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IMPORTANT SAFETY NOTICE

Proper service and repair is important to the safe, economocal and reliable operation of all standby electric power
systems. The troubleshooting, testing and servicing procedures recommended by Generac and described in this manu-
al are effective methods of performing such operations. Some of these operations or procedures may require the use of
specialized equipment. Such equipment should be used when and as recommended.

It is important to note that this manual contains various DANGER, CAUTION, and NOTE blocks. These should be
read carefully in order to minimise the risk of personal injury or to prevent improper methods or practices from being
used. Use of improper or unauthorised practices may damage equipment or render it unsafe. The DANGER, CAUTION
and NOTE blocks are not exhaustive. Generac could not possibly know, evaluate and advise the service trade of all
concceivable ways in which operations described in this manual might be accomplished or of the possible hazardous
consequences of each way. Consequently, Generac has not taken any such broad evaluation. Accordingly, anyone
who uses any troubleshooting, testing or service procedure that is not recommended by Generac must first satisfy him-
self that neither his safety nor the equipment's safety will be jeapordised by the procedure or the method he selects.

LIST OF CHANGES ~

This manual has been revised, corrected or changed as listed below. The manual's current revision date is located
on the lower left corner of the front cover. ) |

0 Revision 1 (10/31/92): Added section 1.5, “Mechanical Engine Governors”; Section 1.6, “Electronic Engihe
Governors”; and Section 1.7, “Diesel Engine Governors”.

O Revision 2 (05/08/93): Revised Section 1.2, :Types of Stator Connection Systems” to reflect new Voltage cbdes.

0 Revision 3 (10/02/93): Added Sections 3.6, "Permenant Magnet Generators”, and 3.7 “Testing PMG Units”. Also
added Section 11.7, “Inphase Monitor Control”.

0 Revision 4 (11/07/96). Added “Stepper Motor Governor” to Section 1.6, updated Section 3.6 “PMG’s”, added
Section 7.6 “18 Lamp Annunciator”, and updated Section 11.7 “Inphase Monitor Control”.

NOTICE:
A “Technical Publications Catalog” P/N 91021 is available which lists other Diagnostic, Repair, and Parts manuals,

including Engine Repair and Generator Installation information. This catalog and any other manuals can be ordered
through your regular source of Generac Parts.
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SECTION 1.1
Section 1.1
STANDBY GENERATOR IDENTIFICATION
Introduction
Generac standby generators are often unique products )

which have been engineered and designed to the
specifications of a specific buyer. Differences in design,
ratings, attached options and accessories, etc., may
exist between units.

To aid in the proper identification of each generator set,

the following have been provided at the factory:

*+ ADATAPLATE has been prominently affixed to the
generator.

* One or more DATA CARDS have been shipped
with each unit.

Data Plate

See Figure 1. The typical data plate shown lists valu-
able information pertaining to the standby generator,
including Model Number, Serial Number, rated voltage
rated maximum continuous current (amperes), Kva
rating, phase, rated AC frequency, rpm, and kilowatts.

[ ALTERNATOR DATA

mooeL 3 kva [ ]
semaL [ ] puase[ ]
voits [ ] HERTZ
AMPS [:) RPM
RS 1 w [ ]

CLASS F WINDING INSULATION AT 40" C.

WAGRESHROWr

45452 MADE IN U.S.A.

. J

Figure 1. A Typical Data Plate

GENERATOR IDENTIFICATION CODE

S G .04 1 6 57 N 18 - Y Y Y
W s mamm am v N g W T Ir L p
L} * UNITHAS A
MAIN CIRCUIT BREAKER
‘ ﬂ *  SHIPPED WITH AN
EXHAUST MUFFLER
- ¢« SHIPPED WITH
A COMPARTMENT
* D= DIRECT EXCITED
B= BRUSHLESS
P © CONTROL CONSOLE
OPTION (A, B, COR P)
P « HOTOR RPM IN 100'S
- wfp * N=NATURAL GAS
L= LP GAS (PROPANE)
D= DIESEL
P« ENGINE DISPLACEMENT
IN LITERS
$ * FREQUENCY
6= 60 HERTZ
5= 50 HERTS
= * PHASE (1 OR3)
$ ° VOLTAGE CODE
m—gp *+ RATED KILOWATTS
S gy +  G= GAS ENGINE
D= DIESEL ENGINE
S= STANDBY

4’-
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The Data Card

One or more DATA CARDS are shipped with each
standby generator set. When ordering parts or request-
ing information, you may be asked to provide informa-
tion from this card.

The card provides important information peculiar to
each unit. Included on the card are the following:

* The unit's MODEL NUMBER.
J The date of manufacture.

* A "Generator Identification Code"- This code is
explamed by means of a diagram on Page 1.1-1.
¢ A "Group-Description-Assembly Number" listin

which includes al ma;or assem hes that make u
the generator set. The " assem numbers refer
to the various exploded views t make up each
major assembly.
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GENERAC CORP

MODEL NO. 91A01256S

GROuUP
A

O Mmoo o

DESCRIPTION
Generator
Control Panel
Mounting Base
Engine & Accy.
Fuel System
Wiring Diagfam

DATE 5/09/91
SG012-A161.2N18CDYNY
ASSEMBLY NUMBERS
00000 00000
00000 00000 00000
00000 00000
00000
00000
00000 00000 00000

Figure 2. A Typical Data Card
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Section 1.2

TYPES OF STATOR CONNECTION SYSTEMS

General
Generac standby generators may be equipped with any

one of several different stator configurations. The electrician .

who installs a standby generator, as well as generator service

technicians, must be familiar with these different stator con- -

figurations and the various stator connection systems.

You may wish to review the "Generator ldentification '

Code* in Section 1.1. A "Voltage Code", which identifies the

generator's rated AC output voltage, is part of that identifi- .

cation code. Also included in the Code are a "Phase” and a
*Frequency"” designator.

NOTE: Stator connectlon system Information In this sec-

tion applies to standby generators rated at up to 125 kW.
For units rated 125 kW and higher, refer to Part 4, "MAR- .

ATHON AC GENERATORS".

The Generator AC Connection Panel

Typically, the generator's AC connection panel (Figure 1)
is that enclosure directly below the control panel. it is often
called the “lower panel®. All of the stator's AC output leads
are routed-into this panel. Electrical connections in the panel
should be made in accordance with the appropriate "connec-
tion diagram“. Use the diagram that is appropriate for the
number of leads and the voltage range required.

2-WIRE
AMMETER START
TRANSFORMERS TERMINALS
AC
CIRCUIT
BREAKER
-
STATOR| |
LEADS

Figure 1. Generator AC Connection Panel (Typical)

NOTE: The final voltage setting Is established within the
desired range by adjustment of the voitage regulator.
Some generators may have multiple, identically marked
cables for each lead. Connect all identically marked ca-
bles together.

. Types of AC Connection Systems ‘
' VOLTAGE RATED NO. OF NO. OF TYPE OF

CODE VOLTS PHASE HERTZ WINDINGS LEADS | STATOR CONNECTION SYSTEM
A 120/240 1 60 2 4 Dual voltage, 3-wire, 1-phase
B* 120/208 3 60 6 12 Low (Parailel) Wye
c 240/416 3 60 6 12 High (Series) Wye
D** 120/240 1&3 60 6 12 Delta
G 120/208 3 60 6 12 Low (Parallel) Wye
H 240/416 3 60 8 12 High (Series) Wye
J | 120/240 3 60 6 12 Delta
K 277/480 3 60 6 12 High (Series) Wye
L 600 3 60 8 4 Wye Connected
M 110/220 1 50 é 4 Dual voitage, 3-wire, 1-phase
N 115/200 3 50 6 12 Low (Parailel) Wye
P 100/200 3 50 6 12 Deita
R 231/400 3 50 3 12 High (Series) Wye
] 480 3 50 6 12 Wye Connected
———

* Volitage Codes “B" and “C" are obsolete but were used

prior to 1988.

** Stators with Voltage Code "D" can supply 1-phase
output at up the full rated capacity of the generator, but

' cannot be reconnected to 277/480 voits (High Wye).
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Dual Winding 1-Phase Stators

See Figure 2. Units with Voltage Codes "A*® and "M" are
equipped with stators having dual windings. Two leads are
brought out of each winding and routed into the AC connec-
tion (lower) panel, for a total of four (4) leads. The leads are
numbered 11, 22, 33 and 44. Leads 11 and 44 become the
two "Hot" leads (E1 and E3). The junction of leads 22 and 33
forms the “Neutral® connection (00).

Each stator winding can supply a 120 volts AC output at
60 Hertz (or a 110 volts AC output at 50 Hertz). When the two
windings are connected in series, a 240 volts, 60 Hertz (or
220 volts, 50 Hertz) AC output results.
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_7 -
VOLTAGE -
L-L; L-N| conNecT | L1 L2|L3{ NEUTRAL
3so| 219 | sto-s11-812
a16|. 240
60 | 440 254 S5-S8 E1] E2| 3| s10-511-512
Hz|460| 266
aso| 277 $6-S9
50 |380| 219 $4-S7
M 48| 250
__—A—

1 4

1 4

beg—120 vOLTS 120 VOLTS —P»
00
M————— 240 VOLTS ————P4
E1 E2

Figure 2. Dual Winding, 1-Phase Stator System

Parallel Wye or Low Wye Stator
Low Wye or Parallel Wye type stators (Figure 3) have six
windings and twelve (12) leads coming out into the AC
connection (lower) panel. This type of stator can be used to
supply the 3-phase voitages indicated in the following

CHART.
| o ——————— A ————
VOLTAGE
CCTLC-N| CONNECT L1| L2] L3| NEUTRAL
1901 110| S10-S11-S12
208 | 120 $4-55-S6
60]220| 127
Hﬂ 230 | 133 $1-87 E1| E2| E3] S$10-S11-S12
240 | 139 $4-85-S6
50[190 } 110 S$2-S8
HZ1 200 | 115
208 | 120 $3-S9
_J-

High Wye or Series Wye Stator
See Figure 4. This type of stator has six (6) windings and
twelve (12) leads brought out into the AC connection (lower)
panel. This configuration is used in units with Voltage Codes
"C", "H", "K" and "R" (see CHART on previous page). The
following CHART indicates how the 12 leads are connected
to form L1, L2, L3 and Neutral.

s7 s1 .
10 s4 Lt
$12 ss
s9 s6 S11 s2

Ly L2
S3 S8
L-N—’—l

T

s2
L3 L-N ;_Il L2

Figure 4. Series Wye (High Wye) Stator

Delta Stators
This type of stator has six (6) windings and twelve (12)
leads coming out. See Figure 5. The stator can be used to
supply the voltages indicated in the following CHART.

2

~



PART 1
SECTION 1.2
A
VOLTAGE
L-L L-N | CONNECT | 1] L2|L3] NEUTRAL
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60 240 120 _gg_g_
HZ|277 139 | -

— 8559 | E1|E2]|E3 $5-S8
0 TOW -
HZ|220 110 [—SZSTZ]
240 220 [ SIS0 |

LlIIIllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

L1512

s2
ss/g ‘%\ss
$8 S6 Lt

ST, A A A | AAA A ssv

LY s4

Figure 5. High Delta Connection System

NOTE: Units with Voltage Code “D* are equipped with a
High Delta stator configuration, but are speclally wound
to supply the unit’s full rated capacity when connected
for a 120/240 volts, 1-phase AC output.

Low Delta Connection System
The 12-lead generators can be reconnected to forma "Low
Delta® connection system, shown in Figure 6.

VOLTAGE

| . CONNECT L1jL2fL3
60 {120 §1-5§7-56-S12
HZ|139

$2-S8-S4-S10| E1| E2| E3
50 1100
HZ|120 §3-§9-85-511
L

The Zig Zag Connection System
Units with twelve lead, reconnectable stators can be re-
connected to form a "Zig Zag" system, shown in Figure 7.

L

L s11
r

Figure 6. Low Delta Connection System

P
VOLTAGE
C CONNECT L1 L2 NEUTRAL
S3-S9
aoz 120/240 $1-56-§7-S12 | E2| E3 S4
§2-S8
$4-S10-S5-S11
— I

N S5 : :: : ]S2 Ly
S11 S8

-4 120V >

120V

Y

240V

Figure 7. Zig Zag Connection System

Muilti-Voltage Changeover Boards
On some generator models, multi-voltage changeover
boards are used for quicker changeover from one connection
system to another. Referto Part 7, "GENERATOR OPTIONS
& ACCESSORIES".
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Section 1.3

STANDBY ELECTRIC SYSTEM FAMILIARIZATION

Introduction

The purpose of a standby electric power systemiis to
supply electrical power for the operation of critical
electrical loads in the event of a utility power failure or
dropout of that power source below an acceptable
level.

Standby electric power systems have long been '
used as sources of emergency electrical power in .

hospitals, schools, airports and other public buildings.

Use of such systems is spreading rapidly, making it an |
absolute necessity that all who are invoived with such
systéms be thoroughly familiar with standby system .

products and their application.

The rapid increase in the use of such systems is .
primarily due to three factors. First, the increase in
dependence on electricity (coupled with costly electri- -
cal blackouts and brownouts) has dramaticaily in-

creased the need for such systems. Second, the trend

toward automation in manufacturing facilities has in-
creased steadily. Any down time in such facilities

means very expensive loss of production. And third,
such systems are being used more frequently in less
critical applications as building and safety codes be-

come stricter (for example, the requirement that '
elevators in high rise buildings remain operable in the -

event of a fire).

New developments in the design and application of

standby electric systems are constantly surfacing. In
addition, new problems are being created by the more
sophisticated electrical systems of today. As standby
generators, transfer switches, and other standby sys-
tem components are called upon to do more and more,
and as accessories and components become more and
more varied, selection of the proper components for
any particular application becomes more difficuit.

Installation Manual

An "Installation Manual for Standby Electric Power
Systems” is available from Generac -Corporation. To
order, specify Manual Part No. 46622,

A Simple 'Standby Electric Power System

A simple standby electric power system is shown
schematically in Figure 1. The UTILITY and STANDBY
power supplies are both connected to a transfer switch,
as well as the LOAD circuits. Use of an approved
transfer switch is required by electrical code. The trans-
fer switch serves the following purposes:

*  When UTILITY source power is available, the
ﬁgrtch must connect that source to the ﬂerctn%%l
AD circuits to be powered. When ILI

gc%_wer is not available, the switch must connect the
LOQSgBY power supply to critical electrical

i

i

* The transfer switch must positively prevent the
,UTILATI Snd STANDBY power supplies from feed-
ing the LOAD simuitaneously.

+ The transfer switch must positively isglate the
bui?din electrical ¢ircuits 1ro?nthe EJ:FILT"?\? wer

lines while LOAD circuits are being powered by the
STANDBY source.

- — - >
-t ~ o W
< l | o~ Zw
I& - wo
s =0 *—0 &— 2
00 1 . w2
4] 19)
| “w
«
w
T -
FE ~ .
=33 o o— 2
av-\n 3

r)

Figure 1. Schematic- Simple Standby Electric System

Methods of Isolation

Either of two different isolation methods may be used
in a standby electric system. These may be called (a)
the emergency circuit, or {b) the total circuit isolation
methods.

EMERGENCY CIRCUIT ISOLATION METHQOD:

See Figure 2. This method of isolation employs both
a MAIN and an EMERGENCY distribution panel. Criti-
cal, essential electrical loads within the wat-
tage/amperage capacity of the generator are grouped
together and wired into the emergency distribution
panel. Only those electrical loads that are fed by the
emergency panei are supplied when the standby gen-
erator is running. Use of this type of isolation method
will help avoid overloading the standby generator. The
installed transfer switch must meet the following re-
quirements:
* The transfer switch must have an ampere ratin

equal to or greater than the total ampere rating o
the emergeficy distribution panel load circuits.

* The transfer switch must be installed between the
buidling’s main distribution panel and the emergen-
¢y distiibution panel.

TOTAL CIRCUIT ISOLATION METHOD:

Only one electrical distribution panel is used in this
type of installation. To prevent overloading the standby
generator, non-essential electrical loads must be
turned off. The following rules apply:

+ The ampere rating of the installed transfer switch

must equal or exceed the ampere rating of the
normal incoming utility service.

"« Switch must be installed between the utility power

supply service entrance and distribution panel.
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Methods of Isolation (Continued)
PN .
TO POWER LINE
WATT-HOUR MASTER SWITCH
METER POWER RETURN
e N e
r—+Tt+- MAIN DISTRIBUTION WATYT-HOUR
0V ﬁ' (FUSE) PANEL METER
RANGE
v I ™
O I
T0 —n—p A 1o
WATER — AR M
HEATER —-‘I \- j—\—— conoimonen r=n |
T"v—« T \'I ! MANUAL
._._/\,.Il 10 - | ;nmgren
—y STANDBY —p— | | | SwitCH ©
ALT (SHOWN IN
L Jddt—+ ERNATOR | : | NORMAL
POSITION
=y o R
—-—- - = N
r 1 powen RETURN ’
i f SIGNAL LIGHT __
r- y | ANDSWITCH i i |
_Ir\,LLI } | 10 ] | 2§Jg:auno~(russ)
MANUAL . RANGE
STANDSY [T g s | TRANSFER 1
ALTERNATOR I Swires ! ¢ ¢
| | (SHOWN IN |
A 3 4 NORMAL T0 -—Lf\,—~ |
S ] Lt]rosimion WATER —1 1 10
AIR
HEATER —“' v CONDITIONER
]
T —— 10
OLIGHTS |\ _+— REFRIGERATOR
" 11T N TOLIGHTS " 10
TO LIGHTS To } SuMP PUMP m
$ l—\~l— REFRIGERATOR \
} , TOUGHTS _ +— 70 FURANACE
TouaHts — To ! BLOWER
t —\—— SUMP PUMP L = 3
. S [ Y W
TougHTs —T F— 10 FUANACE
——1 "\ swoweA * AMPERE RATING EQUAL TO OR LARGER THAN
4 MAIN (NORMAL) UTILITY ENTRANCE SERVICE
L —1 EMERGENCY
DISTRIBUTION PANEL ** NOTE: g\'ITE':i Igfbsgrsx_ixg. ﬁ@gmtggm BE USED TO PREVENT
. DURING UTILITY POWER
* AMPERE RATING MUST EQUAL OR EXCEED THE AMPERE FAILURE, ALL LOAD ITEMS IN THE DISTRIBUTION PANEL
RATING OF THE EMERGENCY DISTRIBUTION PANEL gg:; Eagr Lr:‘oNl\E/lgg:g(v J#guer:‘gn. ONLY CERTAIN ITEMS
URING ALTERNATOR OPERATION,
e SO R Ao e AR
) NA
STANDBY ALTERNATOR, IF THE ELECTRICIAN SIZES THE
LOAD PROPERLY. THE ALTERNATOR CAN'T BE OVERLOADED. ALL WIRING MUST CONFORM TO THE NATIONAL ELECTRIC CODE
Cn':‘.% r?s':jé gEALEEC Q'ré%ocu CODES. CONSULT A QUALIFIED.
ALL WIRING MUST CONFORM TO THE NATIONAL ELECTRIC CODE .
AND ALL STATE AND LOCAL CODES. CONSULT A OUALIFIED.
LICENSED ELECRICIAN, THE ABOVE ILLUSTRATION ASSUMES 120240 VOLT SINGLE

PHASE ELECTRIC SERVICE IS BEING SUPPLIED BY THE UTITITY
THE ABOVE ILLUSTRATION ASSUMES 120,240 VOLT SINGLE
PHASE ELECTRIC SERVICE IS BEING SUPPLIED BY THE UTITITY.

Figure 2. Schematic- Emergency Circuit Isolation Figure 3. Schematic- Total Circuit Isolation

DANGER: CONNECTION OF ANY GENERATOR SET TO AN ELECTRICAL SYSTEM NORMALLY SUP- i
PLIED BY AN ELECTRIC UTILITY MUST BE DONE BY MEANS OF A DOUBLE THROW TRANSFER
SWITCH, SO AS TO ISOLATE THE ELECTRIC SYSTEM FROM THE UTILITY DISTRIBUTION SYSTEM
WHILE THE GENERATOR IS OPERATING (NEC 701). FAILURE TO ISOLATE THE ELECTRIC SYSTEM
BY SUCH MEANS WILL RESULT IN DAMAGE TO THE GENERATOR OR POSSIBLE INJURY OR DEATH
TO UTILITY POWER WORKERS DUE TO BACKFEED OF ELECTRICAL ENERGY.
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Section 1.4

GENERATOR MAINTENANCE AND TESTING

Effects of Dirt and Moisture

If dust or dirt particles are allowed to accumulate on
generator parts, they will conduct electrical energy
between points of different electrical potential. If mois-

ture is allowed to accumulate with the dirt and dust, the
problem will be worsened. The combination of dust, dirt ,
and moisture on generator windings can result in a

breakdown of the winding insulation.

Normally, moisture buildup on windings is not a .
E‘roblem since internal heat tends to dry the windings. -
owever, moisture may accumulate while the unit is -

idle. Problems with moisture will become worse in very

humid environments, or where rapid temperature chan- -

ges can cause condensation.

In addition to causing insulation breakdown, dirt and
moisture can increase internal generator temperatures

by restricting air flow through the unit or by blocking the
dissipation of heat. Such materials as talc, lint, rock
dust, and cement dust will seriously obstruct ventilation

openings in an operating unit. Such materials as carbon
black, metallic dust, metal chips, and similar materials
are probably the most harmful. The iatter materials will .
not only impede ventilation, but will form a conductive -

film over the insulation.

Generators that operate in very dusty or dirty areas

should be disassembied and cleaned periodically. in

addition, the condition of the insulation should be tested .-

by measuring the insulation resistance.

Drying the Generator

if tests indicate that the insulation resistance of stator
and rotor windings is below a safe value, such electrical
components should be dried before operating the unit.
Some recommended drying methods include the use
of (a) heating units, and (b) forced air.

HEATING UNITS:

The generator can be enclosed in a covering and
heating units can be installed to raise the temperature
about 15°-18° F. (8°-10° C.) above the temperature
outside the covering.

FORCED AlR:

Portable forced air heaters can be used to dry the
generator. Direct the heat into the generator's air inlet
openings and run the unit at no-load and with the
voltage regulator removed. The heat at the point of
entry should not exceed 150° F. (66° C.).

Cleaning the Generator

The generator can be cleaned properly only when it
is disassembled. The methods used for cleaning
should be determined by the kind of dirt.

Be sure to dry the generator after it has been
cleaned. A shop that repairs electric motors inyour area
may be able to assist you with proper cleaning of
generator windings. Such shops are often experienced
in special problems that may be peculiar to a certain
area (such as a sea coast, marine applications, mining,
oil rigs, etc.).

USING SOLVENTS FOR CLEANING:

A solvent is usually required when dirt contains oil or
grease. Only petroleum distillates shouid be used to
clean electrical components. Recommended are safety
type petroleum solvents having a flash point greater
than 100" F. (38" C.).

Use a soft brush or cloth to apply solvent. Be careful
to avoid damaging magnet wire or insulation on wind-
ings. After cleaning, be sure to dry all components
thoroughly with moisture free, low pressure, com-
pressed air.

DANGER: WHEN USING SOLVENTS, ALWAYS
PROVIDE ADEQUATE VENTILATION. IF SUFFI-
CIENT VENTILATION IS NOT PROVIDED, FIRE,
EXPLOSION OR HEALTH HAZARDS MAY
EXIST. WEAR EYE PROTECTION. ALSO WEAR
RUBBER GLOVES OR OTHER SUITABLE
PROTECTION FOR THE HANDS WHEN USING
SOLVENTS.

CAUTION: Manr generators use epoxy or
polyester base winding varnishes. Use only sol-
vents that do not attack such materials.

CLOTH AND COMPRESSED AIR FOR CLEANING:

When cleaning small components or if only dry dirt
is to be removed, cleaning with a dry cloth may prove
satisfactory. After wiping such components clean with
the cloth, use low pressure air at 30 psi (206 Kpa) to
biow the dirt away.

BRUSHING AND VACUUM CLEANING:

Brushing with a bristle brush followed by vacuuming
may be used to remove dry dust and dirt. Loosen the
dust first, then remove it with the vacuum.

Checking Insulation Resistance

Insulation resistance is a measurement of the in-
tegrity of the insulating materials that separate the
electrical windings from the generator's steel core. This
resistance can degrade over time, due to contaminants
such as dust, dirt, grease and especially moisture.
Tests of insulation resistance are usually done with a
"megohmmeter” or a "hi-pot” tester.
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Checking Insulation Resistance (Con-
tinued) '

Most failures of generator windings are caused by a
breakdown in the insulation system. In some cases, a
reduced insulation resistance can be caused by mois-
ture that has collected on the windings while the unit is
shut down. This problem can usually be corrected by
drying the generator windings.

The normal insulation resistance for generator wind-
ings is on the order of "millions of ohms". It can be
measured using a device called a "megohmmeter”, or
with a "hi-pot tester". One type of hi-pot tester is shown
in Figure 1 below.

CAUTION: When using Insulation resistance
testers, follow the manufacturer’s instructions
carefully. Improper use of such testers can
result in serious damage to generator com-
ponents. DO NOT APPLY VOLTAGES IN EX-
CESS OF THOSE RECOMMENDED FOR GEN-
ERATOR WINDINGS. Apply voltage for a maxi|-
mum time limit of one (1) second only. When
applying voltage, terminal ends of winding
-leads must NOT be In contact with any part of
the generator.

Figure 1. One Kind of Hi-Pot Tester

Testing Stator Insulation

GENERAL:

Stator winding leads are routed out of the stator can
and into the generator's AC connection (lower) panel.
The following procedure utilizes the hi-pot tester shown
in Figure 1 to test the insulation resistance. f using
another type of insulation resistance tester, be sure to
follow the manufacturer’s instructions carefully. Follow
the instructions carefully when performing tests. You
may wish to review the information in Section 1.2,

" "Types of Stator Connection Systems".
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CAUTION: Connect the tester probes only to the
stator leads. DO NOT connect the test probes
to any leads that are routed Into the generator
control console.

TESTING STATOR INSULATION TO GROUND:

1. Disconnect and isolate all stator output leads in the
AC connection (lower) panel.
2. Connect the terminal ends of all stator output leads
together.
a. On 1-phase units with dual stator windings, con-
nect leads 11, 22, 33,.44, 2 and 6A (or 6B) together.
b. On "broad range” units with 12-lead reconnectable
stator, connect leads S1 through S12 and leads 2
and 6 together.
¢. Make sure none of the lead terminal ends are in
contact with the generator frame.
3. Connect the red test probe of the hi-pot tester to the
joined stator lead terminal ends.
4. Connect the black tester probe to a clean frame
ground on the stator can.
5. Turn the hi-pot tester switch to "Off".
6. Set the tester’s voltage selector switch to "500 volts".
7. Turn the tester switch "On" and check that the pilot
lamp is lighted.
8. Observe the breakdown lamp on the tester, wait one
second, then turn the hi-pot tester switch to "Off".

If the tester breakdown lamp illuminates during the 1
second test, clean and dry the stator. After cleaning and
drying, repeat the test. If the breakdown lamp comes
on:during the second test (after cleaning and drying),
replace the stator assembly.

TEST BETWEEN ISOLATED STATOR WINDINGS:

OPIO1 -Phase Units: Test between isolated windings as
follows:

1. Connect the red hi-pot tester probe to terminal end
of stator lead 11, the black tester probe to terminal end
of Wire #2.

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

3. Set the tester's voltage selector switch to 1500 volts.
APPLY VOLTAGE FOR ONE SECOND ONLY. Ob-
serve the tester breakdown lamp, then turn the tester
switch to "Off".

4. Reset the tester voltage selector switch to "500
volts”. Connect the red tester probe to terminal end of
stator lead 33, the black test probe to terminal end of
Wire #2.

S. Turn the tester switch "On" and make sure the tester
pilot lamp is lighted.

6. Set the tester's voltage selector switch to "1500
volts”. APPLY VOLTAGE FOR ONE SECOND ONLY.
Observe the tester breakdown lamp, then set the tester
switch to "Off".

7. |F(eset the tester's voltage selector switch to "500
volts™. :

NOTE: Figures 2, 3 and 4 are schematic illustrations of a
1-phase stator, a 3-phase Wye connected stator and a 3-
phase Delta connected stator, respectively.
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Testing Stator Insulation (Continued)

On 3-Phase Units: To test the insulation resistance -
between isolated windings on 3-phase stators, proceed .

as follows:

1. Make sure all twelve stator leads are completed -

isolated from one another.
2. Connect the red tester probe to terminal end of stator

lead S3; the black tester probe to terminal end of stator

lead 5.
3. Turn the tester switch "On" and check that the pilot
lamp is lighted.
4. Set the voltage selector switch to "1500 volts”.
APPLY VOLTAGE FOR ONE SECOND ONLY. Ob-
serve the tester breakdown lamp, then turn the tester
switch to "Off". :
5. Reset the voltage selector switch to "500 volts”.
6. Repeat Steps 1 through 5, with the black tester probe
connected to stator lead 5 and the red tester probe
connected to each of the following stator leads, one at
a time:

a. Lead S9.

b. Lead S7.

¢. Lead S1.

d. Lead S2.

e. Lead S8.

It the tester breakdown lamp comes on during any of
the one second tests, clean and dry the stator, then
repeat the tests. If (after cleaning and drying), stator
fails the second test, replace the stator assembily.

TEST BETWEEN PARALLEL WINDINGS:

1-Phase Stators: To test for insulation breakdown
between parallel windings on 1-phase stators, proceed
as follows:

1. Connect the red tester probe to terminal end of stator
gasad 11; the black probe to terminal end of stator lead
2. Setthe tester's voltage selector switch to "500 volts”.
3. Tum the tester switch "On" and check that the pilot
Ica;w&i(s lighted. APPLY VOLTAGE FOR ONE SECOND
4. Observe the breakdown lamp, then turn the tester
switch to "Off".

3-Phase Stators: To test insulation resistance be-
tween parallel windings on 3-phase stators, proceed as
follows:

1. Connect red tester probe to terminal end of stator
Isegad S3; black tester probe to terminal end of stator lead
2. Set the voltage selector switch to "500 volts”.

3. Tum the tester switch "On" and check that the pilot
lampis Iighted. APPLY VOLTAGE FOR ONE SECOND
ONLY. Observe the breakdown lamp, then turn the
tester switch "Off".

4. Repeat Steps 1 through 3 with the red tester probe
connected to stator lead S3; the black probe connected
to7the following leads one at a time: S9- S11- 85- S1-

S7.
5. Repeat Steps 1 through 3 with red probe connected
to stator lead S9 anhd with blacxk probe connected to
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the following stator leads, one at a time: S11- S5- S1-
s7

5. Repeat Steps 1 through 3 with red probe connected
to stator lead 11 and black probe connected to the
following leads, one at a time: S5- S1- S§7.

6. Repeat Steps 1 through 3 with red tester probe
connected to stator lead S1; black probe connected to
stator lead S7.

If the breakdown lamp comes on during any one second
test, clean and dry the stator. Then, retest stator insula-
tion resistance. If stator fails the second test (after
cleaning and drying), replace the stator assembly.

22 1
1 44

— 120 VOLTS 120 VOLTS —d
00
p———— 240 VOLTS ——————ipom
E1 E2 .

Figure 2. Schematic- 1-Phase Stator
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Figure 3. Schematic- 3-Phase Wye Connécted Stator
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Figure 4- Schematic- 3-Phase Delta Connected
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Testing Stator Insulation with a
Megohmmeter

GENERAL:

A megohmmeter, often called a "megger”, consists
of a meter calibrated in megohms and a power supply.
The most common power supply is 500 volts. Use of
any megger voltage in excess of 500 volts is not recom-
mended.

TESTING STATOR INSULATION:

All parts that might be damaged by high megger
voltages must be disconnected from the circuit before
starting the test. Isolate all of the stator leads from
ground and connect all stator lead terminal ends
together. Connect one megger test lead to the stator
leads; the other to frame ground. Follow the megger
manufacturer’s instructions carefully. Take the megger
reading. The minimum acceptable value can be calcu-
lated using rhe following formula:

Minimum Insulation = Generator Rated Voits
Resistance = +1
(In Megohms) 1000

Example: For a generator rated 240 volts, divide "240"
by "1000" to obtain "0.24". Then, add "1" to obtain
"1.24" megohms. In this case the minimum allowable
insulation resistance for the stator is 1.24 megohms.

Testing Rotor Insulation on Direct Ex-
cited Units

Direct excited generators are those which utilize
brushes and slip rings to deliver excitation current from
the stationary voltage regulator to the rotating rotor
assembly. Test the rotor insulation for breakdown with
a hi-pot tester, as follows:

1. Gain access to the rotor's brushes and slip rings.

2. Disconnect all wires from the brushes, or remove the
brush holders with brushes.

3. Connect the red hi-pot tester probe to the positive (+)
slip ring (nearest the rotor bearing).

4. Connect the black tester probe to a clean frame
ground.

5. Turn the hi-pot tester switch to "Off".

6. Plug the tester into a 120 volts AC wall socket.

7. Set the tester’s voltage selector switch to "500 voits®.
8. Turn the tester switch "On" and check that the pilot
lamp is lighted.

9. Set the voltage selector switch to "1250 volts" and
observe the tester breakdown lamp. Then, turn the
tester switch "Off".

if the breakdown lamp comes on in Step 9, drying of
the generator may be necessary. After cleaning and
drying, repeatthe test. If rotor fails the second test (after
cleaning and drying), it should be replaced.
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BLACK TEST LEAD
@ RED TEST LEAD

Figure 5. Testing Rotor Resistance (Typical)

Insulation Resistance Tests on Brush-
less Generators

GENERAL:

Stator windings on brushless generators are identi-
cal to those used on direct excited units and may be
tested in the same manner. However, as the name
implies, brushless units do not have brushes and slip
rings. Instead, excitation current is supplied to the main
rotor windings by means of (a) an exciter stator, (b) an
exciter rotor, and (c) the main rotor itself. Each of these
\évindings can be tested separately for insulation break-

own.

TESTING WITH A HI-POT TESTER:

Disconnect the appropriate winding leads (main
rotor, exciter stator, or exciter rotor) and isolate them
from ground. Connect-all of the winding leads together.
Then, connect the red tester probe to the winding leads;
the black probe to frame ground. Set the voltage selec-
tor switch to "500 volts". DO NOT EXCEED 500
VOLTS. Turn the tester switch "On", observe the break-
down lamp, then turn the tester switch "Off".

it the breakdown lamp comes on during the test,
clean and dry the winding(s) and retest. If a winding
fails the second test (after cleaning and drying), replace
the defective winding.

TESTING WITH A MEGOHMMETER:

Use a megger having a rated voltage of 500 volts.
DO NOT EXCEED 500 VOLTS. Disconnect the ap-
propriate leads (main rotor, exciter stator or exciter
rotor) and isolate them from ground. Connect the leads
of the winding to be tested together. Connect the meg-
ger test probes across the junction of all winding leads
and frame ground. Read the meter, then disconnect the
meter quickly. The minimum allowable resistance read-
ing is 1.5 megohms.

N
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‘ Insulation Resistance Tests on Brush-
less Generators (Continued)

—_—

Figure 8. Exciter Rotor (Typical Brushless Unit)
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Measuring Voltages

AC VOLTAGES:

When reading generator AC output voltage, the gen-
erator must be running at its rated operating speed. In
addition, some of its protective guards and covers may
be removed. PROCEED WITH CAUTION. Keep your-
self and the meter test leads well clear of moving parts.
Stay clear of power voltage terminals and wire terminal
ends.

DANGER: STANDBY GENERATORS PRODUCE
EXTREMELY HIGH AND DANGEROUS VOLT-
AGE. CONTACT WITH HIGH VOLTAGE TER-
MINALS MAY RESULT IN HAZARDOUS AND
EVEN DEADLY ELECTRICAL SHOCK. USE EX-
TREME CARE WHEN CHECKING ELECTRICAL
VOLTAGES.

The generator's AC output voltage can be read at the
unit's main circuit breaker or (on installed units) at the
transfer switch terminal lugs. The following rules apply:
+ On 1-phase generators, line-to-line voltage may be

read across generator Im&i t§1 to E3; line-to-

neutral voltagé across line 00 or across line
E3 to 00.

¢ One 3-phase units, line-to-line voltage can be read
across line E1 to E2; E2 to E3; and E3 to EE1
Line-to-neutral voltage can be read across line E1
to 00; line E2 to 00; 6r line E3 to 00.

Some standby generators will have an AC voltmeter
mounted on their control console, along with a voitage-

+ phase selector switch that allows the operator to select
. the line being read on the meter. These console

mounted voltmeters are generally very reliable and
accurate.

Most Generac standby generators are equipped with

~ a solid state "voltage over frequency” type voltage
. regulator. This type of reguiation maintains an AC
. output voltage that is proportional to the unit's operating

speed and AC frequency. Thus, if operating speed and

. frequency are high or low, generator AC output voltage

will be correspondingly high or low. For that reason,

- when checking AC voltage it is a good idea to check

AC frequency as well. The voitage regulator can be

~ adjusted to maintain the correct rated AC output voit-

age, but such adjustment should be accomplished only

- when AC frequency is correct.

' DC VOLTAGES:

Use an accurate DC voltmeter to measure these
voltages. Always observe correct DC polarity. Some

- meters will be equipped with a polarity switch; on other
 meters, polarity is reversed by reversing the meter test

leads. The meter must be set to a higher scale than the

.anticipated voltage reading. When in doubt, start with
the highest available voitage scale and adjust the scale

downward until the correct reading is observed. Some
DC voltmeters are designed with a positive (+) to nega-
tive (-) current flow; some with a negative (-) to‘positive

"{+) current flow.
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Measuring Current

The generator's AC output current can usually be
taken with a "clamp-on” type ammeter. Most clamp-on
ammeters will not measure direct current (DC). When
measuring current, the following rules apply:

* Some generators mag have more than one lead for
§ach ine or phasé. When checking current

amperes), make sure the clamp-on meter is
round all'cables for each line or phase.

* lfthe physical size of the conductars or the capacity
of the ammeter will not allow all lines or cables to
be measured sumultaneo,usl_“ me?sur the current
flow in each line or cable individually. Then, add the
individual readings together to obtain the fotal.

. Com_Pare the readings obtained to the unit's DATA
PLATE values. When running electrical loads, the
gégjédPLATE amperage should never be ex-

Measuring Resistance

MAIN STATOR WINDINGS RESISTANCE:

The resistance of stator AC power windings is typi-
cally very low. Some meters will not be capable of
reading such a low resistance and will simply indicate
"continuity”. However, a standard volt-ohm-milliam-
meter (VOM) can be used to test the stator windings for
(a) continuity, (b) shorts, or (c) grounded condition.

STATOR EXCITATION WINDINGS:

Stator excitation windings can be tested for either a
shorted or grounded condition. "Marathon®" gener-
ators are not equipped with an excitation winding.

ROTOR WINDING RESISTANCE:

On direct excited units, the rotor can be tested with
a volt-ohm-milliammeter (VOM) to determine if it is
grounded or shorted. Always connect the meter’s posi-
tive (+) test lead to the positive (+) slip ring; the common
(-) test lead to the negative (-) slip ring. The positive (+)
slip ring is usually the slip ring nearest the rotor bearing.

On brushless generators, the exciter stator, exciter

rotor and main rotor can all be tested for an open or
shorted condition, using a volt-ohm-milliammeter.

Measuring AC Frequency

The operating speed and AC frequency of a gener-
ator are directly proportional. The following rules apply:
* Units having a 4-pole rotor will supplg a 60 Hertz

a

AC output ffequency at 1800 rpm; a 50 Hertz AC
trequerﬁ: at 10500 rgm. P

* Units with 2-pole rotor will deliver a 60 Hertz AC
freguenﬁx at 3600 rpm; a 50 Hertz frequency at
3000 rp

Generac standby generators are typically equipped
with a solid state voitage reguiator, often called a
"voltage-over-frequency” of "V/F™ type regulator. These
voitage regulators maintain a voitage that is proportion-
alto AC frequency. For example, a unit rated 240 volts,
60 Hertz will supply that voltage at 60 Hertz. If frequen-
cy (and rpm) decrease, output voltage will decrease
proportionally.
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When testing for proper AC voltage, both voltage and
frequency readings should be taken. The voltage
regulator should never be adjusted for correct voitage
until AC frequency is correct. Frequency and rpm are
adjusted at the engine speed governor.

~
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Section 1.5

MECHANICAL ENGINE GOVERNORS

Introduction

Governor AC output frequency is directly proportion-
al to the driven speed of the rotor. In order to maintain
a specific AC output frequency, rotor speed must be -
precisely controlled. Rotor speed can be maintained by

governing the operating speed of the driving engine.

Many spark ignited (gas fueled) engines employ a
fixed speed, mechanical engine governor. Because -

proper generator operation is so dependent on a cor-
rectly adjusted and maintained governor, some of the
adjustment procedures for mechanical governors will
be discussed in this section.

How a Mechanical Governor Works

See Figure 1. Engine and governor speed will
decrease if the load on the engine is increased even
slightly. In response to the decrease in engine speed,
governor flyweights (2) are forced inward by governor
spring force. Flyweight (2) movement is transmitted
through a sleeve (3) and a shaft (4) to a governor lever
(5). The governor lever (5) then moves a link (6) which
actuates the carburetor throttle vaive to a more open
position. Engine speed then increases.

As engine speed increases, flyweight (2) centrifugal
force overcomes governor spring force and the
flyweights . move outward. Flyweight movement is then
transmitted through a sleeve (3), a shaft (4) and to a
governor lever (5). This actuates a link (6) to a reduced
fuel flow position and engine speed decreases.

An equilibrium will be reached when flyweight
centrifugal force becomes equal to governor spring
force. This type of governor actually never reaches a
state of equilibrium. That is, governing action consists
of a series of very smalt and briet accelerations and
decelerations.

Sudden dumping of a load will cause a rapid increase
in engine speed. The governor must be able to recover
very quickly, to prevent an overspeed condition.

Some Typical Mechanical Governors

Governors currently in use on spark ignited (gas)
engines include (a) Part No. 65934 and (b)Part No.
68985. The latter (68985) is used on 1.0 and 1.2 liter
gas/gasoline engines. Governor 65934 is used on most
other spark ignited engines.

NOTE: Starting in September 1991, Generac began to
replace the mechanical governor (65934) with the new
Generac elsctronic governor. The 1.0, 1.2 and 2.3 liter en-
gines will continue to use a mechanical governor. For infor-
mation and instructions on the new electronic governor, refer
to Section 1.6. Adjustment procedures on diesel engine
govamors are discussed in Section 1.7.

Figure 1. Governor Operating Diagram

Adjustment of 65934 Governor

GENERAL:

The following adjustment procedure applies to en-
gines that are NOT equipped with a vacuum operated

. -dashpot system.

Some 2.6 liter, 5.7 liter and 7.4 liter engines are
equipped with a vacuum operated dashpot system.
These systems were installed to alleviate rpm surges
that might occur at mid-power ranges on the applicable
engines. Kits were made available for field installation
of the dashpot system on early production units. Ad-

‘ justment procedures for units with dashpot system are

not included in this manual, but may be found in the
following manuais which are available from Generac:

-+ Instructions and Parts, "Vacuum Operated Gover-

nor Dashpot Kits for 5.7 & 7.4 Liter Gas Engines".
Order Manual Part No. 78915.

.+ Instructions and Parts, "Vacuum Operated Gover-

nor Dashpot Kits for 2.6 Liter Gas Engines”. Order
Manual Part No. 78916.

INITIAL (PRESTART) ADJUSTMENTS:

1. Find the length of the throttle linkage rod by observ-
ing the position of the governor arm and the throttle

plate arm.

a. The governor arm should be in alignment with the
spring tension arm.

b. The throttle arm should be between one and two
o'clock.

¢. With the relationship between (a) and (b) above
established, no drag or binding should be present
and full travel of the entire linkage assembly should
be obtained.
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Adjustment of 65934 Governor (Con-
tinued)

2. Adjust the DROOP ADJUSTMENT SCREW so that
approximately 3/4 inch of thread is showing above the
upper lock nut. Then, tighten the upper and lower
DROOP ADJUSTMENT SCREW lock nuts.

3. Tum the BUMPER SCREW out (counterclockwise)
until approximately 3 or 4 threads are engaged. Then,
tighten the BUMPER SCREW lock nut.

tightened before startup or oil will leak from the

CAUTION: The bumper screw locknut must be
overnor.

4. Turn the SPEED ADJUSTING SCREW in (clock-
wise) until a slight tension is felt on the governor spring.
This should provide low speed operation on initial star-
tup.

FINAL ADJUSTMENT (ENGINE RUNNING):

1. Connect an accurate AC frequency meter to the
generator's AC output leads.

2. Start the engine and let it warm up at no-load.

3. Turn the-SPEED ADJUSTING SCREW clockwise to
increase speed and AC frequency. Slowly increase
engine speed until the frequency meter reads 62 Hertz
at no-load.

NOTE: At this point governing action may be somewhat
unstable. You may wish to stabilize the governor by placing
your hand on the GOVERNOR ARM as a dampener. This will
help stabilize rpm and frequency and allow you to complete
adjustments.

4. Loosen the lock nut on the BUMPER SCREW.
a. Tap the governor arm to make it go into an un-
stable condition.
b. Turn the BUMPER SCREW clockwise until the
governor begins to stabilize.
¢. Continue to turn the BUMPER SCREW clockwise
until frequency starts to increase. Then, turn the
BUMPER SCREW counterclockwise until frequency
reads 62 Hertz at no-load.
d. Tighten the BUMPER SCREW lock nut.

CAUTION: If the BUMPER SCREW s turned
clockwise too far, speed adjustment may be
adversely affected. If any governor setting
(speed, bumper, droop) Is changed, the other
settings must be rechecked.

5. When settings are complete, tighten all locknuts.
Then, check to make sure settings have not changed.
6. Apply an electrical load equal to the unit's rated
wattage/amperage capacity. Frequency should not
droop more than four (4) Hertz.
a. It excessive rpm and frequency droop occurs,
increase tension on the DROOP SPRING.
b. After changing DROOP SPRING tension, reset
the SPEED ADJUSTING SCREW to 62 Hertz at
no-load.
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DROOP ADJUSTMENTS SUREW ﬁ

BUMPER SCREW

DROOP SPRING

Figure 2. Governor Part No. 65934

Adjusting Governor 68985

GENERAL:

This governor is used on some 1.0 and 1.2 liter spark
ignited, gas engines. It consists of (a) a fixed speed
mechanical governor, and (b) a battery charge aiter-
nator. See Figure 4.

ADJUSTMENT PROCEDURE:

1. The length of the governor lever to carburetor link,
as measured between ball joint centerlines, should be
4-3/8 inches.

4-3/8 Inches
11.1em

Figure 3. Governor Lever to Carburetor Link

2. Connect an accurate AC frequency meter to the
generator's AC output leads.

3. Start the engine, let it warm up at no-load.

4. Adjust the NO-LOAD SPEED ADJUST SCREW to
obtain a frequency reading as close as possible to 61.5
Hertz for 60 Hertz units; or 50 Hertz for 50 Hertz units.
5. Adjust the NO-LOAD BUMPER SCREW to obtain a
no-load speed ot 62 Hertz for 60 Hertz units (51 Hertz
for S0 Hertz units).

6. Apply an electrical load to the generator as close as
possible to the unit’s rated wattage/amperage capacity.

™
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Adjusting Governor 68985

a. Check the AC frequency with load applied.

b. If frequency droops below about 58 Hertz (60
Hertz units) or 49 Hertz (50 Hertz units), adjust the
DROOP ADJUSTMENT downward.

¢. Adjust the DROOP ADJUSTMENT until applica-
tion of the load resuits in the smallest possible AC
frequency droop.

NOTE: If surging occurs when electrical loads are removed,
adjust the NO-LOAD BUMPER SCREW inward. If BUMPER
SCREW adjustment changes the AC frequency, back the
BUMPER SCREW out until no-load frequency returns to 62
Hertz (60 Hertz units) or to 51 Hertz (50 Hertz units).

ooo)

OROOP ADJUSTMENT

=“_
?/_——)j/

NO-LOAD
BUMPER SCREW

-
\\_\\

NO-LOAD
SPEED ADJUST
SCREW

Figure 4. Governor Part No. 68985

PAGE 1.5-3




PART 1
SECTION 1.6

PAGE 1.6-1

Section 1.6

ELECTRONIC ENGINE GOVERNORS

Introduction
This section provides information on the compo-
nents and adjustment of electronic engine governor
systems used with Generac standby generators. The
standby generator engine may be equipped with either
(a) a Barber-Colman governor or (b) a Generac elec-
tronic governor.

BARBER-COLMAN GOVERNORS:

These l:g)overnor systems are manufactured by the
Precision Dynamics Division of the Barber-Colman
Company, headquartered at 1354 Clifford Avenue, P.
0. Box 2940, Loves Park, lllinois 61132-2940. The
following governors may be used:

(] The "DYNA-MASTER" governor system.
0 The "DYNA-8000" governor system.

GENERAC ELECTRONIC GOVERNOR:

Operation and adjustment of Generac'’s electronic
governor system will be discussed in this section.

The "DYNA 8000" Governor
GENERAL:

The "DYNA 8000" system is an all electric governor

which provides precise isochronous or droop speed-

control of medium size en%ines, depending on the type
of fuel system used. The basic system consists of (a)
a controller, (b) an actuator and (c) a magnetic pickup.

THE ACTUATOR:

The actuator is basically a simple, proportional,
electric solenoid with a sliding armature. The solenoid's
magnetic force is proportional to the input coil current.
Balanced between the force of its return spring and the
magnetic force, the armature slides on anti-friction
bearings, providing a hysteresis-free linear movement.
The linear motion is converted to output shaft rotation
by a bell crank. The following differences may exist
between actuators (see ELECTRONIC GOVERNOR
APPLICATION CHART in this section).

(] Direction of shaft rotation (CW or CCW).

[J System voltage (12 or 24 volts DC).

(0 Available torque (Dyna 8000 actuator is rated at
about 1.0 foot-pound).

THE CONTROLLER:

The controller receives engine speed (frequency
signals from a magnetic pickup. It is powered by D
voltage from the generator battery (12 or 24 voits DC).
Adjustment pots are provided on the controller for the
adjustment of (a) governed speed, (b) gain, and (c)
droop. DYNA 8000 specifications are as follows:

Oulp! urren ominal Liutescent Lurren
aximu [{ a

@ 24 VDC aximum Amperes

' MAGNETIC PICKUP:

The magnetic pickug is installed so that its mag-
netic tkghis directly over the engine flywheel's ring gear
teeth. The device will emit a pulse or cycle of electricity

. each time a gear tooth passes the magnetic tip. The

pulse is delivered to the governor controller as an

. Indication of actual engine speed.

The input signal frequency delivered from the mag-

- netic pickup to the controller can be calculated using
" the following formula, where "A" is the input signal

frequency in Hertz, "RPM" is engine speed, and “N" is

. the number of gear teeth on the flywheel. :

A = RPMXN
60
ISOCHRONOUS OPERATION:

Isochronous operation is obtained by setting the
DROOP potentiometer fully counterclockwise. The

. governor is all electric and is normally operated in the

isochronous mode. That is, engine speed is constant
(plus or minus 0.25%) under steady state load condi-

.tions, up to the engine's maximum capability, regard-
. less of load on the engine.

'DROOP OPERATION:

Droop operation is obtained by setting the DROOP

’,potentiometer clockwise to increase droop. The
-amount of droop for a given setting depends on the
‘magnetic pickup frequency and the no-load to full-load

actuator shaft rotation. A droop potentiometer setting

‘'of 10 o'clock will give about 4% droop, no-load to

full-load, when pickup frequency is 4260 Hz and actu-

ator shaft rotation is approximately 30 degrees from
‘no-load to full-load. A lower pickup frequency or a
'smaller shaft rotation results in less droop for the sys-
tem.

MAGNETIC PICKUP INSTALLATION:

If the magnetic pickup is removed for any reason,
it must be installed properly. Rotate the ring gear until
a gear tooth face is directly in the center of the pickup
tapped hole. See Figure 1, on next page. Gently turn
the magnetic pickup clockwise into the tapped hole until
it just bottoms on the gear tooth. Then, back off 1/4 turn
and tighten the jam nut securely.

CAUTION: DO NOT rotate ring gear untit after
.~ the magnetic pickup has been properly in-
~_stalled or damage to equipment will result.
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The "DYNA-8000" Governor (Continued)

Jam Nut Speea Sensor

Engine

Gap Housing -

B I |

[015 = 005] Ring Gear

Figure 1. Magnetic Pickup Installation

OPTIONAL REMOTE SPEED ADJUSTMENT:

An optional remote speed selector is available for
adjusting engine speed from up to 300 feet (30 meters)
from the unit. See terminals 6, 7 and 9 in Figure 2.

DYNA 8000 CALIBRATION AND ADJUSTMENTS:

A. Initial Settings: With engine shut down, complete
initial potentiometer adjustments as follows:
1. Set the "I" adjustment one division from zero and
the "GAIN" at the third division from zero.
2. Select sither isochronous or droop operation as
follows:
a. For isochronous operation, set DROOP coun-
terclockwise to its minimum position as shown in
Figure 2.
b. For droop operation, setthe DROOP potentiom-
eter clockwise to obtain desired amount of droop
from no-load to full-load. Turn the adjustment
clockwise to increase droop.

NOTE: If the full 35" rotation of the actuator shaft is used and
the linkage adjusted to use only the active fuel range, maxi-
77qu obtainable droop would be approximately 12% at full
oad.
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Figure 2. DYNA 8000 Governor System
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The "DYNA 8000 Governor (Continued)

3. Set switches S1 and S2 as follows:
a. Switch S1 selects one of two integrating rate
ranges. The diesel version integrates at twice the
rate of the gas version.
b. Switch S2 selects the point at which actuator
coil current level causes the intergator limit to be
actuated. This level is normally 6.3 amperes for
the DYNA 8000.
¢. Set switches S1 and S2 as follows:
(1) Set Switch S1 to OFF for diesel engines; to
ON for gas engines.
(2) Set switch 52 to OFF for the "8000" actuator.

NOTE: Figure 3 below should clarify any confusion about
switch settings. The easiest way to set the switches is to apply
downward pressure with a small pointed object (as shown)

Top View

0}

until the switch clicks into position.
otf

Side View
On “Oft”

Side View

Figure 3. Setting Switches S1 and S2

4. If a remote speed potentiometer is used, set it to
mid-range.

NOTE: If the remote speed potentiometer is connected to
terminals 6, 7 and 9, the resistor "R" in the wire is not required.
This will provide approximately a plus or minus 5% adjustable
speed range.

B. Adjustment with Engine Running: After all initial
settings are completed, start the engine. Let it stabilize
and warm up for a few minutes. Then, proceed as
follows:
1. Adjust the controller "SPEED" potentiometer until
the engine is running at the desired speed. Turn the
adjustment clockwise to increase rpm and AC fre-
quency.
2. If the governor system is unstable, slightly reduce
the "I" and "GAIN" settings.

NOTE: Except for the "SPEED" adjustment, the potentiome-
ters have intermnal stops at their 0 and 100% positions.

3. With the ?enerator running at no-load, finalize the

settings of "I" and "GAIN" as follows:
a. Turn the GAIN adjustment slowly clockwise until
the actuator lever oscillates. This will be a faster
oscillation than was observed when *I" was ad-
justed. When oscillation occurs, turn GAIN slowly
counterclockwise until the lever stabilizes. Upset
the lever with your hand. If the lever oscillates 3 to
5 diminishing oscillations and stops, the setting is
correct.
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b. If system performancs to load changes is satis-

factory, omit Step 4. '
4. Reduce the GAIN setting counterclockwise one
division. Next, tumn the *1* adjustment fully clockwise
while observing the actuator lever. If the lever soes
not become uynstable, upset it by hand. When the
lever slowly oscillates, tum the GAIN adjustment
siowly counterclockwise until the lever is stable.
Upset thelever again; it should oscillate 3to 5 times
and then become stable for optimum response.

'~ NOTE: Use the settings of Step 3 or Step 4, whichever

provides the best performance.

The unit is now calibrated.

The "DYNA-MASTER" Governor

- GENERAL:

Engine speed is controlled by an all-electric gover-
nor assembly consisting of an actuator and a controller.

" The actuator output is connected to the fuel control

lever via a linkage rod. The speed signal from the

. engine is obtained from a magnetic pickup in the engine
. flywheel housing.

 ACTUATOR:

The actuator consists of an electro-magnet with an

- iron armature rotating on a center shaft. The actuator

is provided with a return spring which balances the
magnetic forces of the armature. When DC current is
flowing in the coil, the magnetic force tends to rotate
the armature in the stator.

'CONTROLLER:

The electronic controller is the information process-
ing unit of the governor assembly. It contains electronic
components which process the input signal from the
magnetic pickup. External adjustments are available on
the controller for field adjustment of the unit, if neces-

sary.

'POWER SOURCE:

The govemor system is energized by the generator
battery which supplies either 12 volts DC or 24 voits

'DC, depending on the specific unit. Average operating
. current is about 2 to 3 amperes. Highest current flow is

about 10 amperes, during startup or during a large load
change.

ISOCHRONOUS OPERATION:

Droop operation is normally available only on
DYN1 10614 series units only. In isochronous opera-
tion, engine speed is constant (plus 0.35%) under
steady state load conditions, up to the engine's maxi-
mum capabilities, regardless of load on engine.
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The "DYNA-MASTER" Governor (Continued)

DROOP OPERATION:

The amount of droop for a given setting depends
on magnetic pickup frequency and the no-load to full-
load actuator shaft rotation. A DROOP potentiometer
setting of 9 o'clock will give about 3% droop, no-load to
full-load, when the pickup frequency is 4260 Hz and
actuator shaft rotation is 33" from no-load to full-load.
Lower pickup frequency or a smaller shaft rotation
results in less droop.

NOTE: Droop operation is not available on systems equipped
with the controller shown in Figure 4 (no droop adjustment).
The controller shown in Figure 5, howsever, will provide droop
operation.

Note
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Figure 4. Typical System Without Droop Adjustment

DYNA-MASTER CALIBRATION & ADJUSTENT:
(Isochronous Only, No Droop Adjustment)

A. See Figure 4. Prior to starting the engine, complete
the following adjustments:
1. Set "GAIN" full counterclockwise.

Figure 5. System with Droop Adjustment

2. "SPEED" is factory set for an idle speed. it may
be necessary to turn it clockwise before the engine
will start. This is a multi-turn potentiometer, 20 turns
plus or minus 20%.

B. Start the engine. Then, adjust as follows:

1. Adjust the "SPEED" potentiometer until engine is
operating at the correct speed. Clockwise increases
engine speed.

2. Adjust the "GAIN" pot slowly clockwise until the
governor starts to hunt (unstable). Then, turn the
*GAIN" slowly counterclockwise until governor is
stable. Upset the governor by tapping actuator lever.
Engine should return quickly to its commanded
speed without hunting.

NOTE: An "integral gain*® jumper is installed across controller
terminals 7 and 8. For most engines, best operation will be
obtained with the jumper in place. For some engines, where
engine response is slow or when engine lag times are long,
improved performance may be achieved with the jumper
removed from terminals 7 and 8.
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The "DYNA-MASTER" ;Governor (Continued)

DYNA-MASTER CALIBRATION & ADJUSTMENT:
(System with Droop Adjustment)

A. See Figure 5. Prior to starting the engine, set the
controller potentiometers as follows:
1. Set "GAIN" fully counterciockwise.
2. "SPEED" adjustment was factory set for a reduced
(idle) speed. It may be necessary to turn "SPEED"
clockwise before the engine will start. This is a muiti-
tumn potentiometer (20 turns plus or minus 20%).
3. Determine whether you wish to have isochronous
or droop operation. Reter to "Isochronous Operation"
and "Droop Operation® on Page 1.6-1.
a. If droop operation is desired, adjust the
"DROOP" potentiometer clockwise to obtain the
desired amount of droop for your application.
b. If isochronous operation Is desired, tumn the
"DROOP" adjustment fully counterclockwise.

NOTE: The amount of droop for a given setting depends on
the magnetic pickup frequency and the no-load to full-load
actuator shaft rotation. Lower pickup frequency or smaller
actuator output shaft rotation results in less droop.

4. If a remote speed potentiometer is used, set it to
its mid-range.

B. Start the engine, then perform the following adjust-
ments:
1. Adjust the “SPEED" potentiometer until engine is
running at the desired speed. Turn the adjustment
clockwise to increase rpm.
2. Adjust the "GAIN" potentiometer slowly clock-
wise until the governor starts to hunt (unstable).
Then, tum "GAIN" slowly counterclockwise until
the governor is stable.
3. Upset the governor by tapping actuator lever.
Engine should return quickly to its commanded
speed without hunting.

: NOTE: An ‘Integral Gain" jumper may be installed across
" controller terminals 7 and 8. For most engines, best operation
- will be obtained with the jumper installed across terminals 7

and 8. On some agplicalions, where engine response Is slow
or when engine lag times are long, improved performance
may be obtained by removing the jumper.

