicate "infinity".

RESULTS:
it the 1.5.D. module fails the test, it should be replaced.

Figure 15. Testing L8.0. Module {Sieps 6-7)
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Test 19- Check and Adjust Ignition
Modules

DISCUSSION:

in Test 15, a spark tester was used o check for
engine ignition. If sparking or weak spark occured, one
possible cause might be the ignition modula(s). This
test consists of adjusting the air gap between the
ignition modules and the flywheel.

PRCCEDURE:

1. See Figure 16. Rotate the flywhee! until the magnet
is under the module {armature) laminations.

2. Place an 0.008-0.012 inch (0.26-0.30mm) thickness
gauge between the flywheel magnet and the modute
laminations.

3. Loosen the meunting screws and let the magnet pull
the module down against the thickness gauge.

4. Tighten both mounting screws.

3. To remove the thickness gauge, rofate the fiywheel.
6. Repeat the above procedure for the second module.
7. Repeat Test 15 and check for spark across the spark
tester gap. '

HESULTS:

After setting air gap, if sparking does not occur, replace
the appropriate ignition module (armature).

Figure 16. Seiting Ignition Module (Armature) Air Gap

Test 20- Check Oil Pressure Switch

DISCUSSION:

Also see Sectien 1.6 inthis manual. if the oil pressure
switch contacts have failed in their closed position, the
engine will probably crank and start. However, shut-
down will then occur within a second or two. I the
gngine cranks and starts, then shuts down almost
immediately, the cause may be one or more of the
following:

» Low engine cil level.
+ Low oil pressure,
+  Adefective oif pressure switch.

- SECTION 6.4
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PROCEDURE:

1. Check engine crankcase cil level.
a. Check engine ol lavel,
b. If necessary, add the recommended oil to the
dipstick "Full" mark. DO NOT OVERFILL ABQVE
THE "FULL" MARK.
¢. Check oil level in the oil makeup tank. Fill tank, f
necessary, using the same type and grade of il used
ir the engine crankcase.
d. If engine oil level is low and oil makeup tankis full,
check the oil makeup system as follows:
(1} Inspect oil makeup system lines and fittings tor
leaks, tightness.
{2} Check the oil fill tube and oil filier cap for
tightness.
2. With oil level correct, try starting the engins.
a. If engine still cranks and stans, but then shuts
dowr, go to Step 3.
b. if engine cranks and starts normally, discontinue
tesis.
3. Disconnect Wire 85 from the oil pressure switch
terminal. Remcve the switch and install an oil pressurs
gauge in its place.
a. Crank the engine while observing the ol pressure
reading on gauge.
b. ¥ engine starts and runs with Wire 85 removed,
note the ¢l pressure.
{1) Normal off pressure is approximately 10-15 psi
with engine running. If normal oil pressure is indi-
cated, go to Step 4 of this test.
{2} If cil pressure is below about 4.5 psi, shut
engine down immediately. A problem exisis in the
engine lubrication system.
¢. If engine starts and then shuts down with Wire 85
disconnected from switch, go o Test 21.
4. Remove the oil pressure gauge and reinstall the oil
pressure switch. Do NOT connect Wire 85 ta the switch
terminal.
a. Set a VOM to ifs "Rx 1" scale and zero the meter.
b. Connect the VOM test lzads across the swilch
terminaland the switch body. With engine shut down,
the meter should read "continuity”,
c. Crank and start the engine. The meter should read
"infinity".

RESULTS:

1. If switch tests good, go to Test 21.
2. Replace switch if it fais the test,

Figure 17, Oil Pressure Switch

Page 64-2



PART 6- DC CONTROL
(UNITS WITH AIR COOLED ENGINE)

Test 21- Check High Oil Temperature
Switch

DISCUSSION:

Also see Section 1.6. If the temperature switch con-
tacts have faled in a closed position, engine wiil
generally crank and start. However, shutdown wili then
occur within a second or fwo.

FPROCEDURE:

1. Disconnect Wire 85 from the switch.

2. Remove the oil temperature switch.

3. Immerse the sensing tip of the switch in cil as shewn
in Figure 18, along with a suitable thermometer.

4. Set a VOM to its "Rx1" scaia and zero the meter.
Then, connect the VOM test leads across the switch
terminal and the switch body. The meter should read
"infinity”.

5. Heat the oil in the confainer, Whean the thermometer
reads approximately 2747-294" F. (134°-148" C.}, the
VOM should indicate "continuity”.

RESULTS:

1.1 the switch tests good, reinstall it and go to Test 22,
2. If the switch tesls bad, it should be replaced.

Figure 18. Testing the Oil Temperature Switch

Test 22- Check Wire 18

DISCUSSION:

Wire 18 connects the engine's 1.5.D. module 1o the
CMA circuit board. During a shutdown operation, circuit
board action connects Wire 18 and the 1.5.D. module
to ground. Thus, ignition is terminated. If Wire 18 is
shoried to ground, engine startup cannot occur. if Wire
18 is open, ignition will not be terminated o effect
shutdown. Mowever, shutdown will still occur since the
fuel solenocid {FS) will be de-energized by circuit board
action.
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PROCEDURE:

Use a VOM o test Wire 18, between the 1.8.D.
module and the CMA circuit board connecter, for an
open or shorted condition.

RESULTS:
Repair or replace defective Wire 18 as necessary.

Test 23- Check Generator Main Circuit
Breakers

Refer o Test 1 in Section 2.4 (Page 2.4-1).

Test 24- Test Stator Battery Charge
Winding Output

DISCUSSION:

The CMA circuit board utilizes battery charge wind-
ing output as (&) an indication the engine has staned,
and (b} as an ehgine speed indicator. When batiery
charge winding output is detected by the circuit board,
an "engine warmup timer" staris timing. If battery
charge winding output is non-existent or low, fransfer
of loads to the "Standby" source cannot cceur,

PROCEDURE;

1. See Figure 19. Connect an accuraie AC frequency
meler across Pin #8 of the CMA circuit board connector
{tc which Wire 66 connects} and the terminal on the
batiery charge rectifier to which Wire 77 connecis,

2. Start the engina. The frequency meter shouid read
approximately 61-63 Hz at no-load.

NOTE: An AC voltmstsr can also be used to check for an
"angine running” signal. With engine mnnir;qg the vollmater
should indicate approximatsly 15 volts AC (RMS).

3. Inside the generator panel, disconnect stator Wire 55
from the resistor. Alse, disconnect Wires 66 and 77
from the battery charge rectifier (BCR). Test the battery
charge windings for centinuity as follows:
a. Set a VOM to its "Rx1" scale and zero the meter.
b. Connect one VOM test lead to terminal end of Wire
55, the other test lead to Wire 66. A resistance of
approximately 0.06 ohm should be indicated. Some
metars will simply read continuity.
c. Connect cne testlead to Wire 55, the othar to Wire
77. Again, resistance should be about .06 ohm.

d. If reading is very high or i "infinity" is read, ancpen
circult results in the stator battery charge winding.
4. Now, set the VOM to a very high resistance scale

and zero the meler. '
a. Connect one test lead to Wire 66, the other test
tead to a clean frame ground. The VOM shouid read
"infinity".
b. if the VOM reads other than "infinity” a shorted
cendition exists,
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Test 24- Test Stator Battery Charge
Winding Output (Continued)

RESULTS:

1. It an open circuit is indicated, remove and replace
stator assembly.

2. It a shorted condition is indicated, refer to Section
1.5, "Testing, Cleaning and Drying".

55

e 77 st

BCR= BATTERY CHARGE
RECTIFIER

GT = GROUND TERMINAL

R =RESISTOR

Figure 18. Battery Charge Winding Test Points

Test 25- Ground CMA Terminal 23

DISCUSSION:

To initiate a transfer to "Standby” action, the CMA
board connects the terminal 23 circuit to ground. This
causes the transfer relay in the transfer switch o ener-
gize and transfer to "Standby" occurs. If, during auto-
matic operating mode, transfer to the "Standby” source
does ot occur, this test will determine if the problem is
in the generator's control module assembly {CMA) or
in the prepackaged transfer swiich,

PROCEDURE:

1. On the generator panel, set the zute-off-manual
switch to "Off",
2. Turn GFF all power voltage supplies to the transfer
switch, using whatever means provided.
3. Check that the transfer switch main contacts have
been actuated to their "Utility" power source side.
4. Turn ON the “Utility” power supply to the transfer
swifch.
5. Setthe generator's auto-off-manual switch to "Auio™.
€. Actuate the generator's main fine circuit breaker to
its "On" or "Closed" position.
7. Turn OFF the "Utility” power supply to the transfer
switch using whatever means provided.
a. After a slight delay, the engine should crank and
stan.

. SECTION 6.4
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b. Following startup, transfer to "Standby” should

ocCur.
8. If transfer to the "Standby” source does NOT occur,
connect a jumper wire from terminal 23 of the CMA and
to a clean frame ground. On connection of the jumper
wire, the transfer relay (in transfer switch) should ener-
gize and transfer to "Standby” shouid oceur.
RESULTS:

1. if transfer to "Standby” occurs in Step 8 but did not
oceur in Step 7, replace the CMA circuit board.

2. it transfer to "Standby” did not occur in either Step 7
or Step 8, go on to Test 26.

Test 26- Test Terminals 23 and 194 Cir-
cuit

CISCUSSION:

Terminals 23/184 of the CMA terminal strip should have
been properly connected to identically numbered ter-
minais in the prepackaged fransfer switch. If this circuit
is open at any peint, transfer fo "Standby” will not cccur
in automatic mode.

FROCEDURE:

Inspect and test Wires 23/194, between the ganerater
and transfer switch.

RESULTS:

1. Repair, reconnect or replace interconnecting Wires
23/184 as required.
2. If Wires 23 and 194 are good, go on to Test 27.

Test 27- Test Transfer Relay
Refer io Test 3 in Part 4, Section 4.4,

Test 28- Check Voltage at Standby Clos-
ing Coif
See Test 2 in Part 4, Section 4.4,
Test 29- Test Limit Switch XB1
Refer to Test 5in Pant 4, Section 4.4.

Test 30- Test Transfer Switch Wires ET1,
205, Band E2

See Section 4.4.

Test 31- Check Transfer Switch Fuses
Fiand F2

See Test 10 in Section 4.4,

Test 32- Check Voltage at Utility 1 and 2
Termipals

Refer to Test 8 in Section 4.4,
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Test 33- Test Sensing Transformer

DISCUSSION:

A sensing transformer is housed in the control
module assembly (CMA). Utility 1/Utility 2 voltage is
delivered to the primary winding of this transformer.
The transformer reduces the line-to-line "Utility" source
voltage to about 14 voits AC. The reduced voltage is
then delivered to the CMA circult board as "Utility"
sensing voltage. An open circuit condition in the trans-
former can {a) prevent automatic retransfer back to
“Utility”, and {b) initiate generator startup and transfer
to "Standby" when "Utility" source power is available.

PROCEDURE:

1. Check that "Utility” source voltage is available to the
transfer swiich.

2. Use an AC voltmeter (or a VOM) to check the voltage
at transformer terminals 1 and 4. "Utility" source line-
to-line voltage should be indicatad.

3. Now, check the voltage at transformer terminals 5
ar&d 8. The meter should read approximately 14 volts
AC.

RESULTS:

1. if voltage readings in both Steps 2 and 3 are good,
go onto Test 34,

2. If voltage in Step 2 is good, but reading in Step 3 is
bad, replace the sensing transformer.

Figurs 20. Sensing Transformer T1

Test 34- Disconnect Wire 23 from CHMA
Terminal Strip

DISCUSSION;

During automatic operation, when "Utility” power has
been restored, CMA circuit board action should open
the Wire 23 circuit fo ground. With Wire 23 open, the
transfer relay should de-energize and retransfer back
to the "Utility" source should oceur,
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If the CMA board malfunctions and does not cpen
the ground on the Wire 23 circuit, retyransfer back tg
“Utility" will not occur.

PROCEDURE:

With the generator running and loads powered by the
"Standby” source, disconnect Wire 23 from the CMA
terminal strip.  The transfer relay should de-energize
and retransfer back to the "Wility” source should occur.

RESULTS:

1. 1f retransfer fo "Utllity” occurs when Wire 23 is
discennecied, but does not occur during normal auto-
matic operation, replace the CMA circuit board.

2. i retransfer does not cccur when Wire 23 is discon-
nected and does nat occur during normal automatic
operation, complete Test 27. f the transferreiay checks
good in Test 27, go on to Test 35.

Test 35- Check Voltage at Utility Closing
Coil C1

Refarto Test 9 in Section 4.4,

Test 36- Test Limit Switch XA1

See Test 11 in Section 4.4,

Test 37- Check Transfer Switch Wires
N1A, N2A, 126 and "A”

Heferio Test 6 in Section 4.4,

Test 38- Check Utility Sensing Voltage at
CMA Circuit Board

DISCUSSION:

If the generator staris and transier 1o "Standby” cccurs
in automatic mode even though an acceptable "Utility”
source voitage is available to the transfer switch, folfow
the troubleshooting sequence given in Secticn 6.3,
Problem 6. Complete Tesis 32 and 33. In Test 33, if a
ncrmal reduced sensing voltage is available from the
sensing transformer, the next stepis to determine if that
sensing voltage is reaching the CMA circuif board.

PROCEDURE:

Insert the test probes of an AC veitmeter {or a VOM)
into terminals 14 and 15 of the CMA circuit board
connector. Wireas 224 and 225 connect to thoss ler-
minals. The meter should indicate approximately 14
voits AC.

RESULTS:

1. If the meter reads about 14 volts AC, replace the
CMA circuit board and test automatic operation.

2. If the sensing transformer cheked good in Test 33,
but transformer reduced sensing voltage is not avail-
able to the circuit board in this lest, an open conditicn
must exist in Wire(s} 224 and 225, Repair, reconnect
or replace defective wire(s) as necessary.



PART 6- DC CONTROL
(UNITS WITH AIR COOLED ENGINE)

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 withthe "Load 1" and "Load 2" circuit, This circuit
delivers line-to-line "Load" terminal power to the CMA
circuit board. The beard uses that power to operate a
“7-day exercise” circuil. f the generator does not start
and exercise every seven days as programmed, it is
possible that one or both of these 2 amp fuse(s) have
biown.

PROCEDURE:

See Figure 21. Remove fuses F1 and F2. Inspect the
fuses visually and with a VOM.

