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SPECIFICATIONS

GENERATOR SPECIFICATIONS:

RATED
POWER

8 kW

12.5 kW

16 kW

20 kW

RATED VOLTS

120/240, 1-Phase

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

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

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

MAX. LOAD
CURRENT AT 66.6/33.3 104.2/52.1 133.3/66.6 166.6/83.3
120/240 VOLTS,
1-PHASE
MAX. LOAD
CURRENT AT Not Applicable 104.2/52.1 96.3/55.6 120.4/69.5
120/208 VOLTS,
3-PHASE
ENGINE 480 cc OHV 1.2 Liter OHC, 4-Cylinder
V-Twin
ENGINE
COOLING Air-Cooled Liquid-Cooled
FUEL LP or Natural Gas
RATED
FREQUENCY 60 Hz at 3600 rpm | 60 Hz at 1800 mpm 60 Hz at 3600 rpm | 60 Hz at 3600 rpm
TYPE OF ROTOR 2-Pole 4-Pole 2-Pole 2-Pole
ROTOR WINDING 12.6 Ohms 10.9 Ohms 8.0 Ohms 8.5 Ohms
RESISTANCE
STATOR WINDING RESISTANCE VALUES:
8 kW, 120/240 Voits, 1-Phase Units:
Battery Charge Winding ............. 0.06 Ohm Across Leads S3-S6................. 0.21 Ohm
ExcitationWinding ................. 1.08 Ohm Across Leads S9-S12 . .............. 0.21 Ohm
AC Power Winding (each winding) ... .. 0.16 Ohm Across Leads S2-S5 ................ 0.21 Ohm
Acrossleads2-6 .................. 0.75 Ohm
12.5 kW, 120/240 Volts, 1-Phase Units:
Across Wires 11-22 ................ 0.13 Ohm 16 kW, 120/240 Volts, 1-Phase Units:
Across Wires 33-44 .. .............. 0.13 Ohm Across Leads 11-22 ................ 0.10 Ohm
Across Wires5-6 .................. 0.87 Ohm Across Leads 33-44 . ............... 0.10 Ohm
Across Leads2-6 .................. 0.63 Ohm
12.5 kW, 120/240 Volis, 3-Phase Units:
Across Leads S1-S4 .. .............. 0.12 0hm 16 kW, 120/240 Voits, 3-Phase Units:
Across Leads S7-S10............... 0.12 Ohm Across LeadsS1-S4 . ............... 0.12 Ohm
Across Leads S8-S11. ... ... ..... 0.19 Ohm Across Leads S7-S10 ............... 0.12 Ohm
Across Leads S3-S6................. 0.19 Ohm Across Leads S8-S11 . .............. 0.19 Ohm
Across Leads 8S9-S12................ 0.19 Ohm Across Leads S3-S6 ................ 0.19 Ohm
Across Leads S2-S5................ 0.19 Ohm Across Leads S9-S12 . .............. 0.18 Ohm
Acrossleads2-6 .................. 0.78 Ohm Across Leads S2-S5................ 0.19 Ohm
Across Leads5-6 .................. 0.94 Ohm
12.5 kW, 120/208 Volis, 3-Phase Units:
Acrossleads S1-S4................ 0.21 Ohm
Across Leads S7-S10............... 0.21 Ohm (Continued on Next Page)
Across Leads S8-S11............... 0.21 Ohm
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SPECIFICATIONS

STATOR WINDING RESISTANCE

VALUES (CONTINUED)

16 kW, 120/208 Volts, 3-Phase Units:

Across Leads S1-S4 ............... 0.18 Ohm
Across Leads S7-S10 .............. 0.18 Ohm
Across Leads S8-S11 .............. 0.18 Ohm
Across Leads S3-S6 ............... 0.18 Ohm
Across Leads S9-S12 .............. 0.18 Ohm
Across Leads S2-S5 ............... 0.18 Ohm
Across Leads5-6 .................. 0.94 Ohm
20 kW, 120/240 Volts, 1-Phase Units:

Across Leads 11-22 . ............... 0.05 Ohm
Across Leads 33-44 . ............... 0.05 Ohm
Acrossleads2-6 .................. 0.50 Ohm
20 kW, 120/240 Volts, 3-Phase Units:

Across Leads S1-S4 . .............. 0.08 Ohm
Across Leads S7-S10 .............. 0.08 Ohm
Across Leads S8-S11 . ............. 0.135 Ohm
Across Leads S3-S6 ............... 0.135 Ohm
Across Leads §9-S12 .............. 0.135 Ohm
Across Leads S2-S5 ............... 0.135 Ohm
AcrossLeads5-6 .................. 0.45 Ohm
20 kW, 120/208 Volts, 3-Phase Units:

Across Leads S1-S4 ............... 0.15 Ohm
Across Leads S7-S10 .............. 0.15 Ohm
Across Leads S8-S11 .............. 0.15 Ohm
Across Leads S3-S6 ............... 0.15 Ohm
Across Leads S9-S12 .............. 0.15 Ohm
Across Leads S2-S5 ............... 0.15 Ohm
AcrossLeads5-6 .................. 0.39 Ohm

AIR-COOLED V-TWIN ENGINE
SPECIFICATIONS

Type of Engine ............ Twin Cylinder

Cooling ..........coouun.. Air-Cooled

Rated Horsepower ......... 16 at 3000 rpm

Displacement . ............. 480 cc’s

Compression Ratio ......... 85¢%01

CylinderBlock ............. Aluminum with cast
iron sleeve

Type of Governor .......... Mechanical, Fixed
Speed

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

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

Typeof Starter . ............ 12 volts DC electric

Ignition System ............ Solid State with

flywheel magneto
Recommended Spark Plugs

Champion .............. RC12YC

AC .. R45S

Fram Autolite ............ 65
Spark PlugGap ............ 0.030 inch
Armature AirGap .......... 0.008-0.012 inch
Valve Clearance-Cold ...... 0.004-0.006 inch
OilFilter .................. FRAM PH3614
Engine Cranking Current . . . .. 100 DC amperes

Engine Torque Specifications:

Engine Flywheel ......... 125 foot-pounds
Cylinder Head Bolts .. ... .. 165 inch-pounds
ConnectingRod .......... 115 inch-pounds
Crankcase Cover......... 150 inch-pounds
Governor Lever Lock Nut .. 70 inch-pounds

SparkPlugs ............. 200 inch-pounds
Starter Mounting Bolts . . . .. 140 inch-pounds

NOTE: A service manual Is avallable for the V-Twin
engine. The manual Is entitled "V-Twin OHV
Horlzontal and Vertical Shaft Engines” and may be
ordered by specifying Manual Part No. 81134.

LIQUID-COOLED 1.2 LITER ENGINE

SPECIFICATIONS
Number of Cylinders ........ 4, In-Line
Cooling................... Liquid-Cooled
Valve Arrangement ......... Overhead Cam
Displacement .............. 1.2 liters (73 Cu. In.)
Compression Ratio ......... 9.0to 1
Rated Horsepower.......... 42 at 3600 rpm
Crankcase Oil Capacity ...... 3.0 U.S. quarts
(with filter change)
Cooling System Capacity .... 2 U.S. gallons
Type of Cooling System .. ... Pressurized, closed
recovery
AirCleaner................ Replaceable dry type
cartridge
Cooling Air Requirements . ... 1590 cubic feet/Min.
Combustion Air Requirements 72 cubic feet/Min.
Governor ................. Mechanical, Fixed
Speed
Starter ................... 12 volts DC electric
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SPECIFICATIONS

THE 8 KW, AIR-COOLED PREPACKAGED GENERATOR

10

12

ITEM NOMENCLATURE ITEM NOMENCLATURE r
1 Engine Valve Cover 7 AC Generator
2 Engine Air Cleaner 8 Battery Compartment
3 Oil Dipstick & Fill Tube 9 Line Circuit Breaker
4 Qil Drain Hose 10 15 amp Fuse
5 Oil Fitter 11 Auto-Off-Manual Switch
6 QOil Makeup Tank 12 Enclosure
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SPECIFICATIONS

TYPICAL PREPACKAGED GENERATOR WITH 1.2 LITER ENGINE

F —————
ITEM DESCRIPTION ITEM DESCRIPTION
1 Exhaust Muffler 10 Bearing Carrier Cover
2 Engine Governor 11 30 Amp Fuse
3 Data Plate 12 Fault Indicator Lamp
4 Oil Drain Hose 13 Auto-Off-Manual Switch
5 Fuel Connection 14 Battery Voltmeter
6 Fuel Solenoid Valve 15 Hourmeter
7 Starter Motor 16 AC Voltmeter
8 Voltage-Phase Selector Switch§ 17 AC Ammeter
9 Mounting Base 18 AC Frequency Meter
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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 purpose 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 to (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 malfunctions, and (c) effect the expeditious repair of
the equipment.

Units with Air-Cooled V-Twin Engine

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

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

Units with Liquid Cooled Engine

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

A DATA PLATE, affixed to the unit, contains impor-
tant information pertaining to the unit, including its
Model Number, Serial Number, kW rating, rated rpm,
rated voltage, etc.

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

MODEL NUMBER:

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

DATE:
Indicates the date of manufacture 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. Also see "Voltage Code" in
this section.

GROUP LETTERS/ASSEMBLY NUMBERS:

The various GROUPS (or subassemblies) that make
up the entire generator set are identified by means of
the letters "A" through "G". Adjacent to the GROUP
letter is the GROUP DESCRIPTION and one or more
ASSEMBLY NUMBERS. Assembly numbers refer to
specific engineering drawings, exploded views and
electrical diagrams applicable to a specific GROUP.

Voltage Codes

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

OLTAGE| RATED RATED
CODE VOLTAGE PHASE FREQUENCY
A 1207240 1 60 Hz
B 120/208 3 60 Hz
D 120/240 3 60 Hz
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PART 1 SECTION 1.1
GENERAL INFORMATION GENERATOR IDENTIFICATION

Generalor Identification Code

S G 020 A 1 12 N 36 P DY Y Y
RSN e PR [ ] g pm T L e PR
UNIT HAS A MAIN
LINE CIRCUIT
BREAKER
SHIPPED WITH AN
EXHAUST MUFFLER
i INCLUDES A
“ COMPARTMENT
D= DIRECT EXCITED
ﬁ B= BRUSHLESS
CONTROL CONSOLE
M P= PREPACKAGED
m RATED RPM

15= 1500
18= 1800
30= 3000
36= 3600

P FUEL SYSTEM
N= NATURAL GAS
L= LP GAS (PROPANE)

ENGINE DISPLACEMENT]
S ——— e L (N LITERS)

- e —— » RATED AC FREQUENCY
6= 60 HERTZ

5= 50 HERTZ

> PHASE (1 OR 3-PHASE)

w VOLTAGE CODE

> RATED KILOWATTS

G= GAS ENGINE
T —— —ﬁ D= DIESEL ENGINE

» STANDBY GENERATOR
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PART 1 SECTION 1.1
GENERAL INFORMATION GENERATOR IDENTIFICATION

é ALTERNATOR DATA )

MODEL [ kva [ ] GENERAC CORP.
seraL [ ] prase[___ |

voLtTs [ ] HERTZ HODELNO
L NO.G1AQ /
AMPS :] RPM 1256S DATE 5/09/91
SG012-A161.2N18CDYNY
Eg@ﬂ%}n |:] KW [:::} GROUP  DESCRIPTION  ASSEMBLY NUMBERS

CLASS F WINDING INSULATION AT 40° C. A Generator 00000 00000

B Control Panel 00000 00000 00000
%NSRAC CORP. c Mounting Base 00000 00000
A KESHA, WI D Engine & Accy 00000
45452 MADE IN U.S.A. E Fuel System 00000
L y G Wiring Diagram 00000 00000 00000
Figure 1. A Typical Data Plate Figure 2. A Typical Data Card
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SECTION 1.2
AC CONNECTION SYSTEMS

Section 1.2

AC CONNECTION SYSTEMS

Voltage Codes

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

Voltage Code "A"

Units with voltage code "A" are rated 120/240 volts,
i-phase, 60 Hz. Dual stator AC power windings each
supply 120 volts 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-wire" connection system in
which Leads 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 volts, 3-phase, 60 Hz.
The stator's AC power winding is a "parallel 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 connection (lower) panel. The leads are
numbered S1 through S12. The twelve leads are con-
nected together by means of "bolted" junctions,as
shown in the following chan, to form Lines E1, E2, E3
and "neutral" (00). Also see Figure 3.

T BOLTED CONNECT To
JUNCTION LEADS FORM

1 ¥ s4, 55, 86,510, S11, S12] Neutral (00)

2 §StandS7 Line E1

3 § S2and S8 Line E2

4 l S3 and S9 Line E3

hg—120 VOLTS 120 VOLTS —p»d
00
§———————— 240 VOLTS =i
E1 E2

[ DUAL STATOR POWER WINDINGS ™ ]

Figure 1. Stator Windings- Voltage Code "A"

S1

S4 S8
S7

314 S11

S§12

Figure 2. Stator Windings- Voltage Code "B"

S4, $5, S6,
S10, S11, 812

Figure 3. Bolted Junctions- Voltage Code "B"

Voltage Code "D"

These units are rated 120/240 volts, 1 or 3-phase,
60 Hz. The stator AC power windings are "delta con-
nected". Two of the stator’s six (6) coils are double-
wound, to supply the unit's full rated capacity at 1-
phase. When used as a 120/240 volts, 1-phase system,
connect leads as foliows:

. annect 240 volts AC loads across Lines E1 and

+  Connect 120 volis AC Ioads across Lines E1 to 00;
or across lines E3 10 0

Page 1.2-1
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SECTION 1.2

GENERAL INFORMATION AC CONNECTION SYSTEMS
$2 S12
...ss—sm
ss sg — | —ss—m
S8 S6 m .
LS4 — ® " V(')o 21”
S11 120V, £

S3

) foswu)

St S4 s7 S10

Figure 4. Stator Windings- Voltage Code "D"
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SECTION 1.3

PREPACKAGED INSTALLATION BASICS

Section 1.3

PREPACKAGED INSTALLATION BASICS

Introduction

Information in this section is provided so that the
service technician will have a basic knowledge 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. Installation of such a
system includes the following:

« Selecting a location.

Mounting of the generator.

Grounding the generator.

Providing a fuel supply.

Mounting the transfer switch.
Connecting power source and load lines.
Connecting system control wiring.

Post installation tests and adjustments.

® @ © @ © ® o

Selecting a Location

Install the generator set as close as possible to the
electrical load distribution panel(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 voltage drop.

Mounting the Generator

Mount the generator set to a concrete slab. The slab
should extend past the generator and fo a distance of
at least twelve (12) inches on all sides. The unit can be
retained to the concrete slab with masonry anchor
bolts.

Grounding the Generator

The National Electric Code requires that the frame
and external electrically conductive parts of the gener-
ator be properly connected to an approved earth
ground. Local electrical codes may also require proper
grounding of the unit. For that purpose, a grounding lug
is attached to the unit. Grounding may be accomplished
by attaching a stranded copper wire of the proper size
to the generator’s grounding lug and to an earth-driven
copper or brass grounding rod (electrode). Consult with
a local electrician for grounding requirements in your
area.

The Fuel Supply

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

GENERATOR

GROUNDING ROD o) TMAIN EMERGENCY
S PTElEJEION TRANSFER  DISTRIBUTION

1111 SWITCH PANEL

SENSING & TRANSFER 1 'ﬂ‘

SIGNAL CONNECTIONS A
=i | F= 1==1 9]
—— STANDBY POWER
CONNECTIONS
STANDBY

> = > > > o =

-

el

N1

IS SERERGEEGNEE,

FUEL SUPPLY
CONNECTION

\_SENSING & TRANSFER
SIGNAL LEADS
STANDBY POWER LEADS

Figure 1. Typical Prepackaged Installation
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SECTION 1.3

PREPACKAGED INSTALLATION BASICS

The Fuel Supply (Continued)

ural gas as a fuel. 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 fuel system, or with an
LP (propane) gas fuel system. lt is the responsibility of
the installer to ensure that models 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-cooled and the liquid
cooled units require a "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.

tPRIMARY )
REGULATOR -7

SHUTOFF
VALVE

FUEL

FUEL SUPPLY SOLENOID

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

The pressure at which LP gas is delivered to the
generator's fuel solenoid valve 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 pressure at the inlet
side of the generator's fuel solenoid valve is (a) a
minimum of 11 inches water column (6.38 ounces per
square inch), and (b) a maximum of 14 inches water
column (8 ounces per square inch). A primary regulator
may be required to ensure that proper fuel supply
pressures are maintained.

DANGER: LP AND NATURAL GAS ARE BOTH
HIGHLY EXPLOSIVE. GASEOUS FUEL LINES
MUST BE PROPERLY PURGED AND TESTED
FOR LEAKS BEFORE THIS EQUIPMENT IS
PLACED INTO SERVICE AND PERIODICALLY
THEREAFTER. PROCEDURES USED IN
GASEOUS 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 ISHEAVIER
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 of a flexible length of hose between the gener-
ator fuel line 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 settles.
The flexible fuel line must be approved for use with
gaseous fuels.

SECONDARY REGULATOR

FUEL SOLENOID
CARBURETOR

FLEXIBLE LINE
MANUAL SHUTOFF

AT

PRIMARY REGULATOR

11 in.water
optimu{\

GENERATOR BASE
[T Ee=m

APPROVED
FLEX. LINE:

MANUAL SHUTOFF
VALVE

PRIMARY REGULATOR

Figure 3. LP Gas System (Liquid Cooled Units
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PART 1
GENERAL INFORMATION

The Transfer Switch

A transfer switch is required by electrical code, to
prevent electrical feedback between the utility and
standby power sources, and to transfer 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 "GTS" TYPE TRANSFER SWITCHES:

Air-cooled prepackaged standby generators must be
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 transfer
switch as well. However, liquid cooled units may also
be installed and used in conjunction with Generac's
standard "GTS" type automatic transfer switch. (See
"Inst)allation with a GTS Transfer Switch" in this sec-
tion.

Power Source and Load Lines

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

SECTION 1.3

PREPACKAGED INSTALLATION BASICS

In t-phase systems with a 2-pole transfer switch,
connect the two "Utility" source hot lines to transfer
switch terminal lugs N1 and N2. Connect the "Standby"
source hot lines (E1, E2) to transfer switch terminal lugs
E1 and E2. Connect the load lines from transfer switch
terminal lugs T1/T2 to the electrical load circuit. Con-
nect "Utility", "Standby" and "Load" neutral lines to the
neutral block in the transfer switch.

In 3-phase systems, where a 3-pole transfer switch
is installed, connect the 3-phase "Utility" lines to trans-
fer switch terminal lugs N1, N2 and N3; connect
"Standby" lines to terminal lugs E1, E2, E3; and con-
nect load lines to terminal lugs T1, T2 and T3. Power
source and load neutral lines must be connected to the
transfer switch neutral block.

System Control Interconnections

Prepackaged home standby generators are
equipped with a terminal board identified with the fol-
lowing terminals: (a) utility 1, (b) utility 2, (¢) load 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 terminals are
properly interconnected, dropout of utility source volt-
age below a preset value will result in automatic gen-
erator startup and transfer of electrical loads 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.

UTILITY
SUPPLY

NEUTRAL
e

'CUSTOMER
LOAD

NEUTRAL
CONNECTION

AC GENERATOR
CONNECTION PANEL

Figure 5. Prepackaged Interconnection Diagram
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SECTION 1.3

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 switch, if 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 switch 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 6).

A CMA circuit board, mounted on the standby gen-
erator set, provides a "7-day exercise" feature. This
feature allows the standby generator to 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 voltage from
the transfer switch Load 1/Load 2 terminals. If the
exercise function is to be made available, connect
suitable wiring from the GTS transfer switch load ter-
minal lugs to the "Load 1/Load 2" terminals in the
generator.

The CMA circuit board in the generator also provides
a battery "trickle charge" circuit. This circuit, when
powered by utility source voltage, will deliver a charging
voltage to the battery during non-operating periods to
keep the battery 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 switch.

22

33

REUTRAL
CONNECTION

H—n

GTS

] c81
H] L — 44
NEUTRAL J
we
; UTLITY 1

iF
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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 installation. All
applicable codes, standards and reguiations pertaining
to such installations must be strictly complied with. In
addition, regulations established by the Occupational
Safety and Health Administration (OSHA) must be
complied with.

Prior to initial startup of the unit, the installer must
ensure that the engine-generator has been properly
prepared for use. This includes the following:
¢« An adequate suppl¥ of the correct fuel must be
available for generator operation.

« The engine must be properly serviced with the
recommgended o?l. property

¢ The eng{ine cooling system mus} be properly ser-
viced with the recommended coolant (liquid cooled
models only).

« The engine governor must be properly serviced
with the recoimmended oil.

Fuel Requirements:

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 at the installation site,
adjustment of the gaseous fuel load block will be re-
quired for best performance. Refer to 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 (a) a natural gas fuel system, or (b)
an LP gas vapor withdrawal fuel system. The installer
must ensure that the correct fuel supply system has
been installed 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 %as is used as a fuel, it should be
rated at least 1000 BTU's per cubic foot.

+  WhenLP (pro anes)zooas is used as a fuel, it should
be rated at least 2 BTU's per cubic foot.

Engine Oil Recommendations

UNITS WITH AIR-COOLED ENGINE:

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

detergent oil that meets or exceeds APl (American
Petroleum Institute) Service SF, SF/CC, or SF/CD re-
quirements for gasoline engines. The following chart
lists recommended viscoity ranges for the lowest an-
ticipated ambient temperatures.

AMBIENT TEMPERATURE RE-COMMENDED OlL

Above 60" F. (16" C.) Use SAE 30 oil

20°-59° F. (-7"t0 15° C)) Use SAE 10W-30 oil

Below 20" F. (-7° C.) SAE 5W-20/5W-30 oil

For all seasons Use SAE 5W-30

Synthetic oil

Some air-cooled engine models (such as Model
9067) are equipped with an oil makeup tank (Figure 1).
When this is the case, both that tank and the engine
crankcase must be properly serviced with the recom-
mended oil. The air-cooled V-Twin engine has an oil
crankcase capacity of about 1.5 U.S. quarts. Oil
makeup tank capacity is about 2.5 U.S. quarts.

(‘

U )

Figure 1. Oil Makeup Tank (Model 8067)

Figure 2. Oil Filler Tube and Dipstick (Model 9067)
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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 meets or
exceeds API Service SC, SD, 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
RANGE RECOMMENDED OIL
Above 86 F. (30" C.) Use SAE 40 oil
32°-85° F. (0°-30° C.) Use SAE 30 ail

Below 32° F. (0" C.) Use SAE 20W oil

All Seasons Use SAE 10W-30 oil

Engine crankcase oil capacity 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 oil filter change.

Recommended Engine Coolant

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

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

It 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 anti-freeze,
or the formation of chromium hydroxide (called
"green slime") may result and cause overheat-
ing of the engine. The use of high silicate anti-
freeze boosters or additives may also cause
overheating. In addition, use of any soluble olil
type rust inhibitor is NOT recommended.

Engine Governor Oiling

AIR-COOLED ENGINE UNITS:

The air-cooled V-Twin engine governor is an integral
part ofthe engine andis lubricated by engine crankcase
oil. No special oil servicing procedure is required for
air-cooled engine units.
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UNITS WITH LIQUID-COOLED ENGINE:

Prepackaged liquid cooled engine models are
equipped with a belt driven engine governor/DC alter-
nator assembly (Figure 3). The governor was properly
serviced with oil at the factory prior to shipment. How-
ever, it 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 follows:

° ngmove the oil filler plug and the oil level check

piug.

* Add SAE 30 oil through the oil filler plug o ening.
Pour slow‘lél, until oil Starts to come ouf of the gl
level checK plug opening.

*  When oil level is correct, install the oil level check
plug and the oil filler plug.

Qil Filler Plug

Oil Level Check Plug’

Figure 3. Engine Governor Oil Servicing Points
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TESTING, CLEANING AND DRYING

Visual Inspection

When it becomes necessary to test or troubleshoot
agenerator, itis a good practice to complete a thorough
visual inspection. Remove access covers and look
closely for any obvious problems. Look for the follow-
ing:

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

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

« Check that all wiring is well clear of rotating pars.

. t\(]erify thactt ’thet gdenelrtgtor igr @rsopsegly COUnI?CIﬁ,‘d (f)c;r

e correct rated voltage. This Is eSpecially i -

tant on new installatigns. ee Segt?on 1y.2, PAC
Connection Systems".

« Look for foreign objects, loose nuts, bolts and other
fasteners.

« Clean the area around the g}enerator. Clear av_vz?%(

Baper. leaves, snow, and ofher objects that might

low against the generator and obstruct its air
openings.

Measuring Voltages

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

When measuring voltage, it is best to connect the
meter test leads to 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 DANGEROUS. USE EXTREME CARE
WHEN MEASURING POWER VOLTAGES SUCH
AS GENERATOR AC OUTPUT VOLTAGE. CON-
TACT WITH LIVE TERMINALS AND CONDUC-
TORS MAY RESULT IN HARMFUL AND POS-
SIBLY LETHAL ELECTRICAL SHOCK. DO NOT
ATTEMPT TO READ POWER VOLTAGES
WHILE STANDING ON WET OR 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 GENERATOR IS 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 VOLTAGE READINGS
ONLY WHILE STANDING ON SUCH INSULA-
TIVE MATS.

Measuring Current

Alternating current (AC) can be measured with a
clamp-on ammeter. Most clamp-on ammeters will not
measure direct current (DC). Load current readings
should never exceed the generator's data plate rating
for continuous operation. However, momentary surges
in load current may be encountered when starting
electric motors.

On 1-phase generators, the data plate generally lists
rated line-to-line and line-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 ohms) of generator stator and
rotor windings can be measured using an ohmmeter or
an accurate volt-ohm-milliammeter (VOM).

The nominal (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" chart
attop of Page 1. Resistance readings of stator and rotor
wi?dings can be taken and then compared to the listed
values.

The resistance of some windings is extremely fow.
Some readings are so low that a meter capable of
reading in the "milliohms" range would be required.
Many meters will simply read "continuity”. However, a
standard volt-ohm-milliammeter (VOM) may be used to
test for continuity, or for a shorted or grounded condi-
tion. Section 1.2 discusses many of the more common
1 and 3-phase stator windings and how they are con-
figured.

Insulation Resistance

The insulation resistance of stator and rotor windings
is a measurement of the integrity of the insulating
materials that separate the electrical windings from the
generator's steel core. This resistance can degrade
over time or due to such contaminants as dust, dirt, oil,
grease and especially moisture. In most cases, failures
of stator and rotor windings is due to a breakdown in
the insulation. And, in many cases, a low insulation
resistance is caused by moisture that collects while the
generator is shut down. When problems are caused by
moisture buildup on the windings, they can usually be
corrected by drying the windings. Dirt and moisture that
are combined on generator 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 common 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 Isolate
all leads of the winding to be tested. Electronic
components, diodes, surge protectors, relays,
voltage regulators, etc., can be destroyed if
subjected to high megger voltages.

SECTION 1.5
TESTING, CLEANING & DRYING

« T =

™ -

Figure 2. Stator Winding Leads (Air-Cooled Units)
TESTING ALL STATOR WINDINGS TO GROUND:

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 voltage
selector switch which permits the power supply voltage
to be selected. It also mounts a breakdown lamp that
will illuminate to indicate an insulation breakdown
during the test.

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 power windings, (b) an excitation
or DPE winding, and (c) a battery charge winding.
Insulation tests of the stator consist of (a) testing all
windings to ground, (b) testing between isolated wind-
ings, and (c) testing between parallel windings. Figure
2is a pictorial representation of the various stator leads
on units with air-cooled engine.
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1. Disconnect stator AC output leads 11 and 44 from
the generator main line circuit breaker.
2. Remove the wire nut that joins stator leads 22 and
33 and separate the two leads.
3. At the excitation circuit breaker (CB2), disconnect
stator excitation winding lead 2.
4. At the voltage regulator, disconnect stator excitation
winding lead 6.
5. At the battery charge grounding resistor, disconnect
stator battery charge winding lead 55.
6. At the battery charge rectifier (BCR), disconnect
stator battery charge winding leads 66 and 77.
7. Connect the terminal ends of all stator leads (11, 22,
33, 44, 2, 6, 55, 66, and 77) together. Make sure the
wire terminal ends are not touching any part 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 stator
can. With tester leads connected in this manner,
proceed as follows:
a. Turn the Hi-Pot tester switch "Off".
b. Plug the tester cord into a 120 volts AC wall socket
and set its voltage selector switch to "500 volts".
c. Turnthe 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 "Off".

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

TEST BETWEEN ISOLATED WINDINGS:

1. Connect the red tester probe to terminal end of stator
lead 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 "500 volts". Apply voltage for one (1)
second while observing the breakdown lamp. After one
(1) second, turn the tester switch "Off".

4. Connect the red tester probe to stator lead 11, the
black test probe to stator lead 66.

5. Setvoltage to "500 volts™. Turn the tester switch "On"
and check that the pilot lamp is on. Apply voltage for
one (1) second while observing the breakdown lamp.
After one (1) second, turn the tester switch "Off".

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

TEST BETWEEN PARALLEL WINDINGS:

1. Setthe tester’s voltage selector switch to "500 volts™”.
2. Connect the red tester 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 voltage 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, clean and dry the stator. Then, repeat the
test. If breakdown lamp turns on during the second test
(after cleaning and drying), replace the stator assemb-
ly.

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 (b) an excitation or DPE winding. These
units are not equipped with a battery charge winding.
Stator winding insulation tests consist of (a) testing all
windings to ground, (b) testing between isolated wind-
ings, and (c) testing between parallel windings. Figure
3 represents the various stator AC output leads on
1-phase units with liquid-cooled engine.

TEST ALL WINDINGS TO GROUND:

1. c[j)isconnect and isolate stator leads 11, 22, 33, 44, 2
and 6.
2. Connect terminal ends of all stator leads together.
Make sure all wire terminal ends are completely iso-
lated from frame ground.
3. Connect the red test probe of the Hi-Pot tester to the
terminal ends of all stator leads. Connect the black
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 volts AC wall socket
and set its voltage selector switch to "500 volts".

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

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

Single Phase Units Only

22
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Figure 3. Stator Winding Leads (Liquid Cooled Units)

TEST BETWEEN ISOLATED WINDINGS:

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

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

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

4. Wait one (1) second while observing the tester
breakdown lamp. DO NOT EXCEED ONE SECOND.
After one (1) second, turn the tester switch "Off".

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

If the breakdown lamp turned on during any one (1)
second test, the stator should 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 volts".

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

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

4. Wait one (1) second while observing the breakdown
lamp. Then, turn the tester switch "Off".

If the breakdown lamp came on during the one (1)
second test, 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 Insulation Tests- Liquid Cooled
Units with 3-Phase Stator

GENERAL:

Units with liquid 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 volts, 3-phase is illustrated 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
power leads are brought out of the stator assembly.
These twelve stator AC power leads are identified as
leads S1 through S12.

In addition to the stator's AC power winding leads
(51 through S12), the stator can houses an excitation
winding. The excitation winding AC output leads are
identified as Wires 2 and 6 {or 5 and 6 on some units).

TESTING ALL WINDINGS TO GROUND:

1. Disconnect and isolate stator leads S1 through S12,
and 2 and 6 {(or 5 and 6).

2. Connect all stator AC output leads together.

3. See "Stator Insulation Tests-Liquid Cooled 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 ISOLATED W‘INDINGS:

1. Turn the Hi-Pot tester switch "Off".

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

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

5. Turn the tester switch "On" and observe the break-
down lamp. DO NOT EXCEED ONE SECOND.

6. Withthe redtester probe still connectedto stator lead
2 (or 5), connect the black probe to the following stator
leads one at a time and repeat Steps 1 through 5: (a)
to stator iead S7, (b) stator lead S9, (c) stator lead S3,
(d) stator lead S8, and (e) stator lead S2.

TEST BETWEEN PARALLEL WINDINGS:

Perform this testin the same manner as "Test Between
Isolated Windings” but with the red and black tester
probes connected across the following windings, in
turn:

« S1t057;S1t0S12;S110S56;S1t0S11;S1to S5.
S71to S12; S7 to S9; S7 to S11; S7 to S5.

S121to0 S6; S12to S11; S12 {0 S5.

S61to S11; S6to S5.

S11to S5.

Testing Rotor Insulation

Before attempting 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 from
other components before starting the test.

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

3. Turn the tester switch "Off".

4. Plug the tester into 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.

If the breakdown lamp came on during the one (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 rotor assembly.

I )
- S5

=

———. ) 1 {
> S12

Figure 5. Stator on 120/208 Volts, 3-Phase Units
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Testing Rotor Insulation (Continued)

BLACKTESTLEAD
g RED TEST LEAD

Figure 6. Testing Rotor Insulation

Cleaning the Generator

Caked or greasy dirt may be loosened with a soft
brush or a damp cloth. A vacuum system may be used
to clean up loosened dirt. Dust and dirt 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 serious problems.

Drying the Generator

To dry a generator, proceed as follows:

1. Open the generator main circuit breaker. NO
ELECTRICAL LOADS MUST BE APPLIED 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 generator and let it run for 2 or 3 hours.

5. Shut the generator down and repeat the stator and
rotor insulation resistance tests.

SECTION 1.5
TESTING, CLEANING & DRYING

Page 1.5-5



PART 1 SECTION 1.5
GENERAL INFORMATION TESTING, CLEANING & DRYING

Page 1.5-6



PART 1
GENERAL INFORMATION

SECTION 1.6

ENGINE-GENERATOR PROTECTIVE DEVICES

Section 1.6

ENGINE-GENERATOR PROTECTIVE DEVICES

General

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

Prepackaged generator engines mount several en-
gine protective devices. These devices work in con-
junction with a control module assembly (CMA) circuit
board, to protect the engine against such operating
faults as (a) low engine oil pressure, {b) high tempera-
ture, (c) overspeed, 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 filter adapter. This switch has normally-
closed contacts which are held open by engine olil
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 will then
de-energize a "run relay” (on the circuit board). The run
relay’s normally-open contacts will then openand a 12
volts DC power supply to a Wire 14 circuit will then be
terminated. This will result in closure of a fuel shutoff
solenoid and loss of engine ignition.

HIGH OIL TEMPERATURE SHUTDOWN:

An oil temperature switch (Figure 1) is mounted on
the engine oil filtter adapter. The thermal switch has
normally-open contacts which will close if oil tempera-
ture should exceed approximately 284" F. (140" C.).
This will result in the same action as a low oil pressure
shutdown.

OVERSPEED SHUTDOWN:

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

HIGH
TEMPERATURE
SWITCH

Figure 1. Engine Protective Switches on Air-Cooled
Engine

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

OVERCRANK SHUTDOWN:

Automatic engine cranking and startup normally oc-
curs when the CMA circuit board senses that utility
source voltage has dropped below approximately 60
percent of its nominal rated voltage and remains at that
low level longer than six (6) seconds. At the end of six
(6) 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 volts DC to a control
contactor (CC). The control contactor will energize and
battery power will be delivered across its closed con-
tactskto the starter motor (SM). The engine will then
crank.

During a manual startup (auto-off-manual switch at
"Manual"), action is the same as during an automatic
start, except that cranking will begin immediately when
the switch is set to "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 7-9 seconds, and then energize again. in this
manner, the engine will be cranked for 7-9 seconds, will
rest for 7-9 seconds, will crank again, and so on until
the engine starts.

If the engine has not started after approximately 90
seconds of these crank-rest cycles, cranking will auto-
matically terminate and shutdown will occur. The CMA
circuit board uses AC signals from the stator battery
chargg windings as an indication that the engine has
started.
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Units with Liquid Cooled Engine

LOW OIL PRESSURE SHUTDOWN:

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

HIGH COOLANT TEMPERATURE SHUTDOWN:

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

LOW COOLANT LEVEL SENSOR:

Itis possible that engine coolant level might drop low
enough so that the high temperature switchis 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
system liquid. If coolant level drops below the level of
the low coolant level sensor, the device will complete a
Wire 85 circuit to ground. Engine shutdown will occur.

OVERSPEED SHUTDOWN:

The CMA circuit board on liquid cooled units receives
AC frequency (rpm) signals directly from the stator AC
power windings, via sensing leads S15 and S186.
Should AC frequency exceed approximately 72 Hz,
circuit board action will initiate an automatic engine
shutdown.

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

NOTE: The CMA circuit board also uses the sensing
lead signals (S15, 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 electrical loads to the "Standby" source until
sensing voltage and frequency is greater than 50 % of
the unit’s rated values.

OVERCRANK SHUTDOWN:

Overcrank shutdown is the same as for units with
air-cooled engine. After 90 seconds of crank-rest
cycles, cranking will end and shutdown will occur.

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

HIGH COOLANT
TEMPERATURE SWITCH

LOW COOLANT
LEVEL SENSOR

OVERSPEED
LOW OIL & OVERCRANK
RRESSURE SWITCH SHUTDOWN

o /Ty

CMA [
CIRCUIT [
——1| BOARD

o fo

Figure 2. Protective Devices on Liquid Cooled Engine
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Section 1.7

OPERATING INSTRUCTIONS

Control Panel- Units with Air-Cooled En-
gine

GENERAL:

See Figure 1. The front face of this panel mounts (a)
a main line circuit breaker, (b) a 15 amp fuse, and (c)
a manual-off-auto switch.

MAIN LINE CIRCUIT BREAKER:

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

15 AMP FUSE:

This fuse protects the DC control 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
replacement become necessary, use only an identical
15 amp replacement fuse.

MANUAL-OFF-AUTO SWITCH:

Use this switch to (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. "Auto” Position

a. Select "Auto” for fully automatic operation.

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

¢. Should utility voltage drop below a preset level
and remain at such a low level for a preset time,
CMA board action will initiate engine cranking and
startup.

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

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

f. Following retransfer, CMA board will shut the
engine down and will then continue to monitor
utility source voltage.