Electronic Governor Application Chart

ENGINE TYPE OF GOVERNOR RATED GOVERNOR ACTUATOR CONTROLLER
‘ SIZE ENGINE TYPE VOLTS PART NO. ROTATION PART NO.

1.3 liter Gas DYNA-MASTER 12 VDC §9161 : 59449 |
2.6 liter Gas DYNA-MASTER 12 VvDC 59161 59449
5.7 liter Gas DYNA-MASTER 12 VDC 59161 59162
5.7 liter (GB) Gas DYNA-MASTER 12 VDC 59161 59162
2.2 liter Diesel DYNA 8000 12VDC

| 3.0 liter Diesel DYNA 8000 12VDC 67705 Clockwise 67709

I 7.4 liter Gas DYNA 8000 12VDC 67707 Counterclockwise 67711

|7.4 liter (GB) Gas DYNA 8000 12 VDC 67707 Counterclockwise 67711
4.0 liter Diesel DYNA 8000 24 VDC 67706 Clockwise 67710

I 6.4 liter Diesel DYNA 8000 24 VDC 67708 Counterclockwise 67710

I 13.3 liter Diesel DYNA 8000 24 VDC 67708 Counterclockwise 67710
5.0 liter DYNA 8000 12VDC | 67707 Counterclockwise 67711

“Dyna-Master® (Typical)

“Dyna 8000" (Typical
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Generac’s Electronic Governor

GENERAL INFORMATION:

The Generac electronic governor system consists
of (a) a circuit board, {b) an actuator, (c) an rpm sensor,
(d) a governor relay, and (e) interconnecting wires. See
Figure 8. During engine startup, a DC control/latch-
crank circuit board delivers battery voltage to the GOV-
ERNOR RELAY coil via Wire 14. The GOVERNOR
RELAY then energizes, its normally-open contacts
close, and 12 volts DC is delivered to the GOVERNOR
CIRCUIT BOARD via Wire 168. The governor system
is then turned on. Engine speed information is delivered
to the GOVERNOR C!RCUIT BOARD from an RPM
SENSOR via Wire 79. The GOVERNOR CIRCUIT
BOARD delivers speed correction signals to the GOV-
ERNOR ACTUATOR via Wire 169.

GOVERNOR ACTUATOR ADJUSTMENT:

Adjust the length of the governor actuator with
engine shut down. With the throttle valve closed, adjust
so that approximately 0.40-0.78 inch (1-2mm) of clear-
ance exists between the actuator stop washer and the
actuator body.

ELECTRONIC GOVERNOR SETUP:

The GOVERNOR CIRCUIT BOARD (Figure 10) is
housed in the generator control console. All circuit
board adjustments for new generators have been com-
pleted at the factory. No readjustment should be re-
quired. If the circuit board must be replaéed adjust
goveming parameters as follows:

O Set the speed pot (R5) fully counterclockwise.

O Set all other potentiometers (R12, R13, R22, R26) to
their mid-point.

O Set Jumper J2 to "FAST" position.

O Adjust speed pot (R5) clockwise to obtain the correct
AC frequency.

14
GOVERNOR
CIRCUIT :
BOARD 70

P -0 ! O—— 15
%]El L= |-ewe
GOVERNOR L
168 RELAY
79 l
m
169 - TO GOVERNOR ACTUATOR

——=79—FROM RPM SENSOR

Figure 8. Governor System Schematic

0.40-0.78 inch h—
==TT:
F *Measure clearance with system
off and carburetor throttle va!ve
closed. : -
=

-

Figure 9. Governor Actuator

BLOWER

RPM SENSOR

RING GEAR

Figure 10. RPM Sensor




PAGE 1.6-8 PART 1
SECTION 1.6

~

Generac’s Electronic Governor (Continued)

O Check no-load stability. System stability can be im- Zv9/9
proved by adjusting R12 and R13 clockwise. O O

O Apply 25% of the unit's rated load. Then, check FAST
stability. If undesireable osciliations are observed P
when the 25% load is applied, adjust R22 clockwise.
Adjusting R22 clockwise will dampen undesireable L
oscillations that occur when the load is applied. R

{3 Shut engine down. Then, restart it and observe
startup characteristics. If the overshoot during start
is higher than desired, adjust R26 clockwise to re-
duce startup overshoot.

0O Apply rated block load to the generator. Observe the
recovery from block load application and from load .
dump. Ty T, I

1. Adjusting R12 and R13 counterclockwise will - i -
improve recovery from block load application, but CIZ: T T .
will tend to make the system less stable. I T i | .
2. Adjusting R26 counterclockwise will improve ; oo b= —— -
recovery from load dump, but will allow more ‘
overshoot at startup.

T W
X
1
N

}

)

:
a0
P
L%

' Py
—h
N
D
N
N

Complete the preceding adjustments as required
to obtain the best balance of all parameters. Basic
guidelines for system operation are as follows:

1. The system should reach stability at ali load
points with not more than four (4) oscillations. -
2. The system should recover to within one (1) Hz .
of steady state in less than two (2) seconds for all |
load transients. No-load to full-load droop should -
be less than 0.5 Hz steady state. -

Figure 11. Governor Circuit Board
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Introduction

The Generac Stepper Motor Electronic Governor sys-
tem is used on some small diesel and gas engines with 12
volt DC electrical systems. The governor system consists
of a governor module mounted inside the generator control
panel, a stepper motor mounted near the injection pump or
carburetor, and interconnecting wires and connection
boxes. (See Figure 1)

Operational Analysis

During the engine start-up and run, a +12 volt DC is
applied to the control module via the red (+ positive) and
black (- negative) wires. The voltage from the main engine
control latch/crank PCB wire #14 (run circuit) powers up
the control module for governor system operation. The
control module receives a speed “sensing” signal from AC
output frequency via the two (2) blue wires.

The control module sends variable signals to the step-
per motor via the orange, yellow, brown and black wires to
position the stepper motor and throttie linkage to obtain a
steady 50 or 60 Hz. (selectable on the control module fre-
quency switch)

Set-up and Adjustment Procedure
(Stepper Motor/Throttle Linkage : Gas & Diesel)
Determine which direction the stepper motor must

rotate to open the throttle to “full fuel”. Adjust the rod length
so when the throttle is wide open, the stepper motor is at
it's full rotation, then tighten the jam nuts. Ensure linkage
moves freely and does not bind in any way.

Figure 1. Stepper Motor and Control Module

CONTROL MODULE PART # 08047
LOCATED IN CONTROL PANEL
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GENERAC STEPPER MOTOR ELECTRONIC GOVERNOR

Control Module Pots and Switches
~ the following is description of the adjustment proce-
dure for the new electronic governor control module and
stepper motor. (See Figure 1)

POT SETTINGS:

Set GAIN, DROOP, and STABILITY pots to midpoint.
SWITCH SETTINGS:

Set frequency switch to either 50 or 60 Hz.

. * Frequency switch set to "OFF" = 60 Hz.

" * Frequency switch set to “ON" = 50 Hz.

SET DIRECTION SWITCH:

Determine which direction the stepper motor lever
needs to be set to open the throttle. Some units are set to
open at the clockwise position, and some are set to open
at the counterclockwise position.

If the lever is set to open at the counterclockwise posi-
tion, then the direction switch should be set in the “OFF"
position. If the lever is set to open at the clockwise posi-
tion, the direction switch should be set to the "ON" position.

When the switches and pots are set correctly, start the
engine. Adjust the gain pot if necessary to stabilize engine
speed.

* Apply load to system-25-50% is best. If system is

unstable, reduce gain until it stabilizes.

* Adjust droop pot so that the engine speed recovers

to the pre-selected speed. (50 or 60 Hz based on

unit).

* Observe performance of system when loads are

applied and removed.

* Increasing stability will decrease recovery time, but

may result in damped oscillations (decreasing hertz

around preset speed). Decreasing stability will soften
the recovery and reduce the transient hertz.

Frequency and direction switches are integrated only
at engine start. Changing switch settings while engine is
running will have no effect until the engine is stopped and
restarted.

FREQUENCY ' :
STEPPER MOTOR PART #8290
OmECTION LOCATED NEAR CARBURETOR OR
COUNTERCLOCKWISE
INJECTION PUMP TO OPEN THROTTLE
SET CONNECTION
SWITCH TO “OFF"

—~
{pe &
CLOCKWSE
TO OPEN THROTTLE
SET CONNECTION
[ i WMTCH TO *ON”
\ - w | £
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TROUBLESHOOTING

Troubleshooting Stepper Motor Governor

System
Troubleshooting the stepper motor governor system is
generally limited to checking inputs to the control module ,
adjustments, settings, electrical connections, and testing
the stepper motor windings.

NOTE: A fuel supply problem can sometimes be mistaken
for a speed control problem. Verify weather a problem is
fuel related before attempting to readjust the governor pot /
switch settings.

The following is a list of possible problems and tests to
perform, followed by descriptions of the tests.

PROBLEM: “Overspeeding”

TJEST PROCEDURES: Check the Hz switch setting, TEST
#1, TEST #2, TEST #3, TEST #4.

PROBLEM: “Instability, erratic operation”

JEST PRQCEDURES: Adjust linkage and check for bind-
ing, adjust control module pots, TEST #3, TEST #4.
PROBLEM: “L ow speed, no fuel’

JEST PROCEDURES: TEST #1, TEST #2, TEST #3,
TEST #4, check position of the Hz switch.
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Test #1
(Check DC Volitage Supply to Control Module)

If the control module loses it's 12 volt input, it will no
longer be able to control or move the stepper motor. If this
happens while the unit is under a load, an “overspeed”
condition could occur as soon as the load is removed. The
stepper motor could remain in a position supplying too
much fuel for the “no load"” condition.

Test #2
(Check AC Frequency Input to Control
Module)

Similar to the control module losing it's DC input, the
control module will no longer be able to control the stepper
motor if the Hz sensing input is lost. The stepper motor's
inability to move or react properly could result in an “over-
speed” condition.

To check Hz sensing input, run unit while manually
controlling speed at a safe level. Ensure that the unit is
providing AC output and that the hertz meter is indicating
properly (the Hz meter is the connection point for the con-
trol module sensing leads).

Check the condition of the wires and connections on
“blue” sensing leads between the Hz meter and the cop* ™\
module.

10 OHM’S
e Y Y Y

ﬁgure 2. Schematic and Resistance Values

10 OHM'S
SN

10 OHM’S

10 OHM’S

URANGE
YELLOW

*Measure from red to any other lead should read 10 OHMS.,

RED
(NOT USED>

*Measure resistance across any combination of orange, yellow, brown , or black should read approximately 20 OHMS.

*Testing from any lead to stepper motor case should read “infinity”.

BROWN

BLACK
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‘ TROUBLESHOOTING (continued)
Test #3
(Check connections between Control Module
and Stepper Motor)

There are two “Plug-In" connectors housed inside the
connection boxes in the harness between the control mod-
ule and the stepper motor. Remove the covers from the
boxes and carefully inspect the connections.

Test #4
(Test Stepper Motor)

A defective stepper motor can cause overspeed, low
speed, or no-start, hard start or erratic operation.

NOTE: It is difficult to perform an operational test on the
| Stepper Motor since the control voltages vary, and motor
rotational movement is so small.

If a defective stepper motor is suspected, the windings ‘
‘ can be tested for resistance, open circuits, and shorts to

the case. (See Figure 2) for schematic and resistance val-

ues. Any other readings other than those which are indicat-

ed, including continuity to case, indicates a faulty stepper

‘otor.
Control Module

If problems still persist after all the previous tests and
adjustments have been completed, it is recommended to
then replace the Control Module and adjust as necessary.
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Section 1.7

DIESEL ENGINE GOVERNORS

Introduction

Unlike automotive engines and many industrial en-
gines, the operating speed of AC generator engines
must be held constant. Operation at a constant speed
is required to ensure correct AC voltage and frequency
output from the generator.

Diesel engines are equipped with a mechanical
engine governor which is usually part of the fuel injec-
tion pump. The governor must (a) maintain a fairly
constant speed when the engine is running at no-load,
and (b) must not permit excessive rpm droop when
heavy loads are applied.

The following general rules apply to generators that
utilize a mechanical engine governor:

O On units rated 60 Hertz, the mechanical governor is
generally factory adjusted to maintain a 62 Hertz AC
frequency at no-load. When electrical loads equal to
the unit's full rated wattage/amperage capacity are
applied, engine speed should not droop below about

O On units rated 50 Hertz, the governor is factory set
to maintain approximately 51 Hertz at no-load. When
electrical loads equal to the unit's full rated watt-
age/amperage capacity are applied, engine speed
should not droop below about 49 Hertz.

A Typical Injection Pump Governor

See Figure 1 below. The governor assembly shown
is used on Generac's 4.0 liter diesel engine. The
Generac 6.4 and 13.3 liter diesel engines are equipped
with governors that are very similar. Governor opera-
tion is based on spring tension (Item 12 and 21) versus
centrifugal force acting on a flyweight (Item 9).

Governor movement acts on a control rod (item 15)
which, in tum, adjusts a control sleeve in the injection
pump. Control sleeve movement increases or de-

. creases fuel flow to the fuel injection nozzles and to the

engine combustion chambers.

58 Hertz.

Governor shown is for the 4.0 liter diesel engine.
Governors on 6.4 and 13.3 liter engines are
similar.
[ITEM NOMENCLATURE
1 Start Spning
2 Tension Lever
3 Guide Lever
4 Shackle Assembly
5 Control Lever
6 Idle Spring
7 Full LOad Adjustment
8 Adapter Spring
9 Flyweight Assembly
10 Stop Lever
1 Adjusting Lever
12 Speed Control Spring
13 Swiveliing Lever
14 Lever Support Shaft
15 Control Rod
16 Start Spring
17 Control Lever
18 Tension Lever
19 Guide Lever
20 Governor Sleeve
21 Speed Control Spring
22 Shackle

Figure 1. Typical Injection Pump Governor
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A Typical Injection Pump Governor (Con-
tinued

Governor action may be briefly described as fol-
lows:

{J Spring force acts on the control rod (item 15) which
moves axially to impart a radial motion to the control
sleeve (ltem 20). Fuel flow and engine speed in-
crease. )

0 As engine speed increases, centrifugal force acts on
the flyweight assembly (ltem 9) tending to move the
flyweights outward in opposition to spring force.

O When centrifugal force acting on the flywsights is
sufficient to overcome spring force, the control rod is
moved in the opposite direction. Fuel flow and engine
speed will then decrease.

(0 As engine speed decreases a pointis reached where
spring force is greater than centrifugal force. The
control rod will then move to increase fuel flow and
engine speed. ;

{1 The governing action is a series of very small cyclic
increases and decreases in engine speed as the
system attempts to reach a point where centrifugal
and spring force are balanced.

From the above, it is apparent that governed speed

can be established by adjusting the tension of the

- spring (ltem 12). Some other adjustment parameters
are also provided.

Adjustments Familiarization

See Figure 2. A typical diese! governor provides the
following adjustments:

1. Full load adjust screw.
2. Stop adjust screw.

3. Maximum speed screw.
4.Governor adjust screw.
5. Idling subspring.

6. Stop lever.

FULL LOAD ADJUST SCREW:

Use the full load adjust screw (Item 1) to eliminate
excessive rpm and frequency droop when electrical
loads are applied to the generator. If generator AC
frequency drops too low when the unit's rated maxi-
mum load is applied, remove the cap and turn the adjust
screw in (clockwise) to increase control rod travel. The
following apply:

1. With unit running at its correct no-load frequency,
apply electrical load to the unit's rated capacity.

2. With the load applied, turn the adjust screw in
(clockwise) to increase frequency. Then, turn the
adjust screw out (counterclockwise) until frequency
starts to drop off. Finally, tumn the adjust screw in
(clockwise) to recover frequency. Full-load fre-
quency should be 59-60 Hz (never below 58 Hz).

PART 1
SECTION 1.7

Figure 2. Adjustments on a Typical Governor

STOP ADJUST SCREW:

Use this adjust screw to establish a governed no-
load speed equal to the rated no-load speed and AC
frequency of the unit. Other times the stop adjust screw
will be turned are:

O Prior to adjusting the governor adjust screw (ltem 4).
O When setting the speed/frequency at which over-
speed shutdown will occur.

MAXIMUM SPEED SCREW:

Adjustment of the maximum speed screw (ltem 3)
should not be required. One exception to this rule is
when the screw must be backed out during adjustment
of overspeed shutdown.

GOVERNOR ADJUST SCREW:

Adjustment of this adjust screw (ltem 4) is normally
required only on new replacement fuel injection pumps.

‘Adjust the screw with the engine shut down, as
follows:

1. Remove plug at top of governor housing.

2. Back the full load adjust screw (item 1) all the way
out (counterclockwise).

3. Move the stop lever (Item 6) to the right (shutdown
position) to allow adjustment of the governor adjust
screw. Turn the governor adjust screw in (clockwise)
for better and more stable governing.

NOTE: On the Generac 4.0 liter diesel engine, it will be
ngcessary to remove the engine intake adapter to gain ac-
cess to the govemor adjust screw.
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Adjustments Familiarization (Continued)

NOTE: The GOVERNOR ADJUST SCREW (ltem 4) is ad-
justed by counting the number of “clicks" as the screw is °

turned. There is no hard and fast rule as to the number of

clicks that will provide optimum, stable goveming. After ad- -
justment, start the engine and let it run at the unit’s rated
no-load speed. If governing is unstable, shut en(qine down

and adjust the governor adjust screw (ltem 4) in (clockwise)
one or two clicks. Restart the engine, let it run at rated speed

and check again for unstable goveming. If goveming is un-
stable, shut down and adjust screw In (clockwise) one or two -
more clicks. Continue this process until stable governing is

obtained. If governing is stable at no-load, but instability
occurs when partial load is applied, tum the screw out (coun-
terclockwise) to eliminate the problem.

IDLING SUBSPRING:

Idle speed is increased by turning the idling sub-
spring screw (Item 5) in (clockwise). Adjustment of the
screw should never be required in the field. if the screw
is turned in (clockwise) too far, maximum governed rpm
will be changed.

STOP LEVER:

An electrically actuated fuel solenoid (FS) is con-
nected to the stop lever (Item 6). When the stop lever
is moved to its right, fuel flow is terminated and shut-
down will occur.

Proper ad{'ustment of the fuel solenoid linkage to
the stop lever
occur when the electrical solenoid is de-energized.
Conversely, when the fuel solenoid energizes, fuel flow
must be positively turned on.

Governor Adjustment

GENERAL:

The following covers governor adjustment proce-
dures for 4.0, 6.4 and 13.3 liter diesel engines, All of
the procedures may or may not be required when
adjusting the governor.

BLEEDING THE FUEL SYSTEM:

If engine fuel system parts have been removed and
replaced, or removed and reinstalled, bleeding of air
from the system may be required. Alr in the fuel system
will result in hard starting and rough, unstable opera-
tion. '

GOVERNOR ADJUSTMENT PROCEDURES:

1. Start the engine, let it warm up for a few minutes at
no-load.

2. See Figure 2. With engine running at no-load, tumn
the STOP ADJUST SCREW (Item 2) to obtain correct
no-load AC frequency (62 Hz on units rated 60 Hz).

IF ENGINE SPEED IS ERRATIC OR HUNTING OC-
CURS, GO TO STEP 3; IF NOT ERRATIC, STEP 4.

s critical since positive fuel shutoff must -
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3. It hunting or erratic operation occur at no-load gov-
erned speed, adjust the GOVERNOR ADJUST
SCREW (ltem 4) as follows:
a. Stop the engine.
b. Turn the STOP ADJUST SCREW (ltem 2) all the
way out.
c. At top of governor housing, remove the plug to gain
a;:cess to the GOVERNOR ADJUST SCREW (item
4).

NOTE: On the Generac 4.0 liter engine, removal of the engine
air intake adapter may be required to allow room for adjust-
ment.

d. Hold the STOP LEVER (ltem 6) all the way to its
right. Then, insert a screwdriver into the access hole
and turn the GOVERNOR ADJUST SCREW (ltem 4)
in about four (4) clicks.

e. Install and tighten the plug into the access hole.
f. Turn the STOP ADJUST SCREW (ltem 2) back to
its original setting.

g. Restart the engine and let it warm up. If hunting or
erratic operation is still present, repeat Steps sa)
through 4(f). Then, restart engine and check for
hunting and erratic operation at no-load.

s

-

Figure 3. Adjustment of Governor Adjust Screw

GOVERNOR SPRING

ADJUSTING SCREW
SWIVEL LEVER

TENSION LEVER

Figure 4. The Governor Adjust Screw
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Governor Adjustment (Continued)

h. Repeat Steps 3(a) through 3(h) until no further
hunting or erratic operation is noted. Then, reeadjust
the STOP ADJUST SCREW (ltem 2) to correct no-
load AC frequency and go on to Step 4.

4. With engine running at correct rated no-load speed
grequency , apply a light electrical load in increments.
tart at about 10% of rated wattage/am,perage capac-
ity. Then, increase to 20%, 30%, 40% and 50% of rated
load, one increment at a time. If hunting or erratic
operation occurs under light electrical loading, it will be
necessar?' to readjust the GOVERNOR ADJUST
SCREW (item 4) as follows:
a. Shut the engine down.
b. Turn the STOP ADJUST SCREW (ltem 2) all the
way out.
c. Remove the plug at top of governor housing to gain
2)cces to the GOVERNOR ADJUST SCREW (ltem
d. Hold the STOP LEVER (ltem 6) all the way to its
right. Then, turn the GOVERNOR ADJUST SCREW
(1tem 4) out one (1) click.
e. Install and tighten plug into access hole.
f. Turn the STOP ADJUST SCREW (Item 2) back to
its original setting.
9. Restart the engine, let it run at no-load.
h. if necessary, reset the STOP ADJUST SCREW
(ltem 2) to obtain correct governed no-load sped.
i Agply light electrical loads in increments as stated
in Step 4 above. If hunting or erratic operation still
vceur-underiight loading, repeat Steps 4(a) through
4

j- Continue the above process until no further hunting
or erratic operation is noted under light electrical
loading.

5. With engine running at correct rated no-load fre-
quency, apply electrical loads equal to 100% of the
unit’s rated wattage/amperage capacity. -
a. With unit running at full rated load, check the AC
frequency reading. Reading should not be less than
about 59-60 Hertz.
b. If reading is about 59-60 Hertz at full rated load,
no further adjustment is required.
c. Ifthe reading is less than 58 Hertz at full rated load,
go on to Step 6.

6. It AC frequency at full rated load is low, adjust the
FULL LOAD ADJUST SCREW (Item 1) as follows:
a. Remove the cap from the ADJUST SCREW.
b. With engine running and full rated load applied,
turn the FULL LOAD ADJUST SCREW (item 1) in
(clockwise) until speed increases as close to 60
Hertz as possible. Then, back the SCREW out until
frequency starts to drop off. Finally, turn the SCREW
(Item 1) back in until frequency recovers.
¢. When the engine is running at its best frequenC{
under full rated load, install the cap over the FUL!
LOAD ADJUST SCREW.

NOTE: The frequency obtained at full rated load should be as
close as possible to the unit's rated frequency (50 or 60
Hertz). However, the maximum frequency obtainable will
depend on the specific eef‘wjglne. It is desireable to operate as
close as possible .to rated frequency (50 or 60 Hertz). Fre-
uency under full rated load should not be less than 58 Hertz
units rated 60 Hertz) or 49 Hertz (units rated 50 Hertz).
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Section 2.1

DESCRIPTION AND COMPONENTS

Introduction
Direct excited generators are equipped with brushes

which are s rin% loaded against slip rings on the rotor |
he

assembly. rushes and slip rings transfer excita-
tion current flow from stationary parts to the rotating
rotor assembly.

This section is intended to familiarize the reader with
the basic construction and major components of direct
excited standby generators manufactured by Generac.

Major Generator Components

See Figure 1 on next page. A typical direct excited
unit is shown, having the following major parts:

AC CONNECTION PANEL:

The large connection panel (item 13) is constructed
of formed sheet steel and is retained to the rear bearing
carrier (item 12) by means of four stator studs (Item 14).
It is sometimes called the "lower CFanel" since the
generator control console is mounted just above it.

Cooling air is drawn into the generator through air
openings in the panel by the action of a cooling fan
(ltem 5).

A typical panel provides mounting holes for a main
Iine‘clzlir%uit breaker, which may or may not be faciory
installed.

Stator AC power winding and excitation winding
output leads are brought out of the stator and routed
into the connection panel.

A "2-wire start” terminal strip is mounted in the con-
nection panel, with terminals 178 and 183 identified.
These two numbered terminals must be properly inter-
connected with identically numbered terminals in a
"GTS" type automatic transfer switch during standby
system installation. When these terminals are properly
interconnected, a dropout in utilit{ power source volt-
age below a preset level will result in generator crank-
ing and startup, followed by transfer of electrical loads
to the standby power source side.

REAR BEARING CARﬁIER:

The cast and machined rear bearing carrier (Item 12)
supports (a) the AC connection panel, (b) the front end
of the stator can, and (c) the front of the rotor assembly.
A machined bore in the center of the rear bearing carrier
accepts the rotor bearing. Mounting pads are provided
on the carrier for retention of one or more brush holders,
which are positioned to allow the brushes to slide on
the rotor slip rings. Mounting feet on the carrier are
retained to the unit mounting base, with vibration dam-
peners separating the feet from the mounting base (to
absorb vibration).

STATOR ASSEMBLY:

The stator assembly (tem 11) is sandwiched be-
tween the rear bearing carrier (item 12) and the biower
housing (Item 1). It is retained in this "sandwiched"
position by means of four stator studs (Item 14), along
with appropriate nuts and lockwashers.

Also see Section 1.2, "Types of Stator Connection
Systems”.

BLOWER HOUSING:

The blower housing (Item 1) houses a drive hub and
fan (ltem 5). Cooling air that enters the cooling air slots
of the AC connection (lower) panel is ducted out of the
blower housing through an air outlet screen. The rear
end of the four stator studs are retained in the blower
housing. On units equipped with an Option "C" control
console, an rpm sensor (item 29) threads into the
blower housing side.

NOTE: The rpm sensor is essentially a magnetic pickup
device which is installed directly over the teeth of the engine
rin? gear. During operation, the sensor delivers an electrical
puise at the passage of each ring gear tooth. These electrical

' pulses are delivered to a DC control/latch-crank circuit board

- in the generator control console. The circuit board uses these

- pulses as an rpm indicator, for establishing such important

' paramalers as startar cutout speed, overspeed shutdown,
elc,

. DRIVE HUB:

The drive hub and cooling fan assembly (ltem 5) is

; bolted to the engine flywheel and rotate with the

flywheel. The rear end of the rotor assembly is retained

. in the drive hub bore, by means of a bearing lock nut

and washer (items 6 and 7).
Some generators may use flexible drive discs to

_ connect the rotor to the engine flywheel. Some units

may utilize such flexible drive discs, in conjunction with

~a drive hub assembly, to connect the rotor to the
" flywheel.

ROTOR ASSEMBLY:

The tapered rotor shaft is keyed and fits into the

“tapered and keyed bore provided in the drive hub. The

- front shatt of the rotor mounts a rotor bearing, which is

‘pressed onto the shaft. The rotor bearing outer

; diameter fits into the machined bore of the rear bearing
carrier. Rotors may be either a 2-pole or a 4-pole type
(see "Measuring AC Frequency” on Page 1.4-6).

' BRUSH ASSEMBLIES:

1 Brushes are retained in a brush holder which, in turn,
-are retained to bosses on the rear bearing carrier.
*Some units may have only one brush holider, others
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NOTE: Thread SENSOR
ﬂtem 29) intoBLOWER
QUSING ‘ltem 1) until it
contacts flywheel rin
gear. Then, backSEN-
OR out 1/2 to 3/4 turn.
DO NOTROTATE ENGINE
DURING THIS ADJUST-
MENT.

ITEM { DESCRIPTION ITEM | DESCRIPTION
i Blower Housling 22 Hex Nut
2 Rotor assembly 23 Brush Holder

) Rotor Bearing 24 Brush
4 Drive Ke 25 Lockwasher
5 Drive Hub and Fan 26 Screw
6 Bearing Lock Washer 27 Screw
7 Bearing Lock Nut 28 Hex Nut
8 F eel Cover 29 RPM Sensor
9 Clamp a0 Capscrew
10 Alr Outlet Screen 31 Lockwasher
1" Stator assembly 32 Flatwasher
12 Roar Bearing Carrier 33 Lockwasher
13 A-c connection Panel 34 Capscrew
14 Stud 35 Capscrew
15 Vibration Dampener 38 Capscrew
16 acer 37 Capscrew
17 Vibration Dampener 38 Capscrew
18 Flatwasher 39 Capscrew
19 Capscrew 40 Lockwasher
20 Lock Nut 41 Flatwasher
21 Lockwasher 42 Hex Nut

Figdre 1. Exploded View- Typical Direct Excited Unit
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Major Generator Components (Continued)

may have two. Each brush holder has two individual-
brushes. One of the two brushes slides on the rotor's

positive (+) slip ring, the other on the negative (-) slip
ring. Brushes are spring-loaded in their holder, to allow

slight lateral movement of the rotor shaft and slip rings
during operation.

When properly and carefully installed, very little brush
wear should occur. During extended non-operating
periods, a thin film may form on the slip rings. Such a

film may inhibit current flow between the brushes and
slip rings. The slip rings should have a shiny ap-
pearance. If they appear dull or tamished, they may be
cleaned with fine sandpaper. DO NOT USE ANY
METALLIC GRIT TO CLEAN SLIP RINGS.

|

ROTOR
BEARING

i

Figure 2. Brushes and Slip Rings (Typical)

Other AC Generator Components

GENERAL:

Several generator components are housed inside the
generator control console. These are (a) an excitation
circuit breaker, (b) the voltage regulator, (c) a field boost
resistor, and (d) a field boost diode.

EXCITATION CIRCUIT BREAKER:

See Figure 3. The excitation circuit breaker is electri-
cally connected in series, between the stator excitation
(DPE) winding and the voltage regulator. The breaker
will trip open to protect the regulator against overcurrent
conditions. The breaker is self-resetting. Thus, when
voltage drops to normal, the breaker will automatically
reset to its closed position.

VOLTAGE REGULATOR:

See Figure 4. Unregulated excitation (DPE) winding
output is delivered to the regulator. The regulator rec-
tifies this output (changes it to direct current). The
regulator then delivers a regulated excitation current to
the rotor, based on sensing signals from the stator AC
power windings.

FIELD BOOST RESISTOR AND DIODE:

During startup and operation, a DC control/latch-
crank circuit board delivers a "field boost™ current to the
rotor windings via Wire 14, the field boost resistor, Wire
29, the field boost diode, and Wire 4. The field boost
cuwirent increases the strength of the rotor's magnetic
field above that of residual magnetism alone. In effect,
field boost "flashes the field” on every startup to ensure
an adequate pickup voltage in the stator windings.

from excitation winding
—2

162
to voltage regulator

Figure 3. The Excitation Circuit Breaker

o
0]

VOLTAGE ADJUS
GAIN

STABILITY
UNDERFREQUENCY
ADJUST

REGULATOR
SENSING
EXCITATI?&

o008hhE

0
o)

Figure 4. The AC Voltage Regulator
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Other AC Generator Components (Con-
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TO ROTOR
FROM DC CONTROL/ I -
LATCH-CRANK BOARD

4  REGULATOR

e J.r

- 4

DIODE

@]

WIRE
NUT

2 6 6B 6A

Figure 5. Field Boost Circuit Components

More About the Stator Assembly

GENERAL:
A typical stator assembly includes (a) the stator AC
power windings and (b) the excitation or DPE windings.

-STATOR AC POWER WINDINGS:

Stator AC power windings may be either a 1-phase
type or a 3-phase type. Refer to Section 1.2, "Types of
Stator AC Connection Systems”.

STATOR EXCITATION (DPE) WINDINGS:

These stator windings are often called "DPE" wind-
ings, which stands for "displaced phase excitation". The
DPE windings deliver an unregulated AC current to the
voltage regulator. The regulator (a) rectifies that current,
and (b) regulates the current.

See Figure 6. Excitation winding unregulated AC
output is delivered to the voltage regulator via Wire No.
2 and, depending on the generator model, Wire No. 6,
6A or 6B. The following general rules apply:

Wire No. 6 is used on brushless.type generators.
Wires 6A and 6B may or not be provided on those units.

Wire No. 6A is used on direct excited (brush type)
generators that are rated 120/208, 120/240 and 240/416
volts.

Wire No. 6B is used on direct excited (brush type)
generators that are rated 139/240 volts or 277/480 volts
AC.

Figure 6. Excitation (DPE) Winding Leads

THERMAL PROTECTOR:

A thermal protector is physically imbedded in the
stator windings and electrically connected in series with
the excitation windings unregulated AC output to the
voltage regulator. The device (Figure 7) is a tempera-
ture sensitive switch having normally-closed contacts.

The switch contacts will open in the event of a high
temperature condition in the stator. On contacts open-
ing, excitation winding output to the regulator and regu-
lated excitation current to the rotor will be lost. Stator
winding AC output voltage will then drop to a value that
is commensurate with the rotor's residual magnetism
plus field boost magnetism. The following general rules

apply:

* Rotor residual magnetism alone (without field
boost current and without excitation current) will
produce a stator AC output voltage that is equal
to approximately 2 to 7 percent of the unit's rated
voltage.

* Rotorresidual magnetism plus field boost current
{without excitation winding output) will produce
approximately one-half {1/2) the unit's rated volt-
age.

NOTE: The preceding facts are valuable troubleshoot-
ing aids. For example, a very low AC output voltage
(about2 to 7 percent of rated volts) probably means that
both field boost and excitation winding output have been
lost. If generator AC output voltage is about one-half the
unit's rated voltage, only excitation winding output has
been lost.

Athermal protector "bypass lead” has been provided.
if testing reveals that the thermal protector has failed
open, simply connecxt Wire No. 5 to Wire No. 2. This
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More About the Stator Assembly (Con-
tinued)

will bypass the thermal protector and restore normal -

excitation winding output to the regulator. However, it
should be mentioned (when the thermal protector is
bypassed), stator overtemperature protection will not
be available.

STATOR EXCITATION
WINDINGS

THERMAL
PROTECTOR
BYPASS
leAD

THERMAL
2 PROTECTOR g

5

| S
TO VOLTAGE
REGULATOR

Figure 7. The Thermal Protector

More About the Voltage Regulator

The voltage regulator is equipped with three lamps
(LED's). These lamps are (a) a red "Regulator” lamp,

(b} a yellow "Sensing" lamp, and (¢) a green "Excita-

tion" lamp. During normal operation with no faults in the
system, all three lamps should be ON.

The voltage regulator is powered by stator excitation
(DPE) winding output, with approximately 4 to 8 voits
required to turn the regulator on.

The green "Excitation" lamp and the red "Regulator”
lamp are both powered by excitation winding output. If
excitation winding output is gradually reduced, these
two lamps will begin to dim until, at some midpoint
voltage and current, the lamps will no longer glow
visibly. Depending on the. specific generator model,
eRslagation DPE) voltage may be about 40-240 volts

The yellow "Sensing” lamp is powered by sensing
input to the regulator from the stator AC power wind-
ings. The brightness of this lamp will depend on the
available sensing voltage. Sensing input to the
regulator is approximately 190-240 volts RMS, depend-
ing on the specific generator.

The following factors apply to voltage regulator
operation:
1. The voltage regulator will shut down on occurence
of an[ one or more of the following conditions:

a. Loss of sensing voltage (Leads S15, S16) to the

regulator.

b. Loss of excitation (DPE) voltage input to the

regulator.

c. Loss of circuit reference.
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NOTE: The term "circuit reference” refers to voltage regulator
settings. The regulator "regulates” excitation (DPE) winding
current flow to the rotor (field} in order to maintain a sensing
voltage that is commensurate with a preset "reference” volt-
age. That is, the regulator seeks to maintain a sensing
actual) voltage that is the same as a “reference” voltage.
Regulator “reference” voltage is adjustable within a 20 per-
cent range at the regulator. In addition, regulated oulput
current to the rotor can be varied by changing the 'sensmg"
voltage input to the reaqulator. The latter is accomplished by
means of a voltage adjust knob on the generator console.
2. During generator operation, ali three lamps (LED’s)
should be ON.

a. "Regulator” lamp ON indicates the regulator is

operating normally.

b. "Sensing” lamp ON indicates that sensing voltage

is available to the regulator.

¢. "Excitation" lamp ON indicates that unregulated

excitation (DPE) current is available to the regulator.
3. If the red "Regulator" lamp goes OUT, a voltage
regulator fault exists or the regulator has shut down due
to occurence of one or more shutdown conditions.

a. Expect to see a generator AC output voltage that

is commensurate with rotor residual magnetism plus

the magnetism produced by field boost.

b. Residual plus field boost magnetism will provide

approximately one-half the unit's rated voltage.
4. If the green "Excitation" lamp goes out, loss of
excitation (DPE) winding output to the regulator has
occured.

a. Loss of excitation (DPE) output to the regulator will

result in regulator shutdown and the red "Regulator”

lamp will also turn on.

b. If the red "Regulator” and the green "Excitation"

lamps are both OUT, look for an AC output voltage

that is commensurate with residual plus field boost

magnetism.

+ 5. If the yellow "Sensing” lamp goes out, loss of sensing
- 1o the regulator has occured (Wires S15, S16).

a. Loss of sensing may cause the regulator to shut
down.

b. On regulator shutdown, both the "Regulator” and
the "Sensing" lamps will be OUT.

c. Look for a generator output voitage that is the
result of residual plus field boost magnetism.

| 6. It all three of the lamps go out, look for a fault that

can cause both sensing and excitation to fail.
a. Look for faulty slip rings, brushes, rotor, etc.
b. Look for a fault in the regulator to rotor circuit.

7. If the red "Regulator" lamp is flashing, "Stability”
' probably requires adjustment.

An open condition in the sensing leads to the
regulator (S15, S16) tends to create a "full field" condi-
tion. This occurs because the regulator tries to bring the
sensing voltage up to an equal value with the "refer-

‘ence” voltage setting, by increasing regulated excita-
-tion current to the rotor. However, regulator shutdown

occurs on loss of sensing voltage. This, in turn, causes
loss of excitation current to the rotor. The generator's

:AC output voltage will then become commensurate
-with rotor residual magnetism plus field boost mag-
‘netism, about one-half rated voltage.
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Voltage Regulator Specifications

Response

Less than one (1) cycle

Temperature tracking (32°-120° F.)

0.41 percent

Temperature drift

Less than 1% for each 40° C. change

Steady state regulation

0.75% RMS conditionally

Droop (voltage over frequency)

0-4 volts per Hertz

Selectable start 52-62 Hz (underfrequency pot)

Rate 4/8 volts per Hz (jumper select)

Maximum output current to field

100 amps @ 1 cycle peal
10 amps at 50° C. continuous
20 amp one minute forcing

Regulator turn on

4 volts RMS from DPE windings

SCR control

Pulse with modulation

Maximum DPE energy

93%

I Startup overshoot

10% conditionally

Startup volitage time

1 second

Stability (100 amp, 0.8 PF)

0% oscillation

LED indicators

Excitation ON (green) lamp
SCR firing signal {red lamp)
Sensing voltage present (yellow) lamp

Excitation voltage

40-240 volts RMS

Sensing input to regulator

1-Phase, 190-240 volts RMS |

| Field flash (field boost)

On continuously

Regulator shutdown conditions

Loss of sensing voltage
Loss of excitation voltage
Loss of circuit reference
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Section 2.2

OPERATIONAL ANALYSIS- DIRECT EXCITED UNITS

Magnetism

Although magnetism is invisible, some of the effects
it produces can be clearly seen. The behavior patterns
of magnetism have been studied. It is the application of
these behavior patterns that has led to the development
of generators, motors, relays, transformers, coils, etc.

Magnetism can be used to produce electricity. Con-
versely, electricity can produce magnetism. Because of
the relationship between magnetism and electricity, a
study of one should include a study of the other. The
following facts are known about magnetism:

+ Lines ?f magnetic force, called "flux”, are directed
away from the north pole of a magnet, travel in a
loop, and re-enter the magnet at it$ south pole.

* Lineg of flux form definite patterns which vary in
density according to the strength ot the magnet.

+ Lines of flux never cross one another.

*» The area ?urroundin a magnet in which its lines of
magnetic tlux canbetelt is called a "magnetic tield".

Electromagnetism

Current carrying electrical conductors are sur-
rounded by a magnetic field which is at right angles to
the conductor. When current flow through the conduc-
tor increases, the number of lines of flux increase

. ~proportionally. That is, the strength of the magnetic tield

increases when current flow increases. The magnetic
field is distributed aiong the entire length of the conduc-
tor.

Electromagnetic Induction

When a conductor is moved so that it passes through
a magnetic field, an electromotive force {EMF or volt-
age) is created in the conductor. If the magnetic field is
moved so that it cuts across the conductor, an EMF or
voltage will also be created in the conductor. This is the
basic principle  that allows a generator to produce
electricity.

Figure 3 shows a simple revolving field generator. A
permanent magnet rotates so that its lines of flux cut
across a coil of wires called a stator. As the north pole
of the magnet passes the stator windings, a voitage is
induced into the stator and current will flow in one
direction through the light bulb (called the "load"). As
the north pole passes the stator, voltage and current
will drop to zero. When the magnet's south pole pass
the stator, current flow increases in the opposite direc-
tion. Magnet rotation causes this cycle to continue, with
current flow reversing direction at the passage of each
north and south pole. This constant reversal of current
is called "alternating current” or "AC".

The flow of electrical current through a conductor in
one direction followed by its reversal and flow in the
opposite direction is called a "cycle” or "1 Hertz".

———— T - Magnetic Lines
of Force

Figure 1. Magnetic Lines of Flux

Current Carrying
Conductor

Magnetic Lines
of Force

Figure 2. Magnetism Around a Conductor

STATOR

Figure 3. A Simple Revolving Field Generator
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Generator Operation

1. The rotor is driven at a pre-determined speed by an
engine, so that the rotor's magnetic field cuts across
the stationary stator windings.
a. Some residual or permanent magnetism is always
present in the rotor.
b. Direct current flow from a field boost circuit is
delivered to the rotor windings, to create a magnetic
tield that is added to the residual magnetism.
2. As the rotor's magnetic lines of flux cut across the
stator's AC power windings, a voltage is induced into
those windings. Light bulbs, called a "load", are con-
nected across the windings. The voitage flows through
the load, turning the light bulbs on.
3. As the lines of flux from the rotor cross the stator
excitation winding, a voltage and current flow is induced
into that winding.
a. Excitation winding AC current is delivered to the
voltage regulator, via a thermal protector and an
excitation circuit breaker.
b. The voltage regulator rectifies the excitation wind-
ing current, i.e., changes it to direct current (DC).
¢. Sensing leads from the AC power windings are
connected to the voltage regulator.
d. Based on the sensing signals from the AC power
windings, the regulator regulates the direct current
flow delivered to the brushes, slip rings and rotor.
4. The regulated and rectified direct current flow
through the rotor windings creates a magnetic field
around the rotor that is "regulated” in strength.

5. The regulated magnetic field induces a regulated AC
voltage into the stator AC power windings. This regu-
lated voltage is delivered to the load.

A generator's excitation circuit is that circuit that
delivers a regulated current flow to the rotor windings,
to create a regulated magnetic field around the rotor. in
turn, the reguiated ma%netic field will induce a regu-
lated voltage into the AC power windings.

it is evident that the rotor's magnetic field strength is
the result of (a) residual magnetism, (b) field boost
current flow, and (c¢) reguiated direct current from the
voltage reqgulator.
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Figure 4. Operating Diagram- Typical Direct Excited Generator
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Section 2.3 :

TROUBLESHOOTING FLOW CHARTS

A generator does not have a large number of parts. However, these parts are expensive. For that reason, use
of "guesswork™ when troubleshooting and diagnosing problems is not cost effective and must be avoided.

The following "Troubleshooting Flow Charts" have been carefully formulated in logical sequence. They should
cover most of the problems and remedies that might be encountered. Follow the flow charts carefully. If you are
uncertain of how to perform any test in the chan, refer to "Diagnostic Tests” in Section 2.4.

Problem 1- Panel AC Voltmeter Reads No. Voltage or Residual Voltage at No-Load

NOTE: Residual voltage is that generator AC output voltage produced by rotor residual magnetism alone. It is
generally equal to approximately 2 to 7 percent of the unit's rated AC voltage.

TEST 1-CHECK
VOLTAGE-PHASE

TEST 2-CHECK
AC VOLTAGE

OUTPUT TEST 3-TEST

AC VOLTMETER

SELECTOR , OUTPUT GOOD
SWITCH POSITION
SWITCH IS SET | ZERO OR VOLTMETER  VOLTMETER
TO "OFF" RESIDUAL . CHECKS BAD CHECKS GOOD
RESET SWITCH REPLACE BAD
TO1,20R3 VOLTMETER
PANEL PANEL TEST 4-TEST , TEST 5-TEST AC
VOLTMETER VOLTMETER VOLTAGE-PHASE SWITCH > VOLTMETER
NOW READS STILL READS SELECTOR IS GOOD CIRCUIT
GOOD ZERO OR SWITCH
RESIDUAL
END TESTS BAD=mmesmslp REPLACE BADummmlly REPLACE
‘ BAD SWITCH BAD WIRE(S)

TEST 6-TEST
FIELD BOOST
CIRCUIT

CIRCUIT
IS GOO -

TEST 7-CHECK
BRUSHES AND
SLIP RINGS

TEST 8-TEST

GOODwmmep-§ ROTOR (FIELD)

BAD BAD GOODwmmmPp- | TEST 9-TEST
' STATOR AC

POWER
REPAIR OR CLEAN SLIP RINGS, REPLACE ROTOR WINDINGS
REPLACE REPLACE BAD IFITISBAD

BAD PART(S) BRUSHES

REPLACE STATOR IF BAD
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Problem 2- Panel AC Voltmeter Reads Approximately One-Haif Rated Voltage

TEST 1-CHECK TEST 2-CHECK TEST 3-TEST METER TEST 4-TEST
VOLTAGE-PHASE SWITCH AC VOLTAGE AC CHECKS=jp-| VOLTAGE-PHASE
SELECTOR GOOD = OUTPUT VOLTMETER GOOD SELECTOR

SWITCH

SWITCH POSITION

WRONG POSITION APPROXIMATELY METER SWITCH SWITCH
ONE-HALF RATED CHECKS 1S BAD CHECKS
VOLTAGE BAD GOOD
RESET SWITCH TEST 10-CHECK REPLACE REPLACE
TO CORRECT VOLTAGE DEFECTIVE BAD SWITCH

POSITION REGULATOR VOLTMETER

REPLACE
WIRE(S)
IF BAD

TEST 5-TEST AC
VOLTMETER
CIRCUIT

NOTE 1:AT ONE-HALF

"SENSING" AND "EXCITER" AND "REGULATOR" REGTJ&%&OLLA%% WiLL

"REGULATOR" *"REGULATOR" LAMP BE DIM. SHADING OF THE

LAMPS ARE QUT LAMPS OUT IS OUT ONLY LAMPS MAY BE NECES-
SARY TO DETERMINE IF

1 THEY ARE ON.

TEST 13- REPLACE
REGULATOR, TEST
AND ADJUST

TEST 11-CHECK
SENSING LEADS
TO REGULATOR

TEST 12-TEST
DPE CIRCUIT
BREAKER

BAD GOOD BAD SEE TEST 13
IN SECTION 2.4

REPAIR, REPLACE JTEST 15-]
VOLTAGE OR RECONNECT THERMAL
ADJUST BAD SENSING PROTECTOR
POTENTIOM- LEADS
ETER

REPLACE
BAD
BREAKER

TEST 16-TEST
STATOR DPE
WINDINGS

REPLACE
STATOR
IF BAD

REPLACE IF BAD GOO
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Problem 3- Generator Produces Low or High Voltage at No-Load

TEST 2-CHECK - TEST 18-ADJUST
AC VOLTAGE ENGINE
OUTPUT GOVERNOR

FREQUENCY GOOD ‘ FREQUENCY AND VOLTGAGE
VOLTAGE STILL ‘ ARE GOOD FOLLOWING
HIGH OR LOW 3 GOVERNOR ADJUSTMENT

FREQUENCY AND VOLTAGE messssdpp PROBLEM IS CORRECTED
AND ADJUST ARE GOOD AFTER END OF TESTS
VOLTAGE REGULATOR

REGULATOR ADJUSTMENT

Problem 4- Voltage and Frequency Drop Low When Loads Are Applied

TEST 20-CHECK
FOR OVERLOAD
CONDITION

UNIT IS NOT TEST 18-ADJUST
OVERLOADED wmlp- ENGINE

GOVERNOR

UNIT IS OVERLOADED VOLTAGE AND FREQUENCY
ARE STILL LOW UNDER LOAD

9

REDUCE LOAD TO TEST 21-CHECK REPAIR
UNIT CAPACITY ENGINE POWER ENGINE
AND AS
CONDITION REQUIRED
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Seétion 2.4

DIAGNOSTIC TESTS

Test 1- Check Voltage-Phase Selector
Switch Position

DISCUSSION:

If so equipped, this 4-position switch will be found on
the front face of the generator control console. Switch
positions and meter readings are as follows: ‘

SWITCH VOLTAGE/AMPERAGE READING ]

POSITION -

-1 Line E1 to Neutral Line E1 to E2

2 Line E3 to Neutral Line E2 to E3

3 Line E1 to Line E3 Line E3 to E1

OFF No Reading No Reading
*

PROCEDURE:

If both the panel AC voltmeter and ammeter read
"zero", check the position of the voltage-phase selector -
switch. It is normal for these meters to read "zero" when |
the switch is set to "Off". Set the switch to read either
line-to-line or line-to-neutral voltage as desired.

RESULTS:

It switch is positioned correctly but AC voitmeter still
reads incorrectly, go on to Test 2.

Test 2- Check AC Voltage Output

DISCUSSION:

What appears to be an undesireable AC voltage may
be caused by a defective panel voltmeter. The ac-
curacy of the panel voltmeter can be checked by using
annexternal AC voltmeter to measure generator output
voltage.

DANGER: USE EXTREME CAUTION WHEN
CHECKING AC VOLTAGE OUTPUT. STANDBY
GENERATORS PRODUCE EXTREMELY HIGH
AND DANGEROUS VOLTAGES WHICH CAN
CAUSE SERIOUS INJURY OR EVEN DEATH.
WHEN READING AC VOLTAGE OUTPUT THE
GENERATOR SHOULD BE RUNNING AT ITS
RATED SPEED AND MAY HAVE SOME OF ITS
PROTECTIVE GUARDS AND COVERS
REMOVED. IT IS BEST TO SHUT THE GENER-
ATOR DOWN BEFORE ATTACHING METER
TEST LEADS TO AC POWER TERMINALS.
WHEN USING ALLIGATOR CLIPS OR PUSH-ON
TERMINALS, MAKE SURE THE LEADS ARE
PROPERLY SUPPORTED SO VIBRATION WILL
NOT SHAKE THEM LOOSE.

PROCEDURE:

Generator AC output voltage may be read at (a) the
generator's main line circuit breaker, (b) at transfer
switch terminal lugs on installed units, or (c) at gener-
ator AC power leads E1, E3 and 00 (neutral) for 1-
phase units, or (d) at generator AC power leads E1, E2,
E3 and 00 (neutral) for 3-phase units.

1-Phase Units: To read line-to-line voltage, connect
the meter test leads across lines E1 and E3. To read
line-to-neutral voltage, connect the meter test leads
across line E1 and 00; or across Line E3 and 00.

3-Phase Units: To read line-to-line voltage, connect
the meter test leads first across lines E1 to E2; then,
across Lines E2 to E3; finally, across Lines E3 to E1.
To read line-to-neutral voltage, connect the meter
across any line (E1, E2, E3) and 00 (neutral).

RESULTS:

1. If the voltage reading is the same as the panel AC
voltmeter reading, go to Test 6.
2. If meter indicates normal voitage but panel voltmeter
reads incorrectly, go to Test 3.

Test 3- Test AC Volitmeter

DISCUSSION:

If the voitage reading taken in Test 2 was correct, but
the panel voltmeter reads incorrectly, either the panel
voltmeter is defective, or the voitage-phase seiector
switch is bad, or voltmeter circuit wiring is bad.

PROCEDURE:

Gain access to the back of the panel AC voitmeter.
Connect the test leads of an external AC voltmeter
across the panel voltmeter terminals. With the engine
running, read the external meter and compare its read-
ing with that of the panel meter.

RESULTS:

1. If the external meter and panel voltmeter readings
are the same, the panel voltmeter is good. Go to Test
4

2. If the external meter reads coirect voltage but the
panel meter reads incorrectly, replace the panel AC
voitmeter.

Test 4- Test Voltage-Phase Selector
Switch

DISCUSSION:

A defective voltage-phase selector switch may resuit
_in erroneous panel voitmeter readings. The following
' procedure may be used to test the switch.
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Test 4- Test Voltage-Phase Selector
Switch (Continued)

PROCEDURE:

PART 2
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With the engine shut down, gain access to the rear
of the voltage-phase selector switch (in generator con-
sole). Test the switch as follows:

1. Set a volt-ohm-milliammeter (VOM} to its "Rx1" scale

and zero the meter.

2. Refer to the chant that follows. Connect the VOM test

leads across the switch terminals as showninthe chart.
a. Note the VOM reading with the volitage-phase

selector switch at each of its positions.
b. Readings should be as indicated in the chart.

CONNECT
VOM
ACROSS

CONTACTS

S%VITCH POSITION

3

OFF

[} 1
] 3 01 &
E2 | s7 | oot —¢! !
P 8 [
0 ,—ch
E3 ss [y 10 '
: ‘ "g;o'! : ¢ -
59 0o
L2 _4
(—)\-)\-J =i ‘*—l VOLTAGE-PHASE
18 M0 92 4at | SELECTOR SWITCH
"15-PIN CONNECTOR
(FEMALE END)

141013 Continuity

Infinity

Continuity]

Infinity

16to 15 Infinity

Continuity

Infinity

Infinity

Figure 1. AC Voltmeter and Ammeter Circuit

20to 19 Continuity

Infinity

Infinity

Infinity

18to 17 Infinity

Continuity

Continuity,

1to2 Infinity

Continuity

Continuity|

3tod Continuity

Infinity

Infinity

5t06 Continuity

Infinity

Continuity|

"7Tto8 ° Infinity

Continuity

" Infinity

9to 10 Continuity | Continuity]  Infinity

11t0 12

Infinity Infinity | Continuity

Infinity

RESULTS:

1. Replace the voltage-phase selector switch if it is
defective.

2. If voltage-phase selector switch is good, go to Test
5.

Test 5- Test AC Voltmeter Circuit

DISCUSSION:

An open or shorted wire in the voltmeter circuit will
produce the same results as a defective voltage-phase
selector switch.

PROCEDURE:

See Figure 2 or the appropriate wiring diagram for

the unit being tested. Inspect and test all wiring be-
tween the generator AC output leads (E1, E2, E3), the
voltage-phase selector switch, and the AC voltmeter.

RESULTS:

Repair, reconnect or replace any damaged or defec-
tive wiring.

Pictorial View Schematic
A A T
[1 ] [17 T J 16 _15
<o o T
—t
o~ noky Vo1 2_ |
Bee pleen |
d N n | g 6 |
s e | o]
=Y = ;9 10
© |
[-2) - 1 12 (1
Lo J

Figure 2. Voltage-Phase Selector Switch

Test 6- Test Field Boost Circuit

DISCUSSION:

See Figure 3. During startup and running operétions.
the DC controlflatch-crank circuit board (in the gener-

- ator control console) delivers 12 volts DC to the rotor

windings, via Wire No. 14, a field boost resistor (R2),
Wire No. 29, a field boost diode (D1), Wire No. 4, and
the brushes and slip rings.

The rotor circuit is completed to ground through the
nagative (-) slip ring and brush, Wire No. 1, and terminal
0 of a terminal board in the control console.

The field boost feature acts to "flash the field" on
every start. This helps ensure that an adequate "pick-
up” voltage is induced into the stator windings early on
1every stant. The following facts apply to the field boost

unction:
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Test 6- Test Field Boost Circuit (Con-
tinued)

* The ability of the generator to develop a pickup

voltage in its stator windings depends on the

characteristics of the individual unit. On some

units, failure of the field boost system may never

be noticed. -
¢ In some cases when field boost has failed, the

excitation windings may not produce sufficient

voltage to turn the regulator on.

* Rotor residual magnetism alone (without excita--
tion current and without field boost) will provide a.

generator AC output voltage equal to ap-

proximately 2 to 7 percent of the unit's rated

voltage.
= Rotor residual magnetism plus the magnetism
produced by field boost (without excitation cur-

rent) will provide a generator AC output voltage
of approximately 40 to 50 percent of the unit's

rated voltage.

TO ROTOR
FROM DC CONTROL/ [ | T0
LATCH-CRANK BOARD 4  REGULATOR

® _J/.,f

DIODE

| O]

Figure 3. The Field Boost Circuit

PROCEDURE:

1. Set a volt-ohm-milliammeter (VOM) to "+DC" and to

a voltage scale greater than 12 volts.

2. Gain access to the interior of the generator control
console. On the interior floor of the console, locate the
field boost resistor (R2) and the field boost diode (D1).
See Figure 3.

3. Disconnect the connector plug from the voltage
regulator, to prevent excitation current from atfecting the
meter reading.

4. Connect the VOM positive (+) test lead to the Wire 4
diode terminal. Connect the common (-} VOM test lead
to terminal 0 of terminal board TB1 (ground).

5. Start the engine, let it stabilize.
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6. Read the VOM. The meter should read approximately
7-10 volts DC.
7. Leave the common (-) VOM test lead connected to
terminal 0 of TB1. Connect the positive (+) VOM test
lead to the Wire 29 terminal of field boost diode D1. The
meter should read approximately 7-10 volts DC.
8. With the common (-) test lead still connected to
terminal 0, connect the positive (+) test lead to the Wire
29 terminal of resistor R2. The VOM should read: 7 10
volts DC.
9. With the common (-) test lead still attached to terminal
0 of TB1, connect the positive (+) test lead to the Wire
14 terminal of resistor R2. The meter should read ap—
proximately 12 volts DC.
10. Shut the engine down and test the following wlres
for an open condition:

a. Wire 14 to the resistor (R2).

b. Wire 29 between resistor (R2) and diode (D1).

RESULTS:

1. If field boost voltage was indicated in Step 6, but not
in Step 7, replace the field boost diode (D2).

2. If field boost voltage was indicated in Step 9, but not
in Step 8, replace the resistor (R2).

3. Repair, reconnect or replace any open wire(s).

NOTE: The DC output to Wire 14 is controlled by a DC
control/latch-crank circuit board, housed in the control
console. Wire 14 voltage also turns on engine fuel flow,
engine ignition, etc. Thus, if the engine starts and runs,
circuit board output to Wire 14 must be normal.

Test 7- Check Brushes and Slip Rings

DISCUSSION:

Direct excited generators are equipped with brushes
and slip rings which transmit excitation and field boost
current from stationary components into the rotating
rotor windings. These brushes and slip rings are ex-
tremely durable. However, generators that have been
idle for a period of time may develop a coating on the
slip rings. This coating causes a dull or tarnished ap-
pearance on the slip rings and tends to impede the flow
of electrical current.

PROCEDURE:

Remove Wire 4 (red) from the positive brush and Wire
0 (black) from the negative brush. Then, remove the
brush holders from the bearing carier. Carefully inspect
brush holders, brushes and slip rings. Look for cracked
or damaged brush holders, worn or damaged brushes,
dull or tarnished slip rings.
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Test 7- Check Brushes and Slip Rings
(Continued)

RESULTS:

1. Replace any damaged or defective brush holder.

2. Replace any damaged, cracked or worn brushes.

3. If slip rings appear dull or tarnished, they may be
cleaned with fine sandpaper. DO NOT USE ANY
METALLIC GRIT TO CLEAN SLIP RINGS. Ciean slip
rings to a bright, shiny appearance. After cleaning,
vacuum or blow away any sandpaper residue.

4. If problems still persist, go to Test 8.

4 {(RED} L)

BRUSH WITH RED
1——O  (eapcLosEST

BRUSH 70 ROTOR BEARING
HOLDER

SCREW

1 (BLACK) 1

Figure 4. Brushes and Slip Rings (Typical)

Test 8- Test Rotor (Field)

DISCUSSION:
The rotor can be tested for an open or grounded
condition using a VOM.

PROCEDURE:

Remove brushes and brush holders to prevent inter-
action. Seta VOM to its "Rx 1" scale and zero the meter.
Connect the VOM positive (+) test probe to the positive
(+) slip ring, nearest the rotor bearing. Connect the
common (-) test probe to the negative (-) slip ring. The
meter should indicate the resistance of the rotor wind-
ings. Depending on the specific generator model, rotor
resistance may vary from 5 to 17 ohms.