RESULTS:

1. Replace any blown fusa(s),
2. i fuses are good, go on to Test 40.

OO

———

F4

F2 E | _-F3

OBO

Figure 21, Transfer Swiich Fuse Block

Test 40- Check Voltage at CHA Utility 1
and 2 Terminals
DISCUSSION:

Loss of voltage at the Utility 1/2 terminals of the CMA
will resuit in loss of the timing count for 7-day exercise.

FROCEDURE:

Use an AC voltmeter {or a VOM) to check the voltage
across the "Utility 1/Utility 2" terminals of the control
module assembly ({CMA) lerminal board.

RESULTS:

1.t normal line-to-line voltage is indicated in the test,
go to Test 42,

2. )f normal line-to-line voltage is NOT indicated in the
test, go to Test 41,

SECTION 6.4
DIAGNOSTIC TESTS

Test 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 switch and the
generator is indicated. This 1est will help you locate
where the open circuit is.

PROCEDURE:

Use an AC veltmeter (or VOM) to test the line-to-line
load voitage at transfer switch ferminals "Utility 1 and
2"

RESULTS:

1. if load voltage is good, but was not good in Test 40,
an open o- sherted condition exists in the "Utility /2"
wiring be ween the transfer switch and generator.
Repalr, r connect or replace bad wiring as necessary.
2. lfload oltage is badin this test and was also bad o
Test 40, several possibilities exist as foliows:

a. Check Wires T1A and T2A, beiween the transfer

switch terminal board and terminal lugs T1/T2.

b. Check voltage across terminal lugs T1/72.

c. If voltage reading across T1/T2 is bad, check

"Utitity” source voltage across transfer swiich ter-

minal lugs N1/N2,

d. If veltage reading across N1/N2 is goed, but

reading across T1/T2 is bad, the main contacts are

not closed to the "Utility” power scurce side or the

transfer mechanism is defective, Operate the main

contacts manuzlly to test switch operation,

Test 42- Reset Exercise Timer

DiSCUSSION:

A miniature pushbutton swilch is provided cn the
CMA circuit board for selecting day and time of day for
exercise {o occur. If the standby generator does not
start and exercise as originally programmed, perhaps
the circuit board's "timing count” has been lost.

PROCEDURE:

1. Set the generator's auto-off-manual switch to "Off".
2. Check that the transfer switch main contacis are at
their "Utility™ power source side, i.e., "Load” is con-
necied to the "Utility” source.

3. Check that "Utility" power source voltage is available
to terminal lugs N1/N2 of the transfer mechanism.

4. Set the auto-off-manual switch to "Auto”.

. 5. On the CMA circuit board, locate the small swiich

identified by the words "Set Exercise" {Figure 22),

DANGER: THE GENERATOR WILL CRANK AND
START WHEN THE "SET EXERCISE" SWITCH
IS ACTUATED. STAND CLEAR OF THE GENER-
ATOR SET,

&. Push the "Set Exercise” switch in and hold for abaut
15 seconds.
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Test 42- Reset Exercise Timer (Continued)

When the "Set Exercise” switch is actuated, the
generator engine should crank and start. The engine . TEAMINAL
should run for about 20 minutes and then shut down. ., £ BOARD >
Transier tc the "Standby" source does not normaily —
oceur during the "exercise” operatiori. I Ty [0 e ol
Every seven (7) days thereafter, on the selected day 11l ﬁ . 2
and at the selected time of day, the generator should ENE] SET EXERCISE L
start and exercise. t ";'“'g? SWITCH
of " 2 CIRCUIT o
RESULTS: — BOARD
1. If all tests under Problem 7 {Section 6.3) have been RERERGAT,
compieted and no problems have been found, repiace N :
the CMA circuit board if the following conditions are & :
met: o I ===  J
a. It the generator does not start when the "Set 7 ] ) | - p
Exercise” swilch is depressed. = T Tt
b. Iif the generator does not start and exercise evary TRANSFORMER
seven (7) days as programmed. - = e
2. ithe generafor starts whenthe "Set Exercise” switch Figure 22. The "Set Exercise” Switch

is actuated and exercise occurs as programmed, dis-
continue tests.

Page 6.4-14
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SECTION 7.1
DESCRIPTION & COMPONENTS

Section 7.1

DESCRIPTION AND COMPONENTS

General

Information in this section is provided to familiarize
the reader with the various components that make up
the DC control system on prepackaged units having a
liguid cooled engine. These compeonents may be ar-
;:;itrariiy divided into four {4} broad categories as fol-
ows:

» Components on a control module assembly (CMA),
+ Compenents on the generator coniro! console.

* Engine mounted components,

» Transfer swiich components.

Control Module Assembly

LOCATION AND DESCRIPTION:

The control module assembly {CMA) is housedinthe
generater control console. The CMA includes (a) a
terminal board, (b) a sensing transformer, and {c) a
circuit beard.

TERMINAL
/BOARD

e ]
O FErsioeworey o]0

SET EXERCISE {_
SWITCH

CiRCUIT =
BCARD

3.3 2 =
¥ o
=) \ L= | S
TRANSFCRMER

Figure 1. Control Module Assembly (CMA)

CMA TERMINAL BOARD:

The 7-position terminal board provides convenient
attachment points for control system wiring that must
be interconnected between the prepackaged transter
switch and generator during system installation. This
wiring must be installed and interconnacted between
the CMA terminal board and an identically marked
terminal board inthe prepackaged transfer switch. The
following terminals are identified:

A. NTA and N2 (Utility 1 and Utllity 2)
1. These terminais deliver "Utildy" power scurce
tine-to-line veltage from the prepackaged transter
switch and to the primary coil of a sensing trans-
former,

2. Dropout of the "Utility" sensing voltage below a
preset value will result in gensrator stariup due to
CMA circuit board action.
3. This line-to-line "Utility" voltage is also used by the
CMA board to operate a bafiery "rickle charge”
circuit. That circuit helps maintain battery state of
charge when the engine is not running.

B. T1and T2 (Load 1 and Load 2);
1. This line-to-line poweris taken fromtransier switch
"Lead” terminal lugs T1 and T2.
2. This "Load" voltage power is used by the CMA
cireult board to operate a "7-day exercise” clock or
timer circult. This circuit starts and exercises the
generator once gvery sevendays,onaday andata
time of day selected by the installer.

C. Terminals 23 and 194:
1. The CMA circuit board defivers a +12 volts DC
signal to a transfer relay call in the transfer switch,
via terminal and Wire 194. The 12 volts DC circuit is
completed through the transfer relay coil and back to
the CMA circuit board, via Wire 23,
2. The CMA board normally holds the terminal 23
circuit open to ground and the transfer relay is de-
energized.
3. During a "Utility” power source outage, CMA circuit
board action will crank and start the generater. Fol-
lowing generator startup, CMAboard action wiil com-
plete the terminal 23 circuit to ground. The transfer
retay will then energize to initiate transier of "Load"
circuits to the "Standby” power source.
4. When "Utility" source voitage is restored, CMA
board action will again open the terminal 28 circuii to
ground. The transfer relay wil then de-energize fo
inttiate retransfer back to the "Utllity" source.

228EZEl.

o
o™

Eo

Y
O

LOAD 1
LOAD 2
194

UTILITY 1
UTHATY 2

Figure 2. CMA Terminal Board

TRANSFORMER Tt:

The line-to-line voltage from the "Utility 1/Utility 2"
terminals is delivered to the primary coit of this step-
down transformer. A veoltage of about 14 volts AC is
induced into the transiormer's secondary coil and is
delivered to the CMA circuit board as sensing voltage.

Fage 7.1-1
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Control Module Assembly (Continued)

The reduced secondary coil output from the trans-
former is used by the CMA circult board not only as
"Utility” source sensing voltage, but also to operate a
battery trickle charge circuit. The latter helps maintain
the battery at a high state of charge curing non-operat-
ing periods.

CMA CIRCUIT BOARD:

This solid state circuit board controls all standby
eiectric system operations, including engine cranking,
stariup, running, automatic transfer and shutdown.
Other operations contrelied by the circuit board include
the following:

« The board defivers "iield boost” current to the gen-
grator rotor, via connactor gm 1, and Wire 4. Also
see "Field Boost” on Page 3.1-4.

+ The circuit board provides automatic engine shut-
down inthe event of (a% low engine oil pressure {bz
high engine coolant témperztre, (c) low coolan
level, {d} overspeed and (Ie) overcrank. Sge Sec-
tion 1.6, "Engine-Generator Proteclive Devicas”
{Page 1.6-2).7Qn occurence of any one (or mare)
of tHesa engine faults, the circuit board wiliturn on
a fault indicator iamp.

The various functicns handled by the CMA circuit
board are listed in the following chant, along with ap-
propriate circuit board connector pin numbers and wire
numbers.

SECTION 7.1
DESCRIPTION & COMPONENTS

4 8523 56 14 4794 T5A 23% 0 225 T

e !L__} AR
=

]
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Figure 3. CMA Circuit Board Connector Terminais

Control Consocle Components

TERMINAL BOARD TBf1:

This 20-position terminal board (Figure 4) provides
a convenient connection point for DC contrel system
wiring. Terminals, associated wires and thair funciions
are listed in the following chart.

PIN | WIRE FUNCTION
1 & igtd Doost [o rolBr [3-10 voiis UU)
2 85 |Engine shutdown fault line {low oif pressure, nigh

coclant temperatura)

TERM.{ WIRE FUNCTION
] J L ommon g/oung
79 -- Not used on prepackaged Units
13 13 Unfusad battery voits {12 voits BC})
14 14 12 voits DG with enging running only- used

to turn on ignition, apen a fuel solencid and
turn on an hourmeter.

15 - Ne factory connected wires (fused 12 volls
DC)- see Tarminal 229,

3 23 (Grounded {-) side of ransfer relay circuit

4 194 {Positiva (+) DC sida of transfer ralay circuit

S 56 I+12 volis DC to control cantactor for eranking

6 --- INetused

7 14 112 volts DC to ignition coii and hourmetar

8 - INot used

g 178 Manual start fine to auto-off- manual switch

10 154 [+12 volts DC with autc-oH-manual switch at
"Auto” or "Manual®

11 239 (+12 voits DC 1o auto-offt-manual switeh

12 15 k12 voits DC {battery trickle charga)

13 ¢ {Common ground

14 224 {14 volts AC frem CMA sersing transformer

15 225 {14 volts AC from CMA sensing transformer

16 T2 [lina-io-hne AC voltage from “Load” terminal fugs
of ransfar switch

17 T1 [line-to-line AC voitage from "Load” terminal jugs

of transfor switch

S15 |Frequancy (rpm} sensing from AC power winding

150 |Engine prebeat {cnly on diesel enging units)

A

2] S16 {Fraguency {rpm} sensing from AC power winding
c

o

229 INegative (-} side of optiona! alarm relay connac-
rion. Circuit board action will complste this circuit
o ground on accurenca of a fault shutdown,

111

176 INegative () side of {auit indicator lamp circuit,
Circuit board action will complete this cireuit to
round 0n occurence of a fault shutdown,

Page 7.1-2

4 4 Reguiated excitation and field boost current
1o rotor

229 For connecton of optional remate alarm
relay

= 56 12 voits DC when cranking cnly

68 53 Cil pressurs sender 1o panel gaugs

R 63 ¢oolant temperature sender to pansl gauge

85 85 Low cil pressure switch conpection

86 86 High coolant temperature switch connaction

150 For preheat on diese! sngine units only

218 Nat used on prapackaged units

218 Not used on prepackaded units

NOTE: For additional information on Terminal 229 and an
oplicnal afarm relay, see "Optional Alarm Relay” in this sec-
tion.

NOTE: Terminal board TB2 is mounted in the control moduje
assembly (CMA).
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Control Console Components (Continued)

Figure 4. Terminal Board TB1

OPTIONAL ALARM BRELAY:

Ternnnal 229 or terminal board TB1 is a convenient
conncction poini for an optional alarm relay. The ter-
minal will support any relay requiring up to a maximum
of 100 miili-amps of current draw. See Figure 5, below.
Trie oplional relay coil is connected across terminals
15 and 229. Aremcte alarmdevice is connected across
the relay contacts so that, on contacts closure, a
separale power supply will turn the alarm device on.
Terminal 15 is fused battery voltage (12 volts DC). On
occurance of any monitored engine fault, CMA circuit
board action will complete the terminal 22¢ circuit to
ground, ta energize the relay and turn the alarm on.

TERMINAL BOARD TB3:

This 2-position terminal board {terminals 178 and
183) must be used when the standby generator is
installed in conjunction with a standard "GTS" type
automatic transfer switch. See Fage 1.3-4,

AUTO-OFF-MANUAL SWITCH:

Switch is shown pictorially and schematically in Fig-
ure 6. Also see Section 1.7, "Operating Instructions”.

FUSE F1!

Fuse F1 is connected in series with Wires 13 and 15
and is rated 30 DC amperes. If fuse replacement b
comes necessary, use only an identical 30 amp r
placement fuse.

E.
e

FAULT INDICATOR LAMF L1,

Lamp L1 is powered by the Wire 15 circuit (fused
battery voltzge). The lamp circuit is completed {o the
CMA circuit board, via Wire 176, On occurence of a
monitored engine fault, circuit board action will com-
plete the Wire 176 circuit 10 greund and the famp will
turn ON. Engine faults that will cause the iamp 1o tum
on are discussed in Section 1.6, "Engine-Generator
Protective Devices”.

[__f"‘_ I ——l
; =7 i
!
l ALARM POWER
| | RELAY SUPPLY
| | '
{
i t |
&3 ,
~T-‘# i A Vammmmm—
- Lg I_Z——_l—_’:_} ALARM
- noS DEVICE

1 : 1O CM
‘- :Dc;acw
13 A BOARD

[ B=

30 AMP FUSE

i

Figure 5. Connections for Optional Alarm Rslay
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Control Console Components (Cont'd)

HOURMETER:
During startup, a run relay (K2) is energized by CMA

circuit board action. That relay's normally-open con- -

tacts will then close to deliver 12 volts DC to a Wire 14
circuit. Wire 14 (a) powers the hourmeter, (b} opens an
engine fuel solencid, and (c) energizes the engine
ignition system.