2. "Off" Position

a. Set the switch to "Off" to stop an operating
engine.

b. To prevent an automatic startup from occuring,
set the switch to "Off".

3. "Manual" Position

a. Set switch 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
"AUTO"). 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
AROUND THIS EQUIPMENT.

= )

SET @ .

EXERCISE * -
TIME ON N
MAIN BREAKER
FUSE
=
SN
< =
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 cooled engine includes (a) an AC
voltmeter, (b) an AC ammeter, (¢) an AC frequency
meter, (d) a DC voltmeter, (e) an hourmeter, (f) an
auto-off-start switch, (g) a fault indicator lamp, (h) 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, frequency
meter).

AC VOLTMETER:

This AC meter permits an operator to monitor the
generator's AC voitage 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)

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

AC AMMETER:

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

AC FREQUENCY METER:

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

The frequency meter is also an indicator of engine-
generator operating speed. Units with 4-pole rotor will
supply 60 Hz at 1800 rpm, or 50 Hz at 1500 rpm; units
with 2-pole rotor will deliver 60 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 liter liquid cooled engine is equipped with a
combination engine governor and DC alternator. The
DC alternator functions to maintain battery state of
charge during operation. With the engine running, 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 hours. Use the meter in
conjunction with the periodic maintenance schedule for
the applicable generator set. CMA circuit board action
turns the hourmeter on at startup, via the same (Wire
14) circuit that powers the engine ignition system and
the fuel shutoff solenoid.

AUTO-OFF-START SWITCH:

Switch operation is the same as for units with air-
cooled engine. The "Start" position of the switch is
identical to the "Manual" 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 emitting diode (LED).
The lamp will turn on in the event that any one or more
of the following engine fault conditions should occur:
(a) low oil pressure, (b) high coolant temperature, (c)
low coolant level, (d) overspeed, and (e) overcrank.

30 AMP FUSE:

Fuse protects the DC control system, including the
CMA circuit board, against overload. If the fuse 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 line-to-line 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.

N N v !
~ N

~ ~

Ac\) :C\w ~ W
voLTS AMPERES g

SWITCH 1-PHASE 3-PHASE
POSITION UNITS UNITS
1 Line ETto Neutral | Line E1 o E.
2 Line E3 to Neutral | Line E2 to E3
3 Line E1to E2 Line E3 to E1
OFF No Reading No Reading
N

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

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

NUMBERS 2 3 OFF
14 & 13 Closed Open Closed Open
16 & 15 Open Closed Open Open
20 & 19 Closed en Open Open
18 & 17 Open Closed Closed Open
1&2 Open Closed Closed Closed
3&4 Closed Open Open Open
5&6 Closed Open Closed Closed
7&8 Open Closed Open Open
9& 10 Closed Closed Open Closed
11& 12 Open Open Closed Open
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Control Panel- Units with Liquid Cooled Engine (Continued)

TO FREQUENCY METER,
VOLTAGE REGULATOR

& CMA CIRCUIT BOARD

" 22 11 - S‘ISI SL

f—— PHASE SELECTOR SWITCH ~
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CUSTOMER CONNECTION
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FRAME
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Figure 3. Voltage-Phase Selector Switch Schematic

To Select Automatic Operation

The following procedure applies only to those instal-
lations in which the prepackaged home standby gener-
ator is installed in conjunction with a prepackaged
transfer switch. Prepackaged transfer switches do not
have an intelligence circuit of their own, as do Generac
"GTS" type transfer switches. Instead, automatic
operation on prepackaged transfer switch and gener-
ator combinations is controlled by a circuit board
hg&sgd in the generator's control module assembly
(CMA).

NOTE: Liquid cooled prepackaged generators can be
installed in conjunction with Generac’s "GTS" type
automatic transfer switch, if desired. See "installation
with a GTS Transfer Switch” on Page 1.3-4. When this
is done, automatic operation will be controlled by circuit
boards housed in the GTS transfer switch. For automat-
ic operating sequences and parameters when a GTS
transfer switch is used, refer to the appropriate transfer
switch instructions.

To select automatic operation when a prepackaged
transfer switch is installed along with a prepackaged
home standby 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 utility power supply. If necessary,
manually actuate the switch main contacts to their

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

as appropriate, for instructions.

2. Check that utility source voltage is available to
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 to its
"Auto" position.

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

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

Manual Transfer to "Standby" and
Manual Startup

To transfer electrical loads to the "Standby" (gener-
ator) source and start the generator manually, proceed
as follows:

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

switch to "Off".

2. On the generator, set the main line circuit breaker

to its "Off" or "Open"” 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 actuate the transfer switch main contacts

to their "Standby"” position, i.e., loads connected to

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 switches, see Part 4 or 5 as appropriate.

5. On the generator panel, set the auto-off-manual
switch to "Manual". The engine should crank and start.
6. Let ther engine warm up and stabilize for a minute or
two at no-load.

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

Manual Shutdown and Retransfer 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 circuit breaker to its
"Off" or "Open" position.

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

3. Set the generator’s auto-off-manual switch to "Off".
Wait for the engine to come to a complete stop.

4. Turn OFF the "Utility" power supply to 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 to
the "Utility” source.

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

7. Set the generator's auto-off-manual switch to "Auto".
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The Set Exercise Time Switch

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

See Part8, Section 8.2 ("The 7-Day Exercise Cycle")
for instructions on how to set exercise time.

DANGER: THE GENERATOR WILL CRANK AND
START WHEN THE SET EXERCISE TIME
SWITCH IS SET TO "ON". DO NOT ACTUATE
THE SWITCH TO "ON" UNTIL AFTER YOU
HgVE 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-
junction 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 utility source voltage available to the transfer
switch, that source voltage is sensed by a CMA circuit
board inthe generator panel 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 DROPOUT:

If a dropout in utility source voltage should occur
below about 60 percent of the nominal utility source
voltage, a six (6) second timer on the CMA board will
start timing. This timer is required to prevent false
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 utility source voltage is still below
60 percent of the nominal source voltage, CMA circuit
board action will energize a crank relay and a run relay.
Eothdof these relays are mounted on the CMA circuit

oard.

CMA board action will hold the crank relay energized
for about 7-9 seconds. The relay will then be de-ener-
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 (90) seconds have elapsed.

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

If the engine starts, cranking will terminate when
ggn*_e{zrator AC output frequency reaches approximately
z.

PHASE 4-ENGINE STARTUP AND RUNNING:

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

When generator AC frequency reaches ap-
proximately 30 Hz, an engine warmup timer on the
CMA circuit board turns on. That timer will run for about
fifteen (15) seconds. At the same time, 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 occur.

The engine minimum run timer prevents a cold en-
gine from being shut down, as might happen if utility
source power is restored very quickly. The minimum
run timer will 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
time, by setting the auto-off-manual switch to "Off",

PHASE 5- TRANSFER TO "STANDBY":

When the CMA board's engine warmup timer has
timed out, CMA circuit board action completes a trans-
fer relay circuit to ground. The transter relay is housed
in the prepackaged transfer switch enclosure.

The transfer relay energizes and transfer of loads to
the "Standby" power source occurs. Loads are now
powered by standby generator AC output.

PHASE 6- "UTILITY" POWER RESTORED:

When utility source voltage is restored above about
60 percent of the nominal supply voltage, a six (6)
second timer on the CMA board starts timing. If utility
voltage remains sufficiently high at the end of six (6)
seconds, a "retransfer time delay" will start timing and
will time for about six (6) seconds.

PHASE 7- RETRANSFER BACK TO "UTILITY":

When the retransfer 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 occur. Loads are now powered by "Utility"
source power. On retransfer, an "engine cooldown
timer" starts timing and will run for about one (1) minute.

PHASE 8- GENERATOR SHUTDOWN:

When the engine cooldown timer has finished timing,
and if the minimum run timer has timed out, engine
shutdown will occur.

Page 1.8-1



PART 1
GENERAL INFORMATION

SECTION 1.8

AUTOMATIC OPERATING PARAMETERS

Automatic Operating Sequences Chart

available.

I
SEQ. | CONDITION ACTION SENSOR, TIMER OR OTHER
1 "Utility” source voltage is No action Voltage Dropout Sensor on CMA

circuit board.

powered by "Utility" source.
Return to Sequence 1.

2 "Utility” voltage dropout below A 8-second timer on CMA Voltage Dropout Sensor and 6
60% of rated voltage occurs. board turns on. second timer on CMA board.

3 “Utility” voltage is still below 6-second timer runs for 6 Voltage Dropout Sensor and 6
60% of rated voltage. seconds., then stops. second timer.

4 "Utility" voltage still low after 6 CMA board action energizes a CMA circuit board crank and run
seconds. crank relay and a run relay. The | relays.

engine cranks for 7-9 seconds,
rests for 7-9 seconds, and so on,
until engine starts. See NOTE 1.

5 "Utility" voltage still low and the CMA board'’s "engine warmup Engine Warmup Timer {15 seconds)
engine has started. timer" and "engine minimum run | Minimum Run Timer (13 minutes)

timer" both turn on.

6 Engine running and “engine CMA board action energizes a CMA board transfer relay circuit
warmup timer” times out transfer relay in transfer switch Transfer switch transfer relay.

and transfer to "Standby” occurs.

7 Engine running and load is No further action. CMA board's “voltage pickup
powered by "Standby” power. sensor” continues to seek an

acceptable "Utility" voltage.

8 "Utility” source voltage is CMA board's “voltage pickup Voltage Pickup Sensor (80%)
restored above 80% of rated sensor” reacts and a "return to Return to Utility Timer (6 seconds)
source voltage. utility timer™ turns on.

9 "Utility"” voltage still high after 6 "Return to utility timer” times out. | Return to Utility Timer
seconds.

10 | "Utility" voltage still high. CMA board action opens the CMA board transfer relay circuit

transfer relay circuit to ground. Transfer switch transfer relay.
Transfer relay de-energizes and
retransfer to "Utility" occurs.

11 | Engine still running, loads are CMA boards "engine cooldown CMA board's Engine Cooldown
powered by "Utility* source. timer" starts running. Timer (1 minute).

12 After 1 minute, "engine cooldown | Engine Cooldown Timer

timer” stops and CMA board's CMA board Run Relay.
run relay de-energizes. Engine
shuts down.
13 | Engine is shut down, loads are No action. Voltage Dropout Sensor on CMA

circuit board.

NOTE 1: In Sequence 4, if engine has not started in 90 seconds cranking will end and shutdown will occur.
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Brush Holder and Brushes (Continued)

4 (RED)

Figure 5. Brush Holder and Brushes

Other AC Generator Components

Some AC generator components are housed in the
generator control panel enclosure, and are not shown
in Figure 1. These are (a) an excitation circuit breaker,
(b) a voltage regulator, (c) a battery charge rectifier, (d)
a ba’t(tery charge resistor, and (e) a main line circuit
breaker.

EXCITATION CIRCUIT BREAKER:

The excitation circuit breaker (CB2) is housed in the
generator panel enclosure and electrically connected
in series with the excitation (DPE) winding output to the
voltage regulator. The breaker is self resetting, i.e., its
contacts will close again when excitation current drops
to a safe value.

If the circuit breaker has failed open, excitation cur-
rent flow to the voltage regulator and, subsequently, to
the rotor windings will be lost. Without excitation current
flow, AC voltage induced into the stator AC power
windings will drop to a value that is commensurate with
the rotor's residual magnetism plus field boost mag-
netism. Residual magnetism plus field boost mag-
netism (without excitation) will result in an AC voltage
output that is somewhere near one-half the unit's rated
voltage.

SECTION 2.1
DESCRIPTION & COMPONENTS

VOLTAGE REGULATOR:

A typical prepackaged voltage 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 circuit breaker,
Wire No. 162, and Wire No. 6. The voltage regulator
rectifies that current and, based on stator AC power
winding sensing, regulates it. The rectified and regu-
lated excitation current is then delivered to the rotor
windings from the "+" and "-" regulator terminals, via
Wire No. 4 and 1. Stator AC power winding "sensing"
is delivered to the regulator "SEN" terminals via Wires
No. 11 and 22.

The regulator used on prepackaged units provides
"overvoltage" protection, but does not protect against
"undervoltage”. On occurence of an "overvoltage" con-
dition, the regulator will "shut down" and complete loss
of excitation current to the rotor will occur. Without
excitation current, the generator's AC output voltage
will drop to approximately one-half the unit's rated
voltage (residual plus field boost).

A single red lamp (LED) glows during normal opera-
tion. The lamp will become dim if excitation winding AC
output diminishes. It will go out onoccurence of an open
condition in the excitation winding AC output circuit, or
in the rotor's excitation circuit.

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

162 2
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Figure 7. Typical Voltage Reguiator
BATTERY CHARGE RECTIFIER:

Figure 6. Excitation Circuit Breaker

The "full-wave" battery charge rectifier (BCR) 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.
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Other AC Generator Components (Continued)

66 (2 WIRES)

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

Field boost voltage is reduced from that of battery
voltage by the resistor action and, when read witha DC
voltmeter, will ve approximately 9 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.

A ——
STARTER
CONTACTOR

c
TRANSISTOR RELAY K1

FIELD
e - B(%OST

o
ROTOR

Figure 9. 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
Air-Cooled Engine" on Page 1.7-1.

Field Boost Circuit

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

The field boost system is shown schematically in
Figure 10. Manual and automatic engine cranking is
initiated by CMA circuit board action, when that circuit
board energizes a crank relay (K1). Battery voltage 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 diode are all located on
the CMA circuit board.
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Figure 10. Field Boost Circuit Schematic
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Section 2.2

OPERATIONAL ANALYSIS

Rotor Residual Magnetism

The generator’s revolving field (rotor) may be con-
sidered to be a permanent magnet. Some “residual”
magnetism is always present in the rotor. This residual
magnetism is sufficient to induce a voltage into 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
engine cranking (when crank relay K1 is energized),
approximately 9-10 volts DC is delivered to the rotor
windings from a CMA circuit board. This voltage is only
available while the engine is cranking.

Operation

STARTUP:

When the engine is started, residual plus field boost
magnetism from the rotor induces a voltage into (a) the
stator AC power windings, (b) the stator excitation or
DPE windings, and (c) into the stator battery charge
windings. In an "on-speed" condition, residual plus field
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 rapidly, due to
the increasing speed at which the rotor operates.

FIELD EXCITATION:

An AC voltage is induced into the stator excitation
(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
alternating 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 excitation
winding to DC. In addition, based on the Wires 11 and
22 sensing signals, it regulates the flow of direct cur-
rent.

The rectified and regulated current flow from the
regulator is delivered to the rotor windings, via Wire No.
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.

——— ey Py
11 0. O
=~
cliley
BCR MLB

FROM CMA—«
CIRCUIT
BOARD

LEGEND:
ACP STATOR POWER WINDING

BCW = BATTERY CHARGE WINDING
BCR = BATTERY CHARGE RECTIFIER
DPE = STATOR EXCITATION WINDING
ECB = EXCITATION CIRCUIT BREAKER
MLB = MAIN LINE CIRCUIT BREAKER
VR = VOLTAGE REGULATOR

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

The greater the current flow through the rotor wind-
ings, the more concentrated the lines of flux around the
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 reacts by increasing the
flow of excitation current to the rotor until voltage in-
creases to a desired level. The regulatorthen maintains
the desired voltage. For example, if voltage exceeds
the desired 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 OUTPUT:

A regulated voltage is induced into the stator AC
power windings. When electrical loads are connected
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, the regulator will try to maintain 240 volts
(line-to-line) at 80 Hz. This type of regulation system
provides greatly improved motor starting capability
over other types of systems.

BATTERY CHARGE WINDING QUTPUT:

Avoltage is induced into the battery charge windings.
Output from these windings is delivered to a battery
charge rectifier, via Wires No. 66 and 77. The rectifier
consists of a pair of diodes which rectify the current
(change it to DC). The resulting 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 control automatic operation. See Part 7,
"DC Control- Units with Air-Cooled Engine”.
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AIR-COOLED STANDBY GENERATORS TROUBLESHOOTING FLOW CHARTS
Section 2.3
General
Use the "Flow Charts" in conjunction with the detailed The first step in using the flow charts is to correctly
instructions in Section 2.4. Test numbers used in the identify the problem. Once that has been done, locate
flow charts correspond to the numbered tests in Section the problem on the following pages. For best results,
2.4 perform all tests in the exact sequence shownin the flow
charts.

Problem 1- Generator Produces Zero or Residual Voltage

TEST 1-CHECK | TEST 2-CHECK ZERO TEST 3-TEST EXCITATION
MAIN e O K. -q AC OUTPUT OR _§ CIRCUIT BREAKER
gll»?RECUER VOLTAGE RESIDUAL I

AK

T i
|

RESET TO "ON" REPLACE
OR REPLACE DEFECTIVE
IF BAD BREAKER

TETETE Jom o | ECBECEERE o o ey | FESEGEEPT TR
WINDING SLIP RINGS

L L o
' \

REPLACE STATOR ASSEMBLY CLEAN SLIP RINGS REPLACE ROTOR
REPAIR OR REPLACE
DEFECTIVE PARTS OR
WIRING

\

TEST 7-CHECK TEST 8CHECK

STATORAC  [fmmsss O K. sl § FIELD

POWER BOOST
WINDINGS

] |
} | |

REPLACE STATOR REPLACE CMA ADJUST OR REPLACE
ASSEMBLY CIRCUIT BOARD AS NECESSARY

TEST 9-CHECK
OK. VOLTAGE
REGULATOR
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Problem 2- Generator Produces Low Voltage at No-Load

| AGoLrRarK LOW AG BUTPURECK LOW AND ADJUST FREQUENCY
r——— I-— —— 8
VOLTAGE FREQUENCY ENGINE VOLTAGE OK.

12-
AND ADJUST
VOLTAGE
REGULATOR

FREQUENCYO.K,, BUT
h VOLTAGE LOW
VOLTAGE & FREQUENCY O K. M STOP TESTS

TEST4-TEST
STATOR DPE
WINDING

TEST 6-TEST ROTOR
ASSEMBLY

BUT VOLTAGE IS

STILL LOW

REPLACE STATOR ASSEMBLY h BAD

REPLACE ROTOR ASSEMBLY 4———————_]

s | ox e
POWER K — REGULATOR
WINDINGS
; BAD* REPLACE
DEFECTIVE
VOLTAGE
REGULATOR

BAD ﬁ REPLACE STATOR ASSEMBLY

Problem 3- Generator Produces High Voltage at No-Load

XE%IU%%‘U%’CK HiGH IEéSgJ_?P(EH‘ECK HIGH TEST 11-CHECK ENGINE GOVERNOR
VOLTAGE FREQUENCY

TEST 12-CHECK I

AND ADJUST FREQUENCY O.K,, VOLTAGE & FREQUENCY O K.
VOLTAGE ‘-— BUT VOLTAGE HIGH

REGULATOR

B ee———— \/OL TAGE & FREQUENCY O K. q DISCONTINUE TESTING

TEST 9-CHECK
VOLTAGE REGULATOR

FREQUENCY O.K.. ) FREQUENCY O.K.
VOLTAGE STILL HIGH—_-> b— VOLTAGE HIGH

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

TEST 13-CHECK 1 TEST 14-CHECK TEST 15-CHECK ENGINE

VOLTAGE AND BOTH FOR OVERLOAD NOT CONDITION

FREQUENCY LOW —" CONDITION OVERLOADED——’

UNDER LOAD !

BOTH ARE O.K. OVER!OADED ENGINE PROBLEMS ARE FOUND

DISCONTINUE TESTS REDUCE LOADS TO REPAIR ENGINE AS NEEDED
UNIT'S RATED CAPACITY

TEST 7-CHECK 4 ENGINE CONDITION IS GOOD i s

STATOR AC
POWER

WINDINGS BAD——> REPLACE STATOR ASSEMBLY

oK __.’ LOOK FOR A SHORTED CONDITION IN A CONNECTED LOAD
OR IN ONE OF THE LOAD CIRCUITS
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Section 2.1

DESCRIPTION AND COMPONENTS

Introduction

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

The generator’s "2-bearing” revolving field (rotor) is
driven by an air-cooled V-Twin engine at about 3600
rpm, through a drive belt and pulley 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 8000 watts (8.0
kW) of power. Electrical loads requiring up to 66.7 AC
amperes of current at 120 volts (line-to-neutral), or up
{0 33.3 AC amperes at 240 volts (line-to-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 not include an “intelligence circuit"
of their own. Instead, automatic startup, transfer, run-
ning, retransfer and shutdown operations are control-
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 crankshaft, twin cylinder engine
through a drive belt and pulleys 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 rotor are driven at ap-
proximately 3600 rpm, to provide a 60 Hz AC output.

The AC Generator

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

Lower Bearing Carrier

The cast and machined lower bearing carrier sup-
ports the AC generator at its lower end. A machined
bore in the center of the bearing carrier accepts 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 also used to retain the
carrier to a mounting base by means of slotted 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 tension to be
adjusted. The two flanged legs of the bearing carrier
allow for passage of spring-loaded drive belttensioning
bolts. By turning the tensioning bolts, the bearing car-
rier is moved laterally on the mounting base to establish
proper belt tension.

ITEM | DESCRIPTION ITEM| DESCRIPTION
1 Lower Bearing Carrier 9 | Brush Holder
2 Rotor Assembly 10 | Screw
3 Lower Rotor Bearing 11 | Stator Lead Clamp
4 Upper Rotor Bearing 12 | Screw
5 Stator Assembly 13 | Nylon Washer
6 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

Rotor Assembly

The 2-pole rotor must be operated at 3600 rpm to
supply a 60 Hertz AC frequency. The term "2-pole”
means the rotor has a single north magnetic pole and
a single south magnetic pole. As the rotor rotates, its
lines of magnetic flux cut across the stator assembly
windings and a voltage is induced into the stator wind-
ings. The upper rotor shaft mounts a positive (+) and a
negative (-) slip ring, with the positive (+) slip ring
nearest the upper rotor bearing. Rotor bearings are
pressed onto both the upper and lower shaft of the
rotor.

Figure 3. The 2-Pole Rotor Assembly
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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 system
(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 total
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.

4
) o, 2
11P
118
e 20 P

b 22 S
.Y

—— ]

e ——1:1

MIHHR — 77

Figure 4. Stator Assembly Leads

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 its "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.

Brush 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 are
retained in the brush holder, with the positive (+) brush
riding on the slip ring nearest the rotor bearing.

Wire No. 4 connects to the positive (+) brush and
Wire No. 0 to the negative (-) brush. Wire No. 0
connects to frame ground. Rectified and regulated ex-
citation current, as well as current from a field boost
circuit, are delivered to the rotor windings via Wire No.
4, and the positive (+) brush and slip ring. The excitation
and field boost current passes through the windings
and to frame ground via the negative (-) slip ring and
brush, and Wire No. 0. This current flow creates a
magnetic field around the rotor having a flux concentra-
tion that is proportional to the amount of current flow.
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Section 2.4

DIAGNOSTIC TESTS

Introduction

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

Test procedures in this section do not require the use
of specialized test equipment, meters or tools. Most
tests can be performed with an inexpensive volt-ohm-
milliammeter (VOM). An AC frequency meter is re-
quired, where frequency readings must be taken. A
clamp-on ammeter may be used to measure AC loads
on the generator.

Testing and troubleshooting methods covered in this
section are not exhaustive. We have not attempted to
discuss, evaluate and advise the home standby service
trade of all conceivable ways in which service and
trouble diagnosis might be performed. We have not
undertaken any such broad evaluation. Accordingly,
anyone who uses a test method not recommended
herein must first satisfy himself that neither his nor the
product's safety will be jeopardized by the procedure
or method he has selected.

Safety

Service personnel who work 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 explosive and can be ignited by the slightest
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. Never 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 line circuit breaker is set
to "Off" or "Open", no electrical power will be suppled
to electrical loads. If loads are not receiving power,
perhaps the main circuit breaker is open or has failed.

PROCEDURE.:

The generator's main circuit breaker is located on the
control panel. If loads are not receiving power, make
sure the breaker is set to "On" or "Closed".

If you suspect the breaker may have failed, it can be
tested as follows (see Figure 1):
1. Set a volt-ohm-milliammeter (VOM) to its "Rx1" scale
and zero the meter.
2. Disconnect all wires from the circuit breaker ter-
minals, to prevent interaction.
3. With the generator shut down, connect one 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. Set the breaker to its "Off" or "Open" position and the -
VOM 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. If the circuit breaker tests good, go on to Test 2.
2. If the breaker tests bad, it should be replaced.

WIRE 44
TERMINAL

WIRE 11
TERMINAL

Figure 1. Generator Main Circuit Breaker Test Points

Test 2- Check AC Output Voltage

DISCUSSION:

if the generator is not equipped with an AC voltmeter,
a volt-ohm-milliammeter (VOM) may be used to check
its output voltage. Output voltage may be checked at
the unit's main circuit breaker terminals, or even at the
transfer switch's E1 and E2 terminals, if desired. Refer
to the unit's DATA PLATE for rated line-to-line and
line-to-neutral voltages.
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Test 2- Check AC Output 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.
CONNECT METER TESTCLAMPS TO THE HIGH
VOLTAGE TERMINALS WHILE THE GENER-
ATOR IS SHUT DOWN. STAY CLEAR OF
POWER TERMINALS DURING THE TEST. MAKE
SURE METER CLAMPS ARE SECURELY AT-
TACHED AND WILL NOT SHAKE LOOSE.

PROCEDURE:

1. Withthe engine shut down, connect the AC voltmeter
test leads across the Wires 11 and 44 terminals of the
generator main circuit breaker (see Figure 1). Test
leads may also be connected across transfer switch
terminal lugs E1 and E2, if desired. These connections
will permit line-to-line voltages to be read.

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

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

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

line-to-line voltage of 240 volts, the no-load voltage
should be about 242-252 volts AC.

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

RESULTS:

1. If zero volts or residual voltage is indicated, go on to
Test 3.

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

3. If a high voltage is indicated, go on to Test 10.

NOTE: "Residual” voltage may be defined as the volt-
age that is produced by rotor residual magnetism alone.
The amount of voltage induced into the stator's AC
power windings by residual voltage alone will be ap-
proximately 2 to 10 volts AC, depending on the charac-
teristics of the specific generator. If a unit is supplying
residual voltage only, either excitation current is not
reaching the rotor or the rotor windings are open and
the excitation current cannot pass. On current units with
air-cooled engine, "field boost” current flow is available
to the rotor only during engine cranking.

Test 3- Test Excitation Circuit Breaker

DISCUSSION:

Unregulated excitation current is delivered to the volt-
age requlator from the stator excitation (DPE) winding,
via Wire No. 2, an excitation circuit breaker (CB2), Wire
No. 162, and Wire No. 6. If the excitation circuit breaker
has failed open, excitation current will not be available
to the voltage regulator or to the rotor. Stator AC power
winding output will then be reduced to a voltage that is
the product of residual magnetism alone.
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PROCEDURE:

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 a volt-ohm-milliammeter (VOM) to its "Rx1" scale
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 162 for an
open or shorted condition.

RESULTS:

1. Replace circuit breaker if defective.
2. If circuit breaker is good, go on to Test 4.

162 2

O O

Figure 2. Excitation Circuit Breaker

Test 4- Test Stator DPE Winding

DISCUSSION:

Stator excitation (DPE) winding AC output is delivered
to the voltage regulator during operation, via Wires 2,
6, 162 and the excitation circuit breaker. The voltage
regulator (a) rectifies the current, and (b) regulates the
current flow based on sensing signals from the stator
AC power leads. The rectified and regulated DC current
is then delivered to the rotor, via Wire No. 4, and the
positive (+) brush and slip ring. The current flows
through the rotor windings and to frame ground, via the
negative (-) slip 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. Output voltage
from the stator AC power windings will then be the
result of residual voltage only (approximately 2-10 volts
AC). A shorted condition in the DPE winding can result
in partial loss of the rectified and regulated current flow
to the rotor. In the latter case, output voltage from the
stator AC power windings may be reduced but greater
than residual voltage alone.

PROCEDURE:

1. In the control panel, disconnect Wire No. 2 from the
excitation circuit breaker. Also disconnect Wire No. 6
from the voltage regulator.

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

3. Connectthe VOM test leads across the terminal ends
of Wires No. 2 and 6. The VOM should read ap-
proximately 1.1 ohms.
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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. Connect one VOM test lead to terminal end of Wire
No. 2, the other test lead to a clean frame ground on
the stator can. The meter should read "infinity".

6. With the VOM still set to a high resistance 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. 66. Connect the VOM test leads across these
two wires. The meter should read "infinity".

RESULTS:

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

2. Step 5 is atest for "grounded” condition. Any upscale
movement of the meter needle or dial 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 test, clean and dry the stator as
outlined in Section 1.5. Then, repeat the insulation
resistance test. If the winding fails the second resis-
tance test (after cleaning and drying), replace the stator
assembly.

SECTION 2.4
DIAGNOSTIC TESTS

Test 5- Check Brushes and Slip Rings

DISCUSSION:

The function of the brushes and slip 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, slip rings can develop a tarnish or film
that can inhibit or offer a resistance to the flow of
electricity. Such a non-conducting film usually develops
during non-operating periods. Broken or disconnected
wiring can also cause loss of excitation current to the
rotor.

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 a
4-tab grounding lug in the control panel. Test that wire
for an open condition. Also make sure it is properly
connected to the grounding lug. .

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

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

5. Inspect the brushes for excessive wear, damage.

6. Inspect the rotor slip rings. If they appear dull or
tarnished, they may be polished with fine sandpaper.
DO gOT USE ANY METALLIC GRIT TO POLISH SLIP
RINGS.

RESULTS:

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

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.

DPE CIRCUIT
BREAKER

_=

[ ]

19

IRIR

VOLTAGE
REGULATOR

[—
3

“l 0 (BLACK)

Figure 3. DPE Winding Test Points

Figure 4. Checking Brushes and Slip Rings
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Test 6- Test Rotor Assembly

DISCUSSION:

A rotor having completely open windings will cause
loss of excitation current flow and, as aresult, generator
AC output voltage 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
holder, to prevent interaction.

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

3. Connect the positive (+) VOM test lead to the positive
(+) rotor slip ring (nearest the rotor bearing); and the
common (-) test lead to the negative (-) slip ring. The
meter should read approximately 12-13 ohms.

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

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

RESULTS:

1. Replace rotor assembly if it is open or shorted.
2. If 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
fails that test. Then, repeat the test. If rotor fails the
second insulation resistance test, it should be replaced.

SECTION 2.4
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A small amount of voltage must be induced into the
DPE winding to turn the voltage regulator on.

e If a rotor's residual magnetism is sufficient to in-

duce a voltage into the'DPE winding that is high

enough to turn the _voltage regulatoron _regula or

excitation current will be Supplied even if field boost

Qag pfleixellgd. Normal AC output voltage will then be
u .

« If rotor residual magnetism has been lost or is not
sufficient to turn thé regulator on, and field boost
has also been lost, excitation current will not be

SUﬁ)Fhed to the rotor. Generator AC output voltage

will then drop to zero or nearly zero.

PROCEDURE;

1. Locate Wire No. 4 that is routed from the CMA circuit

board and connects to a voltage regulator terminal.

Di.sc?nnect that wire from the voltage regulator ter-

minal.

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

greater than 12 volts.

3. Connect the positive (+) VOM test probe to the

E)ermg))al end of disconnected Wire No. 4 (fromthe CMA
oard).

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 volts DC. When engine is not crank-

ing, VOM should indicate "zero" volts.

RESULTS:

1. 1f normal field boost voltage is indicated in Step 5, go
onto Test 9.

2. If normal field boost voltage is NOT indicated in Step
5, check Wire No. 4 (between regulator and CMA
board) for open or shorted condition. If wire is good,
replace the CMA circuit 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 cranking. Loss of field
boost output to the rotor may or may not affect power
winding AC output voltage. The following facts apply:
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Figure 6. Field Boost Test Points
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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 162. It also receives voltage and frequency
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 regulator mounts an LED (light emitting diode)
and a single adjustment potentiometer. The LED turns
on when sensing voltage is available; goes out when
sensing is lost. The adjustment potentiometer permits
generator AC output voltage to be adjusted.

PROCEDURE:

1. With the generator running at no-load, observe the
red LED on the voltage regulator. If the light is "On",
go to Step 2 of this test.
a. if the LED is "Out", use a VOM to test for AC
voltage at the Wires No. 11 and 22 terminals of the
regulator.
b. The meter should read about one-half the line-to-
line voltage that was indicated in Test 2 (line-to-
neutral voltage).
2. Now check the voltage across the regulator's Wires
No. 6 and 162 terminals. This is DPE winding AC
voltage output to the regulator. With the unit running at
Roc-!oad, this reading should be around 130-150 volts
3. Finally, check for a DC output voltage at the
regulator’'s No. 4 (+) and 0 (-) terminals.

" .

[ VOLTAGE
4
ADJUST
[t 11
== 22
LED 4

\oS

Figure 7. Voltage Regulator Test Points

- 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. Repair or replace open sensing leads as neces-
sary.
b. If sensing leads are good, repeat Test 7.
c. If the red LED is out and DPE voltage is good,
replace the voltage regulator.
2. In Step 2, if voltage reading is bad, repeat Test 4.
Also test DPE winding AC output leads for open or
shorted condition.
3. If voltage readings in Steps 1 and 2 were good, but
no output was indicated in Step 3, replace the voltage
regulator. '

Test 10- Check AC Output Frequency

DISCUSSION:

The generator's AC frequency is proportional to the
operating speed of the rotor. The 2-pole rotor will supply
a 60 Hertz AC frequency at 3600 rpm. The unit's AC
output voltage is proportional to the AC frequency. For
example, a unit rated 240 volts (line-to-line) will supply
that rated voltage (plus or minus 2 percent) at a fre-
quency of 60 Hertz. If, for any reason, the frequency
should drop to 30 Hertz, the line-to-line voltage will drop
to a matching voltage of 120 volts AC. Thus, if the AC
voltage output is high or low and the AC frequency is
correspondingly high or low, 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 stabilize and warm up at
no-load.

3. When engine has stabilized, read the frequency
meter. The no-load frequency should be about 61-63

ertz.

RESULTS:

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

3. If frequency and voltage are both good, tests may be
discontinued.

Test 11- Check and Adjust Engine Gover-
nor

DISCUSSION:

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

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

PROCEDURE:

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

RESULTS:

1. If, after adjusting the engine governor, frequency and
voltage are good, tests may be discontinued.

2. If 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 adjustment 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 speed is
correct.

PROCEDURE:

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

RESULTS:

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

2. If frequency is now good but voltage is high or low,
go to Test 4.

Test 13- Check Voltage and Frequency
Under Load

DISCUSSION:

It is possible for the generator's AC output frequency
and voltage to be good at no-load, but they may drop
excessively when electrical loads are applied. This
condition, in which voltage and frequency droop exces-
sively when loads are applied, can be caused by (a)
overloading 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 electrical loads to the generator equal to the
rated capacity of the unit.

4. Check the AC frequency and voltage. Frequency
should not droop below approximately 58-59 Hertz.
Voltage should not droop below about 232-236 volts
{(plus or minus 2 percent).

Page 2.4-6
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RESULTS:

1. If frequency and voltage droop excessively under
load, go to Test 14.

2. If frequency and voltage under load are good, dis-
continue tests.

Test 14- Check for Overload Condition

DISCUSSION:

An "overload” condition is one in which the generator's
rated wattage/amperage capacity has been exceeded.
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 current
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. Ifunit s not overloaded, but rpm and frequency droop
excessively when loads are applied, go to Test 15.

Test 15- Check Engine Condition

DISCUSSION:

If engine speed and frequency droop excessively under
load, the engine may be underpowered. An under-
powered engine can be the resutt of a dirty air cleaner,
loss of engine compression, faulty carburetor settings,
incorrect ignition timing, etc.

PROCEDURE:

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,

RESULTS:

1. Repair engine, or replace defective part(s), or adjust
as necessary.
2. If no engine problems are found, go to Test 7.



PART 3
PREPACKAGED

LIQUID-COOLED
AC GENERATORS

GENERAC I

PREPACKAGED
HOME STANDBY
ELECTRIC POWER
SYSTEMS

TABLE OF CONTENTS

SECTION § TITLE
3.1 Description and Major Components
3.2 Operational Analysis
3.3 Troubleshooting Flow Charts
34 Diagnostic Tests




NOTES




PART 3- PREPACKAGED LIQUID
COOLED AC GENERATORS

SECTION 3.1

DESCRIPTION & MAJOR COMPONENTS

Section 3.1

DESCRIPTION AND MAJOR COMPONENTS

Introduction

This section covers the major components 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 1.2 liter, liquid cooled gas engine. The rotor is coupled
to the engine flywheel, by means of a flexible coupling
and a fan and ring gear assembly, so the engine
crankshaft and rotor operate at the same speed.

Major components of the AC generator are shown in
Figure 1 on the next page. These components are (a)
a flexible coupling, (b) fan and ring gear, (c) rotor, (d)
blower housing, (e) stator assembly, (f) rear bearing
carrier, and (g) a rear bearing carrier cover.

Blower Housing

The blower housing is bolted to 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 outlet screen to
be mounted.

Flexible Disk

A flexible disk bolts to the engine flywheel 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 {o the
flexible disk which, in turn, is retained to the engine
flywheel. The fan draws cooling air into the generator
interior through slots in a rear bearing carrier cover,
then expels the heated air outward through a screenon
the blower housing. The ring gear teeth mate with teeth
on a starter motor pinion gear, when the engine is
cranked.

Rotor Assembly

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

Units rated 3600 rpm have a 2-pole rotor, with a
single south and a single north magnetic pole.

The rear end of the rotor is bolted and keyed to the
fan and ring gear. Aball bearing has been pressed onto
the rotor's front shaft which is retained in a machined
bore in the rear bearing carrier.

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

The combination of slip rings and brushes allow rotor
excitation current to be transmitted from stationary
components into the rotating rotor windings. The posi-
tive (+) slip ring is the one nearest the rotor bearing.