To test for a grounded condition, first make sure the
brushes and brush holders are removed. Set the VOM
to a high resistance scale and zero the meter. Connect
the positive VOM test probe to the positive (+) slip ring,
nearest the rotor bearing. Connect the common (-) test
probe to a clean frame ground. "Infinity” should be read.
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RESULTS:

1. If the rotor windings are open, replace the rotor
assembly.

2. It a grounded condition is indicated, test rotor insula-
tion resistance (Section 1.4, "Generator Maintenance
and Testing").

Test 9- Test Stator AC Power Windings

DISCUSSION:

You may wish to review the information in Section 1.2
of this manual. Stator AC output leads are routed out of-
the stator can and into the generator’'s AC connection
(lower) panel. Remember, some stators have six coils
with twelve leads coming out. Some 1-phase units have
only two coils with four leads coming out.

An accurate volt-ohm-milliammeter (VOM) may be
used to perform preliminary tests of the stator AC power
windings. Windings may be tested for (a) an open
condition, (b) a grounded condition, and (c) a shorted
condition. When testing for an open condition, the resis-
tance of the power windings is very low, often in the
"milliohm” range. Many VOM's will simply indicate "con-
tinuity".

PROCEDURE:

General Inspection: Make sure the stator leads are
propery connected for correct voltage and phase as
outlined in Section 1.2 (especially important on new
installations). Also look for obvious problems, such as
burned wires, broken or disconnected connectors,
loose connections, frayed or worn insulation, etc.

Test for Open Condition: Set a VOM to its "Rx1°
scale and zero the meter. Test all stator coils for con-
tinuity, one coil at a time. Test each coil separately. Iin
each case, the VOM should read the resistance of the
individual stator coil.

Test for Grounded Condition: Set the VOM to its
highest resistance scale (such as "Rx10,000" or
"Rx1K"). Zero the meter. Connect one VOM test probe
to alead of one stator coil, the other test probe to a clean
trame ground on the stator can. Then, test the remaining
stator coils in the same manner, one at a time. In each
case, the VOM should read "infinity".

Test for Shorted Condition: This test will determine
if one stator coil is shorted to another coil. Set the VOM
to its highest resistance scale. Zero the meter. Connect
one VOM test probe to one lead of a stator coll, the other
test probe to one lead of a second stator coil. Continue
until all stator coils have been tested for shorted condi-
tion. In each case, the VOM should read "infinity".

7

2
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Test 9- Test Stator AC Power Windings -
(Continued)

RESULTS:

If testing reveals a defective stator, you may wish to
remove the stator assembly and test further with an
insulation resistance tester. See Section 1.4, "Gener-
ator Maintenance and Testing". Replace any stator with
open, grounded or shorted windings. '

Test 10- Check Voltage Regulator Lamps

DISCUSSION:
Review the information on Page 2.1-5, "More About
the Voitage Regulator". All three regulator lamps

(LED's) are normally ON during generator operation..

Become familiar with the following facts:

+ lIftheyellow "Sensing” lamp is out, loss of sensing
voltage to the regulator is indicated (Wires S15
and S16).

« If the green "Excitation” lamp is out, loss of un-

regulated excitation current from the stator ex-
citation (DPE) windings is indicated.
» If the red "Regulator” tamp is out, the reguiator's

SCR's are not firing (regulator is not functioning).

* Onlossof "Sensing”, the regulator normally shuts
down. Both the "Sensing" lamp and the

"Regulator” lamp will then go out.
* Onloss of "Excitation”, the regulator will normally

shut down. Both the "Excitation” lamp and the .

"Regulator” lamp will then go out.

* ltis possible for a regulator failure to occur while

both "Sensing” and "Excitation” are available. In
this case, only the red "Regulator” tamp will go

out.

* Under low or reduced voltage conditions, the 1

regulator lamps (LED's) will glow dimly. it may be

necessary to shield the lamps from light in order

to see them.

PROCEDURE:

With the generator running, observe the lamps. All

lamps should be ON.

RESULTS:

1. If the yellow "Sensing” lamp and the red "Regulator”
lamp are both OUT, go to Test 11 (problem is in the

sensing circuit to regulator).

2. I the green "Exciter” and the red "Regulator” lamp
are both out, go to Test 12. The problem must be in the

excitation circuit to the regulator.

3. It only the red "Regulator” lamp is out, go to Test 13 |

{(a regulator problem exists).
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Figure 5. Voltage Regulator Lamps (LED's)

Test 11- Check Sensing Leads to
Regulator

DISCUSSION:

The sensing leads provide a signal of actual voltage
to the regulator. The regulator "compares” this "actual
voitage” signat to a preset "reference” voltage.

If actual voltage is lower than the "reference” voltage,
regulator action will increase regulated DC excitation
current to the rotor in an attempt to build up the rotor's
magnetic field and increase the voltage induced into the
stator windings.

It actual voltage is higher than the "reference” volt-
age, the reverse action will occur. Regulated DC excita-
tion current to the rotor will decrease in an attempt to
reduce the induced stator voltage.

In the event of an open circuit condition in the sensing
circuit, complete loss of the sensing signal to the
regulator will occur. The regulator will then shut down to
prevent a "full field” and accompanying high voltage
condition.

PROCEDURE:

Carefully inspect Wires S15, S16 and 89 between the
regulator and the main circuit breaker. See Figure 6.
Test all wires with a VOM.
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Test 11- Check Sensing Leads to
Regulator (Continued)

RESULTS:

1. Reconnect, repair or replace any damaged or defec-
tive Wires S15, S16, 89.

2. If all sensing leads are good and problem persists, go
to Test 14, "Test Voltage Adjust Potentiometer”.

HERTZ
VOLTAGE METER
REGULATOR
S16
15-PIN
CONNECTOR

Ri= VOLTAGE
ADJUST POT.
CT1, CT2= CURRENTI

Si15

or TRANSFORMERS
_E1 1-PHASE)
| e5 STATOR

etz N\ S

1)
i{e]

cB1

Figure 6. Typical Sensing Circuit

Test 12- Test DPE Circuit Breaker

DISCUSSION:

If the green "Excitation® and the red "Regulator” lamp
are both OUT, an open circuit probably exists between
the stator excitation (DPE) windings and the voltage
regulator. One of the components in this circuit that
might be open is the DPE circuit breaker. This circuit
breaker is self resetting and cannot be reset manually.

PROCEDURE:

Disconnect Wires 2 and 162 from the circuit breaker.
Set a VOM to its "Rx1" scale and zero-the meter.
Connect- the VOM test leads across the-two circuit
breaker terminals (Figure 7). The meter should read
"continuity”. If the meter reads "infinity”, the breaker has
failed open and should be replaced.

RESULTS:

1. Replace the excitation (DPE) circuit breaker if it fails
the test.

2. It the DPE breaker checks good, go on to Test 15,
"Test Thermal Protector”.
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from excitation winding

— 2

1=
T
162

to voltage regulator

Figure 7. Excitation (DPE) Circuit Breaker

Test 13- Replace Regulator, Test and Ad-
just

DISCUSSION:

If the yellow "Sensing” lamp and the green "excita- -
tion" lamp are both ON, but the red "Regulator lamp is
OUT, a voltage regulator failure is indicated.

PROCEDURE:

The voltage regulator is housed inside the generator
control console. Unplug the regulator connector plug,
then remove the regulator. Install a new replacement
regulator as follows:

1. On the new replacement regulator, locate the minia-
ture switch on the regulator circuit board identified as
"SW1". Set the switch to "1" if installing it on a direct
excited (brush type) unit; set it to "2".for ‘brushless-
generators. See Figure 8.

NOTE: On early production voltage regulators, set the
switch to Position "E" for brushless generators; to "B"
for units with brushes.

2. Install the new regulator. )
3. Plug the regulator connector plug into the regulator:
receptacle.
4. Set the following potentiometers on the regulator to
their centered or mid-position:

a. Voitage Adjust.

b. Gain.

c. Stability.

d. Underfrequency Adjust.
5. On the generator console, set the voltage adjust
potentiometer to its centered or mid-position.
6. Adjust the voltage regulator as outlined in Test 19.
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Test 13- Replace Regulator, Test and Ad-
just (Continued)
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RESULTS:

Replace the voltage adjustment potentiometer if it is
open at any point along its travel, if its total voltage
adjustment range is less than plus or minus 10 percent,
or if readings are erratic.

Figure 8. Switch SW1 on Regulator Circuit Board

Test 14- Test Voltage Adjust Poten-
tiometer

DISCUSSION:

The voltage adjust potentiometer, housed in the .

control console, is electrically connected in series with

sensing leads S16. .and 89 to the regulator. The device .
rmits the operator to bias the sensing voltage signal :

in order to adjust AC output voltage within a range of
plus or minus 10 percent. Thus, if a

voltage using the potentiometer. The device is rated 10

k-ohm, 2 watts (plus or minus 10%). If the device fails

open, loss of regulator sensing will resuit.

PROCEDURE:

1. See Figure 9. Connect an accurate ohmmeter across -
the potentiometerterminals to which Wires No. S16and -

89 attach.

a. Slowly rotate the potentiometer knob clockwise -

and counterclockwise while observing the meter.

b. As the knob is slowly rotated clockwise from its |

minimum stop, resistance reading should increase
smoothly. Erratic readings or dropoff to zero at any
point is cause for replacement.

2. Start the generator, let engine stabilize and warm up

at no-load.
a. Set the voltage adjust pot to its mid (centered)
pos:’tlon and check the generator AC output voltage
readi
b. Turn the Rot all the way counterclockwise and,
again, note the AC output voltage.
¢. Turn the pot all the way clockwise and note the AC
voltage reading.
d. Calculate the percentage of voltage adjustment
provided by the potentiometer.- Adjustment range
should be plus or minus 10 percent (20% total).

enerator's AC
output voltage is within plus or minus 10 percent of the
unit’s rated voltage, it can be adjusted to nominal rated

Figure 9. Voltage Adjust Potentiometer Test Points

Test 15- Test Thermal Protector

DISCUSSION:

If the thermal protector has failed open, loss of
excitation (DPE) winding output current to the voltage
re?ulator will occur. The regulator's "Excitation” lamp
will then go out. In addition, the regulator cannot
operate without excitation power and the "Regulator”

-lamp will also illuminate sWithout excitation current flow

to the rotor windings, generator AC outgut voltage will
drop to a value that is commensurate with (a) field boost
current plus (b) residual rotor magnetism (approximate-
ly one-half rated vottage).

NOTE: You may wish to review thermal protector information
in Section 2.1. See "More About the Stator Assembly” on
Page 2.1-4.

PROCEDURE:

1. In the AC connection (lower) panel, unpiug the

mating halves of the 15-pin connector plug.

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

3. See Figure 10. Connect one VOM test probe to Pin

gof ;he 15-pin connector plug (Wire No. 2 attaches to

in

4, Connect the remaining VOM test lead to Pin 6 of the

-pin ﬁlug, to which Wire No. 6 (or 6A) attaches. The
should read excitation winding resistance.

5. Now, connect the VOM test leads across Pin 6 of the

15-pin connector (Wire 6 or 6A) and the stri .Pped end

of Wire 5 inthe AC connection (lower) panel. The meter

should indicate excitation winding resistance.

RESULTS:

If a very high resistance or "infinity” is indicated in Ste
4, but DPE winding resistance is indicated in Step 5,
the thermal protector has failed open and should be
bypassed.
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Test 15- Test Thermal Protector (Con-
tinued)

15-PIN CONNECTOR

EEEEEOEENEEEEEE

STATOR
EXCITATION ©
WINDING

Figure 10. Thermal Protector Test Points

TO BYPASS THE THERMAL PROTECTOR:

See Figure 11. To bypass the thermal protector,
Jocate Wire No. 2 -and No. 5 in the AC connection
(lower) panel. Wire No. 5 is brought out of the stator
and into the lower panel. A wire nut covers the stripped
end of Wire No. 5. Cut Wire No. 2 at a convenient place
and strip the end of the wire that goes to the 15-pin
connector plug. Remove the wire nut from Wire No. 5.

*-Use the wire nut to join the stripped end of Wire No. 5.

to the stripped end of Wire No. 2.

TO CONTROL CONSOLE

&

15-PIN CONNECTOR

CLELLER T I T I ITT]

6A

STATOR
EXCITATION
WINDING

WIRE
NUT

Figure 11. Bypassing the Thermal Protector
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Test 16- Test Stator DPE Windings

DISCUSSION:

The excitation (DPE) winding leads arebrought out
of the stator assembly and into the AC connection
(lower) panel. The leads are numbered 2 and 6, or 2
and 6A. Both leads are then routed to the 15-pin
connector plug and then into the control console.

PROCEDURE:

1. Inthe AC connection panel, unplug the mating halves
of the 15-pin connector f)lug.
2. Set a VOM to its "Rx1" scale and zero the meter.

3. Connect one VOM test probe into Pin No. 3 of the
15-pin connector, to which Wire No. 2 attaches.

4. Connect the remaining VOM test probe to the
stripped end of Wire No. 5, in the AC connection panel.

NOTE: Wire No. 5 is unattached and has a wire nut covering
its stripped end.

5. The VOM should read the resistance of the stator
excitation (DPE) windings. Depending on the specific
model and stator used, the winding resistance may be
approximately 0.25 to 1.15 ohms.

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

7. Connect one VOM test lead to Pin 3 of the 15-pin
connector plug, the other test lead to a clean frame
ground on the stator. The meter should read infinity".

RESULTS:

1. It an open condition or a very high resistance is
indicated in Step 5, replace the stator assembly.

2. It the meter reads other than "infinity” in Step 7,
remove the stator.and test its insulation resistance. See
Section 1.4, "Generator Maintenance and Testing".

Test 17- Check AC Frequency

DISCUSSION:

Rotor speed, voltage and AC frequency are all
proportional. If engine speed is low, expect to see a
reduction in voltage and frequency.

PROCEDURE:

Start the generator, let it stabilize and warm up- at
no-load. Observe the console frequency meter reading.
For units rated 60 Hertz, no-load speed should be close
to 62 Hertz. On 50 Hertz units, the no-load frequency
should be as close to 51 Hertz as possible.

If you suspect the panel frequency meter might be in
error, use an external frequency meter. Connect the
meter across the generator's AC output leads.
RESULTS:

1. If AC frequency is high or low, go to Test 18, "Adjust
Engine Governor".

2. It frequency is good, but voltage is high or low, go to
Test 19, "Check and Adjust Voltage Regulator”.
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Test 18- Adjust Engine Governor

DISCUSSION:

If the generator's AC output frequency is not correct,
the engine governor requires adjustment. The governor

may be a mechanical, fixed speed type. Or an -

electronic isochronous type.

PROCEDURE:

Gasoline or gaseous fueled engines may be
equipped with a belt driven mechanical governor. See
Section 1.5.

Later production units mag fl:oe e%uipped with
efer to :

Generac's electronic governor. ection 1.6.

For adjustment procedures on diesel engine gover-

nors, refer to Section 1.7.

Test 19- Check and Adjust Voltage
Regulator

DISCUSSION:

Four adjustment potentiometers are provided on the
standby voltage regulator. These are (a) voltage adjust,
(b) gain, (c) stability, and (d) underfrequency adjust.

0]

( o
[
VOLTAGE ADUU§$F

GAIN

STABILITY
UNDERFREQUENCY
ADJUST

REGULATOR

SENSING

EXCITATION
—

coohabb

=

o

Figure 12. The Voltage Regulator

PROCEDURE:

1. Connect an accurate AC voltmeter and AC frequency

meter to the generator’'s AC output leads.

2. On the regulator, set the potentiometers as follows:
a. Turn the "Voltage Adjust” pot fully counterclock-
wise.

b. Set "Gain" to its centered (mid) position.

c. Set "Stability" to its centered (mid) position.

d. Do NOT adjust "Underfrequency Adjust". ,
3. On the generator console, set the voltage adjust
potentiometer to its centered or mid-position.

4. Turm OFF all electrical loads. Startup and initial

adjustment will be done under a "no-load” condition.
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5. Start the engine. Let it stabilize and warm up at
no-load. :

6. Check the reading on the frequencg meter. if neces-
sary, adjust the engine governor to obtain a frequency
as close as possible to 62 Hertz at no-load (60 Henz
units); or 51 Hertz at no-load for 50 Hertz units.

7. With the unit running at correct no-load frequency,
observe the lamps (LED's) on the voltage regulator. All
lamps should be ON. See Test 10 in this section. Also
see "More About the Voltage Regulator” on Page 2.1-5.
8. Turn the regulator's "Voltage Adjust” pot to obtain a
Iige-to-line voltage output as shown in the following
chart.

RA D
VOLTAGE
240 Volts

208 Volts
416 Voits
240 Volts
208 Volts
416 Volts
240 Volts
480 Volts
220 Volts
380 Volts
416 Volts .

DESIRED LINE-TO-LINE VOLTAGE
248 Volts at 62 Hertz

215 Volts at 62 Hertz
430 Volts at 62 Hertz
248 Volts at 62 Hertz
215 Volts at 62 Hertz
430 Volts at 62 Hertz
248 Volts at 62 Hertz
496 Volis at 62 Hertz
224 Volts at 51 Hertz
388 Volts at 51 Hertz
424 Volts at 51 Hertz

B
Cc
D
G
H
J

K
M
N
0]

9. If the red "Regulator” lamp (LED) is flashing, tum the
"Stability” potentiometer either direction until the fiash-
ing stops. }
10. Apply an electrical load and check engine speed
recovery.
a. Adjust the "Underfrequency Adjust" pot
counterclockwise to unload the unit and reduce load
voltage while the engine recovers.
b. For flat regulation (no voltage decrease as fre-
quency drops), set the "Underfrequency Adjust”
potentiometer fully clockwise.
c. To obtain a constant voltage reduction as frequen-
¢y decreases, set the "Underfrequency Adjust” pot
fully counterclockwise. Set point for this adjustment
is 2) Hertz (counterclockwise) to 52 Hertz (clock-
wise).
11. With electrical load still applied, check the
"Regulator” lamp for flashing. If lamp is flashing, adjust
the "Stability" pot until the flashing stops.
12. If better response is needed, adjust the "Gain" pot
clockwise as needed. Then (if needed), correct for

- instability by adjusting the "Stability” pot.

13. Turn off electrical loads. Then, recheck the

" regulator lamps (LED's) at no-load.

. When all adjustments have been completed, let the

" engine run at no-load for a few minutes to stabilize

" internal engine-generator temperatures. Then, shut the
generator down.




PAGE 2.4-10

Test 20- Check for Overload Condition

DISCUSSION:

The generator's rated wattage/amperage capacity
shouid not be exceeded for continuous operation. The
Options B and C control consoles incorporate an AC
ammeter which provides an accurate amperage (load
current) reading. If the generator panel does not in-
cluded an ammeter, or if you suspect the panel am-
meter is defective, a "clamp-on" ammeter may be used
to measure load current flow.

In many cases, the maximum wattage/amperage
capacity of a generator is limited by available engine
ggwer. As load current demands increase, a point will

reached at which the engine begins to "bog down"
under load. Engine speed, frequency and voitage will
then start to drop off.

PROCEDURE:

Start the generator and turn on electrical loads that
will normally be operated by the unit. Select line-to-line
amperage reading, using the voltage-phase selector
switch on the console. Read the load current on the
panel AC ammeter. If the unit does not have a panel
ammeter, use a clamp-on ammeter.

RESULTS:

1. If the unit’s wattage/amperage capacity are ex-
ceeded, reduce the electrical load until current and
wattage are within the unit’s rated limits.

2. If unit is not overloaded but frequency and voltage
are low, try adjusting the engine governor. You may
also want to check engine condition and available
engine power (Test 21).

Test 21- Check Engine Power and Condi-
tion

DISCUSSION:

If the load is within the generator's wat-
tage/amperage capacity, but engine speed drops
sharply when a load is applied, perhaps the engine has
lost power. In many cases, a good "engine tuneup” will
correct the problem.

PROCEDURE:

Check engine power and performance. Refer to the
appropriate engine service manual. The engine may
need a tuneup, or it may require other mechanical
repairs.

PART 2
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Section 3.1

DESCRIPTION AND COMPONENTS

General

Brushless AC generators do not utilize brushes and -
slip rings to deliver excitation current to the revolving .

field (rotor). Instead, the principle of "electromagnetic .

induction” is used to induce a voltage and current into -
the rotor windings.

Generac brushless standby generators are single
bearing units with cast bearing carriers and blower
housings. Flexible drive discs and engine to rotor adap-

ters are machined to SAE (Society of Automotive En-
gineers) standards. The single rotor bearing is prelubri-

cated and sealed, thus requiring no additional lubrica- .

tion for the life of the bearing.

Major Components

See Figure 1 on next page. A typical brushless
generator consists of the following major components:

AC CONNECTION (LOWER) PANEL:

The large AC connection (lower) panelis constructed
of formed sheet steel. It supports the generator control
console. Openings in the lower panel allow air to be
drawn into the generator interior by the action of a

cooling fan which is attached to flexible couplings and

rotates with the engine flywheel. A typical lower panel
provides for mounting a main circuit breaker which may
or may not be shipped with the unit. Stator AC power
leads are routed into and are accessible in the lower
panel. Also located in the lower panel is a "2-wire" start
terminal strip, with terminals 178 and 183. Customer
supplied wiring must be attached to these terminals and
to an identically numbered terminal strip in Generac's
"GTS" transfer switch.

REAR BEARING CARRIER:

The cast and machined rear bearing carrier supports
the AC connection (lower) dpanel as well as the front of
the stator can. A machined bore in the carrier accepts
the rotor bearing. Mounting feet on the carrier are
retained to the unit mounting base by means of vibra-
tion dampeners, capscrews, washers and hex lock
nuts. Four (4) dowels on the carrier position a stationary
exciter field and prevent the field from turning. Four
holes around the bearing carrier's outer periphery pro-
vide for passage of the four stator can studs.

STATOR ASSEMBLY:

The stator assembly is sandwiched between the rear
bearing carrier and a biower housing. It is aligned by
means of flanges on the bearing carrier and blower
housing. Four stator studs retain the stator in its
sandwiched position between the bearing carrier and
blower housing. (NOTE: Also see Section 1.2, "Types
of Stator Connection Systems".)

BLOWER HOUSING:

The blower housing houses a blower fan, fiexible
drive discs, and the engine flywheel. Cooling and ven-
tilating air that entered the generator through the AC
connection (lower) panel is ducted out of the blower
housing through a screened air outiet duct. One end of
the four stator studs are retained in threaded holes of
the blower housing.

FLEX DRIVE DISCS:

Rotating members of the generator are retained to
the engine flywheel by a set of flexible drive discs. A
blower fan is bolted to the outer periphery of the drive
discs. The outer ring of bolts also retains the flex discs
to the engine flywheel. A drive hub is bolted to the
discs' inner periphery. The tapered revolving field (main
rotor) shaft is retained in the inner bore of the drive hub
by a drive key, a capscrew, a lockwasher and a spacer.

MAIN ROTOR:

The main rotor may be either a 2 or a 4-pole type. A
tapered main rotor shaft is keyed to the drive hub and
retained by means of a capscrew, lockwasher and
spacer. A prelubricated and sealed ball bearing is
pressed onto one main rotor shaft. The outer race of
that bearing is retained in the center bore of the rear
bearing carrier.

A 2-pole main rotor must be operated at 3600 rpm to
supply an AC frequency of 60 Hertz; or 3000 rpm to
supply 50 Hertz.

A 4-pole main rotor must be operated at 1800 rpmto
deliver 60 Hertz; or at 1500 rpm to deliver 50 Hertz.

EXCITER FIELD:

The stationary exciter field is retained to the rear
bearing carrier and positioned by dowels. Regulated
direct current fromthe AC voltage regulator is delivered
to the exciter field windings, to create a magnetic field
around the exciter field.

EXCITER ASSEMBLY:

The exciter assembly is keyed to a rotor end cap
which, in turn, is retained to the main rotor shaft. Thus,
the exciter assembly rotates with the main rotor during
operation. The exciter field’'s magnetic field induces a
current flow into the exciter assembly.

DIODE BRIDGE:

A diode bridge is retained to a support which, in turn,
is bolted to the rotor end cap. The diode bridge changes
the regulated alternating current output of the exciter
assembly to direct current. The direct current is then
delivered to the main rotor.
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Figure 1. Exploded View of a Typical Brushless Generator
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‘ Parts List for Figure 1

DESCRIPTION

DESCRIPTION

Blower Housing
Main Rotor

Rotor Bearing

Key

Fan

Drive Hub

Spacer

Lockwasher
Capscrew

Flexible Disc

Air Outlet Screen
Stator Assembly
Rear Bearing Carrie
AC Connection
(Lower) Panel
Stator Studs
Vibration Dampener
Spacer

Vibration Dampener
Washer

Capscrew

Hex Lock Nut
Lockwasher

Hex Nut

Exciter Field

Exciter Assembly
Rotor End Cap

Key

Vibration Dampener
Capscrew
Lockwasher
Flatwasher
Flatwashei
Lockwasher
Capscrew
Snap Bushing
Capscrew
Flatwasher
Lockwasher
Capscrew
Capscrew
Dowael

Capscrew

Diode Bridge Suppo
Capscrew
Flatwasher
Lockwasher

Hex Nut

Capscrew
Flatwasher

Hex Lock Nut

Some Other AC Generator Parts

Several AC generator components are housed in the
unit's control console which rests on top of the AC
connection (lower) panel. These are (a) a DPE circuit
breaker, (b) electronic vottage regulator, (c) field boost
diode, and (d) field boost resistor. Functions of these
components will be discussed in Section 3.2.

PAGE 3.1-3
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Section 3.2

OPERATIONAL ANALYSIS

Introduction

Operation of all AC generaors is basically the same.
However, brushiless units are not equipped with
brushes and slip rings. Instead, excitation current is
deliveredto the main rotor by means of electromagnetic
induction.

Figure 1, below, is an operating diagram of a typical |

brushiess generator. The rotating portion of the gener-
ator includes (a) an exciter, (b) a diode bridge, and (c)
the main rotor.

Non-rotating components of the generator include -

(a) stator AC power windings, (b) stator DPE windings,
(c) voltage regulator, (d) DPE circuit breaker, (e) exciter
field, (f) voltage adjust potentiometer, (g) a field boost
resistor, and (h) a field boost diode.

RESIDUAL MAGNETISM:

The exciter field and main rotor may be thought of as
permanent magnets. That is, some "residual” mag-
netism is always present in these windings.

Residual magnetism alone is capable of inducing a
low voltage into the stator power windings (equal to
approximately 2 to 7 percent of the unit's rated AC
output voltage).

FIELD BOOST:

During engine startup and operation, a DC con-
trol/latch-crank circuit board (housed in the control
console) delivers 12 volts DC to Wire No. 14. This direct
current flows through a field boost resistor, a field boost
diode, the exciter field, and to frame ground. Field boost
resistor and diode action reduces the field boost volt-
age to approximately 9-10 voits DC. As field boost
current flows through the exciter field, a magnetic field
is created around the exciter field that is propontional in
strength to the current flow.

Residual magnetism plus the magnetic field created
by "field boost" current is capable of inducing a mid-
range vollage into the stator power windings (about
one-half rated voltage).

DPE CIRCUIT ( :>——
BREAKER THERMAL THERMAL PROTECTOR
' PROTECTOR BYPASS
I
FIELD BOOST FROM DC CONTROL/LATCH- w
RESISTOR ANK 8o
CIRCUIT BOARD @ Z
FIELD BOOST S g
DIODE ' < s
______ 9 (",', }
| o E1
—o— | 2
51 2
EXCITER 51 2
FIELD TN, 0 — 00
4
=
=x)| ¢
o oy
[®]
| =
=
,_17 | @ - @-E3
GROUND !
R |
U |®} |9J
VOLTAGE ADJUST
VOLTAGE POTENTIOMETER
REGULATOR & °
E

Figure 1. Brushless Generator Operating Diagram (Typical)
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Theory of Operation

1. During initial engine startup, a DC controllatch-crank
circuit board delivers a direct current to the exciter field,
via a field boost resistor and a field boost diode.
a. Resistor and diode action reduce this field boost
voltage to approximately 9-10 volts DC.
b. A magnetic field is created around the exciter field
that is proportional in strength to the field boost
current flow through the exciter field plus any
"residual” magnetism in the exciter field.
2. A revolving exciter rotates so that its 3-phase wind-
ings cut across the magnetic lines of flux around the
exciter field.
a. An alternating current (AC) is induced into the
revolving exciter.
b. Exciter output current is rectified by a diode bridge
(changed to direct current).
¢. The direct current is delivered to the main rotor
windings.
3. A magnetic field is created around the main rotor that
is proportional in strength to the current flow through
the main rotor windings (plus any "residual” magnetism
in the main rotor).
a. The main rotor's magnetic lines of flux cut across
the stator AC power windings and the stator DPE
(excitation) windings.
b. A voltage is induced into the stator power windings
that is proportional to the strength or concentration
of the main rotor's magnetic fieid.
c. If the stator power winding circuit is completed by
connecting electrical load(s) across Wires E1, E3
and 00 (neutral}, current will flow in the circuit.
d. A voitage is induced into the stator DPE windings
and current can flow in this circuit.
4. Stator DPE winding AC output current flows to a
voltage regulator, via a DPE circuit breaker.
a. A "sensing” voltage signal is also delivered to the
voltage regulator from the stator power winding AC
output leads, via a voltage adjust potentiometer.
b. The voltage regulator has been adjusted to estab-
lish a "reference” voltage.
¢. The regulator electronically compares the "sens-
ing" (actual) voltage to the preset "reference” volt-
age.
(1) The regulator changes the DPE winding's al-
ternating current to direct current (rectifies it).
(2) The regulator "regulates” the rectified DPE
winding current as follows:
(a) It the "sensing" voitage is higher than the
preset "reference” voltage, the regulator will
decrease current flow to the exciter field..
(b) If the "sensing” voltage is lower than the
preset "reference” voltage, the regulator will
increase current flow to the exciter field.
5. The rectitied and regulated DPE (excitation) current
flows through the exciter field.
a. Magnetic lines of flux are created around the
exciter tield. The strength or concentration of these
magnetic lines is proportional to the current flow
through the exciter field.
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b. A voltage and current flow is induced into the
revolving exciter windings that is proportional to the
strength or concentration of the magnetic lines of flux
around the exciter field.
6. Exciter AC output current is rectified by action of a
diode bridge. The resultant direct current is delivered
to the main rotor windings.
a. A magnetic field is created around the main rotor
windings that is proportional to the current flow
through those windings. ;
b. The main rotor's magnetic field cuts across the
stator power windings and DPE windings, to induce
a voltage into those windings that is proportional to
the strength of the magnetic field.
7. The voltage induced into the stator power and DPE
windings is equal to (a) main rotor residual magnetism,
plus (b} the magnetic field created by field boost current
flow through the exciter field, plus (c) the magnetic field
created by regulated excitation current flow from the
voltage regulator.

Stator Power Windings
Figure 1 on Page 3.2-1 shows a single phase, 3-wire
stator power winding. Refer to Section 1.2, "Types of

Stator Connection Systems” for.other possible stator
power winding configurations.

Stator DPE Winding

"DPE" means "displaced phase excitation”. The term

Tefers to an excitation winding that is physically located

in the stator so that it is "out of phase" with the stator
power windings.

Unregulated AC output from the stator DPE winding
is delivered to the voltage regulator, via a 15-pin con-
nector plug, Wires No. 2 and 6, and a DPE circuit
breaker. A minimum DPE output of approximately 4
volts AC is required to turn the regulator on.

See Figure 2. Depending on the type of generator,
unregulated AC output from the DPE winding may be
delivered to the regulator via Wire No. 2 and Wire No.
6, 6A or 6B as follows:

* Wire No. 6 is used on brushless generators. Wires
6A and 6B may or may not be provided on brush-
less units.

* Wire No. 6A is used on direct excited (brush type)
units rated 120/208, 120/240 or 240/416 volts.

*  Wire No. 6B is used on direct excited (brush type)
units rated 139/240 volts or 277/480 volts.

Thermal Protector

Athermal protector is physically imbedded in the wire
windings of the stator and electrically connected in
series with the DPE winding output to the reguiator. The
device is a normally-closed, temperature sensitive
switch which will open on occurence of an over-
temperature condition in the stator. Should the device
open, DPE winding output will be lost and the voltage
regulator will shut down.
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Thermal Protector (Continued)

When the voltage regulator shuts down, excitation

current to the exciter field will be lost. Stator power
winding output voltage will then drop to a value that is

commensurate with residual plus field boost mag- .

netism.
The thermal protector is self-resetting and, when

internal stator temperatures return to normal, will close

to restore DPE winding output to the regulator. Stator
power winding output voltage will then return to normal.

A thermal protector bgpass lead (Wire No. 5) has
been provided. Should the device fail open, it can be
bypassed by connecting Wire No. 5 to excitation Wire
No. 2..
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The DPE Circuit Breaker

This circuit breaker protects the solid state voltage
regulator against overcurrent conditions. Should the
breaker trip open due to an overload, loss of unregu-
lated AC current flow to the regulator wili occur. The
regulator will then shut down. The results will then be
the same as when a thermal protector opens.

| ;‘ THERMAL
5 ~— PROTECTOR

WIRE
NUT

2 6 6B 6A

from excitation winding
2

1o

2P

162
to voltage regulator

Figure 2. Stator DPE Winding Configurations

Figure 5. DPE Circuit Breaker

Exciter Field

The stationary exciter field is retained to-the rear
bearing carrier. It is positioned and prevented from
turning by dowels in the rear bearing carrier. Regulated
direct current from the voltage regulator is delivered to
the exciter field windings. The exciter field then induces
a voltage and current flow into the rotating exciter that
is commensurate with the strength of the exciter field's
magnetic field.

STATOR EXCITATION
WINDINGS

THERMAL
TPETOR | TiagamaL

EAD 2 /PROTECTOR G
5 %
[N ——

ﬁ TO VOUTAGE
FEGULATOR

Figure 3. Thermal Protector

15-PIN,CONNECTOR

Clefofefs[eT TTT T ITT]

6A

STATOR
EXCITATION

Figure 4. Bypassing the Thermal Protector

Figure 6. Exciter Field

Rotating'Portion of Generator

An AC voltage and current flow are induced into the
3-phase exciter windings by the action of the exciter
field's magnetic flux lines. From the exciter, the aftern-
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Rotating Portion of Generator (Con-
tinued) :

ating current is changed to direct current (DC) by a
diode bridge. The direct current is then delivered to the
main rotor. Flow of current through the main rotor
windings creates a magnetic field which induces a
voltage into the stator power and DPE windings.
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The green "Excitation” lamp is powered by DPE
winding output, as well as the red "Regulator” lamp.
Approximately 4 to 8 volts AC from the DPE winding is
required for regulator operation. if DPE winding output
voltage is gradually reduced, both lamps will dim until,
at some reduced voltage, they no longer glow visibly.

NOTE: Depending on the specific generator and stator as-
f?e’&nsbly, DPE (excitation) voltage may be about 40-240 volts

The yellow "Sensing” lamp is powered by sensing
voltage. Lamp brightness will depend on the available
sensing voltage.

gl? QE:A/so see "More About the Voltage Regulator™ on Page

Figure 7. Exciter and Diode Bridge

Voltage Regulator

Excitation (DPE) winding AC output is delivered to
the voltage regulator. The regulator rectifies this AC
output and, based on "sensing” signals, regulates it.
The regulated DC output is then delivered to the exciter
field. A minimum of 4 volts AC from the DPE winding is
required for regulator operation. Without DPE output,
the regulator will shut down and regulated DC output to
the exciter field will be lost.

"Sensing” or actual voltage signals are delivered to
the voltage regulator via Wires No. S15, S16 and 89,
which connect to the stator power winding output leads.
The regulator compares these actual voltage signals
with a preset (adjusted) reference voltage.

A voltage adjust potentiometer is connected in series
with the sensing leads to the regulator. The poten-
tiometer permits the operator to adjust stator power
winding AC output voltage within a range of plus or
minus 10 percent.

NOTE: The voltage adjust potantiometer actually permits -

sensing or actual voltage signals to the regulator to be
changed. The regulator compares the sensing voltage to a
referance voltage in an attempt to maintain a stator power
winding output that is identical to the reference voltage.
Regulated DC output to the exciter field is then changed as
the regulator attempts to match the reference and sensing
voltages.

The regulator (Figure 8) is equipped with three lamps
(LED’s). These are (a) a red "Regulator” lamp, (b) a
yellow "Sensing" lamp, and (¢) a green "Excitation”
lamp. During normal operation all lamps should be on.

( o o
[ ]
VOLTAGE ADJUS

GAN |;n/@

STABILITY |, /@
UMDERFREQUENCY | : 73}
ADJUST | o

REGULATOR| ©

SENSING] ©
EXCITATION] @

) O

Figure 8. The Electronic Voltage Regulator
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SECTION 3.3

Section 3.3

TROUBLESHOOTING FLOW CHARTS

A generator does not have a large number of parts. However, these parts are expensive. For that reason, use of
"guesswork” when troubleshooting and diagnosing problems is not cost etfective and must be avoided.

The following "Troubleshooting Flow Charts" have been carefully formulated in logical sequence. They should
cover most of the problems and remedies that might be encountered. Follow the flow chans carefully. If you are
uncertain of how to perform any test in the chart, refer to "Diagnostic Tests” in Section 2.4.

Problem 1- Panel AC Voltmeter Reads Zero or Residual Voltage at No-Load

TEST 1-CHECK
POSITION OF
VOLTAGE-
PHASE SELEC-
TOR SWITCH

SET TO "OFF"

!

RESET SWITCHTO REPLACE
CORRECT POSITION DEFECTIVE DEFECTIVE
VOLTMETER SWITCH

TEST 6- TEST
FIELD BOOST
RESISTOR

}

TEST 7-CHECK
FIELD BOOST

CHECK AC VOLTAGE

% STOP TESTS

TEST 2-CHECK
GOODwmmp-] AC VOLTAGE
OUTPUT

ZERO OR
RESIDUAL

DIODE

[ 3

TEST 5-TEST AC
VOLTMETER
CIRCUIT

GOO_’

[TEsT 3-TEST
Goond-] PANEL AC

VOLTMETER

EXCITER
FIELD

VOLTAGE READING IS GO TO |JTEST 10- TEST TEST 11- TEST
READING IS ABOUT ONE-HALF | PROBLEM DIODE GOODP»-§ MAIN ROTOR
NOW O.K. RATED VOLTS 2 BRIDGE

BADmmp REPLACE

EST 8- TEST

s SWITCH TESTS GOO
REPAIR, RECONNECT,
OR REPLACE BAD WIRING

REPLACE

BAD RESISTOR BiD
REPLACE REPLACE REPLACE
BAD DIODE EXCITER FIELD EXCITER

GOOD

GO TOTEST 12

GOOD=map- [EXCITER

TEST 4-TEST
VOLTAGE-
PHASE
SELECTOR
SWITCH

BAH REPLACE
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Problem 1- Panel AC Voltmeter Reads Zero or Residual Voltage at No-Load (Con-
tinued)

TEST 12- TEST
STATOR
POWER

WINDINGS

REPLACE STATOR
ASSEMBLY IF
NECESSARY

Problem 2- Generator Produces Approximately One-Half Rated Voltage

TEST 1-CHECK SWITCH EST 2- CHECK TEST 3- TEST

TEST 4- CHECK

POSITION OF IS AT =sapp| AC VOLTAGE GOOD PANEL GOOD VOLTAGE-
VOLTAGE- PROPER OUTPUT AC PHASE
PHASE SELEC- POSITION VOLTMETER SELECTOR
TOR SWITCH SWITCH
APPROXIMATELY
ONE-HALF BAD
RATED

VOLTAGE
RESET TO REPLACE REPLACE
CORRECT DEFECTIVE BAD SWITCH
POSITION VOLTMETER
TEST 13- CHECK "SENSING" TEST 15- TEST

VOLTAGE
REGULATOR
LAMPS (LED'S)

VOLTAGE
ADJUST
POT

AND "REGULATOR" smesmsip-] REGULATOR
LAMPS ARE OUT SENSING
CIRCUIT

"EXCITATION" ONLY THE BAD
AND "REGULATOR" “REGULATOR"
LAMPS ARE OUT LAMP IS OUT
REPAIR, RECONNECT REPLACE IF BAD
OR REPLACE BAD WIRE(S)
REPLACE VOLTAGE REGULATOR GO TO TEST 19
ADJUST & TEST ON NEXT PAGE

TEST 16- TEST
DPE CIRCUIT
BREAKER

TEST 17-TEST
THERMAL
PROTECTOR

TEST 18- CHECK
DPE LEADS
TO REGULATOR

elelonl o 2

BAD el REPLACE BAD=mmmlp- BYPASS BAD=ms=sdp- REPAIR, REPLACE

BAD BREAKER THERMAL PROTECTOR OR RECONNECT
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‘ Problem 2- Generator Produces Approximately One-Half Rated Voltage (Continued)

TEST 20- CHECK | - TEST 12- TEST
GOOD STATOR AC K. STATOR
OUTPUT LEAD ‘ POWER

TEST 19- TEST
STATOR DPE

WINDINGS
CONNECTIONS . WINDINGS

INCORRECT

REPLACE STATOR RECONNECT STATOR - REPLACE STATOR
ASSEMBLY AC OUTPUT LEADS ASSEMBLY

Problem 3- Low or High Freqdency and Voltage at No-Load

NO-LOAD FREQUENCY

ENGINE AND VOLTAGE ARE GOOD sl DISCONTINUE
GOVERNOR AFTER GOVERNOR ADJUSTMENT TESTS

‘ AFTER GOVERNOR ADJUSTMENT ADJUST VOLTAGE TO PROPER CANNOT OBTAIN
FREQUENCY IS GOOD, VOLTAGE sl VALUE WITH THE VOLTAGE  jeesessmsssmems CORRECT VOLTAGE
IS STILL LOW OR HIGH ADJUST POTENTIOMETER WITH VOLTAGE
ADJUST POTENTIOMETER

VOLTAGE
REGULATOR

IF VOLTAGE AND FREQUENCY
AT NO-LOAD ARE CORRECT,
DISCONTINUE TESTS

Problem 4- Voltage and Frequency Read'lng Drops Low When Load is Applied

TEST 23-CHECK HIGH ) REDUCE
FOR OVERLOAD AMPS ELECTRICAL

LOADS

LOAD CURRENT IS TEST 24-CHECK ENGINE
WITHIN UNIT'S POWER AND

RATED AMPERAGE“ ENGINE
‘ CAPACITY CONDITION
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Section 3.4

DIAGNOSTIC TESTS

Introduction to Diagnostic Tests

Perform the "Diagnostic Tests" in this section in

conjunction with Section 3.3, "Troubleshooting Flow .

Charts". Test numbers in Section 3.3 are identical to
the test numbers in this section.

Test 1- Check Position of Voltage-Phase
Selector Switch

DISCUSSION:

Readings displayed on the control console AC
voltmeter and ammeter depend on the position of the
voltage-phase selector switch. Depending on that
switch position, the voltmeter and ammeter will display
(a) line-to-line voltage and amperage, (b) line-to-
neutral voltage and amperage, or (¢) no reading at all.
This is shown in the following chart:

SWITCH VOLTAGE-AMPERAGE READING
POSITION [. 1-PHASE UNITS 3-PHA§E'6'NT\'?
1 Line &1 to Neutral Line E1 to E2
2 Line E3 to Neutral Line E2 to E3
3 Line E1 to Line E3 Line E3 to E1
oft No Reading No Reading
- |

PROCEDURE:

Check the position of the voltage-phase selector
switch. Reset the switch to its correct position, if neces-
sary.

RESULTS:

if voltage reading is still "zero” or one-half rated
voitage after selecting the correct switch position, go to
Test 2.

Test 2- Check AC Output Voltage

DISCUSSION:

The panel AC voltmeter is generally very accurate.
However, if incorrect voltage readings are displayed on
the meter, you should verify that panel readings are
correct before proceeeding. By verifying panel meter
readings, you will determine whether a generator fault
actually exists or if the problem is in the voltmeter
circuit.

DANGER: USE EXTREME CAUTION WHEN
MEASURING GENERATOR AC OUTPUT VOL-
TAGES. THESE VOLTAGES ARE EXTREMELY
HIGH AND DANGEROUS. IT IS BEST TO CON-
NECT TEST LEADS WITH THE GENERATOR
SHUT DOWN. CONTACT WITH HIGH VOLTAGE
WIRES OR TERMINALS CAN RESULT IN
DANGEROUS SHOCK.

PROCEDURE:

1. With the generator shut down, connect the test leads
of an AC voltmeter across the proper generator leads
or terminals as follows:
a. On 1-phase units, connect across line E1 to E3 for
line-to-line readings; across line E1 to 00 and/or E3
to 00 for line-to-neutral readings. -
b. On 3-phase units, read alil three line-to-line vol-
-tages one at a time (line E1 to E2; line E2 to E3,; line
E3 to E1).
2. With the external AC voltmeter properly connected,
start the generator. Let it stabilize and warm up.
3. Read the line-to-line and line-to-neutral voitages.

RESULTS:

1. If the panel voltmeter reading was bad, but readings
in Test 2 are good, go on to Test 3.

2. If the voltage reading in Step 3 above is "zero" or
"residual” voltage, go to Test 6. See Section 3.3,
"Troubleshooting Flow Charts” (Problem 1).

3. lfthe voltage reading in"Step 3 above is approximate-
ly one-half rated voltage, go to Test 13. See Problem 2
in Section 3.3.

Test 3- Test Panel AC Volitmeter

DISCUSSION:
This test will isolate the pane!l AC voltmeter as the

. cause of an incorrect voltage reading.
. PROCEDURE:

See Figure 1. Connect the test leads of an accurate

AC voltmeter across the panel AC voltmeter terminals.

With the generator running, set the voltage-phase
selector switch to Position 1, 2 and 3. Read the external
voltmeter at each switch position and compare its read-

" ing to the panel voitmeter reading. Readings should be

the same on the external meter and on the panel meter.

RESULTS:

1. It a comparison of the readings indicate that the panel
voltmeter is defective, replace the panel voltmeter.

. 2. It external and panel voltmeter readings: are the
same, but readings are incorrect, go to Test 4.

Test 4- Test Voltage-Phase Selector
Switch

" DISCUSSION:

If Test 3 indicated that the panel AC voltmeter is
reading correctly, but those readings are not the actual
voltage output of the unit, the voltage-phase selector
switch may be defective. Figure 1 on the next page
shows the switch pictorially and schematically

Switch positions and resultant voltage readings (line-
to-line or line-to-neutrai) are discussed in Test 1.
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Test 4- Test Volitage-Phase Selector
Switch (Continued)

PROCEDURE:

With the generator engine shut down, gain access to
the rear of the voltage-phase selector swilch (in the
generator control console). Test the switch as follows:
1. Set a voit-ohm-milliammeter (VOM) to its "Rx 1" scale
and zero the meter.

2. Refer to the following chart. Connect the VOM test
leads across pairs of switch contacts as listed in the
chart.

a. Note the VOM reading with the switch set at each

of its positions.

b. Readings should be as indicated in the chart.

RESULTS:

TEST LEADS l
ACROSS SWITCH POSITION

CONTACTS 1 2 3 OFF
14 t0 13 Continuity ] Infinity Continuity { Infinity
16 to 15 Infinity Continuity | Infinity Infinity
20to 19 Continuity| Infinity Infinity infinity
18to 17 Infinity Continuity | Continuity| Infinity
1102 Infinity Continuity | Continuity] Continui
3to0d Continuity| Infinity Infinity Infinity
S5to6 - Continuity | Infinity Continuity| Continui
7t08 Infinity Continuity | Infinity Infinity
9to 10 Continuity | Continuity | Infinity | Continui
1110 12 Infinity Infinity Continuity| Infinity

R
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Test 5- Test AC Volitmeter Circuit

DISCUSSION:

If the console AC voltmeter (or ammeter)is reading
incorrectly, one possible cause of the problem might be
an open, grounded or shorted wire in the voltmeter (or
ammeter) circuit. Figure 2 is a schematic repre-
sentation of the voltmeter/ammeter circuit from the
15-pin connector plug in the AC connection (lower)
panel to the panel meters.

PROCEDURE:

Carefully inspect all wiring in the circuit for damage,
disconnected terminal ends, etc. Make sure wires are
connected to the proper switch terminals. Use a VOM
to test wires for an open or shorted condition.

RESULTS:
Repair, reconnect or replace circuit wires as needed.

1. Replace switch if defective.
2. If switch tests good, and panel voltmeter is reading
incorrectly, go on to Test 5.

Pictorial View Schematic
- L
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Figure 1. Voltage-Phase Selector Switch

o )- A A /L—\ VOLTAGE-PHASE
e 1 SELECTOR SWITCH

15-PIN CONNECTOR
(FEMALE END)

Figure 2. Console Voltmeter/Ammeter Circuit

Test 6- Test Field Boost Resistor

DISCUSSION:

During startup and running, a DC control/latch-crank
circuit board (in the generator control console) delivers
a DC voltage to the exciter field, via Wire No. 14, the
field boost resistor (R2), the field boost diode (D1), and
Wire No. 4. The DC circuit is completed through the
exciter tield and to frame ground.

The field boost circuit should “flash the field” on every
startup. This helps ensure that an adequate "pickup”
voltage is induced into the stator windings on every
start and that the required 4 to 8 volts DPE winding
output is available to turn the voltage regulator on.

Failure of the voltage regulator to turn on will result
in loss of regulated excitation current flow to the exciter
field. The following facts apply to such a loss of regu-
lated DPE current to the exciter field:

~
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Test 6- Test Field Boost Resistor (Con-
tinued)

« If only excitation (DPE) current flow to the exciter :
field is lost, with field boost current still available,
stator AC power winding output voltage will be the

result of (a) the magnetic field created by field boost
current, plus (b) "residual® magnetism always
present in the exciter field and main rotor.

* The stator power winding output voltage produced
as a result of field boost current plus residual
magnetism is equal to approximately one-half the
unit's rated voltage (in the neighborhood of about
40-60 percent of rated voltage).

* If, for any reason, both excitation and field boost
current flow are losi, stator power winding output
voltage will be approximately 2to 7 percent of rated
voltage. This is the result of residual magnetism
only.

+ Residual magnetism alone (without field boost)
may or may not generate sufficient DPE voltage to
turn the voltage regulator on, depending on the
characteristics of the individual generator set.

PROCEDURE:

1. Set a VOM to "+DC" and to a voltage scale high
enough to read battery voltage.

NOTE: Be sure to read the instructions for the VOM bein
used. Some maters are based on current flow theory, in whic
direct current flows from positive (+) to nagative (-). Other
meters function on the electron flow theory, with direct current
flowing from negative (-) to positive (+).

2. Gain access to the control console interior and locate
the field boost resistor (Figure 3).

3. Start the engine, let it run at rated speed and at
no-load.

4. Connect the positive (+) VOM test probe to the Wire
14 terminal of the resistor and the common (-) test
probe to terminal 0 of the large terminal board (TB1).
The VOM should indicate battery voitage.

5. Now, connect the VOM positive (+) test probe to the
Wire 29 terminal of the resistor; the common (-) test
probe to terminal 0 of TB1. A somewhat reduced voit-
age should be indicated (approximately 9-10 volts DC).

RESULTS:

1. If the meter reads battery voltage in Step 4 and a
slightly reduced battery voltage in Step 5, the tield boost
resistor is good. Go on to Test 7. ,

2. If the meter indicates battery voltage in Step 4, but
reads zero volts in Step 5, the field boost resistor should
be replaced.

3. If the meter reads zero volts in Step 4, check Wire
No. 14 (between the resistor and terminal board) for an
open condition.

NOTE: The DC controlflatch-crank board must be working
since the engine cranked and started normally. Wire 14
voltage also turns on engine ignition and fuel flow functions.
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TO ROTOR
FROM DC CONTROU I -
LATCH-CRANK BOARD 4 REGULATOR

Figure 3. The Field Boost Circuit

NOTE: When replacing a field boost resistor, be sure to use
one that is identical to the original resistor. The most common
field ’l:oost resistor ratings are (a) 5 ohms, (b) 10 ohms, or (c)
25 ohms. :

Test 7- Check Field Boost Diode

DISCUSSION:

See "Discussion” under Test 6. The field boost diode
i?l rated 12 amps, 600 volts. Its anode is connected to
the case.

PROCEDURE:
With the generator engine shut down, test the field

‘. boost diode as follows (Figure 3):

1. Set a VOM to its "Rx1" scale and zero the meter.
2. Connect the VOM test leads across the diode stud

~ and the Wire No. 4 terminal. Watch the meter for any

upscale movement.
3. Now reverse the polarity of the meter test leads and,
again, observe the meter reading. The meter should

. swing upscale and read the forward resistance of the
" diode at one polarity only. At the oppaosite polarity, the
., VOM should read "infinity".

" RESULTS:

. 1. Replace the diode, if it fails the test. :
+ 2. If field boost diode checks good, go to Test 8.

Test 8- Test Exciter Field

DISCUSSION:
An open condition in the exciter field coil means that

- neither field boost nor regulated DPE current can flow

through the exciter field. The AC voltage induced into
the stator power windings will then be commensurate

- with “residuai” magnetism in the main rotor (about 2to

7 percent of the unit’s rated voltage). This testwill check
the exciter field for (a) an open condition, and (b) a

-grounded condition. The exciter field (Figure 4) is ac-

cessible in the AC connection (lower) panel.
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Test 8- Test Exciter Field (Continued)

PROCEDURE.

Inthe AC connection (lower) panel, locate the 15-pin
connector plug (Figure 4). Disconnect the connector
plug halves and test the exciter field as follows:

1. On the lower half of the connector plug, locate Pins
2 and 4. Wires No. 1 and 4, respectively, attach to these
pins.

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

3. Connect the positive (+) VOM test lead to Pin 4 (Wire
No. 4); connect the common (-) test lead to Pin 2 (Wire
No. 1).

4. Read the meter. The resistance of the exciter field
should be indicated (about 4.5 to 6.5 ohms). A very high
reading or a reading of "infinity” indicdates an open
circuit.

5. Now, set the VOM to a very high resistance scale,
such as "Rx10,000" or "Rx1K". Zero the meter again.
6. Connect the positive VOM test lead to Pin 4 (Wire
No. 4). Connect the common (-) test lead to a clean
frame ground. The meter should read "infinity". Any
upscale movement of the meter needle indicates a
grounded condition.

RESULTS:

1. If test results indicate an open or grounded exciter
field, first check Wires 1 and 4 (between the exciter tield
and the 15-pin connector). Replace any damaged,
defective, open orgrounded Wires 1 and 4. Then, retest
the exciter tield.

2. If exciter field coit is open or grounded, replace the
exciter field.

3. If the exciter field checks good, go to Test 9.

ill

AN\
]
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HALF
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Test 9- Test Exciter

DISCUSSION:

The exciter is keyed to a rotor end cap and rotates
with the main rotor during operation. It consists of three
(3) wye connected coils, with three (3) leads coming
out. The three leads connect to "AC" terminals on the
diode bridge. See Figure 5.

PROCEDURE:

1. Disconnect the three exciter leads from the diode
bridge, to prevent interaction.
2. Set a VOM to its "Rx1" scale and zero the meter.
3. Connect the VOM test leads across any two of the
exciter leads and note the reading. Then, test across
the third lead and any other lead. In each case, exciter
coil resistance should be indicated (about 3 to 5 ohms).
Avery high resistance or a reading of "infinity" indicates
an open circuit.
4. Now set the VOM to a very high resistance scale
(such as "Rx10,000 or "Rx1K") and zero the meter.
Then, check for a grounded condition as follows:
a. Connect a VOM test lead to one exciter lead, the
other test lead to a clean frame ground (such as the
rotor end cap). The VOM should read "Infinity".
b. Repeat Step (a) above with VOM test leads across
a second exciter lead and ground. "Infinity” should
be read.
¢. Repeat Step (a) with VOM test leads across the
third test lead and ground. Again, the VOM should
read "infinity".

RESULTS:

1. It the test reveals an open or grounded exciter,
replace the exciter.
2. If the exciter tests good, go to Test 10.

Figure 4. Exciter Field and 15-Pin Connector

Figure 5. Exciter and Diode Bridge
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Test 10- Test Diode Bridge

DISCUSSION:
The diode bridge changes the alternating current

(AC) output of the exciter to direct current (DC). That

is, it rectifies exciter output. The bridge consists of six
(6) diodes, i.e., two diodes for each phase of the exciter.

The function of a diode is to permit current flow at one

polarity (in one direction) only.

it Diodes Fail Open: One type of diode failure is an
"open” condition. Current cannot flow in either direction

through an open diode. What happens to stator power

winding AC output voltage wiil depend on the number
of diodes in the diode bridge that have failed open.

1. Each pair of diodes passes excitation current to the

main rotor from a single exciter phase winding.

2. If a single diode fails open, the output from a single

exciter phase winding will be lost.

a. Voltage regulator action will increase excitation |

current through the remaining two exciter coils in an
attempt to maintain a preset reference voltage.

b. In some cases, a voltage dropoff may be observed .

as applied loads approach the generator's rated
maximum capacity.

¢. In some cases, the output of two exciter coils will

be gdequate to provide normal voltage at full rated
load.
3. If two or more diodes have failed open, current
cannot flow in the exciter windings.
a. Loss of current flow in the exciter must occur since
one diode is needed to pass current to the main rotor;
the other diode must provide a return path for the
current.
b. If two diodes fail open, loss of excitation current
through the main rotor will result. Stator power wind-
ing output voltage will then drop to a value that is
commensurate with field boost plus residual mag-
netism (approximately one-half rated voltage).

If Dliodes Short Circuit: If a shorted condition oc-
curs in the diode bridge, alternating current (AC) will
begin to flow through the main rotor windings. This will
probably result in collapse of the magnetic field. A
voltage dropoff to zero will be the end resutt.

PROCEDURE:

1. Carefully inspect the diode bridge. Evidence of
overheating, heat bubbles, melting or burning may
}ng{icgte that the surge protector in the diode bridge has
ailed.

2. Inspect wiring connections at the diode bridge. See
Figure 6.

3. Disconnect the three exciter leads from diode bridge
terminals, to prevent interaction.

4. Set a VOM to its "Rx1" scale and zero the meter. If
the VOM has a polarity switch, set it to "+DC".

5. Connect the positive (+) VOM test leads to the diode
bridge terminal indicated by a "+". Then, connect the
common (-} test leads to each "AC" terminal, one at a
time. As you connect each common (-) test lead, note
the meter reading.
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6. Now reverse the test leads. That is, connect the
common (-) VOM test lead to the diode bridge terminal
indicated by a "+". Then, connect the positive (+) VOM
test leads to each of the "AC" terminals, one at a time,
and note the meter reading.

The VOM should read "infinity" at one polarity only. At
the opposite polarity, the forward resistance of a diode
should be indicated.

RESULTS:

1. If the VOM reads "infinity” at both polarities, replace
the diode bridge.

2. if the VOM reads the forward resistance of any diode
at both polarities, replace the diode bridge.

3. If the VOM reads "continuity” at both polarities,
replace the diode bridge.

4. If the diode bridge tests good, go on to Test 11.

Figure 6. The Diode Bridge

Test 11- Test Main Rotor

DISCUSSION:

You may wish to review the information pertaining to
the main rotor in Sections 3.1 and 3.2. The main rotor
leads connect connect to the diode bridge terminals
indicated by a "+" and a "-". See Figure 7.

Figure 7. Main‘ otor Test Points
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Test 11- Test Main Rotor (Continued)

PROCEDURE:

1. Disconnect the main rotor leads from the diode
bridge terminals indicated by a "+" and a "-".
2. Set a VOM to its "Rx1" scale and zero the meter.
3. If the VOM has a polarity switch, set it to "+DC".
4. Connect the positive VOM test lead to the rotor lead
just disconnected from the diode bridge "+" terminal.
5. Connect the VOM common (-) test lead to the rotor
lead just disconnected from the diode bridge "-" ter-
minal.
a. The resistance of the main rotor windings should
be indicated (approximately 4 to 12 ohms, depending
on the generator rated capacity).
b. A reading of "infinity” indicates an open circuit
condition in the main rotor.
6. Now, set the VOM to a high resistance scale, such
as "Rx10,000" or "Rx1K". Zero the meter.
a. Connect the positive (+) VOM test lead to the main
rotor lead previously disconnected from the diode
bridge "+" terminal.
b. Connect the common (-) VOM test lead to a clean
frame ground. The meter should read "infinity". Any
upscale movement of the meter needle indicates a
grounded condition.

RESULTS:

1. Replace the main rotor if it is open or grounded.
2. If main rotor tests good, go on to Test 12.

Test 12- Test Stator Power Windings

DISCUSSION:
The stator power winding’'s AC output leads are

". accessible in the AC :connection (lower) panel. Stator

windings generally have a very low resistance, in the
neighborhood of about 0.1 to 1.0 ohm. Some meters
will not read such a small resistance, but will simply
read continuity.