EATTERY VOLTMETER:

During engine operation, the battery state of chargs
is maintained by an engine-driven DC ziternator. Alter-
nator output to the battery is regulated by a DC
regulator. The panel mounted battery voltmeter indi-
cates charging voltage to the battery. When the engine
is running, the DC veitmeter should read approximately
12.5-14.5 volts. A low reading indicates the battery is
discharging.

Engine Mounted Components

Engine mounted DC control system components
include the foliowing”
* A 12 voits battery and battery charge componenis.
*  Astarier motor (SM).
» A conirol contactor (CC).
+ Low Oiiﬁw%h (LOS) and high water temperature

switch
v Afuel solenoid (F3S).
»  Engine ignition system parts.

SATTERY AND BATTERY CHARGE SYSTEM:

See Figure 6. An alternator delivers a charging volt-
age to the battery during engine cperation. The charg-
ing voltage is regulated and reclified by the DC
regulator. The charging circuit is protected by a 30 amp
fuse.

The belt driven afternater is a permanant magnat
type which is a part of the engine speed governor.
Alternaicr maintenance is fimited to replacement of
defective parts.

The BC vollage regulator is housed in an aluminum
heat sink. Allcompongnts are coveredwith epoxy resin.
The regulator is NOT repairable. Reguiator connecior
ping are numbered from left 1o right, as follows:

SECTION 7.1
DESCRIPTION & COMPONENTS

Figuwie €. Battery Charging System

STARTER MOTOR AND CONTROL CONTACTOR:

Curing manual or automatic startup, CMA circuit
board action delivers 12 voits DC o a control contacter
(CC) coil. The coil energizes, its contacts close, and
battery power is delivered to the starter motor (SM).
The starter motor then energizes and the engine is
cranked.

12 VOLT

BATTERY
NEG POS

\ 1

BLACK I

0= RED
f%GHOUND

16 16
|

Tnl

1 E—

| CONTROL CONTACTCR

ISTARTER)

N2/

56 mmed

Figure 7. Engine Cranking Circuit

NQOTE: The alternator supplies alternating current {AC) which
is changed to direct current (DC} by the regulator.

Page 7.1-4

FIN ] FUNCTION

1T CTarcing output fo barery (12.5-14.3 volis D) LOW OIL /HIGH TEMPERATURE SWITCHES:

2 | Charging input from alternator (AC) The lew oil pressure switch has normally-closed

3t Charging input frem alternatar (AL contacts which are held open by enging oii pressure

4t Charge indicating lamp connaction (not usagd) during cranking and running conditions. Should engine

5 | Sensing voltage from battery [Wire #15) cil pressura drop below approximately 8-12 psi, the
switch contacts will close. CMA circuit board action will

then effect an automatic engine shutdown and the fault
indicator iamp (L1) will turn on,

The high coclant temperature switch {HWT) has
normally-open contacts. Contacts are thermally ac-
tuated. if engine coolant temperature should exceed
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Engine Mounted Components (Continued)

approximately 284" F. (140" C.), CMA circult board
action will shut the engine down. The fault indicatar
famp (L1) wili then tlluminate,

'

LOP = OlL PRESSURE SWITCH
HWT = COOLANT TEMPERATURE SWITCH

- ——@

Figure 8. Oil Pressure & Coolant Temperature Circuit

FUEL SOLENCID:

The fuel solencid {(FS) provides a positive shutoH of
fue! when the engine is not running. The solencid is
energized open by 12 volts DC (Wire 14); it is de-ener-
gized closed.

Figure 8. Fuel Solenoid (FS)

ENGINE IGNITION SYSTEM:

The CMA circuit board acts as the "ignition switch",
Le., tturns the ignition system on for stariup and turns
the system off for shutdown. During startup, a crank
relay (K1) on the CMA circuit board energizes, its
cordacts clese, and 12 volts DC is delivered to the
ignition coil via Wire 14. The igniticn system consists
of (a) the ignition coil, (b) distributor, (¢) spark plug
wires, (¢) spark plugs, and (e} an igniticn resistor,

See Figure 10. Batlery voltage is available to the
CMA circuit board, via Wire 15A. During cranking and
running conditions, circuit board action delivers the
battery voltage through a resistor, through the primary
winding of the ignition coil, through the cicsed dis-
tributor points and to ground. The current fiow through
the coil's primary winding produces & magnetic field
around the primary coii which cuts across the coil's
secondary winding. Each time the distributor points
open, current flow through the coll primary winding
terminates. The magnetic field then collapses to induce
a high voltage into the coil's secondary winding. Secon-
dary winding ocutput is then delivered to the distributor
rotor and to the desired spark plugin atimed sequence.

SPARK FLUGS FIRING ORDER = 1-3-4-2

D = DISTRIBUTOR

CP = DISTRIBUTOR POINTS
IC = IGNITION COIL

RW = RESISTOR WIRE

Figure 10. Engine Ignition System Diagram

Transfer Switch

See Part 4, "V-Type Prepackaged Transfer
Switches" or Part 5, "Y-Type Prepackaged Transier
swiiches™.

Section 7.2, "Operational Analysis”, assumes {hat
the liquid cooled generaler - is installed in conjunction
with a "Y-Type" fransfer swiich.
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Section 7.2
OPERATIONAL ANALYSIS

{ntroduction

The schematic dlagram on this and following pages shows the DC control system inthree (3) major areas, i.e., thE

standby generatorarea, the engine, and the prepackaged transfer switch, The "Y-Type” prepackaged transier switch
is used.
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Circuit Condition- Utility Source Volitage Available

Utility source voltage is available to transfer mechanism terminai lugs N1, N2, N3, via installer attached utitity
source lines. . ‘

Transter mechanism main contacts are at their "Utility” source side, i.e., "Utility” voltage is across the closed
main contacts and to transfer mechanism terminal lugs T1, T2, T3. Loads connected to lugs T1, T2, T2 are
powered by the "Utility™ supply.

Utility source voltage is available to transfer mechanism terminals A1/A2, via Wires N1 and N2, normally-closad
transfer relay (TR} contasts, and Wire 126.

Limit switches LS1/LS2 in the transier mechanism are closed to their terminals B1/B2 side. Thus, the A1/A2
circuit to the main contacts actuating coit {C) is open and the actuating coll {¢) is de-energized.

On 3-phase units, "Utility” voitage is delivered to a 3-phase power moniter (PM). The power moniter is energized,
Its contacts are closed, and "Utility" power is delivered to the primary winding of a sensing transformer (T1) on
he generator, via Wires NTA/NZ, transfer switch N1A/N2 terminals, installer connected wires, and CMA
{erminals NTA/NE.

NOTE: The 3-phase power monitor (PM) js NOT used on 1-phase units. Instead the 1-phase line-to-line voltage is
delivered directly to the primary winding of the sensing transformer (T1}.

Transformer (T1) actioninduces o reduceu voltage (about 14 volts AC) into the transformer (T1) secondary coil.
This reduced sensing voltage is delivered to the CMA circuit board. As long as the sensing voltage remains
above 80 percent of nominai rated line-1o-line veltage, the CMA circuit board takes no action.

The transtormer reduced sensing voltage is used to operate a "trickle charge” circuit to the unit battery. This
trickie charge oufput is delivered to the battery from the CMA board via Wire 15, a 30 amp fuse {F1), and Wire
13. ‘

Battery power is avaiiable to the auto-ofi-manual switch (SW1) via Wire 13, terminal 13 of terminal board TB1,
Wire 13, 30 amp fuse (F1}, and Wire 15. With the auto-off-manual switch setto "Aufo”, battery power is avaitable
to the CMA circuit board via Wire 13A.

Line-to-line load voitage from transfer mechanism terminal lugs T1/T2 is defivered to the CMA circuit board via
Wires T1/72, transter switch terminals T1/T2, installer connected wires, andterminals T1/T72 of the CMAboard's
terminal board. This power is used by the circuit board to operate a 7-day exerciser circui.
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Figure 2. Circuit Condition- Utility Source Voltage Available
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Circuit Condition- Initial Utility Voltage Dropout

+ On 3-phase systems, dropout of "Utility" source voltage below the setting of a 3-phase power monitor (PM) will
cause the power monitor ta de-energize. lts contacts will then open, to break the circuit to sensing transformer
{T1). Cutput of the sensing transformer's secondary winding will then drop to zero. The CMA circuit board wil
"sense” this loss of voitage and a "6-second timer™ will start timing.

+ On1-phase systems, a 3-phase power monitor is not used. Line-to-ine "Utiiy” current is delivered to the sensing
transformer. Transformer action reduces the line-to-line vokage to approximately 14 volts AC. The reduced
voltage is delivered to the CMA board as "Utility" sensing voltage. If "Utility” source voltage drops below about
80 percent of rated voltage, CMA board action will turn on a "6-second timer”.

« Voltage 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.
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Circuit Condition- Cranking and Initial Startup

*  The CMA board's 6-second timer will ime for 6 seconds. If "Utility” source voltage is still low after 8 seconds,
a crank relay (K1) and a run relay (K2) on the circuit board will engrgize simultaneously,

« When the crank relay (K1) energizes, its contacts will close to deliver 12 voits DC to a contral contacior {CC)
coil via Wire 586. The contactor energizes and its contacts close to deliver battery power to the enging starter
moter (SM). Starter motor (SM} energizes and the engine is cranked.

= Circuit board action will hold crank relay (K1) energized for about 7-9 seconds, will de-energize the relay for
7-9 seconds, energize t again for 7-8 seconds, and so on. Thus, the engine wili crank for 7-9 seconds, rest for
7-8 secends, and so on. This cyclic crank/rest action will continue until either the engine starts, or about ninsty
(90) seconds have been used up. If the engine has not started in 90 seconds, cranking will end and the faut
indicator amp will light ("overcrank” condition).

»  Whenthe engine is cranking, a DC outputis delivered to the generator rotor. This is "field boost” current, which
is deiivered cyclically (during cranking only). See "Field Boost Circuit’ on Page 2.1-4.

+  Whenthe engine run relay (K2} is energized by circuit board action, 12 volts DC is deliverad to {a) afuel solenoid,
{b} the engine ignition system, and (¢} to the pane! hourmeter. The fuel solenoid (FS) is energized open, o
allow fuel Hlow to the fuel system. Ignition occurs. The hourmeter starts running.

«  With fuel available to the carburetor and with engine ignition cccuring, the engine will start.

+ Generator AC output voltage and frequency signals are available to the CMA circuit board, via Wires S15 and
D E.

»  When generator AC output frequency reaches approximately 50% of the rated AC frequency, an "engina
warmup timer” and an “engine minimum run timer” on the CMA circuit board are both turned on.

Paga 7.2-6
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Figure 4. Circuit Condition- Cranking and initial Startup
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Circuit Condition- Initial Transfer to Standby

.+ The "engine warmup timer” will run for approximately 15 seconds. The "minimum run timer” will run for about
13 minutes. Engine cannot be shut down in automatic mede until the "minimurm run timer” has finished timing
(prevenis shutdown of a cold engine}.

» Al approximately 30 Hz, engine cranking terminates. The circuit board’s run refay {K2), however, remains
anergized.

» A DC (battery) voliage is delivered to the transfer switch's fransfer relay (TR) coll, via Wire 194. This voltage is
available through the relay coil and back to the circuit board, via Wire 23. However, CMA board action holds
the Wire 23 circu#t open.

+  When the "engine warmup timer” has timed out, CMA circuit board action closes the Wire 23 circuit 1o ground.
The transfer relay (TR) energizes, its normally-closed contacts (1 & 7) open: its nermally-cpen contacts (6 & 8)
close.

«  With TR normally-cpen contacts closed, “Standby” source power is avaifable to the main contacts actuating coil
{C), via Wires E1/E2, transfer mechanism terminals B1/B2, limit switches LS1,L82, LS3, and a bridge rectifier.
Actuating coll (C) energizes.

+  When actuating coil (C) energizes, the main current carrying contacts of the transfer mechanism are actuated
to their "Neutral” position ("Load" terminals disconnected from both power supplies). The main contacts will
remain at "Neutral” as long as actuating coi! (C) remains energized.
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Figure 5. Circuit Conditicn- Inftial Transfer to Standby
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Circuit Condition- Final Transfer to Standby

*+  When the transfer mechanism's main load carrying contacts reach "Neutral” position (disconnected from both
power sources), @ mechanical interiock opens limit switch LS3. This opens the circuit 1o actuating coit {C) and
the coil de-energizes.

+  With coil {C) de-energized, spring force closes the main contacts to their "Standby" power source side {"Load"
connected to the "Standby” sourge).

*  As the main contacts close to the "Standby” side, a mechanical interlock actuates limit switches LS1A.82 to
their terminals A1/A2 side. This action "prepares” the circuit for retranster back to "Utility".

+  Electrical load cireuits (T1, T2, T3) are now powered by generator AC output.

Page 7.2-10
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Circuit Condition- Utility Voltage Restored

« 3-Phase Units: When utility source voltage is restored above the setting of the 3-phase power manitor (FM),
the power monitor energizes and its contacts close. Utiity voltage is then available io the primary winding of
sensing transformer (T1). A voltage is then induced into the transformer secondary winding which is then
delivered {o the CMA circult board.

» 1.Phase Units: These units do not have a 3-phase power monitor. Utility source line-to-line voltage is delivered
directly to the sensing transformer's primary winding. A resultant sensing voltage is then delivered from the
transtormer’s secondary winding to the CMA board. If the "Utility” sensing voltage is above about 80 percent of
the nominai rated voltage, the CMA circuit board will react.

+  On restoration of "Ulility" source voltage, CMA circuit board action will turn on a "refurn to utifity timer”.

Page 7.2-12
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Figure 7. Circuit Condition- Utility Voltage Restored
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Circuit Condition- Initial Retransfer Back to Utility

«  When the "return to utility timer” times out (about 6 seconds), CMA circuit board action will open the Wire 23
circuit to ground,

. v]JEih Wire 23 circuit open, the transfer relay (TR) will de-energize. The relay’s normally-closed contacts will
close. .

« Uity source power is now defivered to the main contacts actuating coil {C}, via Wires N1/N2, the closed TR
contacts, transfer mechanism {erminals A1/A2, limit switches LS1, LS2, L83, and the bridge rectifier.

+  Actuating col! (C) energizes and the main contacts are pulled to their "Neutral” pesition. The main contacts will

remain at "Neutral” ("Lcad” disconnect from both power supplies) as loag as actuating coil (C) remains
energized.
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Figure 8. Circuit Condition- Initial Relransfer Back to Utility
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Circuit Condition- Final Retransfer to Utility

«  When the transfer mechanism's main contacts reach "Neutrai® position {("Load” disconnectad from both power
sources), limit switch LS3 is opened by a mechanical interlock. This opens the circuit to actuating coil (C). Cail
(C) de-energizes.