Rear Bearing Carrier

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

Stator Assembly

Stator windings may be connected as (a) a 3-wire,
1-phase system, (b) a 3-phase, 12 lead, parallel wye
type system, or (c) a 3-phase, 12 lead, delta connected
system. (See Section 1.2, "AC Connection Systems".)

A notched cutout has been provided in the rear
bearing carrier end of the stator can. A rubber grommet
has been placed into that notch, for protection of the
stator leads that are brought out of the stator.

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

Rear Bearing Carrier Plate

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

Brush Holders and Brushes

Brushes are retained in a brush holder which is
retained to drilled and threaded bosses on the rear
bearing carrier. In most cases, two brush holders are
used having two brushes per holder. Brush holders are
precisely positioned so that one of the two brushes
slides on a positive (+) slip ring, the other on a negative
(-} slip ring. The positive (+) brush and slip ring are
nearest the rotor bearing. The positive (+) side of the
DC excitation circuit (Wire No. 4, red) connects to the
positive (+) brush; the negative (-) or grounded side
(Wire No. 0) to the negative (-) brush. Brushes and
brush holders are illustrated in Figure 2, on Page 3.1-3.

Page 3.1-1
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ITEM DESCRIPTION ITEM | DESCRIPTION ITEM | DESCRIPTION
T Rotor Assembly 14 Rear Beanng carrner 28 Hex Head Capscrew
2 Blower Housing 15 Brush Holder 29 Lockwasher
3 Air Outlet Screen 16 Hex Head Screw 30 Hex Head Capscrew
4 Hex Head Capscrew 17 Bearing Carrier Gasket 31 Lockwasher
5 Lockwasher 18 Plug 32 Hex Nut
6 Flatwasher 19 Bearing Carrier Plate 33 Hex Head Capscrew
7 Hex Head Capscrew 20 Stator Bolt 34 Stainless Steel Hex Nut
8 Hex Head Capscrew 21 Hex Head Capscrew 35* RPM Sensor
9 Flatwasher 22 Lockwasher 36 Rubber Grommet
10 Lockwasher 23 Flatwasher 37 Plastic Plug
11 Hex Nut 24 Fan and Ring Gear 38 "Flex Guard™ Conduit
12 Dowel 25 Square Ksy
13 Stator Assembly 26 Spacer
27 Flexible Coupling

* Items 34 and 35 are NOT used on prepackaged standby generators. On prepackaged units, the threaded RPM Sensor hole
is covered by a Plastic Plug (Item 37).

Figure 1. Exploded View of AC Generator Components

Page 3.1-2
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Brush Holders and Brushes (Continued)

4 (RED) 4

BRUSH WITH RED
1—O  LeapclosesT

BRUSH 10 ROTOR BEARING
HOLDER

SCREW

1 (BLACK) i

T

SECTION 3.1

DESCRIPTION & MAJOR COMPONENTS

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

Wire No. 5 is a thermal 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 its end.

Figure 2. Brush Holders and Brushes

The Excitation Circuit

AC output from the stator excitation (DPE) winding
is delivered to the voltage regulator, via a thermal
protector (TP), Wire No. 2, an excitation circuit breaker
(CB1), Wire No. 162, and Wire No. 6. This is "unregu-
lated” excitation current.

SCHEMATIC SYMBOL
T

"""':H(_—_

5 (BYPASS) WIRE
NUT

2 O O-1624—r=
DPE ce1

TP e
|~ VOLTAGE

6 6 REGULATOR

CB1 = EXCITATION
CIRCUIT
BREAKER

DPE = STATOR
EXCITATION
WINDING

TP = THERMAL
PROTECTOR

Figure 3. Schematic- Excitation Circuit

THERMAL PROTECTOR:

This normally-closed thermal switch 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 temperature exceeds a safe value, the switch
contacts will open and DPE output to the voltage
regulator will be terminated. Without excitation current
flow to the rotor, generator AC output voltage will drop
to a value comensurate with rotor residual magnetism.

Figure 4. The Thermal Protector

EXCITATION CIRCUIT BREAKER:

This circuit breaker protects the regulator against
high voltage surges. If the breaker has tripped open,
loss of excitation current will occur. Stator power wind-
ing AC output voltage will then drop to a value comen-
surate with residual magnetism in the rotor. The
breaker is self resetting.

162 2

103

23

O O

Figure 5. Excitation Circuit Breaker

VOLTAGE REGULATOR:

See Figure 6. Unregulated AC output from the stator
DPE winding is delivered to the voltage regulator, via
Wires No. 6 and 162. Stator power winding AC voltage
and frequency signals are delivered to the regulator, via
"sensing"” Wires No. S15 and S16. The regulator rec-
tifies the DPE output and, based on the sensing lead
signals, regulates the DPE output. An LED (light emit-
ting diode) is incorporated on the regulator. This red
light senses the "sensing” (S15/S16) input.

Page 3.1-3
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The Excitation Circuit (Continued)

If the red LED goes "out”, sensing signals to the
regulator have been lost. The following rules apply:

» Loss of sensing can be caused by an "open" circuit
condition in sensmg leads S15"and S16. These
sensing leads also dperate the_generator's panel-

unted AC frgciuenc me}er. us, if the the red
LED is out and the panel frequency meter is not
opgrat;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” condnen and resultant hnq_h voltage
output from stator AC power windings. The maxi-
mum voltage that regulator action ¢an deliver is
hmut?d by a "claming" action on the part of the
regulator:

* A complete open ¢ircuit condition in the stator AC
power windings will cause loss of sensing voltage
and frequency. However, this will result in a zero
voltage output from the stator windings.

Based on the "sensing” signals, the regulator
delivers direct current (DC) to the rotor, via Wire No. 4
and the positive (+) brush and slip ring. This regulated
current flows through the rotor and to frame ground, via
the negative (-} slip ring and brush and Wire No. 1. The
following apply:

*  The concentration of magnetic lines of flux around
the rotor will be proportiofial to the regulated excita-

tion current flow through the rotor plus any residual
magnetism.

¢« Anincrease in excitation current flow through the
rotor windings, will increase the concentrafion of
magnetic fluX lines around the rotor which, in turn,
willincrease the AC voltage induced into the stator
AC power windings.

O\

[ m

Mitiil |

A%

SECTION 3.1

DESCRIPTION & MAJOR COMPONENTS

A field boost diode and a field boost resistor are
installed in a CMA circuit board. Field boost DC output
to the rotor is reduced to approximately 9-10 volts by
the field boost resistor.

Manual and automatic 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 its closed contacts and to the rotor, via
a field boost resistor, field boost diode, and Wire No. 4.
Notice that field boost current flow is available only
while the engine is cranking.

! 10
l' STARTER

e
STARTER
CONTACTOR

RELAY K1

CMA CIRCUIT BOARD

Figure 6. Prepackaged Voltage Regulator

Field Boost

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

Page 3.1-4

Figure 7. The Field Boost Circuit
AC Meters

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 S15 and S16 from the stator power windings.

The AC voltmeter is powered by Wires No. S15, S16
and S44 from the stator AC power windings. These
wires feed the voltmeter through a "voltage-phase
selector switch". Line S15 is connected to stator AC
output line E1; line S16 to "Neutral” (00); and line S44
to stator lead E2. The voltage-phase selector switch
permits the operator to select either "line-to-line" or
"line to neutral” readings on the meter.

The AC ammeter is powered by the induced output
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 voltage-phase switch permits operator
selection of either "line-to-line” ammeter readings or
"line-to-neutral” readings.
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Section 3.2

OPERATIONAL ANALYSIS

Rotor Residual Magnetism

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

Operation

STARTUP:

Whenthe engine is cranked, residual plus field boost
magnetism in the rotor will induce a voltage into the

stator'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 stator windings.

FIELD EXCITATION:

As the rotor's magnetic field cuts across the stator
excitation (DPE) windings, a voltage is induced into
those windings. The circuit is completed through a
voftage regulator and unregulated alternating current
flows to the regulator, via Wire No. 2, a thermal protec-
tor (TP), an excitation circuit breaker (CB1), Wire No.
162, and Wire No. 6.

o e COMMON GROUND
[—_——-‘ FROM CMA BOARD
it 0 {3 (FIELD BOOST)
4 4 4
642 VR
6241
sisl s TO CMA BOARD
18
516
——TO CMA BOARD
o S16
S44 J
S18 S15
_H 6000000 0000000 44 S15 Sea PHASE SELECTOR SWITCH
1 S16 T = =3 -
14 1
si5 . 16;/‘5 | [—65
S16 ;Im - :
JEL) 17 1
M ! o CONIACTS - imsmirr
! 1 2 [
. . i Fﬂ‘ ' T ::; - :E . X X
%Cn e f 0 20 = 19 _Ix
| - 18 = 17 X | X
_ | [7 3
e 58 5 1! ;‘i o
l ! —
5? ool MENE =S aaas
Lo — o J 9 — 10X X X
o o o 1M - 12 X
X INDICATES CLOSED
A = AC AMMETER ]
(— ____________ AR = ROTOR
= = AS = STATOR
I ]' CB1 = CIRCUIT BREAKER
e 00 €2 CT1,2 = CURRENT TRANSFORMERS
B;E = \?’FEATOR EXCITATION WINDING
CUSTOMER CONNECTION 42 = FREQUENCY METER
1 20/240\/ 1—PHASE VR = VOLTAGE REGULATOR

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

The voltage regulator senses AC power winding
output voltage and frequency, via sensing leads S15
and $16. The regulator rectifies the excitation (DPE)
winding current and, based on the sensing signals,
regulates 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 completed 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 rotor. The more concentrated the lines of
flux, the greater the voltage that is induced into the
stator windings. Thus, by regulating the excitation cur-
rent, the voltage regulator regulates the rotor’'s mag-
netic field and, in turn, the stator power winding voltage
is requlated.

REGULATOR SENSING

CB1 TP cB2
TP BYPASS
VR DPE ACP ACP
AR T 77
v R =4
\ /
LY ]
\ MAGNETIC FLUX
A 1 ;7
'Y [ v
| s/
- ROTOR : ENGINE
ACP AC POWER WINDINGS

MAIN CIRCUIT BREAKER

(¢
w
~
(U T T T}

EXCITATION CIRCUIT BREAKER

DPE STATOR EXCITATION WINDINGS
TP THERMAL PROTECTOR
VR VOLTAGE REGULATOR
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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

voLTAE oK SWITCH AG oLTPUT N Y S— ENOLTHETER oK

- A s el ) Naom -]
PHASE s |5 O+ s | \/O| TAGE

SELECTOR

SWITCH

POSITION L I

SET 1'0 “OFF" ZERO OR RESIDUAL BAD

RESET TO "1, "2 OR "3 REPLACE DEFECTIVE METER

ST ATOR BPE OK. | THERMAL OK. s | DPE CIRGUIT OK.
WINDING® PROTECTOR BREAKER

OP!N, SHORTED OF!EN OPEN

OR GROUNDED ‘

REPLACE STATOR ASSEMBLY BYPASS THERMAL PROTECTOR REPLACE BAD BREAKER

A

TEST 7-TEST
VOLTAGE
REGULATOR

|
BAD

REPLACE BAD
REGULATOR

TEST 10-TEST
ROTOR
WINDINGS®

I8
\

REPLACE
ROTOR

O K. meney-

samn GOO

TEST 13-TEST
STATOR

AC POWER
WINDINGS*

TEST 8-CHECK
LEADS 1 AND 4

REPAIR, REPLACE OR

RECONNECT

TEST 11-TEST
VOLTAGE-PHASE
SELECTOR
SWITCH

4 O K. s

BAD

M

REPLACE SWITCH

DEFECTIVE LEADS

e O.K.ﬁ

TEST 8-CHECK BRUSHE
AND SLIP RINGS oK

o
¥

CLEAN SLIP RINGS
REPLACE BAD BRUSHES

TEST 12-TEST
i VOLTMETER
LEADS S15,

S16, S44

GOODq

R
BA_ REPLACE STATOR ASSEMBLY

BAD

REPAIR OR REPLACE

REPLACE CMA
CIRCUIT BOARD

TEST 14-CHECK BA
FIELD BOOST

*NOTE: Be sure to read Section 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 shorted or grounded winding should
be tested for insulation breakdown. If the winding(s) fail the insulation breakdown test, they should be cleaned and
dried, followed by a second insulation breakdown test. Replace the winding(s) if they fail the 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-PHASE
AC QUTPUT e O K. ﬁ AC VOLTMETER swsms O.Kﬁ SELECTOR SWITCH
VOLTAGE
REPLACE h BAJ REPLACE h BADJ
LOW VOLTAGE

v

TEST 16-CHECK COMPARE WITH GENERATOR REPLACE PANEL FREQUENCY METER
FREQUENCY = pANEL FREQUENCY METER -—* IF IT READS INCORRECTLY
FREQUENCY FREQUENCY IS LOW——» TEST 17-ADJUST VOLTAGE &
IS GOOD BUT : ENGINE GOVERNOR FREQUENCY OK.
VOLTAGE STILL
LOW

FREQUENCY O K.

VOLTAGE STILL LOW
TEST 18-ADJUST DISCONTINUE TESTS
VOLTAGE *
REGULATOR
NO CHlNGE IF VOLTAGE IS O.K., DISCONTINUE TESTS
VOLTAGE STILL LOW
STATOR DPE OK smmmmmep | VOLTAGE OK | AND SUIPHINGS 0
WINDING® REGULATOR
BAD BlD BlD G(lOD
REPLACE STATOR REPLACE BAD REGULATOR CLEAN SLIP RINGS

REPLACE BAD BRUSHES

T T S —— U
XK. A
WINDINGS® POWER * SEE NOTE ON PAGE 3.3-1
WINDINGS*
B!D BAD
REPLACE ROTOR REPLACE STATOR
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Problem 3- Generator Produces High Voltage at No-Load

TEST 2-CHECK TEST 3-CHECK
g%¥§d._"[AGE a— O.K.—> AC VOLTMETER | sussemn BAD_—’ REPLACE PANEL AC VOLTMETER

HIGH QOLTAGE | TEST 16-CHECK COMPARE WITH GENERATOR REPLACE PANEL

I FREQUENCY PANEL FREQUENCY METER ﬁ METER, IF BAD

FREQEENCY ISO.K. FREQUENCY IH TEST 17-ADJUST VOLTAGE & FREQUENCY:
VOLTAGE IS STILL HIGH HIGH ENGINE GOVERNOR |====% BOTH GOOD

TEST 19-CHECK FREQUE;lY IS GOOD DISCONTINUE
VOLTAGE 4 —sa—— \/O| TAGE IS STILL HIGH TESTS
REGULATOR LED

LED ISON LEDISOUT TEST 20-CHECK LEADS REPLACE

ORDIM _> REGULATOR O.K.ﬁ VOLTAGE
SENSING LEADS REGULATOR

TEST 7-TEST TEST 18-ADJUST
VOLTAGE pr— O.K——} VOLTAGE = VOLTAGE AND FREQUENCY ARE BOTH GOOD
REGULATOR REGULATOR
GlJLATOR CANNOT ADJUST
lS BAD VOLTAGE STILL HIGH

REPLACE VOLTAGE REGULATCR

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

RIS | ML, | BRI | | EREREESESES —
— K. GOOD
CONDITION LOADED POWER
WINDINGS®
OVERLOADED ENGINE HAS LOST POWER
REDUCE LOADS REPLACE STATOR REPAIR ENGINE AS NECESSARY
TO UNIT CAPACITY
CHECK FOR SHORTED CONDITION IN

CONNECTED ELECTRICAL LOADS

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

DIAGNOSTIC TESTS

General

Perform the tests in this section in conjunction with
the "Troubleshooting Flow Charts" of Section 3.3. Test
numbers assigned in this section are identical to the
test numbers used in the flow charts.

Test 1- Check Voltage-Phase Selector
Switch Position

DISCUSSION:

See "Control Panel-Units with Liquid Cooled Engine”
in Part 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 "Off".
When the switch is set to "Off", neither the AC voltmeter
nor the AC ammeter will function.

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

RESULTS:
1. If necessary, reset switch to "1", "2" or "3".

2. It meter is not set to "Off" and panel voitmeter reads
“"zero" or low voltage, go on to Test 2.

Test 2- Check AC Output Voltage

DISCUSSION:

When the panel AC voltmeter indicates that gener-
ator output voltage is incorrect, it is best to read AC
output voltage with an external meter. The external
meter reading can then be compared to the reading on
the panel meter, to see if 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
generator main circuit breaker, on the 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 generator DATA PLATE for rated voltage.

RESULTS:

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

2. If VOM reading is is zero, residual, low, or high refer
to the appropriate flow chart in Section 3.3. Go to the
test indicated on the proper flow chart.

Test 3- Check AC Voltmeter

DISCUSSION:

You should have already determined that the actual AC
voltage is not the same as the voltage indicated on the
panel AC voltmeter. The next step is to find out if the
voltmeter itself is at fault.

PROCEDURE:

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

2. With the engine running at no-load, read the voltage
on the external meter and compare that reading to the
reading obtained in Test 2.

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

RESULTS:

1. If the external meter reading obtained in Step 2 is
different than the reading obtained in Test 2, go on to
Test 11.

2. In Step 3, above, if the external meter reading is
different than the reading on the panel meter, replace
the panel-mounted AC voltmeter.

Test 4- Test Stator DPE Winding

DISCUSSION:

If excitation winding output is lost for any reason, gen-
erator AC output voltage will drop to a voltage that is
comensurate with the rotor's residual voltage only. The
voltage produced as a result of residual magnetism
alone is very low {around 2-10 volts AC). The source of
excitation voltage is the stator excitation (DPE) wind-

ing.
PROCEDURE:

1. Inthe control panel, disconnect stator lead No. 6 from
the voltage regulator.

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

3. Set a 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 VOM should
indicate the resistance of the stator DPE winding. See
"Stator Winding Resistance Values” on Page 1 at front
of this manual. A high resistance or a reading of "in-
finity" indicates an an open circuit condition.

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

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

7. With the meter still set to a high resistance scale,
connect one test lead to Wire No. 5 and the other test
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Test 4- Test Stator DPE Winding (Con-
tinued)

lead to to stator AC power winding lead No. 11. The
meter should read "infinity". Any upscale meter reading
indicates a shorted condition.

RESULTS:

1. If DPE winding is open, grounded or shorted, replace
the stator assembly. (See Section 1.5, "Testing, Clean-
ing and Drying".)

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

SECTION 3.4
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2. If normal resistance is indicated in both Test 4 and

f——-n

@ ) [
- w 5

Test 5, go to Test 6.
162
)CB1
2

s —1

TP

DPE

Figure 1. Stator Leads

Test 5- Test Thermal Protector

DISCUSSION:

Also see "The Excitation Circuit' on Page 3.1-3,
especially the subsection entitled " Thermal Protector".
An open thermal protector will result in loss of excita-
tion. Generator AC output voltage will then drop to a
residual voltage.

PROCEDURE:

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

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

3. Set a VOM to its "Rx1" 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 (DPE) winding. If the meter indicated "in-
finity" in this test, but read normal resistance in Test 4,
the thermal protector is open.

RESULTS:

1. If 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 circuit breaker (CB1). See Figure 2.

Page 3.4-2

Figure 2. Bypassing the Thermal Protector

Test 6- Test DPE Circuit Breaker

DISCUSSION:

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

PROCEDURE:

1. Disconnect both wires from the circuit breaker ter-
minals, to prevent interaction.

2. Set a VOM to its "Rx1" 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. If 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 (DPE) Circuit Breaker
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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 stator AC power windings are
delivered to the regulator, via Wires No. S15 and S16.
A regulated, DC output is delivered to the rotor wind-
ings, via Wires No. 4 (positive) and 0 (negative). A red
LED (light emitting diode) is turned on by the sensing
voltage (light will go out if sensing voltage is not avail-
able). The following facts apply to regulator operation:

¢ Regulator operating voltage is the sensing voltage
fsrqgl)the stator AC powerwindings (WiresNo. S

¢ On 1-phase units Wires No. S15/516 will normall
supply a_line-to-neutral voltage input to th
regulator, i.e., about 120 volts ACon 120/240 volts,

1-8hase units.

* On 3-phase units Wires No. S15/S16 will normally

deliver a line-to-line voltage mgut to the regulator

Line E1 to E3). For example, sensing voltage will

e approximately 208 volts on 3-phase unjts rated

528 volt%s; about 240 volts on 3-phase units rated
volts.

* If sensing voltage should dro%be[ow approximatel
30-40 voits AC, the red LED will go out and th
regulator will be inoperative.

¢ On 1-phase units, protection against over-voltage
is provided by a "clamping" action, which will not
allow the excitation circuit to build vohage above
approximately 135 volts AC (line-to-neutral).

*  On 3-phase units, the over-voltage "clamping"” ac-
tion will not permit the excitation circuit to build
}/olltag?s above approximately 270 volts AC (line-
o-line).

¢ The regulator will NOT shut down on occurence of
an over-voltage condition. it will merely limit the
voltage 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. If the LED is out, sensing voltage is not available
or a fault exists in the regulator.
b. If the LED is very dim, sensing voltage must be
very low or a fault exists in the regulator.
c. it the LED is on, sensing voltage is available and
the regulator should be supplying an excitation volt-
age.
3. Use an accurate AC voltmeter 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-to-neutral AC output
voltage (about 120 volts AC on 120/240 volts, 1-
phase units).
b. On 3-phase units, the reading should be the same
as the generator's line-to-line AC output voltage
(about 240 volts AC on 120/240 volts, 3-phase units;
or 208 volts on units rated 120/208 volts).
4. Now, check the voltage across regulator terminals 1
and 2 (Wires 162 and 6, respectively). This is unregu-
lated AC output voltage from the stator excitation (DPE)
winding. The no-load DPE winding output should be
about 130-160 volits AC.

-~ SECTION 3.4
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5. Finally, use a DC voltmeter to check the voltage
across regulator terminals 3 (-) and 4 (+).

RESULTS:

1. If voltage readings in both Steps 3 and 4 are good,
but no output voltage is indicated in Step 5, replace the
voltage regulator.
2.ifthe LED is out but voltage reading in Step 4 is good,
replace the voltage regulator.
3. If zero or low voltage is indicated in Step 3, test
sensing leads S15 and S16.
a. Repairorreplace bad sensing leads as necessary.
b. lf sensing leads are good, go on to Test 8.
4. If no voltage or low voltage is indicated in Step 4,
repeat Tests 4, 5 and 6.

JO\

@

®
P |

o/

Figure 4. Voltage Regulator

Test 8- Check Leads 1 and 4

DISCUSSION:

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

PROCEDURE:

1. Generator engine must be shut down for this test.
2. See Figure 1 on Page 3.1-2. Remove the bearing
carrier piate and gasket to gain access to the brushes.
3. Connect the positive (+) test lead of a VOM fo the
Wire No. 4 terminal screw (on 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 probes to dis-
connected terminal end of Wire No. 1 and to the
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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. 1f Wires No. 1 and 4 are good, go on to Test 9.
TO TERMINAL
BOARD T8B1
BRUSH WITHRED LEAD
CLOSESTTO ROTOR
BEARING I
4RED 4 RED \

) 1
BRUSH HOLDER
1 MOUNTING SCREW

Figure 5. Routing of Brush 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 rotor. If
problems are encoutered, it is a good idea to inspect
the brushes and slip rings. See Figure 6.

Figure 6. Brushes and Slip Rings
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PROCEDURE:

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, if
necessary.

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 air to blow away any
sandpaper residue.

3. Test unit operation.

Test 10- Test Rotor Windings

DISCUSSION:

An open circuit in the rotor windings will probably resutt
in a generator AC output voltage that is comensurate
with the rotor’s "residual” magnetism. A shorted rotor
winding will usually result in a reduced magnetic field
and resultant low voltage output.

PROCEDURE:

1. With engine shut down, remove the brush holders to
prevent interaction.

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

3. Connect the positive (+) VOM test probe to 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 "Generator
Specifications” on Page 1 at front of this manual for
nominal rotor resistance values.

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

6. 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 condition.

RESULTS:

1. If rotor windings test good, 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 "zero" volts.
If the switch is defective, a faulty AC voltage reading
can result. You may wish to look at Figure 1 on Page
3.2-1.

PROCEDURE:

1. Gain access to the terminal end of the voltage-phase
selector switch.
2. Set a VOM to its "Rx1" 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 switch to "2" and note the meter reading.

c. Set the switch to "3" and note the VOM reading.

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

CONNECT TEST LEADS SWITCH POSITION

ACROSS TERMINALS 2 3 OrFF
T4-1T3 Cont. Tnfin. [ Cont. TATn.
16-15 Infin. Cont.| Infin. Infin.
20-19 Cont. Infin. 1 Infin. Infin.
18-17 Infin. Cont.| Cont. Infin.
1-2 Infin. Cont.{ Cont. Cont.
3-4 Cont. Infin. | Infin. Infin.
5-6 Cont. Infin. | Cont. Cont.
7-8 infin. Cont.{ Infin. Infin.
9-10 Cont. Cont.| Infin. Cont.
11-12 Infin. Infin. | Cont. Infin.

RESULTS:

1. Replace switch, if defective.

[
@016284
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phase selector switch terminal. Test leads for an open
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 result in a loss of AC output voltage.

PROCEDURE:

1. Testing 1-Phase 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 from the neutral
block (00).
¢. Complete a resistance test across stator leads 11
and 22. The resistance of a single stator AC power
winding should be indicated. Compare the resis-
tance with the "Stator Winding Resistance Values"
on Page 1.
d. Test for resistance across stator leads 33 and 44.
Agaig, the resistance of that winding should be indi-
cated.
e. Setthe meter to a high resistance scale. Then, test
for a shorted condition as follows:
(1) Connect one test probe to stator lead 11, the
other test probe to 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 meter should
read "infinity".
f. With the meter still set to a high resistance scale,
check for a shorted condition between parallel wind-
ings as follows:
(111) Connect one meter test probe to stator lead
(2) Connect the second meter test probe to stator
lead 33. The meter should read "infinity".

Figure 7. Voltage-Phase Selector Switch Terminals

Test 12- Test Voltmeter Leads S15, S16,
S44

DISCUSSION:

If these leads are open or shorted, erroneous AC
voltmeter readings will resutt.

PROCEDURE:

Refer to appropriate wiring diagram. Inspect the AC
voltmeter leads S15, S16 and S44 carefully. Check
connections against the wiring diagram. Make sure all
leads are properly connected to the correct voltage-

DUAL STATOR POWER WINDINGS

22 33
1 44

f— 120 VOLTS 120 VOLTS =~fne
00
§——— 240 VOLTS ———A
E1 E2

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

2. Testing 3-Phase Stators
a. Disconnect and isolate stator power winding leads
S1 through S12. Also disconnect and isolate stator
DPE winding leads 2 and 6.
b. See Figure 9. Test all six of the stator AC power
winding coils for continuity by connecting VOM test
probes across each of the following pairs of leads.
Refer to "Stator Winding Resistance Values” on
Page 1 for nominal resistance values. A very high
reading or "infinity” indicates an open condition.
(1) S1 to S4.
(2) S7 to S10.
(3) S8 to S11
(4) S3 to Se6.
(5) S9 to S12.
(6) S2 to S5.
c. Test all six stator coils for shorted condition by
testing between the following stator leads and a
clean frame ground on the stator can, one lead at a
time. The meter should indicate "infinity" in all cases.
(1) S1 to frame ground.
(2) S7 to frame ground.
(3) S8 to frame ground.
(4) S3 to frame ground.
(5) SS9 to frame ground.
(6) S2 to frame ground.
d. Now, test for a shorted condition between in-
dividual stator coils by connecting the VOM test
leads across the following stator leads. In all cases,
the VOM should read "infinity".
(1) Leads S1 to S7.
(2) Leads S7 to S8.
(3) Leads S8 to S3.
(4) Leads S3 to S9.
(5) Leads S9 to S2.
(6) Leads S2 to S1.
e. Finally, test for a shorted condition between iso-
lated windings as follows. The meter should indicate
"infinity” in all cases. Lead No. 6 is from the stator
DPE winding.
(1) Lead S1to 6.
(2) Lead S7 to 6.
(3) Lead S8 to 6.
(4) Lead S3 to 6.
(5) Lead S9 to 6.
(6) Lead S2 to 6.

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. If the stator AC power windings test good, go on to
Test 14.
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$2 S12
35 S9
S8 S6
St \g 3
S1 sS4 S7 S10

Figure 9. Stator Output Leads (3-Phase)

Test 14- Check Field Boost

DISCUSSION:

See "Field Boost" on Page 3.1-4. Field boost voltage is
available to the rotor only while the engine is cranking.
The field boost system, in effect, "flashes the field" on
every startup. Loss of field boost may or may not resuit
in loss of generator AC output voltage, depending on
individual generator characteristics. The following
apply:
= lf residual magnetism in the rotor is sufficient to
induce a "picKu volta?e" into stator AC power
windings, normal AC output may be obtained even
if field boost has failed.

« Stator AC power windiné; output must build to ap-
proximately 30-40 volts’ AC" before the voltage
regulator will turn on.

PROCEDURE:

In the generator panel, locate the CMA circuit board.
Wire No. 4 attaches to that circuit board’s connector
plug and is routed to the large terminal board (TB1) 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 (TB1).

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

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

3. Connect the common (-) meter test 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 9-10
volts DC. This is field boost voltage.

RESULTS:

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

< <
228 ] %]
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TERMINAL BOARD TB1

Figure 10. Checking Field Boost Voltage

Test 16- Check Frequency

DISCUSSION:

The rotor's driven speed and AC frequency are
directly proportional. Voltage and AC frequency are
directly proportional. Thus, if rpm and frequency drop
off, voltage will also decrease. When a low voltage is
encountered, it is a 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
generator's AC output leads. Also, connect an AC
voltmeter across the AC output leads (see Test 2).
2. Start the engine, let it stabilize and warm up at
no-load.
3. Read the AC voltmeter and frequency meter.
a. The no-load (line-to-line) voltage should be ap-
proximately 242-252 volts AC.
b. The no-load AC frequency should be approximate-
ly 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. lif frequency is above normal, go to Test 17.

3. If frequency is good but voltage is low or high, go on
to Test 18.

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

Test 17- Adjust Engihe Governor

DISCUSSION:

It frequency is high or low and voltage appears to be
correspondingly high or low, engine speed may be
incorrect.
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PROCEDURE:

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

RESULTS:

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

2. If both frequency and voltage are now good, discon-
tinue tests.

Test 18- Adjust Voltage Regulator

DISCUSSION:

Do not attempt to adjust the voltage regulator until the
AC frequency is correct. The prepackaged voltage
regulator provides a single adjustment potentiometer,
for the adjust of voltage.

PROCEDURE:

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

RESULTS:

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

Test 19- Check Voltage Regulator LED

DISCUSSION:

The voltage regulator mounts a single LED (light emit-
ting diode). This LED is turned on when sensing voltage
from Wires No. S15 and S16 is greaterthan 30-40 volts
AC. Loss of sensing voltage from S15/S16 will 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 volts 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. lf the LED is on, go to Test 7.

Test 20- Check Regulator Sensing Leads

DISCUSSION:

See Test 19.
PROCEDURE:

See Test 7.
RESULTS:

It sensing leads S15/S16 are good 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-
loaded. That is, the unit's wattage/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 panel is very
accurate and can usually be used to indicate current
draw of connected loads. To test for an overload con-
dition, proceed as follows:

1. On the generator panel, set the manual-off-auto
switch to "Off".

2. Turn OFF all power voltage supplies to the transfer
switch (turn off both the utility and standby power
supplies). This can be done by turning both the utility
and generator main circuit breakers "Off".

3. Manually actuate the transfer switch to the "Standby"

position, i.e., loads connected to the "Standby" side.

See Part 4,5 or 6, as appropriate for the type of installed
transfer 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.

6. 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" and "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 ammeter to check amperage draw at the stator
AC output leads E1 and E2 for 1-phase units; or E1, E2,
E3 for 3-phase units.

RESULTS:

1. If the unit is overloaded, reduce the load to unit
capacity. Instruct the customer on how to prevent over-
loading the generator.

2. ifunitis NOT overloaded, perform Test 13. A shorted
AC powerwinding can also cause voltage and frequen-
cy droop when loads are turned on.

Page 3.4-8
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Test 22- Check Engine Power

DISCUSSION:

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

PROCEDURE:

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

RESULTS:

Repair or replace engine as necessary to restore en-
gine power.
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Section 4.1

DESCRIPTION AND COMPONENTS

General

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

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

In a typical installation, both the utility and standby
power source conductors are connected to 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-
ponents. Major components include the following:

ITEM T DESCHIPTION TTEM] DESCRIPTION
) ETCIoSUTE TE NG TU LOCRWasTar
2 Enclosure Cover 17 Wing Stud
3 Transfer Mechanism 18 Manual Transfer Handle
4 Capscrew- M5-0.80 19 Flatwasher- 3/8"
5 M5 Lockwasher 20 Power Terminal Cover
6 M5 Flatwasher 21 Adapter
7 Transfer Rela 22 No. 10-32 Screw
8 3/8%-16 Hex Nut 23 Solderless Lu
9 No. 8-32 Screw 24 Terminal Blo
10 No. 8-32 Screw 25 Male Disconnect Adapter
11 No. 8 Lockwasher 26 Relay Cover
12 No. 8 Flatwasher 27 Standoff
13 Tie Wrap Mount 28 No. 8-32 Hex Nut
14 Neutral u% 29 Fuse Holder
15 No. 10-32 Screw 30 2 amp, 600 volts Fuse

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

The standard prepackaged, V-Type transfer switch
enclosure if 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 indoor 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 consists of a pair of
moveable LOAD contacts, a pair of stationary UTILITY
contacts, and a pair of stationary STANDBY contacts.
The LOAD contacts can be connected to the UTILITY
contacts by a utility closing coil; or to the STANDBY
contacts by a standby closing coil. In addition, the
LOAD contacts can be actuated to either the UTILITY
or STANDBY side by means of a manual transfer
handle. See Figures 2 and 3.

UTILITY CLOSING COIL C1:

See Figure 4. This coil is energized by rectified utility
source power, to actuate the load 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 will complete the retransfer to
"Standby". A bridge rectifier, which changes the utility
source alternating current (AC) to direct current (DC),
is sealed in the coil wrappings. If coil or bridge rectifier
replacement becomes necessary, the entire coil and
bridge assembly should be replaced.

STANDBY CLOSING COIL C2:

Coil C2 is energized by rectified standby source
power, to actuate the load contacts to their "Standby"
source side. Energizing the coil moves the load con-
tacts to an overcenter position; limit switch action then
opens the circuit and spring force will complete the
transfer action to "Standby". This coil's bridge rectifier
is also sealed in the coil 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 opens the utility
circuit fo 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 contacts are connected to the
"Standby" side. Conversely, when the load contacts are
connected to the "Utility" side, the switches "arm” the
system for transfer to "Standby”. An open condition in
limit switch XA1 will prevent retransfer to "Utility". An
open switch XB1 will prevent transfer to "Standby".
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Figure 2. Load Connected to Utility Power Source
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Figure 3. Load Connected to Standby Power Source
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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 circuit
board is a part of a control module assembly (CMA),
mounted on the standby generator set. The standby
system installer must interconnect suitable wiring to
terminals 23 and 194 of atransfer switch terminal biock.
He must interconnect that wiring with identically num-
bered terminals in the generators control 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 operation may be
briefly described as follows:

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

a. The 12 volts DC circuit is completed through the

transfer relay coil and back to the generator's CMA

circuit board, via transfer switch terminal 23, cus-

tomer installed wiring, and CMA terminal 23.

b. CMA circuit board action normally holds the Wire

No. 23 circuit open to ground and the relay is de-

energized.

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

contacts 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

transfer mechanism.

e. The normally-open relay contacts will deliver

standby source power to the transfer mechanism's

standby closing circuit.
2. During automatic system operation, when the gen-
erator's CMA circuit board "senses" that utility source
voltage has dropped out, the circuit board will initiate
engine cranking and startup.
3. When the CMA board "senses"” that the engine has
started, an "engine warmup timer” on the circuit board
starts timing. -
4. When the "engine warmup timer" has timed out, CMA
board action completes the Wire No. 23 circuit to
ground.

a. The transfer relay then energizes.

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

normally-open contacts close.

¢. When the normally-open contacts close, standby

source power is delivered 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 level, the board will open the Wire No. 23 circuit
to ground.

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

closed contacts will close and its normally-open con-

tacts will open.

b. When the normally-closed relay contacts close,

utility source voltage is delivered to the utility closing

coil to energize that coil.

¢. Retransfer back to "Utility" occurs.

| O 194

L 1+ _ _
TRANSFER RELAY

Figure 5. Transfer Relay Schematic

Neutral Lug

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

Manual Transfer Handle

The manual transfer handle (Figure 1, ltem 18) is
retained in the transfer switch enclosure by means of a
wing stud (Figure 1, ltem 17). Use the handle to
manually actuate the transfer mechanism load contacts
to either the "Utility" or "Standby" source side.

Instructions on use of the manual transfer handle
may be found in Pant 9, "Operational Tests and Adjust-
ments".

Terminal Block

During system installation, this 7-point terminal block
must be properly interconnected with an identically
labeled terminal block in the generator's control module
assembly.

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 labelled terminals in the
generator's control module assembly (CMA). This is
the "Utility Voltage" signal to the CMA circuit board. The
signal is delivered to a "stepdown” transformer in the
control module assembly and the resultant reduced
voltage is then delivered to the circuit board. Utility 1
and 2 power is used by the CMA circuit board as
follows:

« |f utility source voltage should drop below a preset
level, "CMA board action will initiate automatic

ranking and startup, followed by automatic trans-
er to the "Standby” source.

+  Utility source voltage is used by the CMA board to
operate a battery "trickle charge” circuit which
helps to maintain battery state of charge during
non-operating periods.

LOAD 1 AND 2:

The CMA circuit 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 preselected time of day. The
"Load 1/2" terminals provide power to operate the
exerciser timer clock.