PROCEDURE:
Refer to Test 9 in Section 2.4 of this manual.

RESULTS:

Remove and replace any stator assembly that is
open, grounded or shorted.

Test 13- Check Voltage Regulator Lamps

DISCUSSION:

The electronic voltage regulator (Figure 8) is
equipped with three advisory lamps (LED’s) which can
prove helpful when troubleshooting the generator set.
See "Voltage Regulator* on Page 3.2-4. These lamps
are normally on, will go out it the appropriate fault
occurs. The lamps are identified by the words
"Regulator” (red lamp); "Sensing” (yellow lamp); and
"Excitation” (green lamp).
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PROCEDURE:

1. Gain access to the voltage regulator, inside the
generator control console.
2. Start the generator engine, let it stabilize and warm
up at no-load and at rated operating speed.
3. Check the condition of the regulator lamps-(LED’s).
a. All three lamps shouid be gN.
(1) "Regulator” lamp ON indicates that the voltage
regulator is operating.
(2) "Sensing” lamp ON indicates that sensing or
actual voltage signals from the stator power wind-
ings are available to the regulator (Leads S15, S16
and 89). ‘
(3) "Excitation” lamp ON indicates that stator DPE
winding AC output is available to the regulator.
About 4 to 8 volts AC is required from the DPE
winding for regulator operation.

NOTE: The rejulator lamps tend to become dimmer as their
power supply decreases. For example, if sensing voltage and
current start to decrease, the "sensing” lamp will become
correspondingly dimmer. If the DPE winding output voltage
and current decrease, the "Excitation” lamp will become
correspondingly dimmer. Under some conditions it may be
necessary to shade the lamps to improve visiility.

b. If the "Excitation” lamp goes out, unregulated DPE
winding AC output to the regulator has been lost.
(1) Without DPE winding output to the regulator,
the regulator will shut down.
(2) When the regulator shuts down, both the "Ex-
citation” and the "Regulator” lamps will go out.
c. If the "Sensing” lamp goes out, loss of power
winding sensing signals to the regulator has occured.
(1) On loss of sensing signals, the regulator will
shut down.
(2) with the regulator shut down, both the "Sens-
ing” and the "Regulator” lamps will go out.
d. If only the "Regulator” lamp is out, the regulator
has probably failed.

O
O

VOLTAGE ADJUSI
GAIN

STABILITY
UNDERFREQUENCY
ADJUST

REGULATOR

SENSING

EXCITATION
2
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O
O

Figure 8. The Voltage Regulator
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Test 13- Check Voltage Regulator Lamps
(Continued)

RESULTS:

1. If the "Sensing" and "Regulator” lamps are out, go to .
Tests 14 and 15. The problem appears to be in the °

sensing circuit.

2. If the "Excitation” and the "Regulator” lamps are out,

go to Test 16. The problem is probably in the DPE circuit
to the regulator.

3. if only the "Reguiator” lamp is out, replace the voltage .

regulator. Test and adjust as necessary.

Test 14- Check Regulator Sensing Circuit
DISCUSSION: '

The voltage regulator receives "sensing” signals from
the stator power winding output leads. These signals of
"actual” voltage are compared with a "reference” volt- -

age that has been preset in the regulator.

* If "actual” voltage is lower than "reference” volt-
age, regulator action will increase regulated

direct current flow to the exciter field. Current

from the exciter to the main rotor is then in-

creased, and the voltage induced into the stator

power windings is increased. The increase in
exciter field and main rotor current will continue
until the "actual” voltage matches the "reference”
voltage.

* If "actual” (sensing) voltage is greater than "ref-
erence” voltage, regulator action will decrease
the regulated current flow to the exciter field. The
decrease in current flow will continue until sens-
ing voltage matches the "reference” voltage.

* On loss of "sensing” voltage signals to the
regulator, the "Sensing" lamp will go out. Without
sensing voltage, the regulator will shut down and
the "Regulator” lamp will also go out.

PROCEDURE:

1. Carefully inspect Wires S15 and S16 which connect
to Pins 7 and 9 of the 15-pin connector plug. The 15-pin
connector plug is accessible in the AC connection
(lower) panel.

2. Inspect Wires S15 and S16 between the 15-pin
connector plug and the control console’s frequency
meter. .

3. inspect Wire S15 between the frequency meter and
the voltage regulator. Check all wire connections.

4. Inspect Wire S16 between the frequency meter and
the voltage adjust potentiometer.

5. Inspect Wire 89 between the voltage adjust poten-
tiometer and the voltage regulator.

6. Inspect the voltage regulator connector plug.
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RESULTS:

1. Repair, reconnect or replace wire(s) as needed.

2. It all wires are good, but the "Sensing” and
"Regulator” lamps are still out during operation, go to
Test 15.

2
! HERTZ
VOLTAGE ¢ METER
REGULATOR
6
15-PIN B
CONNECTOR

R1= VOLTAGE
ADJUST POT.
CT1, CT2= CURRENT

S15 -

TRANSFORMERS
T :
zm_— E1 ‘-PHASE)
| e2 STATOR

CT2

o
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Figure 9. Voltage Regulator Sensing Circuit

Test 15- Test Voltage Adjust Pot

DISCUSSION:

The voltage adjust potentiometer is connected in
series with sensing leads S16 and 89 to the voltage
regulator. The device biases the sensing (actual) volt-
age signal to the regulator, thus allowing generator AC
output voltage to be changed (within a range of ap-
proximately plus or minus 10 percent). An open condi-
tion in the potentiometer will result in loss of sensing
voltage and regulator shutdown.

It a generator's AC output voltage is within plus or
minus 10 percent of the unit's rated .voltage, it can be
adjusted to nominal rated voltage using the poten-
tiometer. The pot is rated 10 k-ohm, 2 watts (plus or
minus 10 percent).

PROCEDURE:

1. Gain access to the voltage adjust potentiometer
terminal ends, inside the control console. See Figure 10.
2. Set an accurate VOM to its "Rx10" scale and zero the
meter.

3. Connect the meter test leads across the poten-
tiometer terminals to which Wires S16 and 89 attach.
Then, test the potentiometer as follows:
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Test 15- Test Voltage Adjust Pot (Con-
tinued)

a. Slowly rotate the potentiometer knob clockwise
and counterclockwise while observing the meter.
b. As the knob is turned in either direction, the resis-
tance reading should increase or decrease smoothly.
Erratic readings or dropoff to zero at any point is
cause for replacement of the potentiometer.
2. Start the generator, let the engine stabilize and warm
up at no-load.
a. Set the voltage adjust pot to its centered or mid-
position. Check the AC voitage reading.
b. Turn the pot all the way clockwise and, again, note
the voltage reading.
c. Turn the pot all the way counterclockwise and note
the voltage reading.
d. Calculate the percentage of voltage adjustment
provided by the potentiometer. Adjustment range
should be plus or minus 10 percent, or a total of 20
percent.

RESULTS:

If the voitage adjust piotentiometer fails any part of
the test, it should be replaced.

PART 3
SECTION 3.4

lost. Approximately 4 to 8 volts DPE output is required
for regulator operation. Thus, if the breaker opens, the
regulator's "Excitation” lamp will go out as well as the
"Regulator” lamp.

from excitation winding

——2

2

162
to voltage regulator

S15

Figure 10. Voitage Adjust Potentiometer

Test 16- Test DPE Circuit Breaker

DISCUSSION:

This circuit breaker is connected in series with the
stator DPE winding output leads to the voltage
reguiator. The breaker will open to protect the regulator
against high current output from the stator DPE (excita-
tion) windings. it is self resetting. If the breaker is open,
unregulated DPE winding output to the regulator will be

Figure 11. The DPE Circuit Breaker

PROCEDURE:

Disconnect Wires No. 2 and 162 from the circuit
breaker terminals. Seta VOMtoits "Rx1" scale and zero
the meter. Connect the meter test leads across its two
terminals. The meter should read "continuity”. If the
meter indicates "Infinity”, the breaker is open and shouid
be replaced.

RESULTS:
1. Replace DPE breaker it defective.
2. It the breaker checks good, go on to Test 17.

Test 17- Test Thermal Protector

DISCUSSION:

For information on the thermal protector, refer to
Pages 3.2-2 and 3.2-3.

PROCEDURE:

1. In the upper part of the AC connection (lower) panel,
unplug the mating halves of the 15-pin connector plug.
2. Set a VOM to its "Rx1" scale and zero the meter.

3. See Figure 12. Connect one VOM test probe to Pin
3 of the 15-pin connector (Wire No. 2 attaches to this
pin).

4. Connect the remaining test probe to Pin 6 of the
15-pin connector, to which Wire No. 6 (or 6A) attaches.
The meter should read excitation (DPE) winding resis-
tance.

~
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Test 17- Test Thermal Protector (Con-
tinued)

5. Now, connect the VOM test leads across Pin 6
of the 15-pin plug (Wire 6 or 6A) and the stripped end

of Wire No. 5 in the AC connection panel. Again, the
meter should indicate excitation (DPE) winding resis-
tance (approximately 0.5 to 1 ohm).

RESULTS:

1. If a very high resistance or "infinity" is indicated in
Step 4, but DPE winding resistance (about 0.5-1 ohm)
is indicated in Step 5, the thermal protector has failed
open and should be bypassed.

2. If DPE winding resistance is read in both Steps 4 and
5, the thermal protector is good. Go on to Test 18.

NOTE: Before replacing the stator assembly due to an incorrect
resistance reading, consult the factory.

NOTE: For Information on bypassing the thermal protector, see
Pages 3.2-2 and 3.2-3.

Test 18- Check DPE Leads to Regulator
DISCUSSION:

All stator winding leads, including the excitation

(DPE) windings, are brought out of the stator can and

into the AC connection (lower) panel. See "Stator DPE :

Winding" on Page 3.2-2.
PROCEDURE:

See Figure 12. Carefully inspect Wires No. 2, 6 and ;
162 for damage, proper connections. Use a VOM to

check the leads for-an open or grounded condition.

RESULTS:

1. Repair, reconnect or replace any damaged, discon-
nected or otherwise defective wires.

2. If all DPE wires are good, go to Test 19.

REGULATOR

~ HHEHHL

VOLTAGE

« —FROMSTATOR
EXCITATION
WINDING

—— 2

'Figure 12. DPE Winding AC Output Leads
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Test 19- Test Stator DPE Windings

DISCUSSION:

The stator DPE (excitation) windings were previously
tested as part of the thermal protector test (Test 17).

PROCEDURE:

1. In the upper part of the AC connection (lower) panel,
unplug the mating halves of the 15-pin connector plug.
2. Set a VOM to its "Rx1" scale and zero the meter.

3. Connect the VOM test probes across Pin 6 of the
:5-pin connector plug (Wire No. 6 or 6A) and the

stripped end of Wire No. 5. The meter should indicate
DPE winding resistance (about 0.5 to 1 ohm).

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 probe to the stripped end of
Wire No. 5, the other test probe to a clean frame ground
on the stator can.
a. The meter should read "infinity".
b. Any upscale movement of the meter needle indi-
cates a grounded condition.

RESULTS:

1. If a high resistance or "infinity” is indicated in Step 3,
replace the stator assembly.

2. It the meter reads other than "infinity” in Step 5,

- replace the stator assembly.

3. If the DPE winding checks good, go to Test 20.

Test 20- Check Stator AC Output Lead
Connections

DISCUSSION:

Be sure to review the information in Section 1.2, "Types
of Stator Connection Systems". If stator power winding
output voltage is incorrect, it is possible that the power
winding's AC output leads have been improperly con-
nected. This test is especially relevant on new installa-
tions.

PROCEDURE:

In the AC connection (lower) panel, caretully inspect all
bolted junctions. On 12-wire reconnectable stators, all
connections must be correct for the desired voltage. If
the unit is equipped with a voltage changeover board,
make sure itis properly positioned for the desired phase
and voltage. :

RESULTS:

1. If necessary, reconnect wiring to obtain proper volt-
age.

2. If leads are properly connected but voltage output is
bad, complete Test 12.
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Test 21- Adjust Engine Governor

DISCUSSION:

Generators with 2-pole main rotor supply a 60 Hertz
AC frequency at 3600 rpm; a 50 Hertz frequency at 3000
rpm.

Units having a 4-pole main rotor deliver 60 Hertz at
1800 rpm; or 50 Hertz at 1500 rpm.

Depending on the setting of the voltage regulator's
"Underfrequency Adjust” potentiometer, the AC output
voltage will be more or less proportional to the AC
frequency. That is, as rpm and frequency decrease,
voltage output will also decrease. If both frequency and
voltage are proportionally low or high, engine governed
speed may be set too low or too high. This test will
determine Iif engine governed speed is correct.

PROCEDURE:

In most cases, the frequency meter on the generator
console may be used to provide an accurate frequency
reading. lf the console is not equipped with a frequency
meter or if you suspect the frequency reading is incor-
rect, use an accurate extemnal AC frequency meter to
check engine speed and frequency. Connect the meter
to the stator power winding output leads.

- Check frequency with the'unit running at no-load.
For units rated 60 Hertz, no-load frequency
should be as close as possible to 62 Hertz at
no-foad.

* For units rated 50 Hertz, no-load frequency
'should be as close as possible to 51 Hertz at
no-load.

*  When electrical loads are applied equal to the
generator's rated wattage/amperage capacity,
the frequency should not drop below about 58
Hertz.

NOTE: For additional information on engine governors,
refer to Sections 1.5, 1.6 and 1.7 in this manual. Gover-
nors and governor adjustment procedures will also be
discussed in the appropriate Engine Service Manual.

RESULTS:

1. If frequency and voltage checks are good following
governor adjustment, discontinue tests.

2. If frequency is good, but voltage is high or low, try
adjusting to the correct voltage using the console's
voltage adjust potentiometer.

3. if correct voltage cannot be obtained with the
console’s voltage adjust potentiometer, try adjusting the
voltage regulator (Test 22).
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Test 22- Adjust Voltage Regulator

DISCUSSION:
See "Voltage Regulator” on Page 3.2-4.

PROCEDURE:

1. Gain access to the voltage regulator, in the generator
control console.

NOTE: If a new regulator is being installed, the three (3)
switches on the regulator circuit board must be set properly
before installation. Refer to “Voltage Regulator Switches” in
section 3.6.

2. If necessary, connect an accurate AC voltmeter and
frequency meter to the generator's AC output leads.
3. On the voltage regulator, set the potentiometers as
follows:
a. Tum the "Voltage Adjust® pot fully counterclock-
wise.
b. Set "Gain” to its centered (mid) position.
c. Set "Stability” to its centered (mid) position.
d. Do NOT adjust "Underfrequency Adjust”.
4. On the control console, set the voltage adjust poten-
tiometer to its centered (mid) position.
5. Tum OFF all electrical loads. Startup and initial
adjustments will be accomplished under a "no-load"
condition.
6. Start the engine, let it stabilize and warm up at
no-load.
7. Check the reading on the frequency meter.
a. It necessary, adjust the engine governor to obtain
a no-load frequency of 62 Hertz at no-load on units
rated 60 Hertz.
b. For units rated 50 Hertz, adjust engine govbemor
as close as possible to 51 Hertz at no-load.
8. With the unit running at its correct no-load speed and
frequency, check the lamps (LED’s) on the regulator. All
lamps should be ON.
9. Tum the regulator's "Voltage Adjust” pot to obtain a
line-to-line voltage as shown in the chart on next page.
10. If the red "Regulator” lamp is flashing, tum the
"Stability” potentiometer either direction until the flash-
ing stops.
11. Apply an electrical load and check engine speed
recovery.
a. Adjust "Underfrequency Adjust” counterciockwise
to unload the unit and reduce load voltage while the
engine recovers.
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Test 22- Adjust Voltage Regulator (Con- :
tinued)

b. For flatregulation (no voltage decrease as frequen-
cy drops), set the "Underfrequency Adjust” pot fully
clockwise (CW). Set point for this adjustment is 62
Hertz (counterclockwise) to 52 Hertz (clockwise).
c. To obtain a constant voltage reduction as frequen-
cy drops, set the "Underfrequency Adjust” pot fully
counterclockwise (CCW) '
12. With electrical loads still applied, check the
"Regulator™ lamp for flashing. If lamp is flashing, adjust
the "Stability" pot until the flashing stops.
13. If better response is needed, adjust the "Gain" pot
clockwise as needed. Then (if needed), comect for
instability by adjusting the "Stability” pot. :

14. Tum off all electrical loads and check regulator

lamps at no-load.

15. When all adjustments have been completed, let the
engine run at no-load for a few minutes to stabilize

internal engine-generator temperatures.
16. Shut the engine down.

VOLT| RATED
CODE| VOLTAGE | DESIRED LINE-TO-LINE VOLTAGE
A 240 Volts 248 Volts at 62 Hertz
B 208 Volts 215 Volts at 62 Hertz
C J416Volts 430 Volts at 62 Hertz:
D 240 Volts 248 Volts at 62 Hertz
G 208 Volts 215 Volts at 62 Hertz
H 416 Volts 430 Volts at 62 Hertz
J - ]| 240 Volts 248 Volts at 62 Hertz
K 480 Volts 496 Volts at 62 Hertz
M 220 Volts 224 Volts at 51 Hertz
N 380 Volts 388 Volts at 51 Hertz
0 416 Volts 424 Volts at 51 Hertz
) (@]
° VOLTAGE ADJUST)]
GANN | .. @
STABILITY |,./@
UNDERFREQUENCY
ADJUST
REGULATOR| ©
SENSING| ©
® EXCITATB;I’ @

T: o

Figure 1 3 Voltage Regulator
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RESULTS:

1. If voltage and frequency are correct, discontinue
tests.

2. If voltage and frequency are incorrect, go to ap-
propriate Problem 1, 2 or 3.

Test 23- Check For Overload

DISCUSSION:

If frequency and voltage are alright when the unit is
running at no-load, but drop excessively when electrical
loads are turned on, the generator may be overloaded.
That is, applied loads may be greater than tyhe unit's
rated wattage/amperage capacity.

* Voltage and frequency are generally set slightly
high at no-load. This helps prevent excessive
rpm, frequency and voltage droop under heavy
electrical loading. For example, a unit rated 60
Hertz is usually set to about 62 Hertz at no-load;
units rated 50 Hertz are usually set to about 51
Hertz at no-load.

* As ageneral rule, AC frequency should not drop
below about 58-59 Hertz at the unit's rated wat-
tage/amperage capacity (60 Hertz units).

PROCEDURE:

The console AC ammeter can usually be used as a
reliable indicator of current flow to the load. f you
suspect thatthe ammeter is wrong or if the console does
not have an AC ammeter, a clamp-on ammeter may be
used to measure load current. See "Measuring Curmrent’
in Section 1.4 (Page 1.4-6). Load current should not be
greater than the rated current stated on the unit's DATA
PLATE.

RESULTS:

1. Ifload currentis excessive, reduce the load by turning
off non-essential loads.

2. If current flow is within the unit's rated capacity, but
excessive rpm and frequency droop occurs when loads
are applied, go to Test 24.

Test 24- Check Engine Power and Engine
Condition

DISCUSSION:

An underpowered engine can cause excessive fre-
quency and rpm dropoff when electrical loads are ap-
plied. In some cases, maximum generator output is
limited by available engine power. Thus, if a generator's
rated AC output power cannot be obtained, it is a good
idea to check engine condition and power.
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Test 24- Check Engine Power and Condi-
tion
PROCEDURE:
Refer to the appropriate Engine Service Manual.

Determine why the engine has lost power and correct
the problem as necessary.
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Section 3.5

INSULATION RESISTANCE TESTS

General

Also see Section 1.4, "Generator Maintenance and
Testing".

Insulation breakdown tests on brushless generators
are similar to those on direct excited (brush type) units.
However, brushless generators are equipped with
several components not found on direct excited gener-
ators. -

This section will provide instructions on the use of a
Hi-Pottester to test brushiess generator components for
insulation breakdown.

DANGER: WHEN USING A HI-POT TESTER, FOL
LOW THE MANUFACTURER'S INSTRUCTIONS
ICAREFULLY. IMPROPER OR CARELESS USE OF
SUCH TESTERS MAY RESULT IN ELECTRICAL]
SHOCK TO THE USER OR DAMAGE TO COM-
PONENTS BEING TESTED. DO NOT APPLY VOL+

" VALUES. APPLY VOLTAGE FOR A MAXIMUM TIME
IMIT OF ONE SECOND ONLY.

if the tester breakdown lamp illuminates during the one
second test, the main rotor winding should be cleaned
and dried. Then, the insulation breakdown test should
be repeated. If the breakdown lamp comes on during
the second test (after cleaning and drying), replace the
main rotor.

TAGES IN EXCESS OF THE RECOMMENDED|

Testing Stator Insulation

See "Testing Stator Insulation” on Pages 1.4-2 and

1.4-3.

Testing Main Rotor Insulation

1. In the AC connection (lower) panel, locate the diode
bridge (Figure 1).

2. Disconnect the main rotor leads from the diode bridge

terminals indicated by a "+" and "-".
3. Turn the Hi-Pot Tester switch to "Off".

4. Connect the main rotor leads together, along with the

red tester probe.

5. Connect the black tester probe to a clean frame

ground.
6. Plug the tester into a 120 volts AC wall outlet.

7. Set the tester’s voitage selector switch to "500 Volts". -

8. Tum the tester switch to "On" and check that the
tester’s pilot lamp is lighted.

9. Wait one second, observe the breakdown lamp, then

turn the tester switch to "Off".

CAPSCREW /
7

LOCKWASHER
FLATWASHER &
|~ ROTOR END CAP
BLACK Tesren/ ("]
PROBE b

7 J
DIODE BRIDGE

RED TESTER
PROBE

Figure 1. Testing Main Rotor Insulation

Testing Exciter Field Insulation

1. In the AC connection (lower) panel, locate the 15-pin
connector plug. Disconnect the mating haives of the
connector plug.

2. On the connector plug, locate male pins No. 2 and 4,
to which Wires No. 1 and 4 (respectively) attach.

3. Connect male pins No. 2 and 4 (or Wires No. 1 and
4) together by means of alligator clips or other suitable
means.

4. Tum the Hi-Pot Tester switch "Off".

5. Connect the red tester probe to the junction of Pins 2
and 4 (or to the junction of Wires 1 and 4).

6. Connect the black tester probe to a clean frame
ground.

7. Plug the tester into a 120 volts AC wall socket.

8. Set the tester’s voltage selector switch to "500 Volts".
9. Tumn the tester switch "On" and check that the pilot
lamp is lighted.

10. Wait one second, observe the breakdown lamp, and
turn the tester switch to "Off".
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Testing Exciter Field Insulation (Con-
tinued)

If, during the one second test, the tester breakdown
lamp comes on, clean and dry the exciter field. Then,
repeat the insulation breakdown test. If the exciter field
fails the second test (after cleaning and drying), it should
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be replaced.
[0IQI0I0I0Y/

BLACK (-} 1 4 RED (+)

LEADS

Figure 2. The Exciter Field

Testing Exciter Insulation

1. Disconnect the three exciter leads from the diode
- bridge terminals indicated by "AC".

2. Tum the Hi-Pot Tester switch to "Off".

3. Connect the three exciter leads together, along with

the red tester probe.

4. Connect the black tester probe to a clean frame

ground.

5. Plug the Hi-Pot Tester into a 120 volts AC wall socket.

6. Set the tester’s voltage selector switch to "500 Volts".

7. Set the tester switch to "On" and check that the pilot

lamp is lighted.

8. Wait one second, observe the breakdown lamp, then

turn the tester switch to "Off".

If the tester breakdown lamp came on during the one
second test, clean and dry the exciter. Then, repeat the
breakdown test. if the exciter fails the second test (after
cleaning and drying), it should be replaced.

Figure 3. Testing Exciter Insulation
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General

“PMG" stands for “permanent magnet generator”. In a PMG
unit, a permanent magnet exciter replaces the stator excitation
(DPE) winding that is used in non-PMG units. That is, the perma-
nent magnet exciter (PME) delivers unregulated excitation current
to the electronic voltage regulator. The voltage regulator rectifies
and regulates the current. The regulated excitation current is
then delivered to the brushiess field excitation system.

PMG units are exactly like any other Generac brushless gen-
erator, except that the PMG units are not equipped with a stator
excitation (DPE) winding.

PMG Applicability

The PMG system is not generally used in conjunction with a
brush type excitation system. It is used in conjunction with a
brushless system.

The PMG system is used on Generac generators rated 25
KW and larger. Started in 1993, PMG's were used on units rated
125 kW and larger (520mm stator laminations). In late 1996
PMG's became an option on units rated 25 kW through 100 kW.
(390 mm stator laminations).
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Operational Analysis
Figure 1, below is an operating diagram for Generac PMG
units. Generator operation may be briefly described as follows:

1. A ROTATING MAGNET (part of the PMG) induces a voltage
into the PERMANENT MAGNET EXCITER (PME). The PME out-
put (unregulated excitation current) is delivered to the VOLTAGE
REGULATOR, via Wires No. 2 and 6 and an excitation circuit
breaker (CB1).

2. The VOLTAGE REGULATOR rectifies and regulates the PME
‘excitation current and the regulated direct current is delivered
across the windings of an EXCITER FIELD (EF). A magnetic field
is created around the EXCITER FIELDhaving a magnetic field
strength proportional to the regulated direct current flowing
through it's windings.

. 3. The magnetic field of the EXCITER FIELD (EF) induces a volt-
age and current flow into the rotating EXCITER ASSEMBLY (EA).
This alternating current flow is rectified by six (6) diodes and

- delivered to the generators MAIN ROTOR (AR).

4. A magnetic field is created around the MAIN ROTOR (AR)hav-
ing a magnetic field strength proportional to the current flow
through the MAIN ROTOR (AR) windings. This magnetic field
cuts across the MAIN STATOR windings to induce a voltage into
those windings that is proportional to the strength of the MAIN
ROTORS (AR) magnetic Yield.

ﬁgum 1. Operating E)iagmm- Units with PMG
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Operational Analysis (Continued)
5. Voltage is available from the MAIN STATOR to customer load
connections E1, E2, and E3.
6. Voltage signals are delivered to the VOLTAGE REGULATOR
via “SENSING” leads S15 and S16, a VOLTAGE ADJUSTMENT
POTENTIOMETER (R1), and wire #89.
7. Based on the “sensing” voltage it reads from wires S15, and
S$16, the VOLTAGE REGULATOR will either increase or
decrease the excitation current flow it sends to the EXCITER
FIELD (EF). The REGULATOR does this by electronically “com-
paring” the actual (sensing) voitage with a pre-set (reference)
voltage.
a. If the “sensing” voltage is higher than the “reference” volt
age, the REGULATOR will decrease current flow to the
EXCITER FIELD (EF). This will reduce the strength of
EF’s magnetic field and will reduce the voltage and current
deliveredfrom the EXCITER ASSEMBLY (EA) to the MAIN
ROTOR (AR). With current flow through the MAINROTOR
windings reduced, the strength of the MAIN ROTOR's mag
netic field will be reduced, and the voltageinduced into the
MAIN STATOR will be reduced correspondingly.
b. If “sensing” voltage is lower than the “Reference” voltage,
REGULATOR action will increase current flow to the
EXCITER FIELD (EF). EF’s magnetic field strength will then
increase, to increase the current flow delivered to the MAIN
ROTOR (AR). The MAIN TROTOR magnetic field Strength
will then be increased and the voltage inducedinto the MAIN
STATOR will increase correspondingly.

Short Circuit Operation
In the event of a short circuit in the generator's AC output
leads, the generator should be able to deliver up to 300 percent
of it's rated current for up to 30 seconds before any loss of AC
output occurs. The time limit of 30 secondsshould be adequate
time for a downstream breaker to trip (open).
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This current boost feature is provided by adding a seve/-\\
wire to the voltage regulator, as follows.

0 For 12 volts DC engine electrical systems, the seventh
wire will be Wire #14. ’

O For 24 volts DC engine electrical systems, the seventh
wire will be Wire #219.

The purpose of the seventh wire is to continue firing the volt-
age regulator's SCR's during short circuit operation (when the AC
output and “sensing” voltage decrease to zero or nearly zero). If a
short circuit condition should occur without the seventh wire
attached to the voltage regulator, the sensing voltage will
decrease and the voltage regulator will shut down.

NOTE: With the seventh wire attached to the regulator, and
SW3 on the back of the regulator turned “ON”, a loss of
“sensing” (wires S15 and 89) will no longer turn the regula-
tor off. Loss of sensing signals to the regulator (such as an
open voltage adjustment potentiometer, loose wire S15 /
S$16, etc.) would result in a “FULL FIELD” condition and a
resultant high output voltage. To protect the genset and
loads from damage, an overvolitage shutdown option should
be installed. (See Figure 8 for schematic)

Voltage Regulator Switches

With the introduction of generac’s new line of permanent
magnet generators (PMG), the solid state Voltage Regulator had
to updated as well. New Voltage Regulator circuit boards mov™
three (3) miniature switches, identified on the board as Switch
Switch 2, and Switch 3. In the event that a voltage Regulator
must be replaced, the technician must make sure all switches are
properly positioned as follows:

SWITCH 1

Figure 2. Voltage R'egulator
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SWITCH 1:

O itthe generator is a direct excited uinit with brushes, set
the switch to *1*.

[J For all brushless units, set the switch to *2*.

SWITCH 2:

O For all standard (non-PMG) units, set this switch to’

*STD".

O ForallPMG (permanent magnet generator) units, set the.

switch to "PM".

SWITCH 3:

[J 1f a seventh wire has been attached to the Voltage

Regulator, set this switch to "On“. See "Short Circuit

Operation® on Page 3.6-2.

If a seventh wire has NOT been added to the Voltage

Regulator, set the switch to "Off".

PMG Unit Identification

Figure 3, below, shows a typical permanent magnet gen-

erator (PMG) as it appears completely assembled.

An Exploded View of a typical PMG unit is provided on |

Page 3.6-4, with corresponding Parts List on Page 3.6-5.

PAGE 3.6-3

Magor PMG Components
INTRODUCTION:

See Figure 4 and accompanying Parts List on next page.
Major components of a PMG stator unit may be listed as
follows:

Flexible Coupling Piates (ltem 1).
Drive Hub and Fan (ltem 2).

Blower Housing (Item 8).

Main Rotor Assembly (ltem 5).

Malin Stator Assembly (ltem 10).
Rear Bearing Carrier (Item 12).
Permanent Magnet Exciter (Item 18).
Permanent Magnet (Item 19).
Permanent Magnet Cooling Fan (ltem 20).
Exciter Field (Item 37).

Exciter Assembly (ltem 40).

Exciter Cooling Fan (ltem 41).

Diode Plate Assembly (Item 45).

(N O

FLEXIBLE COUPLING PLATES:

A stack of flex coupling plates is retained to the engine
flywheel by eight (8) capscrews and flatwashers around the
outer periphery of the plates. The plates are retained to the
drive hub and fan by means of six (6) capscrews and
flatwashers through the plates’ inner circle of holes.

PMG TYPE

Figure 3. A Typical PMG Unit
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Major PMG Components (Continued)

Figure 4. Exploded View of a Typic al PMG Unit
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Flexible Coupling Plate
Drive Hub and Fan
Hub and Fan Spacer
Square Drive Key
Main Rotor Assembly
Main Rotor Assembly Bearing
Blower Air Outlet Screen
Blower Housing
Bearing Spacer
Main Stator Assembly
Stator Stud
Rear Bearing Carrier
O-Ring Seal
Pressure Relief Fitting
Grease Fitting
Grease Seal
Cable Clamp
Permanent Magnet Exciter (PME)
Permanent Magnet
Permanent Magnet Cooling Fan
Retaining Ring
Slip Fit Collar
Socket Head Capscrew
Lockwasher
Flatwasher
Hex Nut
Hex Head Capscrew
Hex Head Capscrew
Drive Key
Slip Fit Coljar
Hex Head Capscrew
Lockwasher
Hex Head Capscrew
Flatwasher
Hex Head Capscrew
Flatwasher
Exclter Fleld (EF)
Exciter Field Stud
Drive Key
Exciter Assembly (EA)
Exciter Cooling Fan
Exciter Rear Cover
Capscrew
Lockwasher
Diode Plate Assembly
Grommet
Hex Nut
Lockwasher
Flatwasher
Hex Head Capscrew
Grommet
Wire Support Bracket
Cable Clamp
Hex Head Capscrew
Lockwasher
Flatwasher
Lockwasher
Hex Nut
Lockwasher
Hex Nut
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DRIVE HUB AND FAN:

The drive hub and fan (ltem 2) is keyed to the tapered shaft
of the main rotor assembly. Itis also retained to the main rotor
assembly by means of a hex head capscrew (ltem 31,
lockwasher (item 32), and a hub and fan spacer (Item 3).

The drive sequence is apparent. The engine flywheel
drives the flexible coupling plates, which drive the drive hub
and fan, which drives the main rotor assembly.

BLOWER HOUSING:

The blower housing (ltem 8) gets its name because it does
house the drive hub and fan, often called the blower fan. Eight
retaining ears are located around the outer periphery of the
housing to accept one end of the main stator studs (ltem 11).

MAIN ROTOR ASSEMBLY:

The main rotor assembly creates the magnetic field which
induces a voltage into the main stator assembly windings. It
is keyed and bolted to the drive hub and fan. It is supported
at the other end in the rear bearing carrier by the main rotor
bearing.

A 4-pole main rotor assembly is one that has two North
magnetic poles and two South magnetic poles. Units with
4-pole main rotor will deliver an AC output frequency of 60
Hertz at 1800 rpm, or 50 Hertz at 1500 rpm.

A 2-pole main rotor has a single North magnetic pole and
a single South magnetic pole. This type will deliver an AC
output frequency of 60 Hertz at 3600 rpm, or 50 Hertz at 3000
rpm.

MAIN STATOR ASSEMBLY:

The main stator assembly is "sandwiched" between the
blower housing (ltem 8) and the rear bearing carrier (ltem 12).
It is retained in this sandwiched position by eight studs (Item
11).

The various winding configurations of the main stator
assembly are discussed in Part 1, Section 1.2 of this Manual.
Main stator AC output leads are brought out of the stator and
into the AC connection (lower) panel.

REAR BEARING CARRIER: .

The rear bearing carner supports the main rotor assembly
bearing. A grease fitting is provided for lubricating the bear-
ing and a pressure relief fitting prevents excessive pressure
buildup in the grease chamber.

The main stator assembly is "sandwiched” between. the
blower housing and the rear bearing carrier and retained in
that position by the eight stator studs (ltem 11).

PERMANENT MAGNET EXCITER (PME):

The stafionary (non-rotating) PME delivers its excitation
current to the voltage regulator via its output leads No. 2 and
6. The PME is equipped with not only an excitation winding,
but with battery charge windings as well.

I WINDING NAME WIRES RESISTANCE I
Excitation 2and 6 10
Battery Charge 66 & 77 0.063
Battery Charge | 66A & 77A 0.063
I
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Major PMG Components (Continued)

PERMANENT MAGNET:

The rotating permanent magnet is keyed to the rotor
assembly shaft. The magnet assembly consists of two (2)
rows of sixteen (16) magnets equally spaced inside a magnet
housing. The magnets are attached by means of a 2-part
epoxy adhesive. The finished assembly is balanced to pre-
vent vibration.

The magnet assembly induces a voltage into the perma-
nent magnet exciter (PME). PME output current is then
delivered to the slectronic voltage regulator, via Wires #2 and
#6.

A cooling fan (item 37) rotates with the permanent magnet.

EXCITER FIELD (EF):

The regulated and rectified output of the voltage regulator
is delivered to the stationary exciter field, via Wires #1 (Neg-
ative) and #4 (positive). Nominal resistance of the exciter
field is given below.

I NOMINAL RESISTANCE AT 68" F. (20" C.) I

IACROSS LEADS NOMINAL RESISTANCE
I 1and 4 5.22t05.78 ohms

EXCITER ASSEMBLY (EA): ,

Regulated and rectified excitation current from the voltage
regulator creates a magnetic field around the rotating exciter
field (EF). This magnetic field cuts across the windings of the
exciter assembly (EA) to induce a voltage into the EA wind-
ings that is proportional to the strength of the EF magnetic
field.

The exciter assembly (EA) is a 3-phase, wye connected
winding with three (3) leads coming out. The three (3) output
leads connect to the diode plate assembly.

NOMINALSRESISTANCE AT 68° F. (20" F. |

ACROSS LEAD NOMINAL RESISTANCE
1and5 0.12t0 0.20 Ohm
1and3 0.12 to 0.20 Ohm
3and$s 0.12t0 0.20 Ohm

Figure 5. Exciter Assembly/Diode Plate Schematic
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DIODE PLATE ASSEMBLY:

The diode plate assembly is bolted to the exciter cooling
fan and rotates with the main rotor. It consists of a bridge
rectifier assembly with six (6) diodes and a varistor. The
DIODES rectify the exciter assembly (EA) output current to
the main rotor (AR). The VARISTOR protects the diodes
against high voltage spikes.

NOTE: Varistors are unique types of resistors that pres-
ent a high resistance to normal voltages and a low reslis-
tance to high voitages that might occur In a circuit. They
are also called "voltage sensitive, non-linear resistors”,
The varistor permits normal voitages to flow through the
diodes, but will shunt excessively high voltages to
ground.

Figure 6. The Diode Plate Assembly
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Figure 7. Diode Plate Assembly Schematic
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ﬁF-igure 8. Schematic of Over-Voltage Shutdown
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TESTING PMG UNITS

Introduction
Be sure to read Section 3.6 carefully, in order to under-

stand how PMG units work.

Operationally, PMG units are very similar to the non-PMG
BRUSHLESS generators covered in Sections 3.1 through
3.5. What makes the PMG units different is that they do not
have a stator excitation (DPE) winding. Instead, the PMG
units are equipped with a PMG assembly.

The PMG assembly consists of a rotating permanent mag-
net and a permanent magnet exciter (PME). PME output
current is delivered to the electronic voltage regulator as
excitation current.

Troubleshooting Flow Charts
Use the "Troubleshooting Flow Charts* in Section 3.3 to
analyze PMG unit problems. These charts can be applied to
PMG units, with the following exceptions:

O 1f atest applies to the DPE or Excitation windings, test
the permanent magnet exciter (PME) circuit instead.

O shortcircuit operation for PMG units will be different than
for non-PMG units. See *Short Circuit Operation® on
Page 3.6-2.

O sensing signals to the voltage regulator are lost on
PMG units having a seventh wire attached to the regu-
lator, a “full field" condition and high AC output voltage
may result.

[J when testing or troubleshooting any generator, be sure
to consult the appropriate wiring diagram/electrical sche-
matic.

Insulation Resistance Tests

INTRODUCTION:

You may wish to review "Checking Insulation Resis-
tance” on Page 1.4-2 of this manual.

Complete insulation resistance tests on most PMG unit
windings as outlined in Section 3.5.
. The PMG units are equipped with a Permanent Magnet
Exciter (PME), which standard brushless units do not have.
The PME replaces the stator excitation (DPE) winding. Sta-
tors used on PMG units will not have an excitation (DPE)
winding.

PME INSULATION RESISTANCE:

To test the insulation resistance of the permanent magnet
exciter (PME) used on PMG units, use a Hi-Pot Tester. Test
between (a) isolated windings, and (b) all windings to ground
as foliows:

}) Disconnect and isolate all PME output leads (see Figure

2. Connect the terminal endes and/or stripped ends of all
output leads together (Wires #2, #6, #66, #77, #66A, #77A).
Make sure none of the leads are in contact with the generator
frame.

3. Connect the red probe of the Hi-Pot Tester to the joined
terminal ends. Connect the black Tester probe to a clean
frame ground.

4. Turn the Hi-Pot Tester switch to “Off*,

5. Set the Tester's voltage selector switch to "2000" volts.
6. Tumn the Tester switch "On" and check that the pilot lamp
is lighted.

7. Observe the breakdown lamp on the Tester, wait one (1)
second, then turn the Tester switch to *Off".

8. Connect the red Tester probe to Wire #2, the black probe
to Wire #66. Turn the Tester switch to "Off*. Set the Tester's
voltage selector switch to *1500" volts, then turn the Tester
switch to "On” and check that the pilot lamp is lighted. Finally,
observe the Tester breakdown lamp, wait one (1) second,
and turn the Tester switch to "Off".

9. Repeat Step 8 with the red Tester probe connected to Wire
#2 and the black probe attached to Wire #66A.

10. Repeat Step 8 with the red Tester probe attached to Wire
#66 and the black probe to Wire #66A.

If the Tester breakdown lamp illuminates during the one

second test, clean and dry the PME. After cleaning and

drying, repeat the test. If the breakdown lamp comes on

Fc:i,uri‘rz\g the second test (after cleaning and drying), replace the
ME.

Figure 1. PME Schematic
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Section 4.1

DESCRIPTION AND COMPONENTS

General

At the time of this writing, "Marathon®" generators
were being used on standby generators rated 100 to
350 kW (100,000-350,000 watts). Units are manufac-
tured with cast iron end brackets and adapters, as well
as fabricated steel frames. Flexible drive discs and SAE
adapters are machined to SAE (Society of Automotive
Engineers) standards.

An aluminum die cast main rotor core provides high
mechanical integrity and low vibration at operating
speeds. Amortisseur winding and coil supports are die
cast as an integral part of the main rotor. Laminations
are 4-pole, one-piece type which are shrunk fit and
keyed to the main rotor shaft. No dovetails, cross bolts
or other pole to shaft connecting devices are used.

Units are available with several adapter and drive
disc arrangements. When changing flexible drive discs,
spacers are required between the discs and the cast
iron hub to maintain SAE standard dimensions.

The rotating portion of the generator includes (a) the
main rotor, (b) cooling fan, (c) drive hub, (d) drive disc
spacers, (e) a rectifier mounting hub, (f) rotating rec-
tifier, and (g) an exciter rotor.

Voltage Regulator

A solid state electronic voltage regulator is housed
in the generator control console. This is the same
regulator used on Generac direct excited and brushless
units.

These generators are not equipped with a stator
excitation (DPE) winding. Instead, excitation current is
taken from the main stator power windings. This excita-
tion current and voltage is reduced by a step-down
transformer before it is delivered to the regulator.
Transformer output passes through an excitation circuit
breaker, which protects the regulator against voltage
surges. That breaker is self resetting and cannot be
reset manually.

A sensing voltage (actual voltage signal) is delivered
to the regulator from the main stator, via Wires S15 and
S16. A "reference” voltage is preset into the regulator.
The regulator regulates excitation current flow to an
exciter stator in order to maintain a sensing voltage that
is the same as the reference voltage.

"Marathon®" units are not equipped with field boost.
A voltage is induced into the main stator windings as
th¢=i result of excitation current and residual magnetism
only.

Figure 1. A Typical "Marathon" Generator ("MagnaPlus ™" Shown)
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ITEM DESCRIPTION ITEM DESCRIPTION
1 - Main Body with Stator Winding 18 Key
2 Main Rotor 19 Rectifier Assembly Fasteners
3 Adapter Fasteners 20 Bearing
4 Optional Drip Cover 21 End Cap
5 Air Outlet Screen 22 End Cap Fasteners
6 SAE Adapter 23 Rectifier Assembly
7 Cooling Fan 24 Exciter Rotor
8 Drive Hub 25 Exciter Stator
9 Drive Disc Spacers 26 End Bell
10 Dnve Discs 27 AC Connection Panel Cover (Typical)
11 Drive Disc Fasteners 28 AC Connaction Side Panel
12 Drive Key 30 Exciter Statar Retaining Screw
13 Rectifier Mounting Hub 31 Grounding Screw
14 Fan Fasteners 32 AC Connection Panel Fasteners
15 AC Connection Panel (Typical 33 Gasket
16 Screws for AC Connection Panel 34 End Bell Fasteners
17 Connection Panel Side Panel

Figure 2. Sectional View of "Marathon®" Generator (Typical)
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Section 4.2

OPERATIONAL ANALYSIS

General

"Marathon®" generators are similar to other brush-
less units in that all utilize the principles of electromag-
netic induction to produce electricity. However, the
following differences should be noted:
¢ All "Marathon®" models are equipped with a 3-

phase stator assembly which can be connected in
a variety of ways to deliver the desired voltage and
phase output.

¢ "Marathon®" units do not have a separate stator
excitation (DPE) winding. Instead, unregulated ex-

-citation current is delivered to the voltage regulator
from the main stator's AC power windings.

* A step-down transformer is used on "Marathon®"
generators, to reduce the excitation voltage before
it reaches the voltage regulator.

* "Marathon®" generators do not use the field boost
teature that is used on Generac direct excited and
brushless units.

Operation

See Figure 1, below. Operation of the generator set
may be briefly described as follows:

1. The ROTATING PORTION of the generator is at-
tached to and rotates with the driving engine.
2. Some residual magnetism is always present in the
MAIN ROTOR windings.
3. As the MAIN ROTOR turns, its magnetic field cuts
across the MAIN STATOR windings, to induce a volt-
age into the MAIN STATOR.
a. If MAIN STATOR leads E1, E2, E3 are connected
to an electrical load to complete the circuit, current
will flow through the circuit and to the load.
b.The "sensing"” circuit (S15, S16) is completed from
the MAIN STATOR and through the VOLTAGE
REGULATOR, to tell the REGULATOR what the
actual voltage is.
¢. An "excitation” circuit is completed to the VOLT-
AGE REGULATOR, via a step-down TRANS-
FORMER and an EXCITATION CIRCUIT
BREAKER. Unregulated excitation current from the
MAIN STATOR flows through this circuit and to the
REGULATOR.
4. The VOLTAGE REGULATOR rectifies the excitation
current and, based on the "sensing” voltage of S15 and
$16, delivers a-regulated excitation current to an EX-
CITER STATOR.
a. The REGULATOR compares a preset “reference"”
voltage with the "sensing” (actual) voltage.

ROTATING PORTION

SURGE
SUPPRESSOR

EXCITER
ROTOR

STATOR

ROTATING
RECTIFIER

= =

I T
| EXCITER

{

i

(-

e e e e - — ——— — — J
S16
S15 1

 aulieiiiauiiien |

——— - F\ 1 1 1

;(1 ] @J

\ EXCITATION VOLTAGE
CIRCUIT REGULATOR

) BREAKER
!
2 |
Ly#s _ . .

TRANSFORMER  $15, S16 = SENSING LEADS

Figure 1. "Marathon®" Generators Operating Diagram (Typical)
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Operation (Continued)

b. If the "sensing” voltage is less than the "reference"”
voltage, the REGULATOR increases excitation cur-
rent flow to the EXCITER STATOR.
c. If "sensing” voltage is greater than "reference”
voltage, the REGULATOR reduces excitation cur-
rent to the EXCITER STATOR.
5. Current flow through the EXCITER STATOR creates
a magnetic field having a strength or concentration that
is proportional to the current flow.
6. The magnetic field around the EXCITER STATOR
induces a voltage and current flow into the EXCITER
ROTOR that is proportional to the magnetic field
strength.
7. A ROTATING RECTIFIER changes the alternating
current of the EXCITER ROTOR to direct current.
8. The direct current (DC) output is delivered through
the MAIN ROTOR windings, to create a magnetic field
around those windings that is proportional to the current
flow through the windings. -
9. The MAIN ROTOR’s magnetic field cuts across the
MAIN STATOR WINDINGS, to induce a voltage into
those windings that is proportional to the strength of the
MAIN ROTOR's magnetic field.
10. MAIN STATOR voltage continues to build until the
"sensing” voltage (S15, S16) is equal to the "reference”
voltage that is preset into the REGULATOR.

PART 4
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‘ Section 4.3

GENERATOR LEAD CONNECTIONS

Introduction _ . .
The AC connection (lower) panel is also called a stalled in strict compliance with applicable electrical
"conduit box". Panel construction permits conduit to codes. The following rules apply:
enter at almost any location. . gle%n all cggtact surfta?els gt,cs) gi%urg grosd electrical
To minimize the transmission of vibration, use onding with generator u u -

N . U] I [ r n
flexible conduit between any rigid conduit and the f,\]cm Iend"irr]\etﬁlercxl(t, %‘;)er?ril(gétimnaylc?weaa%ang‘ blg
standby generator. most cases, where a circuit breaker i5 included,

external wiring may be connected to the breaker.

Refer to the connection diagram supplied with the
generator and/or the correct diagram shown in this yoar'\(gnstgrerr}hsh egtteg?‘tgtr);raénetgrr\g aa'}gtg% som
section. Wiring and wiring connections must be in grounded, in accordance wit focal regulations.

T

Twelve lead generators are dual voltage generators with six
coils which don't have the connection of the three inner coils.
There are 12 or 24 cables coming out of the generator.

CONNECT | L L
TR 1 2 | L3 | NEUTRAL

380 | 219
L-L 416 240 T10 T11 T2

T2 OT10 HZ | 440 [ 254 T4 Ty

‘ 'HJJ’% ;‘3 208 T T2 | T3 | TioTi Ta2
) e To Tg Ts o T5Tg _
ottt R IR I

L N—s]

1 b

%T« VOLTAGE
Tz
T

L3 ' T2
L2

Figure 1. The 12-Lead Hi Wye Connection System

Twelve lead generators are dual voltage generators with six

Tz T coils which don't have the connection of the three inner coils.
There are 12 or 24 cables coming out of the generator.
i)
VOLTAGE
. TR CONNECT | Ly L2 | L3 | NEUTRAL
T10 T4 Lt
T12 Ts 60| 190 1o Ti0 T11 Ti2
Hz| 2081 1200 ot re
220 | 127 TwoTii T2 |
Tg 1 2 240 { 139 T 77 Ti| T2 | T3
L G_'L so| 190 110 T2Tg TaTs T
L-N : 208 | 120 T3 79

Figure 2. The 12 Lead Low Wye Connection System
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1
T2 |
Delta connection with 12 lead generators only.
VOLTAGE :
CONNECT| L4 L2 L3
L LN .
Tg 7 60
s . L-L nZ 240 120 T4 T7
277 139 ’
TsTs |7, Ty T4
0 | 20 | 1o 15T
HZ
240 220 Ty T2
"EAMVM2 | AMAS L [ T2Tio
L3 14 Ta|Ts T2] g TaTy
L-N
Figure 3. The 12 Lead Hi Delta Connection System
Delta connection with 12 lead generators only.
VOLTAGE
CONNECT L1 L2 L3
Lt Lt
% 20 Ty TrTg Ty
1 11776 a2
HZ 1 439
T2Tg T4 Tio T T2 T3
50 100
HZ 120 T3 Tg Tg Ty

Figure 4. The 12 Lead Low Delta Connection System
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Z2IG-ZAG connection with 12 lead machine only.
VOLTAGE .
CONNECT Ly | Lz |NEUTRAL
L-L :
60 T3 Tg
HZ 1201240 Ty Tg
T, T3 Ta
Ty T6 T7 T12
TaT10 75 T11
240V -
Figure 5. The 12 Lead Zig Zag Connection System
T, L .
1 Six tead generators have 3 cou groups with 6 or 12 cabies or
bus bars coming out of the generator.
VOLTAGE
CONNECT | Ly | La | L3 | NEUTRAL
L L-N
190 110
203 120
t 60 | 220 | 127
rz | 230 lgg
T 240 | 1
Ts 4 3300 | 1905 TaTg Tg Ty Ts Ty Ta Tg Tg
T 4160 | 2400
S
190 110
50 200 115
3 3 Hz | 208 | 120
L3 3300 | 1905

Figure 6. Thg 6 Lead Wye Connected System




PAGE 4.3-4

PART 4

SECTION 4.3

Ly
Te /A1 \
Six lead generators have 3 cotl groups with 6 or 12 cables coming
out of the generator.
VOLTAGE
CONNECT Ly ) L3
L-L
bt T
60 1’6
i 0 To T T T T
4 1 2 3
50 1905 :
HZ
T3Ts
T3 TGL
LTy ‘r:l 2
,l= L-L

Figure 7. The 6 Lead Delta Connected System
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Section 4.4

MAINTENANCE, CLEANING AND DRYING

General

Dirt, heat, moisture and vibration are common
enemies of the generator.

* Keep the generator clean and dry.

* Maintain proper alignment of the generator and
engine. :

* Prevent overloads.

» Ifthe generatoris installed outdoors, protect it from
the elements by means of suitable shelters or
enclosures. .

Dirt and dust will conduct electricity between points A

of different electrical potential. Moisture will worsen the
problem. Failure of the insulation system can result if
dust, dirt and moisture are allowed to accumulate on
generator windings. The condition of the inulation sys-
tem can be tested by measuring insulation resistance
(see Section 4.9, "Generator Testing").

Insulation resistance should be checked (a) when
placing the generator into service, (b) after it has been
in storage, and (c) if moisture and dirt contamination is
suspected. Normally, moisture buildup does not be-
come a problem when the unit is running since heat
produced internally will keep it dry. However, moisture
can become a problem when the unit is shut down. The
problem will worsen in humid environments or in areas
where extreme temperature changes cause condensa-
tion to form on windings. Space heaters, air fiters and
premium insulation systems should be considered in
difficult environments.

Accumulations of dust and dirt contribute to insula-
tion breakdown and can also increase internal tempera-
tures by restricting ventilation and blocking the dissipa-
tion of heat. If a generator is exposed to such materials
as talc, lint, rock dust, cement dust, etc., véntilation may
become obstructed. The most harmful foreign materials
include carbon black, metallic dust, metallic chips, and
similar substances. Such materials will impede ventila-
tion and form a conductive film over the insulation, thus
increasing the possibility of insulation failure. Gener-
ators that are operated in dusty or dirty areas should
be disassembled and cleaned periodically.

Dryihg Electrical Insulation

If tests of insulation resistance indicate that such
resistance is below a safe value, elecyrical components
must be dried. The following methods may be used to
dry generator components.

SPACER HEATERS:

Electric space heaters can be installed in the gener-
ator. When energized, from a power source other than
the generator, they will heat and dry the generator
interior. If an alternate source of electricity is not avail-
able, enclose the generator with a covering and insert

heating units to raise the temperature 15°-18° F.
(8°-10° C.) above the temperature outside the
enclosure. Leave a hole at top of the enclosure to allow
moisture to escape.

OVEN:

Place the generator inside an oven and bake it at a
temperature notto exceed 194° F. (90° C.). The voltage
regulator and any electronic components or acces-
sories must be removed from the unit when using this
method.

FORCED AIR:

If desired, a portable forced air heater may be used
to direct heat into the generator air inlet openings. Run
the generator at no-load and without excitation.
Removal of excitation can be accomplished by unplug-
ging the voltage regulator. Heat at any point of entry
should not exceed 150° F. (66" C.).

SHORT CIRCUIT METHOD:

The generator can be dried quickly and thoroughly
using this method.

DANGER: ALL OF:THE FOLLOWING STEPS
MUST BE PERFORMED. ALL NECESSARY
. PRECAUTIONS MUST BE TAKEN. FAILURE TO
- COMPLY STRICTLY WITH INSTRUCTIONS CAN
RESULT IN PERSONAL INJURY AND/OR
DAMAGE TO THE GENERATOR.

1. Disconnect leads 1 and 4, between the voltage
regulator and exciter stator.

2. Connect a battery or other DC power source of
approximately 20-35 volts to exciter stator leads 1 and
4. An adjustable voltage source is desireable. How-
ever, a rheostat rated about 2 amps and connected in
series with the DC power source will work.

3. Short circuit the generator AC output leads to each
other (E1to E2to E3). If ysing jumpers, make sure they
are large enough to carry full load current (amperes).
4. Startthe generator and measure current flow through
the generator's AC output leads with a clamp-on am-
meter.

5. Adjust the voltage source to produce approximately
80% of the rated nameplate current. In no case should
nameplate amperage be exceeded. If an adjustable
source of voltage is not available and current is exces-
sive, use a lower DC source voltage or a larger resistor
in series with the source.

NOTE: Running time will va?/ depending on the amount of
moisture present in the unit. Test insulation resistance avery
one to four hours until a fairly constant value is obtained.
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Drying Electrical Insulation (Continued)

6. When the generator is dry and insulation resistance
is within limits, remove the short circuit from the line
leads, disconnect the DC voltage source, and recon-
nect leads 1 and 4 to the exciter stator. Make sure all
connections are tight and correct before attempting to
operate the generator.

Cleaning Methods

A number of acceptable methods for cleaning the
generator are available. Each method will require that
the unit be disassembled. The cleaning method used
will be determined by the kind of dirt and when the unit
must be returned to service. After cleaning, drying is
required.

When the generator is disassembled, inspect the
windings and clean the insulation. Verify that windings
are connected properly, that insulation is in good con-
dition, and that varnish coverage is adequate. Check
winding ties and coil supports. Look for signs of coil
movement or looseness, repair as required.

An electric motor repair shop in your area can assist
you with proper cleaning of generator windings. Such
shops may be experienced in special problems (such
as sea coast, marine, oil rig, mining, etc.) that are
peculiar to a certain area.

SOLVENTS:

A solvent is usually required to remove accumuiated
soil containing oil or grease. Only petroleum distillates
should be used to clean electrical components.
Petroleum solvents of the safety type and with a flash
point greater than 100° F. (38° C.) are recommended.

CAUTION: Winding varnishes are epoxy or
polyester based. Use only solvents that will not
attack such materials.

DANGER: WHEN USING SOLVENTS, PROVIDE
ADEQUATE VENTILATION. FIRE, EXPLOSION
AND HEALTH HAZARDS ARE PRESENT.
AVOID BREATHING SOLVENT VAPORS. WEAR
EYE PROTECTION. WEAR RUBBER GLOVES
OR OTHER SUITABLE PROTECTION FOR THE
HANDS.

Apply solvent with a soft brush or cloth. Use care to
avoid damage to magnet wire or insulation on the
windings. After cleaning, dry all components thoroughiy
with moisture-free, low pressure compressed air.

CLOTH AND COMPRESSED AlR:

Use of a dry cloth may be satisfactory when cleaning
small components, when surfaces are accessible, and
when only dry dirt is to be removed. where dirt cannot
be reached with a cloth, blow dirt out with clean, dry air
at 20 psi (206 KPA).
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BRUSHING AND VACUUM CLEANING:

Dry dust and dirt can be removed with bristle
brushes, followed by vacuum cleaning. Do NOT use
wire brushes.

SHELL BLASTING:

Removal of hard dirt deposits from insulation can be
accomplished by air biasting with ground nut shells.
Ut?el 'mild abrasives, such as 12-20 mesh ground walnut
shells.

STEAM CLEANING:

Steam cleaning can be used, providing the generator
is completely disassembled (including bearings and
electronic components). However, all windings must be
thoroughly dried in an oven after cleaning. All moisture
must be removed before the unit is placed into service.
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Section 4.5

DISASSEMBLY

Removal of Generator From Engine

DANGER: MAKE SURE ALL POWER IS
TURNED OFF BEFORE SERVICING. FAILURE
TO COMPLY WITH ALL SAFETY INSTRUC-
TIONS CAN RESULT IN SERIOUS PERSONAL
INJURY OR DEATH.

NOTE: Before disconnecting electrical wiring, mark it so itcan
be identified for reinstallation.

1. Remove cover(s) from AC connection (lower) panel
or from conduit box.

2. Disconnect all external wiring from the generator set.
3. Remove all conduit or ducting from the AC connec-
tion (lower) panel.

4. Attach a suitable hoist to the generator’s lifting lugs.
5. Remove bolts that retain the screen assembly to the
SAE adapter. Then, remove the screen. See Figure 1.

DANGER: DO NOT APPLY ANY FORCE TO THE
- GENERATOR FAN FOR LIFTING OR ROTATING
THE GENERATOR ROTOR. IF THIS INSTRUC-
TION IS DISREGARDED, PERSONAL INJURY
OR DAMAGE TO EQUIPMENT MAY RESULT.

Figure 1. Removal of Screen Assembly

Remove the bolts that retain the drive discs to the
engine flywheel. Also remove the capscrews that retain
the SAE adapter to the flywiieel housing.

6. Remove the mounting bolts that retain the generator
to the base. For easier reassembly, note the position of
and save any shims that were used under the feet for
alignment.

7. Raise the generator slightly and move the unit away
from the engine. Raise or lower the generator, to
remove pressure from the drive discs and allow them
to slide easily out of the flywheel. '

NOTE: If the generator is to be shipped, the rotor must be
properly supported. See "Shipping Instructions™ below.

Shipping Instructions

Installed rotors are.supported at their drive end by
drive discs which are bolted to the engine flywheel.
When the generator is removed from the engine, the
rotor must be supported by an appropriate fixture. If the

yotor is not_properly supported, damage to the main

rotor, main stator or exciter may result.

Shipping and handling will be simplified if the gener-
ator is fastened to a suitable skid that will permit han-
dling by a forklift. The skid should extend beyond the

generator in all directions.

Overseas shipping may require special export crat-
ing. Check with your freight carrier.

Figure 2. Supporting the Rotor for Shiprhent

AC Connection Panel Removal

Disconnect any wiring that will prevent the AC con-
nection (lower) panel from being removed. Then,
' remolve fasteners that retain the panel and remove the
panel.