«  Withcoll {C) de-energized, springforce completes the transfer action back to the "Utility” side {"Load"” connected
to the "Utility" supply}.

+ Loads are now powered by the "Utility” power saurce.

+ The standby generator is stili running and generator AC output voltage is stili available to transfer mechanism
terminal iugs £1, E2, E3.

*+ Following retransfer back to the "Standby” source, an "enging cooldown timer” starts timing. This timer will time
for about § minute. Purpose of this iimer is to allow the engine to run at no-load for about one (1) minute to
stabilize internal engine-generator temparatures.
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Figure 8. Circuit Condition- Final Retransfer Back fo Utility
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Circuit Condition- Generator Shutdown

«  When the "engine cooldown timer” has finished timing {about 1 minute) and providing the "minimum run timer"
" {about 13 minutes) has also timed out, CMA circuit board action will de-energize the board's run relay.

+  With the run relay de-energized, its contacis open and the 12 volts DC power 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 ignition is terminated.

« The engine shuls down.
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Figure 10. Circuit Candition- Generator Shutdown
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TROUBLESHOOTING FLOW CHARTS

Problem 1 - Engine Will Not Crank When Utility Power Failure Occurs
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TROUBLESHOOTING FLOW CHARTS

Problem 2- Engine Will Not Crank When Auto-Off-Manual Switch is Set to "Manual” {Con-

tinued)

TEST 3-1TE5)
AUTO-OFF- -_O.K.—§ AUTO-OFF-MANUAL QK
MANUAL SWITCH TO CMA
SWITCH CIRCUIT BOARD BAD
WIRING BAD WIRING AS NEC

BAD oy REFLACE DEFECTIVE SWITCH

REPLACE CMA CIRCUIT BOARD <mNO ENGINE OR GENERATOR s
AND TEST CRANKING GPERATION DAMAGE 1S FOUND

HECONNECT, REPAIR OR REPLACE

ESSARY

TEST 10-CHECK

FOR MECHANICAL

DAMAGE

REFAIR MECHANICAL DAMAGE AS NECESSARY <t FNGINE-GENERATOR DAMAGE IS FO

FProblem 3- Engine Cranks But Won't Start

UND el

TEST 11-CHECK TEST 12-CHECK TEST 13-TEST
FUEL SUPPLY -O.K.u—} WIRE 14 CUTPUT -—.O.K.u—-& IGNITION CCIL
TO IGNITHON
2AD BAD BAD
REFPLENISH FUEL REPLACE
CR CORRECT BAD COIL
FUEL PRESSURE
PRCEBLEMS
TEST 21-CHECK TEST 22-TEST TEST 23-CHECK ENGINE
DCVOLTS AT "O.K._} FUEL SOLENOID feemum O_K.——} CCMPRESSICN AND
TERMINAL 14 FsS ENGINE CCNDITION
OF TB1
5!\9 B;D BAD
REPLACE CMA REPLACE BAD REPAIR ENGINE
CIRCUIT BOARD SOLENOIDFS "AS NEEDED
r—-———__ e —
TEST 14-TEST _ TEST 18-INSPECT TEST 168-INSPECT
IGNITION = LN -# DISTRIBUTOR CAP pem O K, -"-'—)' CONTACT POINTS
CONBENSOR AND ROTOR HEAD
BAD BAD BAD L O.K.1
é ‘& GO TOTEST 17
REPLACE REFPLACE REPLACE ON NEXT PAGE
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Problem 3- Engine Cranks But Won't Start (Continued)

TEST 17-CHECK TEST 18-CHECK TEST 19-CHECK IGNITION WIRES
GOVERNCOR p—— O.K.—> SPARK PLUGS  Semmmen O.K.ﬁ

ADVANCE " i

BAD BAD BAD

REPAIR GR REPLACE

CLEAN, REGAP, REFLACE

REPLACE BAD WIRES

TEST 268-GROUND
CMATERMINAL 23

BAD PARTS
TEST 20- CHECK | «§ OK.
IGNITION
TIMING M RESET TIMING AS NECESSARY
Froblem 4- Engine Cranks and Starts, But Won't Transfer to Standby
TEST 24-CHECK TEST 25-CHECK
GENERATCR ot O. . mmosmmp- { SENSING TO fomcememens O, K. o
MAIN LINE CMA CIRCUIT
CIRCUIT BREAKER BOARD
CPEN OR BAD BAD

CLOSE CIRCUIT BREAKER
OR REPLACE IF BAD

TEST 27- CHECK
VOLTAGE AT
TERMINAL LUGS
E1/E2ES

THRANSFER

TEST 28-CHECK
VOLTAGE AT
TERMINAL LUGS

ez O, K,

e O, 1. | BUT NOI“_}

NO TRANSFER

TRANSFERS TO STANDBY

REPLACE CMA CIRCUIT BCARD

TOR T PE AN TR Sw R oo
PROBLEM 1 IN SECTION 5.3

FOR "V-TYPE" TRANSFER SWITCH, GO TO
PROBLEM 1 IN SECTION 4.3

GO TO "TROUBLESHOOTING FLOW CHARTS™
IN SECTION 3.3

ot 28-UHeCK
VOLTAGE AT CMA!
TERMINALS
N1AMNZ

;

oo
v

DETERMINE CAUSE OF
LOW OR NO UTILITY
SQURCE VOLTAGE
AND CORRECT

FOR "V-TYPE TRANSFEZR SWITCHES
GO TO PROBLEM 3, SECTION 4.3
FOR "Y-TYPE" TRANSFER SWITCHES
GO TO PROBLEM 3, SECTION 5.3

-—O_K_@

Problem 5- Engine Starts and Transfer Occurs When Utility Power is Available

————— e

TEST 30- TEST

SENSING

TRANSFORMER

Bl@ G%D

REPLACE REPLACE CMA

DEFECTIVE CIRCUIT BOARD

TRANSFORMER AND TEST AUTO
OPERATION
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SECTION 7.4
DIAGNOSTIC TESTS

Section 7.4

DIAGNOSTIC TESTS

General

Perform the tests in this section in conjuncticn with
the "Troubleshocting Flow Charts” of Seclion 7.3. Test
numbers in this section correspond with the numbersd
tests in Section 7.3.

Test 1- Check Auto-Off-Manual Swilch
Fositicn

DISCUSSION:

in order for automatic operation to ogcur, the auto-
off-manual switch must be set to its "Auto” position. The
only other possible switch pesitions are "Off", where
engine cranking and startup cannot occur; or "Manual”,
wiloe J[roengine should crank and start, but transfer
to "Standky™ will not occur. Thus, if a "Utility” voltage
dropout occurs and the generator will not crank and
star, the first check to perform is to make sure the
switch is setto "Auto”.

PROCEDURE:

Chick the position of the auto-ofi-manual switch. if
necessary, sef the switch to "Auto”,

RESULTS:

1. If swilch is already set to "Auto” and engins will not
crank on occurence of a "Utility” power failure, gocnio
Test 2.

2. If switch is sel to "OHf", reset it to "Auto” and test
automatic operation.

NOTE: To test automatic oparation, see Tast 1in Section 6.4.
This test is the same for both air cooled and liquid cooled
&ngine units.

Test 2- Try to Start Engine Manually

DISCUSSION:

with the auto-off-manual switch set to "Aute”, a
"Utility" power source outage sheuld result in engine
cranking and startup. if that power source fzils and the
engine does not crank, the first step in troubieshooting
should be to see it a2 manual stariup can be ac-
complished.

PROCEDURE:

1. On the generator panel, set the auto-off-manual
switch to "Oif".

2. Set the generator’s main line circuit breaker o #ts
"Off" or "Open™ position.

3. Set the auto-ctf-manual switch to "Manual". The
engine should crank and start.

RESULTS:

1. # the engine will not start manually etther, go to
Probiem 2 in the "Troubleshooting Flow Charts”.

2. If the engine cranks and starts manually, but will not
crank in automatic mode, go to Test 3.

Test 3- Test Auto-Off-Manual Switch

DISCUSSION:

Powerfor CMA circuit board operationis taken framthe
Wire 15 circuit (fused 12 volts DC) and deliveredto the
circuit board through auto-off-manual switch contacts
whenthe switchis setfc "Auto” or"Manual". A defective
switch can produce the same resulls as setting the
switch to "Oif" {enging will not crank).

A, Switch at "Auto” b Switch at "Manual”

Figure 1. Schematic of Auto-Off-Manual Swiich

PROCEDURE:

Disconnect all wires from switch terminals, to prevent
interaction. Use a voit-chm-milliammetar (VCM} o test
for continuily across switch terminals as foillows:

CONNECT
ACROSS
TERMINALS | SWITCH POSITION | METER READING
1 and 2 "Auto” Continuity
"Manuai® infintty
Ot infinity
tand 3 “Auta” infinity
"Manual" Centinuity
| ~Oft” infinity
4and 5 "Aute” Continuity
"Manual® infinfty
~Cfft infinity
4andb "Auto” infinity
“Manual® Continuity
Ot infinity
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Test 3- Test Auto-Off-Manual Switch
(Continued)
RESULTS:

1. Replace switch is defective.
2. if switch is good, go o Test 4.

Figure 2. Auto-Off-Manual Switch Test Points

Test 4- Inspect Auto-Off-Manual Switch
to CMA Circuit Board Wiring

DISCUSSION:

Any open or disconnected wiring between the switch
and the CMA circult board, or batwean the switch and
other components, can have theé same effect as an
open or defective swiich. See Figure 3.

FROCEDURE:

inspect and test all wires connacted to the swilch
terminals for open, disconnected or shorted condition,
This includes (&) jumper wire 15A between switch
terminals 5 and 6; (b) Wire 15 between terminal 4 and
the circult beard; {c) Wire 15A between switch and
circuit board; (d) Wire 183 between terminal 2 and TB3:
{e) Wira 239 between terminal 1 and the circuit board:
Wire 178 between terminal 3 and TB3; (f) Wire 178
between terminal 3 and the circuit board.

CMA CIRCUIT BOARD-
5w f—

CI I i iroiie
L—15-TO FAULT IND. LAMP ;;A

=15 =TO BATT. VOLTMETER 239 l
15A

178

178

233

183 178

;
o | ki ov
F1E & =

Figure 3. Auto-Cff-Manual Switch Wiring
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RESULTS:
Repair, reconngct or replace any bad wiring.

Test 5- Check 30 Amp Fuse F1

DiISCUSSION:

A blown tuse F1 will cpen the DC power supply to
the autc-off-manual swilch and to the CMA cireutt
board. This wili render the circuit board incapabie of
cranking or starting the engine, since #s power supply
is gone.

PROCEDURE:

Fush in on fuse helder cap and turn counterciock-
wise to remove cap and fuse. Check the fuse with a
VOM for epen condition indicating that fuse is blown,

FESULTE:

1. Replace fuse if blown.
2. If fuse is good but engine won't crank, go on io Test

Test 6- Check battery

DISCUSSICN,

A weak cr dead battery can result in inability of the
engine to crank either manually or automatically.

FROCEDURE:

inspect and test the unit’s 12 volts battery. Refer to
Test 6, "Check Battery” in Part 6, Saction 6.4,

RESULTS:

1. Clean, tighten or replace any defective battery
cables.

2. If battery is discharged, remove it and recharge with
an automotive type battery charger.

3. If battery is worn out, replace &,

4. if battery is good, go to Test 7.

Test 7- Test Controf Contactor CC

DISCUSSION:

During any startup, CMA circuit board action delivers
12 volts DC {6 the coil of a contraf contactor. The control
contactor energizes, its contacts close, and battery
power is delivered lo the starter motor (SM) to crank
the engine. A defective control contactor {CC} can
prevent the engine from being cranked in both the
automatic and manual modes of operation.

FROCEDURE:

Use a DC volimeater (or VOM) o test control contag-
tor (CC) operation, as follows: ,
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Test 7- Test Control Contactor (Con-
tinued)

Step 1. Connect the positive (+) test lead to the control .

contactor's Wire 56 terminal, the common {-) test jead
to a clean frame ground. ;

Step 2. Set the auto-off-manual switch to "Manual". The
gkgt)er should indicate battery voltage (about 12 volis

RESULTS:

1. if batiery voltage is not indicated, go to Step 3.
2. If battery voltage is indicated but engine dees not
crank, go io Step 4.

Step 3. Connect the meter test leads across terminals
0 and 58 of terminal board TB1 (in the control console),
Set the auto-off-manual switch {o "Manual”. The meter
should read battery voltage,

RESULTS:

1. If batlery voltage is indicated in Step 3 but notin Step
2, Wire 56 between the control contacior and terminal
board TB1 is open. Repair, reconnect or replace Wire
56 as necessary.

2. If battery voltage is not indicated in efther Step 2 or
Step 3, replace the CMA circuit board.

3. if battery voltage is indicated in both Steps 2 and 3,
but the engine does not crank, go on to Step 4,

Step 4. Connect the meter test leads across the large
terminal stud on the control centactor fo which the
battery cable {(Wire 13) attaches and frame ground. The
meter should read battery voltage.

Step 5. Now, connect the positive (+) meter test lead to
the starter motor (SM) terminal stud and the common
(-} test lead to frame ground. Set the auto-off-manual
switch to "Manual". The meter should read battery
voitage and engine should crank.

SECTION 7.4
DIAGNOSTIC TESTS

RESULTS:

1. If batlery voltage is indicated in Step 5, but engine
dees not crank, go onto Test 8.

2. if battery voltage is not indicated in Step 5, replace
the controt contacter (CC).

Test 8- Test Starter Motor SM

DISCUSSION:

The starter motor must develop adequate {orque to
crank the engine efficiently at sufficient rpm for startup
fo occur.