TERMINALS 23 AND 194:

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

Page 4.1-4

Fuse Holder

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

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

FUSES F3, F4:

These two fuses protect the "Load 1 and 2" circuit
against overload.

q@;ﬁ,@

F2 _—F3

OBOO

Figure 7. The Fuse Holder
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OPERATIONAL ANALYSIS

Utility Source Voltage Available

Figure 1is a schematic representation of the transfer
switch with utility source power available. The circuit
condition may be briefly described as follows:

»  Utility source voltage is available {o terminal lugs
N1 and N2 of the transfer mechanism.

» Line N2A is closed to the utility closing coil (C1),
via a bridge rectifier.

° Utilit1y source voltage is available to limit switch
XAT), via the normally-closed transfer relay con-
acts (1 and 7g,and Wire No, 126, However, XA is
open and the Circuit to the utility closing coil is open.

» gtilit v,oltar?e "sensing” signals are delivered to a

MA circull board onthe generator, via Wire No,
N1A, a 2 amp fuse_ (F1), fransfer switch terminal
N1, generator terminal N1, and a sensing trans-

formé&r. The second line of the utmtg voltage "sens-
mg" circuit is via Wire No. N2A, a 2 amp fuse stg,
transfer switch terminal N2, generator terminal N2,
and the sensing transformer.

NOTE: Transfer switch terminals N1 and N2 (Utility 1 and 2)
must be properly connected to generator terminals N1 and
N2 (Utility 1 and 2) by the installer. Generator terminals N1
(Utility 1) and N2 (Utility 2) are not shown in Figure 1. See
Part 7, "DC Control-Units with Air-Cooled Engine” or Part 8,
"DC Control-Liquid Cooled Engine Units”.

Utility Source Voltage Dropout

If utility source voltage should drop below a preset
value, the generator's CMA circuit board will sense the
dropout. That circuit board will then initiate generator
cranking and startup after a time delay circuit times out.

Transfer to Standby

The generator's CMA circuit board delivers 12 volts
DC to the transfer relay, via terminals 194 and back to
the circuit board via terminals 23. However, circuit
board action holds the Wire No. 23 circuit open and the
transfer relay remains de-energized.

On generator startup, an "engine warmup timer” on
the generator's CMA circuit 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 to the
standby closing coil via Wires No. E1 and E2, the
transfer relay (TR) contacts, limit switch (XB1), Wire
"B". and a bridge rectifier. The standby closing coil
energizes and the main contacts actuate to their
"Standby" side.

Cl- SOLENOID COIL (UTILITY CLOSING)

23— 6
@ GTS - TRANSFER SWITCH CONTACTOR

194 —194 A TR - RELAY, TRANSFER

C2- SOLENOID COIL (STANDBY CLOSING)

TS - TERMINAL STRIP (CUSTOMER CONNECTION)
Xal, XBl- LIMIT SWITCHES, ACTUATOR
Fi, F2, F3, F4-FUSE, 2A SENSING

Tias "\?@ "

F2
ex o e

Cl- SOLENOID COIL (UTILITY CLOSING)

C2- SOLENOID COIL (STANDBY CLOSING)

GTS - TRANSFER SWITCH CONTACTOR

TR - RELAY, TRANSFER

TS - TERMINAL STRIP (CUSTOMER CONNECTION)
XAl XBl- LIMIT SWITCHES, ACTUATOR
Fi, F2, F3, F4-FUSE, 2A SENSING

Figure 1. Circuit Condition- Utility Source Voltage
Available

Figure 2. Circuit Condition- Transfer to Standby

Page 4.2-1




PART 4- "V-TYPE" SECTION 4.2
PREPACKAGED TRANSFER SWITCHES OPERATIONAL ANALYSIS

Retransfer Back to Utility

On restoration of utility source voltage above a On closure of the main contacts to the utility power
preset value, the generator's CMA circuit board "sen- source side, limit switches XA1 and XB1 are mechani-
ses" thatvoltage via terminals N1 and N2. After a preset cally actuated to "arm"” the circuit for transfer to standby.
time interval, that circuit board opens the terminal 23
circuit to ground. The transfer relay de-energizes, its
normally-closed contacts close, and utility source volt-
age is delivered to utility closing coil (C1), via Wires
N1A and N2A, closed transfer relay (TR) contacts, limit
switch XA1, and a bridge rectifier.

—

r——n
h

- — -
|

O T
O 2
F4
F2 Fe
Nea O N2A 3
Ci- SOLENOID COIL (UTILITY CLOSING) Cl- SOLENOID COIL {UTILITY CLOSING)
C2- SOLENOID COIL (STANDBY CLOSING) B2 g [C2- SOLENOID COIL (STANDBY CLOSING)
23 @ 23
B |67S - TRANSFER SWITCH CONTACTOR @ GTS - TRANSFER SWITCH CONTACTOR
@ TR - RELAY, TRANSFER 194 (D)—194 A TR - RELAY, TRANSFER
A
194 G——ios TS - TERMINAL STRIP {CUSTOMER CONNECTION) TS - TERMINAL STRIP (CUSTOMER CONNECTION)
XAl, XBI- LIMIT SWITCHES, ACTUATOR XAl, XBI- LIMIT SWITCHES, ACTUATOR
FI, F2, F3, F4-FUSE, 2A SENSING ' [FI, Fa, F3. F4-FUSE, 2A SENSING
- j
Figure 3. Initial Retransfer to Ulility Figure 4. Final Retransfer to Utility
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Section 4.3

TROUBLESHOOTING FLOW CHARTS

Introduction to Troubleshooting
The first step introubleshooting is to correctly identify the
problem. Once that is done, the cause of the problem
can be found by performing the tests in the appropriate
flow chart.

Test numbers assigned in the flow charts are identicalto
the test numbers in Section 4.4, "Diagnostic Tests".
Section 4.4 provides detailed instructions for perfor-
mance of each test.

Problem 1- In Automatic Mode, No Transfer to Standby

TEST 1-CHECK
VOLTAGE AT
TERMINAL
LUGSET1, E2

TEST 2-CHECK
VOLTAGE AT
STANDBY
CLOSING COIL C2

TEST3-TEST
TRANSFER
RELAY TR

GOOD mmessssmmny

O.K. ﬂ — BAH

GOOD BV!T NO TRANSFER

¥

FIND CAUSE OF NO AC TEST 4-CHECK MANUAL REPLACE BAD RELAY
OUTPUT TO TRANSFER TRANSFER SWITCH
SWITCH FROM GENERATOR OPERATION

REPAIR OR REPLACE
DEFECTIVE TRANSFER
MECHANISM PART(S)

TESTS-TEST TEST 6-CHECK
OK. M WIRING AND
WIRING CONNECTIONS

LIMIT SWITCH XB1
8!0* REPLACE BAD SWITCH

4—_ BADJ L GOODq REPLACE STANDBY CLOSING COIL C2

B. D——> REPAIR, RECONNECT OR REPLACE WIRING

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

JESTTOHECK | JEsTachECk | TESTOGHECK |

e O K. e O K. BA
TERMINAL -—-* UTILITY 1 AND _-_> UTILITY
LUGS N1, N2 UTILITY 2 CLOSING COIL

{ TERMINALS C1

FIND CAUSE OF NO BlD GOOJBUT NO GO TO PROBLEM 2
UTILITY SOURCE TRANSFER TEST 3 ON NEXT
VOLTAGE TO PAGE
TRANSFER SWITCH ‘

TEST 10-CHECK
EUSES F1 AND
2

TEST 6-CHECK
WIRING AND
WIRING CONNECTIONS

GO TO PROBLEM 2
TEST 4 ON NEXT PAGE

F O K ey

B&Dﬂ REPLACE BLOWN FUSE(S) L BAD* REPAIR, REGCONNECT OR REPLACE

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

[TEST3-TEST
TRANSFER
RELAY TR

GOOD—»

REPLACE BAD RELAY

TEST 11-TEST
LIMIT SWITCH
XA1

TEST 4-CHECK MANUAL REPLACE UTILITY
TO'F;%gifrl;EoRNSWITCH GOOH CLOSING COlL C1

Bho

REPLACE BAD
LIMIT SWITCH

D ﬁ REPAIR OR REPLACE DEFECTIVE
TRANSFER MECHANISM PART(S)

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

TEST 10-CHECK TEST 7-CHECK TEST 8-CHECK VOLTAGE AT
FUSESF1 AND s O.K. ﬁ VOLTAGE AT jemsse O.K.ﬁ UTILITY 1 AND UTILITY 2
F2 TERMINAL TERMINALS
LUGS N1, N2
B!D BAD BAD
REPLACE BLOWN FUSE(S) FIND CAUSE OF NO UTILITY TEST 6-CHECK WIRING
SOURCE QUTPUT TO AND WIRING CONNECTIONS
TRANSFER SWITCH AND
CORRECT THE PROBLEM

TROUBLESHOOT GENERATOR DC CONTROL SYSTEM
SEE PART 7 OR PART 8 AS APPROPRIATE
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m TERMINALS IN TRANSFER nsseeesssumeasmmmnd

SWITCH IS GOOD
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DIAGNOSTIC TESTS

General

Test numbers in this section correspond to the num-
bered tests in Section 4.3, "Troubleshooting Flow
Charts". When troubleshooting, first identify the prob-
lem. Then, perform the diagnostic tests inthe sequence
given in the flow charts.

Test 1- Check Voltage at Terminal Lugs
E1, E2

DISCUSSION:

In automatic mode, the standby closing coil (C2)
must be energized by standby generator output if trans-
fer to the "Standby" source is to occur. Transfer to
"Standby" cannot occur unless that power supply is
available to 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 BAREFOOT, OR
WHILE HANDS OR FEET ARE WET.

PROCEDURE:

1. If the generator engine has started automatically
(due to a utility power source outage) and is running,
check the position of the generator's main circuit
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 to "On" or "Closed", check
the voltage at transfer mechanismterminal lugs E1 and
E2 with an accurate AC voltmeter or with an accurate
volt-ohm-milliammeter (VOM). The generator's line-to-
line voltage should be indicated.
2. If the generator has been shut down, proceed as
follows:
a. On the generator control panel, set the manual-
off-auto switch to "Off".
b. Turn OFF all power voltage supplies to the transfer
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.
If necessary, manually actuate the main contacts to
the "Utility" power source side. See Part 9 for manual
operating procedures.
d. Actuate the generator's main line circuit breaker
to its "On" or "Closed" position. The "Utility" power
supply to the transfer switch must be turned OFF.

e. Set the generator's manual-off-auto switch to
"Auto”.
(1)The generator should crank and star.
(2) When the generator starts, an "engine warmup
timer" should start timing. After about 15 seconds,
the transfer relay should energize and transfer to
the "Standby" source should occur.
f. If transfer to "Standby" does NOT occur, check the
voltage across transfer switch terminal lugs E1 and
E2. The generator's line-to-line voltage should be
indicated.

RESULTS:

1. If normal transfer to "Standby" occurs, discontinue
tests.

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 failed.

3. If transfer to "Standby" does NOT occur and voltage
reading across terminal lugs E1/E2 is good, go on to

Test 2.
=~
> BRIDGE

(2>

RECTIFIER
[ N1
1l
| s
UTILITY =] =]
CLOSING P50
CO". = 000000 © p
MANUAL 000000 O
TRANSFER dleeegooo ]
o
LimiT LEVER - 0000000
SWITCH XA1 ooooooo(-m
L|M‘T & - 00000 OpH
SWITCH xB1 & = oo opcd | —E2
; 3
i
STANDBY ||
CLOSING L T2
coi s
“y . II™BRIDGE
RECTIFIER
09

Figure 1. The "V-Type" Transfer Mechanism

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

DISCUSSION:

Standby source voltage is used to 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 a
bridge rectifier before it reaches the closing coil. This
test will determine if 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 voltage is available to the
terminals 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. 1f necessary, repeat Step 2 under "Procedure” of Test
1. The system must be in automatic operating mode,
with engine running, and standby source voltage avail-
able to terminal lugs E1 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 voltmeter (or a VOM) to check the voltage
across these two terminals. Generator line-to-line volt-
age must be indicated.

RESULTS:

1. It generator line-to-line voltage is indicated and trans-
fer to "Standby" occurs, discontinue tests.

2. If generator line-to-line voltage is indicated but trans-
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 operating mode, the transfer relay must
be energized by CMA circuit board action or standby
source power will not be available 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 normally.

PROCEDURE:

1. See Figure 2. Disconnect all wires from the transfer
relay, to prevent interaction.
2. Set a VOM to its "Rx1" scale and zero the meter.
3. Connect the VOM test leads across relay terminals
6 and 9 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 energize 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 relay and the VOM should read

"continuity”.
CONNECT YOM DESIRED METERREADING
TEST LEADS ACROSS | ENERGIZED -
Terminals 6 and 8 Continurty Infinity
I Terminals 1 and 7 Infinity  ~° Continuity I
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RESULTS:

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

I:!
=]

(=1

’'H
11

b
:

/\
\V>

I &

e

Figure 2. Transfer Relay Test Points

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 start
timing. When that timer has timed out (about 15
seconds), the transfer relay should energize to deliver
utility source power to the standby closing coil ter-
minals. If normal utility source voltage is available to the
standby closing coil terminals, but transfer to "Standby"
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
manual-off-auto switch to "Off".

2. Set the generator's main circuit breaker to "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: DO NOT ATTEMPT MANUAL TRANS-
FER SWITCH OPERATION UNTIL ALL POWER
VOLTAGE SUPPLIES TO THE SWITCH HAVE
BEEN POSITIVELY TURNED OFF. FAILURE TO
TURN OFF ALL POWER VOLTAGE SUPPLIES
MAY RESULT IN EXTREMELY HAZARDOUS
AND POSSIBLY 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. Handle is retained in the enclosure with
a 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 switch operating lever up to ac-
tuate the load contacts to the "Utility" position, i.e., load
connected to the "Utility" source.

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

6. Repeat Step 5 several times. As the transfer switch
operating lever is moved, slight force should be needed
until the lever reaches its center position. As the lever
moves past its center position, an over-center spring
should snap the moveable load contacts against the
stationary "Standby" or "Utility" contacts.

7. Finally, actuate the main contacts to their "Utility"
power source side, i.e., load contacts against the
i'Utilit)y" contacts (upward movement of the operating
ever).

RESULTS:

1. If 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 to move main contacts, find cause of binding
or sticking and repair or replace damaged part(s).

\

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

o O
S
= MANUAL
] TRANSFER
= HANDLE
TRANSFER
SWITCH
OPERATING
: LEVER
® 9

Figure 3. Manual Transfer Switch Operation

Test 5- Test Limit Switch XB1

DISCUSSION:

Standby power source voltage must be available to the
standby closing coil in order for a "transfer to standby"
action to occur. To deliver that source voltage to the

- SECTION 4.4
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coil, limit switch XB1 must be closed to the "Standby"
power source side. If the limit switch did not get ac-
tuated or has failed open, the source voltage will not be
available to the closing coil and transfer to "Standby"
will not occur.

PROCEDURE:

With the generator shut down and with the "Utility"
power supply to the transfer switch turned OFF, test
limit switch XB1 as follows:

1. To prevent interaction, disconnect Wire No. 205 and
Wire "B" from the limit switch terminals.

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

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

4. Manually actuate the main contacts to their
"Standby" position. The meter should read “infinity".
5. Manually actuate the main contacts to their "Utility"
position. The meter should read "continuity".

6. Repeat Steps 4 and 5 several times and verify the
VOM reading at each switch position.

RESULTS:

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

Test 6- Check Wiring and Wiring Connections
DISCUSSION:

An open circuit in transfer switch wiring can prevent a
transfer action from occuring.

PROCEDURE:

See Figure 1. Inspect transfer 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:

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

Test 7- Check Voltage at Terminal Lugs
N1, N2

DISCUSSION:

It retransfer to the "Utility" power source side is to occur,
utility source voltage must be available to terminal lugs
N1 and N2 of the transfer mechanism. In addition, if that
source voltage is not available to N1/N2 terminals,
automatic startup and transfer to "Standby" will occur
when the generator's manual-off-auto switch is set to
"Auto”. This test will prove that "Utility" voltage 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 "Utility" does not occur, or
(b} startup and transfer occurs unnecessarily.
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Test 7- Check Voltage at Terminal Lugs
N1, N2 (Continued)

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 OR FEET ARE WET.

PROCEDURE:

1. Make sure that all main line circuit breakers in the
utility line to 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 utility
source voltage should be indicated.

RESULTS:

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

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

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

DISCUSSION:

During installation the installer should have connected
the "Utility 1" and "Utility 2" terminals in the transfer
switch with identically labelled terminals on a terminal
block in the generators control module assembly
(CMA). These terminals deliver utility voltage "sensing”
to 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 will also prevent retransfer back to the "Utility"
source.

PROCEDURE:

With utility source voltage available to terminal lugs N1
and N2, use an AC voltmeter or a VOM to test for utility
source line-to-line voltage 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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RESULTS:

1. If voltage reading across the "Utility 1" and "Utility 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 coil C1 and effect retransfer back to the "Utility"
source. This voltage is delivered to the utility closing
coil via Wires No. N1A and N2A, the transfer relay’s
normally-closed contacts (relay de-energized), Wire
No. 126, limit switch XA1, and a bridge rectifier.

PROCEDURE:

1. On the generator control panel, set the manual-off-
auto switch to "Off".
2. Turn OFF the utility power supply to the transfer
switch, using whatever means provided (such as a
utility source main line circuit breaker).
3. Set the generator's main line circuit breaker to its
"Off" or "Open" position.
4. Check the position of the transfer mechanism main
contacts. The moveable load contacts must be con-
nected to the stationary utility contacts. If necessary,
manually actuate the main contacts to their "Utility"
source side (load connected to the "Utility" source).
S. Set the generator's main line circuit breaker to its
"On" or "Closed" position.
6. Set the generator's manual-off-auto switch to "Auto".
a. The generator should crank and start.
b. About 15 seconds after engine startup, the transfer
relay should energize and transfer to the "Standby"
source should occur.
7. When you are certain that transfer to "Standby" has
occured, turn ON the utility power supply to the transfer
switch. After a short wait, retransfer back to the "Utility"
source should occur.
8. If retransfer back to "Utility" does not occur, use an
AC voltmeter (or a VOM) to test the voltage across the
two terminals of the utility closing coil. Normal utility
source line-to-line voltage should be indicated.

RESULTS:

1. In Step 6, if the generator does not crank or start,
refer to Part 7, "DC Control- Units with Air Cooled
Engine".

2.In Step 6, if transfer to the "Standby” source does not
occur, go {o Problem 1.

3. In Step 8, if normal utility source line-to-line voltage
is NOT indicated, go to Test 3.

4. In Step 8, if normal utility source line-to-line voltage
is indicated but retransfer back to "Utility" does not
occur, go to Test 4.
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Test 10- Check Fuses F1 and F2

DISCUSSION:

Fuses F1 and F2 are connected in series with the
Utility 1 and Utility 2 circuits, respectively. A blown fuse
will open the applicable circuit and will result in (a)
generator startup and transfer to "Standby”, or (b)
failure to retranster back to the "Utility" source.

PROCEDURE:

1. On the generator 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;. %ee Figure 5. Remove fuses F1 and F2 from the fuse
older.

4. Inspect and test fuses for blown condition.

RESULTS:

1. Replace blown fuse(s).
2. If fuses both check good, go to Test 6.

@>® 0O

\ L —

F4

F3
F2 | l g L

OBHEO

Figure 5. Fuse Holder and Fuses

Test 11- Test Limit Switch XA1

DISCUSSION:

When the transfer switch main contacts are actuated to
their "Utility" position, limit switch XA1 should be
mechanically actuated to its open position. On transfer
to the "Standby" position, the limit switch should ac-
tuate to its closed position. If the switch does not
actuate to its closed position, retransfer back to "Utility"
will not occur.

PROCEDURE:

1. With the standby generator shut down, set its
manual-off-auto switch to "Off".

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 terminals.

. SECTION 4.4
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4. Set a VOM to its "Rx1" scale and zero the meter.

5. Connect the VOM test leads across the two limit
switch terminals from which Wires "A" and 126 were
removed.

6. Manually actuate the main contacts to their
"Standby" position. The VOM should indicate "con-
tinuity".

7. Manually actuate the main contacts to their "Utility"
position. The VOM should read "infinity".

RESULTS:
Replace limit switch XA1 if it checks bad.

NOTE: Problems with transfer switch operation can also be
caused by (a) defective wiring between the generator and
transfer switch, or (b} a defective component in the gener-
ator's control module assembly (CMA). See Part 7, "DC
Control- Units with Air Cooled Engine”.
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Section 5.1

DESCRIPTION AND COMPONENTS

General

The "Y-Type" prepackaged transfer switches are
available as 100 amp, 3-pole units; or as 200 amp, 2 or
3-pole 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
set.

The 3-pole models are intended for use with 3-phase
utility and standby power source systems. These units
are equipped with a 3-phase power monitor (PM).

The 2-pole models are intended for use 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 1-phase units, the 3-pole
transfer switches are normally used in conjunction with
liquid cooled engine units.

Major Components

See Figure 1, below. Major transfer switch com-
ponents include the following:

ITEM{NOMENCLATURE ITEM NOMENCLATURE

1 1 Transfer Mechanism 6" | Power Monitor Sockst
2 |Prepackaged Terminal Stripf 7 § Switch Enclosure

3 |Manual Transfer Handle 8 | Transfer Relay

4 |Wing Stud S |Neutral Lug

5* |3-Phase Power Monitor

" ltems 5 and 6 are included on 3-pole units only.

o o
(o) o
N
o
-

Figure 1. The "Y-Type" Transfer Switch
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Transfer Mechanism

GENERAL:

The "Y-Type" 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-pole and 3-pole transfer mechanism is shown
in Figures 2 and 3, respectively.

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 mechanism by two (2)
thru-bolts. See Figure 4.

i utiury 7
o LEle)B
Y -
N ‘j <z
|2 ‘
|
Generac GTS p%g-}& RED
g TRANSFER SWITCH ot
AL LD @ J (: . LOAD
= | PART — )
A2 Q RATED VOLTAGE @ J T T
Z’f',:, 'RATE?goc‘(ma‘sT?_ BUACK
B‘ & 105 AMPERES T p—
B2 1T — =
= SN
= < =
JARiC] == © | 2 i manuad
T2 1G] = NS |
== Al = 1]l TRANSFER
o / AN P
5 =D @ j _@ SHIFT
£ ==
¥ S Y
C g STANDBY .. _

MOVEABLE

Figure 2. Typical 2-Pole Transfer Mechanism
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Figure 3. Typical 3-Pole Transfer Mechanism
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Figure 4. Stationary and Moveable Main Contacts

MOVEABLE CONTACTS CARRIER:

This one-piece carrier (Figure 4) pivots on a single
shaft. It is available as a 2-pole or'a 3-pole carrier, as
required. Each set of moveable contacts is retained in
the carrier by a spring.

MAIN CONTACTS OPERATION:

A dual set of moveable main contacts provides the
interconnection between the load and power source
terminals. The moveable main contacts are spring
loaded 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.

LOAD

STANDBY _ - < UTILITY

oA
=

7 ;
INTERLOCK MECHANISM

Figure 5. Main Contacts at "Utility" Position
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Transfer Mechanism (Continued)
MAIN CONTACTS OPERATION (CONT'D):

Figure 6 shows the moveable main contacts at

“Neutral" position, with the load disconnected from both LOAD
power supplies. During electrical (automatic) opera- STANDBY L uTiaTy
tion, the main contacts will remain at "Neutral” as long 1 h
as the main contacts actuating coil remains energized. ( \‘
I

LOAD '
STANDBY _ UTILITY | \
~

V||

TN

- )
! INTERLOCK MECHANISM

Figure 7. Main Contacts at "Standby”

ELECTRICAL COMPONENTS:

) See Figure 8, below. The following electrical com-
INTERLOCK MECHANISM ;1>ogents é?r_? part ofl tge transfer mechanism:

: : v - . Control Terminal Stri
Figure 6. Main Contacts at "Neutral a. Terminals A1/A2 peovide the actuating command
. voltage to 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.
power source.

\

SOLENOID CcoiL

BROWN
BLUE
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LSt

\

PR St W
/!. /‘
i

\)

YELLOW
ORANGE

LS2

ﬁ BRIDGE RECTIFIER

Figure 8. Transfer Mechanism Electrical Components
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Transfer Mechanism (Continued)

ELECTRICAL COMPONENTS (CONT'D):

¢. Terminals T1/T2 are for use with an optional "time
delay at neutral”feature. This feature is not generally
used on prepackaged units.
2. Solenoid Coil
a. Current flow through this coil provides the mag-
netic field which actuates the moveable main con-
tacts via a solenoid plunger.
b. The solenoid coil's rated voltage must be com-
patible with both "Utility" and "Standby” rated volt-

age.

3. Bridge Redctifier :
a. To actuate the main contacts to their "Utility" side,
the solenoid coil is energized by "Utility" source
power.
b. For movement to the "Standby" source side, the
solenoid coil is energized by "Standby" source
power.
c. The bridge rectifier changes the alternating current
(A(é)) from either power source side to direct current
(DC).
d. The rectified direct current (DC) from either power
source side energizes the solenoid coil.

4. Neutral Limit Switch LS3
a. During automatic transfer operations, the solenoid
coilis energized to actuate the main contacts to their
"Neutral" position.
b. When the main contacts reach their "Neutral"
position, limit switch LS3 will be mechanically ac-
tuated to its "Open" position.
¢. When switch LS3 opens, current flow to the
solenoid coil is interrupted. The coil de-energizes
and spring force completes the transfer action to
either power source side.
d. The solenoid coil will remain energized at main
contacts will remain at "Neutral" as long as limit
switch LS3 remains closed.

S. Limit Switches LS1/LS2
a. Main contacts movement to either power source
side will actuate these limit switches.
b. With the main contacts at their "Utility™ position
(load connected to "Utility" source), limit switches
LS1/LS2 will be closed to the terminals B1/B2 side.
This action "arms" the solenoid coil circuit for transfer
to "Standby".
c. When the main contacts are at their "Standby"
position, the two limit switches will close to the ter-
minals A1/A2 side. This "arms" the solenoid coil
circuit for retransfer back to "Utility".

AUXILIARY CONTACTS:

See Figures 2 and 3 on Page 5.1-2. The auxiliary
contacts may be identified by the circled numbers "1"
through "6" and by the letters "C" (common), "N.C."
(normally-closed), and "N.O." {normally-open). These
contacts may be used by the customer, if desired, for
operating accessories (such as advisory lights, etc.).

One example of how these auxiliary contacts might
be used is shown in Figure 9. Advisory lamps are
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connected across the contacts as shown, along with
a power supply for the lamps. When properly con-
nected, one of the advisory lamps will illuminate when
the main contacts are at their "Utility" position. The
second lamp will turn on when the main contacts are at
their "Standby" position. By using the auxiliary contacts
in this manner, the operator can identify 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 follows:

* 15 amperes at 125, 250 or 480 volts AC.
¢ 1/2 ampere at 125 volts DC.
¢ 1/4 ampere at 250 voits DC.

NORMALLY NORMALLY
OPEN CLOSED COMMON

/ 6 5 4

COMMON
NORMALLY [

OPEN =7

NORMALLY ﬁ—
CLOSED K I

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 control
module assembly (CMA). See "System Control Inter-
connections on Page 1.3-3.

Terminals N1/N2 deliver a utility voltage sensing
signal to the generator's control module assembly. If
this voltage signal drops low, CMA circuit board action
will initiate generator startup and transfer to "Standby".
The CMA circuit 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 circuit board, for
the operation of a 7-day exercise timer clock. CMA
circuit board action will start the generator and let it
"exercise” once every seven days, on a day and at a
time of day selected by the installer or user.

Terminals 194/23 connect the transfer relay to the
generator's CMA circuit board, so that relay operation
can be controlled by the circuit board.
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Prepackaged Terminal Strip (Continued)
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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. To actuate the main contacts manually,
proceed as follows:

1. On the generator panel, set the manual-off-auto
switch to "Off".

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 transfer
mechanism.
a. If the "Utility" arrow is aligned with the green band,
load terminals are connected to the "Utility" power
supply.
b. If the "Standby" arrow is aligned with the green
band, load terminals 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 electrically connected in
series with the terminal N1A circuit to the generator's
control module assembly (CMA).

2. Movement Stops at "Neutral”

1. Move Handle Up

4. Check the Changeover Display

SWITCH
| POSITION.

) UTIiLTY

Figure 11. Using the Manual Transfer Handle

The 3-phase power monitor is adjustable. That s, the
line voltage at which its contacts open can be adjusted.
See Part 9, "Operational Tests and Adjustments" for
adjustment procedures.

Opening of the power monitor contacts will result in
loss of the "Utility" voltage sensing signal to the gener-
ator's CMA circuit board. The circuit board will then
initiate automatic engine startup and transfer of loads
to the "Standby" power source.

Switch Enclosure

The transfer switch is a NEMA 1 type. "NEMA"
stands for "National Electrical Manufacturer's Associa-
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 operation is controlled by the generator's CMA
circuit board. Relay operation may be briefly described
as follows:

. Tlée enerator's CMA circyit board delivers 12 volts
DC 10 the transfer relay coll, via wires and terminals
194 and 23. However, that circuit board normally
holds the circuit 23 og:en to ground and the relay is
normally de-energized.

* During a transfer to "Standby™ action, the CMA
circull board completes the Wire 23 circuit to
ground. The relay energizes, its normally open
contacts close and "Standby" source power is
delivered to transfer mechanism terminals B1/82.
Transfer to "Standby" occurs.
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Transfer Relay (Continued)

During a "retransfer back to Utility" action, action of
the generator's CMA circuit board opens the Wire 23
circuit to ground. The transfer relay then de-energizes,
its normally-closed contacts close, and retransfer back
to "Utility” occurs.

GISHE

@/EE

1
e
£
| !
I

TRANSFER RELAY

Figure 12. Transfer Relay Pictorial and Schematic

Neutral Lug

The transfer switch "Neutral" lug consists of a 3/8"-16
threaded stud which is insulated from the switch
enclosure by a plastic base. Thus, the "Neutral” lug is
ungrounded. Utility, standby and load neutral lines
should be connected to this iug.

The prepackaged standby generators usually have
a "floating” or "ungrounded" neutral. Strict compliance
with electrical codes and standards is required when
connecting these "floating” neutral lines. In most cases
where a floating neutral line is used, only the "Neutral"
lug at the main electrical service entrance is permitted
to be grounded. However, electrical codes may vary
widely in different areas.
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Section 5.2

OPERATIONAL ANALYSIS

Utility Voltage Available (2-Pole Units)

1. Utility voltage is available to terminal lugs N1/N2,
across the main contacts and to the T1/T2 terminal
lugs. Utility voltage is also available to terminals N1/N2
and to the generator's control module assembly (CMA).
2. Utility voltage is available to transfer mechanism
terminals A1/A2. However, limit switches LS1/LS2 are
closedto the terminals B1/B2 side and the A1/A2 circuit
to the solenoid coil is open.

3. From the T1/T2 terminal lugs, power is delivered to
the generator's control module (CMA) to operate a
7-day exercise timer.

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.

Utility Voltage Available (3-Pole Units)

1. Action is the same as for 2-pole units, except that
utility source voltage applied to terminals N1, N2, N3
energize a 3-phase power monitor. That monitor's nor-
mally-open contacts are closed and line-to-line "Utiity"
voltage signals are available to the generator's CMA
board via terminals N1A and N2.

2. Utility voltage is available to transfer mechanism
terminals A1/A2. However, LS1 and LS2 are closed to
the B1/B2 side and the solenoid coil is de-energized.
3. The generator's CMA circuit board takes no action
and the transfer relay (TR) is de-energized.

4. Output from load terminals T1/T2 is delivered to the
generator's CMA board, for operation of a 7-day exer-
ciser clock.

m
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Figure 1. Utility Power Available (1-Phase Units)

Figure 2. Utility Voltage Available (3-Phase Units)
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Utility Voltage Dropout (2-Pole Units)

1. Utility voltage is sensed by the generator's CMA
board, via wiring connected to terminals N1/N2.

2. If voltage drops below a preset value, CMA board
action will start the generator.

3. With the generator running, “Standby" source volt-
age is available to terminal lugs E1/E2.

4. Loads connected to terminal lugs T1/T2 are not
powered.

5. The Wire 23 circuit from the transfer relay coil is held
opento ground by action of the generator's CMA board.
The transfer relay is de-energized.

6. The transfer relay’s normally-open contacts are open
and "Standby" source power is not available to transfer
mechanism terminals B1/B2.

7. The transfer switch main contacts remain at their
"Utility" position.

SECTION 5.2
OPERATIONAL ANALYSIS

Utility Power Outage (3-Pole Units)

1. If voltage inlines N1, N2 or N3 drop low, the 3-phase
power monitor (PM) will de-energize and its normally-
open contacts will open.

2. With the monitor contacts open, loss of sensing
voltage to terminals N1A/N2 will occur.

3. The generator's CMA board senses the power out-
age and initiates generator startup.

4. Standby source power is delivered to transfer switch
terminal lugs E1, E2, E3.

5. The transfer relay (TR) is de-energized, its normal-
ly-open contacts are open and the circuit to transfer
mechanism terminals B1/B2 is open. The solenoid coil
remains de-energized.
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Figure 3. Utility Power Outage (1-Phase Units)
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Initial Transfer to Standby (2-Pole Units)

1. The CMA board in the generator delivers 12 volts DC
to terminal "A" of transfer 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 action holds the Wire 23 circuit open to
ground and the relay is de-energized.

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 & 9) close and standby
source power energizes the solenoid coil via Wire
E1/E2, TR contacts, terminals B1/B2, limit switches,
and a bridge rectifier.

3. Solenoid coil (C) energizes and actuates the main
contacts to their "Neutral" position. The main contacts
will remain at "Neutral" as long as the solenoid coil (C)
remains energized.

- SECTION 5.2
OPERATIONAL ANALYSIS

Initial Transfer to Standby (3-Pole Units)

1. The generator's CMA circuit board delivers 12 volts
DCtotransterrelay (TR) terminal "A", via Wire 194. The
DC circuit is completed through the TR coil and back to
the CMA board, via Wire No. 23. However, CMA board
action holds 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 normally-open
contacts (6 & 9) close to deliver standby voltage to the
solenoid coil, via Wires E1/E2, the TR closed contacts,
terminals B1/B2, limit switches, and a bridge rectifier.
3. The solenoid coil (C) energizes to actuate the main
contacts to "Neutral". The main contacts will remain at
”Netgral" as long as solenoid coil (C) remains ener-
gized.

Nt (D)
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Figure 5. Initial Transfer to "Standby” (1-Phase Units)

Figure 6. 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 solenoid coil (C) is now open.
Solenoid coil (C) de-energizes and spring force com-
pletes the transfer action to the "Standby" source side.
3. As the main contacts slam to their "Standby" position,
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
6.

SECTION 5.2
OPERATIONAL ANALYSIS

Final Transfer to Standby (3-Pole Units)

1. As the main contacts reach "Neutral” position, a
mechanical interlock opens limit switch LS3.

2. The circuit to solenoid coil (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 switchés
LS1/LS2 to the terminals A1/A2 side. The circuit is now
ready for retransfer back to the "Utility" source.

4. Load terminals T1, T2 and T3 are now connected to
terminal lugs E1, E2 and E3, respectively. Loads are
powered by the standby generator.

5. Auxiliary contacts have been mechanically reposi-
tioned as shown.
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Figure 7. Final Transfer to "Stanaby” (1-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
normally-closed contacts close and utility voltage is
delivered to terminals A1/A2 and to solenoid coil (C).
That coil energizes to actuate the main contacts to
"Neutral". When the main contacts reach "Neutral" LS3
opens, solenoid coil (C) de-energizes, and spring force
completes the retransfer action back to "Utility".
3:dLimit switches LS1/LS2 are actuated to the B1/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-open contacts
close. Utility voltage sensing is now available t{o the
generator's CMA board via terminal strip terminal N1A.
2. CMA board action de-energizes transfer relay TR.

3. Retransfer back to the "Utility" souyrce occurs as
described under "Retransfer to Ulility (2-Pole Units)".
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Figure 9. Retransfer to "Utility™ (1-Phase Units)

Figure 10. Retransfer to "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
AUTOMATIC
OPERATION

GENSET STARTS
e BUT NO TRANSFER s
TO"STANDBY*"

TEST 2-CHECK
VOLTAGE AT
TERMINALS E1/E2/E3

o VOLTS GOOD mumsssmemiy-

VOLTAGE BAD BAD
SEE SECTION 2.3 OR TEST 4-TEST TEST 5-CHECK
3.3 AS APPROPRIATE TRANSFER s GOOD“ WIRING
RELAY TR
B!D BAD
REPLACE BAD TRANSFER RELAY REPAIR,
RECONNECT
OR REPLACE
BAD WIRE(S)
h TERMINALS B1/B2 VOLTAGE IS GOOD BUT NO TRANSFER
TEST 6-TEST TEST 7-TEST TEST 8-TEST
LIMIT SWITCH s O.K.—ﬁ LIMIT SWITCH | O K LIMIT SWITCH
LS3 LSt LS2

S,

BAD

REPLACE BAD LIMIT SWITCH

h GOOD

TEST 3-CHECK
VOLTAGE AT
TERMINALS B1/B2

TEST 9-TEST TEST 10-TES TEST 11-CHECK
BRIDGE e O K. s———p-| SOLENOID O.K.—_} MANUAL
RECTIFIER COIL (C) OPERATION

BAD BAD

REPLACE REPLACE F¥PAIR/REPLACE
TEST 12-INSPECT MAIN CONTACTS e —— G OO D
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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 TRANSFERS TH VOLTAGE AT —— O.K.M VOLTAGE AT

OPERATION "STANDBY" BUT TERMINALS TERMINALS A1/A2
NO RETRANSFER N1/N2/N3

SEE SECTION2.30OR3.3 h BADJ BAD

AS APPROPRIATE I

TEST 4-TEST TEST 5-CHECK
TRANSFER O.K._*< WIRING
RELAY TR

i) J.
}

REPLACE BAD RELAY R!CONNECT, REPAIR OR REPLACE
BAD WIRING

r— TERMINALS A1/A2 VOLTAGE IS GOOD, BUT NO RETRANSFER BACK TO "UTILITY" A N

TEST 6-TEST TEST 7-TEST TEST 8- TEST
LIMIT SWITCH s O.K.—ﬂ LIMIT SWITCH s O K. % LIMIT SWITCH
LS3 LS1 LS2

|
BAD BAD

REPLACE BAD LIMIT SWITCH

r_— GOOD

TEST 11-CHECK TEST 12-INSPECT

MANUAL wm O.K. “ MAIN CONTACTS

OPERATION

BAD BAD

REPAIR OR REPLACE BROKEN REPLACE DEFECTIVE MAIN CONTACTS

OR BINDING TRANSFER MECH-
ANISM COMPONENTS
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Problem 3- GenSet Starts and Transfer Occurs When Utility Power is Available
(3-Phase Transfer Switches)

TEST 15-CHECK
VOLTAGE AT
TERMINALS N1A/
N2 OF CUSTOMER
TERMINAL STRIP

GO TO PART 8
OF THIS MANUAL

REPLACE IF BAD b

- BAM

TEST 13-CHECK
VOLTAGE AT

TERMINALLUGS jmmm O.K. d

N1/N2/N3

1]
Y

FIND CAUSE OF NO
UTILITY SOURCE
VOLTAGE SUPPLY
TO TRANSFER

SWITCH AND CORRECT

TEST 16- TEST
3-PHASE POWER
MONITOR

<

TEST 5-CHECK
WIRING GOOD sy

!