I

Figure 3. AC Connection Panel Removal (Typical)
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PMG Stator Removal

NOTE: The generator may or may not be equipped with a
permanent magnet generator. If your generator is not
equipped with a PMG, disregard instructions pertaining to it.

1. Remove PMG leads and loosen all cable ties so that
leads will be removed along with the PMG stator.

2. Note the position of the PMG stator leads which exit
at the left outboard side, or mark the stator so it can be
reinstalled in the same position.

3. Remove the four mounting screws (Figure 4).

Figure 4. Removal of PMG Stator Screws
4. Use two screwdrivers to gently pry the PMG stator
from the mounting pad. Slide the stator over the PMG
rotor. Magnets used in the PMG are very strong and
will resist PMG stator removal. See Figure 5.

Figure 5. PMG Stator Removal

. the stub shaft.
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PMG Rotor Removal (If So Equipped)

1. The PMG rotor is mounted to the generator shaft with
a stud shaft extension. Remove center cap screw and
pull assembly off its locating pin.

Figure 6. PMG Rotor Removal

Figure 7. PMG Rotor Removal

2. Use snap rin% pliers to remove the PMG rotor from

emove the snap ring, then slide the
PMG rotor off its shaft. A loading. spring behind the
PMG rotor keeps ternsion on the snap ring.- See Figure
8.

Main Rotor Removal

1. See Figure 9. Remove the cacf:screws and hardened
washers that retain the drive discs to the drive hub.
Remove all drive discs (and spacers, if any).
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‘ Main Rotor Removal Continued)

2. Remove the cagscrews that retain the SAE adapter
to the generator, then remove the adapter. See Figure
10.

CAUTION: On large generators, a holst and lift-
ing strap should be used to assist in drive end
bracket or SAE adapter removal.

3. If the generator fan (Figure 11) requires service, it
can be removed at this time. See Section 4.6, "Inspec-
tion" for details.

NOTE: The fan does not have to be removed in order to
remove the rotor assembly from the generator.

4. Use a suitable lifting fixture and hoist to remove the
rotor (Figure 12). Carefully remove the rotor from the
main stator through the drive end.

Figure 9. Removing Drive Discs from Drive Hub Figure 12. Rotor Removal
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Front End Bracket Removal

Remove the front end bracket mounting screws.
Then, remove the front end bracket from the stator
assembly.

Figure 13. Front End Bracket Removal
Exciter Stator (Field) Removal

See Figure 14. Remove the exciter stator retaining
screw. Note the position of the exciter stator in the
housing, then remove.

/ ENDBELL

RETAINING SCREW

AND LOCKWASHER
EXCITER STATOR
ASSEMBLY

A1

K_‘

S N W R

Figure 14. Exciter Stator Removal

Exciter Rotor Removal

The exciter rotor is shrunk fit to the shaft. If the
winding is intact, do not remove it. If the winding is
damaged or defective, use a bearing puller to remove
it from the shaft.

- PART 4
SECTION 4.5
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Exciter Inspection 5. Check for score marks on the outside diameter of the
P rotor core that might be caused by rubbing. This couid
EXCITER STATOR: indicate bearing or assembly problems and should be

1. Clean dust and dirt from the stator winding.

2. Check the exciter stator for loose, burned or frayed
winding.

3. Measure winding resistance and insulation resis-
tance. See Section 4.9, "Generator Testing".

4. Look for score marks in the bore of the exciter core
that might be caused by rubbing. This could indicate
bearirag or assembly problems and should be inves-
tigated. '

EXCITER ROTOR:

1. Clean dust and dirt from the exciter rotor and from
the rectifier assembly.

2. Check the rectifiers and surge protector for proper
operation (Section 4.9). Replace any defective parts.

CAUTION: Three forward polarity and three
reverse polarity diodes are used. Make sure the
correct diode is Instalied in the proper location.
The surge suppressor Is golarlzed. Observe
polarity markings when changing the surge
suppressor. :

* NOTE: Tighten diode mounting nuts to 25 inch-pounds. Use . .

a heat sink when soldering diode leads.

FORWARD

REVER
POLARITY pOLAR}c’TEY
D|ODE\~\ o O o _-DIODE

> -(-7- -
FORWARD REVERSE
POLARITY “POLARITY,
DIODE DIODE
%) o
Kol O
o] (®]
REVERSE XNC ® FORWARD
POLARITY ; \/ : POLARITY.
DIODE BLACK DIODE
RED \ LEAD (—)
LEAD (+) SURGE
: SUPPRESSOR

Figure 1. Rectifier Assembly

3. Check the exciter rotor (armature) and rectifier as-
sembly for loose, frayed or burned windings or loose
connections.

4. Measure winding resistance and insulation resis-
tance (Section 4.9). DO NOT MEGGER DIODES OR
SURGE SUPPRESSOR. Repair or replace as neces-
sary.

investigated.

PMG Inspection

GENERAL:

Some units may be equipped with a permanent magnet
generator (PMG). If so equipped, inspect the PMG
components as outlined below.

PMG STATOR:

1. Clean dust and dirt from the PMG stator winding.

2. Inspect PMG stator for loose, burned, frayed wind-
ing. o

3. Measure winding resistance and insulation resis-
tance (Section 4.9).

4. Look for score marks in the stator bore caused by
rubbing.

PMG ROTOR:

CAUTION: The PMG rotor uses extremely

strong magnets. Keep away from iron and steel

ﬂans that could be attracted by the magnets.

‘Keep away from other generator components

:Pautj could be damaged by strong magnetic
elds.

1. Clean dust and dirt from the PMG rotor.,

2. Make sure all magnets are securely bonded to the
PMG rotor.

3. Check for burrs or corrosion in the bore and keyway
where the rotor mounts to the shaft.

4. Look for score marks on the outer diameter caused
by rubbing.

5. Inspect snap ring and loading spring, replace as
necessary.

Main Rotor Inspection
BEARING:

- 1. Inspect bearing for damage or wear. . Clean old

grease from the bearing cap and fill the bearing cap
grease cavity 1/3 to 1/2 full with CHEVRON SR1 (or
equivalent) grease.

CAUTION: if the bearing has to be removed for
any reason, always install a new bearing.

2. If the bearing must be replaced, remove the existing
bearing with a suitable puller and install the new bear-
ing as follows:
a. Heat the new bearing in an oven to a maximum
temperature of 212° F. (100" C.).
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Main Rotor Inspection (Continued)

b. Apply a thin coat of clean lubricating oil to the
press-fit area of the rotor shaft.

¢. Using suitable heat resistant gloves, install the
bearing over the end of the shaft until it seats against
the shaft shoulder. The bearing should slide onto the
shaft and seat without excessive force. If the bearing
binds on the shaft before it is fully seated against the

shoulder, use a length of pipe slightly larger than the -

press-fit area to drive the bearing into place. Use light
taps with a soft mallet and apply force to the inner
race of the bearing only.

CAUTION: Never apply force on the bearing
outer race as this could result in permanent
damage to the bearing.

d. Letthe bearing cool for one hour before attempting
to assemble-the generator.

Figure 2. Main Rotor Assembly

Figure 3. Rotor Bearing Installation

FAN:

1. Inspect the fan for cracks or broken blades. Replace
the fan if defective.

2. Mark the hub andtan for alignment. This is necessary
to ensure that balance weights will be in the same
position when the fan is installed.

3. Remove the fan mounting capscrews. Then, slide the
fan off the shaft.

Figure 4. Fan Removal

4. To reinstall fan, slide fan onto shaft. Make sure the
fan mounting surface is toward the drive hub. Align
reterence marks and mount the fan to the drive hub with
capscrews and belleville washers (Figure 5). Tighten
capscrews to 60 foot-pounds (81 N-m).

BELLEVILLE WASHERS
MUST BE MOUNTED IN THIS DIRECTION

—" i
lél

Figure 5. Fan Capscrew and Belleville Washer

NOTE: Fan balance weights are for.balancing the complets
rotor assembly. If a new fan has been installed, the rotor
assembly should be rebalanced.

DRIVE HUB:

1. Inspect drive hub for cracks and for stripped mount-
ing holes. Replace hub if damaged or defective. ,
2. if the hub is to be replaced, remove the fan as
previously discussed. Then, remove the hub as follows:
a. Remove the setscrew (if so equipped) in the hub
over the key.
b. Use a torch to rapidly heat the hub at its outer
diameter while tightening a guller. Do this rapidly
before heat can expand the shaft. Remove the hub
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Main Rotor Inspection (Continued)
3.Toensure proper fan location, mark the new hubinthe same
place as the old relative to the keyway. Install key in shaft.
Heat the new hub to 500°-600° F. (260°-316° C.). Use suitable
heat resistant gloves to slide the hub over the key in the shatft
until it seats against the shaft shoulder.

Figure 7. Hub Installation

4. Let the hub cool for one hour. Then, tighten the setscrews
in the hub to 50 foot-pounds (68 N-m). Match the alignment
marks on the fan and hub and mount the fan.

NOTE: Rebalancing of the rotor assembly is not required when
only the hub has been replaced and the fan is mounted in the
same location relative to the hub and shatft.

MAIN ROTOR:

1. Clean all parts. Remove dust and dirt from the rotyor
windings. To remove dirt from winding air passages, a length
of wire or low pressure, dry alr may beé used.

PAGE 4.6-3

ICAUTION: If a length of wire is used for cleaning,
kise care to avoid scratching the winding. If wind-|
ing is scratched, an insulation breakdown may

ccur.

2. Inspect the rotor for loose, frayed or burned windings.

3. Measure winding resistance and insulation resistance (see
Section 4.9).

4. Test for shorted turns using an impedance tester (Section

4.9).

Figure 8. Cleaning Rotor Winding Air Passages

DRIVE DISCS:

1. Inspect drive discs for distorted or worn edges. Also check
for worn mounting holes. Replace any defective discs.

2. Inspect the drive disc capscrews for damaged threads,
replace any defective capscrews.

Figure 9. Drive Discs

Front End Bracket Inspection
1. Clean the front end bracket, its bearing bore, and
capscrews. Remove all dust, dirt and grease.
2.Inspect bracket for stripped threads, cracks, burred or rough
mating surfaces. Check bearing bore for burrs, wear.
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Front End Bracket Inspection (Continued)

Figure 10. Front End Bracket

3. Inspect the mounting area for the PMG stator (if so
equipped) and exciter stator. These areas must be smooth,
clean, free of any burrs or rust.

Drive End Bracket or SAE Adapter Inspec-

tion
1. Clean the bracket or adapter, capscrews and screen as-
sembly. Remove all dust, dirt and grease.
2. Inspect all capscrews for stripped threads, replace if defec-
tive.
3. Inspect the bracket or adapter for stripped threads, cracks,
burred or rough mating surfaces.
4. Inspect the bearing bore for burrs or wear.

Main Stator Inspection
1. Clean all dust and dirt from the stator frame and windings.
2. Inspect the frame for stripped threads, cracks, burred
mating surfaces, or for other damage.
3. Inspect stator for loose, frayed or burned windings.
4. Measure winding resistance and insulation resistance. See
Section 4.9.

Figure 11. Main Stator

N
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‘ Section 4.7

REASSEMBLY

Front End Bracket Installation

1. See Figure 1. Install two guide pins (threaded rod may

be used) into the generator side of the end bracket

mounting holes. Align the guide pins with the holes in -

the generator frame and slide the bracket onto the l{ g

frame. Install bracket mounting capscrews. i i
! N
:

1t

GUIDE

PIN Figure 2. Main Rotor Installation

3. Slide the SAE adapter over the fan, making sure the
locating mark is at .the bottom. See Figures 3 and 4.
‘ . Retain the adapter to the main stator with capscrews. It
Figure 1. Front End Bracket Installation may be necessary to raise the rotor assembly slightly to
allow the SAE adapter to be mounted.

ICAUTION: On larger generators, use a hoist and
lIfting strap to.assist In front end bracket installa-
tion.

2. Remove the two guide pins, insert the remaining
capscrews.

Main Rotor Installation
1. Grease the bearing cavity with Chevron SR1 grease

> oo G - l'i ¢ 'm;_-‘@ I,
(or equivalent). The cavity should be about 1/3ful. ~_____ Figure 3. SAE Adapter Installatio

2. Use a suitable lifting fixture and hoist (Figure 2) and
carefully install the rotor assembly into the main stator
assembly, through the drive end.

Damage to windings could result if the rotor |

[CAUTION: Use care when installing the rotor
rmitted to strike the main stator.

ANGER: DO NOT APPLY FORCE TO GENER{]
TOR FAN FOR LIFTING OR ROTATING THE
OTOR. IF THIS PRECAUTION IS DISREGARDED,

‘ ERSONAL INJURY OR DAMAGE TO EQUIP-
ENT MAY RESULT.

T (BOTTOM)

Figure 4. SAE Adapter Locating Mark
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Main Rotor installation (Continued)

4. Insert a guide stud into the drive hub. Position all
spacers (if any), then all drive discs (one at a time) until
all discs are installed. Make sure all disc mounting holes
are properly aligned at their inner and outer diameters.
Secure the discs with the Grade 8 (5/8"-18) capscrews
and hardened washers. Tighten to 192 foot-pounds
(260 N-m). See Figure 5 for tightening sequences.

Torque the bolts in the above sequence ac-
cording to the correct bolt pattern.

Then check the torque in each bolt in a clock-
wise direction around the bolt circle to insure
that all the bolts are properly torqued.

Figure 5. Tightening Sequences

PMG Installation (Optional)
It the unit is equipped with the optional PMG, install
as follows:

1. Install the stub shaft and tighten mounting bolt to 84
foot-pounds (Figure 6).

2. Temporarily hang the mounting ring for the PMG
stator over the stub shaft.

3. Install the loading spring and the PMG rotor on the
stub shaft and retain with snap ring. The loading spring
will push outward on the PMG rotor. A length of pipe
slightly larger than the shaft may be used to push the
snap ring back until it engages in its slot (Figure 6).

4. Install the PMG stator on the mounting pad and retain
with four capscrews. Tighten four capscrews to 4 foot-
pounds. See Figure 7.
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Figure 6. Installing PMG Rotor Snap Ring

Figure 7. Installing the PMG Stator

Install AC Connection Panel
1. Install the lower panel over the main stator leads and
retain with bolts and lockwashers (Figure 8).
2. Reconnect all wiring. Refer to appropriate wiring
diagram(s).

Installing the Generator
1. Attach a suifable hoist to the generator lifting lugs.
Move the generator until its mounting feet holes are
aligned with the base and slightly above.

N
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‘ Installing the Generator (Continued)

* 2. If the screen assembly is installed on the adapter,
remove mounting bolts and remove the screen. If so
equipped, do NOT remove the drip cover from the
screen. Insert two guide pins in the flywheel and two in
the flywheel housing. Adjust generator position until the
drive discs are piloted in the flywheel. Then, remove the
guide pins and retain the discs with Grade 8 bolts and
hardened washers or Grade 8 capscrews and heavy
series lockwashers.
3. Position the generator so that the SAE adapter mates
with the flywheel housing. DO NOT FORCE ALIGN-
MENT OF THE UNITS.
4. If shims were used under the mounting feet, install
the same shims that were removed during disassembly
to obtain proper alignment.
5. Install the screen assembly and tighten the mounting
bolts.

. 6. Install mounting hardware that retains the mounting

feet to the generator base.
7. Attach existing conduit to the AC connection panel.
8. Finish connecting all wiring, as necesary.
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Section 4.8

TROUBLESHOOTING FLOW CHARTS

DANGER: EXTREMELY HIGH AND DANGEROUS VOLTAGES ARE PRESENT AT GENERATOR A
ERMINALS WHEN THE UNIT IS RUNNING. HIGH RESIDUAL VOLTAGES MAY BE PRESENT EVEN WHEN
HE VOLTAGE REGULATOR IS DISCONNECTED. SOME OPTIONAL EQUIPMENT MAY BE ENERGIZED,

EVEN WHEN THE GENERATOR IS SHUT DOWN. KEEP TOOLS, EQUIPMENT. CLOTHING AND BOD
PARTS WELL CLEAR OF MOVING PARTS AND ELECTRICAL TERMINALS. SPECIAL CARE MUST B
AKEN WHILE TROUBLESHOOTING, SINCE PROTECTIVE COVERS AND OTHER SAFETY DEVICES MA
BE DISABLED. SERIOUS INJURIES OR DEATH CAN RESULT FROM THESE HAZARDS. IF QUESTIONS

RISE, CONSULT WITH QUALIFIED PERSONNEL. :

Introduction
The information in this section is provided to sug?est a systematic approach to locating and correctin? ?enerator
malfunctions. The section consists of several problems or symptoms, with each problem or symptom followed by
tests that can be performed to isolate the cause of the problem or symptom.

The various charts are arranged in “flow chart” format under each problem. Tests are arranged in orderly fashion
to (a) perform the easiest tests first, (b) check the most probable cause first, and (c) prevent damage to system
components while testing.

Problem 1- Generator Produces Zero or Residual Voltage at No-Load

TEST 1-CHECK
VOLTAGE-PHASE
SELECTOR
SWITCH
POSITION

TEST 2- CHECK
O.Kmmmpp] AC VOLTAGE
OUTPUT

TEST 3-TEST
PANEL AC
VOLTMETER

TEST 4- TEST
VOLTAGE-
PHASE SELEC-
TOR SWITCH

SET TO "OFF" ZERO OR RESIDUAL
RESET SWITCH TO REPLACE BAD METER REPLACE
PROPER POSITION BAD

. SWITCH

REPAIR, RECONNECT OR REPLACE
BAD WIRES IN AC VOLTMETER CIRCUIT

TESTS-DOA
FIXED

EST 6- TEST
EXCITER

TEST 7- TEST
EXCITER

TEST 8- TEST

AC VOLTAGE O.K. ROTATING

EXCITATION IS BAD STATOR ROTOR RECTIFIER
TEST
AC VOLTAGE A BAD
IS GOOD ‘ ‘
* REMLACE REPLACE REPLACE

GO TO TEST 11
ON NEXT PAGE GO TO TEST 9 ON NEXT PAGE GOOD
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Problem 1- Generator Produces Zero or Residual Voltage at No Load (Continued)

TEST 9- TEST
MAIN ROTOR
BAD REPLACE STATOR

l IF DEFECTIVE

REPLACE

TEST 10- TEST
MAIN
STATOR

GOOD*

TEST 11- CHECK
VOLTAGE
REGULATOR
LAMPS

ALL LAMPS ARE OUT!

"REGULATOR" LAMP IS OU T mesmmmedp- REPLACE VOLTAGE REGULATOR
TEST AND ADJUST

"SENSING" AND "EXCITATION"
"REGULATOR" AND "REGULATOR"
LAMPS ARE OUT LAMPS ARE OUT

! |

TEST 12- CHECK TEST 13-TEST
SENSING EXCITATION

CIRCUIT S15/516 CIRCUIT
BREAKER

TEST 14- TEST
EXCITATION
TRANSFORMER

GOOD sy

BAD BAD
REPAIR, RECONNECT REPLACE REPLACE
OR REPLACE BAD WIRE(S) BAD BREAKER

GOOD INSPECT/TEST EXCITATION e GOOD

1 CIRCUIT WIRES

TEST 18- TEST
VOLTAGE SELECT REPLACE IF DEFECTIVE

POTENTIOMETER
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Problem 2- Generator Produces Low Voltage at No-Load

TEST 16- CHECK
GENERATOR AC

HERTZ TEST 3- TEST
GOODﬁ CONSOLE AC

TEST 15- CHECK
FOR UNDER-

O.K.*

SPEED OPERATION VOLTS LOW VOLTMETER CONNECTIONS
FREQUENCY IS LOW BAD

CHECK AND ADJUST REPLACE RECONNECT

ENGINE GOVERNOR DEFECTIVE  AC LEADS

VOLTMETER PROPERLY

TEST 17- ADJUST VOLTS TEST 5- DO A AC TEST 6- TEST
VOLTAGE STIL FIXED OUTPUT EXCITER
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Problem 3- AC Voitage & Frequency Drop Excessively When Load is Applied

TEST 19- CHECK
FOR OVERLOAD

UNIT CAPACITY
IS NOT EXCEEDED

TEST 20- CHECK
ENGINE POWER
AND CONDITION

UNIT AMPERAGE CAPACITY ENGINE LACKS POWER
IS EXCEEDED
REDUCE LOAD TO REPAIR ENGINE AS NEEDED
UNIT CAPACITY

Problem 4- Generator Produces High Voitage

TEST 3- TEST
CONSOLE AC
VOLTMETER

TEST 15- CHECK
FOR OVERSPEED
OPERATION

HERTZ
OK.
VOLTS

TEST 16- CHECK
GENERATOR
AC CONNECTIONS

HIGH
BAD HIGH FREQUENCY
HIGH VOLTAGE
REPLACE IF DEFECTIVE CHECK AND ADJUST RECONNECT AC

ENGINE GOVERNOR

ﬁGOOD

TEST 8- TEST] TEST 17- ADJUST
ROTATING  jemmes O K. sl VOLTAGE
RECTIFIER REGULATOR

LEADS PROPERLY

VOLTS REPLACE

STILL m—dpy- I VOLTAGE

HIGH REGULATOR

BAD VOLTS O.K. NOW TEST AND ADJUST |-

REPLACE BAD DIODE(S) DISCONTINUE TESTS
VERIFY PROPER DIODES

ARE INSTALLED
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TEST 15- CHECK
FOR OVERSPEED/
UNDERSPEED

OPERATION

NO
INCORRECTOR CHANGE ADJUST REGULATOR
UNSTABLE STABILITY
SPEED

ADJUST ENGINE
GOVERNOR

IF PROBLEM iS CORRECTED
TERMINATE TESTING

OK. summlppy | VOLTAGE

I—P
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Problem 5- Generator Output Voltage Fluctuates

TEST 17- ADJUST

REGULATOR

NO CHANGE
VOLTAGE STILL FLUCTUATES

COMPLETE TESTS UNDER
PROBLEM 1, "ZERO OR
RESIDUAL VOLTAGE AT
NO-LOAD"
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Section 4.9

GENERATOR TESTING

Introduction

The various tests in this section should be performed
in conjunction with the "Troubleshooting Flow Charts"
of Section 4.8. Test numbers in this section are identical
to the numbered tests in the flow charts.

Test 1- Check Voltage-Phase Selector
Switch Position

DISCUSSION:

The voltage-phase selector switch is physically
mounted on the generator control console and electri-
cally connected in series with "sensing” lead S16 to the
voltage regulator. The switch provides operator selec-
tion of either line-to-line or line-to-neutral readings on
the control console AC voltmeter and ammeter. Switch

ositions and voltmeter-ammeter readings are as fol-
ows:

SWITCH
POSITION 1-PHASE UNITS
i Line E1 to Neutral

3-PHASE UNITS
Line E1 to E2
Line E2 to E3
Line E3 10 E1
No Reading

2" Line E3 to Neutral
3" Line E1 to Line E3
*Off* No Reading

Notice that, if the switch is set to "Off", both the panel
AC voltmeter and ammeter will read "zero".

PROCEDURE:

If the panel voltmeter reads "zero” volts, check the
position of the voltage-phase selector switch. Reset the
switch to the desired position, if necessary.

RESULTS:

1. If switch is set to correct position and the panel AC
voitmeter reads "zero” volts, go to Test 2.

2. if the Fanel AC voltmeter now reads correct rated
no-load voltage, discontinue tests.

Test 2- Check AC Voltage Output

DISCUSSION:

it the panel AC voltmeter reads low voltage, high
volta?e, or no voltage at all, the first logical step in
troubleshooting should be to determine (a)if the meter

itself is at fault, or (b) if voltage output is actually low,
high or zero. This test will utilize an external meter to
read the actual AC voltage output of the generator.

Check line-to-line voltage across lines E1 to E2, E2
to E3, E3to E1.

PROCEDURE:

Connect an accurate AC voltmeter or VOM across
lines E1 to E2, E2 to E3, E3 to E1. Operate the
generator at its normal operating speed and at no-load.
Read the line-to-line voltage and compare it to the
console voltmeter reading.

RESULTS:

1. If the line-to-line readings indicate that the control
console meter readings are incorrect, go to Test 3.

2. If the actual line-to-line readings indicate that
generator AC output voltage is zero or residual, go to
Test 5.

Test 3- Test Panel AC Voltmeter

DISCUSSION:

If,in Test 2, you determined that the control console’s
AC voltmeter was reading incorrectly, the next step is
to determine whether the voltmeter itself is at fault or
whether the problem lies in other meter circuit com-
ponents.

PROCEDURE:

1. Gain access to the rear of the AC voltmeter inside
the generator control console.

2. Connect an accurate AC voltmeter across the ter-
minals of the AC voltmeter.

3. Read the voltage with the unit running at rated speed
and at no-load. ‘

4. Compare the external voltmeter reading with the
console voltmeter reading.

RESULTS:

1. If the external meter reads the same as the console
meter, go to Test 4.

2. If the external meter reads a different voltage than
the console meter, remove and replace the console
meter.

Test 4- Test Voltage-Phase Selector
Switch

DISCUSSION:

in Test 3, you used an external meter to check the
accuracy of the console AC voltmeter. If the console
voltmeter checks good, the next step is to test the
voltage-phase selector switch. A defective switch can
cause the reading on the console meter to be in error.
The voltage-phase selector switch is shown pictorially
and schematically in Figure 1 on the next page.
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Test 4- Test Voitage-Phase Selector
Switch (Continued)

PART 4
SECTION 4.9

2. If switch tests good, inspect and test voltmeter circuit
wires.
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Figure 1. Voltage-Phase Selector Switch

PROCEDURE:
With the generator shut down, gain access to the

voltage-phase selector switch terminals inside the con-

trol console. Then, test the switch as follows:

1. Set a volt-ohm-milliammeter (VOM) to its "Rx1” scale
and zero the meter.

2. Connect the VOM test probes across the pairs of
switch terminals as listed in the chart that follows.

3. Actuate the switch to positions "17, "2", "3" and "Off".
At each position, note the meter reading. Readings
should match those indicated in the chart.

. St ———
CONNECT
VoM
ACROSS SWITCH POSITION

CONTACTS 1 2 3 OFF
1410 13 Continuity Infinity Continuity |  Infinity
16to 15 Infinity Continuity Infinity Infinity
20to 19 Continuity Infinity Infinity Infinity

18to 17 Infinity Continuity | Continuity | Infinity
1to2 Infinity Continuity | Continuity | Continuity
3tod Continuity Infinity Infinity Infinity
5t06 Continuity Infinity Continuity | Continuity
7t08 Infinity Continuity Infinity Infinity
9to 10 Continuity | Continuity Infinity | Continuity
11to 12 Infinity Infinity Continuity |  Infinity
_
RESULTS:

1. Replace switch if it fails the test.

Figure 2. AC Voltmeter and Ammeter Circuits

Test 5- Do a Fixed Excitation Test

DISCUSSION:

The generator's AC output: voltage depends on the
following factors:

» Design of the generator.

* The applied electrical load.

* Generator speed (rpm).

*  Current flow through the exciter stator.

It the unit speed and the current flow through the
exciter stator are known, the no-load AC voltage output
can be measured and compared to a design value.
Problems can then be isolated to either (a) the voitage
regulator side of the circuit, or (b) the exciter stator and
rotating portion of the unit. '

"Excitation Data” charts are provided in Section 4.10
which give the design value for no-load output voltage
when either 12 or 24 volls DG is applied to the exciter
stator.

NOTE: Fixed excitation voitages listed in the charts on
Page 4.10-2 are for "High Wye" connected stators. For
"Low Wye" connected stators, divide the values given
in the chart by 2. For "High Delta” connection systems,
divide the listed value by 1.732.
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Test 5- Do a Fixed Excitation Test (Con-
tinued)

PROCEDURE:

1. With the generator shut down, connect an AC
voltmeter across the generator's AC output leads.

2. Unplug the connector plug from the voltage regulator
(inside the generator console).

3. Tum off all electrical loads. The unit must be started
and operated at no-load for this test.

4. Start the generator engine, let it run at rated speed.
5. Connect a jumper wire from terminal 13 of the control
console terminal strip (TB1) and to Pin 4 (Wire No. 4) of
the voltage regulator's connector plug.

6. Read the line-to-line AC output voltage on the
voltmeter connected in Step 1.

7. Disconnect the jumper wire and shut the engine
down.

8. Reconnect the voitage regulator connector plug.

9. Compare the voltage reading of Step 6 to the values
listed in the "Excitation Data" charts on Page 4.10-2.

NOTE: Voltages listed in the "Excitation Data” charts on
Page 4.10-2 are for a High Wye connection system. For
Low Wye systems, divide the listed value by 2. For High
Delta systems, divide the listed value by 1.732.

RESULTS:

1. If AC voltage output is not as listed in the charts on
Page 4.10-2, go to Test 6. The problem is in the exciter
stator or in the rotating components of the generator.
2. If the AC voltage is approximately the same as listed
in the charts on Page 4.10-2, go to Test 11. The problem
is in the voltage regulator side of the excitation system.

Qlal(2 e el o[l [T E
,,,,,,,,,,,,

)

REGULATOR
CONNECTOR

Figure 3. Doing a Fixed Excitation Test
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Test 6- Test Exciter Stator

DISCUSSION:
This test will determine if the exciter stator windings
are open, or grounded.

NOTE: Exciter stator (exciter field} nominal resistance
can be found in the charts on Page 4.10-2. The charts
also list regulator DC output voltage to the exciter stator
at no-load.

PROCEDURE:

In the AC connection panel, locate the 15-pin connec-
tor plug. Unplug the mating halves of the connector plug.
In the lower half of the connector plug, locate Pin 2 to
which Wire No. 1 attaches. Also, locate Pin 4 to which
Wire No. 4 attaches. See Figure 4. Test the exciter stator
as follows:

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

2. Connect the VOM positive (+) test probe to Pin. 4 of
the 15-pin connector plug. Wire No. 4 to the exciter
stator must be connected to this pin (NOT Wire No. 4 to
the regulator).

3. Connect the VOM negative (-) test probe to Pin 1 of
the 15-pin connector plug. Wire No. 1 to the exciter
stator must connect to this pin. (NOT Wire No. 1 to the
control console).

4. Read the exciter stator resistance. Correct nominal
resistance is approximately 18.6 ohms at 25° C.

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

6. Connectthe positive (+) VOM test probe to Pin 4 (Wire
4) that goes to the exciter stator.

7. Connect the common (-) test probe to a clean frame
ground.

8. Read the resistance. The VOM should read "infinity".
Any upscale movement of the meter indicates a
grounded condition.

RESULTS:
1. If the VOM reading in Step 4 is less than 16.7 ohms
or greater than 20.5 ohms, remove the exciter stator and
test further.
a. A reading of "infinity" indicates the exciter stator
windings are open. Replace the exciter stator.
b. A very low resistance indicates a shorted condition.
Test exciter stator insulation resistance.
2. It a reading other than "infinity” is obtained in Step 8,
remove the exciter stator and test further. A grounded
condition is indicated. Test exciter stator insulation
resistance.
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Test 6- Test Exciter Stator (Continued)
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Figure 4. Testing the Exciter Stator

Test 7- Test Exciter Rotor

DISCUSSION:
The following will test the exciter rotor for an open or
grounded condition.

PROCEDURE.:

Disconnect the three exciter rotor leads at the diodes.
Measure the resistance between all three leads. Com-
pare the readings obtained with the values listed in
Section 4.10.

To test the exciter rotor for a grounded condition,
measure from the three leads to the exciter mounting
bolt. Any reading other than "infinity” indicates a
grounded condition.

RESULTS:

1. Replace exciter rotor if it fails the tests.
2. If exciter rotor tests good, go on to Test 8.

Test 8- Test Rotating Rectifier

DISCUSSION:

Diodes perform the functions of an electrical check
valve. Thatis, they conduct currentin one direction only.
It Is said that diodes “rectify” current. That is, they
change alternating current (AC) to direct current (DC).
The diode plate (Figure 5) mounts three forward polarity
diodes, three reverse polarity diodes, and a surge sup-
pressor.
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PROCEDURE:

To test the diodes, measure across each diode, first
at one polarity and then at the opposite polarity. The
resistance reading should be very high at one polarity
and very low at the opposite polarity. Make sure the
correct diodes are installed at their proper location as
shown in the illustration. The surge suppressor is
polarized. Observe polarity markings when installing a
surge suppressor.

* Ashorted diode will read a low resistance at both
polarities.

* An open diode will read high resistance at both
polarities.

NOTE: Some meters may not have enough voltage
output from their intemal batteries to turn a diode on
(about 0.6 volt is needed). The meter voltage can
change with different range settings. In addition,
polarities supplied by some meters may not always
correspond to the "+" and "-" markings on the meter.
Consult the instruction manual for your meter.

RESULTS:
1. Replace any defective diode(s).
2. If diodes are good, go to Test 9.

FORWARD REVERSE
POLARITY POLARITY
DIODE™. DIODE
. REVERSE
FORWARD . 2N\ POLARITY
POLARITY X oroDE
DIODE .
| 0 \
REVERSE FORWARD
POLARITY,” N3 _E?OLSS'TY
DIODE ; BLACK

RED/ LEAD (—)
LEAD (-) SURGE

SUPPRESSOR

Figure 5. Rotating Rectifier Assembly
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Test 9- Test Main Rotor

DISCUSSION:

This test will determine if the main rotor is open or
grounded.

PROCEDURE:

Mark the main rotor leads for reconnection. Then,
disconnect the leads from the rectifier assembly.
Measure the resistance across the main rotor winding.
Compare the resistance with the value listed in Section
4.10.

To test for a grounded condition, connect the meter
test leads across the main rotor leads and the exciter
mounting bolt.

RESULTS:
1. Replace the main rotor if it fails the test.
2. If main rotor tests good, go to Test 10.

Test 10- Test Main Stator
DISCUSSION:

“This test will determine if the main stator windings are-

open or grounded. You may wish to review the informa-
tion in Section 4.3, "Generator Lead Connections”.

PROCEDURE:

Measure the line-to-line resistance across the main
stator windings. Compare the readings obtained with
the values listed in Section 4.10.

To test for. a grounded condition, connect the meter
test leads across the main stator leads and a clean
frame ground on the stator can.

RESULTS:
Replace the stator it it fails the test.

Test 11- Check Voltage Regulator Lamps

DISCUSSION:

Inmost cases, "Marathon®" generators are equipped
with a Generac electronic voltage regulator. The
regulator is equipped with three advisory lamps (LED's),
lLe., a "Sensing” lamp, an "Excitation” lamp, and a
"Regulator” lamp. These lamps are normally ON when
the system is functioning normally. The lamps become
a valuable aid when troubleshooting, as follows:

* It "sensing” (actual voltage signals) to the
regulator are lost, the "Sensing" lamp will go out.
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* If unregulated excitation current from the main
stator windings Is lost, the "Excitation” lamp will
go out.

* If a voltage regulator fauit exists (regulator
failure), the "Regulator” lamp will go out.

* When sensing signals to the regulator are lost,
the regulator will shut down. Thus, on loss of
sensing voltage, both the "Sensing” and the
"Regulator” lamp wili go out.

* Theregulator requires approximately 4 to 8 volts
AC of unregulated excitation voltage for its opera-
tion. Thus, if unregulated excitation current to the
regulator is lost, the "Excitation” and "Regulator”
lamps will both go out.

PROCEDURE:

Gain access to the voltage regulator which is housed
in the generator control console. Start the generator
engine and operate the unit at no-load and at its rated
speed. Observe the generator lamps.

RESULTS:

1. it all lamps are OUT, test the main stator (Test 10).
2. If the "Regulator” lamp is OUT, replace the voltage
regulator, test and adjust it. For regulator adjustment
procedures, see Test'17.

3. If the "Sensing™ and "Regulator” lamps are OUT, go
to Test 12. ’

4. It the "Excitation” and "Regulator” lamps are OUT,
go to Test 13.

o) O
o VOLTAGE ANU$
GAN |, @
STABILITY
RFREQUENCY
UNOE ADJUST | @
REGULATOR| ©
SENSING| ©
EXCITATION
® e ©
e——— ——
Co o

Figure 6. Electronic Voltage Regulator
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Test 12- Check Sensing Circuit S15/S16

DISCUSSION:

The sensing circuit delivers a signal of "actual” gen-
erator AC output volitage to the regulator. The regulator
"compares” this sensing voltage with a preset "refer-
ence” voltage and regulates current flow to the exciter
stator to match the sensing voltage with the reference
voltage.

Should an open circuit occur in the sensing circuit,
the regulator will sense "zero” volts. The regulator will
then attempt to go to a "full tield” condition in an attempt
to increase AC output and sensing voltage. However,
Generac’s electronic regulator is equipped with a
protective circuit. In the event that sensing input to the
regulator should become lost, the regulator will shut
down. Regulated excitation current to the exciter stator
will then drop to "zero”. The generator's AC output
voltage will drop to a value commensurate with residual
magnetism in the main rotor.

Since the voltage regulator will shut down on loss of
sensing voltage, both the "Regulator” lamp and the
"Sensing” lamp will normally go out on loss of sensing.

PROCEDURE:

Inspect and test Wires S15 and S16 between the
main stator and the voltage regulator. This circuit is
illustrated in Figure 7.

RESULTS:

1. Repair, reconnect or replace any defective wire(s).
2. Ifall wires check good, go on to Test 18, "Test Voltage
Adjust Potentiometer”.

8, 515
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YOLTAGE REGULATOR
CONNECTOR

R1 - VOLTAGE ADJUST
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FROM MAIN 518 l
STATOR sis

PART 4
SECTION 4.9

Test 13- Test Excitation Circuit Breaker

DISCUSSION:

Unregulated excitation currentis taken from the main
stator leads and delivered to a step-down transformer.
The transformer's secondary winding output is then
delivered to the voltage regulator, via Wires 2 and 6, an
excitation circuit breaker, and Wire 162. See Figure 8.

The excitation circuit breaker protects the regulator
against high current. The breaker is self resetting and
cannot be reset manually. Should the breaker fail open,
loss of excitation current will occur, the reguiator will
shut down, and and generator AC output voltage will
drop to a value commensurate with main rotor residual
magnetism. The regulator’s "Excitation” and
"Regulator” lamps will both go out on loss of unregulated
excitation current.

PROCEDURE:

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

2. With the generator shut down, connect the meter test
leads across the two breaker terminals to which Wires
No. 2 and 162 attach.

3. Read the resistance. The meter should indicate "con-
tinuity”.

RESULTS:

1. if "continuity” is indicated, go to Test 14.

2. it any reading other than "continuity” is indicated,
replace the excitation circuit breaker.

NOTE: On most wiring diagrams and electrical
schematics, the excitation circuit breaker is identified as
"CB1". Some diagrams and schematics erroneously
identify the breaker (CB1) as a "field boost" circuit
breaker. Any circuit breaker to which Wires 2 and 162
attach is NOT a field boost breaker but IS an excitation
circuit breaker.

Figure 7. The Regulator Sensing Circuit (Typical)

Figure 8. The Excitation Circuit Breaker
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Test 14- Test Excitation Transformer

DISCUSSION:

"Marathon®" generators are not equipped with a
stator excitation winding. Instead, unregulated excita-
tion current is taken from the main stator windings. Main
stator winding output voltage is too high for the voltage
regulator and must be reduced to a compatible value.
For that reason, an excitation transformer is used on
these units.

The excitation transformer is a "step-down" type
which can be used in conjunction with a high voltage
main stator output (416 or 480 volts), or with a low
voltage main stator output (208 or 240 volts). Trans-
former secondary winding output of approximately 120
volts AC is delivered to the regulator as excitation
voltage.

See Figure 9. The transformer’s primary coils are
connected in series for high voltage stators. For low
voltage stators, the primary coils must be connected in
parallel (Figure 10).

Schematic

Pictorial

&> ‘J

&3

H
[4:]

t.]}

1

Mgy
ey

TYNOLL IO

|

2

Figure 9. High Voltage Transformer Connections

Pictorial Schematic
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Figure 10. Low Voltage Transformer Connections

PROCEDURE:

Gain access to the excitation transformer in the gener-
ator AC connection (lower) panel. Inspect and test the
transformer as follows:
1. Carefully inspect wiring connections at the trans-
former terminals. Make sure that Wires E1 and E3 are
properly and securely attached to transformer terminals
H4 and H1, respectively. Also make sure that Wires 2
and 6 are properly attached to transformer terminals X1
and X2, respectively.
2. Inspect the transformer’s jumper strips.
-a. For high voltage line-to-line input from the main
stator (416 or 480 volts), a single jumper should be
connected across transformer terminals H2 and H3.
b. For low voltage line-to-line input from the main
stator (208 or 240 volts), two jumper strips must be
used. One jumper should interconnect terminals H2
and :::4; the other should interconnect terminals H1
and H3.

DANGER: BEFORE PROCEEDING TO STEP 3,
THE GENERATOR ENGINE MUST BE SHUT
DOWN. DO NOT ATTEMPT THIS TEST WITH
THE ENGINE RUNNING. HIGH AND
DANGEROUS VOLTAGES ARE PRESENT AT
TF:)ANNSFORMER TERMINALS DURING OPERA-
TION.

3. To prevent interaction while testing, disconnect all
wires from transformer terminals and remove terminal
jumpers. Set a VOM to its "Rx1" scale and zero the
meter. Then, test the transformer as follows:
a. Connect the test leads of a VOM across trans-
former terminals H1 and H3. The meter should indi-
cate approximately 3.0 ohms (plus or minus 20%).
b. Connect the meter test leads across transformer
terminals H2 and H4. Meter should read about 3.0
ohms (plus or minus 20%).
c. Connect the VOM test leads across transformer
terminals X1 and X2. Meter should indicate ap-
proximately 0.7 ohms (plus or minus 20%).
d. Set the VOM to a high resistance scale (such as
"Rx10,000" or "Rx1K") and again zero the meter.
Test the transformer for a grounded condition as
follows:
(1) Connect one VOM test lead to terminal H2, the
other to the transformer body (ground). The VOM
should read "infinity". ‘
(2) Connect VOM test leads across terminal H1
and ground. A reading of "infinity" should be ob-
tained.
(3) Connect VOM test leads across terminal X1
and ground. VOM should read "infinity".

RESULTS:

1. Replace the excitation transformer if it fails any pan
of the test.

2. It the transformer tests good, inspect and test excita-
tion circuit wires E1/E3 to the transformer, and Wires 2
and 6 to the 15-pin connector and regulator. Repair,
reconnect or replace any defective wire(s) in the circuit.
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Test 15- Check for Underspeed/Over-
speed Operation

DISCUSSION:

"Marathon®" generators are generally equipped with
a 4-pole main rotor which delivers an AC frequency of
60 Hertz at 1800 rpm; or 50 Hertz at 1500 rpm. Depend-
ing on the setting of an "Underfrequency Adjust” pot on
the voltage regulator, AC frequency and voltage will be
more or less proportional. That is, as rpm and frequen-
cy drop off, voltage will drop off proportionally. For that
reason, if a low voltage, high voltage, or fluctuating
voltage condition exists, it is a good idea to check for
correct rpm and AC frequency.

PROCEDURE:

The console frequency meter is generally very reli-
able and accurate. Check that meter reading and com-
pare it with the voltage reading. If the console is not
equipped with AC meters, connect an accurate external
frequency meter across the main stator output leads.

RESULTS: _
1. If frequency is low, high or fluctuating, check and
adjust the engine governor.

2..If frequency is good, but voltage is low, high or
fluctuating, go to the appropriate problem in Section
4.8, "Troubleshooting Flow Charts".

Test 16- Check Generator AC Connec-
tions

DISCUSSION:

You may wish to review the information in Section
4.3, "Generator Lead Connections”. If the main stator
AC output leads are connected improperly, a low or
high voltage condition can result. This test is particular-
ly applicable to new installations.

PROCEDURE:

Inspect the generator AC output lead connections.
Make sure the leads are properly connected for the
correct rated voltage.

RESULTS:

1. Reconnect main stator output leads as required to
supply the correct phase and voltage.

2. If generator leads are properly connected, but the
unit voltage is low, high or fluctuating, go to Test 17.

Test 17- Adjust Voltage Regulator

DISCUSSION:

A detective or misadjusted voltage regulator can
cause low, high or fluctuating voltage output.
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NOTE: Adjust the voltage regulator only when the generator’s
no-load AC frequency is correct. If necessary, adjust the
engine governor before attampting to adjust the regulator.

PROCEDURE:

Gain access to the regulator in the control console.
See Figure 12. Adjust the voltage regulator as follows:
1. Prior to installing a new replacement voltage
regulator, locate the miniature switch onits circuit board
identified as "SW1". Set the switch as follows:

a. On early production units, set the switch to "E” for

brushless type or to "B" for units with brushes.

b.-On later production units, set the switch to 1" for
units with brushes or to "2" for brushless units.

NOTE: All "Marathon®" units are of the brushless type.

Figure 11. Selector Switch on Voltage Regulator

2. Connect an accurate AC frequency meter and
voltmeter to the units AC output leads.
3. On the regulator (Figure 10), set the adjustment
potentiometers as follows:
a. Set "Voltage Adjust” pot fully counterclockwise.
b. Set "Gain” to its centered (mid) position.
¢. Set "Stability" to its centered (mid) position.
d. Do NOT adjust "Underfrequency Adjust”.
4. On the generator console, set the voltage adjust
potentiometer to its centered (mid) position.
5. Turn OFF all electrical loads. Initial setup and adjust-
ment will be accomplished at no-load condition.
6. Start the generator engine, let it stabilize and-warm

up.
7. Check the frequency meter reading. If necessary,
adjust the engine governor to obtain a frequency as
close as possible to 62 Hertz (60 Hertz units); or 51
Hertz (50 Hertz units).
8. With the unit running at its correct frequency, analyze
the system condition by observing the voltage regulator
lamps (LED’s).
a. With conditions normal, all lamps should be ON.
b. If the "Regulator” famp is out, a voitage regulator
fault exists with accompanying zero or residual volt-
age.
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. Test 17- Adest Voltage Regulator (Con-

tinued)

c. If the "Sensing” and "Regulator" lamps are both
out, loss of sensing signals to the regulator has
occured with resultant regulator shutdown.
d. If the "Excitation™ and "Regulator™ lamps are out,
loss of excitation current to the regulator has occured
with resultant regulator shutdown.
9. Turn the "Voltage Adjust” pot on the regulator to
obtain a line voltage as follows:

o
o
B

mo
m

RATED
VOLTAGE| DESIRED LINE-TO-LINE VOLTS
240 volts
208 volts
416 volts
240 volts
208 volts

248 voits at 62 Hz
215 volts at 62 Hz
430 volts at 62 Hz
248 volts at 62 Hz
215 volts at 62 Hz
430 volts at 62 Hz
248 volts at 62 Hz
496 volts at 62 Hz
224 volts at 51 Hz
388 volts at 51 Hz
424 volts at 51 Hz

416 volts
240 volts
480 volts
220 volts
380 volts
416 volts

(o]
OZZX‘—IOOOGJ)S

I ¢ ceEneERAC

Gt REGULATOR
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12. With electrical loads still applied, check the
"Regulator” lamp for flashing. If lamp is fiashing, adjust
the "Stability" pot until the flashing stops.

13. If better response is needed, adjust the "Gain" pot
clockwise as needed. Then, if necessary, correct for
instability by adjusting the "Stability™ pot.

14. Turn off all electrical loads and check the regulator
lamps at no-load.

15. When all adjustments have been completed, let the
unit run at no-load for a few minutes to stabilize internal
engine-generator temperatures.

16. Shut the engine down.

Test 18- Test Voltage Adjust Poten-
tiometer

DISCUSSION:

The voltage adjust pot, located on the control con-
sole, permits the operator to “fine adjust” output voltage
within a range of plus or minus 10 percent. The device
is connected in series with the sensing circuit to the
regulator. Changing the sensing voltage "tells” the
regulator to change the regulated excitation output
current proportionately.

An open circuit in the voltage adjust pot will.open the
sensing circuit to the regulator. The regulator's "Sens-
ing" lamp will go out. Without a sensing signal, the
regulator will shut down and the "Regulator” lamp will
also go out.

The voltage .adjustspot is rated 10 k-ohm, 2 watts
(plus or minus 10 percent).

Figure 12. Voltage Regulator

10. If the red "Regulator” lamp is flashing, "Stability"
probably needs to be adjusted. Turn the pot either
direction until the flashing stops.
11. Apply an electrical load and check engine speed
recovery. '
a. Adjust the "Underfrequency Adjust” pot
counterclockwise to unload the unit and reduce load
voltage while the unit recovers.
b. For "flat regulation” (no voltage decrease as fre-
quency drops), set the "Underfrequency Adjust” pot
fully clockwise (CW). Set point for this adjustment is
62 Hertz (counterclockwise) to 52 Hertz (clockwise).
c. To obtain a constant voltage reduction as frequen-
cy drops, set the "Underfrequency Adjust™ pot fully
counterclockwise.

Figure 13. Voltage Adjust Pot Test Points

PROCEDURE:

1. Gain access to the voltage adjust pot terminal ends,
inside the control console.

2. Set a VOM to its "Rx10" scale and zero the meter.
3. Connect the VOM test leads across the poten-
tiometer terminals to which Wires S16 and 89 attach.
Then, test the potentiometer as follows:
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Test 18- Test Voltage Adjust Poten-
tiometer (Continued)

a. Slowly rotate the potentiometer knob clockwise
and counterclockwise while observing the meter.
b. As the knob is turned in either direction, the
resistance reading should increase and decrease
-smoothly. Erratic readings or dropoff to "infinity” at
any point is cause for pot replacement.
4. Start the engine, let it stabilize and warm up at
no-load.
a. Set the voltage adjust pot to its centered or mid-
position. Note the AC voltage reading on the console
voltmeter.
b. Turn the pot all the way counterclockwise and note
the AC voltmeter reading. )
c. Turn the pot all the way clockwise and note the
voltmeter reading.
d. Calculate the percentage of voltage adjustment
provided by the potentiometer. Adjustment range
should be plus or minus 10 percent, a total of 20
percent.

RESULTS:

Replace the voltage adjust potentiometer it defec-
tive.

Test 19- Check for Overload

DISCUSSION:

Quite often, a generator's rated maximum wat-
tage/ampera?e capacity is a function of available en-
gine power. If the unit is overloaded, the engine will
"bog down" under the excessive load. As a result, AC
frequency will drop and AC voltage output will
decrease. Thus, if the unit operates normally at no-load
but rpm, frequency and voltage droop excessively
when electrical loads are applied, perhaps the unit has
been overloaded.

PROCEDURE:

Start the generator, let it warm up. Then, turn on
electrical loads while observing voltage, frequency and
current. If voltage and frequency droop excessively
when the loads are applied, check the console am-
meter reading. The ammeter reading should not be
greater than the generator’s rated capacity.

If the unit is not equipped with a console ammeter,
or if voltage and frequency droop excessively while
electrical loads are within unit capacity, a clamp-on
ammeter may be used to verify load current,

RESULTS:

1. If unit is overloaded, reduce loads to unit capacity.
2. If unit is not overloaded, but voltage and frequency
droop excessively when loads are applied, go to Test
20.
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Test 20- Check Engine Power and Condi-
tion

DISCUSSION:

As previously stated, generator output capacity is
often a function of available engine power. Thus, i
engine power has become reduced for any reason, the
maximum output of the generator will be decreased.

PROCEDURE:

Test operation under load. If engine rpm, frequency
and voltage all droop excessively when electrical loads
are applied, first check the load current. If load current
is within the unit's rated capacity, check the engine.
Refgr' to the service manual for the specific engine
model.

RESULTS:
Repair engine as needed to restore its power.
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. " Section 4.10
Cross Reference Chart Resistance Values- Main Stator Windings
"MagnaPL Us™ Generators In OHMS at 25° C.
MARATHON | GENERAC | DIESEL MODEL NO. | MAIN STATOR' | MAIN ROTOR
MODEL NO. | PART NO. | ENGINE | RATED KW 43051260 0.204 0.482
43051262 76831-G ®.4 Liter 700 43051261 0.181 0.504
43051263 73395 6.4 Liter 125 43051262 0.123 0.520
43051264 76548 6.4 Liter* 150 43051263 0.0935 0.558
43051265 76830-G 6.4 Liter* 175 43051264 0.0721 0.594
43051266 76832-G 6.4 Liter* 200 43051265 0.0541 0.636
43051268 76738 6.4 Liter* 270+ 43251266 0.0415 0.704
43251267 0.0373 0.711
43051262 76831 13.3 Liter 100 43251268 0.0264 0.825
43051263 76828 13.3 Liter 130
43051264 76829 13.3 Liter 150 V' Main stator values shown are line to line on the hi h
430S1265 76830 13.3 Liter 175 wyae connection. For low wye connections divide the value
43251266 76832 13.3 Liter 200 shown by 4.
(43151268 | 76633 | 133Liter] 275 Resistance Values- Exciter Windings
* Indicates engines equipped with a gearbox., In OHMS at 25° C.
+ This generator is standard on the 175 kW, 6.4 liter en-
. ! r s . , EXCITER EXCITER PMG
. gine unit due to efficiency requirements. STATOR* ROTOR STATOR**
18.6/28.7 0.105 2.00
Cross Reference Chart
"MagnaMAXTM " Generators * Leads F1 to F2= 18.6 ohms
Leads F1to F3 = 28.7 ohms
MARATHON |GENERAC | DIESEL oy
MODEL NO. | PART NO. | ENGINE | RATED KW Unit may or may not have a PMG.
— 431RSL2004 | 76460-A 6.4 Liter 700
431RSL2006 | 76469-B 6.4 Liter 125
431RSL2008 | 76469-C 6.4 Liter* 150
431RSL2010 | 76469-D 6.4 Liter* 175
431RSL2012 | 76469-E 6.4 Liter* 200
431RSL2016 | 76469-F 6.4 Liter* 270+

431RSL2004 76470-A 13.3 Liter 100
431RSL2006 76470-8 13.3 Liter 130
431RSL2008 76470-C 13.3 Liter 150
431RSL2010 76470-D 13.3 Liter 175
431RSL2012 76470-E 13.3 Liter 200
431RSL2016 76470-F 13.3 Liter 275
433RSL2023 | 76470-G 13.3 Liter 350

* Indicates engines equipped with a gearbox.

_+ This generator is standard on the 175 kW, 6.4 liter en-
gine unit due to efficiency requirements.
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Excitation Data- 60 Hz- 1800 RPM
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Exciter Fleid Voits

No-Load Output Voltage

Exciter Field 1.and 4 at Regulator With Fixed Excltatlog
Resistance- Ohms No-Load th Wye Connection

Model! Number @25’ C. 240/480 Volts vDT 24 VDU
43051260 186 8.9 530 530
43051261 18.6 10.4 510 600
430S1262 18.6 10.0 510 600
43051263 18.6 10.2 510 600
43051264 18.6 9.7 520 610
43051265 18.6 11.0 500 590
43081266 18.6 12.1 480 570
43251267 18.6 11.7 490 580
43251268 18.6 14.9 440 550

1 For rated load exciter field volts, see generator nameplate.

2 For low wye connections, divide the value shown in table by 2.
For high delta connection, divide value shown in table by 1.732.

Excitation Data- 50 Hz - 1500 RPM

Exciter Field Volts

No-Load Output Voltage

Exciter Field 1 and 4 at Regulator With Fixed Excitation
Resistance- Ohms No-Load High Wye Connection

Model Number @25° C. 240/480 Volts 12VDC 24VDC
43051260 18.6 11.0 430 510
43051261 18.6 12.5 410 490
43051262 18.6 121 410 490
43051263 18.6 12.1 410 4390
43051264 18.6 11.9 420 500
43051265 18.6 13.8 400 480
43051266 18.6 14.9 380 470
43251267 18.6 13.8 400 480
43251268 18.6 17.5 360 450

1 For rated load exciter volts, see generator nameplate.

2 For low wye connection, divide the value shown in table by 2.
For high delta connection, divide the value shown'in table by 1.732.
For delta connection, divide the value shown in table by 1.732.
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Section 5.1

METERS, GAUGES AND CONTROLS

The Option "B" Console

STANDARD FEATURES:

The Option "B" control console offers the following
standard features, shown in Figure 1 below:

« The engine _can be started manually using a
start/stop swit c?\ y g

* The engine can be, started automatically when in-
stalled Tn conjunction with an automatc transfer
swnch uch automatic startup and stopping is
done b ¥ ans of a 2-wire start/stop circutt, inter-
connected between the console and the automatic
transter switch.

*  Asingle faultindicator lamp will turn onin the event
of an automatic shutdown caused by (a) high
coolant tvla rperature b) low coolant level, glow
engine oil pressure, (d) overspeedor (e) overcrank

* Full en |ne mssrumentatlon includes an oil prgs-
g%e ta ge, coolant temperature gauge, and a

méter.

The Option "A" Control Console

The Option "A" console is similar to the OPtion "B"
console, with the following differences:

* The Op{ion "A" Console is not ?CL ipped with AC

meters (voltmeter, ammeter and frequency meter).

*  The Option "A" console does not have aline-phase
selector switch.

Because of the similarit?/ between the two consoles,
only the Option "B" console is illustrated here.

AC Voltmeter

On Option "B" units, the AC voltmeter indicates
generator AC output vohage during operation. Nominal
line-to-line (no-load) AC voltage readings for gener-
ators will depend on the unit's rated voltage as follows:

QOPTIONAL ACCESSORIES: VOLTAGE| RATED )

The following optional accessories are available for CODE | VOLTAGE| NOMINAL LINE-TO-LINE VOLTS
use with Option "B" control consoles: g- g- J }ggg‘“’ <48 ‘60"3 atee zz
* A 3-lamp remote annunciator panel. on | saoaee 2o Vo a g2 e
* A horn alarm that will sound in the event of an K 277/480 496 Volts at 62 Hz

engine-generator failure.
M 110/220 224 Volts at 51 Hz
, ) . N 220/380 388 Volts at 51 Hz

See Part 7, "Generator Options and Accessories" for o 240/416 |« 424 Volts at 51 Hz
additional information.

Vo | A Hz \ |
~ ~

‘ ‘ ‘ ENG'NE 7

@0@@-“

OFF

Figure 1. Typical Control Console (Option "B" Shown)
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AC Ammeter

The AC ammeter indicates the current draw of con-
nected electrical loads during generator operation. The
ammeter will indicate either line-to-line or line-to-
neutral amperes, as selected with a line-phase selector
switch.

The total amperage of all connected loads should not
be greater than the unit’s rated amperage.

AC Frequency Meter

This meter indicates the generator's AC output fre-
quency in "Hertz" or "cycles per second”. On Option "A”
and "B" units, the frequency meter receives frequenc
signals from the voltage regulator's sensing leads (S1
and S16).

Frequency and the driven speed of the rotor are
proportional. A 2-pole rotor must be operated at 3600
rpm to supply 60 Hertz; at 3000 rpm to produce 50
Hertz. A 4-pole rotor will deliver 60 Hertz at 1800 rpm;
or 50 Hertz at 1500 rpm.

Coolant Temperature Gauge

Gauge indicates the temperature of the engine
coolant. The gauge is powered by Wire No. 14, which
is electrically hot only when the generator is running. A
sending unit on the engine provides temperature sig-
nals for gauge operation.

Oil Pressure Gauge

Indicates engine oil pressure during operation. A
sending unit on the engine delivers oil pressure signals
to the gauge. Gauge is turned on by 12 voits DC from
Wire 14 (same as coolant temperature gauge).

DC Ammeter

During engine operation, the generator battery is
charged by a belt driven DC alternator on the engine.
The DC ammeter indicates rate of charge to the battery
from that DC alternator, in amperes.

Hourmeter

The hourmeter provides a continuous indication of
engine-generator operating time in hours and tenths of
hours. Use the hourmeter in conjunction with the peri-
odic maintenance schedule for the generator set. The
hourmeter is powered by DC voltage from Wire No. 14,
That wire is electrically hot only when the unit is run-
ning.

Preheat Switch (Diesel Units Only)

Diesel engines are equipped with either glow plugs
or a preheat unit. These devices are turned on by
actuating the preheat switch, to preheat the engine
combustion chambers prior to startup.
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Prior to manual startup, use the preheat switch to
warm the engine combustion chambers. During auto-
_maltllc startup, the preheat function will occur automat-
ically.

Fault Indicator Lamp

This lamp will turn on in the event of an automatic
shutdown caused by (a) high coolant temperature, (b)
low coolant level, (c) low oil pressure, (d) overspeed,
or (e) overcrank during automatic startup. The lamp will
also turn on when the start/stop switch is set to "Run”.

Start/Stop Switch

This 3-position switch permits the engine to be
started and stopped manually (electrically). To crank
and start the engine manually, first set the auto-off-
manual switch to "Manual”. To crank and start the
engine, hold the start/stop switch at "Start". Release the
switch to its centered (Run) position when the engine
starts. To shut down an operating engine, set the switch
to its "Stop" position.