PROCEDURE:

1.Repeat Step 5 of Test 7. f battery voltage is indicated
during the test, but engine does not crank, the starder
is probably defective and should be replaced or
repaired. _
2. it daosired, staner performance can be tested as
follows:
a. Remove the starer.
b. See Figure 5. Connect the starier motor, a fully
charged 12 volis battery, a tachometer and an am-
meter as shown.
c. Operate the starter motor and note the ammeter
and tachometer readings. A starfer motor in gocd
condition will be within the test specifications shown
below:

TAARIMUM MO TOR Hr W G000~ 7200
MAXIMUM ARFPERES 17

PRESS TO
START

BEMOVE ONE END OF

NOTE APM OF
C -} SHUNT STAIP

STARTER MCTOR

Figure 4. Control Contactor Test Points

Figure 5. Starter Motor Performance Test

RESULTS:

1. Repair or replace bad starter motor.
2. i motor is good, go to Test 9.
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Test 9- Check CMA Circuit Board Power
and Wire 56 Output

DISCUSSION:

A 12 volts DC power supply must be available to the
CMA circuit boardorthe board will not gperate. A 2 volis
DC output must be delivered from the circu# board to
Wire 56 or engine cranking cannot occur. In this test,
you will check the DC power supply to the board and
you will also check for a DC output to Wire 58.

PROCEDURE:

To check for a 12 voits DC power supply to the CMA
circult board, proceed as follows:
1. See Figure 6. Connect the positive (+) test lead of
a DC voltmeter {or 2 VOM) to terminal 4 of tha
auto-coff-manual switch,
2. Connect the common (-} meter test lead to frame
ground. The meter should read 12 voits DC.
3. Now, st the auto-off-manual switch 1z "0
a. Connect the positive (+) meter test lead to
switch terminal 8; the commen (-) test lead to
fraime ground. The meter should indicate "zero”
Voits,
b. Set the switch to "Manual”. The meter should
read battery voliage.
4. Locale Pin 10 of the CMA circuit board connector,
to which Wire 15A atiaches.
a. Connect the positive (+) meter test fead to Fin
10 {Wire 15A), the commeon (-) test lead to frame
ground. Zerc volts shouid be indicated.
b. Sef the auto-off-manual switch to "Manual”. The
meter shouid read battery voltage.
5. Locate Pin § of the CMA circuit board conneclor,
to which Wire 56 attaches.
a. Connect the positive {+) meter test lead ‘o
connector Pin 5.
b. Connect the common (-} meter test lead to
frame ground. The meter should indicate "zerg”
volis.
c. Set the aufc-off-manual switch to "Manual”,
Crank relay K1 enthe CMA board should energize
and the meter should read battery voltage.

HESULTS:

1. In Step 2, if the meter does not indicate battery
voltage, repeat Test 5. Alsc check the Wire 15 circult
for an open condition.

2. In Step 3, if battery voltage is not indicated when
"Manual” is selected, the auto-off-manual switch is
suspect. Repeat Test 3 and replace the switch, if bad,
3. In Step 4{b), if battery voltage is not indicated, Wire
15A {between the auto-off-manual switch and circult
board) is suspect. Reconnect, repair or replace Wire
15A as needed.

4.in Step 5, if battery voltage is not indicated, the CMA
circuit board is bad, Replace the circuit board and test
manual and automatic operation.
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Figure 6. Check Circuit Board Power Input and Out-
put

Test 10- Check for Mechanical Damage

DISCUSSION:

It the engine will not crank when "Manual” position is
selected, the problem is most likely to be an elecirical
fault. However, the possibility that engine or generator
damage is preventing the unit from cranking cannot be
overlocked.

PROCEDURE:

Examine the engine and generator carefully for
gvidence of seizure.

RESULTS:

If engine-generater is seized due to mechanical
damage, repair the unit as necessary.

Test 11- Check Fuel Supply

DISCUSSION:

Often the mest obvious cause of a problem is over-
locked. Hf the engine cranks, but will not start, perhaps
the fuel supply Is exhausted or fuel pressure is foo low.
The following facts apply:

* For propane (LF) gas fusl systems, only a "vapor
withdrawal” g(pe supp%y system should be usedon
prepackaged units. The vapor pressure in the
slorage tank must be high encugh {o sustain en-
gine Cperation,

*  Minimum recommended %_as pressure af the gen-
erator's fuel inlet connection is 11 inches water
column (6.38 ounces per square inch). Maximum

as pressure is apéprox:ma!ejg 14 inches water
Slumn (8 ounces per sguare iich.



PART 7- DC CONTROL
LIQUID COOLED ENGINE UNITS
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Test 11- Check Fuel Supply (Continued)

The gaseous fuel system must be testad for leaks
foliowing instaliafion and genodxcauv thereaftar. No
leskageis permitted, Leak test methods and pre-
cedures must compiy strictly with appilicable fuel-
gas codes. )

A schematic diaqlram of a simple propans (LP)7c;as
vapor withdrawal system is shown in Figure 7. A
tgfpicai natural gas fuel system is shown™in Figure

DANGEHR: GASEQUS FUELS ARE EXPLOSIVE.
DO NOT USE FLAME TQ TEST FOR LEAKS.
NATURAL GAS IS LIGHTER THAN AIR, SET-
TLES IN HIGH AREAS. LP GAS IS HEAVIER
THAN AIR, SETTLES IN LOW PLACES. THE
SLIGHTEST SPARK CAN IGNITE THE FUELS
AND CAUSE AN EXPLOSION.

LP GAS RECULATOR
Y—LP GAS CARBURETOR
4

. —

/;;;J—SCLE NOID SHUTCFF valve

MANUAL

SHUTGEF VAL‘-'ES-7

Figure 7, Typical LP Gas Fuel System

11 in,water
cptimum

GENERATOR BASE

APPROVE D
FLEX, LINE

SECONDARY

FUEL SHUTOFF VALVE

RECGULATCR

;MANUAL SHUTOFF

VALVE
FRIMARY REGULATCR

Figure 8. Typical Natural Gas Fuel Systemn
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Test 11- Check Fuel Supply (Continued)

FROCEDURE:

in the case of LP (propane} gas, some supply tanks
will be equipped with a gauge that indicates when the
tank is low on fuel.

For natural gas systems, the gas distribution com-
pany will usually provide piping from the main transmis-
sion line to the generator site. The primary requlator
may or may not be furnished and adjusted by the
suppifer. it is the responsibility of the supplier {o ensure
that adeguate gas pressure is available 1o operate tha
primary regulator,

Where the primary regulator is furnished and is to be
maintained by the gas supplier, primary regulator cutlet
pressure may be adjusted by the supplier. In any event,
adjustment of the primary regulator pressure should be
accomplished by a gas service technician. Gaseous
fuel pressures are usually measured with & water
manometer or with a pressure gauge that reads “oun-
ces per square inch™.

RESULTS:

It fuet supply and pressure are adequate, but engine
will not start, go to Test 12.

Test 12- Check Wire 14 Cutput to Ignition

DISCUSSICN:

When the engine is cranked either automatically or
manually, a crank relay (K1) and a run refay (K2) cn the
CMA circult board are energized simultaneously, See
Figure 8, below. When the engine is cranking, battery
voltage Is delivered to the positive {+) terminal of the
ignition coil {IC}, via Wire 56, a dicde {D1), and Wire
14. Thus, whern cranking, the full 12 voits DC is avail-
able to the coil to produce a hotter spark.

SECTION 7.4
DIAGNOSTIC TESTS

On startup, crank refay (K1) de-energizes while the
run relay (K2) remains energized. Battery voltage is
defivered to the ignition coil's positive (+) terminal via
Wire 14, a resistorwire, and Wire 14, The resistorwire
reduces the voliage fo about 9-10 voits DC for running
operations.

NOTE: If the resistor wire (RW) circuit is cpen, ignition will bs
available whils cranking only and the engine wilf start. How-
ever, as soon as the circuit board's crank relay de-ensrgizss,
ignition will terminate and shutdown will oceur.

FROCEDURE:

1. On the ignition col, locate the terminal fo which Wire
14 attaches.

2. Connect the positive {+) test lead of 2 DC voltmeter
{or VOM) to the coil's Wire 14 terminal. Cennect the
other test lead {o a clean frame ground.

3. Set the auto-off-manual switch o "Manual". The
engine should crank and the meier should indicale
battery voltage.

NOTE: When the clrcuit board's crank relay (K1) de-ensr-
gizes, voltage reading should drop to about 8-10 volts DC. if
voltage drops to zerc and engine shuts down when the crank
relay de-energizes, an opsn circuit exists in the rasistor wire
(RWj) circuit to the codl.

4. On startup and when crank relay K1 de-energizes,
the meter voltage reading shouid drop to about 9-10
voits BC.

RESULTS:

1.}t meterindicates battery voitage while cranking, then
drops to abeut 8-10 volts DC, you may assume that
Wire 14 cutput to the ignition coil is normal. Go to Test
13.

T

CMA - N
CIRCUIT BOARD 55—‘? =6

114 xnsoce

12VOLT i

—

*

cc !
{

, l

a 3 {

13

i
i 13 i oL e

FIRING ORDER= 1-3-4-2

s—{li—
BATTERYL Wﬂj
14 ic
A3 _ op

CONTROL CONTACTOR
DISTRIBUTOR -
DISTRIBUTOR CONDENSOR
DISTRIBUTOR PCOINTS
IGNITION CCIL

RESISTOR WIRE

STARTER MOTOR

Hitwnunnn

Figure 8. Typical Prepackaged Ignition 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. If meter indicates battery voltage white cranking, but
valtage drops 1o zero and shutdown occurs when
cranking terminates, go to Test 21.

Test 13- Test Ignition Coil

DiSCUSSICN:

The engine ignition coil can be tested quickly and easily
by checking the resistance of iis primary and secondary
coil.

FPROCEDURE:

1. To test the coil primary winding, connect the test
probes of an ohmmeter (or VOM) dcross the positive
{+) and negative {-} terminals of the coil and read the
rasistance. See Figure 14,

Resistance: x 1 range

SECTION 7.4
DIAGNOSTIC TESTS

Primary Coil Resistance at 68" F. (20" C.)= 1.3-1.5
Ohms
Secondary Coil Resistance at 68' F. (20° C.)=
870C-11,700 Chms

Test 14- Test Ignition Condensor

DISCUSSION:

The condensor is located in the engine ignition dis-
tributer. The condensor functions to prevent arcing
across the distributor contact points.

PROCEDURE:

Use a capacity tester to test the condensor, if one is
available. If such a tester is not avaiiable, a VOM may
be used with its resistance scale set to a very high
value. See Figure 12. When the meter needie swings
violently and then moves backto "infinity” gradually, the
condensor is good.

RESULTS:

1. If the meter reads "zero" or if it indicates a steady
reading, replace the condensor.
2. if meter indicates a good condensor, go o Test 15

Figure 10. Testing Primary Winding Resistance

2. To test secondary coil resistance, connect the meler
test probes as shown in Figure 11,

Figure 11. Testing Secondary Coil Resistance

Figure 12, Distributor Condensor

Test 15- Inspect Distributor Cap and
Hotor Head
DISCUSSION:
This test continues the testing of engine ignition system
companenis.
PROCEDURE:

Inspect the distributor cap and rotor head for dust,
carbon deposits, cracks.

RESULTS:

1. Reptace distributor cap, if defective.
2. If inspection reveals the cap 5 good, go on to Test
16.
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Test 16- Inspect Contact Points

DISCUSSION:

This test is a continuation of the tests of engine
ignition system pars.

PROCEDURE:

Inspect the surfaces of the distributor contact points.
irregularities may be removed with "S00" or "800"
sandpaper, or with oilstone. Loosen the breaker point
set screw and adjust gap with a feeler gauge.

Breaker Point Gap = 0.018-0.022 inch

RESULTS:

1. Replace contact points, ¥ defective.
2. If points are in good condition, go onto Test 17.

SECTION 7.4
DIAGNOSTIC TESTS

PROCEDURE:

1. Disconnect spark plug wires by grasping the boot.
Do NOT pull on the wires. '

2. Use a spark piug wrench to remove the spark plugs.
3. Spark plugs may be cleaned in a sand blast clezaner.
Inspect the plug insulators for cracks and chipping.
Inspect the gaskets for damage, deterioration. Check
electrodes for wear, burring, pitting. Check spark plug
gap and set to 0.031-0.035 inch.

4. Replace spark plugs, if bad.

5. Install spark piugs and tighten to 14-22 foot-paunds
of torgque {20-29 N-m).

NOTE: Usa NGK BPRSES, or Champion BENSYC, or AC
R42XLS replacement spark plugs.
BRESULTS:

1. Replace bad spark plugs.
2. If spark plugs are good, go to Test 19.

Figure 13. Setting Contacts Point Gap

Test 17- Check Governor Advance

DISCUSSICN:

This Is a continuation of tests of the engine ignition
sysiem.

PROCEDURE:

in the distributor, turn the roter shaft countarclockwise.
Then, release it and check that it returns to the clock-
wise direction. Alsg chack the rotor shaft for looseness.

RESULTS:

1. Replace distributor i governor advance is bad.,
2. lf 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 Ignition Wires

DISCUSSION:

This is a continuation of tests on the engine ignition
system.

PROCEDURE:

Check high tension ignition wires for damage, cracks,
burned terminals, proper fit. Measure the resistance of
each wire, Shake each wire as the resistance reading
is taken. Resistance should be Jess than 30,000 ohms.

RESULTS:

1. Replace any defective ignition wire.
2. fwires test good, go cnto Test 20,
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Test 20- Check Ignition Timing

DISCUSSION:

If engine starts hard and runs rough, or if # does not
start, it may be out of time. If badly out of time, backfiring
may result.

PROCEDURE:

Use an automotive timing light to check and adjust
ignition timing. A timing mark is provided on the
crankshaft puiley and a degree indicator is provided
{Figure 15).

Settiming to 21" BTDC at 1860 rpm and with the
generator at no-load.

Advance

SECTION 7.4
DIAGNOSTIC TESTS

RESULTS:

1. It batlery voltage is not indicated, test Wire 14
between terminal board T81 and the CMA circuit board
for an open condition.
a. If Wire 14 is good, replace the CMA circuit board.
b. It Wire 14 is bad, repair, reconnect or replace as
necessary.
2. If battery voltage is indicated, go to Test 22.

Test 22- Test Fuel Solenoid FS

DISCUSSION:

The fuel solenoid is opened by 12 voits DC power from
Wire 14 and from the CMA circu#t board.

PROCEDURE;

1. Connect a DC volimeter {or VOM) across Wire 14 at
the fuel solenoid and frame ground.

2. Set the aulo-off-manual swiich i0 "Manual”. The
enging should crank and start. The metar should -~
cate battery voltage. The fuel solenoid should energize,

RESULTS:

1. if battery voltage is indicated but the fue! solenoid
does not energize, repiace the solenocid.
2. If the fuel solenoid is good, go onic Test 23.