RECONNECT, REPAIR

OR REPLACE BAD
WIRING
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Section 5.4

DIAGNOSTIC TESTS

General

Complete the diagnostic tests in this section in con-
junction with the "Troubleshooting 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 Operation

DISCUSSION:

A CMA circuit board on the prepackaged generator
set constantly senses "Utility" power source voltage.
Should that source voltage drop below a preset value,
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 timed out,
circuit board action should complete 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 occur.

On restoration of "Utility" source voltage above a
preset level, and after a preset time delay, CMA circuit
board action should open the transfer relay circuit to
ground. The relay should then de-energize, its normal-
ly-closed contacts should close, and retransfer back to
the "Utility" power source should occur.

If problems are encountered with any part of the
automatic operating sequences described above, the
technician should be able to duplicate the problem by
performing 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:

1. On the generator panel, set the manual-off-auto
switch to "Off",

2. Turn OFF all power voltage supplies to the transfer
switch, using whatever means provided (such as the
generator's main line circuit breaker and a "Utility"
source main line circuit 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 (load connected to the "Utility"
source). The changeover display's "Utility" arrow must
be pointing to the "green” display window. If necessary,
manually actuate the main contacts to their "Utility"
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 transfer relay and the transfer mechanism.
A second person will be required at the generator.

DANGER: BEFORE PROCEEDING TO STEP 6,
MAKE SURE ALL PERSONNEL ARE WELL
CLEAR OF THE GENERATOR SET. THE EN-
GINE WILL CRANK AND START WHEN THE
MAN%AL-OFF-AUTO SWITCH IS SET TO
"AUTO".

NOTE: This section covers only the automatic operation as it
applies to the "Y-Type" transfer switch. For more complete
coverage of system automatic operation, testing and diag-
nosis, you may wish to refer to Part 8, "DC Control- Units with
Air Cooled Engine”. or Part 9, "DC Control- Units with Liquid
Cooled Engine”.

6. Setthe generator's manual-off-auto switch to "Auto™.
a. The engine should crank and start.
b. Following engine startup, the transfer relay should
energize and transfer to the "Standby" source side
should occur. The observer stationed at the transfer
switch should be able to see these occurences.

7. Check the changeover display on the transfer

mechanism.
a. The "Standby" arrow should point to the green
display 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. lfthe generator did not crank and start in Step 6, refer
to Part 8 or 9 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
relay circuit to ground and the transfer relay should
de-energize. Retransfer back to the "Utility" power
source should occur.
b. After retransfer and after a "minimum run timer"
and an "engine cooldown fimer" on the CMA board
have "timed out", the generator should shut down.
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Test 1- Test Automatic Operation (Con-
tinued)

RESULTS:

1. If normal retransfer back to the "Utility" source did
not occur in Step 8, refer to Problem 2 of the
"Troubleshooting Flow Charts". Go to Test 13 of Prob-
lem 2.

2. If normal retransfer occured in Step 8, discontinue
testing.

Test 2- Check Voltage at Terminals
E1/E2/E3

DISCUSSION:

Transfer of electrical loads to the "Standby" source
cannot occur unless generator AC output voltage is
available to the transfer switch. This test should be
performed if transfer to "Standby” will not occur during
automatic operation and will prove whether generator

AC output voltage is available or not. The test is a

continuation of Test 1 and should be performed at the
end of Step 7 of that test.

PROCEDURE:

1. Under "Procedure” of Test 1, complete Steps 1
through 7.
2. If, at the end of Step 7, transfer to "Standby" did not
occur, use an AC voltmeter or a VOM to test for correct
AC voltage at transfer mechanism terminal lugs E1, E2
and E3.
a. On 2-pole (1-phase) transfer switches, check for
correct line-to-line voltage across terminal lugs E1
and E2.
b. On 3-pole (3-phase) switches, check for correct
line-to-line (phase-to-phase) voltage across terminal
lugs E1to E2; E2 to E3; E3 to E1.

RESULTS:

1. If transfer to "Standby" does not occur but normal
line-to-line voltage is indicated across terminal lugs
E1/E2/E3, go onto Test 3.

2. If normal line-to-line 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. If normal gener-
ator voltage is available to terminal lugs E1/E2/ES, but
not to terminals B1/B2, either the transfer relay has
failed or interconnecting wiring is bad.

PROCEDURE:

1. Complete Steps 1 through 7 under "Procedure" of
Test 1.

2. lftransfer to "Standby" does notoccur, complete Test
2.
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Figure 2. The 3-Pole Transfer Mechanism

3. If normal generator AC output voltage is available in
Test 2, but transfer to "Standby” did not occur, go on
to Step 4 of this test.

4. Connectthe test probes of an AC voltmeter or a VOM
across transfer mechanism terminals B1/B2. Normal
generator AC output voltage should be indicated.

RESULTS:

1. If normal generator voltage is indicated, but transfer
to "Standby" does not occur, go to Test 6. The problem
is in the transfer mechanism.

2. If normal generator voltage is NOT indicated and
transfer to "Standby” does not occur, 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 failed transfer relay will prevent the transfer of
loads to the "Standby" source side. This test of the
transfer relay will verity whether or not the relay coil is
defective, and also whether the relay contacts are in
good condition.

PROCEDURE:

1. On the generator panel, set the manual-off-auto
switchto "Off". The generator must be shut downbefore
proceeding.
2. Turn OFF all power voltage supplies to the transfer
switch.
3. Disconnect alt wires from the transfer relay terminals,
to prevent interaction.
4. Set a VOM to its "Rx1" scale and zero the meter.
5. Connect the VOM test leads across relay terminals
6and9.
a. Connect the positive (+) post of a 12 volts battery
to relay terminal "A", and the battery negative (-} post
to relay terminal "B".
b. The transfer relay should energize and the VOM
should read "continuity".
c. Disconnect the battery leads from relay terminals
"A" and "B". The relay should de-energize,and the
VOM should read "infinity".
6. Now connect the VOM test leads across relay ter-
minals 1 and 7.
a. Connect the positive (+) post of a 12 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 should de-energize and the VOM should
indicate "continuity".

CONNECT YOM METER READING

TEST LEADS DE-ENERGIZED
6and9 "Continuity” “Infinity”
iand 7 “Infinity” “Continuity"

Figure 3. Transfer Relay Test Points

- SECTION 5.4
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RESULTS:

1. If the transfer relay tests bad, it should be replaced.
2. If the transfer relay tests good, go to Test 5.

Test 5- Check Wiring

DISCUSSION:

If transfer to "Standby" does not occur and Test 2, 3
and 4 have all checked good, the wiring between trans-
fer mechanism terminal lugs E1 and E2, and the B1/B2
terminals is suspect.

If retransfer back to "Utility" does not occur, wiring
between terminal lugs N1 and N2 and terminals A1/A2
may be defective or disconnected.

PROCEDURE:

Carefully inspect wiring and test for open or shorted
condition. Refer to the appropriate wiring diagram and
make sure all wires are properly connected to the
correct terminals. 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 to Part 7 or 8 as ap-
propriate (problemis in generator's DC control system).

Test 6- Test Limit Switch LS3

DISCUSSION:

Limit switch LS3 is actuated to its open position
mechanically by movement of the main contacts to their
"Neutral" position (load disconnected from both power
sources). For an illustration of "Neutral” position, see
Figure 6 on Page 5.1-3. During electrical operation, the
main contacts will remain at "Neutral" as long as the
solenoid coil (C) remains energized. However, when
the main contacts are actuated to "Neutral", LS3 is
actuated to its open position to break the circuit.
Solenoid coil (C) is then de-energized and spring force
completes the transfer action to the appropriate power
source side. If limit switch LS3 does not open when the
main contacts reach "Neutral", solenoid coil (C) will
rgmain ?nergized and the main contacts will remain at
"Neutral”.

NOTE: The changeover display on the transfer mechanism
does NOT indicate "Neutral™ position. If the main contacts
remain at "Neutral” the display will remain at the last position
of the main contacts. For example, if the main contacts were
at "Utility" and are then actuated to "Neutral”, the green
window will remain adjacent to the "Ulility" arrow on the
changeover display.

PROCEDURE:

1. On the generator panel, set the auto-off-manual
switch to "Off".

2. Turn OFF all power voltage supplies to the transfer
switch, using whatever means provided (such as the
“Utility” and "Standby” main line circuit breakers).

Page §.4-3



PART 5- "Y-TYPE" PREPACKAGED
TRANSFER SWITCHES

Test 6- Test Limit Switch LS3 (Con-
tinued)

PROCEDURE (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.
FAILURE TO TURN OFF ALL POWER VOLTAGE
SUPPLIES MAY RESULT IN ELECTRICAL
SHOCK AND POSSIBLE DAMAGE TO THE
TEST METER BEING USED.

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

4. Connect the VOM test leads across transter

mechanism terminals T1 and T2 (Figure 4).

5. The VOM should indicate "continuity”.

6. Attach the manual transfer handle to the square shaft

on the transfer mechanism.
a. While observing the VOM, move the manual hand-
le all the way up until it stops. This is "Neutral”
position. Hold the handle all the way up (at "Neutral")
and the VOM should read "infinity". A reading of
"infinity" indicates that LS3 has opened and is
functioning properly.
b. Now, return the handle to its original position and
let the main contacts complete their movement to the
next power source side. The VOM should now indi-
cate "continuity”, indicating that LS3 has re-closed
and is functioning properly.

7. Before proceeding, actuate the main contacts to their

"Utility" position. The green window display must be

adjacent to the "Utility" arrow on the changeover dis-

play.

RESULTS:

1. 1f limit switch LS3 is not opening at "Neutral" and
re-closing at both power source positions, further test-
ing is required to determine if the switch has failed, or
if a mechanical linkage failure has occured in the trans-
fer mechanism. Refer to Section 5.5.

2. If switch operation is good, go on to Test 7.

SECTION 5.4
DIAGNOSTIC TESTS

Test 7- Test Limit Switch LS1

DISCUSSION:

When the main contacts are at their "Utility” position
("Load" connected to "Utility" source, limit switch LS1
should have actuated to its terminal B1 side. Conver-
sely, when the load is connected to the "Standby" side,
LS1 should be actuated to its terminal A1 side. Failure
of this limit switch will result in a failure of the main
contacts to actuate to either power source side.

PROCEDURE:

1. On the generator panel, set the auto-off-manual
switch to "Off".

2. Turn OFF all power voltage supplies to the transfer
switch, using whatever means provided (such as the
"Utility” 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 TO TURN OFF ALL POWER VOLTAGE
SUPPLIES MAY RESULT IN ELECTRICAL
SHOCK AND MAY ALSO DAMAGE THE TEST
METER BEING USED.

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

4. Connect the VOM test leads across transfer
mechanism terminals B1 and T1 (Figure 5).

5. Manually actuate the main contacts to their
“Standby" position. The VOM should read "Infinity".

6. Now actuate the main contacts back to "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" position. The VOM should read "continuity".
9. Manually actuate the main contacts back to "Utility"
and the VOM should indicate "infinity".

Pictorial Schematic

i
T1 T2
A1 « @
A2
LS3

CONNECT METER MAIN CONTACTS POSITION
TEST LEADS UTILITY STANDBY
BttwoT1 Continuity Infinity
Al T1 Infinity Continuity

Pictorial Schematic
B1 T1i

]
A1
2
STANDBVE £
“\
A\

Figure 4. Limit Switch LS3 Test Points
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Figure 5. Limit Switch LS1 Test Points
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Test 7- Test Limit Switch LS1 (Con-
tinued)

RESULTS:

1. If LS1 {fails the test, additional testing is required.
After additional testing, replace switch if defective. See
Section 5.5.

2. If switch checks good, go on to Test 8.

Test 8- Test Limit Switch LS2

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 to the transfer
switch, using whatever means provided (such as the
"Utility" and "Standby" source main line circuit
breakers).

DANGER: DONOT 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 6). Then,
remove the cover and proceed as follows:
a. Locate the gray wire (Figure 7) that is routed from
limit switch LS2 to the bridge rectifier.
b. Locate the wire connector on the gray wire.
Separate the two halves of the wire connector.
4. Set a VOM to its "Rx1" scale and zero the meter.
5. Connect the meter test 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 to their "Utility"
side. The VOM should indicate "infinity".

8. Now, connect the VOM test leads across transfer
mechanism terminal B2 and the gray wire connector.
9. Repeat Step 6 and the VOM should read "infinity".
10. Repeat Step 7 and the VOM should indicate "con-
tinuity”.

RESULTS:

1. If limit switch LS2 checks bad, replace the switch.
See Section 5.5.
2. If limit switch tests good, go onto Test 9.

RECTIFIER

Figure 6. Cover Removal

Figure 7. Test Points for Limit Switch LS2

Test 9- Test Bridge Rectifier

DISCUSSION:

The transfer mechanism's bridge rectifier rectifies
both the "Utility" and the "Standby" current to the
solenoid coil (C). A defective bridge rectifier will prevent
any transfer or retransfer action at all in the automatic
mode. See Figure 8.

PROCEDURE:

1. On the generator panel, set the manual-off-auto
switch to "Off".

2. Turn OFF all power voltage supplies to the transfer
switch, using whatever means provided (such as the
"Utility" and "Standby" main line circuit breakers).

DANGER: DO NOT PROCEED WITH THIS TEST
UNTIL ALL POWER VOLTAGE SUPPLIES TO
THE TRANSFER SWITCH ARE POSITIVELY
TURNED OFF. FAILURE TO TURN OFF POWER
VOLTAGE SUPPLIES MAY RESULT IN
ELECTRICAL SHOCK AND MAY ALSO RESULT
IN DAMAGE TO THE TEST METER USED.

Page 5.4-5
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DIAGNOSTIC TESTS

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 solencid coil is exposed. Remove the
clear plastic insulator from the solenoid coil. A red (+)
and a white (-) wire connect to the coil. Remove these
two wires from the coil.
4. Make sure the main contacts are at their "Utility" side,
i.e., the "Utility" arrow is pointing to the green display
window.
5. Set a VOM to its "Rx1" scale and zero the meter. If
the VOM has a polarity switch, set it to "+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 transfer mechanism
terminal B2. Note the VOM reading.
b. Now, reverse the test leads (reverse the test
polarity). Again, note the meter reading.
¢. The forward resistance of a diode should be indi-
cated at one polarity only. At the opposite polarity,
“infinity" should be indicated.
7. Test a second bridge rectifier diode as follows:
a. Connect one VOM test lead to terminal end of the
white wire, the other test lead to terminal B2. Note
the meter reading.
b. Now, reverse the test leads (reverse the polarity).
Again, observe the VOM reading.
c. 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 to the white wire, the
other test lead to transfer mechanism terminal B1.
Note the meter reading.
b. Now, reverse the polarity (reverse the VOM test
leads). Note the reading.
¢. The diode's forward resistance should be indi-
cated at one polarity only, "infinity" at the opposite
polarity.
9. Test the fourth bridge rectifier diode as follows:
a. Connect first VOM test lead to the red wire, the
second test lead to terminal B1. Note the meter
reading.
b. Reverse the test polarity (reverse the test leads).
Note the reading.
¢. Forward resistance of the diode should be indi-
cated at one polarity only, "infinity" at the oppostite
polarity.

RESULTS:

1. If ali diodes test good, go on to Test 10.
2. In Steps 6 through 9, if any diode reads "infinity" at
both polarities, replace the bridge rectifier.
3. In Steps 6 through 9, if any upscale VOM reading is
indicated at both polarities, replace the bridge rectifier.

NOTE: For information on transfer mechanism disassembly,
testing and reassembly, refer to Section 5.5, "Disassembly,
Testing, Reassembly”. Finaltesting of the bridge rectifier and
other components can be accomplished when the component
is removed during the disassembly process.
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Figure 10. Red and White Wires on Solenoid Coil
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Test 10- Test Solenoid Coil

DISCUSSION:

If the transfer mechanism's solenoid coil (C) has failed,
transfer to "Standby" as well as retransfer back to
"Utility" will not be possible.

PROCEDURE:

1. On the generator panel, set the manual-off-auto
switch to "Off".

2. Turn OFF all power voltage supplies to the transfer
switch, 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
OFF, DANGEROUS 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-milliammeter (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. Connect one meter test lead to terminal end of
white wire; the other test lead to outer (left hand)
terminal. Read the resistance.

NOMINAL RESISTANCE = 0.209-0.215 OHM

RESULTS:

1. If "infinity" or a very high resistance is indicated,
replace the solenoid coil. See Section 5.5.
2. If solenoid coil tests good, go onto Test 11.

| 1

[ Kk

oY REP WHITE O

Figure 11. Solenoid Coil Test Points

- SECTION 5.4
DIAGNOSTIC TESTS

Test 11- Check Manual Operation

DISCUSSION:

Failure to transfer or retransfer can be caused by a
mechanical failure in the transfer mechanism. Such
failures can often be detected by operating the
mechanism manually. Binding, sticking, broken
mechanical components, etc., can often be found.

PROCEDURE:

1. On the generator panel, set the manual-off-auto
switch to "Off".

2. Turn OFF all power voltage supplies to the transfer
switch using whatever means provided (such as the
"Utility" and "Standby" main line circuit breakers).

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 RESULT IN
DANGEROUS AND POSSIBLY LETHAL
ELECTRICAL SHOCK.

3. Use the manual transfer handle to actuate the main
contacts to their "Utility" and "Standby" sides several
times. See "Manual Transfer Handle" on Page 5.1-5.
Watch for binding or sticking during the operation. Also
check the changeover display on the transfer
mechanism carefully as each switch position is
selected.

RESULTS:

1. If binding is evident or if the changeover display does
not operate properly, further disassembly of the transfer
mechanism is required to find the problem.

2. If the transfer mechanism operates properly, go to
Test 12.

Test 12- Inspect Main Contacts

DISCUSSION:

If severe arcing has occured, main contacts can be
damaged. A visual inspection of the main contacts will
reveal (a) any damage 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.

PROCEDURE:

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 visual inspec-
tion, further disassembly of the transfer mechanism will
be required. See Section 5.5.

Page §.4-7
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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 retransfer action. If, when
"Utility" source voltage is restored, retransfer does not
occur or if generator startup and transfer to "Standby"”
occurs when there is no "Utility" power failure, the first
step in troubleshooting is to determine if "Utility" voltage
is available to the transfer switch.

PROCEDURE:

1. Use an AC voltmeter or a VOM to test for correct
rated AC voltage at transfer mechanism terminal lugs
N1/N2 (2-pole) or N1/N2/N3 (3-pole).

2. Correct rated "Utility" power source voltage should
be indicated.

RESULTS:

1. If normal "Utility" source voltage is indicated but
retransfer does not occur, go to Test 14.

2. If normal "Utility" source voltage is available but
generator starts in automatic mode, go to Test 5.

3. If "Utility" voltage is NOT indicated, find cause of
problem and correct.

Test 14- Check Voltage at Terminals
A1/A2

DISCUSSION:

During a retransfer operation, action of the generator's
CMA circuit board must de-energize the transfer relay.
The transfer relay’s normally-closed contacts must then
close to deliver "Utility" source power fromterminal lugs
N1/N2 to terminals A1/A2. It is this "Utility" power that
must energize the solenoid coil and initiate the
retransfer action.

PROCEDURE:

1.See Test 1 on Page 5.4-1. Complete Steps 1through
7 of that test. The generator should crank and start.
Transfer to the "Standby" power supply should occur.
2. Complete Step 8 of Test 1. Retransfer back to " Utility"
should occur, followed 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. -

RESULTS:
1.1 "Utility" source voltage is NOT indicated, go to Test
4

2. If voltage reading is good but retransfer does NOT
occur, go to Test 6.

Page 5.4-8

SECTION 5.4
DIAGNOSTIC TESTS

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 numbered
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 startup followed
by transfer to "Standby”. A preset voltage signal must
be available at these terminals or retransfer back to
"Utility” will not occur. On 3-phase systems, the 3-pole
transter switch is equipped with a 3-phase power
monitor. Loss of any phase output will cause that
monitor to de-energize. With the 3-phase monitor de-
energized, its contacts will open and loss of "Utility"
voltage output to terminals N1A/N2 will occur.

PROCEDURE:

Use an accurate AC voltmeter or VOM to check the
voltage across terminals N1A and N2. Normal rated
"Utility" source voltage should be indicated.

RESULTS:

1. lf voltage reading is good, go to Part 8 of this manual.
A problem exists in the generator's DC control system.
2. If voltage 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 used only on 3-pole
(3-phase) transfer switches. See "Discussion" under
Test 15.

PROCEDURE:

1. On the generator panel, set the manual-off-auto
switch to "Off".

2. Check for correct line-to-line (phase-to-phase) volt-
age across terminals 3 and 4; across 4 and 5; and
across 5 and 3 of the power monitor's socket (see
Figure 12).

3. Check line-to-line voltage across monitor socket
terminal 1 and terminal N2 of the terminal strip. Normal
utility source voltage (line-to-line) should be indicated.
4. Check voltage across monitor socket terminal 8 and
terminal N2 of the terminal strip. Normal utility source
line-to-line voltage should be indicated.

5. Turn OFF the "Utility" power supply to the transfer
switch, using whatever means provided (such as the
"Utility” main line circuit breaker).

6. Set a VOM to its "Rx1" scale and zero the meter.
Connect the VOM test leads across terminals 1 and 8
of the power monitor. The VOM should read "infinity".
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SECTION 5.4
DIAGNOSTIC TESTS

Test 16- Test 3-Phase Power Monitor (Continued)

RESULTS:

1. Ifline-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. If line-to-line voltage is NOT indicated in Step 3,
inspect and test Wires N1/N2 for open or disconnected
condition.

3. If 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 monitor.

4. In Step 6, any reading other than "infinity" indicates
the monitor contacts have failed closed. Replace the
power monitor.

¥

> PHASE SEQUENCE
& LOSS MONITOR |

GREEN LIGHT
\%MIN@MAX

190-270 VAC
30, 50-60 HZ

|
I

[1[8]17

©°%o0
o o
©5°

3l4]5]e

Figure 12. 3-Phase Power Monitor and Socket
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DISASSEMBLY, TESTING, REASSEMBLY

Section 5.5

DISASSEMBLY, TESTING, REASSEMBLY

Transfer Mechanism Removal

To remove the transfer mechanism from the transfer
switch enclosure, proceed as follows:
1. On the generator panel, set the manual-off-auto
switch to "Off". Then place a "DO NOT OPERATE" tag
in a conspicuous place on or near the generator panel.
2. As asafety measure to prevent inadvertent generator
startup, disconnect the battery cables from the gener-
ator battery.
3. Turn OFF all power voltage supplies to the transfer
switch, using 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 OFF. FAILURE TO TURN OFF ALL
POWER VOLTAGE SUPPLIES TO THE TRANS-
FER SWITCH WILL RESULT IN EXTREMELY
HAZARDOUS AND POSSIBLY LETHAL
ELECTRICAL SHOCK. BOTH THE "UTILITY"
AND "STANDBY" POWER SUPPLIES TO THE
TRANSFER SWITCH MUST BE POSITIVELY
TURNED OFF.

4. Disconnect all wires from transfer mechanism ter-
minal lugs N1, N2, T1, T2, E1, E2.

5. Disconnect all wires from transfer mechanism ter-
minals A1, A2, B1, B2.

6. Remove the M5-0.80 capscrews, lockwashers and
flatwashers that retain the transfer mechanism in the
enclosure. Then, remove the transfer mechanism.

Electrical Section Disassembly

PRELIMINARY STEPS:

1. Remove two (2) screws that retain the outer cover to
the transfer mechanism (Figure 2).

Figure 2. Outer Cover Removal

2. Remove four (4) screws that retain the inner cover
(Figure 3).

Wy

e,
£J
|

olile]

> EQ%

Figure 1. Transfer Mechanism Removal

Figure 3. Removal of Inner Cover Screws

3. Limit switch LS3 is retained to the inner cover by
means of two long screws with countersunk heads
(Figure 3) and a retaining bar with threaded holes. Lift
up on the inner cover slightly and remove 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, limit switch actuating lever and actuating
lever spring.

Page 5.5-1
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Electrical Section Disassembly (Continued)

ACTUATING LEVER BRACKET

ACTUATING LEVER SPRING

LS3 ACTUATING LEVER

LS3 RETAINING BAR

Figure 4. Limit Switch LS3 Actuating Parts

LIMIT SWITCH LS3 REMOVAL:

1. The limit switch retaining screws and bar were pre-
viously removed during removal of the inner cover.

2. Disconnect all wires from limit switch LS3 and com-
pletely remove the limit switch from the transfer
mechanism.

3. Limit switch LS3 parts are shown in Figure 5.

Countersunk Screws (2)
Inner Cover

Actuating Lever Spring
Actuating Lever

Limit Switch LS3
Actuating Lever Bracket

2. Rotate the coil slightly to allow access to the coil
terminal screws. Remove the terminal screws and dis-
connect the coil red and white wires.

3. Remove the solenoid coil along with the coil cylinder.

o
DESCRIPTION
Coll Backing Plate (2}
Backing Plate Capscrew (4)
Solencid Coil Cylinder (1)
Solenoid Coil (1)
Solenoid Coil Capscrew (1)
Solencid Coil Bracket (1)

Solenoid Plunger
J

Figure 5. Exploded View of Limit Switch LS3

TERMINAL STRIP REMOVAL:

1. See Figure 6. Remove two (2) screws that retain the
terminal strip to the transfer mechanism.

2. Loosen- DO NOT REMOVE- the wire retaining
screws at back of terminal strip. Remove all wires and
remove the terminal strip.

SOLENOID COIL REMOVAL:

1. See Figure 7. Remove four capscrews that retain the
coil backing plate. Also remove the capscrew that
retains the solenoid coil to the backing plate.

Page 5.5-2

Figure 7. Solenoid 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. See Figure 9.

LIMIT SWITCH LS1 REMOVAL:

With the solenoid coil removed, limit switch LS1 is
accessible. Remove two (2) screws, then remove LS1
along with two insulator strips. Wires on switch LS1 are
soldered connections.
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Electrical Section Disassembly (Continued)

LIMIT SWITCH LS2 REMOVAL:

1. See Figure 11. Remove the spring retaining pin.

2. See Figure 12. Remove two (2) screws that retain
the actuating link assembly to the transfer mechanism
base.

3. You should be able to lift the actuarting link assembly
sufficiently high to remove the two (2) screws that
retain limit switch LS2 to its support.

4. Remove the two (2) screws.

5. Remove limit switch LS2, along with two (2) insulator
strips. LS2 wires have soldered connections.

Figure 11. Spring Retaining Pin Removal

5 T @
ACTUATING LINK
g ASSEMBLY

Figure 9. Solenoid Coil Bracket Removal

Figure 12. Actuating Link Assembly Screws

AUXILIARY CONTACTS REMOVAL:

See Figure 13 on next page. Remove two (2) screws
that retain the first auxiliary contacts. Remove the
auxiliary contacts. The second auxiliary contacts can
be removed in the same manner.

Figure 10. Limit Switch LS1 Removal

Page 5.5-3
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Electrical Section Disassembly (Con-
tinued)

SECTION 5.5

DISASSEMBLY, TESTING, REASSEMBLY

NOMENCLATURE

1 Moveable Contact Carnier
2 Moveable Contact 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 remove the stationary main contacts.

Figure 14. Stationary Main Contacts Assembly

Moveable Main Contacts
The dual moveable main contacts are now exposed

and may be inspected, 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 contacts
closely. Inspect springs, linkage, retaining pins, etc. for
damage, excessive wear. Replace any defective com-
ponents.

Switches may be tested using a volt-ohm-milliam-
meter. Replace any defective switch.

NOTE: Test procedures for most switches, bridge rectifier,
and solenoid coil are discussed in Section 5.4.

Reassembly

Reassemble the transfer mechanism in the reverse
order of disassembly.

Following reassembly, the transfer mechanism
should be tested thoroughly. Actuate the main contacts
manually several times, using the manual transter
handle. Also test electrical operation of the transfer
switch.
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PART 6- DC CONTROL
(UNITS WITH AIR COOLED ENGINE)

Auto-Off-Manual Switch

NOTE: Also see "Control Panel- 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 Schematic

17
6
A

4

1

Figure 5. The Auto-Off-Manual Switch

O

5
1

2

15 Amp Fuse

This fuse protects the CMA circuit board against
excessive current. If the fuse has blown, engine crank-
ing and operation 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-cooled engine. A thorough 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 transfer switch.

Utility Source Voltage Available :
See Figure 1, below. The circuit condition with the auto-off-manual switch set to "Auto" and with "Utility" source
power available can be briefly described as follows:

»  "Utility" source voltage is available to transfer switch terminal lugs N1/N2, via installer connected wiring. With
the transfer switch main contacts at their "Utility” side, this source voltage is available to terminal lugs T1/T2
and to the "Load" circuits.

s "Utility" voltage is delivered to the primary winding of a sensing transformer (T1), via transfer switch wires
N1A/N2A, fuses F1/F2, installer connected wiring, and CMA "Utility 1/Utility 2" terminals. A resultant voltage
(about 12 volts AC) is induced into the transformer secondary windings and then delivered to the circuit board
via Wires 224/225. The circuit board uses this reduced "Utility" voltage as (a) sensing voltage and (b) to deliver
a battery trickle charge to the unit battery, via circuit board Pin 12, Wire 15, a 15 amp fuse (F1), and Wire 13.

e Poweris available to the CMA circuit board, via transfer switch T1/T2 terminals, fuses F3/F4, installer connected
wiring, and the "Load 1/Load 2" terminals of the CMA terminal board. This voltage is used to operate a "7-day
exerciser" clock circuit in the circuit board.

e Battery output is delivered to the circuit board with the auto-off-manual switch (SW1) set to "Auto”, as shown.
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Figure 1. Circuit Condition- Utility Source Voltage Available
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Initial Dropout of Utility Source Voltage

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 switch "Utility 1/Utility 2" terminals, installer connected wiring, control module assembly (CMA)
“Utmty 1/Utility 2" terminals, the CMA sensing transformer (T1), Wires 224/225.

+ Should "Utility" voltage drop below approximately 60 percent of the nominal source voltage, a 6-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 auto-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 switch (SW1), Wire 15A, and Pin 10 of the circuit
board connector.
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Figure 2. Circuit Condition- Initial Dropout of Utility Source Voltage
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Utility Voltage Dropout and Engine Cranking

«  After six (6) 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 circuit board's crank and run relays (K1 and K2)
simultaneously. ;

« The crank relay (K1) will remain energized for about 7-9 seconds. The relay will then 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 ninety (90) seconds of crank-rest cycles have
been used up.

«  Whenthe crank relay (K1) is energized, circuit board action delivers 12 volts DC to a starter contactor (SC), via
Wire 56. SC energizes, its 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 solenoid (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/IM2). A spark is produced that jumps the spark plug (SP1/SP2) gap.

+  Asthe engine cranks oil pressure builds and the contacts of a low oil pressure switch (LOS) are opened by oil
pressure.

«  With ignition and fuel flow available the engine can stan.
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Figure 3. Circuit Condition- Engine Cranking
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Engine Startup and Running

With the fuel solenoid open and ignition occuring, the engine starts. Engine startup and running may be briefly
described as follows:

* An AC voltage/frequency signal is delivered to the CMA circuit board from the generator's battery charge
winding, via Wire 66. When AC frequency reaches approximately 30 Hz, the circuit board (a) terminates
cranking, (b) turns on an "engine minimum run timer”, and (c) turns on an "engine warmup timer".

« The circuit board's "minimum run timer” will run for about 13-15 minutes. Automatic shutdown cannot occur
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 4 (below), the timer is still running and
transfer has not yet occured.

+ Generator AC output is available to transfer switch terminal lugs E1/E2 and to the normally-open contacts of a
transter 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 output is
available to transfer switch terminal lugs E1/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 board 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 circuit is completed back to 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, circuit board action completes the Wire 23 circuit to
ground, via circuit board connector Pin 13 and Wire 0. The transfer relay then energizes and its normally-open
contacts close.

"Standby" power is now delivered to the standby closing coil (C2), via Wires E1/E2, the normally-open transfer
relay contacts, Wire 205, limit switch XB1, Wire B, and a bridge rectifier. The standby closing 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” source side, a mechanical interlock actuates limit switch XB1 to
its open position and limit switch XA1 to its "Utility" side position. When XB1 opens, standby closing coil C2
de-energizes.

"Standby" power is delivered to the "Load" terminals (T1/T2) of the transfer switch.

FROM

UTiLITY
SOURCE
1

3 - -~ - .
2 i
s ¢ >

£
. o
Lo Jd4- -2

1

e comm e wem e memn amte mmmm mn oy w am

TRANSFER
SWITCH T0 FROM

LOAD STANDBY
SOURCE

STANDBY
GENERATOR

Figure 5. Circuit Condition- Initial Transfer to Standby
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Utility Voltage Restored and Retransfer 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:

* Onrestoration of "Utility" source voltage above 80 percent of the nominal rated voltage, a "retransfer time delay"
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" will stop timing and CMA board action will open the
Wire 23 circuit 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 utility closing coil (C1), via Wires N1A/N2A, the closed TR contacts, Wire 126, limit switch XAT,
and a bridge rectifier.

* The utility closing coil (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 "Utility" source.

» Movement of the main contacts to "Utility" actuates limit switches XA1/XB1. XA1 opens and XB1 actuates to
its "Standby" source side.

e 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 cooldown timer" on the CMA circuit board starts timing.
When that timer has timed out (and providing an "engine minimum run timer" has also timed out), 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 fuel solenoid (FS) will be opened. The fuel solenoid (FS) will de-energize and
close to terminate the engine fuel supply.

= CMA board action will connect the engine's ignition shutdown module (ISM) to ground, via Wire 18, circuit board
Pin 13, and Wire 0. Ignition will be terminated.

+  Without fuel flow and without ignition, the engine will shut down.
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Figure 7. Circuit Condition- Engine Shutdown
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(UNITS WITH AIR COOLED ENGINE) TROUBLESHOOTING FLOW CHARTS

Section 6.3

TROUBLESHOOTING FLOW CHARTS

Problem 1 - Engine Will Not Crank When Utility Power Source Fails

TEST 1- CHECK
POSITION OF s SWITCH

TEST 2- TRY
A MANUAL

ENGINE STARTS TEST 3-TEST
MANUALLY BUT AUTO-OFF-

AUTO-OFF- AT "AUTO" § START NOT AUTOMATICALLY MANUAL SWITCH
MANUAL

SWITCH

SWITCH IS "OFF" DOES NOT START BAD

RESET SWITCH GO TO PROBLEM 2 REPLACE
TO"AUTO" AND BAD SWITCH
TEST SYSTEM

AUTOMATIC

OPERATION

&SWITCH IS O.K!
TEST 4-CHECK
WIRES 15A

GOOD mmsslp- REPLACE CMA CIRCUIT BOARD

BADssmmsadp- REPAIR OR REPLACE BAD WIRING

Problem 2- Engine Will Not Crank When Auto-Off-Manual Switch is Set to "Manual”

TEST 5-CHECK
15 AMP FUSE

TEST 7- CHECK
WIRES 15/15A
VOLTAGE

O.K.“

TEST 6- CHECK
O.K. BATTERY pemmans O K.