Auto-Manual-Off Switch

This 3-position safety switch can be used to prevent
automatic startup while the unit is being serviced or
repaired. Switch positions are as follows:

1. "Auto” Position: Set the switch to "Auto” for normal
automatic operation.

a. With "Auto” selected, loss or dropout of utilit

power source voltage below a preset level will resu

in engine cranking and startup.

b. Following engine startup, transfer of electrica

loads to the "Standby” source will occur. '

c. On restoration of utility source voltage above a

preset level, retranster of electrical loads back to the

utility source and generator shutdown will occur.
2. "Manual” Position: Set the switch to "Manual” before
using the start/stop switch to crank and start the engine
manually.
3. "Off" Position: When switch is set to "Off", neither
apt;;)matic or manual cranking and startup will be pos-
sible.

DANGER: WHEN THE GENERATOR IS IN-
STALLED IN CONJUNCTION WITH AN AUTO-
MATIC TRANSFER SWITCH (SUCH AS THE
"GTS" TYPE TRANSFER SWITCH), THE EN-
GINE CAN CRANK AND START SUDDENLY
WITHOUT WARNING. SUCH SUDDEN STAR-
TUP NORMALLY OCCURS WHEN UTILITY
SOURCE VOLTAGE HAS DROPPED BELOW AN
ACCEPTABLE LEVEL. TO PREVENT SUCH
SUDDEN STARTUP AND POSSIBLE INJURY,
ALWAYS SET THE AUTO-MANUAL-OFF
SWITCH TO ITS "OFF" POSITION BEFORE
WORKING ON THE GENERATOR. THEN,
PLACE A "DO NOT OPERATE" TAG ON THE
GENERATOR AND ON THE AUTOMATIC
TRANSFER SWITCH.

N

N
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30 Amp Fuse

The 30 amp fuse protects the control console’'s DC
control circuit against electrical overload. If the fuse
element has melted open due to an overload, engine
cranking cannot occur either manually or automatically.
If the fuse must be replaced, use only an identical 30
amp replacement fuse.

NOTE: A second in-line fuse is located inside the control
console. This second fuse is rated 14 DC amperes.

Line-Phase Selector Switch

This switch permits operator selection of either line-
to-line. or line-to-neutral readings on the console's AC
voltmeter and ammeter. Switch positions, along with
corresponding voltage and amperage readings, are
listed below.

SWITCH Ja.LIAQELAMEEBAQE_BEADILJNQ__
POSITION 1-PHASE UNITS | 3-PHASE UNITS
1

Line E1 to Neutral Line ETto E2
2 Line E3 to Neutral Line E2to E3
3 Line E1 to Line E3 Line E3 to E1
oft No Reading No Reading

Voltage Adjust Potentiometer

Use this adjustment to "fine adjust" the generator's
AC output voltage. An adjustment range of about plus
or minus 10 percent is available.

PAGE 5.1-3
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Section 5.2

INTERNAL CONSOLE COMPONENTS

General

Components housed inside the generator control
console are shown in Figure 1, below. Components
mounted on the console floor are as follows:

+ Terminal Board TB1.

Engine Run Relay (Diesel engines only).
Excitation circuit breaker.

Resistor.

Field Boost Resistor.

Field Boost Diode.

Preheat Relay (Diesel engines only).

Mounted on the rear console panel is the AC voltage
regulator. A DC controllatch-crank circuit board is
mounted on a console side panel.

Terminal Board TB1

This 20-position terminal board provides a con-
venient connection point for wiring that is routed be-
tween the engine components and the eontrol console
components. A decal is provided to identify the num-
bered terminals. See Figure 2 below.

Figure 2. Terminal Board TB1

DESCRIPTION
Voltage Regulator

™\

Terminal Board TB1
Engine Run Relay
(Diessl Only)
Excitation Circuit

Breaker

(oooooooop

Resistor

Field Boost Resistor

Field Boost Diode

Preheat Relay
Diesel Only)
c ControVY.atch—

Crank Circuit Board

=
© m~NoOO & wmag

—>
CONSOLE
METER
PANEL

[+

Figure 1. Internal Console Components
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Terminal Board TB1 (Continued)

Terminals on the terminal board may be identified as
follows.

TERMINAL WIRE CIRCUIT FUNCTION

0 0 Common ground.

79 - Not used on Options A and B
control consoles.

13 13 Unfused battery voltage
‘__Alwa s hot).

14 14 used battery voltage. Hot
with engine running only.

15 15 Fused battery voltage
Always hot (12 volts DC).

47 47 Field flash for DC altarnator.

49 - Not Used.

56 56 Engine starter contactor
circuit. Hot when cranking only.

68 68 Engine coolant temparature

0 sender to coolant tamperature

auge.

69 69 ngine oil pressure sender to
oil pressure gauge.

85 85 High coolant temperature and

. low coolant level shutdown
= circuit.

86 86 Common to Wire 85.

150 150 Engine preheat circuit (on
diesel engines only).

218 218 Engine run circuit.

219 219 Engine run circuit.

Engine Run Relay

The engine run relay is used only on diesel engine
units that are equipped with a 24 volts DC engine
electrical system. When energized by 12 volts DC from
Wire No. 14, closure of the relay’'s normally open con-
tacts will deliver 24 volts DC battery power to engine
components required for startup and operation.

NOTE: The engine run relay is required on 24 volts DC engine
systems since a 24 to 12 volls convertsr is used on such units.

he converter changes the 24 volts from the engine battery
to 12 volts for operation of control console circuits. Although
control console components are operated by 12 volts DC,
some engine electrical components require 24 volts DC for
their operation.

Excitation Circuit Breaker

Referto Part 2 for information on the excitation circuit
breaker used in direct excited generators.

Refer to Part 3 forinformation on the excitation circuit .

breaker used in brushless generators.

See Part 4 for information on the excitation circuit
breaker in "Marathon®" generators.

Field Boost Resistor and Diode

This resistor and diode are part of the AC generator
excitation system. Referto Part 2, 3 or 4 as appropriate
for information on these components.
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DC Control/Latch-Crank Circuit Board

This solid state circuit board controls automatic and
manual engine cranking, startup, running and shut-
down operations. A 15-pin connector is attached to the
circuit board. Functions and related wires of this con-
nector are listed in the following chart:

TERMINAL CIRCUIT FUNCTION

T ST6 — Frequency {rpm] signal 1o
starter cutout, overspeed shut-
down, calibration.

2 183 Automatic crank-startup circuit.

3 S15 Same as Terminal 1.

4 172 12 volts DC RUN circuit.

5 178 Same as Terminal 2.

6 174 12 volts DC in "Auto”.

7 17 Crank circuit for manual start.

8 15 Fused 12 volts DC power.

9 56 Engine starter contactor circuit.

10 0 Common ground.

" 14 Eptgine run circuit is hot only
with engine running.

12 15 Same as Terminal 8.

13 221 Preheat relay circuit on diesel
units only.

14 86 Engine fault signal.

15 176 Fault indicator lamp circuit.

™
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AC CIRCUITS OPERATION
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General

AC Circuits that will be discussed in this section
include the following:
* The AC voltmeter circuit.
The AC ammeter circuit.
The AC frequency meter circuit.
Voltage regulator and tield boost circuits.

All components of these circuits may not be housed
in the control console. Units with Option "A" control
console are not equipped with an AC voitmeter, am-
meter and frequency meter circuit.

AC Voltmeter Circuit

See Figure 1, below. Voltage signals are taken from
the stator's AC power winding leads (E1, E2, E3). The
voltmeter leads are routed to Pins 5, 8 and 11 of a
15-pin connector plug. From the connector plug, the
leads are routed to a line-phase selector switch, and
then to the panel-mounted AC voltmeter.

15-PIN CONNECTOR PLUG:

See Figure 2. The connector provides a "quick dis-
connect” between control console and AC connection
(lower) panel components.

Pin numbers, associated wires and functions of each
circuit are shown in the chart below:

PIN NO. | WIRE NO. FUNCTION

1 U Common Ground.

2 1 Negative (-) side of regulated DC
field excitation circuit.

3 2 Unregulated AC field excitation.

4 4 Positive (+) side of regulated DC-
field excitation circuit.

5 E1 To line-phase selector switch and AQ
voltmater.

6 6 Unregulated AC field excitation.

7 S1§ AC frequency sensing lead to panel
frequency maeter and circuit board.

8 E2 To line-phase selector switch and AQ
voltmeter.

9 S16 AC frequency sensing lead to panel
frequency meter and circuit board.

10 57 Line E1 current flow from transform-
or to line-phase selector switch and
AC ammeter.

11 E3 To line-phase selector switch and AQ
voltmeter.

12 58 Line E2 current flow from transform-

’ er to line-phase selector switch and

AC ammeter. '

13 59 Line E3 current flow from transform-
er to line-phase selector switch and
AC ammeter.

14 178 Auto. start circuit (see NOTE below).

15 183 Auto. start circuit {see NOTE below).

NOTE: Closure of the Wires 178/183 circuit by automatic
transfer switch will initiate automatic cranking and startup.

S15
AS .
S15 PHASE SELECTOR SWITCH —:L
S16 --L__
| S15 14— 65 POSITON
S647S9 | sBT4SS sS82 16, 12 1{2| a| orrF
v 12a 19 | - 13 Ix X
L 18 17| =15 X
l§516 ] p- S82 I‘S16 | ™ 2 | 64 ? : 1; X
57 57—t [3 ] T 0 =z FaEa
g CTt —@ 59 _iﬁ::‘% : = j‘ O
§ CT3 58 — 58 e mi TR B n
CT2 __LE;‘E ! + -y X
T 59 : o i1 67 X INBICATES CLOSED
B J - .
0 +— 0 o] -
R -1 |
1 c82 1 ! /'J7
£l E3 00 E2

Figure 1. Panel AC Voltmeter and Ammeter Circuits
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AC Voltmeter Circuit (Continued)

ilooo] (@@
2000 |@OOF
[leee] @@
0 |®OG
|eeo HEE

i

Figure 2. 15-Pin Connector Plug

LINE-PHASE SELECTOR SWITCH:

This 4-position switch permits operator selection of
either line-to-line or line-to-neutral voltmeter/ammeter
readings. Also see "Line-Phase Selector Switch" on
Page 5.1-3. Switch contacts positions at the various
switch positions are shown in the following chart ("X"
indicates contacts are closed).

PART 5
SECTION 5.3

AC VOLTMETER:

The AC voltmeter used on any generator set
depends on the unit's rated voltage and the voltage
range of the voltmeter. Also see "AC Voltmeter" on
Page 5.1-1.

AC Ammeter Circuit

On a 1-phase generator set, lines E1 and E3 pass
through a current transformer. On 3-phase units, lines
E1, E2 and E3 pass through a current transformer. Two
transformers are required for 1-phase units; three for
3-phase units.

See Figure 1. Current flow through lines E1/E2/E3
induce a voltage and current flow into the transformers.
Transformer AC output current is then delivered to the
control console ammeter, via Wires 57, 58 and 58; the
line-phase selector switch; and Wires 67 and 0.

AC Frequency Meter Circuit

The frequency meter is operated by sensing leads
S15 and S16. See Figure 4.

SWITCH POSITION
CONTACTS 1 2 3 OFF
1313 X X
16-10 A
- 2U-19 X
18-17 A X
1-2 .S X
3-4 X
9-b A A
-8 A
9-10 A A A
1172 X
rn_ r‘r_.
& &
16|12/ |8 | |4 l
915/ 11]|7 | |3 T’
i ¢ el 'T__
_J { Ll ] ;—r-—
IZ1IZ]I
17|13/ (9|15 | |1
1814|110/ |6 | |2 || |

FREQUENCY

15-PIN CONNECTOR METER

1:PHASE STATOR

U

! >>—:S151

L“—l%>'—s16
-J

00 !

F S§15 t

E1 E3

Figure 3. Line-Phase Selector Switch

Figure 4. The AC Frequency Meter Circuit
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Section 5.4

DC CONTROL- 12 VOLTS GAS UNITS

Introduction

Also refer to "DC Control/Latch-Crank Circuit Board”
on Page 5.2-2. That circuit board is the "heart" of the
DC control system. The circuit board controls engine
cranking, starting, running and shutdown operations.

DC Control/Latch-Crank Circuit Board

See Figure 1, below. The circuit board is equipped
with a 15-pin connector. For identification of terminals,
associated wires and circuit functions, refer to Page
5.2-2.

The circuit board also mounts two relays. A "crank”
relay (K1) is energized by circuit board action to initiate
engine cranking. A "run" relay (K2) is energized by
circuit board action to activate a Wire No. 14 circuit.
That circuit energizes engine components required to
keep the engine running (such as a fuel solenoid).

Circuit Condition- Engine Shut Down

Batterévoltage (12 volts DC) is available to terminal
board TB1, via Wire No. 13. Battery power is then
delivered to a 30 amp fuse on the console front face.

CTOB0 B

Figure 1. DC Control/Latch-Crank Circuit Board

The fused battery voltage then splits into three
separate paths or circuits as follows:
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Circuit Condition- Engine Shut Down
(Continued)

a. Wire No. 15 to the terminal board TB1. The cus-
tomer may use terminal No. 15 as a source of fused
battery voitage for a variety of purposes (such as a
power source for a remote annunciator device, a
remote lamp, etc.).
b. Wire No. 15 to the console’s fault indicator lamp
and to the DC control/latch-crank circuit board. The
Wire 15 circuit to the circuit board is protected by a
14 amp in-line fuse.
(1) The tault indicator lamp circuit is completed to
the circuit board, via Wire No. 176. Circuit board
action normally holds the Wire 176 circuit open to
round. However, in the event of an engine fault
?high coolant temperature, low coolant level, low
oil pressure, overspeed), circuit board action will
complete the Wire 176 circuit to ground and the
fault indicator lamp will illuminate.
(2) Wire No. 15 to the circuit board provides 12
volts DC power for board operation.
¢. Wire No. 15 to the control console’s auto-manual-
off switch (SW1).
(1) With the auto-manual-off switch set to
"Manual”, battery voltage is available to the com-
mon terminal of the start/stop switch (SW2), via
Wire 175.
(2) With "Auto" selected, battery voltage is avail-
able to the DC control/latch-crank board, via Wire
No. 174,
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Circuit Condition- Manual Cranking
See Figure 3, below. When the auto-manual-off

switch is set to "Manual” and the start/stop switch is
held at "Start", the following action occurs:

.

Battery voltage is delivered to Pin No. 7 of the DC
contro {Iatch-cr:ﬂ\k gircuit bggrd \;’1'/3 the auto-
manual-off switch, Wire No. 175, sta stop swnc?l
and Wire No. 17.

The circuit board’s crank (K1) and run (K2) relays
are energized simultaneously.

When ReIaY K1 energizes, battei?( voltage is
delivered to the coil of an engine starfer contactor,
via Wire No. 56, The starter contactor energizes,
battery voltage is delivered to the engine starter
motor, and the engine cranks.
When rglay K2 ener izef
delivered to the Wire No. 14 circuit’ This circurt,
when %n rgized, turns on (a) a control console
lamp L2, (b] hourmeter HM, {c) o!l pressure gauge
1, (d} coolant ,temr_perature,gauge G2, anda fuel
solenoid FS. With FS energized open, the engine
can start and run.

battery_voltage s

NOTE: Automatic cranking action is similar to manual crank-
ing. However, during automatic cranking, crank relay K1 will
energize cyclically and the engine will crank cyclically in 5.4
sacond intervals until it starts. See "Circuit Condition- Auto-
matic Cranking”.
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Circuit Condition- Automatic Cranking

See Figure 4. If the generator is installed in conjunction with an automatic transfer switch (such as the "GTS" type
transfer switch), the engine can crank and start automatically. The auto-manual-off switch must be set-to "Auto”
and battery voltage must be available to the DC control/latch-crank board, via Wire No. 174. Such automatic startup
normally occurs when transfer switch action closes the Wires No. 178/183 circuit (see Parts 10 and 11 of this
manual{. With the Wires 178/183 circuit completed, DC control/latch-crank board action will energize the crank relay
(K1) for about 5.4 seconds. The crank relay will then be de-energized for about 5.4 seconds, energize again, and
so on. The cyclic cranking action that results will continue until the engine starts or until eight (8) crank-rest cycles
have been used up. If the engine has not started in eight (8) crank-rest cycles, cranking will terminate and the fault
indicator lamp will turn on (overcrank condition).
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Circuit Condition- Startup and Running

When run relay K2 is energized by circuit board action, 12 volts DC power is delivered to the Wire No. 14 circuit.
The Wire No. 14 circuit turns on (a) the console light, (b) the hourmeter, (c) oil pressure gauge, (d) coolant
temperature gauge. The DC power from Wire No. 14 is also delivered to the engine fuel solenoid valve, ignition
components, etc. With fuel flow and ignition available, the engine should start and run. Wire No. 14 also delivers
12 volts DC power to (a) the generator’s field boost circuit and (b) the engine DC alternator field.

NOTE: Wire No. 14 delivers field boost power to the generator rotor windings via a field boost resistor (R3), Wire
No. 29, field boost diode (D1), and Wire No. 4. On 10 kW units with 1.3 liter engine a jumper may be used to bypass

the field boost resistor. Wire No. 14 delivers 12 volts DC to the engine driven DC alternator, via (a) diode D2, (b)
resistor R2, and (c) Wire No. 49.
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Section 5.5

DC CONTROL- 12 VOLTS DIESEL UNITS

, Circuit Condition- Manual Preheat .
Units powered by a diesel engine having a 12 volts DC elactrical system have a DC control system that is similar
to the control system on units with gas engine (Section 5.4). However, diesel engines are equipped with a "preheat”
function which utilizes glow plugs or a heater unit to warm the engine combustion chamber for cold weather starts.
The control console mounts a preheat switch (SW3) and a preheat relay (PHR) is housed in the console.

See Figure 1. Battery voltage is available to the preheat relay (PHR) and preheat switch (SW3), via Wire No. 13,
a 30 amp fuse (F1), Wire No. 15, preheat relay (PHR) and Wire No. 221. Battery voltage is also available to the
normally open contacts of the preheat relay (PHR). Whenthe preheat switch is held closed, the preheat relay (PHR)
circuit is completed to ground. PHR then energizes, its normally-open contacts close, and battery voltage Is delivered
to the engine glow plugs or heater via Wire No. 150. The glow plugs or heater will remain on as long as the preheat
switch is held closed.

TO ENGINE

£

49 49

Figure 1. Circuit Condition- Manual Preheat
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DC Control Circuit- 12 Volts Diesel Engine Units

The DC control circuit on 12 volts diesel engine units is shown in Figure 2, below. Its operation for cranking, startup,
running and shutdown is the same as for gas engine units (Section 5.4). Operation during manual preheat was

discussed on the previous page. During automatic startup, preheat occurs automatically when the preheat relay is
energized by circuit board action.

LEGEND
A 3 A-C AMMETER L1 = LIGHT- PANEL
BCA = BATTERY CMARGE AMMETER PCY s CIRCUIT BOARD- D-C CONTROL/CRAMX-LATCH
CB1 » CIRCUIT BREAKER- PIELD SOOST PHR s PREMEAT RELAY
D1 = DIODE- 608V., 11A. Rl = POTENTIOMETER- YOLTAGE ADJUST
D1 s DIODE- 380V., A, RI = RESISTOR- ENGINE ALTEANATOR
Pl s FUSE- 38 Ampers A3 = RESISTOR- FLELD BOOST
F1 = FUSE- 14 Ampere SWI : SWITQH- AUTO/MANUAL/OFF
Gl » GAUGE- WATER TEMPERATURE SW1 » SWITQI- START/STOP
Gt » GAUGE- OfL PRESSURE SW3 s SWITCH- PREMEAT
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Figure 2. DC Control Circuit- 12 Volts Diesel Engine Units
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Section 5.6

DC CONTROL- 24 VOLTS DIESEL UNITS

Introduction

The DC control system on units with diesel engine
and with a 24 volts engine electrical system is similar
to systems discussed in Sections 5.4 and 5.5. How-
ever, because the engine electrical system parts are
rated 24 volts DC and control console parts are rated
12 volts DC, a 24 to 12 volts DC converter is required.
Figure 1 below is a pictorial representation of the con-

Engine Run Relay

Because the engine electrical system is rated 24
volts DC and the control console voltage is 12 volts DC,
an engine run relay is required. When energized by
control console voltage (12 volts DC), the relay con-
tacts can pass 24 volts DC to engine components.

verter. :
O O
= O i
=2
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! | o |
st | 2 C
(==} »
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12 C =
vOC 3| §] E] —
(5R[)C):§§] C;F:
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N
1= ] =3

4= =6

7= 9

—

A — =0
_

Figure 1. The 24 to 12 Volts Converter

Figure 2 is a schematic representation of the con-
venter circuit. Battery voltage (24 volts DC) is available
to the conventer, via Wire No. 218. A reduced battery
voltage (12 volts DC) is then delivered to the control
console, via Wire No. 13.

Figure 3. Engine Run Relay

Preheat Circuit

See Figure 4. When a preheat relay (PHR) is ener-
gized by preheat switch action or by circuit board
action, its contacts (PHR) close to deliver 12 Volts DC
to a preheat contactor (PHC). The contactor contacts
then close to deliver 24 volts DC to an air.intake heater
(AIH). The heater turns on to warm the air entering the
engine combustion chambers.

24 VOLTS 12 VOLTS
FLTER p—em—O
218 13

CONTROL

|
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CIRCUIT BOARD

221

~— -~ -
221
PREHEAT
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15A e 12V0C

TO ENGINE
PREHEAT DEVICE

50
L — — i

J

Figure 2. Converter System Schematic

Figure 4. Preheat Circuit Diagram
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DC Control- 24 Volts Diesel Engine Units
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Figure 5. Schematic Diagram- DC Control System
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Section 5.7

TROUBLESHOOTING CHARTS

Introduction
The flow charts on this and on foliowing pages can be used in conjunction with Section 5.8, "Diagnostic Tests".
To use the charts, first identify the specific problem. Locate that problem in the flow charts, then proceed with the
numbered tests that follow. If you do not know how to perform a test, refer to Section 5.8. The numbered tests in
that section correspond with test numbers in this section.

Problem 1 - Engine Won’t Crank Manually

TEST 2-CHECK] RELAYS _ | TEST 3- CHECK
vEsgp] RELAYS Kik2f™ ok, ™| WIRE NO. 56
OPERATION OUTPUT

TEST 1- CHECK
AUTO-MANUAL-
OFF SWITCH
POSITION

WRONG

NO
POSITION L

TEST 4-CHECK
30 AMP FUSE

RELAYS DO
NOT WORK

SET SWITCH REPLACE DC
TO "MANUAL" CONTROU/LATCH-
CRANK CIRCUIT
REPLACE BOARD
30 AMP FUSE WIRE 56

OUTPUT
IS O.K

STILL WON'T CRANK

TEST 8- CHECK
WIRE 16
CIRCUIT

GOODwmlp FSTART/STOP

RECHARGE OR REPLACE REPAIR/REPLACE REPAIR/REPLACE

ﬁGOO

TEST 10-TEST TEST 11- CHECK TEST 12-CHEC
AUTO-MANUAL- GOOD ENGINE RUN K CONTROL
OFF SWITCH RELAY CONTACTOR

STARTER
SOLENOID

REPLACE DC

REPLACE BOARD REPLACE REPLACE

a a BAD O.K
CONTROULATCH- ' 1
. CRANK CIRCUIT GO TO TEST 14
ON NEXT PAGE
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Problem 1- Engine Won’t Crank Manually (Continued)

TEST 14-CHECK TEST 6-CHECK

STARTER ———— GOOD# BATTERY

MOTOR

; BAD“ REPAIR L BAD“ RECHARGE OR REPLACE
OR REPLACE

NOTE: Test 11 (Check Engine Run Relay) applies only to diesel engine units with a 24 volts DC engine electrical system.

Problem 2- Engine Won’t Crank in Automatic Mode
(Won’t Crank on Utility Power Outage or System Test)

JTEST 1-CHECK

AUTO-MANUAL-m O. K.d

OFF SWITCH
POSITION

WRONG POSITION

RESET TO "AUTO"

CRANKS MANUALLY, BUT NOT IN AUTOMATIC MODE

TEST 18-TEST
WIRES 178
AND 183

CIRCUIT

REPAIR, REPLACE OR
RECONNECT WIRING

TEST 15-RESET| STILL
AUTOMATIC
START CIRCUIT| CRANK

TEST 16-CHECK
GTS TRANSFER
SWITCH

OK i)y

CRANKS IN AUTOMATIC
MODE NOW

!

STOP TESTS

REPAIR, REPLACE OR
RECONNECT WIRING

SWITCHES

WRONG POSITION

RESET TO CORRECT
POSITION

TEST 17-TRY
A MANUAL
START

GO TO
PROBLEM 1

GOOD# TEST "GTS" TRANSFER SWITCH
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Problem 3- Engine Cranks But Won’t Start
TEST 2-CHECK

DOES NOT* RELAYS K1/K2

20-
CONTRO

CONSOLE COME ON OPERATION ACTUA

TURNS ACTUATE

ON oo

CHECK ENGINE SYSTEMS REPLACE DC CONTROL/

(SEE APPROPRIATE ENGINE LATCH-CRANK CIRCUIT

SERVICE MANUAL BOARD

TEST 21-CHECK OUTPUT GOOD# CHECK ENGINE SYSTEMS

DC OUTPUT TO

WIRE 14

CIRCUIT ' NO OUTPUT TO WIRE 14# REPLACE DC CONTROLLATCH-CRANK BOARD:

Problem 4- Engine Cranks, Starts and Then Shuts Down

A FAULT SHUTDOWN HAS OCCURED

LAMP IS ON* (SEE SECTION 5.8)

22-
FAULT INDICATOR
LAMP

LAMP IS OUT -CHECK TEST 24-CHECK
WIRES S15/816 GOO! WIRE 172 CIRCUIT
TO CIRCUIT
BOARD
D

REPAIR OR REPLACE WIRING
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Section 5.8

DIAGNOSTIC TESTS

Introduction

Perform the diagnostic tests in this section in con-
junction with the "Troubleshooting Charts” of Section
5.7.

Test 1- Check Auto-Manual-Off Switch
Position

DISCUSSION:

This 3-position, console mounted switch must be
properly positioned or manual/automatic cranking will
not occur. The following rules apply:

+ Before attempting to_crank and start the engine
manually, set the switch to "Manual”. n?n}% will
not crank it switch Is set to either "Auto” of "Off".

. a/et the svﬁtch to "Auto” for automatic gperations.

Vith switch set to "Auto” closure of the 2-wire start
circuit (by transfer switch circuit board action) will
initiate engine cranking and ﬂang?, followed by
transfer of electrical loads to the "Standby” power
source. .

« When it becomes desireable to prevent both
_r,noaf?.ual and automatic startup, set the switch to

DANGER: WHEN THE GENERATOR IS IN-
STALLED IN CONJUNCTION WITH AN AUTO-
MATIC TRANSFER SWITCH, THE ENGINE CAN
CRANK AND START SUDDENLY WITHOUT
WARNING. SUCH AUTOMATIC STARTUP NOR-
MALLY OCCURS WHEN UTILITY SOURCE
VOLTAGE HAS DROPPED BELOW A PRESET
LEVEL. TO PREVENT SUCH SUDDEN STAR-
TUP AND POSSIBLE INJURY ALWAYS SET
THE AUTO-MANUAL-OFF SWITCH TO "OFF"
POSITION BEFORE ATTEMPTING TO SERVICE
OR REPAIR THE GENERATOR SET.

PROCEDURE:

Check the switch position. Switch must be set to
"Manual" before attempting manual startup, orto "Auto”
for automatic startup.

RESULTS:

1. It switch is set to the correct gosition but engine
will not crank and start, go to Test 2.

2. If necessary, reset switch to "Manual” for manual
startup; to "Auto” for automatic startup.

Test 2- Check Relays K1/K2 Operation

DISCUSSION:

Relays K1 and K2 are an integral part of the DC
Control/latch-crank circuit board. Relay K1 is the
"crank” relay and is energized by circuit board action to
crank the engine. When the relay is energized, its

normally-open contacts close and a DC voltage is
delivered to circuit board terminal No. 9 and to Wire No.
56. Current flow through Wire No. 56 energizes a
control contactor which, in turn, energizes a starter
contactor. When the contacts of the energized starter
contactor close, battery voltage is delivered to the
angine starter and the engine cranks.

NOTE: Units with diesel en?ine and with a 24 volts DC engine
electrical system also include an "engine run” relay. See
Section 5.6.

Relay K2 is the "run” relay. It is energized by circuit
board action at the same time as relay K1. When relay
K2 energizes, 12 volts DC is delivered to circuit board
terminal 11 and to the Wire 14 circuit.

PROCEDURE:

Hold the start/stop switch at “Start” while observing
the two circuit board relays for movement of their
contacts. Both relays should actuate simultaneously.
RESULTS:

1. If the relays actuate, go on to Test 3.

2. If the relays do NOT actuate, go to Test 4.

Test 3- Check Wire #56 Output

DISCUSSION:

On closure of the crank relay (K1) contacts, battery
voltage should be delivered to terminal 9 of the circuit
board and to Wire No. 56. :

PROCEDURE:

1. Set a VOM to a DC voltage scale great enough to
read battery voltage (12 volts DC).

2. Connect the positive (+) VOM test lead to terminal 9
of the DC control/latch-crank board (Wire No. 56).

3. Connect the VOM common (-) test lead to terminal 0
of terminal board TB1 (common ground).

4. Crank the engine by holding the start/stop switch at
"Start”. The VOM should read approximately 12 volts
DC (battery voltage).

RESULTS:

1. If the relays actuated in Test 2 but the VOM does not
read battery voitage, replace the circuit board.

2. If relay K1 actuated in Test 2 and the VOM indicates
a DC voltage but engine won't crank, go to Test 11.

Test 4- Check 30 Amp Fuse

DISCUSSION:

If the 30 amp fuse has blown, engine cranking will not
be possible since the power supply to the circuit board
has been interrupted.
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Test 4- Check 30 Amp Fuse (Continued)

PROCEDURE:

To check the fuses, set the auto-manual-off switch
to its "Manual” position. The fault indicator lamp should
turn on, indicating the fuses are good.

if the lamp does not turn on, remove the 30 amp fuse
from the fuse holder. Use a VOM to check the fuse for
an open condition.

RESULTS:

1. Replace fuse if open (blown).
2. I 30 amp fuse is good, go to Test 5.

Test 5- Check 14 Amp Fuse

DISCUSSION:

The 14 amp inline fuse is housed inside the gener-
ator console. It is connected in series with Wire 15
(fused DC voltage) to the dc control/latch-crank board.

PROCEDURE:

When the auto-manual-off switch is set to "Manual”,
the fault indicator lamp should turn on. If the lamp does
NOT turn on, remove the 14 amp fuse from its inline
fuse holder. Use a VOM to test the fuse for an open
condition.

RESULTS:

1. Replace the fuse if it is open.
2. If the fuse is good, go to Test 6.

Test 6- Check Battery

DISCUSSION:

The generator battery supplies the required power
tfor operation of the DC control system and engine
electrical system components. A dead or discharged
battery will result in a failure of the engine to crank.
Battery power is delivered to the engine control console
via Wire 13. Fused battery power is delivered to the DC
control/latch-crank circuit board via Wire 15.

Some units with diesel engine are equipped with a
24 volts DC engine electrical system. Two 12 volis
batteries are usually connected in series to supply the
needed 24 volts DC on such units. Because the control
console components require a 12 volts DC power supp-
ly, a 24 to 12 volts converter is installed on these
generators. In addition, such units require an engine
run relay. The relay is energized by 12 volts DC from
the DC control/latch-crank board but delivers 24 volts
DC power to engine components requiring the higher
voltage.

NOTE: Generators may be equipped with either a 2 or 10 amp
battery charger. These chargers are powered by utility source
voltage. Always turn off utiiity source voltage to the charger
before connecting or disconnecting battery cables. See Part
7, "Generator Options and Accessories”.
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DANGER: STORAGE BATTERIES GIVE OFF EX-
PLOSIVE HYDROGEN GAS. DO NOT ALLOW
FLAME, SPARKS OR ANY SOURCE OF HEAT
NEAR THE BATTERY. THE SLIGHTEST SPARK
CAN CAUSE AN EXPLOSION.

DANGER: BATTERY ELECTROLYTE FLUID IS
AN EXTREMELY CAUSTIC SULFURIC ACID
SOLUTION THAT CAN CAUSE SEVERE
BURNS. DO NOT PERMIT FLUID TO CONTACT
EYES, SKIN, CLOTHING, PAINTED SURFACES,
WIRING INSULATION, ETC. IF SPILLAGE OC-
CURS, FLUSH THE AFFECTED AREA WITH
CLEAR WATER IMMEDIATELY,

PROCEDURE:

Use an automotive type battery hydrometer to test
the battery (or batteries) for (a) state of charge and (b)
condition. Follow the hydrometer manufacturer's in-
structions carefully.

State of Charge: Use the hydrometer to test the
specific gravity of the fluid in all battery cells. Return all
fluid to the cell from which it was taken. If the
hydrometer used does not have a "percentage of
charge" scale, compare the readings obtained-with the
following:

SPECIFIC GRAVITY PERCENTAGE OF CHARGE

100%

1.260

1.230

75%

1.200

50% I

1.170 25%

If necessary, remove the battery and charge it to a
100 percent state of charge using an automotive bat-
tery charger.

Battery Condition: If the difference in specific
gravity between the highest and lowest reading cell is
greater than 0.050 (50 points), the battery is nearing
the end of its useful life and should be replaced. How-
ever, if the battery is discharged, recharge it and then
repeat the test for condition. If, after charging, the
difference between the highest and lowest reading cell
is still more than 0.050 (50 points), replace the battery.

NOTE: Install only a fully charged battery. Generator battery
chargers will maintain a state of charge but should not be
ralied on to recharge a battery.

Battery Cables: Inspect battery cables and posts for
cleanliness and corrosion. Clean away all corrosion
from cable clamps and from battery posts. When install-
ing cables, make sure they are clean and tight. Replace
any defective cables. A damaged, defective or cor-
roded cable can prevent the engine from starting and
may also result in other serious problems with the
standby electric system.
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Test 6- Check Battery (Continued)
RESULTS:
1. Recharge or replace battery as required.
2. If battery tests good, go on to Test 7.

Test 7- Check Wire 17
DISCUSSION:

Battery voltage is available to the console start/stop
switch via terminal 13 of terminal board TB1, 30 amp
fuse F1, Wire 15, "Manual” position of the auto-manual-
oft switch, and Wire 175. When the start/stop switch is
set to "Start” position, the battery voltage is delivered to
Pin 7 of the DC control/latch-crank board via Wire 17.
If, for any reason, the battery voltage is not available to
the circuit board, manual cranking will not ocur.

PROCEDURE:

Inspect Wire 17, between the start/stop switch and
the circuit board. Look for damage, proper connection.
Test the wire for an open or shorted condition.

RESULTS:
1. Repailr, reconnect or replace Wire 17 if necessary.
2. If Wire 17 Is good, go on to Test 8.

Test 8- Check Wire 15 Circuit
DISCUSSION:
If Wire 15 is open, battery voltage will not be available
to the auto-manual-off switch and engine cranking/star-
tup will not occur.

PROCEDURE:

1. Seta VOM to a DC voltage scale high enough to read
battery voltage.

2. Connect the VOM positive (+) testlead to the Wire 15
terminal of the auto-manual-off switch.

3. Connect the VOM common (-) test lead to terminal 0
of terminal board TB1. The meter should read battery
voltage.

4. Now, connect the VOM positive (+) test lead to
terminal 15 of terminal board TB1, the common testlead
to TB1 terminal 0. Again, the meter should indicate
battery voltage.

RESULTS:

1. If battery voltage Is indicated in Step 4, but not in Step
3, Wire 15 between the terminal board and auto-
manual-off switch must be open. Repair, replace or
reconnect the wire as required.

2. If battery voltage is indicated in both Steps 3 and 4,
goonto Test 9.
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Test 9- Check Start/Stop Switch
DISCUSSION:
A defective start/stop switch can prevent manual star-
tup.

PROCEDURE:

1. Disconnect all wires from the start/stop switch (Figure
1), to prevent interaction.

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

3. Connect one VOM test lead to switch terminal 4, to
which Wire 175 was attached.

4. Connect the second VOM test lead to switch.terminal
3, to which Wire 17 was attached.

5. Set the switch to its "Start” position. The VOM should
read "continuity”.

6. Now, connect one VOM test lead to switch terminali
4, the other test lead to switch terminal 2.

7. Set the switch to its "Run” (centered) position. The
meter should read "continuity”.

RESULTS:
1. Replace switch if defective.
2. If switch tests good, go on to Test 10.

OPTIONS A &B
OPTIONC

Figure 1. Start/Stop Switch Test Points

Test 10- Check Auto-Manual-Off Switch
DISCUSSION:
The auto-manual-off switch must be set to "Manual” for
manual starts, to "Auto” for automatic startup. It is
apparent that a defective switch can prevent cranking
and startup from occuring. This is a test of the auto-
manual-off switch.
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Test 10- Check Auto-Manual-Off Switch

(Continued)
PROCEDURE:
1. Disconnect wires from switch terminals (Figure 2) to
prevent interaction.
2. Set a VOM to its "Rx1" scale and zero the meter.
3. Connect one VOM test lead to switch terminal 1, the
other to switch terminal 2.
a. Set switch to "Auto”- the meter should read "continuity”.
b. Set the switch to "Off*- VOM should indicate "infinity".
c. Set the switch to "Manual”- meter should read "infinity".
4. Now, connect the VOM test leads across switch
terminals 2 and 3.
a. Set the switch to "Manual”- VOM should read “con-
tinuity”.
b. Set switch to "Auto”- meter should indicate "infinity".
¢. Set the switch to "Off"- VOM should read "infinity".

RESULTS:
Replace the switch if it fails the test.

[T ] e

Figure 2. Auto-Manual-Off Switch Terminals

Test 11- Test Engine Run Relay
DISCUSSION:

Diesel engine generators having a 24 volts DC engine
electrical system are equipped with an engine run relay.
The relay functions to permit 24 volts DC engine com-
ponents to be energized by the control console’'s 12
volts DC system.

PROCEDURE:
Disconnect all wires from relay terminals, to prevent
interaction. Then, test the relay as follows:

1. With relay de-energized, connect VOM test leads
across relay terminals 4 and 7. The meter shouid read
"infinity”.

2. Connect relay terminal B to terminal 0 of terminal
board TB1 (ground).
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3. Connect relay terminal A to terminal 13 of terminal
board TB1. The relay should energize and the meter
should read "continuity” across relay terminals 4 and 7.
4. Now, connect the VOM test leads across relay ter-
minals 6 and 9.

5. Ground relay terminal B as in Step 2.

6. Connect relay terminal A to terminal 13 of TB1. The
relay should energize and the meter should read "con-
tinuity".

7. Disconnect relay terminal A from TB1 terminal 13.
The relay should de-energize and the VOM should
indicate "infinity".

RESULTS:

1. Replace relay if defective.
2. If relay tests good, go on to Test 12.

[iii
ILy

>
[
|
v 1)

”

Figure 3. Engine Run Relay Terminals

Test 12. Check Control Contactor
DISCUSSION:

The control contactor (CC) is energized by DC con-
troVlatch-crank board action when that circuit board’s
crank relay (K1) energizes to deliver 12 voits DC to Wire
56. When the contactor energizes, its normally-open
contacts close to deliver cranking power to the engine
starter.

On units with 24 volts DC engine electrical system,
energizing the contactor with 12 volts DC power
delivers 24 volts battery power to a starter solenoid.
The starter solencid contacts then close to deliver 24
voits DC to the starter motor. The engine then cranks.

Cranking system operation on units with 12 volts DC
engine electrical systems is similar to 24 volts DC
operation. On these units, the contactor is energized by
12 volts DC to deliver 12 voits DC to the starter
solenoid.
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Test 12- Check Control Contactor (Con-
tinued)
PROCEDURE:

Refer to the appropriate engine service manual for
starter contactor information.

RESULTS: ,
1. Replace control contactor if defective.
2. If contactor tests good, go to Test 13.

=

Figure 4. Typical Control Contactor
Test 13- Check Starter Contactor
DISCUSSION:
Refer to the appropriate engine wiring
diagram/schematic for the specific generator unit.

PROCEDURE:

See appropriate engine service manual for starter
contactor test procedures.

RESULTS:
Replace starter contactor if defective.

~ Test 14- Check Starter Motor
Refer to the appropriate engine service manual for
starter motor information and testing instructions.

Test 15- Reset Automatic Start Control
Cirouit

Engine cranking is disabled after any fault shutdown
(low oil pressure, high coolant temperature, low coolant
level, overspeed, overcrank). To enable cranking, the
automatic start circuit must be reset following such a
tault shutdown.
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PROCEDURE:
Set the auto-manual-off switch to "Off" and then back
to either "Auto” or "Manual”.

Test 16- Check "GTS" Control Switches
DISCUSSION: ,

When the standby generator is installed in conjunc-
tion with a "GTS" type automatic transfer switch, auto-
matic cranking will not occur unless the control switches
on the transfer switch are properly positioned. For ex-
ample, it the transfer switch is equipped with a safety
disconnect switch, that switch must be set 1o "Automat-
ic" for automatic operation.

PROCEDURE:

Refer to the appropriate transfer switch instructions.
Make sure all transfer swilch control switches are
properly positioned.

Test 17- Try a Manual Start
DISCUSSION:

During normal automatic operation, engine cranking
and startup will ocur when circuit boards in the "GTS"
type automatic transfer switch sense a dropout in utility
source voitage below a preset level. Such a dropout in
utility source voltage will cause a transfer switch intel-
ligence circuit to close the automatic start circuit (Wires
178 and 183).

If automatic cranking and startup do not occur, itis a
good idea to try a manual start.

PROCEDURE:
1. On the generator control console, set the auto-
manual-off switch to "Manual”.
2. Use the console mounted start/stop switch to crank
the engine manually.
RESULTS:
1. f engine cranks and starts manually but will not crank
in automatic mode, go to Test 18.
2. If engine will not crank manually, go to Problem 1 in
Section 5.7.

3. If engine cranks but will not start, go to Problem 3
In Section 5.7.

Test 18- Check Wires 178/183 Circuit
DISCUSSION:
Wires 178/183 form the 2-wire circuit for automatic
startup and shutdown. When this circuit is closed by
"GTS" transfer switch action, a complete circuit is form-
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Test 18- Check Wires 178/183 Circuit (Continued)

ed back to the DC controllatch-crank circuit board in the
generator console. The DC controiflatch-crank board
then controls engine cranking and startup by energizing
a crank relay (K1) and a run relay (K2) mounted on the
circuit board.

Figure 5, below, shows a 2-wire start circuit. A 2-posi-
tion terminal strip is provided in the generator's AC
connection (lower) panel. For automatic operation, ap-
propriate wiring must be connected to that terminal strip
and to an identically numbered terminal strip in the
"GTS" transfer switch.

DC CONTROULATCH-CRANK BOARD

©
; ef] 5[ sJo]of slele ] glefele
5 3R]

Ef

17

UPPER :
CONSOL s
AC (LOWER) O OG]15-PIN
PANEL CONNECTOR
1 OO OlrLuG

TERMINAL STRIP

178 ~ 183

Figure 5. The 2-Wire Start Circuit

If engine cranking will not occur during a utility power
outage or during a test of automatic operation, check
the 2-wire start circuit as outlined under "Procedure”.

PROCEDURE:
1. In the generator's AC connection (lower) panel,
locate the 2-position terminal strip identified with the
numbers 178 and 183.
a. Connect a jumper wire across terminals 178 and 183.
The engine should crank and start.
b. Disconnect the jumper wire and the engine should shut
down.

RESULTS:
1. If the engine would not crank on occurence of a utility

power outage, but cranks when the jumper wire is
connected, the problem must be In the "GTS” transfer
switch or in the customer-supplied wiring between the
generator and transfer switch.

2. If engine did not crank when jumper wire was con-
nected, go on to Step 2 of the test.

PROCEDURE:
2. Disconnect the mating halves of the 15-pin connector
plug in the AC connection (lower) panel. Wire No. 178
connects to Pin 14 of this plug and Wire No. 183 to Pin
18. See Figure 6.
a. Connect ajumper wire across Pins 14 and 15 of the upper
plug. Engine shouid crank and start.
b. Remove the jumper wire. Cranking should terminate or
engine should shut down.

RESULTS:

1. If engine did not crank in Step 1 but cranks now, look
for an open circuit between the 178/183 terminal strip
and the 15-pin connector plug.

2. If engine still does not crank, go on to Step 3.

PROCEDURE:

3. Inside the control console, locate the DC con-
trollatch-crank board and its connector. Insert a thin
probe into Pins 5 and 2 (to which Wires 178 and 183
attach). Do not unplug the circuit board connector.
Connect a jumper wire across Pins 5 and 2. The engine
should crank and start. Disconnect jumper wire and
remove probes before proceeding.

RESULTS:

1. If engine cranks in Step 3 but did not crank in Step 2,
look for an open condition in Wires 178/183 between the
15-pin connector and the circuit board.

2. If engine does not crank in Step 3, remove and
replace the DC controlfatch-crank circuit board.

§©@®% QO®

1@ O @©E®
000 |©®Ol
©e0| |@O®|E
|e@® EXDIE

Figure 6. The 15-Pin Connector Flug
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Test 18- Check Wires 178/183 Circuit
(Continued)
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174

AUTO-MANUAL-OFF
SWITCH

Figure 7. DC Control/Latch-Crank Board Connector

Test 19- Check Wire 174 Circuit
DISCUSSION:

Wire No. 174 is routed between terminal 1 of the
auto-manual-off switch and pin 6 of the DC Con-
trollatch-crank board connector. This wire is the "Auto”
circuit between the switch and circuit board, i.e., it
delivers a DC voltage to the circuit board only when the
switchis set to "Auto”. An open condition in this wire will
produce the same effect as setting the switch to "Off” or
"Manual". Thatis, the open circuit will prevent automatic
cranking.

PROCEDURE:

1. Unplug the circuit board connector.

2. Connect the VOM test leads across Pin 6 of the board
connector (to which Wire No. 174 attaches) and terminal
0 of terminal board TB1.

3. Set the auto-manual-off switch to "Auto”. The meter
should read battery voltage.

4. Now, conneact one VOM test lead to terminal 1 of the
auto-manual-off switch and the other test lead to ter-
minal O of TB1.

5. Set the auto-manual-off switch to "Auto”". The meter
should read battery voltage.

RESULTS:

1. If battery voitage is indicated in Step 3, continue
troubleshooting as outlined in Problem 2 of Section 5.7.
2. It battery voltage is indicated in Step 5, but not in Step
3, Wire 174 must be open. Repair, replace or reconnect
Wire 174 as required.

Figure 8. The Wire 174 Circuit

Test 20- Check Control Console Lamp

Operation
DISCUSSION:

During engine cranking (automatic or manual), circuit
board action energizes acrank relay (K1) and arunretay
(K2) simultaneously. When energized, the crank relay
delivers battery voltage to the Wire No. 56 circult to
initiate engine cranking. The run relay, when energized,
delivers battery voltage to the Wire No. 14 circuit to turn
on components required for engine operation (fuel flow,
ignition, etc.). When battery voltage is delivered to the
Wire 14 circult, that circult turns on the control console
lamp. Thus, Iif the lamp comes on you may assume that
the circuit board is functioning properly and the relays
are energized.

NOTE: Operation of the crank and run relays can be observed.
See Test 2.

PROCEDURE:

Crank engine while observing the control console
lamp. If the engine cranks and lamp comes on, the DC
control/latch-crank board is functioning properly..

RESULTS:

1. If engine cranks and lamp illuminates, but engine will
not start, the engine system(s) must be at fault. See
appropriate engine service manual.

2. If engine cranks but console lamp does not tum on,
go to Test 2, "Check Relays K1/K2 Operation®.
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Test 21- Check DC Output to Wire 14
DISCUSSION:

In Test 20, illumination of the control console lamp
indicated that DC controlflatch-crank board action was
delivering battery voltage to the Wire 14 circuit. This can
be proved by actually measuring the circuit board output
to Wire No. 14.

PROCEDURE:

Connect the positive (+) test probe of a VOM to
terminal 14 of terminal board TB1. Connect the VOM
common test probe to terminal 0 of that terminal board.
Crank the engine and the VOM should read about 12
voits DC.

RESULTS:

1. If DC voltage is not indicated, replace the DC con-
trolfatch-crank circuit board.

2. If DC output is good but engine will not start, check
the engine systems (see appropriate engine service
manual).

Test 22- Check Console Fault Indicator

Lamp
DISCUSSION:
it the engine cranks and starts, then shuts down,
-check the fault indicator lamp. If lamp is on, a shutdown
fault has occured (low oil pressure, high coolant
temperature, low coolant level, overspeed, overcrank).

PROCEDURE:
Observe the fault indicator lamp. If lamp is on, a fault
condition has caused shutdown.

RESULTS:

If lamp is on, determine the cause of the fault shut-
down.

Test 23- Check Wires S15/S16

DISCUSSION:

Wires S15 and S16 are AC sensing leads that deliver
a voltageffrequency signal to (a) the solid state AC
voltage regulator, (b) the panel frequency meter, and (c)
the DC control/latch-crank board. The circuit board uses
the signal as an indicator of engine/rotor speed in order
to establish (a) starter cutout speed and (b) overspeed
shutdown.

If an open circuit should exist in the sensing leads to
the voltage regulator, sensing to the regulator will be lost.
The regulator “Sensing” lamp will then turn off and possibly
the “Regulator” lamp as well (regulator shuts down when
sensing is lost).
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If sensing lead output to the DC controlAatch-crank
board is lost, a dangerous situation would exist since
automatic shutdown due to overspeed would.be impos-
sible. To prevent this, circuit board action will shut the
engine down on loss of sensing signals from the leads.

PROCEDURE:

Check the reading on the panel frequency meter
(Option B consoles). If the frequency meter indicates
normal frequency, the sensing leads to the meter are
good.

Inspect S15 and S16 leads between the panel fre-
quency meter and the circuit board. Test the leads for
an open or shorted condition.

RESULTS:

Repair, replace or reconnect any damaged or defec-
tive wiring as necessary.

Test 24- Check Wire 172 Circuit
DISCUSSION:

- Wire No. 172 is routed from the start/stop switch
"Run" (centered) position to the DC controllatch-crank
circuit board. When the switch is set to "Run”, 12 volts
DC is delivered to terminal 4 of the circuit board con-
nector. If the Wire 172 circuit is open, the engine will

--not stan. If the wire is shorted, the fuse will blow.

PROCEDURE:

Set the start/stop switch to its "Run” (centered) posi-
tion. The fault indicator lamp should come on, lndncatlng
that the switch and Wire 172 are normal.

RESULTS:

1. if fault indicator lamp does NOT turn on with switch
set to "Run”, test Wire 172 and the start/stop switch.
2. If fault indicator lamp turns on with switch at "Run”,
you may assume that Wire 172 and the switch are
normal.

2
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Section 5.9

DUAL 12 OR 24 VOLTS DC CONTROL

Introduction

Sections 5.4, 5.5 and 5.6 provide information on
DC control systems that are now obsolete. Those older
control consoles housed a DC control/latch-crank cir-
cuit board that required 12 volits DC only for its opera-
tion. Other control console components were also rated
12 volts DC. This meant that diesel engine units with a
24 VDC engine system required that 24 volts be re-
duced to 12 volts DC for control console operation. A
24-t0-12 volts DC converter was used for this purposs.

Beginning in the last quarter of 1991, the following
changes were incorporated into Generac standby gen-
erators:

O All control console components, including the DC
controllatch-crank board, were changed to dual volt-
age type. That is, all console components can now
be operated on either 12 or 24 volts DC.

O On units with 24 voits DC engine systems, the DC
converter is no longer required.

O Units with 24 VDC engine system no longer require
an engine run relay.

(0 Generators manufactured more recently and having
Option A or B control consoles will be equipped with
engine control circuit board Part No. 82495. This is
a dual voltage (12 or 24 volts) board.

O Units manufactured more recently and equipped with
an Option C control console are equipped with en-
gine control circuit board Part No. 83089. This is a
dual voltage (12 or 24 volts) circuit board.

NOTE: When the old style I( 12 volits only) clrcult board has
falled, the new style, dual voitage board wiil be shipped
as a replacement part. The new board will work with any
old or new style system, since It will operate on either 12
or 24 volts DC.

Meters, Gauges and Controls
For Options A and B control consoles, refer to
Section 5.1.

AC Circuits Operation
53 :R)efer to Section 5.3 (Part 5, Section 5.3, Page

DC Control- 12 Volts Units
Operation of the dual voltage DC control system is
the same as for earlier production units. Figure 2 (next
page) is a schematic representation of a late production
Og:ion B control console for a 12 volts diesel engine
unit.

See Section 5.4 for an operational description of 12
volts gas units.

See Section 5.5 for an operational description of 12
volts diesel units.

Figure 1. Engine Control Circuit Board- Options A
and B

DC Control- 24 Volts Diesel Units
INTRODUCTION:

Flgure 3 (next page) is a schematic representation
of an Option "B" control console for a 24 voits diesel
engine unit.

NOTE: Wiring dlagrams and electrical schematics for

many Generac standb/ generators and transfer switches

7vre %»;asg‘:ble In book form. To order, specify Manual Part
0. .

Circuit Board Calibration
The engine control circuit board for units with Op-
tions A and B control console is factory set to initiate
an overspeed shutdown at about 68-70 Hertz. The
board requires no addiitional calibration.
If you wish to test the overspeed shutdown func-
tion, proceed as follows:

1. Start the engine, let it warm up at no-load.

2. Still at no-load, slowly advance the engine throttle to
approximately 68-70 Hertz. Shutdown should occur
alalnd the "Overspeed" lamp (LED) on the console should
illuminate.

CAUTION: Be careful. Do not overspeed engine ex-
cessively. Do NOT exceed 68-70 Hertz. Advance the
thr_clattl?j SLOWLY. Make sure the generator Is at
no-load.
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Figure 2. Schematic Dlagram- Optlon B Console for 12 VDC Dlesel Engine Unit (Typical)
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Figure 3. Schematic Diagram- Optlon B Console for 24 VDC Engine Unit
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Séction 6.1

METERS, GAUGES AND CONTROLS

Standard Features

The Option "C" control console (Figure 1) incor-
porates the following features as standard equipment:
* Provides either manual or automatic start

capabillity.
« Mounts an AC voltmeter, ammeter and frequency

meter.

* Includes an oil pressure %atégg, coolant tempera-
nd hourmeter.

revent

ture gauge, DC ammeter
* Includes an auto-manual-off switch to
automatic startup during maintenance and servic-
ing.
Provides a "Not in Automatic Start Mode" adviso
lamp which illuminates when the auto-manual-off
swifch is not set to "Auto”. )
lncludes an engine monitor pane with adwsor);
amps that turn on in the event of (a) overcrank, (b
poverspeed, (c) hngh coolant temperature, (d) low
oil pressure, and (€) rpm sensor loss.

Available Options

Some of the options available for use with the Option
"C" console include the following: -

An 18 lamp remote annunciator panel
* An annunciator panel, mounted on the control console,
which provides up to nine (9) annunciator and
pre-alarm lamps.
A 3 -lamp remote mounted annunciator panel.
A 5 -lamp remote mounted annunciator panel.
A 14 -lamp remote mounted annunciator panel.
A hom alarm.
For more information on available options, refer to Part
7. “Generator Options and Accessories”.
Meters, Gauges, Lamps and Switches

ENGINE MONITOR PANEL.:
See Part 6.2, "Engine Monitor Panel".

AC VOLTMETER:

The panel AC voltmeter provides an indication of the
generator's AC voltage output. The meter may indicate
selected line-to-line or line-to-neutral voltage (see
"Line-Phase Selector Switch"). The nominal rated AC
voitage of each generator model! is listed on the unit
data plate.

6-LAMP ENGINE
Yonn’oa PANEL

< AC VOLTMETER

YH LIGHT

AC FREQUENCY METER
\ANNUNCIATOR PANEL

/

NOT % AUTOMATC
STARY OO0

\

= -

T\

PTI
AC AMMET57 /’ E AL
/

o= 0

o= of,

A H2

-

| }

I i

I )

| |

! |

! |

sy fovted ! }

iy Osowon | !

COOLANT | |

TEMPERATURE — | |
GAUGE

) (=) 1

PRESS HOURS ) :

| |

oy | e Tl I I

PREHEAT SWITCH —-@mL "6 O v S ! ! ! I

p— 9 \ 0 | {

]
[ / .
START/STOP SWITCH—/ 3-POSITION SWITCHY [/ L L nourmeTeR ¥vgunee
ADJUST
O PRESSURE GAUGEY  pysE —'LOC AMMETER L LiNe/PHASE POTENTIOMETER

SELECTOR SWITCH

Figure 1. The Option "C" Control Console
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Meters, Gauges, Lamps and Switches (Continued)

AC AMMETER:

The AC ammeter indicates the current draw of con-
nected electrical loads, in "amperes”. A line-phase
‘selector switch permits operator selection of line-to-line
or line-to-neutral amperage readings.

Generator AC output leads E1 and E3 (1-phase
units) or E1, E2 and E3 (3-phase units) pass through
current transformers in the AC connection panel. Cur-
rent flow through E1, E2 and E3 induce a voitage and
current flow into the transformers. Transformer output
current is delivered to the AC ammeter via the line-
phase selector switch.

COOLANT TEMPERATURE GAUGE:

The coolant temperature gauge provides a reading
of engine coolant temperature. The gauge is operated
by the Wire 14 circuit where that circuit's DC output is
controlled by a coolant temperature sending unit on the
engine. See Figure 3 below.

On a typical engine, normal operating temperature
may be between 185°-200° F. (85°-94° C.). Actual
coolant temperature may vary, depending on such
variables as ambient temperature, applied load, cool-
ing system condition, etc.

0C CONTROU/
LATCH-CRANK |\,
CIRCUIT BOARD

SWT
ﬁ__‘. G1 = COOLANT TEMPERATURE GAUGE
7 G2 = OIL PRESSURE GAUGE

SQP = OIL PRESSURE SENDER

SWT = ‘ COOLANT TEMPERATURE SENDER

Figure 2. Typical AC Voltmeter and Ammeter Circuit

AC FREQUENCY METER:

Indicates generator AC output frequency, in "Hertz"
or "cycles per second”. The following facts apply:

* Units rated 60 Hertz and having a 2-pole rotor
deliver a 60 Hertz AC output at 3600 rpm.

*  Units rated 50 Hertz and with 2-pole rotor deliver a

0 Hertz output at 3000 rpm. :

. Uni&s rated 60 Hertz and with 4-pole rotor provide
a 60 Hertz output at 1803 rprp..4 | I

. nits rated 50 Hertz and with 4-pole rotor su
EO I-?enz at ?800 mpm. P PPY

¢ Correct rotor speed and f,requenc?l is maintained by
an engine gover,nor which must be adhusted to
maintdin the desired AC frequency.

* Governed l_fgeed at no-load is usually adjusted t8

"~ about 62 Hertz ;1860 rpm for 4-Role rotors, 372
pm for 2-pole rotors). This sligntly high no-load
speed helps prevent excessive rpm, frequency and
voltage droop under heavy elec ncfal loading.

. nder he electrical loading, frequency ma
groop to aab ut §9 enz %ut sRoulg (i\everydroog
below about 58 Hertz.

* The frequency meter is o;i)erated by AC generator
sensing leads S15 and S16.

NOTE: On some early production standby generators, the
frequency meter was operatad by the output of an rpm
sensor. See Section 6.2, "Engine Monitor Panel".

- Figure 3. Coolant Temperature/Oil Pressure Circuits

OlL PRESSURE GAUGE:
The oil pressure gauge indicates engine oil pressure

.during operation. Oil pressure may vary depending on

the specific engine, oil viscosity, oil temperature, en-
gine speed, ambient temperature, etc.

The oil pressure gauge is powered by the Wire No.
14 circuit with the DC voltage controlled by an oil
pressure sending unit on the engine. See Figure 3.

DC AMMETER:

The DC ammeter indicates rate of charge during
operation from an engine-driven DC alternator.

HOURMETER:

Provides a continuous indication of engine-gener-
ator operating time, in hours and tenths of hours. A
typical hourmeter will record operating times up to
99,999.9 hours. The meter will then start over again at
“zero". Use the hourmeter in conjunction with the
recommended periodic maintenance schedule on the
generator.

START/STOP SWITCH:

Use this 3-position switch to crank and start the
engine manually or to shut down manually, as follows:
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Meters, Gauges, Lamps and Switches (Continued)

+ To crank and start the engine manually, hold the
switch aﬁ its "Start” “POﬁ ion, When the en?m
star,tts. release the switch to its "Run” (centered

osition.

. 0. shut down an,oRerating engine, set the switch
to its "Stop” position.