Figure 15. Ignition Timing Marks

Test 21- Check DC Volts at Terminal 14
of TB1

DISCUSSICN:

This test will determine #f CMA circuit board action is
delivering battery voltage 1o the Wire 14 circuit. Wire 14
circuit voltage Is reguired tc (a} power the engine
ignition system and (b) openthe fuel soienoid. Terminal
board TE1 is housed in the generator controf console.
See "Control Console Componenis" on Page 7.1-2
{Part 7, Section 7.1).

PROCEDURE:

1. Use a DC volimeter {or VOM) to check for battery
voltage at Terminal 14 of terminal board TBA1,

2. Connect the posilive (+) meter test lead to terminal
14, the common {-) test lead to terminal 0 {ground),

3. Set the auto-cff-manual swich to "Manual®. The
meter should indicate battery voltage.

|

rlﬁi‘?_m
>ﬂ_ B

=
<
=
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Figure 16, Fuel Solenoid FS

Test 23- Check Engine Compression and
Condition

DISCUSSION:

It the engine cranks but will not start, or if it staris hard
and runs rough, one possible cause of the problem is
a mechanical failure in the engine.

PROCEDURE:

1. Warm up the engine.

2. Shut engine down and remove all spark plugs.

3. Use an automotive type compression tester {o check
engine compression,

Page 7.4-9
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Test 23- Check Engine Compression and
Condition (Continued)
NOTE. When chscking compression, hold the carburstor

throtile wide open. Then, cran enging and read the compres-
sion prassure.

4. Compression pressure should he as foflows:

Standard = 192 psl (13.5 kg/cm?2) at 350 rpm
Minimum = 164 psi {(11.5 kg/ecm2) at 350 mm
Difference between cylinders shouid not exceed
14 psi (1.0 kg/cm2)

It compression is low in any cylinder, pour a small

amount of clean engine ofl into the spark plug opening.

Then, retest compression and evaluate as follows:

* ltcompression pressure increases afler adding the
oil, check for worn or damaged pisten rings.

« If compression pressure did NOT increase after
adding the oil, check for sticking or improperly
sarted valves.

< I oompiassionin any iwo adé'acent cylinders is low
and adding oii did T increase the comf}:esszon
pressure, check for a leaking head gasket.

Test 24- Check Generator Main Line Cjr-
cuit Breaker

DISCUSSION:

Transfer to the "Standby” pewer source cannot oceur
unless that power supply is available to the transfer
switch. If automatic startup occurs while the generator's
main line circuit breaker is open, transier to "Standby"
will not oceur,

PHOCEDURE;

1. Check that the generator's main line circuit breaker
is "On" or "Closed".

2. Use an AC voltmeter (or a VOM) to check for proper
generator AC output to the circuit braaker.

3. With the breaker set to "On" or "Closed”, check for
correct AC output to the circuit breaker output ter-
minals.

RESULTS:

1. If necessary, set the main cireuit breaker to its "On”
or "Closed” position.

2. If normal rated AC power is available to the breaker
input terminals, but not to the output terminals, replace
the circuit breaker.

3. If normal rated AC power is not available o the
breaker AC input terminals, refer to Part 3 of this
manuai.

Test 25- Check Sensing to CMA Circuit
Board

DISCUSSION:
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In auternatic mode and when a "Utiiity” power source
dropout occurs, the CMA circuit board will infiate en.
gine cranking and startup. A line-to-neutral vo ftage/fre-
quency sensing signal is deifivered to the CMA circuit
board from the gensrators AC power windings, via
Wires S15 and S16. This sensing signal "eils® the
circuit board that the engine has started and is running.
Starter cutout occurs when the sensing signal voltage
reaches approximately 50 vois AC. The board's mini-
mum run and engine warmup timers will then turn en.

Transfer of ioads to the "Standby” power supply cannot
cceur until after the board's engine warmup timer has
timed out. Thus, if the Wires §15/316 signal is lost,
transfer will not occur. This test will determine if the
line-to-neutral sensing signal is available to the CMA
circuit board.

PROCEDURE:
1. Set the aute-off-manual switch to "Off",

2. Turn OFF both the "Utilty" and “Standby" power
suppiies to the transfer swit~=

3. It necessary, manually actuate the transfer swich
main contacts to their "Utility” position ("Load” terminals
connected to the "Utility” terminals).

4. Insent the test probes of an AC voltmeter across Ping
A and B of the CMA circuit board, to which Wires S15
and S16 attach.

5. Turn ON the "Utilty” power supply to the transfer
switch.

€. Set the generator's main line circuit breaker to its
"On" or "Closed" position.

7. Setthe generator's auto-off-manual switch to "Auto”.

8. While observing the AC voitmeter, turn OFF the
"Utiiity” power supply to the transfer switch.
a. The engine should crank and start in automatic
mede.
b. Starter cutout should occur at approximately 50
voits AC as indicated on the AC voitmeter.
c. With engine running at rated speed, the volimeter
should read about 122-126 volfs AC.,

RESULTS:

1. If correct voitage is indicated in Step 8, but transfer
to "Standby” did not oceur, go on to Test 26.

2. If low or no voltage is indicated in Step 8, repeat Test
24

a. if correct AC voltage is indicated in Test 24, but
not in Step 8 of this test, check sensing leads $15
and S16 for an open or disconnecied condition.

b. f low or no voitage was indicated in Test 24, refer
to FPart 3 of this manual.

Test 26- Ground CMA Terminal 23

DISCUSSION:

Following automatic startup and when the CMA
board’s engine warmup timer has timed out {15
secends), circuit board action should connect Wire 23
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Test 26- Ground CMA Terminal 23 (Con-
tinued)

circuit to ground. The transfer relay (in transfer switch)
should then energize and fransfer to the “Standby”
source should cccur. This test will determine if the
CMA circuit board is working properly and is grounding
the Wire 23 circuit.

PROCEDURE:
1. Set the auto-off-manual switch to "Of".

2. Turn OFF both the "Utility" and "Standby” power
supplies 10 the transfer switch using whatever means
provided.

3. If necessary, manually actuate the transfer switch
main contacts 1o their "Utility” position, i.e., "Load"
connected to the "Utility" pewer supply.

4. Turn ON the "Utility™ power supply fo the transter
switch,

5. Set the gencrator's main line circu® breaker to its
"On” or "Closed” pesiion.

&. Set the aulo-off-manual swiich to "Auta™

7. Turn OFF the "Utility” power supply to the transfer
switch.
a. Engine should crank and stant in avtomatic mode.
b. After the CMA board's engine warmup timer has
timed out, the transfer relay (in transfer switch)
should energize and transfer to "Standby" should
occur,
&. If the engine staris and runs but transfer does NOT
occur, proceed as follows:
a. With the engine running, connect a jumper wire
across terminal 23 of terminal board TBZ and ter-
minal § of terminal board TB1,
(1) The transfer relay should energize.
(2) Transfer to "Standby” should occur,

RESULTS:

1. In Step 8, if transfer to "Standby” cccurs when the
jumper wire is connected across terminals 23 and 0,
proceed as follows:

a. Test Wire 23 (between terminal board TB2 and the

CMA board connectar) for an open condiion.

b. If Wire 23 is good, replace the CMA circuit board.

2. in Step 8, f transfer to "Standby” does NOT occur
when the jumper wire is connected, referto Section 4.3
or 5.3 of this manual as appropriate.

Test 27- Check Voltage at Terminal Lugs
E1, E2 E3

DISCUSSION:

Transfer to the "Standby" source cannot occur uniess
that power supply is available to the transfer switch.
This test will determine # "Standby” power is availahle
te the transfer switch terminal lugs.

SECTION 7.4
DIAGNOSTIC TESTS

DANGER: PROCEED WITH CAUTION. HIGH
AND DANGEROQUS VOLTAGES ARE NORMAL.
LY PRESENT AT THE TRANSFER SWITCH TER-
MINAL LUGS. CONTACT WITH THESE HIGH
VOLTAGE TERMINALS WILL RESULT IN EX-
TREMELY DANGEROUS AND POSSIBLY
DEADLY ELECTRICAL SHOCK.

PROCEDURE;

1. Start the generator engine manually, let it stabilize
and warm up.

2. Set the generator's main line circull breaker to "On"
or "Clesed".

3. Use an AC voltmeler {o test generalor line-to-line
voitage across transfer switch terminal lugs E1 and E2
{2-pole}, or across E1 40 E2, E2 10 E3 and E3 io E
(3-pole}. Normal raled generator AC culput vokage
should be indicated. ‘

RESULTS:

1. If normal "Standby" source voliage is indicated, but
transfer to "Standby” does not occur, ge to Seciion 4.3
or 5.3 of this manual, as appropriate.

2. i normal "Standby" source voftage is NOT indicated,
refer to "Troubleshooting Flow Charts” in Secticn 3.3.

Test 28- Check Voltage at Terminal Lugs
N1, N2, N3

DISCUSSION:

Automatic startup of the generator engine will occur if
the voltage delivered to transfer switch terminal lugs
N1/N2 (2-pole) or N1/N2/N3 {3-pole)is below a preset
value.

PROCEDURE:

Use an AC voitmeter to check line-to-line vollage
across terminal lugs N1/N2 (2-pole transfer switch) or
across N1/N2/N3 {3-pole switch). Normal rated "Utility"
power source voltage shouid be indicated.

RESULTS:

1. ¥ normal "Utility” voltage is read, but generator
startup and transfer to "Standby" occurs in automatic
made, go 1o Test 29,

2. 1t normal "Utility” voltage is NOT indicated, automatic
startup and transfer is a normal condition.

Test 29- Check Voltage at CMA Ter-
minals N1A and N2
DISCUSSION:

"Utilty" power scurce veoltage is delivered to CMA
terminals N1A and N2 {Utility 1 and 2}, and from there
to the CMA transformer. The step-down transformer

Fage 7.4-11
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Test 29- Check Voltage at CMA Ter-
minals N1A and N2 (Continued)

reduces this sensing voltage. The reduced sensing
voltage is then delivered to the CMA circuit board. If,
for any reason, the reduced sensing voltage to the CMA
board is lost, the circuit board will initiate engine startup
and transfer to "Standby”. This test'will determine if
"UtiRy" source voltage is availzble to the CMA.

PROCEDURE:

With "Utility” source power available to the transfer
switch, connect the lest leads of an AC voltmeter
across terminals N1A and N2 of the CMA terminal
board, Normal rated "Utility” source voltage shouid be
indicated.

HESULTS:

1. If voltage reading in Test 28 was good, but reading
in this test is bad, go to Section 4.3 or 5.3 as ap-
propriate. '

2. If voitage reading in both Test 28 and this test are
good, go on to Test 30.

Test 30- Test Sensing Transformer

DISCUSSION:

Normal line-to-fiine "Utility” source voltage'is delivered
to the primary winding of the CMA transformer. Trans-
former action reduces this voliage to approximately 14
volts AC. The reduced sensing voltage is then delivered
to the CMA circuil board. This is a {est of the CMA
transformer.

PROCEDURE:

1. See Figure 17. Connect an AC voltmeter across
tfransformer terminals 1 and 4, Norma! "Utility" power
source voltage should be indicated.

2. Now, connect the meter test leads across trans-
former terminals 5 and 8. Approximately 12-14 volts AC
should be indicated.

RESULTS:
1. H normal "UtiRy" source veoltage is indicated in Step
1, but not in Step 2, replace the CMA transformer.

2. if the transformer checks good, but startup and
transter still occur when "Utility” power is available,
replace the CMA circuit board and test automatic
operation.

Pags 7.4-12
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Figure 17. The CMA Transformer
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SECTION 8.1
SYSTEM FUNCTIONAL TESTS

Section 8.1

SYSTEM FUNCTIONAL TESTS

introduction

Following standby electric system installation and
periedically therzafier, the systém shouid be tested.

- Funclional tests of the system include the folowing:

= Manual transfer switch aperation.
+  System veoltage tests.

»  Generator Tests Under Load.

+  Tesling autematic operation.

Betlore proceeding with functional tests, read instruc-
tions and information on fags or decals affixed to the
generator and transfer swilch. Perform all tests in the
exact order given in this section.

Manual Transfer Switch Operation

"V-TYPE" TRANSFER SWITCHES:

1. On the generator panel, set the auto-off-manual
swiich to "Off",

2. Turn QFF the "Utility" power supply o the transfer
switch using whatever means provided (such as a
“Utility" main line circuit breaker).

3. Set the generator's main line circuit breaker to "Qff"
or "Open™.

DANGER: BE SURE TO TURN OFF ALL POWER
YOLTAGE SUPPLIES TO THE TRANSFER
SWITCH BEFORE ATTEMPTING MANUAL
CPERATION. FAILURE TO TURN CFF POWER
VOLTAGE SUPPLIES TO THE TRANSFER
SWITCH MAY RESULT IN DANGEROUS AND
POSSIBLY LETHAL ELECTRICAL SHOCK.

4. Remove the manual transfer handle from the
enclosure.

5. Place cpen end of the manual transter handie over
fransfer swilch operating lever.

€. To connect "Load” terminal lugs fo the "Standby"
power source, move the handle upward.

7. To connect "Load" terminals to the "Utiity" power
source, move the handle downward.

8. Actuate the switch to "Utility” and to "Manua!" several
times. Make sure no evidence of binding orinterference
is felt.

8. When satisfied that manual transfer switch operation
is correct, actuate the main contacts to their "Utility"
position {"Load" connected to the "Utility” power supply.

"Y-TYPE" TRANSFER SWITCHES:

1. On the generator panel, set the auto-ofi-manual
switch to "Off".

2. Turn OFF the "Utility” power supply to the transfer
swiich, using whatever means provided {such as a
"Utility™ main line circuit breaker),

3. Set the generator's main line circuit breaker to "Off"
or "Open”.

I SWITCH BEFORE ATTEMPTING MANUAL |

DANGER: EESURETO TURN OFF ALL POWER
VOLTAGE SUPPLIES TO THE TRANSFER

QOPERATION. FAILURE TO TURN OFF PCWER
VOLTAGE SUPPLIES MAY RESULT IN
DANGERQOUS AND POSSIBLY LETHAL

ELECTRICAL SHOCK.