FUSE BLOWN BiD BAD
REPLACE BLOWN FUSE RECHARGE/REPLACE REPAIR OR REPLACE
BAD WIRING

i

TEST 8- CHECK
WIRE 56 GOOD e——)-1 GO TO PROBLEM 2, TEST 9 ON NEXT PAGE

VOLTAGE

S Sy
R —— BAD* GO TO PROBLEM 2, TEST 12 ON NEXT PAGE
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SECTION 6.3
TROUBLESHOOTING FLOW CHARTS

Problem 2- Engine Will Not Crank When Auto-Off-Manual Switch is Set to "Manual” (Con-

tinued)
TEST 9- TEST TEST 10-TEST TEST 12- CHECK
STARTER O.K.mummump§ STARTER CMA CIRCUIT POWER SUPPLY
CONTACTOR MOTOR BOARD POWER TO BOARD IS BAD
SUPPLY AND
OUTPUT TO
WIRE 56
BAD BAD POWER SUPPLY O.K. TEST 3- TEST
OUTPUT TO WIRE 56 AUTO-OFF-
IS BAD MANUAL SWITCH
REPLACE REPAIR OR REPLACE  REPLACE CMA CIRCUIT BOARD BAD

REPLACE BAD SWITCH

Problem 3- Engine Cranks But Won’t Start

TEST 11- CHECK
FUEL SUPPLY
AND PRESSURE

O.K. rumemeliy-

TEST 13- CHECK
CMA BOARD
WIRE 14 OUTPUT

TEST 14- CHECK
FUEL SOLENOID

FO.K.*I

BAD NO O!JTPUT BiD

FIND CAUSE OF NO FUEL REPLACE CMA REPLACE BAD
OR FUEL PRESSURE AND CIRCUIT BOARD FUEL SOLENQID
CORRECT

—

TEST 15-CHECK 7
FOR IGNITION O K. ey

SPARK

TEST 17-CHECK
ENGINE
COMPRESSION

TEST 16- CHECK
SPARK PLUGS

o JoR ¢

BAD
v

TEST 18- CHECK
ENGINE 1.S.D.
MODULE

Page 6.3-2
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CLEAN, REGAP
OR REPLACE

LGOOD

REPAIR OR REPLACE
ENGINE AS REQUIRED

BAD

GO TO PROBLEM 3, TEST 20 ON NEXT PAGE |
GOO D sy | GO TO PROBLEM 3, TEST 19 ON NEXT PAGE |
BAD sy | REPLACE 1.S.D. MODULE IF DEFECTIVE |
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Problem 3- Engine Cranks But Won’t Start (Continued)

TEST 19- CHECK
AND ADJUST
IGNITION
MODULES

TEST 20- CHECK
O.K. muumuipp-§ OIL PRESSURE
SWITCH

TEST 21- CHECK HIGH
OK. OIL TEMPERATURE
—>| S

A, I}
} | :

ADJUST OR REPLACE REPLACE REPLACE

ﬁ O.K.
TEST 22- CHECK REPAIR OR REPLACE
WIRE 18 SHORTED WIRE 18

Problem 4- Engine Cranks and Starts But No Transfer to Standby

TEST 23- CHECK TEST 24- TEST TEST 25- GROUND
GENERATOR CLOSED=p§ STATOR BATTERY O.K. CMA TERMINAL 23
MAIN CIRCUIT CHARGE WINDING
BREAKERS OUTPUT
OiEN BiD TRANSFERS TO STANDBY
CLOSE CIRCUIT BREAKER REPAIR/REPLACE BAD REPLACE CMA CIRCUIT
WIRING OR REPLACE BOARD
BAD STATOR ASSEMBLY

h DOES NOT TRANSFER TO STAND BY s

TEST 26- TEST EST 27-TEST TEST 28-CHECK
TERMINALS 23 sz O.K. TRANSFER O.K. wommmlpp § VOLTAGE AT
AND 194 RELAY STANDBY

CIRCUIT CLOSING COIL
BAD BAD LOW OR NO VOLTAGE
REPAIR, RECONNECT REPLACE BAD RELAY

TEST 29-TEST LIMIT SWITCH XB1

REPLACE COIL C2 fmmmmmmmmsmmmmes VOLTAGE O.K. BUT NO TRANSFER TO STANDBY GCOD

0- M
| E1, 205 B&E2 I REPLACE e BAD

ORM REPLACE BAD WIRING

Page 6.3-3



PART 6- DC CONTROL SECTION 6.3
(UNITS WITH AIR COOLED ENGINE) TROUBLESHOOTING FLOW CHARTS

Problem 5- No Automatic Retransfer Back to Utility

TEST 31- CHECK
TRANSFER
SWITCH FUSES
F1 AND F2

| B!D —

REPLACE BLOWN FUSE(S) REPAIR, RECONNECT OR REPLACE DEFECTIVE
REPLACE BAD WIRING TRANSFORMER

ﬁ TRANSFORMER TESTS GOOD

TEST 32- CHECK
VOLTAGE AT

UTILITY 1 AND 2
TERMINALS

TEST 33- TEST
SENSING
TRANSFORMER

O.K.q

O.K.

D

D GO DOES NOT | TEST 27-TEST | I TEST 35.CHECK

WIRE 23 FROM CMA RETRANSFER smssselpp- § TRANSFER OK. VOLTAGE AT
TERMINAL STRIP RELAY UTILITY CLOSING

COIL C1
RETRANSFERS BAD VOLTS O.K.

NO

1 RETRANSFER

REPLACE CMA CIRCUIT BOARD REPLACE BAD RELAY REPLACE

UTILITY

CLOSING

COIL C1

r—— NO VOLTAGE READING AT UTILITY CLOSING COIL TERMINALS

LIMIT SWITCH
XA1

REPAIR, RECONNECT OR REPLACE
DEFECTIVE OR DISCONNECTED WIRING

BAD IF WIRES ARE GOOD TEST AUTOMATIC

OPERATION AND RE-EVALUATE OR
REDEFINE THE PROBLEM. IF TEST OF
AUTOMATIC OPERATION IS OK., STOP
TESTS.

REPLACE DEFECTIVE LIMIT SWITCH XA1
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Problem 6- Unit Starts & Transfer Occurs When Utility Power is Available

TEST 32-CHECK TEST 33-TEST TEST 38-CHECK UTILITY SENSING
VOLTAGE AT VOLTS P SENSING O.K mmsmmmdy- § VOLTAGE AT CMA CIRCUIT BOARD
UTILITY 1 AND 2 GOOD TRANSFORMER
TERMINALS I -
BAD B}D BAD
TEST 31-CHECK REPLACE TEST WIRES
TRANSFER DEFECTIVE 224 & 225-
SWITCH FUSES TRANSFORMER REPAIR, REPLACE
F1 AND F2 OR RECONNECT
AS NEEDED ;
.K. BAD IF UTILITY SENSING VOLTAGE AT CMA

CIRCUIT BOARD IS GOOD, BUT PROBLEM

STILL EXISTS, REPLACE THE CMA CIRCUIT

BOARD AND TEST OPERATION
TEST TRANSFER REPLACE -
SWITCH WIRES BLOWN
N1A/N2A, REPAIR FUSES

OR REPLACE BAD
WIRES AS NEEDED

Problem 7- Generator Does Not Start and Exercise as Programmed

TEST 1-CHECK [TEST 38.CHECK TEST 40-CHECK VOLTAGE AT

AUTO-OF F- SETTO TRANSFER OK CMA UTILITY 1 AND 2 TERMINALS
MANUAL "AUTO" SWITCH FUSES
SWITCH F3 AND F4

POSITION

SWITCH IS "OFF"

O.K.

|

RESET TO "AUTO" REPLACE BLOWN FUSES

TEST 42-RESET
EXERCISE

TIMER
TEST 41-CHECK REPAIR, RECONNECT
VOLTAGE AT OR REPLACE BAD
TRANSFER OK. v UTILITY 172 WIRING
SWITCH LOAD 1 BETWEEN CMA AND
AND LOAD 2 TRANSFER SWITCH GENERATOR
TERMINALS DOES NOT
START OR STILL
BAD sl CHECK TRANSFER NS PRGORAT
AS PROGRAMMED
SWITCH WIRING &
OPERATION

REPLACE CMA CIRCUIT
BOARD, SET EXERCISE,
AND EVALUATE
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(UNITS WITH AIR COOLED ENGINE)

- SECTION 6.4
DIAGNOSTIC TESTS

Section 6.4

DIAGNOSTIC TESTS

Introduction

Perform these "Diagnostic Tests" in conjunction with
the "Troubleshooting Flow Charts" of Section 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 possibly know
of, evaluate and advise the service trade of all conceiv-
able ways in which testing and trouble diagnosis might
be performed. We have not undertaken any such broad
evaluation.

Test 1- Check Position of Auto-Off-
Manual Switch

DISCUSSION:

If the standby system s to operate automatically, the
generator’'s auto-off-manual switch must be set to
"Auto". That is, the generator will not crank and starton
occurence of a "Utility" power outage unless that switch
is at "Auto". In addition, the generator will not exercise
every zeven (7) days as programmed unless the switch
is at "Auto”.

PROCEDURE:

With the auto-off-manual switch set to "Auto”, test
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. Following startup, 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 "Chant" as a guide in
evaluating automatic operation.

Following generator startup and transfer to the
"Standby" source, turn ON the "Utility" power supply to
the transfer switch. Retransfer back to the "Utility"
source should occur. After a "minimum run timer" and
an "engine cooldown timer" have timed out, generator
shutdown should occur.

RESULTS:

1. If normal automatic operation is obtained, discon-
tinue tests.

2. If engine does not crank when "Utility" power is
turned off, go on to 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
restored, go to Problem 5.

Test 2- Try a Manual Start

DISCUSSION:

The first step in troubleshooting for an "engine won't
crank" condition is to determine if the problem is
peculiar to automatic operations only or if the engine
won't crank manually either.

PROCEDURE:

1. On the generator panel, set the auto-off-manual
switch to "Off".

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

3. Set the generator's auto-off-manual switch to
"Manual".

a. The engine should crank cyclically in 7-9 second
"crank-rest” cycles until it starts.

b. Let the engine stabilize and warm up for a few
minutes after it starts.

RESULTS:

1. If the engine cranks manually but does not crank
automatically, go to Test 3.

2. If the engine does not crank manually, go to Problem
2 in the "Troubleshooting Flow Charts".

Test 3- Test Auto-Off-Manual switch

DISCUSSION:

When the auto-off-manual switch is set to "Auto”
position, battery voltage (12 volts DC) is delivered 1o
the CMA circuit board via Wire 15, the closed switch
terminal, Wire 15A, and Pin 10 of the circuit board
ggnnéactor. This voltage is needed to operate the circuit

ard.

Setting the switch to its "Manual" position also
delivers battery voltage to the circuit board for its opera-
tion. In addition, when the switch is set to "Manual", 12
volts DC is supplied to the circuit board via Pin 11 of
the board, Wire 239, the closed switch contacts, Wire
17 and Pin 9 of the circuit board connector.

A. Setto "Auto” ¥ B. Set to "Manual”

6
5 v

6
_5,1}——_
239
N e
S -t A
15 !
2 b5 ‘—42)\?:1__

Figure 1. Schematic of Auto-Off-Manual switch
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Test 3- Test Auto-Off-Manual Switch
(Continued)

PROCEDURE:

Disconnect all wires from switch terminals, to prevent
interaction. Then, use a volt-ohm-milliammeter (VOM)
to test for continuity across switch termipals as shown

in the following chart:

SECTION 6.4
DIAGNOSTIC TESTS

PROCEDURE:

Carefully inspect the two Wires 15A (Figure 2). Make
sure they are properly connected to the switch. Use a
VOM to test the wires for an open or shorted condition.

RESULTS:

1. If engine starts manually but not automatically; if
auto-off-manual switch tests good; if Wires 15A are
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 automatic operation.

W— A P S
ACROSS
TERMINALS | SWITCH POSITION | METER READING
Tand 2 AUTO Continutty
MANUAL Infinity
QOFF Infinity
1and 3 AUTO Infintty
MANUAL Continuity
OFF Infinity
4and 5 AUTO Continuity
MANUAL Infinity
OFF Infinity
4and b AUTO Infinity
MANUAL Continuity
OFF Infinity
RESULTS:

1. Replace auto-off-manual switch, if defective.
2. If switch is good, go on to Test 4.

U Fo L
of

Figure 2. Auto-Off-Manual Switch Test Points

Test 4- Check Wires 15A

DISCUSSION:

Wires 15A serve to deliver fused 12 volts DC (battery
power) to the CMA circuit board when the auto-off-
manual switch is set to either "Auto” or "Manual". An
open condition in this circuit will have the same effect
as setting the auto-off-manual switch to "Off". One Wire
15A is simply a "jumper”, used to interconnect two of
the switch terminals. The other Wire 15A connects the
switch to the CMA circuit board.

Page 6.4-2

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 circuit board, with the same result as
setting the auto-off-manual switch to "Off".

PROCEDURE:

Remove the 15 amp fuse (F1) by pushing in on fuse
holder cap and turning the cap counterclockwise. In-
spect the fuse visually and with a VOM for an open
condition.

RESULTS:

1. If the fuse if good, go on to 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)
to power the CMA circuit board. Low or no battery
voltage can result infailure of the engine to crank, either
manually or during automatic operation.




PART 6- DC CONTROL
(UNITS WITH AIR COOLED ENGINE)

Test 6- Check Battery (Continued)

PROCEDURE:

A. Inspect battery Cables:
1. Visually inspect battery cables and battery posts.
2. If cable clamps or terminals are corroded, clean
away all corrosion.
3. Install battery cables, making sure ali cable clamps
are tight. The red battery cable (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 to test
battery state of charge.
2. Follow the hydrometer manufacturer’s instructions
carefully. Read the specific gravity of the electrolyte
fluid in all battery cells.
3. If the hydrometer does not have a "percentage of
charge" scale, compare the reading obtained to the
following:
a. An average reading of 1.260 indicates the bat-
tery is 100% charged.
b. An average reading of 1.230 means the battery
is 75% charged.
¢. 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. If the difference between the highest and lowest
reading cells is greater than 0.050 (50 points}, 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 1.230, 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 automotive
battery charger, if necessary.

2. If battery condition is bad, replace the battery with a
new one.

Test 7- Check Wires 15/15A Voltage

DISCUSSION:

The CMA circuit board will not turn on unless battery
voltage is available to 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 terminal ends as follows:
1. Connect the positive (+) test probe of a DC voltmeter
(or VOM) to auto-off-manual switch Terminal 4. Con-
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nect the common (-) test probe to frame ground. The
meter should indicate battery voltage (12 volts DC).
2. Connect the positive (+) meter test probe to Terminal
5 of the auto-off-manual switch.
a. Set the switch to "Auto" 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
6 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 "Manual"- meter should indicate
battery voltage.
4. Test Wires 15A between auto-off-manual switch and
the CMA circuit board connector for open condition.

RESULTS:

1. If no voltage is indicated in Step 1, check the Wire
15 circuit for open condition.

2. If voltage is indicated in Step 1 but not in Step 2
(switch at "Auto"), replace the auto-off-manual switch.
3. It 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 manually,
a crank relay (K1) on the CMA circuit board should
energize for about 7-9 seconds, de-energize for 7-9
seconds, and so on. Each time the crank relay ener-
gizes, the CMA circuit board should deliver 12 volts DC
to a starter contactor (SC) and the engine should crank.
This test will verify (a) that the crank relay on the circuit
board is energizing, and (b) that circuit board action is
delivering 12 volts DC to the starter contactor.

PROCEDURE:

1. Connectthe positive (+) test probe of a DC voltmeter
(or VOM) to the Wire 56 terminal of the starter contac-
tor. Connect the common (-) test probe to frame ground.
2. Gain access to the control module assembly (CMA)
so the circuit board crank relay (K1) and run relay (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 circuit board's crank and run relays should

energize.

b. The meter should indicate battery voltage.
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.

b. The meter should read battery voltage.

Page 6.4-3
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Test 8- Check Wire 56 Voltage (Con-
tinued)

RESULTS:

1. If battery voltage is indicated in Step 4, but not in Step
3, Wire 56 (between the CMA board and starter contac-
tor) is open. Repair or replace this wire as required.

2. If battery voltage is not indicated in Step 4, replace
the CMA circuit board.

3. If battery voltage is indicated in both Steps 3 and 4,
but engine does not crank, go on to Test 9.

pe————————— 5 ==== TO STARTER CONTACTOR
=}
[~
CMA
CIRCUIT
BOARD =
AUTO-OFF-MANUAL
SWITCH
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2. If battery voltage was indicated in Step 2(b), but the
engine did not crank, go on to Test 10.

16 56 13
RED

~

{©)

bWt

Figure 4. The Wire 56 Circuit

Test 9- Test Starter Contactor

DISCUSSION:

The starter contactor (SC) must energize and its
heavy duty contacts must close or the engine will not
crank. This test will determine if the starter contactor is
in working order.

PROCEDURE:

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 test lead to
a clean frame ground. Battery voltage (12 volts DC)
should be indicated.
2. Now, connect the positive (+) meter test lead to the
large starter contactor stud to which the starter motor
cable attaches (Wire 16). Connect the common (-) 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 notin
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 9 verified that the starter
contactor is functioning properly. Another possible
cause of an "engine won't crank" problem is a failure of
the starter 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 voltmeter (or a VOM) to perform the
following test:
a. Connect the positive (+) meter test lead to the
starter motor terminal lug and the common (-) test
lead to frame ground.
b. Set the auto-off-manual switch to "Manual". The
meter should indicate battery voltage and the engine
shouid crank.

RESULTS:

1. If battery voltage is indicated and the engine cranks,
discontinue tests.

2. If battery voltage is indicated but engine does not
crank, go to Step 3.

PROCEDURE:

3. Totest starter motor performance, remove the starter
and proceed as follows:
a. See Figure 6. Connect the starter motor, a fully
charged 12 volts battery, tachometer and an am-
meter as shown.
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Test 10- Test Starter Motor (Continued)

b. Operate the starter motor and note the readings
of the ammeter and the tachometer. A starter motor
in good condition will be within the test specifications
shown below:

i T e
MAXIMUM MOTOR RPM 6500 §
MAXIMUM AMPERES 35 §

PRESS TO

NOTE RPM OF

REMOVE ONE END OF
STARTER MOTOR )

SHUNT 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 to engage the flywheel ring
gear and crank the engine.
b. If the gear does not 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
"Stanisok®" or "Varsol®". DO NOT OIL OR GREASE THE
HELIX OR PINION GEAR.

Figure 7. Checking Pinion Gear Operation
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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 to propane, some minor adjust-
ments are required. See Part 8, "Operational Tests and
Adjustments". The following facts apply:

* An adequate gas supply and sufficient fuel pres-
sure must be dvailable or 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 fuel ?re,ssure atthe generator's
fuel inlet connection is 14 inches water column (8
ounces per square inch).

*  When propane gas is used, only_a "vapor
withdrawal"type system may be used. This type of
system utilizés the gas vapdrs_that form above the
liquid fuel in a storage tank. The vapor pressure
must be high enough'to sustain engine operation.

s The gaseous fuel system must be properly tested
for leaks following installation and periodically
thereafter. No lea ?ge is permitted. Leak test
methods must complystrictly with applicable fuel-
gas codes.

DANGER: GASEOUS FUELS ARE HIGHLY EX-
PLOSIVE. DO NOT USE FLAME OR HEAT TO
TEST THE FUEL SYSTEM FOR LEAKS.
NATURAL GAS IS LIGHTER THAN AIR, TENDS
TO SETTLE IN HIGH PLACES. LP (PROPANE)
GASISHEAVIER THAN AIR, TENDSTOSETTLE
INLOW AREAS. EVEN THE SLIGHTEST SPARK
CAN IGNITE THESE GASES AND CAUSE AN
EXPLOSION.

PROCEDURE:

A water manometer or a gauge that is calibrated in
"ounces per square inch" may be used to measure the
fuel pressure. Fuel pressure at the inlet side of the fuel
solenoid valve should be between 11-14 inches water
column as measured with a manometer, or 6.38-14.000
ounces per square inch as measure with a pressure
gauge.

NOTE: Where a primary regulator is used to establish fuel
inlet pressure, adjustment of that regulator is usually the
resp%nsibility of the fuel supplier or the fuel supply system
installer.

RESULTS:

Ut fuel supply and pressure are adequate, but engine
will not start, go on to Test 13. You may wish to review
Section 1.3, "Prepackaged Installation Basics".

Page 6.4-5
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Test 11- Check Fuel Supply and Pres-
sure (Continued)
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PROCEDURE:

1. Set the auto-off-manual switch to "Off".
2. Connect the positive (+) test lead of a DC voltmeter
(or VOM) into Pin 7 (Wire 14) of the CMA circuit board
connector. Connect the common (-) test lead to frame
ground.
3. While observing the meter, set the manual-off-auto
switch to "Manual”.
a. The circuit board's crank and run relays should
energize and the engine should crank and start.
b. The meter should indicate battery voltage.

RESULTS:

1. Ifthe engine cranks but does not start and DC voltage
is not indicated, replace the CMA circuit board.

2. I the engine cranks but does not start and DC voltage
is indicated, go to Test 14.

Figure 8. Air Cooled 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”, it is possible that (a) the DC
power supply to the CMA circuit board is lost, or (b) the
circuit 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, if battery voltage is indicated and engine
cranks and starts, discontinue tests.

2. In Test 7, if the power supply to the circuit board is
bad, perform Test 3.

3. If power 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

DISCUSSION:

During any cranking action, the CMA board'’s crank
relay (K1) and run relay (K2) both energize simul-
taneously. When the run relay energizes, its contacts
close and 12 volts DC is delivered to Wire 14 and to a
fuel solenoid. The solenoid energizes open to allow fuel
flow to the engine. This test will determine if the CMA
circuit board is working properly.
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Figure 9. The Wire 14 Circuit

Test 14- Check Fuel Solenoid

DISCUSSION:

In Test 13, if battery voltage was delivered to Wire 14,
the fuel solenoid should have energized open. This test
will verify whether or not the fuel solenoid is operating.

—

Figure 10. The Fuel Solenoid (FS)
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Test 14- Check Fuel Solenoid (Con-
tinued)

PROCEDURE:

Place one hand on the fuel solenoid and crank the
engine. You should be able to feel the solenoid actuate
as well as hear it actuate.

RESULTS:

1. If solenoid actuates, go to Test 15.
2. Replace the sclenoid if it does not actuate.

Test 15- Check For Ignition Spark

DISCUSSION:

If the engine cranks but will not start, perhaps an
ignition system failure has occured. A special "spark
tester” can be used to check for ignition spark.

PROCEDURE:

1. Remove spark plug leads from the spark plugs
(Figure 11).

2. Attach the clamp of the spark tester to 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 flywheel must rotate at 350 rom (or higher)
to obtain a good test of the solid state ignition system.

To determine if an engine miss is ignition related,
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.
If spark jumps the spark tester gap reguiarly but the
engine miss continues, the problem is in the spark plug
or in the fuel system.

NOTE: A sheared flywheel key may change ignition timing
but sparking will still occur across the spark tester gap.

SPARK PLUG LEADS

t
i
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SPARK PLUG LEAD

Figure 12. Checking Engine Miss

RESULTS:

1. If no spark or very weak spark occurs, go to Test 18.
2. If sparking occurs but engine still won't start, 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 a spark miss is
readily apparent, go to Test 18.

Test 16- Check Spark Plugs

DISCUSSION:

If the engine will not start and Test 15 indicated good
ignition spark, perhaps the spark plugs 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 solvent.

2. Replace any spark plug having burned electrodes or
cracked porcelain.

3. Set gap on new or used spark plugs to 0.030 inch
(0.76mm).

RESULTS:

1. Clean, regap or replace spark plugs as necessary.
2. If spark plugs are good, go to Test 17.

0307 {76 mm)
FEELER GAUGE /_\

/

\\ . SPARK PLUG

Figure 11. Checking Ignition Spark

Figure 13. Checking Spark Plug Gap
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Test 17- Check Engine Compression

DISCUSSION:

Lost or reduced engine compression can resultin (a)
failure of the engine to start, 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 vaives.

*  Worn piston rings or cylinder. (This will also resutt
in high oil constimption.

NOTE: Itis extremely difficult to obtain an accurate compres-
sion reading without special equipment. For that reason,
compression values are not published for the V-Twin engine.
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 until there is no furtherincrease 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. If the difference is
greater than 25 percent, loss of compression in the
lowest reading cylinder is indicated.

Example 1: If 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 (65) to obtain the
percentage of 7.6 percent.

Example 2: No. 1 cylinder reads 75 psi; No. 2 cylinder
reads 55 psi. The difference is 20 psi. Divide "20" by
"75"to obtain "26.7 percent. Loss of compression in No.
2 cylinder is indicated.

Test 18- Check Engine 1.S.D. Module

DISCUSSION:

The 1.S.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 module to the circuit board. During normal
operation, circuit board action holds the Wire 18 and
Pin 6 circuit open to ground. For shutdown, circuit 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 "Rx1" scale and zero the meter.
2. If the meter has a polarity switch, set it to "+DC".
3. See Figure 14. Connect the VOM positive (+) test
lead to test point "A", the common (-) to test point "B".
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4. Check the meter reading.

5. Now, reverse the test leads. That is, connect the
positive (+) test lead to test point "B", the common (-)
testleadto test point "A". Again, note the meter reading.
The VOM should indicate the forward resistance of the
1.8.D. diodes at one polarity only and should indicate
“infinity” at the opposite polarity.

6. Now, connect the positive (+) VOM test lead to 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 (-) to test
point "B". The meter should indicate "infinity".

RESULTS:
I the 1.S.D. module fails the test, it should be replaced.

Figure 15. Testing 1.S.D. Module (Steps 6-7)
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Test 19- Check and Adjust Ignition
Modules

DISCUSSION:

In Test 15, a spark tester was used to check for
engine ignition. If sparking or weak spark occured, one
possible cause might be the ignition module(s). This
test consists of adjusting the air gap between the
ignition modules and the flywheel.

PROCEDURE:

1. See Figure 16. Rotate the flywheel until the magnet
is under the module (armature) laminations.

2. Place an 0.008-0.012 inch (0.20-0.30mm) thickness
gauge between the flywheel magnet and the module
laminations.

3. Loosen the mounting screws and let the magnet pull
the module down against the thickness gauge.

4. Tighten both mounting screws.

5. To remove the thickness gauge, rotate the flywheel.
6. Repeat the above procedure for the second module.
7. Repeat Test 15 and check for spark across the spark
tester gap. '

RESULTS:

After setting air gap, if sparking does not occur, replace
the appropriate ignition module (armature).

Figure 16. Setting Ignition Module (Armature) Air Gap

Test 20- Check Oil Pressure Switch

DISCUSSION:

Also see Section 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. If the
engine cranks and starts, then shuts down almost
immediately, the cause may be one or more of the
following:
¢ Low engine oil level.

+ Low oil pressure.
» Adefective oil pressure switch.

- SECTION 6.4
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PROCEDURE:

1. Check engine crankcase oil level.
a. Check engine oil level.
b. f necessary, add the recommended oil to the
dipstick "Full" mark. DO NOT OVERFILL ABOVE
THE "FULL" MARK.
c. Check oil level in the oil makeup tank. Fill tank, if
necessary, using the same type and grade of oil used
in the engine crankcase.
d. If engine oil level is low and oil makeup tank is full,
check the oil makeup system as follows:
(1) Inspect oil makeup system lines and fittings for
leaks, tightness.
(2) Check the oil fill tube and oil filler cap for
tightness.
2. With oil level correct, try starting the engine.
a. If engine still cranks and starts, but then shuts
down, go to Step 3.
b. If engine cranks and starts normally, discontinue
tests.
3. Disconnect Wire 85 from the oil pressure switch
terminal. Remove the switch and install an oil pressure
gauge in its place.
a. Crank the engine while observing the oil pressure
reading on gauge.
b. If engine starts and runs with Wire 85 removed,
note the oil pressure.
(1) Normal oil 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 oil pressure is below about 4.5 psi, shut
engine down immediately. A problem exists in the
engine lubrication system.
¢. If engine starts and then shuts down with Wire 85
disconnected from switch, go to Test 21.
4. Remove the oil pressure gauge and reinstall the oil
pressure switch. Do NOT connect Wire 85 to the switch
terminal.
a. Set a VOM to its "Rx1" scale and zero the meter.
b. Connect the VOM test leads across the switch
terminal and the switch body. With engine shut down,
the meter should read "continuity".
c. (fZ;rank and start the engine. The meter should read
“infinity".

RESULTS:

1. If switch tests good, go to Test 21.
2. Replace switch if it fails the test.

OiL
PRESSURE
SWITCH |

Figure 17. Oil Pressure Switch

Page 6.4-9



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 failed in a closed position, engine will
generally crank and start. However, shutdown will then
occur within a second or two.

PROCEDURE:

1. Disconnect Wire 85 from the switch.

2. Remove the oil temperature switch.

3. Immerse the sensing tip of the switch in oil as shown
in Figure 18, along with a suitable thermometer.

4. Set a VOM to its "Rx1" scale 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 container. When the thermometer
reads approximately 274°-294° F. (134°-146" C.), the
VOM should indicate "continuity”.

RESULTS:

1. If the switch tests good, reinstall it and go to Test 22.
2. If the switch tests bad, it should be replaced.

l'

)

I
|
|

Figure 18. Testing the Oil Temperature Switch

Test 22- Check Wire 18

DISCUSSION:

Wire 18 connects the engine’s 1.S.D. module to the
CMA circuit board. During a shutdown operation, circuit
board action connects Wire 18 and the [.S.D. module
to ground. Thus, ignition is terminated. If Wire 18 is
shorted to ground, engine startup cannot occur. If Wire
18 is open, ignition will not be terminated to effect
shutdown. However, shutdown will still occur since the
fuel solenoid (FS) will be de-energized by circuit board
action.
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PROCEDURE:

Use a VOM to test Wire 18, between the 1.S.D.
module and the CMA circuit board connector, for an
open or shorted condition.

RESULTS:
Repair or replace defective Wire 18 as necessary.

Test 23- Check Generator Main Circuit
Breakers

Refer to 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 (a) an indication the engine has started,
and (b) as an engine speed indicator. When battery
charge winding output is detected by the circuit board,
an "engine warmup timer" starts timing. If battery
charge winding output is non-existent or low, transfer
of loads to the "Standby" source cannot occur.

PROCEDURE:

1. See Figure 19. Connect an accurate AC frequency
meter across Pin #8 of the CMA circuit board connector
(to which Wire 66 connects) and the terminal on the
battery charge rectifier to which Wire 77 connects.

2. Start the engine. The frequency meter should read
approximately 61-63 Hz at no-load.

NOTE: An AC voltmeter can also be used to check for an
"engine running” signal. With engine running the voltmeter
should indicate approximately 15 volts AC (RMS).

3. Inside the generator panel, disconnect stator Wire 55
from the resistor. Also, disconnect Wires 66 and 77
from the battery charge rectifier (BCR). Test the battery
charge windings for continuity 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

meters will simply read continuity.

¢. Connect one test lead to Wire 55, the other to Wire

77. Again, resistance should be about 0.06 ohm.

d. If reading is very high or if "infinity" is read, an open

circuit results in the stator battery charge winding.
4. Now, set the VOM to a very high resistance scale
and zero the meter. ‘

a. Connect one test lead to Wire 66, the other test

leafd to a clean frame ground. The VOM should read

"infinity".

b. If the VOM reads other than "infinity" a shorted

condition exists.
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Test 24- Test Stator Battery Charge
Winding Output (Continued)

RESULTS:

1. If an open circuit is indicated, remove and replace
stator assembly.

2. If a shorted condition is indicated, refer to Section
1.5, "Testing, Cleaning and Drying".

55

77 ]

BCR= BATTERY CHARGE
RECTIFIER

GT = GROUND TERMINAL

R =RESISTOR

Figure 19. 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 to ener-
gize and transfer to "Standby" occurs. If, during auto-
matic operating mode, transfer to the "Standby" source
does not occur, this test will determine if the problem is
in the generator's control module assembly (CMA) or
in the prepackaged transfer switch.

PROCEDURE:

1. On the generator panel, set the auto-off-manual
switch to "Off".
2. Turn OFF 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 fransfer
switch.
5. Set the generator's auto-ofi-manual switch to "Auto”.
6. Actuate the generator's main line 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
start.

. SECTION 6.4
DIAGNOSTIC TESTS

b. Following startup, transter 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" should occur.
RESULTS:

1. If transfer to "Standby" occurs in Step 8 but did not
occur in Step 7, replace the CMA circuit board.

2. f 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

DISCUSSION:

Terminals 23/194 of the CMA terminal strip should have
been properly connected to identically numbered ter-
minals in the prepackaged transfer switch. If this circuit
is open at any point, transfer to "Standby" will not occur
in automatic mode.

PROCEDURE:

Inspect and test Wires 23/194, between the generator
and transfer switch.

RESULTS:

1. Repair, reconnect or replace interconnecting Wires
23/194 as required.
2. If Wires 23 and 194 are good, go on to Test 27.

Test 27- Test Transfer Relay
Refer to Test 3 in Part 4, Section 4.4.

Test 28- Check Voltage at Standby Clos-
ing Coil
See Test 2 in Part 4, Section 4.4.
Test 29- Test Limit Switch XB1
Refer to Test 5 in Part 4, Section 4.4.

Test 30- Test Transfer Switch Wires E1,
205, B and E2

See Section 4.4.

Test 31- Check Transfer Switch Fuses
F1and F2

See Test 10 in Section 4.4.

Test 32- Check Voltage at Utility 1 and 2
Terminals

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 volts AC. The reduced voltage is
then delivered to the CMA circuit 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 switch.

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 indicated.

3. Now, check the voltage at transformer terminals 5
and 8. The meter should read approximately 14 volts
AC.

RESULTS:

1. If voltage readings in both Steps 2 and 3 are good,
go on to Test 34.

2. If voltage in Step 2 is good, but reading in Step 3 is
bad, replace the sensing transformer.

SEC SEC
PRI PRI
1 2 3 4

Figure 20. Sensing Transformer T1

Test 34- Disconnect Wire 23 from CMA
Terminal Strip

DISCUSSION:

During automatic operation, when "Utility” power has
been restored, CMA circuit board action should open
the Wire 23 circuit to ground. With Wire 23 open, the
transfer relay should de-energize and retransfer back
to the "Utility" source should occur.

Page 6.4-12
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If the CMA board malfunctions and does not open
the ground on the Wire 23 circuit, retyransfer back to
"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 "Utility" source should occur.

RESULTS:

1. If retransfer to "Utility" occurs when Wire 23 is
disconnected, but does not occur during normal auto-
matic operation, replace the CMA circuit board.

2. If retransfer does not occur when Wire 23 is discon-
nected and does not occur during normal automatic
operation, complete Test 27. If the transfer relay checks
good in Test 27, go on to Test 35.

Test 35- Check Voltage at Utility Closing
Coil C1

Referto 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"

Referto Test 6 in Section 4.4.

Test 38- Check Utility Sensing Voltage at
CMA Circuit Board

DISCUSSION:

If the generator starts and transfer o "Standby" occurs
in automatic mode even though an acceptable "Utility"
source voltage is available to the transfer switch, follow
the troubleshooting sequence given in Section 6.3,
Problem 6. Complete Tests 32 and 33. In Test 33, if a
normal reduced sensing voltage is available from the
sensing transformer, the next step is to determine if that
sensing voltage is reaching the CMA circuit board.

PROCEDURE:

Insert the test probes of an AC voltmeter {(or a VOM)
into terminals 14 and 15 of the CMA circuit board
connector. Wireas 224 and 225 connect to those ter-
minalz.CThe meter should indicate approximately 14
volts .

RESULTS:

1. It 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 condition
must exist in Wire(s) 224 and 225. Repair, reconnect
or replace defective wire(s) as necessary.
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Test 39- Check Transfer Switch Fuses
F3 and F4

DISCUSSION:

Fuses F3/F4 are located in the V-Type transfer
switch assembly and are electrically connected in
series with the "Load 1" and "Load 2" circuit. This circuit
delivers line-to-line "Load" terminal power to the CMA
circuit board. The board uses that power to operate a
"7-day exercise" circuit. If 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
blown.

PROCEDURE:

See Figure 21. Remove fuses F1 and F2. Inspect the
fuses visually and with a VOM.

RESULTS:

1. Replace any blown fuse(s).
2. If fuses are good, go on to Test 40.

Figure 21. Transfer Swiich Fuse Block

Test 40- Check Voltage at CMA Utility 1
and 2 Terminals

DISCUSSION:

Loss of voltage at the Utility 1/2 terminals of the CMA
will result in loss of the timing count for 7-day exercise.

PROCEDURE:

Use an AC voltmeter (or a VOM) to check the voltage
across the "Utility 1/Utility 2" terminals of the control
module assembly (CMA) terminal board.

RESULTS:

1. If normal line-to-line voltage is indicated in the test,
go to Test 42.

2. If normal line-to-line voltage is NOT indicated in the
test, go to Test 41.

SECTION 6.4
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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
circuit somewhere between the transfer switch and the
generator is indicated. This test will help you locate
where the open circuit is.

PROCEDURE:

Use an AC voltmeter (or VOM) to test the line-to-line
load voltage at transfer switch terminals "Utility 1 and
2"

RESULTS:

1. If load vol*age is good, but was not good in Test 40,
an open o- shorted condition exists in the "Utility 1/2"
wiring be ween the transfer switch and generator.
Repair, r sonnect or replace bad wiring as necessary.
2. It load oltage is bad in this test and was also bad in
Test 40, several possibilities exist as follows:

a. Check Wires T1A and T2A, between the transfer

switch terminal board and terminal lugs T1/T2.

b. Check voltage across terminal lugs T1/T2.

c. If voltage reading across T1/T2 is bad, check

"Utility" source voltage across transfer switch ter-

minal lugs N1/N2.

d. If voltage reading across N1/N2 is good, but

reading across T1/T2 is bad, the main contacts are

not closed to the "Utility" power source side or the

transfer mechanism is defective. Operate the main

contacts manually to test switch operation.

Test 42- Reset Exercise Timer

DISCUSSION:

A miniature pushbutton switch is provided on the
CMA circuit board for selecting day and time of day for
exercise to 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 transter switch main contacts are at
their "Utility" power source side, i.e., "Load" is con-
nected 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 switch
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. :

6. Push the "Set Exercise" switch in and hold for about
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 TERMINAL
should run for about 20 minutes and then shut down. : // BOARD
Transfer to the "Standby” source does not normally o = "‘-’——e{

occur during the "exercise” operation.