NOTE: When starting the engine manually, the auto-manual-
off switch may be set to either "Auto” or "Manual". If that
switch is set to "Off", neither manual or automatic startup will
be possible.

to the 30 amp fuse. The fuse protects DC control
system components against overload. !f the fuse has
blown due to an overload, use only an identical 30 amp
replacement fuse.

NOTE: A 14 amp inline fuse is housed inside the control
console, in series with Wire No. 15 to the DC controlflatch-
crank circuit board. This inline fuse protects the circuit board.
Either a blown 30 amp fuse or a blown 14 amp fuse will
prevent engine cranking and startup.

Figure 4. Schematic of Start/Stop Switch
AUTO-MANUAL-OFF SWITCH:

Use this safety switch to prevent automatic startup

while servicing the generator set. Switch positioris are
as follows: ‘

"Auto": Select this switch position for all automatic
operations. When "Auto” is selected, closure of the
Wires 178/183 circuit by "GTS" transfer switch action
will result in automatic engine cranking and startup.
Closure of the Wires 178/183 circuit is normally ac-
complished by transfer switch circuit board action when
utility source voltage drops below a preset level. The
circuit will also be closed when either "Fast Test" or
"Nclarmal Test" are selected on the transfer switch con-
trols.

. "Manual"”: When "Manual" is selected, automatic
cranking and startup will not occur. This position is
useful when testing or troubleshooting the unit where
cranking and startup is necessary, but where automatic
startup is undesireable. ‘

"Off": When switch is set to "Off", neither automatic
or manual engine cranking can occur.

Figure 5 is a schematic representation of the auto-
manual-off switch,

30 AMP FUSE:

A 12 volts DC power supply is delivered to the control
console fromthe generator battery. Units equipped with
a 24 volts DC battery system use a DC converter to
reduce the console voltage down to 12 volts.

. The 12volts DC power from the battery (or converter)
is delivered to the control console via Wire No. 13, and

AUTO|MAN.

2

xwxg

%

Figure 5. Schematjc of Auto-Manual-Off Switch

LINE-PHASE SELECTOR SWITCH:

Use this 4-position switch to select either line-to-line
or line-to-neutral AC voltmeter and ammeter readings.
Switch positions and readings are listed in the chart
below.

SWITCH 1-PHASE 3-PHASE
POSITION UNITS UNITS
1 Line E1 to Neutral LineE1to EZ2
2 Line E3 to Neutral Line E2 to E3
3 Line E1to E3 Ling E3 to E1
OFF No Reading No Reading

VOLTAGE ADJUST POTENTIOMETER:

This adjustable potentiometer permits the operator
to "fine adjust” generator AC output voltage, within a
range of plus or minus 5 percent. The potentiometer is
connected in series with sensing lead S16 to the volt-
age regulator and acts to "bias" the sensing signal to
the regulator. Turn the kinob clockwise to increase AC
output voltage, counterclockwise to decrease it.

NOTE: When adjusting the voltage regulator, do so with the
voltage adjust potentiometer centered at its mid-position. -
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ENGINE MONITOR PANEL

General

The engine monitor panel (Figure 1) mounts five (5)
engine fault advisory lamps, a test/reset switch, and a
"Not in Automatic Start Mode" advisory lamp. The panel
mounts the following engine fault advisory lamps:

M Overcrank.

B High Coolant Temperature/Low Coolant Level.

B Overspeed.

B Low Oil Pressure.

B RPM Sensor loss.

If one or more of the above fault conditions should
occur, the engine will shut down and the appropriate
lamp(s) will illuminate. The following rules apply:

M The engine cannot be cranked or started while
- any fault lamp is on.
B To tum all lamps off and allow the engine to be
cranked, push the test/reset switch in.

NOTE: On units option “C” control consoles manufactured
after June of 1996 pressing the Test / Reset switch will
result in the fault lights tuming on momentanily and automat-
ically tuming off, enen if the switch is held in continuously.

NOT IN AUTOMATIC
START MODE

Oz Om
RAN
¢ K TEMP,

LOwW
of
PRESS.

RPM
TEST @ SENSOR
RESET LOSS

— \&S

Figure 1. The Option "C" Engine Monitor Panel

Overcrank Condition

The generator console houses a DC controlflatch-
crank circuit board. The circuit board controls automatic
and manual engine cranking, startup, running and shut-
down operations.

Automatic cranking and startup normally occurs
when a circuit board in the "GTS" automatic transfer
switch closes the Wires 178/183 circuit. Closure of that
circuit energizes a crank relay (K1) and a run relay (K2)
on the control console’s DC controlflatch-crank board.
Circuit board action will energize the crank relay (K1) for
about eight (8) seconds, de-energize it for about eight
(8) seconds, energize it again for eight (8) seconds, and
so on. Each time the crank relay is energized, its nor-
mally-closed contacts close. On contacts closure, the
engine cranks. The resultant cyclic cranking action will
continue during automatic startup until either (a) the
engine starts, or (b) until eight (8) crank/no-crank cycles
have been used up. Thatis, if the engine has not started
in eight cranking cycles, cranking will end and the

- "overcrank™ lamp will turn on.

Neither manual or automatic cranking can be initiated
while the lamp is on. If additional cranking is desired,
push in the test/reset switch to tumn the lamp out, then
crank the engine.

High Coolant Temperature/Low Coolant
Level

The engine mounts both a high coolant temperature
switch and a low coolant level sensor. Both of these
devices have normally-open contacts. Should engine
coolant temperature exceed a safe level (above about
245’ F.), the switch contacts will close. Should coolant
level drop below a safe level, the sensor contacts will
close. DC control/latch-crank circuit board action will
then (a) shut the engine down, and (b) turn on the high
coolant temperature lamp. Shutdown and lamp on con-
dition will occur subject to the following conditions:

B if the engine is started with an existing high
temperature or low coolant level, shutdown and
lamp on will occur when the engine reaches
starter cutout sped (about 1000 rpm).

| engine starts normally but high temperature or
low coolant level occur later, shutdown and iamp
on will occur immediately.
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Overspeed Condition

Units with Option "C" console mount an rpm sensor.
This sensor is essentially a magnetic pickup which is
installed so that its magnetic tip is directly over the
engine flywheel gear teeth. As the flywheel gearrotates,
an electrical pulse is emitted each time a flywheel gear
passes the magnetic tip. These pulses are used by the
DC control/latch-crank circuit board as a speed indicator
to (a) establish starter cutout speed, (b) establish an
overspeed shutdown point, and (c) calibrate the DC
control/latch crank circuit board.

In the event of an overspeed condition, circuit board
action will initiate engine shutdown and a lamp on
condition, subject to the following:

B Automatic shutdown and lamp on condition will
result if frequency exceeds 69-78 Hertz, provid-
ing the overspeed lasts longer than about four (4)
seconds.

W it the overspeed exceeds approximately 78
Hertz, shutdown and lamp on condition will occur
immediately.

NOTE: On units rated 1800 rpm, 69-78 Hertz is equal
to 2070-2340 rpom. On 3600 rpm units, 69-78 Hertz
equals 4140-4680 rpm.

Low Oil Pressure Condition

The engine mounts an oll pressure switch having
normally-closed contacts. The contacts will be held
open by engine oil pressure during cranking and running
operations. Should engine oil pressure drop below a
preset value (about 10 psi), automatic engine shutdown
and illumination of the advisory lamp will occur. Opera-
tion of the low oil pressure fault system can be described
briefly as foliows:

B whenthe engine is cranking and after speed has
reached approximately 800-1000 rpm, the DC
control/latch-crank board allows about four (4)
seconds for oil pressure to build before it takes
any action. '

Bl Above 800-1000 rpm, with oil pressure still low,
and if longer than four (4) seconds have elapsed,
engine shutdown will occur but the fault will not
"latch”. That is, the lamp will not turn on. Since
the lamp is not on (condition is not latched), the
circuit board will allow the engine to crank until all
eight (8) of the allotted crank cycles have been
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used up. If oil pressure is still low after eight (8)
crank cycles, shutdown will occur and the LOW
OIL PRESSURE light will turn on.

B i engine cranks and starts normally, but oil pres-
sure drops later, the circuit board will wait about
four (4) seconds for oil pressure to be restored.
if oil pressure is still low after four (4) seconds,
shutdown and lamp on will occur.

RPM Sensor Loss Lamp

Also see "Overspeed Condition" on this page. Loss
of signals to the DC control/latch-crank circuit board
from the rpm sensor means that (a) the board has no
signal for starter cutout, and (b) no signal is present for
overspeed shutdown. This is a potentially damaging
situation. For that reason, the circuit board will effect an
automatic shutdown and a lamp on condition if sensor
signals to the board are lost. Operation of the rpm
sensor loss circuit may be briefly described as follows:

B During Manual Startup: If the engine starts
within two (2) seconds after cranking Is initiated
and the board senses no rpm sensor signals,
engine shutdown will occur as soon as the
start/stop switch is released. However, the con-
dition will not latch, 1.e., the rpm sensor loss lamp
willnotturnon. if engine startup occurs more than
two (2) seconds after cranking is initiated, engine
cranking will end and the advisory lamp will il-
luminate.

B During Automatic Startup: On loss of rpm sen-
sor output, the engine will shut down. About one
(1) second after engine stoppage, it will crank
again. If rpm sensor loss persists longer than two
(2) seconds after cranking has resumed, shut-
down and lamp on condition will occur. If the
engine started within two (2) seconds after
recrank was initiated, the starter will remain
engaged until after the two (2) second delay has
elapsed.

NOTE: The rpm sensor loss lamp will turn on only while
cranking and only if the cranking period exceeds two (2)
seconds. During startup, the circuit board will allow the
rpm sensor about two (2) seconds to provide an output
signal. If an output signal is not received, the run relay
(K2) will de-energize to stop the engine.
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R'PM Sensor Loss Lamp (Continued)

BLOWER
HOUSING

e
%RING GEAR

RPMSENSOR

Figure 2. A Typical RPM Sensor

Test-Reset Switch

Use this switch to (a) test all engine monitor panel
lamps, and (b) to reset a monitored engine fault and
permit further cranking.

B 7o test all lamps, push the switch in. All lamps
should turn on.

M ifany lampis on, cranking is inhibited. To turn the
lamp(s} off, push the switch in.

B If the switch is actuated while the engine is run-
ning, only the lamps will be tested (engine will not
shut down).

Occurence of an Unmonitored Fault

Should engine shutdown occur due to some un-
monitored fault (out of gas, faulty ignition, etc.), none of
the advisory lamps will light. If the auto-manual-oft
switch is set to "Auto™ when such an unmonitored fauit
occurs, the engine will recrank and attempt to start until
all eight (8) of the allotted crank cycles have been used
up. Cranking will then terminate and the "Overcrank”
lamp will illuminate.

PAGE 6.2-3
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INTERNAL CONSOLE COMPONENTS
General

Components housed in the generator control con-
sole are shown in Figure 1, below. Option "C" control
consoles may be arbrtranly divided into three general
types, as follows:

B Units with a gas engine and having a 12 volts DC
engine electrical system.

M Units with diesel engine and a 12 volts DC engine
electrical system.

B Units with diesel engine and a 24 volts DC engine
electrical system.

DC components housed in the .control console re-
quire 12 volts DC power for their operation. This DC
wer is taken from the generator battery. If the engine
as a 24 volts DC electrical system, a 24 to 12 volts DC
converter is used to reduce battery output down to 12
volts for console operation.

NOTE: 24 VDC systems manufactured after the last quarter
of 1991. DO NOT use a 24 to 12 volit converter. Refer to
Saction 6.10.

DESCRIPTION

DESCRIPTION

DESCRIPTION

AT Voltage Regulator
Excitation Circuit Breaker
Terminal Board TB1

DC Altarnator Resistor

Field Boost Diode

DC Control/Latch-Crank Board
Wiring Harness

Start/Stop Switch
Auto-Manual-Off Switch

30 Amp Fuse

Line-Phase Selector Switch
Voitage Adjust Potentiometer
Frequency Meter

AC Ammeter

Panel Lamp

Hourmeter

DC Ammeter

Oil Prassure Gauge .
Coolant Temperature Gauge '~ -
Engine Monitor Panel Circuit Board

TEM
1
2
3
4
5
6
7
8

Preheat Switch (Diesel Only) AC Voltmeter

ltem 25= Diode
Iltem 26= Field Boost Resistor

Engine Run Relay (24 volts diesel only)
Preheat Relay (diesel engine units onK/)

1 90° CONNECTOR
\ \
— -
O \
it o
[ omen |
o [ e ]
= =] 134
= g 19+
= = 11
x x S
* [ ]
20
9/
@
10 -
. - O 21
8/
o, — - —
0 [}
) 6
& 0

‘Figure 1. Internal Control Console Components (24 Volts Diesel Unit Shown)
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AC Generator Components

Some components housed in the control console are
part of the AC generator system. Refer to the Part 2, 3
or 4 as appropriate for information on these com-
ponents.

l AC voltage regulator (item 1).

B Excitation circuit breaker (Item 2).
I Field boost resistor (ltem 4).

M Field boost diode (Item 5).

NOTE: Operation of the AC voltmeter, ammeter and frequen-
cy meter circuits will be discussed in Section 6.4, "AC Circuits
peration”.

Terminal Board TB1

This 20-position terminal board provides a con-
venient method of interconnecting engine electrical
components with control console circuits. Terminal
numbers and functions are listed in the chant that
follows.

|
TERMINAL -T
& WIRE NO. CIRCUIT FUNCTION

0 Common ground.

79 PM Sensor output signal to DC control/
atch-crank circuit board.

13 Unfused battery voitage (12 volts DC).

14 “Engine run” circuit, slgctrically hot only
with englne mnm‘n% Ircuit turns on eng- |
in@ ignition, fuel flow, etc.

15 Fused battery voltage (12 volts DC).

47 Used its with 24 volts DC eng-
in:eel:cntl'lycg? s;??;’term Bg alternator oz?tg
put to an engine run relay.

49 Field excitation to engine DC alternator.

56 Engine cranking circuit.

68 From coolant temperature sender to
gauge.

69 - From oil pressure sender to gauge.

85, 86 Low oil pressure and high coolant temperature

150 Engine preheat circuit (diesel only)

218, 219 24 volts DC circuits on diesel only.
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DC Control/Latch-Crank Circuit Board

The DC controWatch-crank board is the "control cen-
ter” for engine cranking, startup, running and shutdown
operations. )

M The board is powered by fused 12 volts DC power
from Wire 15.

M The circuit board mounts two relays, a crank relay
(K1) and a run relay (K2).

M Circuit board action energizes crank relay (K1) to
deliver 12 volts DC to the Wire 56 circuit, which
initiates engine cranking.

M Board action energizes the run relay (K2) to energize
engine components required for operation (fuel
solenoid, engine ignition, etc.).

W When energized, relay K2 delivers 12 volts DC to a
Wire 14 circuit (the "engine run" circuit).

A 13-pin connector plug interconnects the DC con-
trol/latch-crank board with the various wiring circuits.
Connector plug pin numbers, associated wires and
functions of each circuit are listed in the chart below.

| e e
PIN NO.| WIRE NO. FUNCTION

1 15A tused battery voltage {12 volts DC).

2 0 Common Ground. L

3 86 Low il pressure switch circuit. When
grounded by switch contacts closure,
engine shutdown occurs.

4 85 High coolant temperature and low cool-
ant level circuit. L

5 79 RPM sensor signals to circuit board.

6 183A Automatic start circuit.

7 17 Ma_nuhal crank circuit from start/stop
switch.

8 18 Manual stop circuit from start/stop circuit

9 228 Fused 12 voits DC to board when auto-
%at?_ual-oﬂ switch is set to "Manual” or

10 221 Preheat circuit (diesel only).

11 14 12 volts DC when running only.

12 56 12 voits DC cranking signal.

13 229 12 volts DC output to optional alarm
relay on occurence of a monitored fault
shutdown.

A A

A second 8-pin connector interconnects the DC con-
trol circuit board with an engine monitor panei board.
Connector pins, associated wire numbers and func-
tions of each circuit are listed in the chart that follows.

15A
15A
15

o
&

47

T 49

150

o] 218
s

56
68
69
219

NY| 85
V| 86

Figure 2. Terminal Board TB1 (Typical)
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DC Control / Latch-Crank Circuit Board (Continued)
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PIN WIRE FUNCTION

1 137 12 VDC from board to engine
monltor panel’s test/reset switch.

2 0 Common ground.

3 94 12 VDC output to “low oil press” lamp
on closure of oll pressure switch con-
tacts.

4 95 12 VDC to “overspeed” lamp on on clo-
sure of “high coolant” temperature
switch or low coolant level sensor con-
tacts. _g

5 97 12 VDC to “overspeed” lamp on
occurance of engine overspeed.

6 96 12 VDC to “overcrank” lamp following
occurance of an overspeed condition.

7 98 12 VDC to “rpm sensor loss” lamp on
loss of sensor output to circult board.

8 503 12 VDC to “not in automatic start
mode” lamp when the manual-auto-off
switch is set to elther “Manual” or
“Off".

D QVE D AD

The DC control / latch-crank board must be calibrated
each time it is replaced, for the following reasons:

The board must be matched to the specific engine fly-
wheel or engine speed sensing errors will result.

O The board must be calibrated to establish an over-
speed shutdown setting that is about 10 hertz above
the normal operating speed.

When overspeed setting is correct, starter cutout will
also be correct. .

0

To calibrate the circuit board, (See Figure 3) proceed
as follows:
1. On the circuit board, locate the “Fine” and “"Coarse”
potentiometers. Also, locate the red LED (light emitting
diode).
2. Turn the ‘Coarse” all the way “counterclockwise (CCW).
3. Turn the “FINE” pot all the way clockwise (CW).

CAUTION:
Steps 2 and 3 above MUST be completed before the
engine is started following circuit board replacement.
If the engine is started before Steps 2 and 3 are com-
pleted, an overspeed shutdown may occur at normal

rated operating speed.

4. Start the engine manually. Let it stabilize and warm up
at normal rated no-load speed. If necessary, adjust the
engine governor to obtain the no-load frequency reading.

NOTE: If “OVERSPEED” shutdown occurs upon engine
start in step four (4), reverse initial pot settings in steps two
(2) and three (3).

5. Slowly turn the “Coarse” adjustment pot clockwise (CW)
until the red LED just turns on.

6. Slowly turn the “Fine” adjustment pot counterclockwise
until the red LED just goes out.

7. Slowly turn the “Fine” adjustment pot clockwise (CW)
until the red LED just turns on.

With the above calibration completed, overspeed shutdown
will occur about 10 Hertz above the no-load speed. For
example, if the unit was running at 62 Hertz during calibra-
tion, overspeed shutdown will occur at about 72 Hertz.

v GENERAC
.
[ 1 e
N :u‘-‘ N ’
~ o --.
LS 13

3. DC Control / Latch-Crank Circuit Board

60762 #

P
.....

LED

.....
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Wiring Harness

The control console wiring harness interconnects
control console electrical components. Harnesses for
gas and diesel engine units are NOT interchangeable.

Preheat Switch (Diesel Only)

The preheat switch permits the operator to warm the
combustion chambers of a cold engine prior to a
manual startup. During automatic startup, the preheat
function is controlled by the DC controVlatch-crank
board.

Fused 12 volts DC power is always available to the
preheat switch, via Wire 15A, the preheat relay coil, and
Wire 221. When the switch contacts are closed by the
operator, Wire 221 is connectedto ground. The preheat
relay then energizes, its contacts close, and DC power
is delivered to the diesel engine glow plugs or air intake
heater.

OC CONTROL
LATCH-CRANK
CIRCUIT BOARD

221 &)
PREHEAT
SWITCH

TO ENGINE
~ PREHEAT DEVICE

Figure 4. Preheat Circuit (Typical)

Start/Stop Switch

The 3-paosition start/stop switch connects Wire 17 to
ground when set to "Start" position. Circuit board action
will then energize a crank and a run relay to crank and
start the engine.

When the switch is set to "Stop", Wire 18 is con-

nected to ground. Circuit board action will then de-ener-
gize the run relay and shutdown will occur.

When set to its "Run" (centered) position, Wires 17
and 18 circuits are both open.

3

— ] O———18
n2 1 30 +—0
oO——17

2
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Auto-Manual-Off Switch

Also see "Auto-Manual-Off Switch” in Section 6.1.
The switch is shown pictorially and schematically in
Figure 6. The schematic shows the switch in its "O#"
position. Switch contacts positions with the switch set
to "Auto”, "Manual™ and "Off" are given in the following

chan. ‘
TERMINAL CONTACTS POSITION
NUMBERS AUTO MANUAL OFF
Tand 2 Open Open Closed
2and 3 Open Closed Open
4and 5 Open Closed Closed
S5and 6 Closed Open Open
7 and 8 Open Closed Closed
8and 9 Closed Open Open
R
SW1
.2 " 1
3
o= <" o,
G’?; 2 1 1 2 |

—_
w

6
le 5 a] 183A‘—?k0—‘—-183
1 4 5 ‘

228r0), SJ 15

Figure 6. Auto-Manual-Off Switch

Voitage Adjust Potentiometer

This adjustable potentiometer permits the operator
to "fine adjust” generator AC output voltage, within a
range of approximately plus or minus 10 percent. The
potentiometer is electrically connected in series with
one of the sensing leads to the voltage regulator.

89

Figure 5. Start/Stop Switch Circuit (Typical)

Figure 7. Voltage Adjust Potentiometer Terminals
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Line-Phase Selector Switch

Also see “Line-Phase Selector Switch” in Section
6.1. A schematic representation of the switch is shown
in Figure 8, with the switch shown in its "Off" position.
The condition of the switch contacts at each position of
the switch are shown in the following chart.

CONTACT SWITCH POSITION
NUMBERS 1 2 3 4
1and 2 Open Closed Closed | Closed
3and 4 | Closed Open Open Open
| 5and 6 | Closed Open Closed | Closed
7 and 8 Open Closed Open Open
9 and 10 { Closed | Closed Open Closed
11 and 12| Open Open Closed Open
13 and 14| Closed Open Closed Open
15 and 16] Open Closed Open Open
17 and 18] Open Closed Closed Open
19 and 20| Closed Open Open Open
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Figure 8. Schematic- Line-Phase Selector Switch

Engine Monitor Circuit Board

This "display” circuit board mounts six (6) advisory
lamps, which are really LED's or light emitting diodes.
A connector plug and wire set interconnects the circuit
board with the DC controVlatch-crank board.

Engine Run Relay (24 Volts Diesel Units
Only)

Generator models having engines with 24 volts DC
electrical systems use the standard Option"C" console.
This console requires 12 volts DC for its operation.
Engine starters, DC alternators, fuel solenoids, glow
plugs or air intake heaters, etc., may require 24 volts
DC power for their operation. Some method of energiz-
ing these 24 volts components with 12 volts console
power must be provided. This is the engine run relay.

PAGE 6.3-5

The engine run relay is energized by a 12 volts DC
output from the DC control/latch-crank circuit board.
Whenthe relay is energized, its normally-open contacts
close. On closure of those contacts, 24 volts DC can
be delivered to those engine components requiring the
higher voltage.

in Figure 9, 24 volts DC is available to the normally-
open relay contacts via Wire No. 218. When the DC
control circuit board’s run relay (K2) energizes, 12 volts
DC is delivered to relay terminal A" via Wire 14. The
relay then energizes, its contacts close and 24 volts DC
is delivered to an engine fuel solenoid via Wire 219, and
to the engine DC alternator via Wire 47.

7 4c {
' 09,6 P
TO ENGINE
R S
O DG |

) 5—_'—_0 FUEL SOLENOID
L 47 -TO DC ALTERNATOR

24VDC

218

Figure 9. Schematic- Engine Run Relay

Preheat Relay (Diesel Engines Only)

The preheat relay (Figure 10) can be energized by
éa) actuating the console mounted preheat switch, or
b) circuit board action during automatic startup. When
energized, the relay contacts close to deliver 12 volts
DC to an engine preheat contactor via Wire No. 150.
Energizing the preheat contactor delivers 24 or 12 volts
DC to an air intake heater or to engine glow plugs.

OC CONTAOL
LATCH CRANK
CIRCUIT BOARD

TO ENGINE
~ PREHEAT DEVICE

Figure 10. Schematic- Typical Preheat Circuit
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Optional Alarm Relay
Some Option "C" consoles may be equipped with an
optional alarm relay. The alarm relay can be used to A 15A —12vDC
turn on a remote mounted alarm device in the event of
a monitored engine shutdown (see Section 6.2, "En- AR
gine Monitor Panel”). 70 DC CONTROU
See Figure 11. Fused 12 volts DC is always available ] 8 LATCH-CRANK
to the relay coil via Wire 15A, and to the circuit board 2 229 —— CIRCUIT BOARD
via Wire 229. On occurence of any monitored shutdown 210 e W
fault, circuit board action will complete the Wire 229 [ -1 211 ﬁfﬁ‘:ﬁ: :
circuit to ground. The alarm relay will then energize, its o) 0 \ [
normally-open contacts will close and its normally- —l=
closed contacts will open. Note that the connected :
remote alarm device must have its own power supply. 1 209 —
POWER SUPPLY

Figure 11. Optional Alarm Relay Circuit
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Section 6.4

AC CIRCUITS OPERATION

General

A schematic diagram of the control console’'s AC
circuits is shown in Figure 1, below. The console's AC
circuits include (a) AC voltmeter circuit, (b) AC ammeter
circuit, and (c) the frequency meter circuit.

In addition to the meter circuits, some field (rotor)
excitation circuits are housed in the control console.

The AC Voltmeter Circuit

CIRCUIT DESCRIPTION:

Generator AC output voltage signals are delivered to
the console AC voltmeter, via Wires No. E1, E2 and E3
(for 3-phase generators), and a line-phase selector
switch. A 15-pin connector plug, located in the AC
connection (lower) panel, connects the control console
wiring to lower panel wiring.

LINE-PHASE SELECTOR SWITCH:
See "Line-Phase Selector Switch" on Page 6.3-4.

10 LOWER PANEL

Figure 1. Control Console AC Circuits Schematic

The AC Ammeter Circuit

In the AC connection (lower) panel, generator AC
output leads E1, E2 and E3 are routed through three
current transformers. Current flow through leads
E1/E2/E3 induce a current flow into the transformers.
Transformer output current is then delivered to the
console AC ammeter, via Wires 57, 58 and 59.

NOTE: The above is true of 3-phase units. On 1-phase units,
generator AC output leads E1 and E3 are routed through
transformers and only two transformers are required.

The AC Frequency Meter Circuit

The console’'s AC frequency meter is powered by
sensing leads S15 and S16. Leads S15/S16 also
deliver voltage/frequency sensing signals to the volt-
age regulator.

The Field Excitation Circuit

Refer to Part 2, Part 3 or Part 4 as appropriate for
excitation circuit instructions and information.
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DC CONTROL- 12 VOLTS GAS UNITS
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DC CONTROL- 24 VOLTS DIESEL UNITS
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Section 6.8

TROUBLESHOOTING CHARTS

TEST 1- CHECK
AUTO-MANUAL-
OFF SWITCH

IS *OFF"

RESET SWITCH
TO "MANUAL"

TEST 5- TEST
OIL PRESSURE

SWITCH

TEST7-DOA
TERMINAL 56
CRANKING

TEST

TEST 9- CHECK
30 AMP FUSE

BAD

F&PLACE BLOWN FUSE

Problem 1- Engine Won’t Crank Manually

SWITCH IS TEST 2- CHECK LAMPS TEST 3- PUSH

SET TO* ENGINE MONITOR ARE TEST-RESET

*MANUAL" PANEL LAMPS ouT SWITCH IN

OR "AUTO"
LAMPS ARE ON MONITOR PANEL

LAMPS TURN ON

PUSH RESET SWITCH TEST 4-CHECK ACTION
TO TURN LAMPS OUT OF RELAYS K1/K2 ON
& TRY A START DC CONTROL BOARD
RELAYS DO NOT ACTUATE
TEST 6- TEST

O.K.ﬁ START/STOP O.K.ﬁ REPLACE DC CONTROL/

SWITCH LATCH-CRANK BOARD,

CALIBRATE AND TEST

RELAYS ACTUATE NORMALLY
TEST 8- CHECK
WIRE 56

MONITOR PANEL LAMPS DO NOT TURN ON

TEST 10- CHECK
O.Kd 14 AMP FUSE
GOOD
iPLACE BLOWN FUSE 1

GO TO TEST 12, NEXT PAGE GO TO TEST 14, NEXT PAGH
IF ENGINE DOES NOT CRANK, GO TO TEST 16 NEXT PAGE

REPAIR OR REPLACE WIRE

ENGINE
CRANKS .

TEST 11- CHECK
TERMINAL 13
VOLTAGE

O.K.d
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N
Problem 1- Engine Won’t Crank Manually (Continued)

TEST 12- TEST
AUTO-MANUAL-
OFF SWITCH

TEST 13-CHECK REPAIR, RECONNECT

GOOD# WslsES 13, 15, OR REPLACE BAD WIRE(S)
1

B

Dﬁ REPLACE

TEST 15- CHECK

O.K.ﬁ BATTERY AND

BATTERY CABLES

TEST 14- TEST
24 TO 12 VOLTS
CONVERTER
(SEE NOTE 1)

BAD nevsmesesmmlp R PAIR/REPLACE t— GOOD

CONVERTER

RECHARGE OR REPLACE
BATTERY. CLEAN, TIGHTEN
OR REPLACE CABLES

TEST 16- TEST
CONTROL
CONTACTOR

TEST 17-CHECK
STARTER
SOLENOID

TEST 18- TEST

O.K.~ STARTER

MOTOR

O.K.ﬁ

N

BA D— REPLACE BA D~ REPLACE

: l» REPAIR/REPLACE

Problem 2- Engine Won’t Crank in Automatic Mode
STILL

TEST 20- CHECK
WON'T# GTS SWITCHES

CRANK

TEST 1- CHECK
AUTO-MANUAL-
OFF SWITCH

SWITCH
IS AT
"AUTO"

TEST 19- RESET
AUTOMATIC
START CIRCUIT

SET TO "MANUAL" STARTS NOW WRONG
OR TO "OFF" POSITION

RESET TO "AUTO" STOP TESTS RESET TO CORRECT
POSITIONS
ﬁ GTS SWITCHES ARE POSITIONED PROPERLY
TEST 21-GROUND ENGINE TEST 12- TEST EST 22- CHEC
PIN 6 OF DC CON- CRANKS AUTO-MANUAL- O.K.ﬁ WIRES 178/183

TROL BOARD

OFF SWITCH CIRCUIT

REPLACE DC CONTROL
DOES NOT CRANK* BOARD, CALIBRATE AND
TEST

REPLACE
IF BAD

REPAIR, RECONNECT OR
REPLACE BAD WIRE(S)
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. Problem 3- Engine Cranks But Won'’t Start

TEST 23- CHECK
CONTROL CONSOLE
LAMP

DOOES
NOT
LIGHT

TEST 4- CHECK
ACTION OF RELAYS

K1/K2 ON DC CONTROL
BOARD

TEST 24- CHECK

RELAYS gy, | VOLTAGE TO

ACTUATE WIRE 14 CIRCUIT

CONSOLE LAMP RELAYS DO NOT ACTUATE
ISON NORMALLY

|

REPLACE DC CONTROL
CIRCUIT BOARD, CALI-
BRATE AND TEST

VOLTAGE BAD

TEST 25- CHECK
ENGINE AND
ENGINE
COMPONENTS

VOLTAGE GOQOD

Problem 4- Engine Cranks, Starts, Then Shuts Down

TEST 26- IS THE
"OVERTEMPERATURE"
LAMP ON?

TEST 27- HOW

NOﬁ LONG DID THE

ENGINE RUN?

TEST S- TEST OIL
SECONDH PRESSURE SWITCH

LESS THAN 4 SECONDS REPLACE SWITCH, IF BAD
(ABOUT 2 SECONDS) REPAIR OR REPLACE BAD
WIRE(S) 86

TEST 32- TEST RPM
SENSOR

AS ENGINE STARTS
TO DIE

|

TEST 33- WHEN DOES
CONSOLE LAMP
GO OuUT?

COOLANT TEMP.
SWITCH

AFTER ENGINE STOPS REPLACE THE DC
CONTROL CIRCUI
BOARD
REPLACE REPLACE TEST 34- CHECK
ENGINE FUEL,

IGNITION, ETC.
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Section 6.9

DIAGNOSTIC TESTS

NOTE: The numbered tests in this section coincide with test numbers in Section 6.8, “Troubleshooting Charts”.

Test 1- Check Auto-Manual-Off Switch

DISCUSSION:

The generator engine will not crank either manually
or in automatic mode if the console auto-manual-off
switch is set to "Off". When the switch is set to "Manual”,
the engine can be cranked manually but not automat-
ically. With "Auto" selected, the engine can be cranked
manually or automatically.

If the switch is set to either "Manual” or "Off", the "Not
in Automatic Start Mode" lamp will be on.

PROCEDURE:

Note the position of the Auto-Manual-Off switch. For
manual operation, the switch should be set to "Manual".
For automatic operation, set the switch to "Auto”.

RESULTS:

1. Reset the switch to "Manual” or "Auto" as required.
2. If switch position is correct but engine will not crank,
go to Test 2.

Test 2- Check Engine Monitor Panel
Lamps

DISCUSSION:

if any one of the advisory lamps on the .engine
monitor panel is on, the engine will not crank automat-
ically and cannot be cranked manually.

PROCEDURE:

Observe the engine monitor panel. If any lamp is on,
push the test-reset switch in to reset the system. The
lamp(s) shouid go out and further cranking should be
possible.

RESULTS:

If all engine monitor panel lamps are out but engine
will not crank, go to Test 3.

Test 3- Push Test-Reset Switch In

DISCUSSION:

if the engine will not crank manually or automatically,
one possible cause of the problem is loss of power to
the DC control/latch-crank circuit board. Such a power
loss may be caused by (a) an open 30 amp fuse, or (b)
anopen 14 amp fuse, or (c) an open circuit in the power
supply circuit (i.e., Wires 13, 15, 15A). Instead of testing
fuses and wiring, we shall use a faster method to test
the circuit board's power supply circuit.

PROCEDURE:

On the engine monitor panel, push the test-reset in.
All lamps should light, indicating that DC power is
available for circuit board operation.

RESULTS:

1. If all panel lamps turn on, go to Test 4.
2. If panel lamps do NOT turn on, go to Test 9.

Test 4- Check Action of Relays K1/K2 on
DC Control Board

DISCUSSION:

During either a manual or automatic startup, DC
control circuit board action will energize a crank relay
(K1) and a run relay (K2). These two relays are
mounted on the DC control/latch-crank circuit board.
When crank relay (K1) energizes, its contacts close to
deliver 12 volts DC to a Wire 56 circuit. This energizes
a control contactor which, in turn, energizes a starter
solenoid. The energized starter solenoid, in turn, ener-
gizes the starter motor and the engine cranks.

When run relay (K2) energizes, its contacts close to
deliver 12 volts DC to a Wire 14 circuit. Wire 14 (a) turns
on the console lamp, and (b) delivers DC power to the
engine ignition system, to a fuel solenoid, etc. The
engine can now start and run.

PROCEDURE:

Gain access to the control console interior where the
DC controlNatch-crank circuit board relays can be ob-
served. Then, proceed as follows:

1. ISet a VOM to a DC voltage scale greater than 12
volts.

2. Connect the positive (+) VOM test lead to terminal
56 of terminal board TB1. Connect the common (-)
VOM test lead to terminal 0 (ground).

3. Try to crank the engine by holding the start/stop
switch at "Stant™. Crank relay (K1) should energize, the
VOM should indicate 12 volts DC, and the engine
should crank.

4. Try to crank the engine. Run relay (K2) should
energize, engine should start and run.

RESULTS (IF ENGINE DOES NOT CRANK):

1. If crank relay K1 does NOT actuate, go to Test 5.

2. i refay K1 actuates, but VOM does NOT read 12 volts
in Step 3, replace the DC controVlatch-crank circuit
board. Calibrate the new board and test operation.

3. It crank relay K1 actuates, 12 voits DC is read in
Step 3, but engine does not crank, go to Test 7.
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Test 4- Check Action of Relays K1/K2 on
DC Control Board (Continued)

RESULTS (ENGINE CRANKS BUT WON'T START):
1. If the run relay (K2) energizes in Step 5 and if the
engine cranks but won't start, go to Test 24 ("Check
Output Voltage to Wire 14 Circuit”).

2. If the run relay does NOT actuate in Step 4, replace
the DC control/latch-crank circuit board. Calibrate and
test the new board.

Test 5- Test Oil Pressure Switch

DISCUSSION:

The oll pressure switch has normally-closed contacts
which are held open by oil pressure during cranking and
running (approximately 10 psi and higher). With the
engine shut down, the switch contacts should be closed
and its Wire 86 circuit should be closed to frame ground.
The DC control/latch-crank board will initiate engine
cranking only if the oil pressure switch circuit is closed
to ground, i.e., when zero volts is read in the circuit.
During a cranking and startup operation and after the
switch contacts have opened, the circuit to ground will
be broken and circuit voltage will build to approximately
11 volts DC.

PROCEDURE:

1. Set a VOM to read DC voltage and to a voltage scale
greater than 12 volts DC.

2. Connect the positive (+) VOM test lead to Terminal
86 of terminal board TB1 and the common (-) test lead
to terminal 0 (ground). With the ‘engine shut down,
voltage reading should be zero.

LOS 0

TO DC CONTROL/LATCH- A7
CRANK CIRCUIT BOARD

Figure 1. Low Oil Pressure Switch Circuit
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RESULTS:

1. if the VOM reads about 11 volts, either the switch

contacts or the Wire 86 circuit is open.
a. Replace the oil pressure switch if its contacts are
open.
b. If switch contacts are closed, check the Wire 86
circuit for an open condition. Repair, reconnect or
replace wiring as necessary.

2. If the VOM read zero volts, go on to Test 6.

Test 6- Test Start/Stop Switch

DISCUSSION:

Fallure of the engine to crank manually can be caused
by a defective start/stop switch. When the switch is set
to its "Run" (centered) position, approximately 11 volts
DC should be read across the switch Wire 17 terminal
to ground. Set the switch to its "Start” position and the
voltage reading should drop to "zero".

PROCEDURE A:
1. Set the VOM to read DC volts and to a scale greater
than 12 volts.
2. Connect the positive (+) VOM test probe to the Wire
17 terminal of the start/stop switch and the common (-)
test probe to terminal O of terminal board TB1.
a. Set the start/stop switch to "Run” (centered) posi-
tion. The VOM should read approximately 11 volts
DC.
b. Now, set the switch to "Start”. The VOM should
read "zero” volts.

RESULTS: :
1. If the VOM reads about 11 volts DC in Step 2(a) and
the voltage drops to "zero” in Step 2(b), but engine will
not crank, replace the DC controlllatch-crank circuit
board. Calibrate the board and test operation.
2. lf the VOM reads 11 volts DC in Step 2(a) but voltage
does NOT drop to zero in Step 2(b), either the switch is
defective or Wire 0 (switch terminal to ground) is open.
Go to Step 3 of this test (under PROCEDURE B, below).
3. If the VOM does NOT read about 11 volts DC in Step
2(a), check Wire 17 between the switch and the DC
control/latch-crank board.
a. Repair, reconnect or replace Wire 17, if defective.
b. If Wire 17 is good but the VOM does not read 11
volts in Step 2(a), replace the DC controlfAatch-crank
board. Calibrate the board and test operation.

PROCEDURE B:

3. Inspect and test Wire 0 from the start/stop switch to
its grounded connection. If Wire 0 Is bad, it must be
repaired, reconnected or replaced.

4. Test the start/stop switch as follows:

N



PART 6
SECTION 6.9

Test 6- Test Start/Stop Switch (Continued)

a. Set a VOM to.its "Rx1" scale and zero the meter.
b. To prevent interaction, disconnect Wires 17, 18
and 0 from the start/stop switch.

c. Connectthe VOM test leads across the switch Wire
17 and Wire 0 terminal. Set the switch to "Start”,
"Run” and "Off" while observing the meter readings.
Readings at each switch position should be as indi-
cated in the chart below.

d. Now, connect the meter test leads across the
switch Wire 18 and Wire 0 terminals. Observe the
meter reading with the switch setto "Start”, "Run” and
"Off". Readings should be as indicated in the chart
below.

VOM TEST
LEADS
ACROSS DESIRED METER READING
TERMINALS START RUN STOP
17and 0 Continuity Infinity Infinity
18and 0 Infinity Infinity Continuity
Pictorial Schematic
3
O———18
n m—()——— 0
2 1
Oo—17
2

Figure 2. The Start/Stop Switch (Option "C" Units)

RESULTS:

1. Repair, reconnect or replace Wire 0 as necessary.
2. Replace the start/stop switch if it fails the test.

Test 7- Do a Terminal 56 Cranking Test

DISCUSSION:

During startup, a crank relay (K1) on the DC con-
trollatch-crank board must be energized by circuit
board action. When the K1 relay is energized, its con-
tacts close to deliver a DC voltage to the Wire 56 circuit.
Wire 56 circuit then energizes a control contactor (CC)
to initiate engine cranking.
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When the engine will not crank, this test will tell you
the following:

M if the problem is in the Wire 56 circuit betwen
terminal board TB1 and the circuit board, orin the
circuit board itself.

M i the problem is in the Wire 56 circuit to the
control contactor or in the engine cranking sys-
tem.

PROCEDURE:

Connect a jumper wire from terminal 13 of terminal
board TB1 to terminal 56. The engine should crank.

RESULTS:

1. If the circuit board crank refay K1 actuated in Test 4
and the engine did not crank, but the engine cranks now,
go to Test 8. The problem must be in Wire 56 between
terminal board TB1 and the DC control circuit board.

2. fthe engine does not crank during this test, go to Test
16. The probiem must be in the engine cranking circuit.

Test 8- Check Wire 56

DISCUSSION:

During startup, the DC control/latch-crank board must
deliver a DC voltage to the Wire 56 circuit to initiate
engine cranking. This test will determine if there is a DC
output to terminal 56 of TB1 and, if there is no DC output
to that terminal, if Wire 56 or the circuit board is/are at
fault.

PROCEDURE:
1. Set a VOM to read DC volts and to a scale greater
than 12 volts.
2. Connect the positive (+) VOM test probe to terminal
56 of terminal board TB1. Connect the common (-) test
lead to terminal 0 of TB1.
3. Hold the start/stop switch at "Start". Crank relay K1
on the circuit board should actuate and the VOM should
read approximately 11-12 volts DC.
RESULTS:
1. If the crank relay K1 actuates but the VOM does not
indicate a DC voltage, proceed as follows:
a. Inspect and test Wire 56 between terminal board
TB1 and the DC control board. Repair, reconnect or
replace Wire 56 as required.
b. if DC voltage was NOT indicated during the test
and Wire 56, between terminal 56 and the circuit
board, checks good replace the DC controliatch-
crank circuit board. Callbrate the new board and test
operation.
2. If voltage reads good in Step 3 but engine did not
crank, go to Test 16.
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Test 9- Check 30 Amp Fuse

DISCUSSION:

in Test 3, if the test-reset switch was actuated and
the engine monitor panel lamps did not light, one pos-
sible cause is a blown fuse.

PROCEDURE:

Remove the 30 amp fuse from the fuse holder. Use
a VOM to test the fuse for "continuity”.

RESULTS:
1. If fuse has blown, it must be replaced.
2. If the 30 amp fuse checks good, go to Test 10.

Test 10- Check 14 Amp Fuse

DISCUSSION:

Failure of the engine monitor panel lamps to turn on
when the test-reset switch Is pushed in can be caused
by a blown 14 amp fuse.

PROCEDURE:

Gain access to the control console interior. Remove
the 14 amp fuse from its in-line fuse holder. Test and
inspect the fuse.

RESULTS:
1. Replace the 14 amp fuse, if it has blown.
2. It the 14 amp fuse checks good, go to Test 11.

Test 11- Check Terminal 13 Voltage

DISCUSSION:

Terminal 13 is unfused battery voltage from the gen-
erator battery. This terminal is always electrically hot. If,
for any reason, battery voltage is not available to ter-
minal 13, the engine will not crank and start (either in
automatic or manual mode). This test will determine if
battery voltage is available to terminal 13.

PROCEDURE:

1. If so equipped, turn off the power supply to the utility
powered battery charger to prevent the charger from
affecting the battery voltage reading.

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

PART 6
SECTION 6.9

3. Connect the positive (+) VOM test probe to terminal
13 of TB1; the common (-) test probe to terminal 0. The

meter should read normal battery voltage (between

12-13 volts DC).

NOTE: Units with a 24 volts engine electrical system will
be equipped with a 24-to-12 volts DC converter. The
converter will reduce the 24 volts DC output of the unit
batteries to approximately 12 volts DC. It is the con-
verter output of 12 volts DC that is available to terminal
13.

RESULTS:
1. I battery voltage is good, go on to Test 12.
2. if battery voltage is zero or low, go to Test 14.

Test 12- Test Auto-Manual-Off Switch

DISCUSSION:

The power for DC control/latch-crank board operation is
delivered to the board through the auto-manual-off
switch contacts. Thus, failure of the engine to crank in
either manual or automatic mode may be caused by a
defective switch. The switch is shown in Figure 3.

Pictorial Schematic
SW1'
r 15A-|-r-03 ﬁl
2z <= S| &
| |
6 15
183A
e A AT
4
9 | o | 15
~ 8 7 O
L 228,10, 8 15

Figure 3. Auto-Manual-Off Switch

PROCEDURE:

1. Disconnect wires from the switch terminals to prevent
interaction.

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

3. Connect VOM test probes across switch terminals as
listed in the following chart. Actuate switch to "Auto”,
"Man" and "Off" and note the VOM readings.

N
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Test 12- Test Auto-Manual-Off Switch Test 14- Test 24 to 12 Volts Converter

TEST ACROSS

CONTACTS

(Continued)

VOM readings at each switch position should be as
stated in the chart for the appropriate switch contacts.

SWITCH POSITI

ON

AUTO

MAN

OFF

1&2
283

485
5&6
7&8
8&9

Infinity
Continuity
Infinity
Continuity
Infinity
Continuity

Infinity
Continuity
Continuity

Infinity
Continuity

Infinity

Continulty
Infinity
Continuity
Infinity
Continuity
Infinity

DISCUSSION:

Units equipped with engines having a 24 volts DC
engine electrical system require a DC converter to
reduce the battery voltage down to the 12 volis DC
required by control console components. If a check of
the voltage at terminal 13 of terminal board TB1 indi-
cates that voltage is extremely low or zero, perhaps the
DC converter is defective. Figure 4 below shows the DC
converter circuit board, located in the AC connection
(lower) panel.

Reconnect all wires to the correct switch terminals
before proceeding.

RESULTS:
1. Replace the auto-manual-off switch, if defective.
2. It the switch checks good, go to Test 13.

Test 13- Check Wires 13, 15 and 15A

DISCUSSION:

“Wires 13,15 and 15A deliver.battery. voltage to the
DC controlflatch-crank board via the auto-manual-off
switch, the 30 amp fuse and the 14 amp fuse. An open
condition in these circuits can be the cause of a "no-
crank” condition. A shorted condition will probably result
‘in.a:blown fuse. ‘You- should have already tested the
fuses and the auto-manual-off switch. If those com-
ponents tested good and the engine still won'tcrank, the
Wires 13, 15 and 15A circuits should be inspected and
tested.

PROCEDURE:

Inspect the Wires 13, 15, 15A circuits between ter-
minal board TB1 and the auto-manual-off switch. Also
inspect and test those wires between the auto-manual-
off switch and the DC controlfatch-crank board.

RESULTS:

Repair, reconnect or replace any open or shorted
wire(s).

1 | ()
vOC 3| §] D =
GRD O §] g

24 N = =D
VDC 03 =

Figure 4. DC Converter Circuit Board

PROCEDURE:

1. Locate the DC converter in the AC connection (lower)
panel.

2. Connect the VOM positive (+) test probe to the
converter's terminal 13, the common (-) test probe to
terminal 0. The meter should read approximately 12
volts DC (control console voltage).

3. Connect the positive (+) VOM test probe to converter
terminal 218 and the common (-) test probe to terminal
0. The meter should read approximately 24 volits DC
{engine system voltage).

RESULTS:

1. If 24 volts DC was indicated in Step 3, but 12 volts
was NOT read in Step 2, replace the DC converter.

2. If normal DC voltage was indicated in both Steps 2
and 3, go to Test 15.
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Test 15- Check Battery and Battery
Cables

DISCUSSION:

A discharged battery or defective battery cables can
result in failure of the engine to crank.

NOTE: A "quick test” of the battery system is to set the
start/stop switch to "Start”. If the engine monitor panel lamps
flash dimly when the switch is released, the battery may be
weak, the DC converter (24 volts units) may be bad, or battery
cable(s) may be defective.

PROCEDURE:

Inspect the battery cables and cable connections
carefully. Battery posts and cables must be clean, tight
and free of corrosion. Clean cables and connections as
required. Replace any damaged or defective cable(s).

Use an automotive type battery hydrometer to test
the battery (or batteries) for (a) state of charge and (b)
condition. Follow the hydrometer manufacturer's in-
structions carefully.

State of Charge: If the hydrometer does not have a
percentage of charge scale, compare the specific
gravity reading obtained with the following chart.

————
SPECIFIC GRAVITY PERCENTAGE OF CHARGE
1.200 T00%
1.230 75%
1.200 50%
1.170 25%

Condition: Charge the battery to a 100 percent state
of charge. Then, test the specific gravity of fluid in all
battery cells. If the difference in specitic gravity be-
tween the highest and lowest reading cell is greater
than 0.050 (50 points), the battery is nearing the end of
its useful life and should be replaced.

RESULTS:

1. Recharge or replace battery as needed. Replace any
defective battery cable(s).
2. If battery and battery cables are good, go to Test 16.

Test 16- Test Control Contactor

DISCUSSION:

See "Troubleshooting Charts" in Section 6.8. If Test
7 was completed and the engine did not crank, it is likely
that one or more of the engine cranking system com-
ponents has failed. Engine cranking system com-
ponents include (a) a control contactor, (b) a starter
solenoid, and (c) a starter motor.

12 Volts Engine Electrical Systems: See Figure 5.
Battery voltage is available to one of the large terminal
studs via Wire 13. When the DC controllatch-crank
board's crank relay (K1) is energized, a DC voltage is
delivered to the Wire 56 terminal stud to energize the
control contactor. The contactor's normally-open con-
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tacts then close to deliver battery voitage to the starter
solenoid (SC) via Wire 16.

24 Volts Englne Electrical Systems: See Figure 6.
Battery voltage (24 volts DC) is available to one of the
large terminal studs via Wire 218. When the DC control
board's crank relay (K1) is energized, 12 volts DC is
delivered to the contactor via Wire 56. The contactor's
normally-open contacts close to deliver 24 votts DC to
the starter solenoid (SC) via Wire 16.

2'13 ‘ 16

Figure 6. Control Contactor- 24 Volts DC Systems

PROCEDURE:

1. Set a VOM to read DC voltage.

2. Connect one VOM test probe to the Wire 56 terminal
stud of the control contactor, the other test probe to to
the Wire 0 (grounded) terminal.

3. Set the start/stop switch at "Start”. The VOM should

read approximately 11-12 voits DC. Release the switch

and VOM reading should drop to zero.

2
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Test 16- Test Control Contactor (Con-
tinued)

4. Now, connect the VOM test probes to the control
contactor terminal studs as follows:
a. On units with 12 volts DC engine electrical system,
connect the positive (+) VOM test probe to the large
Wire 13 terminal stud. Connect the the common (-)
VOM test probe to frame ground. The VOM should
read battery voltage (about 12 voits DC).
b. On units with 24 volts DC engine electrical system,
connect the positive (+) VOM test probe to the large
Wire 218 terminal stud and the common (-) test probe
to frame ground. The VOM should read read battery
voltage (about 24 voits DC).
5. Finally, connect the positive (+) VOM test probe to
the Wire 16 terminal stud and the common (-) test probe
to frame ground. Set the start/stop switch to "Stant” and
the VOM should read battery voltage. Release the
switch and the VOM reading should drop to zero.

RESULTS:

1. If the VOM does not read normal battery voltage in
Step 4, inspect and test the positive battery cable.
Clean or replace the cable as necessary.

2. If the VOM reads normal battery voltage in Step 4
but not in Step 5, replace the control contactor.

3. If the VOM reads normal battery voltage in both
?;eps 4 and 5, but the engine does not crank, go to Test

Test 17- Check Starter Solenoid

DISCUSSION:

On most standby engines, the starter solenoid is a
part of the starter motor (see Figure 7). When energized
bg DC battery voltage from Wire 16, the starter solenoid
(SC) should energize to (a) move the starter pinion gear
into mesh with the engine ring gear, and (b) close a set
of contacts to energize the starter motor itself.

NOTE: Complete Test 16 first before performing this test or
the test results may not be valid.

PROCEDURE:

Connect the ﬁositive {+) VOM test probe to the Wire
16 terminal of the starter solenoid and the common (-)
test probe to frame ground. Check for the following
results: :

M Battery voltage should be indicated when the
start/stop switch is setto "Start". The reading should
drop to zero when the start/stop switch is released.

H The starter pinion gear should throw out to engage
the engine ring gear.

W The starter motor should energize and operate.

For additional tests of the starter solenoid and starter
motor, refer to the appropriate engine service manual.
Follow the instructions in the engine service manual for
testing, servicing and repair of starter motors.
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RESULTS:

1. If battery voltage is NOT indicated at the Wire 16
terminal when the start/stop switch is set to "Start",
inspect and test the Wire 16 cable between the control
contactor and the starter solenoid. Replace the cable if
it is defective.

2. If battery voltage is indicated at the Wire 16 terminal,
but the starter solenoid does not throw out or the starter
does not operate, test the starter solenoid and the
starter motor as outlined in the appropriate engine
service manual.

SOLENOID
s

PINION
CLEARANCE

Figure 7. A Typical Starter Solenoid (SC)

Test 18- Test Starter Motor

DISCUSSION:
Read "Discussion” under Test 17.

PROCEDURE:

Test the starter motor as outlined in the appropriate
engine service manual.

RESULTS:
Repair or replace the starter motor, if necessary.

Test 19- Reset Automatic Start Circuit

DISCUSSION:

If the engine will not crank in automatic operating
mode, it is possible that the automatic start circuit
needs to be reset. Automatic cranking and startup
normally occur when solid state circuit boards in a
"GTS" automatic transter switch detect a utility power
source dropout below a pre-set voltage. Transfer
switch action will then close the automatic start circuit
{Wires 178/183) to initiate engine cranking and startup.
After an automatic start attempt that has failed, the
automatic start circuit may have to be reset.
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Test 19- Reset Automatic Start Circuit
(Continued)

PROCEDURE:

If any tault lamp on the engine monitor panel is on,
reset the automatic start circuit as follows:
Method 1: On the engine monitor panel, push the
test-reset switch in. All panel fault lamps must go out.
Method 2: Set the auto-manual-oft switch to "Off” and
then back to "Auto".

RESULTS:

1. If, after resetting the auto stant circuit, the engine
cranks in automatic mode, discontinue tests.

2. It, after resetting the auto start circuit, engine still
won't crank in automatic mode, go to Test 20.

Test 20- Check GTS Switches

DISCUSSION:

Cranking and startup in automatic mode cannot
occur untess transfer switch action closes the automat-
ic start circuit. The GTS transfer switch is equipped with
(a) a system test switch on the switch enclosure door,
and (b) a maintenance disconnect switch housed in the
GTS enclosure. Both switches must be properly posi-
tioned in order for automatic operation to occur. Refer
to Part 8 or 9 of this manual as appropriate.

PROCEDURE:

1. On the GTS transfer switch enclosure door, set the
system test switch to "Automatic” position.

2. In the GTS enclosure, set the maintenance discon-
nect switch to "Automatic”.

RESULTS:

If GTS switches are positioned correctly but automat-
ic startup will not occur, go to Test 21.

Test 21- Ground Pin 6 of DC Control
Board

DISCUSSION:

Normal automatic cranking and startup are initiated
when solid state circuits in the GTS transfer switch
sense that a utility power source dropout has occured.
On occurence of a utility power source dropout, GTS
circuit board action closes the automatic start circuit
(Wires 178 and 183) to ground. With that circuit closed
to ground, the generator’s DC control/latch-crank board
initiates engine cranking. This test will determine if the
DC control/latch-crank circuit board will respond
properly when the auto start circuit is grounded.

PROCEDURE:

Connect a jumper wire from Pin 6 (Wire 183A) of the
DC controliatch-crank board and to terminal 0 (ground)
of terminal board TB1. The engine should crank as in
automatic operation.
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RESULTS:

1. If automatic cranking occurs now but does not occur
normally, complete Test 12, "Test Auto-Manual-Off
Switch".

a. If auto-manual-off switch is good, go to Test 22,

"Check Wires 178/183 Circuit”.

b. Replace auto-manual-off switch if it is bad.
2. If engine did NOT crank when Pin 6 of the circuit
board was grounded, replace the DC controllatch-
crank board. Calibrate the board and test operation.

NOTE: Wire 183 (Pin 6) is the "high side” of the 2-wire start
cireuit, while Wire 178 is the "grounded"” side of the circuit.
Automatic startup is normally initiated when GTS circuit board
action closes the 183 circuit to the grounded side.

Test 22- Check Wires 178/183 Circuit

DISCUSSION:

An open condition in the Wires 178/183 circuit will result
in failure of the engine to crank in automatic mode.

PROCEDURE:

1. Start at the GTS transfer switch terminal board, as
follows: ) ‘
a. Connect a jumper wire across terminals 178/183
in the transfer switch enclosure. The generator en-
gine should crank in automatic mode.
b. Disconnect the jumper wire and the engine should
shut down.
2. Now, do the same thing across the 178/183 terminals
in the generator's AC connection (lower) panel. The
engine should crank. Disconnect the jumper and en-
gine should shut down.
3. In the generator control console, connect a jumper
wire to the Wire 183 terminal of the auto-manual-off
switch and to terminal 0 (ground) of terminal board TB1.
The engine should crank in automatic mode.

RESULTS:

1. If the engine cranks and starts in Step 1 but will not
crank on occurence of a utility power outage, the prob-
lem is in the GTS transfer switch.

2.1t en?ine cranked in Step 2 but did not crank in Step
1, look for an open condition in Wires 178/183 between
the generator and the transfer switch. :

3. If engine cranks in Step 3 but did not crank in Step
2, look for an open condition in Wires 178/183 between
the clontrol console and the AC connection (lower)
panel.

Test 23- Check Control Console Lamp

DISCUSSION:

If the engine cranks normally but will not start, the
generator's control console lamp can be a valuable
troubleshooting aid. During manual or automatic star-
tup, the DC control board's run relay (K2) should ener-
gize to deliver 12 volits DC to a Wire 14 circuit. The Wire
14 circuit then energizes engine components needed
for engine startup and running operations. That circuit
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Test 23- Check Control Console Lamp
(Continued)

also turns on the control console lamp. Thus, if the lamp
turns on while cranking, it is evident that the Wire 14
circuit has been energized. If the Wire 14 circuit is
energized but the engine will not stan, look for a prob-
lem in the engine itself (fuel flow, ignition, etc.).

PROCEDURE:

Crank the engine while observing the control console
lamp (the "dash light"). The lamp should illuminate,
indicating the DC control board is functioning properly
and the Wire 14 circuit is energized.

RESULTS:

1. If the lamp (dash light) comes on but engine will not
start, go to Test 25.
2. If the console lamp does NOT turn on, perform Test
4 to check the DC control circuit board and relays.
a. If relay K2 actuates normally during Test 4, but
engine will not start, go to Test 24.
b. If relay K2 does NOT actuate normally during Test
4, replace the DC control/latch-crank board.
Calibrate and test the circuit board.

Test 24- Check Voltage to Wire 14 Circuit

DISCUSSION:

It is remotely possible for the relay K2 to actuate
normally during cranking and startup but fail to deliver
a voltage to the Wire 14 circuit. This could happen if the

" relay contacts were defective or if the contacts remain
open. Before performing this test, you should have
completed Test 23 and observed that the console lamp
did not. light. Secondlg, you should have completed
Test 4 and noted that the relay K2 actuated but engine
startup did not occur. This test will verify whether or not
a DC voitage is actually being delivered to Wire 14.

PROCEDURE:

1. Set a VOM to read DC volts and to a scale greater
than 12 volts.

2. Connect the positive (+) VOM test probe to terminal-
14 of terminal board TB1; the common (-) test probe to

terminal 0 of TB1.

3. Set the start/stop switch to "Start”. The VOM should
read approximately 12 volts DC.

4. Release the start/stop switch to its "Run” position.
The VOM should read zero volts.

RESULTS:

1. If normal battery voltage is indicated in Step 3, but
engine will not start, go to Test 25.

2. It normal battery voltage is NOT indicated in Step 3,
replace the DC controllatch-crank board. Calibrate the
board and test operation.
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Test 25- Check Engine and Engine Com-
ponents

DISCUSSION:

If the Wire 14 circuit was electrically hot in Test 24,
and it engine cranks but will not start, the problem must
be in one of the engine systems (fuel, ignition, compres-
sion, mechanical damage, etc.). In some engines, the
Wire 14 circuit energizes a fuel solenoid to turn on fuel
flow. In other engines, Wire 14 may open a fuel shutoft
valve and turn on the engine ignition system.