4. Remove the manual transfer handle from the
enclosure,
5. Attach the handle opening over the sguare shaft at
fower right corner of transfer mechanism.
6. Move the handle upward. When movement stops
{main contacts at "Neutral"), return handle {o its original
oosition and actuate again.
7. Observe the changeover display on the transfer
mechanism as follows:
a. tf the "UtilRy" arrow is aligned with the green band,
“Lead" is connected to the "Utility” power source.
b. If "Standby” source is aligned with the green band,
"Load" is connected to the "Standby” source.
8. Repeat Steps 6 and 7 several times. Make sure
manual operation is accomplished with no avidence of
binding, sticking, etc.
2. When certain the transfer swilch works properly,
actuate the main contacts to their "Utility" position
("Load" connected to "Utility" source.

A

LOAD CONNECTED TQ UTILITY POWER SOURCE
LOAD CONNECTED TO STANDBY POWER SOUKCE

\

MANUAL
TRANSFER
HANDLE

TRANSFER
SWITCH
OPERATING
LEVER

5l

Figure 1. Manual Operation "V-Type" Switch
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Manual Transfer Switch Operation (Con-
tinued)

A.MOVE HANDLE UP B. STOPS AT "NEUTRAL"

o}

Figure 2. Manual Operation- "Y-Type" Switch

System Voltage Tests

1. Turn ON the "Utility" power supply to the transfer
switch using whatever means provided (such as a
"Utility" 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 to check line-to-line
voltage. On 2-pole switches, check across tarminals N4
and N2. On 3-pole swilches, check across terminals N1
and N2;terminals N2 and N3:terminals N2 and N1, The
voltage must be correct and compatible with rated
transter switch voltage, as listed on the transier switch
DATA PLATE.

3. When certain that "Utility" source voltage is correct
and compatible, set the generator's auto-off-manual
switch o "Of".

4. Turn OFF the "Utility” power supply to the transfer
switch.

5. Check that the generator's main line circuit breaker
is set to "Cn" or "Closed”.

6. On the generator panel, set the auto-off-manual
switch to "Manual”. The engine should ¢rank 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 IS ELECTRICALLY HOT.
CONTACT WITH LIVE TERMINALS OR WIRES
WILL CAUSE DANGEROUS AND POSSIBLY
DEADLY ELECTRICAL SHOCK.

8. Use an accurate AC volimeter to check line-to-line
voitage across terminal lugs E1 and E2 (2-pole units}).
For 3-phase systems, check line-to-line Voltage across
terminals E1-E2; across terminais E2-E3; across ter-
minals E3-E1. Rated generator voltage should be indi-
cated and must be compatible with the transfer switch
rated voltage.

8. Use an accurate AC frequency meter to check for
proper tfrequency. Connect the frequency meter test
leads across terminal £1 and the "Neutral” block. Fre-
quency at no-load should be about 61-53 Heriz.

1C. After all voltage and frequency measurements have
been completed, set the generator's main circuit
breaker to its "Oif" or "Open” position.

NOTE. Do NOT proceed until generator AC output voltage
and frequency are correct. if no-load voitages and frequency
are both correspondingly high or low, the engina governor
may require adjustment. If AC frequency is good, but AC
voilage is high or low, the AC veltage regulator may require
adjustment,

Generator Tests Under Load

1. Set the generator's main line circult breaker to "O#"
or "Open".

2. Set the auto-off-manual switch to "Df".

3. Turn OFF the "Utility" power supply to the transfer
switch using whatever means provided {such as a
“Utility” main line circuit breaker),

4. Manually actuate the transfer switch main contacts
to their "Standby™ position, i.e., "Lead” connected to the
"Standby" source.

5. Set the auto-off-manual swich to "Manual”. The
engine should crank and start. When it stars, lat it
stabilize and warm up for a few minutes.

6. Actuate the generator's main circult breaker io its
"On" or "Clased” position.

7. Turn ON electrical locads equal to the full rated
watlage/amperage capacity of the generator. DO NOT
OVERLOAD THE UNIT.

8. With maximum rated load applied, check AC voltage
and frequency across transter switch terminals E{/E2
{1-phase} or across EI/E2/E3 (3-phase). Voltage
should be greaterthan 230 volts AC. Freque ncy should
be greater than 58 Hz.

9. Let the generator run at its maximum rated load for
30 minutes. Listen for unusual noises, evidence of
vibration, overheating, oil and coociant leaks, etc.

10. When checkout under load is completed, set the
generalor's main line circuit breaker to "Off" or “Open’.
11. Let the generator run at no-load for a few minutes.
Then, set the auto-off-manual switch to "CH” to stop the
engine.

12. Make sure all power supplies to the transfer switch
are turned OFF. Then, actuate the transfer swich back
to its "Utility” paosition {"Load” connected to “Utility™
power source).
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Generator Tests Under Load (Continued)

13. Turn ON the "Utility" power supply to the transfer
switch.

14. Set the auto-off-manual switch to "Auto™. The sys-
tem is now saf for fully automatic operation.

Testing Automatic Operation

i. Set the generator's autc-off-manual switch to "0
2. Turn OFF both the "Utifty" and "Standby" power
supplies to the fransfer switch.
3. It necessary, manually actuate the transfer swilch
main contacts to their "Utility" position, ie., "Load"
connected to the "Utility” source.
4. Turn ON the "Utility” power supply to the transfer
switch.
5. Set the generator's main line circuit breaker 1o fts
"Cn" or "Closed” position.
6. Set the generator's auto-off-manual switch to fs
"Auta" position.
7. Turn GFF the "Utility" power suaply to the tiansfer
switch.
a. The generator engine shouid crank and star.
b. Afterthe CMA board's "engine warmup imer” has
fimed out, transfer of "Load"” circuits to the "Standby”
power supply should occur,
8. Wait about 10-15 minutes, then turn ON the “Utility™
power supply to the transfer switch.
a. After about six (6) seconds, retransfer back to the
"LHility” source should ocour.
b. After an "engine ccoldown timer” {1 minute) has
timed out and after any time remaining on an "engine
minimum run fimer” has elapsed, the engine should
shut down.

NOTE: The “engine minimum run timer™ comes on dufing
startup in automatic mode. Engine must run for 2beut 13
minutes before it can be shut down avtomatically. The timer
prevants shutdown of a cold engine. Engine can be shut
down manually at any time.

SECTION 8.1
SYSTEM FUNCTIONAL TESTS
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Section 8.2

ADJUSTMENTS- AIR COOLED UNITS

The 7-Day Exercise Cycle

The engine-generator wilt start every seven {7} days,
on a day and at a time of day selected by the cwner-
operator. The unit will run for a few minutes and then

shiut down.

A Set Exercise Time toggle switch is provided onthe
generator console. Use the switch to select day and

time of day for exercise, as follows:
«  Place the Auto-Manual-Off switch to "Off".

s Place the Set Exercise Time swilch to "On" and

hold for 5 seconds.

«  Wait 30 seconds _then place the aute-manual-off
swrah to "Auto . The generator will now start and

exercise every 7 days at the praset time.

NOTE: Faflure to walt 30 seconds may result in engine
stariup. i the engine does stant, it will shut down automalically

within about 2 minutas.

(7 3

e

EXEACISE %

TIME ON
MAIN BREAKER
y FUSE
SMTE &
2 H]zi Il 2 9@3
\\ OFF 15 AMP j"

Figure 1. Location of Set Exercise Time Switch

Adjusting the Engine Governor
DISCUSSION:

Because the generator is equipped with a "voltage-
overfrequency” type AC voltage regulator, the umit's
AC output voltage is generally proportional to AC fre-
guency. For example, the air cooled prepackaged gen-
erator will provide a line-to-line voltage of approximate-
ly 240 volts at a frequency of 60 Hertz. Any reduction
in driven speed and frequency will result in a cor-
responding decrease in the voltage oulput,

DANGER: ADJUSTMENT OF THE ENGINE
GOVERNOR SHOULD BE ACCOMPLISHED IN
TWO STAGES. FIRST, COMPLETE THE STATIC
ADJUSTMENT. THEN, PERFORM ADJUST-
MENTS WITH THE ENGINE RUNNING. F7 L URE
TO COMPLETE THE STATIC ADJUSTMENT
COULD RESULT IN OVERSPEEDING THE EN-
GINE WITH POSSIBLE RESULTANT INJURY TO
PECPLE OR DAMAGE TC THE ENGINE-GEN-
ERATCR.

PROCEDURE:

A. The Static Governor Adjustment
1. The static governcr adjustment MUST be com-
pleted after any disassembly and before starting and
gperating the engine. ALL LINKAGE MUST BE IN-
STALLED WHEN MAKING THIS ADJUSTMENT.
2. To complete the static adjustment, proceed as
follows, with engine shut down (Figure 2):
a. Loosen the GOVERNOR CLAMP NUT.
b. Actuate the GOVERNOR LEVER untilthe throt-
tle is wide open. DO NOT USE EXCESSIVE
FORCE.
¢. While hoiding the GOVERNOR LEVER in the
"wide open throttie” position, insert a screwdriver
into the siotted end of the GOVERNQOR SHAFT.
Rotate the GOVERNOR SHAFT counterclockwise
{CCW) as far as it will go.
d. Hold the GOVERNOR SHAFT in its fully
counterclockwise position, then tighten the
GOVERNDOR CLAMP NUT. Tighten the GOVER-
NOR CLAMP NUT to 70 inch-pounds (8 N-m)
torque.
B. Adjustment with Engine Running

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.

The generator's AC frequency output is directly

proportional to the driven speed of the rotor. A 2-pcle
rotor (having z single north and a single south magnetic
pole} wilt produce an AC frequency of 60 Hentz at 3600
rpm. A d-pola rotor (with 2 north and 2 south poles) will

provide 60 Hertz at 1800 rpm.

1. Inspect the ANTI-LASH SPRING. Make sure it is
not broken or disengaged.

2. Connect an accurate AC frequency meler across
the generator's AC output ieads.
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Adjusting the Engine Governor (Con-
tinued)

3. Start the generator, let it stabilize and warm up at
no-load (all electrical Joads disconnected).
4. Forunits rated 80 Hertz, turnthe ADJUSTER NUT
to obtain a frequency reading as close as possible to
62 Hertz. On units rated 50 Herlz, frequency reading
should be as close as possible to 51 Hertz,
5. Apply electrical loads and test the unit with loads
applied.
a. Total wattage/amperage of all applied loads
should be as ciose as possible to the generator's
fuli rated wattage/amperage capacity.
b. Check the amount of {requency droop when
electrical loads are tumed on.
{1) If frequency droops below about 5% Hertz
when joads are applied, disconnect the eleciri-
cal loads. Then, move the GOVERNCR
SPRING in the ADJUSTMENT BRACKET
closer t¢ the ANTI-LASH SPRING.
{2} After repositioning the GOVERBNOR
SPRING in the ADJUSTMENT BRACKET,
reset the ADJUSTER NUT to obtain a no-load
AC freguency as close as possible {0 62 Hertz.
(3) Apply elactrical loads again and recheck
frequency droop.
¢. Disconnect electrical loads and note whether
excessive "hunling” occurs when the loads are
disconneacted.
6. Repeat the abave procedurss until:
a. No-load speed is as close as possible to 62
Henz.
b. Excessive droop does nol occurwhen loads are
applied.
¢. Excessive "hunting” does not cccur when ioads
are disconnectad.

Voltage Regulator Checks and Adjust-
ments

GENERAL:

Fer additional information on the prepackaged AC
voltage regulator, ses "Other AC Generator Com-
poneants” in Sectien 2.1 (Page 2.1-3).

ADJUSTMENT PRCCEDURE:

i. Start the generator engine, let it stabilize and warm
up at no-load.
2. Note the frequency reading. The no-load frequency
should be as close &s possible fo 62 Herlz {61-583
Hertz).
a. lf necessary, adjust the engine govarnor to obtain
a no-load speed that is as close as possible to 62
Herz.
b. Do not attempt voltage regulator adjusiments until
the engine is running at the correct no-load speed.
3. Slowly turn the slotted potentiometer on the AC
voltage regulator (Figure 3) until the generator's line-
{o-line voltage reads as close as possible to 248 volis
AC {244-252 volts).
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ADJUSTMENTS- AIR COOLED UNITS

IDLE STOP SCREW

CARBURETOR
THROTTLE LEVER

ﬂ.llltlllll!hlivl“-”l

ADJUSTER NUT.

=)
255

S ANTLLASH
: PRING

GOVERNOR
SHAF

GOVERNOR
SPRING

GOVERNOR AQUISTHENT
CLAMP NUT - ‘governoA

LEVER

Figure 2. Engine Governor Adjusiment

ADJUSTMENT
POTENTIOMETER

Figure 3. The AC Voltage Regulator

fLoad Block Adjustments

TOOLS REQUIRED;

The following are required to adjust the gasecus fuel
system load block:
» A straight slot screwdriver,
« A 17mm open-end wrench
+  An AC frequency meter with 55-65 Hertz range.
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ADJUSTMENTS- AIR COOLED UNITS

Load Block Adjustments (Continued)

iF NATURAL GAS 15 USED:

1. On the generator panel, set the aulo-off-manual
switch to "Off".

2. Turn OFF the "Uliiity" power supply to the iransfer
switch using whatever means provided (such as a
"Utility" main line circuit breaker).

3. Set the generator's main line circuit breaker to is
"Off” or "Open” position.

DANGER: DO NOT 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 HAZARDQUS AND FPOSSIBLY
DEADLY ELECTRICAL SHOCK.