Every seven (7) days thereafter, on the selected day . 2
and at the selected time of day, the generator should SET EXERCISE ’_
start and exercise. SWITCH

° CIRCUIT
RESULTS: % BOARD °

1. If all tests under Problem 7 (Section 6.3) have been
completed and no problems have been found, replace
the CMA circuit board if the following conditions are

met: o s“
a. If the generator does not start when the "Set — el
Exercise" switch is depressed. ol v = B
b. If the generator does not start and exercise every TRANSFORMER
seven (7) days as programmed. _ . e —
2. Ifthe generator starts when the "Set Exercise" switch Figure 22. The "Set Exercise" Switch

is actuated and exercise occurs as programmed, dis-
continue tests.
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SECTION 7.1
DESCRIPTION & COMPONENTS

Section 7.1

DESCRIPTION AND COMPONENTS

General

Information in this section is provided to familiarize
the reader with the various components that make up
the DC control system on prepackaged units having a
liquid cooled engine. These components may be ar-
:aitrarily divided into four (4) broad categories as fol-
ows:

* Components on a control module assembly (CMA).
« Components on the generator control console.

* Engine mounted components.

« Transfer switch components.

Control Module Assembly

LOCATION AND DESCRIPTION:

The control module assembly (CMA) is housed in the
generator control console. The CMA includes (a) a
terminal board, (b) a sensing transformer, and (c) a
circuit board.

TERMINAL
/ BOARD

oy
AN

S——
© ANl ©
Vi
v2
ot
t2
23
22

SET EXERCISE L
SWITCH

CIRCUIT (=}
BOARD

0"‘ t 8]

O
)
L= ] \ L= 4 g Sy

TRANSFORMER

2. Dropout of the "Utility" sensing voltage below a
preset value will result in generator startup due to
CMA circuit board action.
3. This line-to-line "Utility" voltage is also used by the
CMA board to operate a battery "trickle charge"
circuit. That circuit helps maintain battery state of
charge when the engine is not running.

B. T1 and T2 (Load 1 and Load 2):
1. This line-to-line poweris taken from transfer switch
"Load" terminal lugs T1 and T2.
2. This "Load" voltage power is used by the CMA
circuit board to operate a "7-day exercise" clock or
timer circuit. This circuit starts and exercises the
generator once every seven days, on aday and at a
time of day selected by the installer.

C. Terminals 23 and 194:
1. The CMA circuit board delivers a +12 volts DC
signal to a transfer relay coil 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 generator. Fol-
lowing generator startup, CMA board action will com-
plete the terminal 23 circuit to ground. The transfer
relay will then energize to initiate transfer of "Load"
circuits to the "Standby" power source.
4. When "Utility" source voltage is restored, CMA
board action will again open the terminal 23 circuit to
ground. The transfer relay will then de-energize to
initiate retransfer back to the "Utility" source.

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 transfer
switch and generator during system installation. This
wiring must be installed and interconnected between
the CMA terminal board and an identically marked
terminal board in the prepackaged transfer switch. The
following terminals are identified:

A. N1A and N2 (Utility 1 and Utility 2)
1. These terminals deliver "Utility" power source
line-to-line voltage from the prepackaged transfer
switch and to the primary coil of a sensing trans-
former.

S881818 -

x4
o~N

194

o
umiury 1| Q)
OO

UTILITY 2
LOAD 1
LOAD 2

Figure 2. CMA Terminal Board

TRANSFORMER T1:

The line-to-line voltage from the "Utility 1/Utility 2"
terminals is delivered to the primary coil of this step-
down transformer. A voltage of about 14 volis AC is
induced into the transformer's secondary coil and is
delivered to the CMA circuit board as sensing voltage.
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Control Module Assembly (Continued)

The reduced secondary coil output from the trans-
former is used by the CMA circuit 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 during non-operat-
ing periods.

CMA CIRCUIT BOARD:

This solid state circuit board controls all standby
electric system operations, including engine cranking,
startup, running, automatic transfer and shutdown.
Other operations controlled by the circuit board include
the following:

* The board delivers "field boost" current to the gen-
erator rotor, via connector pin 1, and Wire 4. Also
see "Field Boost” on Page 3.1-4.

¢ The circuit board provides automatic engine shut-
down in the event of (a) low engine oil pressure (bz
high engine coolant témperature, (c) low coolan
level, (d} overspeed and (te) overcrank. See Sec-
tion 1.6, "Engine-Generator Protective Devices"
(Page 1.6-2). "On occurence of any one (or more)
of these engine faults, the circuit bdard will turn on
a fault indicator lamp.

The various functions handled by the CMA circuit
board are listed in the following chart, along with ap-
propriate circuit board connector pin numbers and wire
numbers.

g
PIN | WIRE FUNCTION
T 4 [Field boost 16 rotor (3-10 volts DT
2 85 |Engine shutdown fault line (low oil pressure, high

coolant temperature)

3 23 [Grounded (-) side of transfer relay circuit

4 194 {Positive (+) DC side of transfer relay circuit

5 56 |+12 volts DC to control contactor for cranking

6 --- [Notused

7 14 |+12 volts DC to ignition coil and hourmeter

8 ---_INotused

9 178 {Manual start line to auto-off-manual switch

10 15A |+12 volts DC with auto-oft-manual switch at
"Auto” or "Manual®

11 239 |+12 volts DC to auto-off-manual switch

12 15 112 voits DC (battery trickle charge)

13 0 jCommon ground

14 224 |14 volts AC from CMA sensing transformer

15 225 |14 volts AC from CMA sensing transformer

16 T2 Line-to-line AC voltage from "Load™ terminal lugs
of transfer switch

17 T1 |Line-to-line AC voltage from "Load" terminal lugs

of transfer switch

S15 JFrequency (rpm) sensing from AC power winding

S16 [Frequency (rpm) sensing from AC power winding

A

B

C 150 [Engine preheat (only on diesel engine units)

D 229 |Negative (-) side of optional alarm relay connec-
tion. Circuit board action will complete this circuit
to ground on occurence of a fault shutdown.

m

176 |Negative (-) side of fault indicator lamp circuit.
Circuit board action will complete this circuit to
ground on occurence of a fault shutdown.
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Figure 3. CMA Circuit Board Connector Terminals

Control Console Components

TERMINAL BOARD TB1:

This 20-position terminal board (Figure 4) provides
a convenient connection point for DC control system
wiring. Terminals, associated wires and their functions
are listed in the following chart.

SR
TERM.| WIRE FUNCTION
Y Y Common ground
79 - Not used on prepackaged units
13 13 Untused battery voits (12 voits DC)
14 14 12 volts DC with engine running only- used

to turn on ignition, open a fuel solencid and
turn on an hourmeter.

15 - No factory connected wires (fused 12 volts
DC)- see Terminal 229.

4 4 Regulated excitation and field boost current
to rotor

229 - For connection of optional remote alarm
relay

56 56 12 volts DC when cranking only

68 68 Qil pressure sender to panel gauge

69 69 coolant temperature sender to panel gauge

85 85 Low oil pressure switch connection

86 86 High coolant temperature switch connection§

150 - For preheat on diesel engine units only

218 - Not used on prepackaged units

219 Not used on preﬁackaged units

NOTE: For additional information on Terminal 229 and an
optional alarm relay, see "Optional Alarm Relay" in this sec-
tion.

NOTE: Terminal board TB2 is mounted in the control module
assembly (CMA).
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Control Console Components (Continued)

<<
{}x])
ki i858
Rl |23z

Figure 4. Terminal Board TB1

OPTIONAL ALARM RELAY:

Terminal 229 on terminal board TB1 is a convenient
connection point for an optional alarm relay. The ter-
minal will support any relay requiring up to a maximum
of 100 milli-amps of current draw. See Figure 5, below.
The optional relay coil is connected across terminals
15 and 229. A remote alarm device is connected across
the relay contacts so that, on contacts closure, a
separate power supply will turn the alarm device on.
Terminal 15 is fused battery voltage (12 volts DC}). On
occurence of any monitored engine fault, CMA circuit
board action will complete the terminal 229 circuit to
ground, to 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 Page 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 be-
comes necessary, use only an identical 30 amp re-
placement fuse.

FAULT INDICATOR LAMP L1:

Lamp L1 is powered by the Wire 15 circuit (fused
battery voltage). The lamp circuit is completed to the
CMA circuit board, via Wire 176. On occurence of a
monitored engine fault, circuit board action will com-
plete the Wire 176 circuit to ground and the lamp will
turn ON. Engine faults that will cause the lamp to turn
on are discussed in Section 1.6, "Engine-Generator
Protective Devices".

= = 7
: 1
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| ALARM POWER
[ | RELAY SUPPLY
| | '
' |
i
y 5T A :
——1 | ‘
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- Lg r.'y.—_l::*_,' ALARM
" NS DEVICE

TO CMA
CIRCUIT
BOARD

Figure 5. Connections for Optional Alarm Relay
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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 solenoid, and (c) energizes the engine
ignition system.

BATTERY VOLTMETER:

During engine operation, the battery state of charge
is maintained by an engine-driven DC alternator. 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 voltmeter 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 following"
* A 12 volts battery and battery charge components.
* A starter motor (SM).
* A control contactor (CC).
« Low Oil Switch (LOS) and high water temperature
switch (HWT).
+ Afuel solenoid (FS).
* Engine ignition system parts.

BATTERY AND BATTERY CHARGE SYSTEM:

See Figure 6. An alternator delivers a charging volt-
age to the battery during engine operation. The charg-
ing voltage is regulated and rectified by the DC
regulator. The charging circuit is protected by a 30 amp
fuse.

The belt driven afternator is a permanent magnet
type which is a part of the engine speed governor.
Alternator maintenance is limited to replacement of
defective parts.

The DC voltage regulator is housed in an aluminum
heat sink. Allcomponents are covered with epoxy resin.
The regulator is NOT repairable. Regulator connector
pins are numbered from left to right, as follows:

SECTION 7.1
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TO BATTERY

RED
BATTERY

30 AMP
FUSE

Figure 6. Battery Charging System

STAR;I'ER MOTOR AND CONTROL CONTACTOR:

During manual or automatic startup, CMA circuit
board action delivers 12 volts DC to a control contactor
(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

9

BLACK I

ﬁ(,—é"o"} RED
GROUND

16 16

=

L—; ;E_d
56 | CONTROL CONTACTOR

ISTARTER|

e T
N | FUNCTION

Charging output fo battery (12.5-14.5 volis DCJ

Figure 7. Engine Cranking Circuit
LOW OIL /HIGH TEMPERATURE SWITCHES:

Charging input from afternator (AC)

Charging input from alternator (AC)

Charge indicating lamp connection (not used)

I3 ENIR FNY R

Sensing voltage from battery (Wire #15)

NOTE: The alternator supplies alternating current {AC) which
is changed to direct current (DC) by the regulator.
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The low oil pressure switch has normally-closed
contacts which are held open by engine oil pressure
during cranking and running conditions. Should engine
oil pressure 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 lamp (L1) will turn on.

The high coolant 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 circuit board
action will shut the engine down. The fault indicator
lamp (L1) will then illuminate.

LOP = OIL PRESSURE SWITCH
HWT = COOLANT TEMPERATURE SWITCH

- ——@

LOP HWT

85

See Figure 10. Battery 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 closed dis-
tributor points and to ground. The current flow through
the coil's primary winding produces a magnetic field
around the primary coil which cuts across the coil's
secondary winding. Each time the distributor points
open, current flow through the coil primary winding
terminates. The magnetic field then collapses to induce
a high voltage into the coil’'s secondary winding. Secon-
dary winding output is then delivered to the distributor
rotor and to the desired spark plugin a timed sequence.

Figure 8. Oil Pressure & Coolant Temperature Circuit

FUEL SOLENOID:

The fuel solenoid (FS) provides a positive shutoff of
fuel when the engine is not running. The solenoid is
energized open by 12 volts DC (Wire 14); it is de-ener-
gized closed.

= = —=
— p—
>
3 <
T

SPARK PLUGS FIRING ORDER = 1-3-4-2

D = DISTRIBUTOR

DP = DISTRIBUTOR POINTS
IC = IGNITION COIL

RW = RESISTOR WIRE

Figure 9. Fuel Solenoid (FS)

ENGINE IGNITION SYSTEM:

The CMA circuit board acts as the “ignition switch",
i.e., it turns the ignition system on for startup and turns
the system off for shutdown. During startup, a crank
relay (K1) on the CMA circuit board energizes, its
contacts close, and 12 volts DC is delivered to the
ignition coil via Wire 14. The igniticn system consists
of (a) the ignition coil, (b) distributor, (c) spark plug
wires, (d) spark plugs, and (e) an ignition resistor.

Figure 10. Engine Ignition System Diagram

Transfer Switch

See Part 4, "V-Type Prepackaged Transfer
Switches" or Part 5, "Y-Type Prepackaged Transfer
switches".

Section 7.2, "Operational Analysis", assumes that
the liquid cooled generator - is installed in conjunction
with a "Y-Type" transfer switch.
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Introduction
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The schematic diagram on this and following pages shows the DC control system in three (3) major areas, i.e., the
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Figure 1. DC Control System Schematic




PART 7- DC CONTROL SECTION 7.2
LIQUID COOLED ENGINE UNITS OPERATIONAL ANALYSIS

Circuit Condition- Utility Source Voltage Available

Utility source voltage is available to transfer mechanism terminal lugs N1, N2, N3, via installer attached utility
source lines. :

Transfer 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, T3 are
powered by the "Utility" supply.

Utility source voltage is available to transfer mechanism terminals A1/A2, via Wires N1 and N2, normally-closed
transfer relay (TR) contacts, and Wire 126.

Limit switches LS1/LS2 in the transfer mechanism are closed to their terminals B1/B2 side. Thus, the A1/A2
circuit to the main contacts actuating coil (C) is open and the actuating coil (c) is de-energized.

On 3-phase units, "Utility" voltage is delivered to a 3-phase power monitor (PM). The power monitor is energized,
its contacts are closed, and "Utility" power is delivered to the primary winding of a sensing transformer (T1) on
the gen{erator, via Wires N1A/N2, transfer switch N1A/N2 terminals, installer connected wires, and CMA
terminals NTA/N2.

NOTE: The 3-phase power monitor (PM) is 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) action induces a reduced 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 60 percent of nominal rated line-to-line voltage, the CMA circuit board takes no action.

The transformer reduced sensing voltage is used to operate a "trickle charge" circuit to the unit battery. This
trickle charge output is delivered to the battery from the CMA board via Wire 15, a 30 amp fuse (F1), and Wire
13. ‘

Battery power is available to the auto-off-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 set to "Auto", battery power is available
to the CMA circuit board via Wire 15A.

Line-to-line load voltage from transfer mechanism terminal lugs T1/T2 is delivered to the CMA circuit board via
Wires T1/T2, transfer switch terminals T1/T2, installer connected wires, and terminals T1/T2 of the CMA board's
terminal board. This power is used by the circuit board to operate a 7-day exerciser circuit.
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Figure 2. Circuit Condition- Utility Source Voltage Available




PART 7- DC CONTROL SECTION 7.2
LIQUID COOLED ENGINE UNITS OPERATIONAL ANALYSIS

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 to de-energize. Its contacts will then open, to break the circuit to sensing transformer
(T1). Output of the sensing transformer's secondary winding will then drop to zero. The CMA circuit board will
"sense" this loss of voltage and a "6-second timer" will start timing.

« On 1-phase systems, a 3-phase power monitoris not used. Line-to-line "Utility” current is delivered to the sensing
transformer. Transformer action reduces the line-to-line voitage 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
60 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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LIQUID COOLED ENGINE UNITS OPERATIONAL ANALYSIS

Circuit Condition- Cranking and Initial Startup

+ The CMA board’s 6-second timer will time for 6 seconds. If "Utility" source voltage is still low after 6 seconds,
a crank relay (K1) and a run relay (K2) on the circuit board will energize simultaneously.

< When the crank relay (K1) energizes, its contacts will close to deliver 12 volts DC to a control contactor (CC)
coil via Wire 56. The contactor energizes and its contacts close to deliver battery power to the engine starter
motor (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 it again for 7-9 seconds, and so on. Thus, the engine will crank for 7-9 seconds, rest for
7-9 seconds, and so on. This cyclic crank/rest action will continue until either the engine starts, or about ninety
(90) seconds have been used up. If the engine has not started in 90 seconds, cranking will end and the fault
indicator lamp will light ("overcrank” condition).

« Whenthe engine is cranking, a DC output is delivered to the generator rotor. This is "field boost" current, which
is delivered cyclically (during cranking only). See "Field Boost Circuit' on Page 2.1-4.

* Whenthe engine runrelay (K2) is energized by circuit board action, 12 volts DC is delivered to (a) a fuel solenoid,
(b) the engine ignition system, and (c) to the panel hourmeter. The fuel solenoid (FS) is energized open, to
allow fuel flow to the fuel system. Ignition occurs. The hourmeter starts running.

«  With fuel available to the carburetor and with engine ignition occuring, the engine will start.

* Generator AC output voltage and frequency signals are available to the CMA circuit board, via Wires S15 and
S16.

*  When generator AC output frequency reaches approximately 50% of the rated AC frequency, an "engine
warmup timer" and an "engine minimum run timer" on the CMA circuit board are both turned on.
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Figure 4. Circuit Condition- Cranking and Initial Startup




PART 7- DC CONTROL SECTION 7.2
LIQUID COOLED ENGINE UNITS OPERATIONAL ANALYSIS

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 mode until the "minimum run timer" has finished timing
{prevents shutdown of a cold engine).

« At appro;imately 30 Hz, engine cranking terminates. The circuit board's run relay (K2), however, remains
energized.

« A DC (battery) voltage is delivered to the transfer switch's transfer relay (TR) coil, 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 circuit open.

«  When the "engine warmup timer" has timed out, CMA circuit board action closes the Wire 23 circuit to ground.
The transfer relay (TR) energizes, its normally-closed contacts (1 & 7) open; its normally-open contacts (6 & 9)
close.

+  With TR normally-open contacts closed, "Standby" source power is available to the main contacts actuating coil
(C), via Wires E1/E2, transfer mechanism terminals B1/B2, limit switches LS1,LS2, LS3, and a bridge rectifier.
Actuating coil (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 coil (C) remains energized.
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PART 7- DC CONTROL SECTION 7.2
LIQUID COOLED ENGINE UNITS OPERATIONAL ANALYSIS

Circuit Condition- Final Transfer to Standby

¢ When the transfer mechanism’s main load carrying contacts reach "Neutral" position (disconnected from both
power sources), @ mechanical interlock opens limit switch LS3. This opens the circuit to actuating coil (C) and
the coil de-energizes.

+  Withcoil (C) de-energized, spring force closes the main contacts to their "Standby" power source side ("Load"
connected to the "Standby" source).

¢ As the main contacts close to the "Standby" side, a mechanical interlock actuates limit switches LS1/LS2 to
their terminals A1/A2 side. This action "prepares” the circuit for retransfer back to "Utility".

«  Electrical load circuits (T1, T2, T3) are now powered by generator AC output.
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LIQUID COOLED ENGINE UNITS OPERATIONAL ANALYSIS

Circuit Condition- Utility Voltage Restored

« 3-Phase Units: When utility source voltage is restored above the setting of the 3-phase power monitor (PM),
the power monitor energizes and its contacts close. Utility voltage is then available to the primary winding of
sensing transformer (T1). A voltage is then induced into the transformer secondary winding which is then
delivered to the CMA circuit 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
transformer’s secondary winding to the CMA board. If the "Utility" sensing voltage is above about 80 percent of
the nominal rated voltage, the CMA circuit board will react.

+ Onrestoration of "Utility" source voltage, CMA circuit board action will turn on a "return to utility timer".
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Figure 7. Circuit Condition- Utility Voltage Restored
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LIQUID COOLED ENGINE UNITS OPERATIONAL ANALYSIS

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.

«  With Wire 23 circuit open, the transfer relay (TR) will de-energize. The relay’s normally-closed contacts will
close.

+  Utility source power is now delivered to the main contacts actuating coil (C), via Wires N1/N2, the closed TR
contacts, transfer mechanism terminals A1/A2, limit switches LS1, LS2, LS3, and the bridge rectifier.

* Actuating coil (C) energizes and the main contacts are pulled to their "Neutral" position. The main contacts will
remain at "Neutral" ("Load" disconnect from both power supplies) as long as actuating coil (C) remains
energized.
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Figure 8. Circuit Condition- Initial Retransfer Back to Utility
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LIQUID COOLED ENGINE UNITS OPERATIONAL ANALYSIS

Circuit Condition- Final Retransfer to Utility

+  When the transfer mechanism’s main contacts reach "Neutral" position ("Load" disconnected from both power
sources), limit switch LS3 is opened by a mechanical interlock. This opens the circuit to actuating coil (C). Coil
(C) de-energizes.

+  Withcoil (C) de-energized, spring force completes the transfer action back to the "Utility” side ("Load" connected
to the "Utility" supply).

« Loads are now powered by the "Utility" power source.

» The standby generator is still running and generator AC output voltage is still available to transfer mechanism
terminal lugs E1, E2, ES.

+ Following retransfer back to the "Standby" source, an "engine cooldown timer” starts timing. This timer will time
for about 1 minute. Purpose of this timer is to allow the engine to run at no-load for about one (1) minute to
stabilize internal engine-generator temperatures.
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Figure 9. Circuit Condition- Final Retransfer Back to Ulility




PART 7- DC CONTROL SECTION 7.2
LIQUID COOLED ENGINE UNITS OPERATIONAL ANALYSIS

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 contacts open and the 12 volts DC power supply to Wire 14 is terminated.

s The Wire 14 circuit is now "dead". The hourmeter stops running, the fuel solenoid (FS) is de-energized closed,
and engine ignition is terminated.

« The engine shuts down.
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Figure 10. Circuit Condition- Generator Shutdown
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TEST 6-CHECK |
BATTERY

RECHARGE OR REPLACE

;——-——— O.K.

TEST 9-CHECK
CMA CIRCUIT
BOARD POWER
AND WIRE 56
OUTPUT

REPAIR/REPLACE MOTOR

—

O.K. ey

TEST 7- TEST

CONTROL

CONTACTOR CC

B!\D REPLACE CMA
CIRCUIT BOARD

REPLACE

GO TOTEST 10
ON NEXT PAGE

POWER SUPPLY TO BOARD O.K. BUT
WIRE 56 OUTPUT IS BAD

POWER SUPPLY TO BOARD AND WIRE 5
OUTPUT ARE BOTH BAD
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Problem 2- Engine Will Not Crank When Auto-Off-Manual Switch is Set to "Manual” (Con-
tinued)

AUTO-OFF-
MANUAL
SWITCH

s O, K.

O.K. el AUTO»éFF-MANUAL
SWITCH TO CMA

CIRCUIT BOARD e BA D el RECONNECT, REPAIR OR REPLACE
WIRING BAD WIRING AS NECESSARY

BADwmsssllp- REPLACE DEFECTIVE SWITCH

TEST 10-CHECK
FOR MECHANICAL
DAMAGE

REPLACE CMA CIRCUIT BOARD s NO ENGINE OR GENERATOR
AND TEST CRANKING OPERATION DAMAGE IS FOUND

REPAIR MECHANICAL DAMAGE AS NECESSARY < femmummmsse ENGINE-GENERATOR DAMAGE IS FOUND .

Problem 3- Engine Cranks But Won’t Start

ey

TEST 11-CHECK TEST 12-CHECK TEST 13-TEST
FUEL SUPPLY —O‘K.q WIRE 14 OUTPUT —O.K.q IGNITION COIL

TO IGNITION l E—
BAD BAD BAD
REPLENISH FUEL REPLACE
OR CORRECT BAD COIL
FUEL PRESSURE
PROBLEMS

TEST 21-CHECK TEST 22-TEST TEST 23-CHECK ENGINE
DC VOLTS AT O.K. sl § FUEL SOLENOID  frumemne O.K. cmmenlp-§ COMPRESSION AND
TERMINAL 14 FS ENGINE CONDITION

OF TB1

B!\D B!D BAD

¥

REPLACE CMA REPLACE BAD REPAIR ENGINE
CIRCUIT BOARD SOLENOID FS "AS NEEDED

TEST 14-TEST TEST 15-INSPECT TEST 16-INSPECT
IGNITION O.K. mumsmnlip- § DISTRIBUTOR CAP fumms O.K. smmmmp§ CONTACT POINTS
CONDENSOR AND ROTOR HEAD

B/!D B!D B!\D O.K.
} | [

Ieo TOTEST 17 I

REPLACE REPLACE REPLACE ON NEXT PAGE
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Problem 3- Engine Cranks But Won’t Start (Continued)

TEST 17-CHECK
GOVERNOR
ADVANCE

TEST 18-CHECK
SPARK PLUGS

TEST 19-CHECK IGNITION WIRES

O.K. ﬁ;

BAD BAD
REPAIR OR REPLACE CLEAN, REGAP, REPLACE REPLACE BAD WIRES
BAD PARTS

TEST 20- CHECK M O.K.

IGNITION
TIMING RESET TIMING AS NECESSARY

Problem 4- Engine Cranks and Starts, But Won’t Transfer to Standby

TEST 24-CHECK

GENERATOR

MAIN LINE
CIRCUIT BREAKER

TEST 25-CHECK
SENSING TO
CMA CIRCUIT
BOARD

TEST 26-GROUND

O.K.-q CMA TERMINAL 23

OPEN OR BAD BAD TRANSFERS TO STANDBY

CLOSE CIRCUIT BREAKER REPLACE CMA CIRCUIT BOARD
OR REPLACE IF BAD

NO TRANSFER

TEST 27- CHECK -
VOLTAGE AT O.K., BUT NO PROBLEM 1 IN SECTION 5.3
TERMINAL LUGS TRANSFER FOR "V-TYPE" TRANSFER SWITCH, GO TO
E1/E2/E3 PROBLEM 1 IN SECTION 4.3

L BAD-M GO TO "TROUBLESHOOTING FLOW CHARTS"

IN SECTION 3.3

Problem 5- Engine Starts and Transfer Occurs When Utility Power is Available

TEST 28-CHECK
VOLTAGE AT

TERMINAL LUGS
N1/N2/N3

TEST 30- TEST

O.K.ﬁ SENSING

TRANSFORMER

VOLTAGE AT CMA
TERMINALS
N1AN2

B!D
v

O.K.

DETERMINE CAUSE OF FOR "V-TYPE TRANSFER SWITCHES REPLACE REPLACE CMA
LOW OR NO UTILITY GO TO PROBLEM 3, SECTION 4.3 DEFECTIVE CIRCUIT BOARD
SOURCE VOLTAGE FOR "Y-TYPE" TRANSFER SWITCHES TRANSFORMER AND TEST AUTO
AND CORRECT GO TO PROBLEM 3, SECTION 5.3 OPERATION
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SECTION 7.4
DIAGNOSTIC TESTS

Section 7.4

DIAGNOSTIC TESTS

General

Perform the tests in this section in conjunction with
the "Troubleshooting Flow Charts" of Section 7.3. Test
numbers in this section correspond with the numbered
tests in Section 7.3.

Test 1- Check Auto-Off-Manual Switch
Position

DISCUSSION:

In order for automatic operation to occur, the auto-
off-manual switch must be set to its "Auto” position. The
only other possible switch positions are "Off", where
engine cranking and startup cannot occur; or "Manual",
where the engine should crank and start, but transfer
to "Standby" will not occur. Thus, if a "Utility" voltage
dropout occurs and the generator will not crank and
start, the first check to perform is to make sure the
switch is set to "Auto".

PROCEDURE:

Check the position of the auto-off-manual switch. If
necessary, set the switch to "Auto”.

RESULTS:

1. If switch is already set to "Auto" and engine will not
crank on occurence of a "Utility" power failure, go on to
Test 2.

2. If switch is set to "Off", reset it to "Auto” and test
automatic operation.

NOTE: To test automatic operation, see Test 1in Section 6.4.
This test is the same for both air cooled and liquid cooled
engine units.

Test 2- Try to Start Engine Manually

DISCUSSION:

With the auto-off-manual switch set to "Auto", a
"Utility” power source outage should result in engine
cranking and startup. If that power source fails and the
engine does not crank, the first step in troubleshooting
should be to see if a manual startup can be ac-
complished.

PROCEDURE:

1. On the generator panel, set the auto-off-manual
switch to "Off".

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

3. Set the auto-off-manual switch to "Manual". The
engine should crank and start.

RESULTS:

1. if the engine will not start manually either, go to
Problem 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:

Power for CMA circuit board operation is taken from the
Wire 15 circuit (fused 12 volts DC) and delivered to the
circuit board through auto-off-manual switch contacts
when the switchis setto "Auto” or "Manual". A defective
switch can produce the same results as setting the
switch to "Off" (engine will not crank).

A. Switch at "Auto” b. Switch at "Manual”

Figure 1. Schematic of Auto-Off-Manual Switch

PROCEDURE:

Disconnect all wires from switch terminals, to prevent
interaction. Use a volt-chm-milliammeter (VOM) to test
for continuity across switch terminals as follows:

A S S AN I N 3
CONNECT
ACROSS
TERMINALS | SWITCH POSITION | METER READING
1and 2 “Auto” Continuity
"Manual” Infinity
“Off" Infinity
1and3 "Auto” Infinity
"Manual Continuity
“Off" Infinity
4and 5 "Auto” Continuity
"Manual” Infinity
~Oft" Infinity
4 and 6 "Auto” Infinity
"Manual” Continuity
“Off" Infinity
R

Page 7.4-1



PART 7- DC CONTROL
LIQUID COOLED ENGINE UNITS

Test 3- Test Auto-Off-Manual Switch
(Continued)
RESULTS:

1. Replace switch is defective.
2. If switch is good, go to 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 circuit board, or between the switch and
other components, can have the same effect as an
open or defective switch. See Figure 3.

PROCEDURE:

Inspect and test all wires connected to the switch
terminals for open, disconnected or shorted condition.
This includes (a) jumper wire 15A between switch
terminals 5 and 6; (b) Wire 15 between terminal 4 and
the circuit board; (c) Wire 15A between switch and
circuit board; (d) Wire 183 between terminal 2 and TB3;
(e) Wire 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*

swi I ” ” ” ” “ ”11“‘0“9“

|—15-TO FAULT IND. LAMP ru!,A

15 -—TO BATT. VOLTMETER 239 l
15A -

178

178

239

Figure 3. Auto-Off-Manual Switch Wiring
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RESULTS:
Repair, reconnect or replace any bad wiring.

Test 5- Check 30 Amp Fuse F1

DISCUSSION:

A blown fuse F1 will open the DC power supply to
the auto-off-manual switch and to the CMA circuit
board. This will render the circuit board incapable of
cranking or starting the engine, since its power supply
is gone.

PROCEDURE:

Push in on fuse holder cap and turn counterciock-
wise to remove cap and fuse. Check the fuse with a
VOM for open condition indicating that fuse is blown.

RESULTS:

1. Replace fuse if blown.
2. If fuse is good but engine won't crank, go on to Test

Test 6- Check battery

DISCUSSION:

A weak or dead battery can result in inability of the
engine to crank either manually or automatically.

PROCEDURE:

Inspect and test the unit's 12 volts battery. Refer to
Test 6, "Check Battery” in Part 6, Section 6.4.

RESULTS:

1. Clean, tighten or replace any defective battery
cables.

2. I battery is discharged, remove it and recharge with
an automotive type battery charger.

3. If battery is worn out, replace it.

4. If battery is good, go to Test 7.

Test 7- Test Control Contactor CC

DISCUSSION:

During any startup, CMA circuit board action delivers
12 volts DC to the coil of a control contactor. The control
contactor energizes, its contacts close, and battery
power is delivered to 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.

PROCEDURE:

Use a DC voltmeter (or VOM) to test control contac-
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 lead
to a clean frame ground.

Step 2. Set the auto-off-manual switch to "Manual". The
mce:ter should indicate battery voltage (about 12 volts
DC).

RESULTS:

1. If battery voltage is not indicated, go to Step 3.
2. If battery voltage is indicated but engine does not
crank, go to Step 4.

Step 3. Connect the meter test leads across terminals
0 and 56 of terminal board TB1 (in the control console).
Set the auto-off-manual switch to "Manual". The meter
should read battery voltage.

RESULTS:

1. If battery voltage is indicated in Step 3 but not in Step
2, Wire 56 between the control contactor and terminal
board TB1 is open. Repair, reconnect or replace Wire
56 as necessary.

2. If battery voltage is not indicated in either 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 contactor to 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
voltage and engine should crank.

SECTION 7.4
DIAGNOSTIC TESTS

RESULTS:

1. If battery voltage is indicated in Step 5, but engine
does not crank, go on to Test 8.

2. If battery voltage is not indicated in Step 5, replace
the control contactor (CC).

Test 8- Test Starter Motor SM

DISCUSSION:

The starter motor must develop adequate torque to
crank the engine efficiently at sufficient rpm for startup
to occur.

PROCEDURE:

1. Repeat Step 5 of Test 7. If battery voltage is indicated
during the test, but engine does not crank, the starter
is probably defective and should be replaced or
repaired. ,
2. If desired, starter performance can be tested as
follows:
a. Remove the starter.
b. See Figure 5. Connect the starter motor, a fully
charged 12 volts battery, a tachometer and an am-
meter as shown.
c. Operate the starter motor and note the ammeter
and tachometer readings. A starter motor in good
condition will be within the test specifications shown
below:

MARIMOM MOTOR BPM ol B000- 7200 |

MAXIMUM AMPERES 17

Figure 4. Control Contactor Test Points

PRESS TO

NOTE RPM OF

STARTER MOTOR o] SHUNT STRIP

Figure 5. Starter Motor Performance Test

RESULTS:

1. Repair or replace bad starter motor.
2. If 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 board or the board will not operate. A2 volts
DC output must be delivered from the circuit 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 56.

PROCEDURE:

To check for a 12 voits DC power supply to the CMA
circuit board, proceed as follows:
1. See Figure 6. Connect the positive (+) test lead of
a DC voltmeter (or a VOM) to terminal 4 of the
auto-off-manual switch.
2. Connect the common (-) meter test lead to frame
ground. The meter should read 12 volts DC.
3. Now, set the auto-off-manual switch to "Off".
a. Connect the positive (+) meter test lead to
switch terminal 6; the common (-) test lead to
frame ground. The meter should indicate “zero"
volts.
b. Set the switch to "Manual". The meter should
read battery voltage.
4. Locate Pin 10 of the CMA circuit board connector,
to which Wire 15A attaches.
a. Connect the positive (+) meter test lead to Pin
10 (Wire 15A}, the common (-} test lead to frame
ground. Zero volts should be indicated.
b. Set the auto-off-manual switch to "Manual”. The
meter should read battery voltage.
5. Locate Pin 5 of the CMA circuit board connector,
to which Wire 56 attaches.
a. Connect the positive (+) meter test lead to
connector Pin 5.
b. Connect the common (-) meter test lead to
frame ground. The meter should indicate "zero"
volts.
c. Set the auto-off-manual switch to "Manual”.
Crank relay K1 onthe CMA board should energize
and the meter should read battery voltage.

RESULTS:

1. In Step 2, if the meter does not indicate battery
voltage, repeat Test 5. Alsc check the Wire 15 circuit
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 circuit
board) is suspect. Reconnect, repair or replace Wire
15A as needed.

4.1n 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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48523 56 14 495

i

154 233 0 225 T%

H o s15
S16
i

A
8
< 150
3
E

- “E
176

) O3
(o]

Figure 6. Check Circuit Board Power Input and Out-
put

Test 10- Check for Mechanical Damage

DISCUSSION:

If the engine will not crank when "Manual” position is
selected, the problem is most likely to be an electrical
fault. However, the possibility that engine or generator
damage is preventing the unit from cranking cannot be
overlooked.

PROCEDURE:

Examine the engine and generator carefully for
evidence of seizure.

RESULTS:

If engine-generator is seized due to mechanical
damage, repair the unit as necessary.

Test 11- Check Fuel Supply

DISCUSSION:

Often the most obvious cause of a problem is over-
looked. If the engine cranks, but will not start, perhaps
the fuel supply is exhausted or fuel pressure is too low.
The following facts apply:

* For propane (LP) gas fuel systems, only a "vapor
w?thgra&al" tjpe )sgpp+v systgm should bye usedon
prepackaged units. The’ vapor pressure in the
storage tank must be high enough to sustain en-
gine operation.

*  Minimum recommended %as pressure at the gen-
erator’s fuel inlet connection is 11 inches water
column (6.38 ounces per square inch). Maximum
gas ressure is a groxnmate‘lx 14 inches water

olumn (8 ounces per square inch.
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Test 11- Check Fuel Supply (Continued)

The gaseous fuel system must be tested for leaks
following installation and periodically thereafter. No
leakage’is permitted. Leak test methods and pro-
cedures must comply strictly with applicable fuel-
gas codes.

A schematic diagram of a simple propane (LP) gas
vapor withdrawal system is shown in Figure 7. A

DANGER: GASEOUS FUELS ARE EXPLOSIVE.
DO NOT USE FLAME TO 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.

tgf ical natural gas fuel system is shown'in Figure

LP GAS REGULATOR
LP GAS CARBURETOR

SOLENOID SHUTOFF VALVE

MANUAL
SHUTOFF VALVES

Figure 7. Typical LP Gas Fuel System

SECONDARY

11 in.water
optimum

FUEL SHUTOFF VALVE
GENERATOR BASE

APPROVED
FLEX. LINE

REGULATOR

MANUAL SHUTOFF
VALVE

PRIMARY REGULATOR

Figure 8. Typical Natural Gas Fuel System
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Test 11- Check Fuel Supply (Continued)

PROCEDURE:

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 regulator
may or may not be furnished and adjusted by the
supplier. It is the responsibility of the supplier to ensure
that adequate gas pressure is available to operate the
primary regulator.

Where the primary regulator is furnished and is to be
maintained by the gas supplier, primary regulator outlet
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 a water
manometer or with a pressure gauge that reads "oun-
ces per square inch".

RESULTS:

If fuel supply and pressure are adequate, but engine
will not start, go to Test 12.

Test 12- Check Wire 14 Output to Ignition

DISCUSSION:

When the engine is cranked either automatically or
manually, a crank relay (K1) and a run relay (K2) onthe
CMA circuit board are energized simultaneously. See
Figure 9, below. When the engine is cranking, battery
voltage is delivered to the positive (+) terminal of the
ignition coil (IC), via Wire 56, a diode (D1), and Wire
14. Thus, when crankiing, the full 12 volts DC is avail-
able to the coil to produce a hotter spark.

SECTION 7.4
DIAGNOSTIC TESTS

On startup, crank relay (K1) de-energizes while the
run relay (K2) remains energized. Battery voltage is
delivered to the ignition coil’s positive (+) terminal via
Wire 14, a resistor wire, and Wire 14. The resistor wire
reduces the voltage to about 9-10 volts DC for running
operations.

NOTE: If the resistor wire (RW) circuit is open, ignition will be
available while cranking only and the engine will start. How-
ever, as soon as the circuit board’s crank relay de-energizes,
ignition will terminate and shutdown will occur.

PROCEDURE:

1. On the ignition colil, locate the terminal to which Wire
14 attaches.

2. Connect the positive (+) test lead of a DC voltmeter
(or VOM) to the coil's Wire 14 terminal. Connect the
other test lead to a clean frame ground.

3. Set the auto-off-manual switch to "Manual". The
engine should crank and the meter should indicate
battery voltage.

NOTE: When the circuit board's crank relay (K1) de-ener-
gizes, voltage reading should drop to about 9-10 volis DC. If
voltage drops to zero and engine shuts down when the crank
relay de-energizes, an open circuit exists in the resistor wire
(RW) circuit to the coil.

4. On startup and when crank relay K1 de-energizes,
the meter voltage reading should drop to about 9-10
volts DC.

RESULTS:

1.1t meterindicates battery voltage while cranking, then
drops to about 9-10 volts DC, you may assume that
Wire 14 output to the ignition coil is normal. Go to Test
13.

CMA L 56 56 Y —]
CIRCUIT BOARD : cel
|
114 DIODE | I |
12 VOLT | 0 o
| | 1 H
Y " °  S— O ! O-16
BATTERY RW L e}
14 Ic
DP
m be
: = CONTROL CONTACTOR
1. D = DISTRIB 4
FIRING ORDER=1-3-42 1. = 5i21018;TOR CONDENSOR
DP - DISTRIBUTOR POINTS
IC = IGNITION COIL
RW - RESISTOR WIRE
SM - STARTER MOTOR

Figure 9. Typical Prepackaged Ignition Circuit
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Test 12- Check Wire 14 Output to Igni-
tion (Continued)

2. If meter indicates 9-10 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 while cranking, but
voltage drops to zero and shutdown occurs when
cranking terminates, go to Test 21.

Test 13- Test Ignition Coil

DISCUSSION:

The engine ignition coil can be tested quickly and easily
by checking the resistance of its primary and secondary
coil.

PROCEDURE:

1. To test the coil primary winding, connect the test
probes of an chmmeter (or VOM) across the positive
{+) and negative (-) terminals of the coil and read the
resistance. See Figure 10.

Resistance: x 1 range

SECTION 7.4
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Primary Coill Resistange at 68" F.(20° C.)=1.3-1.5
hms
Secondary Coll Reslstance at 68° F. (20° C.)=
8700-11,700 Ohms

Test 14- Test Ignition Condensor

DISCUSSION:

The condensor is located in the engine ignition dis-
tributor. 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 available, a VOM may
be used with its resistance scale set to a very high
value. See Figure 12. When the meter needle swings
violently and then moves back to "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 to Test 15.

Figure 10. Testing Primary Winding Resistance

2. To test secondary coil resistance, connect the meter
test probes as shown in Figure 11.

Figure 11. Testing Secondary Coil Resistance

rigure 12. Distributor Condensor

Test 15- Inspect Distributor Cap and
Rotor Head
DISCUSSION:

This test continues the testing of engine ignition system
components.

PROCEDURE:

Inspect the distributor cap and rotor head for dust,
carbon deposits, cracks.

RESULTS:

1. Replace distributor cap, if defective.
%6“ inspection reveals the cap is good, go on to Test
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Test 16- Inspect Contact Points

DISCUSSION:

This test is a continuation of the tests of engine
ignition system parts.

PROCEDURE:

Inspect the surfaces of the distributor contact points.
Irregularities may be removed with "500" or "600"
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, if defective.
2. If points are in good condition, go on to Test 17.

SECTION 7.4
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PROCEDURE:

1. Disconnect spark plug wires by grasping the boot.
Do NOT pull on the wires.

2. Use a spark plug wrench to remove the spark plugs.
3. Spark plugs may be cleaned in a sand blast cleaner.
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 plugs and tighten to 14-22 foot-pounds
of torque (20-29 N-m).

NOTE: Use NGK BPR6ES, or Champion RNIYC, or AC
R42XLS replacement spark plugs.
RESULTS:

1. Replace bad spark plugs.
2. If spark plugs are good, go to Test 19.

Side electrode

Figure 13. Setting Contacts Point Gap

Test 17- Check Governor Advance

DISCUSSION:

This is a continuation of tests of the engine ignition
system.

PROCEDURE:

In the distributor, turn the roter shaft counterclockwise.
Then, release it and check that it returns to the clock-
wise direction. Also check the rotor shaft for looseness.

RESULTS:

1. Replace distributor if governor advance is bad.
2. If test is good, go to Test 18.

Test 18- Check Spark Plugs

DISCUSSION:

This test is a continuation of the tests on the engine
ignition system.
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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 less than 30,000 ohms.

RESULTS:

1. Replace any defective ignition wire.
2. If wires test good, go on to Test 20.
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Test 20- Check Ignition Timing

DISCUSSION:

If engine starts hard and runs rough, or if it does not
stant, 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 pulley and a degree indicator is provided
(Figure 15).

Set timing to 21" BTDC at 1860 rpm and with the
generator at no-load.

Advance

SECTION 7.4
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RESULTS:

i. If battery voltage is not indicated, test Wire 14
between terminal board TB1 and the CMA circuit board
for an open condition.
a. If Wire 14 is good, replace the CMA circuit board.
b. If 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 circuit board.

PROCEDURE:

1. Connect a DC voltmeter (or VOM) across Wire 14 at
the fuel solenoid and frame ground.

2. Set the auto-off-manual switch to "Manual". The
engine should crank and start. The meter should indi-
cate battery voltage. The fuel solenoid should energize.

RESULTS:

1. If battery voltage is indicated but the fuel solenoid
does not energize, replace the solenoid.
2. If the fuel solenoid is good, go on to Test 23.

Figure 15. Ignition Timing Marks

Test 21- Check DC Volts at Terminal 14
of TB1

DISCUSSION:

This test will determine if CMA circuit board action is
delivering battery voltage to the Wire 14 circuit. Wire 14
circuit voltage Is required to (a) power the engine
ignition system and (b) open the fuel soienoid. Terminal
board TB1 is housed in the generator control console.
See "Control Console Components" on Page 7.1-2
(Part 7, Section 7.1).

PROCEDURE:

1. Use a DC voltmeter (or VOM) to check for battery
voltage at Terminal 14 of terminal board TB1.

2. Connect the positive (+) meter test lead to terminal
14, the common (-} test lead to terminal 0 (ground).

3. Set the auto-off-manual switch to "Manual". The
meter should indicate battery voltage.

-———-::“-_—%
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Figure 16. Fuel Solenocid FS

Test 23- Check Engine Compression and
Condition

DISCUSSION:

If the engine cranks but will not star, or if it starts 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 to check
engine compression.

Page 7.4-9
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Test 23- Check Engine Compression and
Condition (Continued)
NOTE: When checking compression, hold the carburetor

throttle wide open. Then, crank engine and read the compres-
sion pressure.

4. Compression pressure should be as follows:

Standard = 192 psl (13.5 kg/cm2) at 350 rpm
Minimum = 164 psi (11.5 kg/cm2) at 350 rpm
Difference between cylinders should not exceed
14 psi (1.0 kg/cm2)

If compression is low in any cylinder, pour a small

amount of clean engine oil into the spark plug opening.

Then, retest compression and evaluate as follows:

* Ilf compression pressure increases after adding the
oil, check for worn or damaged piston rings.

* If compression pressure did NOT increase after
adding the oil, check for sticking or improperly
seated valves.

e |f compressionin a%twp adgacent cylinders is low
and adding oi! did T increase the compressaon
pressure, check for a leaking head gasket.

Test 24- Check Generator Main Line Cir-
cuit Breaker

DISCUSSION:

Transfer to the "Standby" power source cannot occur
unless that power supply is available to the transfer
switch. If automatic startup occurs while the generator’s
main line circuit breaker is open, transfer to "Standby"
will not occur.

PROCEDURE:
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 breaker.

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 circuit 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 normai rated AC power is not available to the
breaker AC input terminals, refer to Part 3 of this
manual.

Test 25- Check Sensing to CMA Circuit
Board

DISCUSSION:
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In automatic mode and when a "Utility" power source
dropout occurs, the CMA circuit board will initiate en-
gine cranking and startup. A line-to-neutral voltage/fre-
quency sensing signal is delivered to the CMA circuit
board from the generator's AC power windings, via
Wires S15 and S16. This sensing signal "tells" the
circuit board that the engine has started and is running.
Starter cutout occurs when the sensing signal voltage
reaches approximately 50 volts AC. The board’s mini-
mum run and engine warmup timers will then turn on.

Transfer of loads to the "Standby" power supply cannot
occur until after the board’s engine warmup timer has
timed out. Thus, if the Wires S15/S16 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 auto-off-manual switch to "Off".

2. Turn OFF both the "Utility" and "Standby" power
supplies to the transfer switch.

3. If necessary, manually actuate the transfer switch
main contacts to their "Utility” position ("Load" terminals
connected to the "Utility” terminals).

4. Insert the test probes of an AC voltmeter across Pins
A and B of the CMA circuit board, to which Wires S15
and S16 attach.

5. Turn ON the "Utility" power supply to the transfer
switch.

6. Set the generator's main line circuit breaker {o its
"On" or "Closed" position.

7. Set the generator’s auto-off-manual switch to "Auto”.

8. While observing the AC voltmeter, turn OFF the
"Utility" power supply to the transfer switch.
a. TC"he engine should crank and start in automatic
mode.
b. Starter cutout should occur at approximately 50
volts AC as indicated on the AC voltmeter.
c. With engine running at rated speed, the voltmeter
should read about 122-126 volts AC.

RESULTS:

1. If correct voltage is indicated in Step 8, but transfer
to "Standby" did not occur, go on to Test 26.

2. If low or no voltage is indicated in Step 8, repeat Test
24,
a. It correct AC voltage is indicated in Test 24, but
not in Step 8 of this test, check sensing leads S15
and S16 for an open or disconnected condition.
b. If low or no voltage was indicated in Test 24, refer
to Part 3 of this manual.

Test 26- Ground CMA Terminal 23

DISCUSSION:

Following automatic startup and when the CMA
board’s engine warmup timer has timed out (15
seconds), 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 transfer to the "Standby"
source should occur. 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 "Off".

2. Turn OFF both the "Utility" and "Standby" power
supplies to the transfer switch using whatever means
provided.

3. If necessary, manually actuate the transfer switch
main contacts to their "Utility" position, i.e., "Load"
connected to the "Utility" power supply.

4. Turn ON the "Utility" power supply to the transfer
switch.

5. Set the generator's main line circuit breaker to its
"On" or "Closed" position.

6. Set the auto-off-manual switch to "Auto".

7. Turn OFF the "Utility” power supply to the transfer
switch.
a. Engine should crank and start in automatic mode.
b. After the CMA board's engine warmup timer has
timed out, the transfer relay (in transfer switch)
should energize and transfer to "Standby" should
occur.
8. If the engine starts 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 TB2 and ter-
minal 0 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" occurs 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 connector) for an open condition.

b. if Wire 23 is good, replace the CMA circuit board.

2. In Step 8, if transfer to "Standby" does NOT occur
when the jumper wire is connected, refer to 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 unless
that power supply is available to the transfer switch.
This test will determine if "Standby" power is available
to the transfer switch terminal lugs.

SECTION 7.4
DIAGNOSTIC TESTS

DANGER: PROCEED WITH CAUTION. HIGH
AND DANGEROUS 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 circuit breaker to "On"
or "Closed".

3. Use an AC voltmeter to test generator line-to-line
voltage across transfer switch terminal lugs E1 and E2
(2-pole), or across E1 to E2, E2 to E3 and E3 to Ef
(3-pole). Normal rated generator AC output voltage
should be indicated.

RESULTS:

1. If normal "Standby" source voltage is indicated, but
transfer to "Standby" does not occur, go to Section 4.3
or 5.3 of this manual, as appropriate.

2. if normal "Standby" source voltage is NOT indicated,
refer to "Troubleshooting Flow Charts" in Section 3.3.

Test 28- Check Voltage at Terminal Lugs
N1, N2, N3

DISCUSSION:

Automatic startup of the generator engine will occur i
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 voltmeter to check line-to-line voltage
across terminal lugs N1/N2 (2-pole transfer switch) or
across N1/N2/N3 (3-pole switch). Normal rated "Utility"
power source voltage should be indicated.

RESULTS:

1. If normal "Utility" voltage is read, but generator
startup and transfer to "Standby" occurs in automatic
mode, go to Test 29.

2. If 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:

"Utility” power source voltage is delivered to CMA
terminals N1A and N2 (Utility 1 and 2), and from there
to the CMA transformer. The step-down transformer
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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. i,
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 i
"Utility" source voltage is available to the CMA.

PROCEDURE:

With "Utility” source power available to the transfer
switch, connect the test leads of an AC voltmeter
across terminals N1A and N2 of the CMA terminal
board. Normal rated "Utility" source voltage should be
indicated.

RESULTS:

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 voltage reading in both Test 28 and this test are
good, go on to Test 30.

Test 30- Test Sensing Transformer

DISCUSSION:

Normal line-to-line "Utility" source voltage’is delivered
to the primary winding of the CMA transformer. Trans-
former action reduces this voltage to approximately 14
volts AC. The reduced sensing voltage is then delivered
to the CMA circuit board. This is a test of the CMA
transformer.

PROCEDURE:

1. See Figure 17. Connect an AC voltmeter across
transformer terminals 1 and 4. Normal "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. If normal "Utility" source voltage is indicated in Step
1, but not in Step 2, replace the CMA transformer.

2. If the transformer checks good, but startup and
transfer still occur when "Utility" power is available,
replace the CMA circuit board and test automatic
operation.
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Figure 17. The CMA Transformer
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SYSTEM FUNCTIONAL TESTS

Section 8.1

SYSTEM FUNCTIONAL TESTS

introduction

Following standby electric system installation and
periodically thereafter, the system should be tested.
Functional tests of the system include the following:

* Manual transfer switch operation.
* System voltage tests.

* Generator Tests Under Load.

+ Testing automatic operation.

Before proceeding with functional tests, read instruc-
tions and information on tags or decals affixed to the
generator and transfer switch. 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
switch to "Off".

2. Turn OFF the "Utility” power supply to 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 "Off"
or "Open". :

DANGER: BE SURE TO TURN OFF ALL POWER
VOLTAGE SUPPLIES TO THE TRANSFER
SWITCH BEFORE ATTEMPTING MANUAL
OPERATION. FAILURE TO TURN OFF POWER
VOLTAGE SUPPLIES TO THE TRANSFER
SWITCH MAY RESULT IN DANGEROUS AND
POSSIBLY LETHAL ELECTRICAL SHOCK.

4. Remove the manual transfer handie from the
enclosure.

5. Place open end of the manual transfer handle over
transfer switch operating lever.

6. To connect "Load" terminal lugs to the "Standby"
power source, move the handle upward.

7. To connect "Load" terminals to the "Utility" power
source, move the handle downward.

8. Actuate the switch to "Utility” and to "Manual" several
tin?els. Make sure no evidence of binding orinterference
is felt.

9. 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-off-manual
switch to "Off".

2. Turn OFF the "Utility" power supply to 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 "Off"
or "Open".

DANGER: BE SURE TO TURN OFF ALL POWER
VOLTAGE SUPPLIES TO THE TRANSFER
SWITCH BEFORE ATTEMPTING MANUAL
OPERATION. FAILURE TO TURN OFF POWER
VOLTAGE SUPPLIES MAY RESULT IN
DANGEROUS AND POSSIBLY LETHAL
ELECTRICAL SHOCK.

4. Remove the manual transfer handle from the
enclosure.
5. Attach the handle opening over the square shaft at
lower right corner of transfer mechanism.
6. Move the handle upward. When movement stops
(main contacts at "Neutral"), return handle to its original
position and actuate again.
7. Observe the changeover display on the transfer
mechanism as follows:
a. If the "Utility" arrow is aligned with the green band,
"Load" 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 evidence of
binding, sticking, etc.
9. When certain the transfer switch works properly,
actuate the main contacts to their "Utility" position
("Load" connected to "Utility" source.

4

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

o o
m—
=T MANUAL
P] TRANSFER
= HANDLE
TRANSFER
SWITCH
| OPERATING
LEVER
O O

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"

C. COMPLETE TRANSFER D. CHECK CHANGEOVER
ACTION DISPLAY

SWITCH
POSITION

STANDBY >\

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 circuit 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 terminals N1
and N2. On 3-pole switches, check across terminals N1
and N2;terminals N2 and N3;terminals N3 and N1. The
voltage must be correct and compatible with rated
transfer switch voltage, as listed on the transfer switch
DATA PLATE.

3. When certain that "Utility" source voltage is correct
and compatible, set the generator's auto-off-manual
switch to "Off".

4. Turn OFF the "Utility" power supply to the transfer
switch.

5. Check that the generator's main line circuit breaker
is set to "On" or "Closed".

6. On the generator panel, set the auto-off-manual
switch to "Manual”. The engine should crank and start.
7. Let the 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 voltmeter to check line-to-line
voltage across terminal lugs E1 and E2 (2-pole units).
For 3-phase systems, check line-to-line voltage across
terminals E1-E2; across terminals E2-E3; across ter-
minals E3-E1. Rated generator voltage should be indi-
cated and must be compatible with the transfer switch
rated voltage.

9. Use an accurate AC frequency meter to check for
proper frequency. Connect the frequency meter test
leads across terminal E1 and the "Neutral” block. Fre-
quency at no-load should be about 61-63 Hertz.

10. After all voltage and frequency measurements have
been completed, set the generator's main circuit
breaker to its "Off" or "Open” position.

NOTE: Do NOT proceed until generator AC output voltage
and frequency are correct. If no-load voitage and frequency
are both correspondingly high or low, the engine governor
may require adjustment. If AC frequency is good, but AC
voltage is high or low, the AC voltage regulator may require
adjustment.

Generator Tests Under Load

1. Set the generator's main line circuit breaker to "Off"
or "Open".

2. Set the auto-off-manual switch to "Off".

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., "Load" connected to the
"Standby"” source.

5. Set the auto-off-manual switch to "Manual". The
engine should crank and start. When it starts, let it
stabilize and warm up for a few minutes.

6. Actuate the generator's main circuit breaker to its
"On" or "Closed" position.

7. Turn ON electrical looads equal to the full rated
wattage/amperage capacity of the generator. DO NOT
OVERLOAD THE UNIT.

8. With maximum rated load applied, check AC voltage
and frequency across transfer switch terminals E1/E2
(1-phase) or across E1/E2/E3 (3-phase). Voltage
should be greater than 230 volts AC. Frequency 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 cooiant ieaks, etc.

10. When checkout under load is completed, set the
generator'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 "Off" to stop the
engine.

12. Make sure all power supplies to the transfer switch
are turned OFF. Then, actuate the transfer switch back
to its "Utility" position ("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 set for fully automatic operation.

Testing Automatic Operation

1. Set the generator’s auto-off-manual switch to "Off".
2. Turn OFF both the "Utility" and "Standby" power
supplies to the transfer switch.
3. If necessary, manually actuate the transfer switch
main contacts to their "Utility" position, i.e., "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 to its
"On" or "Closed" position.
6. Set the generator's auto-off-manual switch to its
"Auto" position.
7. Turr‘n OFF the "Utility" power supply to the transfer
switch.
a. The generator engine should crank and start.
b. After the CMA board's "engine warmup timer" has
timed 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
"Utility" source should occur.
b. After an "engine cooldown timer" (1 minute) has
timed out and after any time remaining on an "engine
minimum run timer" has elapsed, the engine should
shut down.

NOTE: The "engine minimum run timer™ comes on during
startup in automatic mode. Engine must run for about 13
minutes before it can be shut down automatically. The timer
prevents shutdown of a cold engine. Engine can be shut
down manually at any time.
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Section 8.2

ADJUSTMENTS- AIR COOLED UNITS

The 7-Day Exercise Cycle

The engine-generator will start every seven (7) days,
on a day and at a time of day selected by the owner-
operator. The unit will run for a few minutes and then
shut down.

A Set Exercise Time toggle switch is provided on the
generator console. Use the switch to select day and
time of day for exercise, as follows:

« Place the Auto-Manual-Off switch to "Off".
« Place the Set Exercise Time switch to "On" and
hold for 5 seconds.

«  Wait 30 seconds, then place the auto-manual-off
switch to "Auto”. The generator will now start and
exercise every 7 days at the preset time.

NOTE: Failure to wait 30 seconds may result in engine
startup. Ifthe engine does start, it will shut down automatically
within about 2 minutes.

s , N\
m

SET @ O

EXERCISE *

g <

F

\& )

Figure 1. Location of Set Exercise Time Switch

Adjusting the Engine Governor

DISCUSSION:

The generator’'s AC frequency output is directly
proportional to the driven speed of the rotor. A 2-pole
rotor (having a single north and a single south magnetic
pole) will produce an AC frequency of 60 Hertz at 3600
mpm. A 4-pole rotor (with 2 north and 2 south poles) will
provide 60 Hertz at 1800 rpm.

Because the generator is equipped with a "voltage-
over-frequency” type AC voltage regulator, the unit's
AC output voltage is generally proportional to AC fre-
quency. 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 output.

DANGER: ADJUSTMENT OF THE ENGINE
GOVERNOR SHOULD BE ACCOMPLISHED [N
TWO STAGES. FIRST, COMPLETE THE STATIC
ADJUSTMENT. THEN, PERFORM ADJUST-
MENTS WITH THE ENGINE RUNNING. FAILURE
TO COMPLETE THE STATIC ADJUSTMENT
COULD RESULT IN OVERSPEEDING THE EN-
GINE WITH POSSIBLE RESULTANT INJURY TO
PEOPLE OR DAMAGE TO THE ENGINE-GEN-
ERATOR.

PROCEDURE:

A. The Static Governor Adjustment

1. The static governor adjustment MUST be com-

pleted after any disassembly and before starting and

operating 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 until the throt-
tle is wide open. DO NOT USE EXCESSIVE
FORCE.
¢. While holding the GOVERNOR LEVER in the
"wide open throttle" position, insert a screwdriver
into the slotted end of the GOVERNOR 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
GOVERNOR 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 GASEOUS
FUEL LOAD BLOCK ADJUSTMENT SHOULD
BE COMPLETED.

1. Inspect the ANTI-LASH SPRING. Make sure it is
not broken or disengaged.

2. Connect an accurate AC frequency meter across
the generator's AC output leads.
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Adjusting the Engine Governor (Con-
tinued)

3. Start the generator, let it stabilize and warm up at
no-load (all electrical loads disconnected).
4. Forunits rated 60 Hertz, turnthe ADJUSTER NUT
to obtain a frequency reading as close as possible to
62 Hertz. On units rated 50 Hertz, 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 close as possible to the generator's
full rated wattage/amperage capacity.
b. Check the amount of frequency droop when
electrical loads are turned on.
(1) If frequency droops below about 59 Hertz
when loads are applied, disconnect the electri-
cal loads. Then, move the GOVERNOR
SPRING in the ADJUSTMENT BRACKET
closer to the ANTI-LASH SPRING.
(2) After repositioning the GOVERNOR
SPRING in the ADJUSTMENT BRACKET,
reset the ADJUSTER NUT to obtain a no-load
AC frequency as close as possible to 62 Hertz.
(3) Apply electrical loads again and recheck
frequency droop.
¢. Disconnect electrical loads and note whether
excessive "hunting” occurs when the loads are
disconnected.
6. Repeat the above procedures untit:
a. No-load speed is as close as possible to 62
Hertz.
b. Excessive droop does not occur when loads are
applied.
¢. Excessive "hunting" does not occur when loads
are disconnected.

Voltage Regulator Checks and Adjust-
ments

GENERAL:

For additional information on the prepackaged AC
voltage regulator, see "Other AC Generator Com-
ponents” in Section 2.1 (Page 2.1-3).

ADJUSTMENT PROCEDURE:

1. Start the generator engine, let it stabilize and warm
up at no-load.
2. Note the frequency reading. The no-load frequency
should be as close as possible to 62 Hertz (61-63
Hentz).
a. If necessary, adjust the engine governor to obtain
ano-!oad speed that is as close as possible to 62
ertz.

b. Do not attempt voltage regulator adjustments until
the engine is running at the correct no-ioad speed.
3. Slowly turn the slotted potentiometer on the AC
voltage regulator (Figure 3) until the generator's line-
to-line voltage reads as close as possible to 248 volts

AC (244-252 volts).
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IDLE STOP SCREW
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Figure 2. Engine Governor Adjustment

Al

Figure 3. The AC Voltage Regulator

Load Block Adjustments

TOOLS REQUIRED:

The following are required to adjust the gaseous 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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SECTION 8.2

ADJUSTMENTS- AIR COOLED UNITS

Load Block Adjustments (Continued)

IF NATURAL GAS IS USED:

1. On the generator panel, set the auto-off-manual
switch to "Off".

2. Turn OFF the "Utility" power supply to the transtfer
switch using whatever means provided (such as a
"Utility" main line circuit breaker).

3. Set the generator’s main line circuit breaker to its
"Off" or "Open" position.

DANGER: DO NOT PRCCEED TO STEP 4 UNTIL
ALL POWER VOLTAGE SUPPLIES TO THE
TRANSFER SWITCH HAVE BEEN POSITIVELY
TURNED OFF. ANY ATTEMPT TO OPERATE
THE TRANSFER SWITCH MANUALLY WHILE
POWER VOLTAGES ARE AVAILABLE MAY
RESULT IN HAZARDOUS AND POSSIBLY
DEADLY ELECTRICAL SHOCK.

4. Manually actuate the transfer switch main contacts
to their "Standby"” position, i.e., "Load" connected to the
"Standby" power supply.
5. Turn ON electrical loads equal to about 13.5 amperes
at 240 volts or 27 amperes at 120 volts.
6. Complete initial adjustment of the load block as
follows (Figure 4): .
a. Loosen the LOAD BLOCK LOCK NUT.
b. Turn the SLOTTED ADJUSTMENT and LOAD
BLOCK IDLE ADJUST clockwise until they just bot-
tom. DO NOT FORCE.
c. Turn the LOAD BLOCK IDLE ADJUST
counterclockwise one-half (1/2) turn.
d. Turn the SLOTTED ADJUSTMENT counterclock-
wise one and one-half (1-1/2) turns.
7. Connect an accurate AC frequency meter across
transfer switch terminal lugs E1 and E2.
8. Set the auto-off-manual switch to "Manual". The
engine should crank and star.
9. Let the engine stabilize and warm up for a few
minutes.
10. If the engine runs rough, slowly turn the SLOTTED
ADJUSTMENT clockwise until a maximum frequency
of 62 Hertz 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 turned
on in Step 5. To apply the loads, simply set the gener-
ator's main line circuit breaker to "On" or "Closed".
12. With the prescribed electrical load applied, 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 Hertz, back out the
SLOTTED ADJUSTMENT three (3) full turns. Hold that
adjustment and tighten the LOAD BLOCK LOCK NUT.
The main fuel setting is now correct.
14. Set the generator's main line circuit breaker to its
"Off" or "Open" position. Step 15 must be accomplished
with the engine running at no-load.
15. Adjust the LOAD BLOCK IDLE ADJUST until en-
gine is running smoothly at 62 Hertz. Idle setting at this
point is complete.

LOAD BLOCK
LOCK NUT

LOAD BLOCK
IDLE ADJUST

Figure 4. Load Block Adjustments

IF LP (PROPANE) GAS IS USED:

1. On the generator panel, set the auto-off-manual
switch to "Off".

2. Turn OFF the "Utility" power supply to 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 its
"Off" or "Open" position.

DANGER: DONOTPROCEED TO STEP 4 UNTIL
ALL POWER VOLTAGE SUPPLIES TO THE
TRANSFER SWITCH HAVE BEEN POSITIVELY
TURNED OFF. IF POWER VOLTAGE SUPPLIES
ARE NOT TURNED OFF, DANGEROUS AND
POSSIBLY LETHAL ELECTRICAL SHOCK MAY
RESULT WHEN ATTEMPTING MANUAL
TRANSFER SWITCH OPERATION.

4. Manually actuate the transfer switch main contacts
to their "Standby" position, i.e., "Load" connected to the
"Standby" source side.
5. Turn on electrical loads equal to about 25 amps at
240 volts; or 50 amps at 120 volts.
6. Complete initial adjustment of the load block as
follows (Figure 4):
a. Turnthe SLOTTED ADJUSTMENT and the LOAD
BLOCK IDLE ADJUST clockwise until they are 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 IDLE ADJUST
counterclockwise one-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 to "Manual". The
engine shouid 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 until a maximum frequency
reading of 62 Hertz is reached. DO NOT EXCEED 62
HERTZ.

11. Now, apply the load of 25 amperes at 240 volts, or
50 amperes at 120 volts. These loads were turned on
in Step 5. To apply the loads, set the generator's main
line circuit breaker to "On" or "Closed".

12. With the electrical load applied, slowly turn the
SLOTTED ADJUSTMENT until a reading of 62 Hertz is
obtained. DO NOT EXCEED 62 HERTZ.

13. With the engine running at 62 Hertz, turn the
SLOTTED 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 generator’'s main
line circuit breaker to its "Oft" or "Open"” position.

15. Turnthe LOAD BLOCK IDLE ADJUST slowly clock-
wise and counterclockwise until engine runs smootly at
62 Hertz (no-load).

Adjusting Drive Belt Tension

The engine and generator are mounted vertically and
side-by-side. A drive belt 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 only when (a) a new belt is installed,
or (b) belt tensioning hardware has been removed or
replaced. Adjust drive belt 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 (16mm).

Page 8.2-4
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\‘ STATOR CAN

0.62 INCH

REAR BEARING CARRIER B2 )
MOUNTING BASE [777777772

NYLON SLIDE SUPPORT EESSTTRSITS
NYLON SLIDE (NN

Figure 5. Drive Belt Tension Adjustment
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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 a day and at a time of day selected
by the installer 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 to be selected. To
select the day and time of day for the system to exer-
cise, proceed as follows:

o tFi’(l)e%‘ce the auto-off-manual switch to its "Off" posi-

» Holdthe set exercise time switch at its "On" position
for about five (5) seconds.

«  After five _secgrfwds, release the set exercise time
switch to its "Oft" position. Wait 30 seconds, then
place the auto-off-manual switch at7 "Auto”. The
generator.wull exercise every seven (7) days at the

elected time.

NOTE: Failure to wait 30 seconds before placing the auto-off-
manual switch to "Auto™ may result in engine cranking and
startup. If the engine does crank and stan, it will shut down
automatically within about two (2) minutes.

Engine Governor Adjustment

GOVERNOR DESCRIPTION:

The mechanical, centrifugal type governor utilizes
spring tension versus centrifugal force to maintain a
steady state operating speed regardless of the load on
the engine. When centrifugal force acting on a set of
flyweights exceeds governor spring tension, flyweight
force will decrease carburetor throttle setting 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
battery charge alternator which maintains battery state
of charge during operation.

GOVERNOR LUBRICATION:

Remove OIL FILLER PLUG and OIL LEVEL CHECK
PLUG. Add engine oil through OIL FILLER PLUG open-
ing until oil just starts to drain from the OIL LEVEL
CHECK PLUG opening. Install and tighten both plugs.

l" VOLTs ~ !l

=1 EXERCISE
— TIME
—

DC VOLTS

FAULT
AUTO INDICATOR

A M

Qil Filler Plug

Oil Level Check Plug’

Figure 2. Governor Oil Servicing Points
GOVERNOR LEVER TO CARBURETOR LINK:

When installing the governor lever to carburetor
linkage, adjust the rod length to 4-3/8 inches (measured
between ball joint centerlines).

Figure 1. The "Set Exercise Time" Switch

4-3/8 inches
11.1em

Figure 3. Governor Lever to Carburetor 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 line-to-line frequency.

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. Start the engine, let it stabilize and warm up for a few
minutes.

4. With engine running at no-load, adjust the NO-LOAD
SPEED ADJUST SCREW to obtain a frequency read-
ing as close as possible to 61.5 Hertz (60 Hertz units);
or to 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
Hertzs (50 Hertz units).

6. Apply an electrical load to the generator that is as
close 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 Hertz with load ap-
plied for 60 Hertz units, or below about 49 Hertz with
load applied for 50 Hertz units, adjust the DROOP
ADJUSTMENT downward. Adjust the DROOP AD-
JUSTMENT until application of electrical loads results
in the smallest possible frequency droop when load is
applied. :

8. If surging occurs when electrical loads are discon-
nected, adjust the NO-LOAD BUMPER SCREW in-
ward. If BUMPER SCREW adjustment changes the
frequency reading, back the NO-LOAD BUMPER
SCREW out until the no-load frequency returns to 62
Hertz (60 Hertz units); or to 51 Hertz (50 Hertz units).

SECTION 8.3

ADJUSTMENTS- LIQUID COOLED UNITS

Voltage Regulator Adjustment

GENERAL:

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 PROCEDURE:

1. Connect an accurate AC voltmeter and frequency
meter across the generator's AC output leads. Read-
ings of line-to-line voltage may be used.
2. Start the engine, let it stabilize and warm up at
no-load.
3. Check the AC frequency reading. Frequency should
be as close as possible to 62 Hertz (61-63 Hertz) at
no-load. Adjust the engine governor, if necessary.
4. With engine running at correct speed (frequency),
slowly turn the slotted potentiometer on the regulator to
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 possible to
248 volts (244-252 volts).
b. For units rated 120/208 volts AC, the no-load
line-to-line voltage should be as close as possible to
215 volts (212-218 volts).

NOTE: The no-load voltage is generally proportional to AC
frequency. For units rated 240 volts, the no-load (line-to-line)
vo/ta(z]ge at 62 Hertz will be approximately 248 volts. For units
rated 120/208 volts, the no-load (line-to-line) voltage will be
about 215 volts.

To Carburetor

NO LOAD BUMPER SCREW—{1{]

Oil Level Check Piug

DROOP ADJUSTMENT

Oil Filler Plug
“

L
NO LOAD SPEED ADJUST SCREW

Figure 4. Engine Governor Adjustment Points
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Voltage Regulator Adjustment (Con-

SECTION 8.3

ADJUSTMENTS- LIQUID COOLED UNITS

tinued) :
O\
s m }
® -
VOLTAGE ADJUST
POTENTIOMETER
A )
oS

GREEN UGHT\

o)

'J .

*momm @ Vmax

PHASE SEQUENCE
& LOSS MONITOR l

190-270 VAC
30, 50-60 HZ

|
— ¥

1

111817

MEEI

Figure 5. Voltage Regulator

Adjustment of 3-Phase Power Monitor

DISCUSSION:

This device (Figure 6) is used on 3-phase, "Y-Type"
prepackaged transfer switches. It senses "Utility"
power source voltage in all three (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 monitor contacts and loss of "Utility" voltage
sensing to the CMA circuit board. CMA circuit board
action wiil then initiate generator startup and transfer of
"Loads" to the "Standby" power supply. The device is
rated 5 amperes at 240 volts AC.

The power monitor is equipped with a green light
which is normally on, but goes out on loss of one or
more of the 3-phase lines. A slotted voltage dropout
adjustment is provided and is adjustable from 190-270
volts AC. The adjustment is linear.

When the adjustment is turned fully counterclock-
wise to "Min", the power monitor will de-energize and
its contacts will open at about 190 volts AC.

When turned fully clockwise to "Max", it will de-ener-
gize and its contacts will open at about 270 volts AC.

When set to its "mid-position”, the unit will de-ener-
gize and its contacts will open at approximately 230
volts AC.

Figure 6. The 3-Phase Power Monitor
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"Y-TYPE" TRANSFER SWITCH

200 AMP, 2-POLE (DRAWING 74498)
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SCHEMATIC DIAGRAM WIRING DIAGRAM
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"Y-TYPE" TRANSFER SWITCH

100/200 AMP, 3-POLE (DRAWING 74499)
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"V-TYPE" TRANSFER SWITCH
100 AMP, 2-POLE (DRAWING 81222)
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WIRING DIAGRAM (DRAWING 76049
1-PHASE, LIQUID COOLED GENERATOR

ELECTRICAL DATA
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PART 9

SCHEMATIC (DRAWING 76062)

1-PHASE, LIQUID COOLED GENERATOR

ELECTRICAL DATA
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PART 9 WIRING DIAGRAM (DRAWING 76066)
ELECTRICAL DATA 3-PHASE, LIQUID COOLED GENERATOR
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SCHEMATIC (DRAWING 76058)

3-PHASE, LIQUID COOLED GENERATOR

ELECTRICAL DATA

PART 9
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WIRING DIAGRAM (DRAWING 79961)
LIQUID COOLED ENGINE (GASOLINE)

ELECTRICAL DATA

PART 9
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PART 9
ELECTRICAL DATA

SCHEMATIC (DRAWING 79962)
LIQUID COOLED ENGINE (GASOLINE)
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- ENGINE HEATER
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WIRING DIAGRAM (DRAWING 76045)
LIQUID COOLED ENGINE (GASEOUS FUEL)

ELECTRICAL DATA

PART 9
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TO CONTROL. PANEL
TERMINAL STRIP

SCHEMATIC (DRAWING 76046)

LIQUID COOLED ENGINE (GASEOUS FUEL)
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PART 9 ELECTRICAL DIAGRAM (DRAWING 77042)
ELECTRICAL DATA AIR COOLED ENGINE UNIT
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