4, Manually actuate the transfer switch main contacts
to their "Standby” position, L.e., "Load" connected io the
"Standby" power supply.
5. Turn ON electricalloads equalto about 13.5 amperes
at 240 volts or 27 amperes at 120 voliis.
8. Complete initial adiustment of the load block as
foliows {Figure 4): .
a. Loosen the LOAD BLOCK LOCK NUT.
b, Turn the SLOTTED ADJUSTMENT and LOAD
BLOCK IDLE ADJUST clockwise until they just bot-
{om. DG NOT FCRCE.
¢. Turn the LOAD BLOCK iDLE ADJUST
counterclockwise one-half (1/2) turn.
d. Turnthe SLOTTED ADJUSTMENT counterslock-
wise one and one-half (1-1/2) turns.
7. Connect an accurate AC frequency meter across
transfer swiich ferminal lugs E1 and E2.
8. Set the auto-cff-manual switch to "Manual”. The
engine should crank and start.
8. Let the engine stabilize and warm up for a few
minutes.
1C. If the engine runs rough, slowly turn the SLOTTED
ADJUSTMENT clockwise until a maximum frequency
of 62 Herlz is reached. DO NOT EXCEED 62 HERTZ.
11. Now, apply the load of 13.5 amperes at 240 volts,
or 27 amperes at 120 volts. These loads were turnad
on in Step 5. To apply the loads, simply set the gener-
ator's main line circuit breaker to "On" or "Closed".
t2. With the prescribed electrical load apptied, slowly
turn the SLOTTED ADJUSTMENT clockwise until a
reading of 62 Hertz is obtained. DO NOT EXCEED 62
HERTZ,
13. With engine running at 62 Herfz, back out the
SLOTTED ADJUSTMENT three {3) fuil turns. Hoid that
adjusiment and tighten the LOAD BLOCK LOCK NUT.
The main fuel setting is now correct,
14. Set the generalor's main line circuit breaker to its
"Otf" or "Open” position. Step 15 mustbe accomplished
with the engine running at no-load.
15. Adjust the LOAD BLOCK IDLE ADJUST untd en-
gine is running smocthly at 62 Hertz. Idle setting at this
paint is complete.

LOAD BLOCK
LOCK NUT
LOAD SLOCK P S SLOTTED
IDLE ADJUST ADJUSTMENT

Figure 4. Loac Bizck Adurtrients

IF LP (FROPANE) GAS IS USED:

1. On the generalor panel, sei the autc-ofi-manual
switch to "CH".

2. Turn OFF the "Utility" power supply to the transfer
switch, using whalever means provided {such as a
“UiRy" main line circuit breaker),

3. Set the generalor's main line circuit breaker to its
“Cit" or "Ogen” position.

DANGER:DONQTPROCEED TOSTER 4 UNTIL
ALL POWER VOLTAGE SUPPLIES TO THE
TRANSFER SWITCH HAVE BEEN POSITIVELY
TURNED OFF. IF POWER VOLTAGE SUPPLIES
ARE NOT TURNED OFF, DANGERCUS AND
FOSSIELY LETHAL ELECTRICAL SHOCK MAY
RESULT WHEN ATTEMPTING MANUAL
TRANSFER SWITCH OPERATION.

4. Manuzlly actuate the transfer switch main contacts
to their "Standby” position, i.e., "Load" connected {¢ the
"Standby” source side.
5. Turn on electrical loads equal to about 25 amps at
240 voits; or 50 amps at 120 voits.
6. Complete initial adjustment of the load block as
foliows (Figure 4):
a. Turnthe SLOTTED ADJUSTMENT and the LOAD
BLOCK IDLE ADJUST clockwise until they ars softly
seated. DO NOT FORCE.
b. Turn the SLOTTED ADJUSTMENT counterclock-
wise one and one-half (1-1/2) turns. Hold that adjust-
ment and tighten the LOAD BLOCK LOCK NUT.
¢. Turn the LOAD BLOCK [DLE ADJUST
counterclockwise ong-half {1/2) turn.
7. Connect an accurate AC frequency meter across
transfer switch terminal lugs E1 and E2.
8. Set the auto-off-manual switch 1o "Manual". The
engine should crank and start.
9. Let the engine stabilize and warm up for a few
minutes.
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Load Block Adjustments (Continued)

10. if the engine runs rough, slowly turn the SLOTTED
ADJUSTMENT clockwise untif a maximum frequency
reading of 62 Hertz is reached. DO NOT EXCEED 62 ‘ srarongoot
HERTZ. 242 e
11. Now, apply the load of 25 amperes at 240 volts, or ReAR BEASIG CaSRiER BT ] 1 — r— e

L JETATOR CaN

50 amperes at 120 voits. These loads were turned on HOUNTING BASE 7T
in Step 5. To apply the loads, set the generator's main HYLOK SUDE SUPPOAT EEETINITETL
line circuit breaker to "On" or "Closed™. Lo 0 S QH
12. With the electrical load applied, slowly turn the - o
SLOTTED ADJUSTMENT until a reading of 62 Hertz is : . 25
oblained. DO NOT EXCEED 62 HERTZ. 3 il G
13. With the engine running at 62 Herz, turn the ==

SLCTTED ADJUSTMENT counterclockwise one and
one-half (1-1/2) turns. Hold that adjustment and tighten
the LOAD BLOCK LOCK NUT,

14. Disconnect the load by setting the generater's main
line circuit breaker to its "Oi" or "Open” position.

~

LQ 51 4NCH

15. Turnthe LOAD BLOCK IDLE ADJUST siowly clock- Figure 5. Drive Belt Tension Adjusiment
wise and counterclockwise until engine runs smootly at
€2 Herz (no-load).

Adjusting Drive Belt Tension

The engine and generator are mounted vertically and
side-by-side. A drive beft extends from and engine
pulley to a generator pulley, to drive the generartor rotor
at the same speed as the engine. The drive belt should
require adjustment oniy when (a) a new belt is installed,
or {b} belt tensioning hardware has been removed or
replaced. Adjust drive beit tension as follows:

1, First, adjust the spring on the four stator can bolts to
a length of 1/2 inch {13mm).

2. Adjust the two sets of springs that are positioned
laterally at the generator's lower bearing carrier to a
length of 5/8 inch {(18mm).
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Section 8.3

ADJUSTMENTS- LIQUID COOLED UNITS

Setting Weekly Exercise Cycle

The generator will start and exercise once every
seven (7) days, on & day and at’a time of day selected
by the instailer or operator. The unit will run for ap-
proximately 13-15 minutes during this "exercise” cycle,
will then shut down. Transfer of electrical loads to the
"Standby" power source will not occur during the exer-
cise.

A switch, located on the generator control console,
permits the day and time of exercise o be selected. To
select the day and time of day for the systam to exer-
cise, proceed as foliows:

° gé%se the auto-off-manual switch to its "CH" posi-

> Holdthe setexercise time switch at ffs "On" position
for about five (5) seconds.

«  After five seconds, release the set exercise time
swiich to its "Off" cosition. Wait 20 seconds, then
place the auio-off-manual switch at "Auto™ The

eneralor wili exercise every seven (7) days at the
elected time.

NOTE: Failure to wait 30 seconds before placing the auto-off-
manual switch fo "Auto” may result in engine cranking and
startup. If the engine dees crank and start, it will shut down
automnatically within about two (2} minutes.

Engine Governor Adjusiment

GOVERNCR DESCRIPTION:

The mechanical, centrifugal type governor utilizes
spring tension versus centrifugal force to maintain a
steady siate operating speed regardless of the loadon
the engine. When centrifugai force actingon a set of
flyweights exceeds governor spring tension, flyweight
force will decrease carburetor threottle setling and rpm.
Should engine speed decrease, flyweight force will also
decrease. Spring tension then becomes the stronger
force and will increase throttle setting and rpm. Gover-
nor action will cease when centrifugal force and spring
tension are in equilibrium.

The engine governor also supports and drives a
haitery charge =lternator which maintains battery state
of charge during operation.

GOVERNOR LUBRICATION:
Remcove QIL FILLER PLUG and OIL LEVEL CHECK

- PLUG. Add engine oilthrough OIL FILLER PLUG open-

ing until oil just starts to drain from the OIL LEVEL
CHECK PLUG opening. Install and tighten both olugs.

DC YOLTS

FAULT
AUTO INDICATOR

An M

04 Filler Plug
/

Ol Level Check Plug’

Figure 2. Govarnor Oil Servicing Points

GOVERNOR LEVER TO CARBURETOR LINK:

When insialling the governor lever to carburetor
linkage, adjustthe rod lengthto 4-3/8 inches (measured
between ball joint centerlines).

Figure 1. The "Set Exercise Time" Switch

4-3/8 inches
{1 titem

Figure 3. Governor Lever to Carburster Link
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Engine Governor Adjustment (Con-
tinued)

ADJUSTMENT:

1. Connect an accurate AC frequency meter across
stator AC output leads E1 and E2, to read the gener-
ator's ine-to-line frequency. i

2. Set the generator's main line circuit breaker to its
"Off" or "Open” position. Initial checks and adjustments
will be accomplished with the engine at no-load.

3. Startthe engine, let it stabilize and warm up for a few
minutes.

4. With engine running &t no-lead, adjustthe NO-LOAD
SPEED ADJUST SCREW to obtain a frequency read-
ing as close as possible 10 61.5 Hertz (680 Hertz unis)
or io 50.0 Hertz (50 Hertz units).

5. Adjust the NO-LOAD BUMPER SCREW to obtain a
frequency reading of 62 Hertz (60 Hertz units): or 51
Herizs (50 Hertz units).

8. Apply an electrical load to the generator that is as
ciose as possible to the rated wattage/amperage
capacity of the generator.

7. Check the AC frequency with the load applied. If
frequency droops below about 58 Henz with load ap-
piied for 60 Herlz units, or below about 49 Hertz with
ioad applied for 50 Henz units, adiust the DROOP
ADJUSTMENT downward. Adjust the DROOP AD-
JUSTMENT until application of slectrical loads results
in the smallest possible irequency droop when load is
applied. :

8. if surging cccurs when electrical loads are discon-
nected, adjust the NO-LOAD BUMPER SCREW in-
ward. [f BUMPER SCREW adjustment changes the
frequency reading, back the NO-LOAD BUMPER
SCREW out until the no-lead frequency returns to 62
Herz (60 Mertz unils); orto 51 Hertz (50 Hertz units).

SECTION 8.3

ADJUSTMENTS- LIQUID COOLED UNITS

Voltage Hegulator Adjustment

For additional information on the prepackaged AC
voltage regulator, see "The Excitation Circuit" in Sec-
tion 3.1 of this manual (Page 3.1-3).

Before adjusting the voltage regulator for correct AC
voltage output, make sure engine governed speed is
correct.

ADJUSTMENT PRCCEDURE:

i. Connect an accurate AC voltmeter and frequency
meter across the generator's AC output leads. Read-
ings of line-to-line voltage may be usad.
2. Start the engine, lst it stabilize and warm up at
ne-load.
3. Check the AC frequency reading. Frequency should
be as close as possible to 82 Henz (61-63 Hertz) at
no-load. Adjust the engine governor, if necessary.
<. With engine running at correct speed (freguency),
siowly turn the slotted potentiometer cn the regulatorto
obtain the proper AC voltage as follows:
a. For units rated 120/240 volts AC, the no-load
line-to-line voltage should be as close as possibla to
248 volts (244-252 volts).
b. For units rated 120/208 volts AC, the no-load
fine-to-line voltage should be as clese as possitle to
215 volts {212-218 voits).

NOTE: The no-load voltage is generally proportional to AC
fraquency. For units rated 240 volts, the no-foad {line-to-fing)
voltage at 62 Hertz will be aporoximately 248 voits. For units
rated 120/208 volts, the no-foad (lins-to-fine) voltage will be
about 215 volts.

To Carhuretor

NO LOAD BUMPER SCREW

Qil Level Check Plug

/ Oil Filler Plug
/

DROOP ADJUSTMENT

TN

—_
NO LOAD SPEED ADJUST SCREW

Figure 4. Engine Governcr Adjustment Points
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TESTS & ADJUSTMENTS ADJUSTMENTS- LIQUID COOLED UNITS
Voltage Regulator Adjustment (Con-
tinued) :
SO\ ) PHASE SEQUENCE
S— . & LOSS MONITOA |
(@] | m TITETY
: GREEN LIGHT | T
r — “waN @ MAX 2 . N
= S LIE3ERE:
»! — I
VOLTAGE ADJUST
FOTENTIOMETER
> o
U Figure 6. The 3-FPhase Fower Monitor

Figure 5. Voitage Regulator

Adjustment of 3-Phase Power Monitor

DISCUSSION:

This device (Figura 6} is used on 3-phase, "Y-Type”
prepackaged iransfer swiiches. It senses "Utility"
power source voltage inalithree (3) lines of the 3-phase
system. A voltage dropout in one line, two lines, or all
three lines of the system will result in opening of the
power monifor contacts and loss of "Utility" voltage
sensing to the CMA circuit board. CMA circuit board
acticn will then initiate generator startup 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 normally on, bui goes out cn less of cne or
more ¢f the 3-phase lines. A sloited vollage dropout
adjustment is provided and is adjustable from 180-270
voits AC, The adjustment is linear.

When the adjustment is turned fully counterciock-
wise {o "Min", the power monitor will de-energize and
its contacts will open at about 180 volits AC.

When turned fully clockwise to "Max", i will de-ener-
gize and its contacls will open at about 270 volits AC.

When set {0 #s "mid-position”, the unit will de-ener-
gize and its contacts will open at approximately 239
volts AC.
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"Y-TYPE" TRANSFER SWITCH
200 AMP, 2-POLE (DRAWING 74498)

ELECTRICAL DATA
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"Y-TYPE" TRANSFER SWITCH

100/200 AMP, 3-POLE (DRAWING 74499)

ELECTRICAL DATA

PART 9
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“V-TYPE" TRANSFER SWITCH
100 AMP, 2-POLE (DRAWING 81222)

ELECTRICAL DATA
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WIRING DIAGRAM (DRAWING 76049
, LIQUID COOLED GENERATOR

1-PHASE

ELECTRICAL DATA
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PART 9

SCHEMATIC (DRAWING 76062)
1-PHASE, LIQUID COOLED GENERATOR

ELECTRICAL DATA
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WIRING DIAGRAM (DRAWING 76066
3-PHASE, LIQUID COOLED GENERATOR

ELECTRICAL DATA

PART 8
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SCHEMATIC (DRAWING 76058)
3-PHASE, LIQUID COOLED GENERATOR

ELECTRICAL DATA

PART S
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WIRING DIAGRAM (DRAWING 73961)
LIQUID COOLED ENGINE (GASOLINE)

ELECTRICAL DATA

PART 9
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PART 8 SCHEMATIC (DRAWING 73862)
ELECTRICAL DATA LIQUID COOLED ENGINE (GASCLINE)
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WIRING DIAGRAM (DRAWING 76045)

LIQUID COOLED ENGINE (GASEQOUS FUEL)

ELECTRICAL DATA
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SCHEMATIC (DRAWING 76046)
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AIR COOLED ENGINE UNIT

ELECTRICAL DIAGRAM (DRAWING 77042)

ELECTRICAL DATA

PART 9
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