PROCEDURE:

Refer to the specific engine service manual for the
engine involved. Test and troubleshoot the engine fuel
system, ignition system, and mechanical systems as
outlined in that manual.

RESULTS:

Repair or replace defective engine components as
required.

NOTE: Tests 26 through 34 are tests that should be Hper-
formed if the enginé'cranks, starts and then shuts down. Refer
to Problem 4 in Section 6.8. .

Test 26- Is the "Ovoert?emperature "Lamp
n

DISCUSSION:

If the engine cranks, starts and then shuts down, it
is possible that an overtemperature condition exists. If
the engine is started with an existing high coolant
temperature or low coolant level, shutdown will occur
when the engine reaches starter cutout speed (about
1000 rpm).

PROCEDURE:

On the engine monitor panel, observe the "High
Cool. Temp." lamp. if that lamp is on, it is normal for the
engine to crank, start and then shut down.

RESULTS:

1 . Ithe lamp is on, go to Test 28, "Check Coolant

evel".

2. If the lamp is NOT on, but engine started and then

sRhutqdown. go to Test 27, "How Long Did the Engine
un?”,

Test 27- How Long Did the Engine Run?

DISCUSSION:

Review the information in Section 6.2, "Engine

Monitor Panel". The following are repeated here:

M if a low oil pressure condition exists, the DC control
board will allow about four (4) seconds after starter
cutout speed for oil pressure to build. If oil pressure
has not built in-the allotted four (4) seconds, shut-
down will occur.
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Test 27- How Long Did the Engine Run?
(Continued)

B Once the engine speed reaches approximately 800-
1000 rpm, the DC control/latch-crank board will wait
about two (2) seconds to receive rpm signals from
the mpm sensor. If, at the end of two seconds, rpm
signals are not detected, engine shutdown will occur.

PROCEDURE:

Crank the engine and let it start. Time the wait
between initial startup and shutdown.

RESULTS:

1. If the engine started and ran for about four (4)
seconds before shutdown occured, go to Test 5, "Test
Oil Pressure Switch”.

2. If the engine started and ran for less than four (4)
seconds and then shut down, go to Test 29, "Does the
Starter Disengage?".

Test 28- Check Coolant Level

DISCUSSION:

If the engine started, then shut down and the high
coolant temperature lamp is on, the next step in cor-
recting the problem is to check engine coolant fevel.

PROCEDURE:

Check coolant level in the coolant recovery bottle.
Fill the recovery bottle about half full with a 50-50
mixture of the recommended coolant.

DANGER: Wait for engine to cool before remov-
ing the radiator pressure cap. Remove the
radiator cap slowly. Be careful. The coolant
mixture in the radiator Is under pressure.
Removal of the radiator cap while coolant is hot
may result in serious burns from boliling liquid
or steam.

Check coolant level in the radiator. If necessary, fill
the radiator to the proper level with the recommended
coolant mixture.

RESULTS:

If coolant level is good, but overtemperature lamp is
on, go to Test 30.

Test 29- Does the Starter Disengage?

DISCUSSION:

It the engine runs less than four (4) seconds {about
2 seconds) and then shuts down, try to determine if the
engine starter has disengaged. If the starter does NOT
disengage, rpm sensor output may be lost.
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PROCEDURE:

Crank the engine while listening for the sound of the
starter motor. There is a distinct difference in the sound
of the starter while it is engaged and when it dis-
engages. Note whether the starter disengages before
the engine shuts down.

RESULTS:

1. If the starter does NOT disengage, and engine shuts
down in less than four (4) seconds, go to Test 32, "Test
RPM Sensor”.

2. If the starter disengages, go to Test 33, "When Does
the Console Lamp Go Out?".

Test 30- Test Coolant Temperature
Switch

DISCUSSION:

If the coolant temperature lamp is on, the radiator
and coolant recovery bottle are properiy filled, and
engine cranks, starts and shuts down, a defective
coolant temperature switch or coolant level sensor may
be the problem. This test will provide instructions on
testing the coolant temperature switch.

PROCEDURE:

Testing with Switch Installed: To test the tempera-
ture switch while it is installed, proceed as follows:
1. Disconnect Wire 85 from the high coolant tempera-
ture switch terminal.
2. Set a VOM to its "Rx1" scale and zero the meter.
3. Connect one VOM test lead to the switch terminal
from which Wire 85 was just removed. Connect the
remaining test lead to a clean frame ground. The meter
should read "infinity".
4. Check that no electrical loads are connected to the
generator, then crank and attempt to start the gener-
ator.
5. If the generator starts, hold the terminal end of Wire
85 firmly against a clean frame ground. After a short
delay, the engine should shut down.

RESULTS:

1. If the VOM reads other than "infinity” in Step 3, the
switch has failed closed and should be replaced.

2. It the engine starts in Step 4, but will not start when
Wire 85 is connected to'the switch terminal, replace the
high coolant temperature switch.

3. I the engine will not shut down in Step 5 when Wire
85 is grounded, check Wire 85 (along its entire length
between the switch and the DC controVlatch-crank
board) for an open condition. Repair, reconnect or
replace Wire(s) as needed. If all of Wire 85 checks
good, replace the DC control/iatch-crank circuit board.
Calibrate the board and test operation.

Testing with the Switch Removed: Remove Wire 85
from the switch terminal. Remove the switch and test
as follows:

1. See Figure 8. Immerse the switch in a 50-50 mixture
of ethylene glycol base anti-freeze and water.
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.Tesf 30- Test Coolant Temperature Switch
(continued)

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

3. Connect one VOM test probe to the terminal from which
Wire 85 was disconnected. Connect the remaining test
probe to the switch housing. The meter should read
“Infinity”.

4. Place an actuate the thermometer into the fluid mixture
(See Figure 8).

5. Heat the fluid, at approximately 245° - 266° F., the
switch contacts should close and the VOM should read
“continuity”.

6. Remove the fluid mixture from its source for heat and
allow it to cool. As the temperature drops below about 245°
- 266° F., the switch contacts should open and the VOM
should read “infinity”.

RESULTS: _

Replace the coolant temperature switch if it fails any
part of the test. If the switch checks good, go to Test 31,
“Test Coolant Level Sensor”.

PAGE 6.9-11

I-=7gure 9. festlng Low Coolant Level Sensor

LOW COOLANT
LEVEL SENSOR TESTING

Egure 8. Testing Coolant Temperatureﬁ.'Switch

HIGH COOLANT
TEMPERATURE R

THERMOMETER

Test 31- Test Coolant Level Sensor
DISCUSSION:

A defective low coolant level sensor will produce the
same effects as a failed high coolant temperature switch.
PROCEDURE: :

See Figure 9. Connect a test harness as shown to the
sensor terminals and to a fully charged 12 volt battery.
Then, set a VOM to read DC volts. Connect the VOM
across the sensor terminals. Initially, the VOM should read
approximately 7-11 volts DC. After about 15 seconds, as
the sensor becomes hot, the voltage reading should drop
off to less than 5 volts.

Replace the sensor if it fails the test.

Test 32- Test RPM Sensor

DISCUSSION:

The rpm sensor is installed in a threaded hole on the
engine flywheel housing. To install the rpm sensor,thread it
into the flywheel housing until the sensor tip just contacts
the flywheel gear. Then, turn the sensor counterclockwise
about % to 1 tumn. Hold that setting and tighten the sensor
locknut.

PROCEDURE;
1. Gain access to the control console interior. Connect an
accurate AC voltmeter across terminals 79 and 0. At
enginé cranking speed, the meter should read approxi-
mately 0.4 to 0.6 volt.
2. Use a VOM to test sensor resistance.
0  Older sensors (with cable connector plug) should
- measure about 130 ohms + 10%.
O . Newer sensors (with cable molded into sensor)
- should measure about 1,000 ohms + 10%.
NOTE: If the resistance is within limits but voltage reading
is slightly low, voltage can be increased by adjusting the
rom sensor closer to the flywheel. DO NOT LOCATE THE
SENSOR TIP CLOSER THAN % TURN FROM THE FLY-
WHEEL.

RESULTS:

Replace the rpm sensor if it fails the tests.

Test 33- When Does the Console Lamp Go
Out?
DISCUSSION:

Remember, the control console lamp is turned on by a
DC voltage from the DC control/latch-crank board. This DC
voltage is delivered to the lamp via the Wire 14 circuit. If
the engine cranks, starts, then shuts down, this test will
help you determine is (a) the DC control/latch-crank board
or (b) engine system component is bad. If the console
lamp goes out and then the engine dies, the DC
control/latch-crank board is suspect. On the other hand, if
the engine comes to a stop and the the lamp goes out,
check the engine fuel system, ignition system, etc.
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Test 33- When Does the Console Lamp
Go Out? (Continued)

PROCEDURE:

Crank the engine while observing the control console
"dash light". If the engine starts and then shuts down
note when the lamp went out.

RESULTS:

1. If the lamp goes out as the engine starts to die,
replace the DC control/latch-crank circuit board.
Calibrate the new board and test operation.

2. If the lamp goes out after the engine stops, go to Test
34.

Test 34- Check Engine Fuel, Ignition, etc.

DISCUSSION:

In test 33, the console lamp stayed on until the
engine came to a stop. This indicates that the Wire 14
circuit is energized and power should be available to
the engine fuel solenoid, ignition system, etc. Thus, i
the engine shuts down, a problem must exist in the
engine electrical system.

PROCEDURE:

Refer to the appropriate engine service manual for
the specitic engine involved. Troubleshoot the engine
systems as outlined in the service manual.

RESULTS:

Repair or replace detective engine part(s), as neces-
sary.
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Section 6.10

DUAL 12 OR 24 VOLTS DC CONTROL

Introduction

Sections 6.5, 6.6 and 6.7 provide information on
DC control systems that are no longer being manufac-
tured. Those older control consoles housed a DC con-
trolatch-crank circuit board that required 12 volts DC
for its operation. Other console components were also
rated 12 volts DC. '

On those older units, engines with a 24 volts DC
electrical system required that a DC converter be in-
stalled to reduce the 24 volts DC battery voltage to 12
volts DC. Later production units have been equipped
with a dual (12 or 24 volts) control system and do not
require this DC converter.

In the last quarter of 1991, the following changes
were Iincorporated:

O All control console components, including the DC

" controllatch-crank circuit board, were changed to
dual voltage type. That s, all control console compo-
nents can now be operated on either 12 or 24 volts
DC. .

O These later production control consoles can be in-
stalled on units with 24 volts DC engine electrical
system without requiring a 24-to-12 volts DC con-
verter. '

O Units with a 24 volts DC engine system no longer
require an engine run relay.

O Later production units with Option A or B control
consoles are equipped with a dual voltage (12 or 24
volts) engine control circuit board (Part No. 82495).

(1 Later production units with Option C control console
are equipped with a dual voltage engine control
circuit board Part No. 83088.

NOTE: The new style dual voltage engine control circult
board will be shipped as a replacement part. This new
board will work with any old or new style system, since
it wlll operate on elther 12 or 24 volts DC.

Schematic Diagrams
. Figure 2 is a schematic diagram for a typical Option
C console when the engine electrical system is rated
12 volts DC.
Figure 3 is a schematic diagram for a typical Option
C control console when the engine is equipped with a
24 volts DC system.

Ac(ij]ustlng Overspeed Shutdown

The dual voltage circuit board (Figure 1) must be
calibrated each time it is replaced, for the following
reasons:

1

. The circuit board must be matched to the specific

engine flywheel or speed sensing errors will result.
The board must be calibrated to establish an over-

speed shutdown setting that is about 10 Hertz above
the unit's normal opserating speed.

. When the overspeed shutdown setting is correct,
starter cutout speed during automatic startup will also
be correct. ‘

* To calibrate the engine control circuit board, pro-
ceed as follows: :

1. On the circuit board, locate potentiometers R26 and
R27. See Figure 1. Also, locate the red LED.

Flgure 1. Option C Engine Control Circuit Board

Lt SO

el

.
+ S

S0
3|

e o [ g [0

(O O N O |
L <

L
L2

RED LED_
b =l= [@]R26
u E D EH]EE_“ [@]R27
D ESEEL
T O;—g' e. -
g@zg =
_ PR 2T
= = .




PAGE 6.10-2

Adjusting Overspeed Shutdown (Contin-

ue
(ZCJVl;m the COARSE (R26) pot all the way clockwise
3. Tum the FINE (R27) pot all the way counterclockwise
(CCW).

CAUTION: Ste’rs 2 and 3 MUST be completed BE-
FORE THE ENGINE IS STARTED. If the engine is
started before the steps are completed, an over-
speed shutdown may occur at normal rated operat-
ing speed.

4. Start the generator engine manually, using the
Start/Stop switch. Let the engine stabilize and warm up
at no-load. If necessary, adjust the engine governor to
obtain normal rated operating speed.

5. With the unit running at no-load and at its normal
rated speed, slowly tum the COARSE (R26) pot coun-
terclockwise (CCW) until the red LED just turns on.

6. Slowly tum the FINE (R27) pot clockwise (CW) until
the red LED just goes out.

7. Slowly, tum the FINE (R27) pot counterclockwise
(CCW) until the red LED just turns on.

With the board properly calibrated, overspeed
shutdown will occur at approximately 10 Hertz above
the unit's normal operating frequency. For example, if
the engine no-load speed is 62 Hertz, overspeed shut-
down will occur at approximately 72 Hertz.
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Terminal Strip J1 on Engine Control Cir- |
cuit Board

UNITS WITH 12 VDC ENGINE SYSTEM:

PIN| WIRE
NO. NO. FUNCTION(S
1 15A Fused batten{ voltage to circuit board
(12 Volts DC)
2 0 Common Ground
3 86 From engine high coolant temperature
& cootant level shutdown switch
4 85 From engine low oilnprassure shutdown
SW
5 79 From engine RPM sensor
6 183A Automatic start/stop circuit
7 17 Manual start signal from start/stop
switch
8 18 Manual stop clrcuit
9 228 Auto enable- circuit is hot when Auto-Off-
Manual switch Is set to "Auto”
10 221 Engine preheat circuit (diesel only)
1" 14 Engine run circuit
12 arter clrcuit

PIN | WIRE

NO.] NO FUNCTION(S)
1 220A Fused battery voltage to circuit board
2 0 Co%mm%iemund
3 86 From engine low coolant level/high

coolant temperature switches
4 85 From engine low olil pressure switch
5 79 From engine RPM sensor
6 183A Automatic start/stop circuit
7 17 Manual cranking circuit
8 18 Manual stop circuit
9 228 Auto enable- circuit is hot when
Manual-Off-Auto switch is at "Auto”

10 221 Engine preheat circuit (diesel only)
11 219 Engine run circuit
12 Engine starter clrcuit
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Figure 2. Electrical Schematic- Optlon C Console with 12 VDC Engine System (Typical)
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Figure 3. Electrical Schematlc- Option C Console with 24 VDC Engine System (Typlcal)
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Section 7.1

GENERATOR STRIP HEATERS

Introduction

Stator and rotor windings have a very large mass.
When the unit is not operating, temperatures of such
windings can drop below the dew point. For that reason
and because of the large mass, water droplets could
form on the windings during startup. This could resuit
in a breakdown of winding insulation.

To help prevent temperatures from dropping below
the dew point, optional strip heaters are available. The
heaters include controls to turn the heater off during
generator operation.

Strip Heater Components

See Figure 1, below. The typical strip heater kit
'shown includes a RELAY to turn the heater off and on.
‘The RELAY and a TERMINAL STRIP are housed in a
'covered enclosure. .

Customer Connections

A 120 volts AC utility source power supply connects
to the terminal strip. The heater is on until Wire 14
energizes the relay (startup), then turns off.

DESCRIPTION

Round Head Screw
Washer

Heater Strip Clamp
Strip Heater

Hex NHut

Hex Head Screw
Lockwasher )
Lockwasher

12 volts, 10 amp d-c Relay
Enclosure

Pan Head Screw
Pan Head Screw
Terminal Strip
Enclosure Cover
Hex Nut

W ND NS WD =

b s PN ANV BAENN AN

Figure 1. Typical Strip Heater Kit (Drawing No. 73835)
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Section 7.1

GENERATOR STRIP HEATERS

Introduction

Stator and rotor windings have a very large mass.
When the unit is not operating, temperatures of such
windings can drop below the dew point. For that reason
and because of the large mass, water droplets could
form on the windings during startup. This could resuit
in a breakdown of winding insulation.

To help prevent temperatures from dropping below
the dew point, optional strip heaters are available. The
heaters include controls to turn the heater off during
generator operation.

Strip Heater Components

See Figure 1, below. The typical strip heater kit
'shown includes a RELAY to turn the heater off and on.
‘The RELAY and a TERMINAL STRIP are housed in a
'covered enclosure. .

Customer Connections

A 120 volts AC utility source power supply connects
to the terminal strip. The heater is on until Wire 14
energizes the relay (startup), then turns off.

DESCRIPTION

Round Head Screw
Washer

Heater Strip Clamp
Strip Heater

Hex NHut

Hex Head Screw
Lockwasher )
Lockwasher

12 volts, 10 amp d-c Relay
Enclosure

Pan Head Screw
Pan Head Screw
Terminal Strip
Enclosure Cover
Hex Nut

W ND NS WD =

b s PN ANV BAENN AN

Figure 1. Typical Strip Heater Kit (Drawing No. 73835)
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e
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RELAY IS SHOWN DE-ENERGIZED.
WIRE #14 TO TERMINAL STRIP TB1 IN GEN-
ERATOR CONTROL CONSOLE.
TERMINAL
STRIP

Figure 2. Electrical Schematic- Strip Heaters

——120 VOLTS A-C
CUSTOMER HOOKUP
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TO TERMINAL STRIP TB1
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Figure 3.

Wiring Diagram- Strip Heaters
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Section 7.2

VOLTAGE CHANGEOVER BOARDS

General

The use of voltage changeover boards allow the
generator set to be quickly converted from one rated
voltage to anather rated voltage. This rapid changeover
capability is especially useful on rental units since it
permits a single generator to supply several different
voltage outputs.

Voltage changeover boards provide a more con-
venient method of reconnecting stator AC output leads
on 12-wire (reconnectable) type stators. You may wish
to review Section 1.2, "Types of Stator Connection
Systems”.

Two different types of voltage changeover boards
have been used. For purposes of this discussion, they
shall be arbitrarily called "Type 1" and "Type 2.

Type 1 Voltage Changeover Boards

DESCRIPTION:

A typical voltage changeover board consists of (a) a
stud board,-and (b) a strapping board as shown in
Figure 1 below. To select a certain voitage/phase, the
strapping board is installed over the stud board so that
the desired volta% is visible through a "window" in the
strapping board. When-the strapping board is properly

- positioned over the stud board, the 12-lead stator will
be reconnected to deliver the indicated voltage.

Both a LOW VOLTAGE and a HIGH VOLTAGE
changeover board are available. The low voltage board
allows selection of (a) 120/240 volts, 1 or 3-phase, or
{b) 120/208 volts, 3-phase output. The HIGH VOLT-
AGE board provides selection of (a) 120/240 volts, 1 or
3-phase, {b) 120/208 volts, 3-phase, or (c) 277/480
volts, 3-phase.

The various positions of both the high and.low volt-
age boards are shown in Figures 2 through 6 as follows.
Notice that the selected voltage is displayed in the
window in each case.

o Fi%ure 2 shows the low voltage board with 120/208
volts, 3-phase selected.
« = Figure 3 shows the low voltage board with 120/240
i volts, 1 or 3-phase selected.
o Fi%ure 4 shows the high voltage board with 120/240
volts, 1 or 3-phase selected.
Fi?ure 5 shows the high voltage board with 120/208
. volts, 3-phase selectéd.
Fi?ure 6 shows the high voltage board with 277/480
volts, 3-phase selectéd.

‘@/ D O (@/ (@/ \@/
O
O O O O
O © © ©
208V.
©, © ©O© © ©
240V.
[ P =
O ©)

= O O[] O
O
| 0000 lo] O
o}
O [E118] 92
11O o] lo] |o|<o
—_
= Oo00Oo0o0Oo00

i

Figure 1. Low Voltage Stud Board and Strapping Board
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Type 2 Voltage Changeover Boards

Type 2 voltage changeover boards, like the Type 1,
consist of a stud board and a strapping board. How-
ever, Type 2 uses a single stud board onto which any
one of several different strapping board options may be
installed. Several switches are mounted on the stud
board. These switches may or may not be actuated by
strapping board installation, as shown in Figure 7
below.

The following strapping boards are available:
High Wye Strapping Board for 277/480 volts, 3-

Ehase, or 4 wire.
. ow Wge strapping board for 120/208 volts, 3-
phase, 3 or 4-wire,

High Delta straPping board for 120/240 volts, 3-
hase, 3 or 4-wire.

P
Zig Zag strapping board for 120/240 volts, 1-phase,
2§r 3-%\1?re.pp 9 phase

'sA..*.!':[I:s’ ° ‘ o =9 a
TET i

35 000

“{”3”3‘:'1* o, o o od o

ey el N o ) o E=3
"o 3 -

CHANGE—OVER
STUD BOARD

o

o o
o
HIGH DELTA STRAPPING BOARD 3G IAG STRAPPING BOARD

POSITION ON STUD BOARD

NO SWTCH

DEPRESSED

Figure 7. Type 2 Voltage Changeover Board
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Type 2 Changeover Boards with "Marathon®" Units

When the Type 2 voltage changeover board is used

in conjunction with a "Marathon®" generator, some
reconnecting is required. See Figure 9, below. The
following facts apply:

Sensi?:g1|eads S15 and S16 are disconnected from
leads and E3.

A"sensing voltage selector switch” must be proper-
ly positioned. This rotané switch is located on the
stud board. Terminalg 12 and 13 of the switch are
"common” terminals. For 480 volts sensmg, switch
con}acgs 14 and 10 must be closed to the common
contacts

»  For 208 and 240 volits sensing, switch contacts 11
and 15 must be closed to the common contacts.

* The stud board switch éSWS
© wye strapping board (1

is closed when a low
0/208 volts) is installed and

open when any other strapping board is installed.
. The stud board potentiometer (R1) must be ad-

justed a
mounte

SSRGS I pasieel

* Leads from terminals X1 and X2 of the sensin

transformer are exciation leads 2 and 6.
these leads to the voltage regulator.

Rout

SENSING VOLTAGE

SELECTORSWITCH
A swa - == =9
1 | b— - T4T7
1 R r“‘; 480VOLTS ™ juncTION
e R ! sensinG
SENSING LEADS TO R1 " |
VOLTAGE REGULATOR l l B avoLTs
|
1 LR IT] —OE!
¥ X
l !
i |
EXCITATION I
LEADS TO I
REGULATOR | I
I !
[ |
| f
SENSING LEADS TO | ﬁ‘ = e
VOLTAGE REGULATOR | o ; e YOLTS = JUNCTION
S16 : SENSING
Legend 208 & 240 VOLTS
A1 « Potentiometer on stud board f l SENSING
SW3= Switch on stud board ﬁ‘ — -OE3
TR1= Excitation voltage sensing transtormer L hl]

Figure 9. Reconnections when Type 2 Changeover Board is Used on "Marathon®" UNits
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Section 7.3

- THE 3-LAMP REMOTE ANNUNCIATOR

Introduction

Generac’s 3-lamp remote annunciator panel, Model
No. 8848, is shown in Figure 1. The annunciator can
be located inside a monitoring station that is remote
from the standby generator.

The 3-lamp annunciator may be used in conjunction
with any standby installation that includes a Generac
automatic transfer switch and a generator with Option
"C" control console.

Installation and Description

The annunciator enclosure is a surface mount type
measuring 9.03 inches wide by 4 inches high by 3.59
inches deep. Panel lamps (LED's) are operated by a
12 voits DC power supply. Four 0.875 inch (2.2cm)
holes are provided in the enclosure, for routing wires
into the panel. Wiring interconnections between the
generator, transfer switch and annunciator are shown
in Figure 2.

Annunciator Panel Lamps

The remote panel is equipped with three. (3) lamps
as follows:
1. "Utility Power Supply”- Lamp illuminates when the
Iutilié‘y power supply is delivering electrical power to the
oads.
2. "Emergency Power Supply”- Turns on when the
standby generator is powering the electrical loads.
3. "Generator Fault”- Tums on when a monitored
engine shutdown fault has occured (low oil pressure,
high coolant temperature, low coolant level, overspeed,
overcrank, rpm sensor loss).

T — N
GENERATOR 7
CONTROL
CONSOLE T

0

—148A N.C.

0 T147A™148AT 211 |

et Tl il Kl
} |
| |
1

| | MODEL 8848

GRD EMER.UTIL. ENG
L . _POW.POWFAULT _ |

211 0 R I
147A AUXILIARY
CONTACTS
IN GTS
147A 1484 TRANSFER
0 211 SWITCH
WIRE 15 IS.FUSED
BATTERY VOLTAGE
8 8 (12 VOLTS DC).

ANNUNCIATOR
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ITEM QTY | DESCRIPTION
1 4 Round Head Machine Screw
2 1 Yellow Lamp
3 1 Green Lamp
4 1 Annunciator Panel
5 4 Screw
6 1 Front Panel
7 1 Panel Support Bracket
8 2 Hex Nut
9 2 Lockwasher
10 1 "Generac” Decal
11 1 Terminal Block
12 2 Pan Head Machine Screw
13 1 Terminal Block Decal
14 1 Enclosure
15 1 Red Lamp
R L

Figure 3. Exploded View of 3-Lamp Annunciator
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The Model 8617 remote annunciator is compatible with
any Generac generator having a “C” option control con-
sole. The annunciator provides both visual and audible
indications of five monitored engine faults. A 12 volt DC
input is required to operated the panel.

Introduction

NOTE: Aiso see Section 6.2, “Engine Monitor Panel” and
“OPtional Alarm Relay” on Page 6.3-5.

The following engine fault shutdown conditions will be
indicated on the annunciator panel:
Low engine oil pressure.
High engine coolant temperature/low coolant level.
Overcrank condition.
Overspeed condition.
RPM sensor loss condition.

A TEST switch allows all panel lamps to be tested. A
RESET switch turns the lamp(s) off and reactivates the
generators DC control/latch- crank circuit board after any
monitored shutdown. Engine will not crank while any lamp
is_ on. An ALARM HORN will sound on occurance of any

itored shutdown.

NOTE: Post 1987 units do not\use Wire 138 (Reset
Switch). Both test and reset functions are controlled by the
test switch (Wire 137).

The Panel is a surface mount type measuring 10.47 inches
high by 3.97 inches deep. Wiring interconnections are
shown in Figure 2, below.
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THE 5-LAMP REMOTE ANNUNCIATOR

Figure 1. The Model 8617 Remote Annunciator
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ITEM DESCRIPTION
LEGEND 1 Front Panel
: 2 Terminal Strip Support
L1 = Low oil pressure lamp 3 Monitor Panel
L2 = High Coolant temperature lamp 4 "Generac” Decal
L3 = Overcrank lamp 5 Advisory Lamp (LED)
L4 = Overspeed lamp 6 Switch
L5 =Rpm sensor loss lamp 7 Round Head Machine Screw
SW1= Reset switch 8 Alarm Horn
SW2 = Test switch 9 Terminal Strip
H1 = Alarm Horn 10 Terminal Strip Decal
11 Pan Head Machine Screw
12 Lockwasher
13 Hex Nut

Figure 3. Annunciator Electrical Schematic

Figure 4. Annunciator Assembly

~




DOES ALARM

NAME OF LAMP COLOR HORN SOUND
Prealarm-High Water
Temp. Yellow Yes
High Water Temperature Red Yes
Low Water Temperature Red Yes
High Battery Voltage Red No
Low Battery Voltage Red No
Generator Power. Yellow No
System Ready Green No
Prealarm- Low Oil Pressure | Yellow Yes
Low Oil Pressure Red Yes
Low Fuel ' Red Yos
Overspeed Red Yes
Overcrank Red Yes
Line Power Green No

[ Alarm Switch OFf Red No
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Section 7.5

THE 14-LAMP REMOTE ANNUNCIATOR

Introduction

Figure 1 shows the front panel of a typical 14-lamp
annunciator. Two models are available, as follows:
* Model No. 8702 is a surface mount type.
* Model No. 8815 is a flush mount type.

Annunciator lamps on the panel are listed in the
following chart. The chart lists lamp color and whether
the alarm horn sounds on lamp illumination.

0000|000

PRE-ALARAM HIGH LOw HIGH LOow GEN. sYSTEm
MHIGH WATER | WATER |BATTERY | BATTERY | POWER READY
WATER TEM?, TEMP | VOLTAGE | YOLYAGE .
TENe,

PRE-ALAAM Low CLow OVER OVER LINE ALARM
LOwW o1 FutL seteo CRANK POWER | swiTCH
on PAESS. orrF
PRESS.

GENERAC smwoer rowte uoniton

J

.

TESY agser ALARM
1-AMP

°H H .

‘the remote

Annunciator Description

The Models 8702/8815 remote annunciator panels
are a self-contained system utilizing solid state circuits
to annunciate up to twelve engine-driven generator
operating parameters. The system meets National Fire
Protection Association (NFPA) requirements for
standby electric power systems. The remote panel may
be used with any Generac standby generator having an
Option "C" console and an alarm relay. :

The annunciator system will monitor any sensing
device having normally-open contacts which delivers a
DC voltage to the appropriate panel lamp on contacts
closure. On contacts closure, both an alarm lamp and
an alarm horn are activated and latched in to manual
reset. The horn can be silenced without disturbing the
visual indication, with any subsequent alarm re-activat-
ing the horn. The system also includes a test circuit.

NOTE: The one exception to the “normally-open” contacts
rule is the low battery vog?{qe lamp. That lamp must be
~connected to normally-closed contacts in Generac's 10 amp
battery charger.

'Figure 1. Typical 14-Lamp Annunciator Panel

Wiring Interconnections

See Figure 2 on next page. All input signal connec-
tions are made at a 21 point terminal block, located on
anel's monitor circuit board. Use pur-
chased No. 14 AWG wire for interconnections.

NOTE: Terminal board TB3, shown in Figure 2, is factory

. installed in the generator control console when the optional

prealarms have been factory installed.

items 1 through 5 in Figure 2 may be identified as

. follows:
[TTEM DESCRIPTION
1 Winng Hamess
2 _ Alarm Relay
3 Tie Wrap
4 Terminal Board TB2 (see Note 1 below
5 Terminal Board TB3 (see Note 2 below

; NOTE 1: Terminal board TB2 is included on all Option "C*

control consoles.

NOTE 2: Terminal board TB3 included in control console
when prealarms have been factory installed.
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MODEL NO. 8702 & BUIY

REMOTE ANNUNCIATOR
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Figure 2. Interconnection Diagram for 14-Lamp Annunciator Panel

Terminals and Wires Function Chart

MR
TERMINAU WIRE FUNCTION - TERMINAL FUNCTION . I
i 506 | Prealarm High Coolant Temperature l 10 8o Overcrank Waming Circuit. I
2 501 | Prealarm Low Oil Pressure Circuit l 11 - To Transfer Switch Auxiliary Contacts I
{Normally-Open Contacts)
3 95 High Coolant Temperature Shutdown |
12 - To Transfer Switch Auxiliary Contacts
4 94 Low Qil Pressurae Shutdown Circuit I {Normally-Closed Contacts)
5 500 | Low Coolant Temperature Switch 13 - Open Terminal (Unused)
6 502 | Low Fuel Level Waming Circuit 14 15 Fused 12 volts DC for Annunciator
Operation
7 504 | High Battery Voltage Warning Circuit. I
15 0 Connects Annunciator to Ganerator's
8 97 { Overspeed Warning Circuit I Common Ground
9 505 | Low Battery Voltage Warming Circuit I 16-21 -- Open Terminals (Unused)
O
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Description

The 18 iamp REMOTE ANNUNCIATOR PANEL is a
self contained system,utilizing solid state circuits to annun-
ciate up to sixteen (16) engine driven generator operating
parameters. The system meets NFPA (NationalFire
Protection Association) specifications for standby electric
power systems.

The system will monitor any sensing device having
normally open (N.O.) contacts which provide a +DC signal
to the appropriate panel lamps on contact closure. On con-
tacts closure, both an alarm lamp and an alarm horn are
activated and latched in to manual reset. The alarm horn
may be silenced without disturbing the visual indication
and any subsequent alarm will re-activate the horn. The
system includes a test circuit.

PAGE 7.6-1

18 LIGHT REMOTE ANNUNCIATOR

NOTE: The one exception to the normally open contacts
rule is the LOW BATTERY VOLTAGE lamp. That lamp
must be connected to the normally closed (N.C.) contacts
of a battery monitor circuit board (in the generator panel).

Panel Wiring Interconnections

All signal wiring connections are made at a 24 screw
terminal block, located on the remote panel's MONITOR
CIRCUIT BOARD. Use purchased No. 14 AWG wiring for
all interconnections. Maximum recommended distance
between the annunciator panel and the standby generator
should not exceed 1000 feet. (305 meters). See Figure 3
for wiring interconnections.

ﬁgure 1. Annunciator Frbnt Panel

GEN. BATTERY LOW HIGH . RPM OVER OVER GEN. SYSTEM
RUN CHARGER BATTERY BATTERY SENSOR CRANK SPEED POWER READY
b FAILURE VOLTAGE VOLTAGE LOSS
St WATER R POWER | SWITOH
Low HIGH LOwW LOW
OlL WATER WATER FUEL PRESS. TEMP. AUTO OFF
PRESS. TEMP. EMP.
GENERAC STANDBY POWER MIONITOR
t
1
1 AMP TEST/RESET R:E- ARM HORN HORN

ON

OFF
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PANEL LAMPS

Generac Stop Signals

All signals occur when generator shutdown occurs as
a resulit of failure indicated by the illuminated lamp (s).

1. High Water Temperature/Low Water Level: Lamp

turns ON on horn sounds when the generator set’s

high temperature alarm is on.

2. Low Qil Pressure: Lamp ililuminates and the alarm

horn sounds when the generator set's low oil pressure

alarmis on.

3. Overspeed: Lamp turns ON and alarm sounds

when the generator's overspeed alarm is on.

4. Qvercrank: Lamp turns On and alarm horn

soundswhen the generator set's overcrank alarm is on.

5. Sensor Loss: Lamp illuminates and alarm horn

sounds when the generator's rpm sensor loss alarm is

on.

Latchable Signals

The following signals can be individually selected by
means of a miniature switch on the remote panel's monitor
board (See Figure 2). The available switch positions are
“Latch On”, and “Latch Off’. “Latch Off’ indicates that the
lamp will turn ON only when the signal is present. “Latch
On” indicates the lamp will be ON until the monitor “Reset”
switch is pressed.The alarm horn sounds when “Latch” is
selected. The horn will stay ON until either the “Rearm
Horn” or the “Reset” switch is pressed.

1. Low Battery Voltage: Lamp illuminates when the

generators battery voltage drops low,indicating a dis-

charge condition.

2. High Battery Voltage: Lamp will turn ON when

generator battery voltage is high, indicating an over

charge condition.

3. Battery Charger Failure: Lamp will illuminate on

failure of the generator's battery charge system.

4. L.ow Fuel: Lamp comes ON on occurence of a low

fuel level in the generator’s fuel tank.

5. Prealarm- High Temp: Lamp illuminates to warn of

an approaching or imminent high coolant temperature

shut-down.

6. Prealarm- Low Temp: Lamp will turn ON when

coolant temperature has decreased, indicating an

engine coolant heater faifure.

7. Prealarm- Low Oil Pressure: Lamp will illumi-

nate in advance of a low oil pressure shutdown, indi-

cating engine oil pressure has decreased to near the

point of automatic shutdown.

8."Generator Run: Lamp illuminates to advise that the

generator has started and / or is running. Lamp On

indicates the generator “run” circuit is active (wire #14

on units with 12 volts DC engine control system. Wire

#219 on units with 24 volts DC engine control system).
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~

Other Lamps
1. System Ready: Lamp will be ON to indicate the
generator set is able to run. If the lamp is OUT, a
“stop” signal is present.
2. Not in Auto: Lamp will turn ON to indicate the gen
erator's Auto-Off-Manual switch is NOT set to “Auto”
(that is, the switch is set to either "Manual or Off” and
automatic operation is not possible.
3. Horn Switch Off: Lamp will turn ON to indicate the
horn switch annunciator panel is turned OFF. With the
horn switch set to OFF, lamps will not be affected.
However, the alarm horn will not sound.
4. Line Power: Lamp will be ON when the automatic
transfer switch main contacts are in their “Utility” posi
tion, (load connected to the power supply).
5. Generator Power: Lamp will turn ON when the
transfer switch main contacts are in their “Standby”
position, i.e., load is connected to the generator power
supply.
F-igure 2. Monitor Circuit Board Miniature ‘Latch” Switch

Y ) 1 (3 ) () ) ()
ON ECE /\\
RININIAIEIAI
] o e e e e e ey
e EEEEE
g2z E =23 F &
=S EEEEEE
= = = =\ 1T W
Q)|[ o
O eS|
1 2

Troubleshooting

Troubleshooting the 18 lamp annunciator is limited to
checking wire connections at the generator panel, transfer
switch and annunciator, and checking for proper DC inputs
to annunciator terminal strip. If all connections and input
DC voltage signals are good but a problem still exsists with
the annunciator operation, replace annunciator circuit
board.

)
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' ANNUNCIATED SIGNALS
Signal Source Lamp Response Latched Rearm
High Temp Control Board* Red Lamp & Horn Yes Yes
Low Oil Control Board* Red Lamp & Horn Yes Yes
Overspeed Control Board*” Red Lamp & Horn Yes Yes
Overcrank Control Board* Red Lamp & Horn Yes Yes
Sensor Loss Control Board* Red Lamp & Horn Yes Yes
System Ready Annunciator Green Lamp No N/A
Line Power Transfer Switch Green Lamp No N/A
Generator Power | Transfer Switch Yellow Lamp & Horn No Yes
High Battery Battery Monitor Yellow- Lamp & Horn Select Yes
| Low Battery Batterv Monitor Yellow Lamp&Horn | Select Yes
Not in Auto Control Board Red Lamp & Horn No No
Horn Switch Off | Annunciator Red Lamp No N/A
PREALARMS
Signal Source Lamp Response Latched Rearm
Low Fuel Float Switch Yellow Lamp & Horn Select Yes
High Temperature |Temperature Switch! Yellow Lamp & Horn Select Yes
Low Temperature |Temperature Switch| Yellow Lamp & Horn Select Yes
Low Oil Pressure Switch Yellow Lamp & Horn Select Yes
Generator Run ___ [Control Board Yellow Lamp & Horn Select Yes ,
attery Charge Fail|Battery Monitor - Yellow Lamp & Homn Select Yes -
* Automatic generator stop occurs on these signals.

NOTES

1. Automatic Generator Stop Signals: Horn and lamp
are always latched if one of these signals occours.
Generator stop lamps and hormn can be reset by either test /
reset switch at the annunciator or reset of fault lamps at
the generator. ‘

2. Test / Reset: Depressing the test / reset switch ener-
gizes all lamps except "horn switch off” lamp plus the horn.
Release of switch resets lamps and horn. T/R switch has
no effect on fault indicators at the genset.

3. Latch Select: Lamps and horn can be chosen to be
latched by on-board switch. Unlatched signals activate
lamp only; the lamp is de-energized if the fault signal is
cleared. Latching provides an audible signal plus keeps the
lamp energized as an indicator even if the prealarm fault
has been cleared.

4. Rearm: Clears horn but not lamps. Lamps are held
active by either latch or fault signal. After rearm, horn is
enabled to sound if another fault occurs. .
5. “System Ready” Lamp: Lamp indicates genset is oper-
ational. Lamp is energized whenever power is applied to
ﬂnnunciator circuit and no generator stop signals are

nt. .
6. “Line Power- Gen Power” Lamps: Indicate the position
of transfer switch. When load is transferred to the genset,
tthe “Generator Power” lamp is lit and the hom sounds.

8. “Horn Switch Off’ Lamp: Indicates power to horn has
been disconnected by horn disable switch.
9. Annunciator Delays: Signals will be annunciated if they
exist for the following minimum times:

a. Not in Auto, Horn Off, 100 msec.

b. Prealarm Low Qil Pressure, 10 seconds.

c. All Others, 1 second.
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F-igure 3. Wiring Interconnections SN
ANNUNCIATCR | MOTE: BATTERY CHARGER FAILURE
TERMINAL STRIP (PCSITION 4) SHOWN DRIVEN

8¢ LOW 2ATTERY SIGNAL.

1.2 3 4 5 6 7 8 9 1011213141516 17 :8 1920 21222324 HIGH CR LOW BATTERY SlC\‘AL
|

elelelelel '@1@@‘@@}@1@]@@@%@@@@!@@@ MAY BE USED.
B T
| 15/2
soo | |94 195]228 I_--_--0__-._!.120_--_____*2__
501 95196 | 97 | o CONTROL PANE '
505 == C L |
14/ s02l | - ' 38 ———0 | 98 TERMINAL STRIP |° Al
214 0T ——=5 97, 2|
506 504 26 ——==7 |96 | C" OPTION |
05 | [ e3 55T | 95 | TERMINAL ‘
s =T | 94 |STRIP |
| T |
| 3T M MANUAL/AUTO/OFF l
v |8 s 4l swiTCH
iy :
228 ———— _____ CONTROL PANEL _J
e TRANSFER B
L NC|
NG SWITCH —l Y
L FFT AUXILIARY ' ’
;LoD _contacts_ |
<o »—‘73' Low FUEL |
Z ™~ 1
L:Zsi.r:C:szzz"——; 15/220
[t HIGH B
: . onG BATTER '
504 —— NO 15/ BA Yoo
| ono 220 MONITOR |
505 —ONC | ASSEMBLY !
It __°c - LOW J
! B ——
<00 bTo " Low TEMPERATURE |
s —-0 - !
©PREALARM |
L—15/220—e—0 HIGH TEMPERATURE |
506—'& PRE-ALARM _;
1e/219—Lo low o ]
501—=0  PRE-ALARM :
]




PART 7
SECTION 7.6 ‘ PAGE 7.6-5

’ Figure 4. Annunciator Intemal Winng
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TRANSFER SWITCH MAJOR COMPONENTS
Introduction

The purpose of a transfer switch is to transfer critical

_ electrical loads to a "Standby” power source when the

"Utility” power supply has failed or dropped below a
preset level. A transfer switch is required in all standby
electric power systems, to prevent electrical feedback
between the two power supplies.

The "Y-Type" automatic transfer switches are rated

250 AC volis and are available in 105 to 420 ampere

sizes. Figure 1, below, shows a typical transfer switch

with its NEMA 12 enclosure door opened to reveal
-major components.

O Q

- 7
R

ITEM ] DESCRIPTION

1NOTE! | Utity Vohage Sensor Circuit Board
2OTE1 | Exarcise Circuit Board

ITEM DESCRIPTION
‘13 Transter Mechanism (3-Pole Shown)
14 Grounding
15 Neutral Block
ﬂ; Ma;\wuavl Transter Handle
1 Utility Voltage interface Assambly
18 2-Wire Stant Terminal Strip
19 Time Delay Neutral Resistor
20 Time Delay Relay :
21 Standby Sensing Transformer TR1
22 , Load Powar Supply Transtormer TR2
23 9 Volts Battary (for Exercise Circuit Board)
NOTE 1. “Logic” typa inteligence systom is shown.

Figure 1. Major Transfer Switch Components
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System Test Switch

INTRODUCTION:

The system test switch Frovides selection of (a)
Automatic Mode, (b) Normal Test Mode, and (c) Fast
Test Mode. See Figure 2 below.

AUTOMATIC MODE:

With "Automatic Mode" selected, a utility voltage
sensor circuit board will constantly monitor utility power
source voltage. Should that source voltage drop below
a preset level and remain at such low level for a preset
time, circuit board action will initiate generator cranking
and startup. Following engine warmup and when gen-
erator AC output voltage and frequency have reached
a preset level, transfer of electrical looads to the
"Standby” power source will occur. The circuit board
will continue to monitor utility source voltage and, on
restoration of that supply voltage, will initiate retransfer
back to "Utility” and generator shutdown.

NORMAL TEST MODE:

This switch position simulates a utility power outage.
Generator startup and transfer to “Standby" will occur
just as though an actual utility source failure has oc-
cured. When the switch is reset back to "Automatic
Mode", retransfer and shutdown will occur in.the same
manner as during automatic operation.

FAST TEST MODE:

When "Fast Test" is selected, the generator engine
will crank and start and transfer to "Standby" will occur,
with all circuit board timers reduced to a total time of
less than five (5) seconds. The switch is spring:loaded
out of the "Fast Test" position, must be held there.

"Standby Operating" Advisory Lamp

Lamp turns on when the generator is running. Power
for lamp operation is reduced generator output volts.
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Switch Position Advisory Lamps

Two lamps indicate the position of the main current

carrying contacts in the transfer mechanism. A set of

auxiliary contacts in the transfer mechanism will turn

one or the other of the lamps on, as follows:

* When the load circuit is connected to the "Utility"
source side, the "Utility” lamp will turn on.

* When the load is connected to the "Standby”
source side, the "Emergency” lamp will turn on.

NOTE: Utility source power must be available or transfer to
that source .cannot occur. Standby source powser must be
available or transfer to that source cannot occur.

Intelligence Circuit Boards

" A circuit board compartment is provided in the switch
enclosure door. The compartment will house either two
or three circuit boards.

" Menthoused thros (8 ancun boaras: See RIRAT

* For CPU type systems, the compartment houses
two (2) cir Lﬁt boyar S. %ee ?’an 18.

Maintenance Disconnect Switch

When set to its "Manual” position, this switch effec-
tively opens the standby system’s 2-wire start circuit
(Wires 178/183), as well as the automatic transfer
circuit. Thus, when "Manual” is selected, automatic
startup and transfer will not be possible.

When set to "Automatic”, automatic startup and
transfer will occur as programmed in the intelligence
circuit.

DANGER: WITH "AUTOMATIC" SELECTED,
GENERATOR CAN CRANK AND START
WITHOUT WARNING. TO PREVENT INJURY,
SET THE SWITCH TO "MANUAL" BEFORE
WORKING ON OR AROUND THE GENERATOR.

/

55N

SRAC

GRRSESMESRANEIN

AVTOMATIO MODE

SYBVEM TERY

-

Figure 2. Switch and Lamps on Enclosure Door (Typical)
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Optional Time Delay Neutral Switch

Some units may be equipped with an optional time
delay neutral switch, usually located adjacent to the
maintenance disconnect switch. Setting the switch to
"On" activates a "time delay at neutral” function. Also
see "Time Delay Relay” in this section. :

The time delay neutral feature is a preset time inter-
val during which the transfer switch main contacts will
remain disconnected from both the utility and standby
source sides.

Figure 3. Maintenance Disconnecl/Time Delay
Neutral Switches

Transfer Relay

When energized by circuit board action, this relay

-delivers standby source power to the transfer

mechanism, to initiate transter of the main contacts to
the "Standby" source side.

When de-energized by circuit board action, the relay
actuates to deliver utility source voltage to the transfer
mechanism. This initiates re-transfer back to the
"Utility” source.

Transfer Mechanism

The transfer mechanism houses the main current
carrying contacts. It also houses other electrical and
mechanical components needed for switch operation.
See Section 8.2.

Neutral Block

Utility, standby and load neutral lines must be con-
nected to the neutral block. Neutral blocks rated
1510/150 amps, 200/300 amps, and 420 amps are avail-
able. .

NOTE: Most s!andgy generators have an “ungrounded” or

"floating” neutral. Ground such neutral lines at the main

electrical service entrance only. Be sure to comply with |
appropriate electrical codes:

. enclosure and such conduit is
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Grounding Lug

This lug provides a convenient point for connecting
the transfer switch to an earth ground.

When conduit is attached to the transfer switch
rounded, the enclosure
may be assumed to be grounded. Some installers will
simply attach a bare copper wire to the grounding loug
and to the conduit.

Manual Transfer Handle

Use this handle for maintenance and testing pur-
poses, to actuate the transfer mechanism main con-

" tacts manually.

Terminal Strips TS1 and TS2

Terminal strip TS1 provides a convenient method of
interconnecting transfer switch wiring circuits.

Terminal strip TS2 is the "2-wire start” terminal strip,

" with terminals 178 and 183 identified. Suitable wiring

must be connected between these two terminals and
an identically numbered terminal strip in the generator's
AC connection (lower) panel.

Time Delay Relay

Some transfer switches may be equipped with a
"time:delay at neutral” feature. This feature extends the

« disconnect time of the main current carrying contacts
" beyond the normal disconnect time.

The "neutral" position of the main contacts is that
position where the load is disconnected from both
power sources. By extending the time at "neutral”,
residual voltages generated by heavy inductive loads
can decay to a safe level before the main contacts are
reconnected. The "time delay at neutral" feature
provides a measure of protection against blowing of
fuses or tripping of circuit breakers that often occurs
:ﬂur(ijng rapid transfer of motor and other heavy inductive
oads.

Transformer TR1

This step-down transformer may be called the
"Standby” transformer, since its primary coil is con-
nected to that power supply. The transformer works as
follows: ‘

* Line-to-line standby generator gutput flows through
the transformer’s primary winding. T

* A reduced voltage is induced into the transformer
secondary winding at about 24 volts AC." -

* The reduced seoondary yvmdmg'outp’uf is delivered
{0 (a) a "Standby Operating" lamp, and to gb)alo ic
or CPU) circ %board. The lamp turns on and the
ogic (or' CPU) board begins to operate.

Transformer TR2

This step-down transformer may be called the "Load-
Side" transformer since its primary coil connects to the
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Transformer TR2 (Continued)

transfer mechanism’s load terminals. Load current,
flowing through the transformer's primary windings,
induces a voltage into the secondary windings at about
24 volts AC. Secondary winding output is used to
operate a timing circuit which starts and exercises the
generator once every seven (7) days.

On units with CPU type control system (only two
circuit boards), secondary winding output is delivered
to the CPU circuit board. The 7-day exercise timing
circuit is included in that circuit board.

On units with "logic” type control system (three circuit
boards) secondary winding output is delivered to a
7-day exercise circuit board.

NOTE: Reduced load terminal voltage is available to the CPU
or exercise board at all times, except during the brisf period
when the transfer mechanism main contacts are at "Neutral".
During this brisf period, when the load is disconnectad from
both power sources, the exercise circuit is powered by a 9
volits battary.

Utility Sensing Interface

This device houses either two or three "step-down”
transformers. That is, 1-phase systems use two trans-
formers while 3-phase system require three.

The interface allows several different rated voltages
and 1 or 3-phase to "interface” properly with a single
utility voltage sensor circuit board.

Utility power source voltage is delivered to terminals
N1/N2/N3 of the interface. Reduced secondary winding
output is delivered to terminals 224 through 227 and
then to the utility voltage sensor board as "sensing”
voltage. The voltage step-down ratio is fixed and
sensing voltage delivered to the utility voltage sensor
circuit board will vary as the utility power supply voltage
varies. Figures 4 and 5 at right are schematic repre-
sentations of {a) a 240 volts, 1-phase interface, and (b)
a 208/240 volts, 3-phase interface.

NOTE: Some transfer switches may be equipped with a
"multi-voltage" ulility sensing interface. The multi-voltage in-
terface allows one transfer switch to be used with several
different system voltages and phases. Refer to Section 8.8.
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"Y-TYPE" TRANSFER MECHANISM

General

il uTiLITY 3
"Y-Type™ automatic transfer switches are rated at not = === F
more than 250 volts AC. The mechanisms are available ¢ o} L_-n_ @ @ S
as 2-pole, 3-pole or 4-pole type as shown in Figures 1, o= 3o o
2and 3. @ [3]
. %e é?-polle unit is for b1-pha::,je a&pgcaébns onIY{. B —
+ The 3-pole units may be used with 3-phase applica- : Tt varicn —_—
tions or with 1-phase applications in which the D s | LoAD
"Neatral' line is t% be swiﬁ:Fr)\ed during transfer. D] Feme] @ @ @
* The 4-pole units may be used with 3-phase applica- v ®) (FEET ] -
tions where the S}Phase "Neutral” line is to be “[® & %
switched during transter. " ® =l aldl ® MANUAL
) . . .. n ey =ik [ TRansFen
NOTE: On 1-phasa, 3-pole switches where "Neutral” is to be ‘ s ® @ @ @ SHAFT
switched, a neutral block may not be provided. On 3-phase, —— (L2 [t ,
4-pola switches where "Neutral” is to be switched, a neutral c] = ) ‘ €l
block may not be provided. ' ‘

Each single pole of the transfer mechanism consists - - -
of stationary main contacts and moveable main con- Figure 2. Typical 3-Pole Transfer Mechanism

tacts. The stationary main contacts are retained in the
pole assembly, with each pole assembly sandwiched

together and retained by two thru-bolts. A single piece | Qa [©
" moveable contact carrier pivots on a single shaft. Con- - oll
tacts are retained in the moveable contact carrier by a O [O O
ng.
. spring o Slfollollo
(o)
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Figure 1. Typical 2-Pole Transfer Mechanism

Figure 4. Stationary and Moveable Main Contacts
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Main Contacts Operation

The moveable main contacts provide the intercon-
nection between the load and power source terminals.
The moveable main contacts are spring-loaded, to
ensure proper alignment between the contact surfaces.
Figure 5 shows the moveable main contacts at the
"Ulility" side, i.e., load terminals connected to the utility
terminals.

INTERLOCK MECHANISM

PART 8
SECTION 8.2

Figure 7 shows the main contacts at their "Standby”
position, i.e., load terminals are connected to the .
standby terminals.

LOAD

1
3

-

PR C

L - - _ )
INTERLOCK MECHANISM

STANDBY

Figure 5. Main Contacts at "Utility" Position

Figure 6 shows the moveable main contacts at their
"Neutral” position, with the load terminals disconnected
from both power supplies. During automatic operation,
the main contacts will remain at "Neutral" as long as the
actuating coil remains energized.

NOTE: Some units may be equipped with a "time delay at
neutral” feature. See "Time Delay Relay”™ on Page 8.1-3. This
feature holds the main contacts actuating coil energized for
a preset time interval during any. transfer action. The main
contacts remain at "Neutral™ as long as that coil stays ener-
gized.

STANDBY UTILITY
rd ~

INTERLOCK MECHANISM

Figure 6. Main Contacts at "Neutral”

Figure 7. Main Contacts at "Standby”

Auxiliary Contacts

The transfer mechanism mounts two sets of auxiliary
contacts. One set, numbered 1-2-3, is already in use
for operation of switch position lamps on the enclosure
door. The second set of contacts (4-5-6) are available
for use by the customer. One possible use of the
auxiliary contacts might be.to turn remote-mounted
switch position advisory lamps off and on.

The auxiliary contacts are rated 15 amps at 125, 250
or 480 volts; or 1/2 amp at 125 volts DC; or 1/4 amp at
250 volts DC. DO NOT EXCEED THE RATED AMPS
OF THE CONTACTS.

Contacts consist of a common, normally-closed and
normally-open contacts as listed in the following chart.

AUXILIARY

CONTACTS [|MAIN CONTACTS POSITIO
TERMINAL NAME UTILITY STANDBY
4 Common
5 Normally Open Open Closed
6 Normally Closeq Closed Open

|

/
: common [
: 4 NORMALLY

/ :
@ OPEN —]
NORMALLY

cétém )

pad I

f

Figure 8. Auxiliary Contacts
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Electrical Components

Transfer mechanism electrical components are
shown in Figure 9. Included in the illustration are (a) a
solenoid coil, (b) a terminal strip, (c) a bridge rectitier,
(d) limit switches LS1 and LS2, and (e) limit switch LS3.

SOLENQID COIL:

Flow of electrical current through this coil creates a
magnetic field which actuates a plunger. Plunger move-
ment then actuates the main contacts to either their
"Utility” or "Standby" side. The coil is energized by
rectified DC power from the power source to which the
load terminals are being connected. The following facts
apply to actuating coil operation:

W The solenoid coil is operated by direct current from
either the "Utility" or the "Standby" power source.

M Rectified "Standby" source power is used to actuate
the plunger and main contacts to their "Standby”
source side. '

B Rectified "Utility" source power is used to actuate the
plunger and main contacts to their "Utility" source
side.

l With the solenoid coil energized, plunger movement
will actuate the main contacts to their "Neutral” posi-
tion. They will remain at "Neutral" as long as the
solenoid coil remains energized.

M The coil is normally de-energized by the action of a
"Neutral® limit switch {LS3), to allow the main con-
tacts to complete the transfer action.

TERMINAL STRIP:
Terminal numbers and theirfunctions are listed in the

following chart:

| TERMINALS | FUNCTION
At1, A2 Actuating command to the "Utility” power
source side from the utility power supply.
B1, B2 Actuating command to the "Standby”
power source side from standby power
supply.
T1, T2 Time delay at neutral circuit.

. BRIDGE RECTIFIER:

The solenoid coil requires direct current (DC) for its

“operation. The bridge rectifier changes the power

source alternating current (AC) to direct current (DC).

LIMIT SWITCHES LS1/LS2:

During transfer to either power source side, a

. mechanical interlock actuates these limit switches. The

two limit switches function to ensure that the solenoid
coil can'be energized only by the active power source

side. :

On transter to "Standby”, LS1 and LS2 will actuate
to close the terminals A1/A2 circuit and open the B1/B2

BLACK
TERMINAL STRIP GRAY

LS2

LS3 ORANGE

BRIDGE RECTIFIER

%

Figure 9. Transfer Mechanism Electrical Components
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Electrical Components (Continued)

circuit. Thus, with the load connected to the standby
source, the A1/A2 circuit is "armed" and ready for
retransfer back to "Utility".

On re-transter back to "Utility", limit switch action wil
open the terminals A1/A2 circuit and close the B1/B2
circuit. With circuit B1/B2 closed, the transfer
mechanism is ready for transfer to the "Standby”
source.

NEUTRAL LIMIT SWITCH LS3:

This switch is opened by a mechanical interlock
when the main contacts reach their "Neutral” position.
Opening of LS3 opens the circuit to the solenoid coil.
The coil will then de-energize and the transfer action
will be completed.

NOTE: The main contacts will remain at "Neutral” as long as
the solenoid coil is energized. Opening of LS3 de-energizes
the solenoid coil and spring force, acting on an "over-center”
machanism, will complete the transter action.

NOTE: On units equipped with the optional “time delay at
neutral” feature, LS3 is bypassed during a transfer action by
the T1/T2 circuit. The T1/T2 circuit will hold the solenoid coil
energized for a pre-set time interval, The main contacts will
then remain at "Neutral” for that pre-set time.
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Section 8.3

TRANSFER MECHANISM DISASSEMBLY

Transfer Mechanism Removal

To remove the transfer mechanism from the transfer
switch enclosure, proceed as follows:
1. On the generator control console, set the auto-
manual-off switch to "Off". Then, place a "DO NOT
OPERATE" tag on or near the console.
2. As a safety measure, to prevent generator startup,
disconnect the cables from the generator battery.
3. Turn OFF all power voltage supplies to the transter

-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 POWER
VOLTAGE SUPPLIES WILL RESULT IN HAZ-
ARDOUS AND POSSIBLY LETHAL ELECTRI-
CAL SHOCK. BOTH THE "UTILITY" AND
"STANDBY" POWER SUPPLIES TO THE
TRANSFER SWITCH MUST BE DISCON-
NECTED OR TURNED OFF. :

4. Disconnect all wires from transfer mechanism ter-
minal lugs N1, N2, N3. Also disconnect wires T1, T2,
T3 and E1, E2, E3 from their terminal lugs on the
transfer mechanism.

5. Disconnect wiring from transfer mechanism terminal
strip (A1, A2, B1, B2, T1, T2).

6. Remove the capscrews, lockwashers and flat-

washers that retain the transfer mechanismin the trans-

-fer switch enclosure.

7. Remove the transter mechanism.

R

o HE

Figure 1. Transfer Mechanism Removal

Electrical Section Disassembly

1. See Figure 2. Remove two (2) screws that retain the
outer cover to the transfer mechanism. .

$

Figure 2. Outer Cover Removal

. 2. See Figure 3. Remove four (4) screws that retain the

inner cover.

Figure 3. Removal of Inner Cover Screws

3. Limit switch LS3 is retained to the inner cover by two

' long screws with countersunk head (see Figure 4) and

a retaining bar with threaded holes. Lift up on the cover

‘ 3Ii%htly and remove the two long screws.

emove the inner cover and the limit switch retaining

" bar. Also remove limit switch actuating lever bracket,

limit switch actuating lever, and an actuating lever
spring.

NOTE: Keep all limit switch parts together in a sale place,
such as a container. These parts are small and are easily lost.
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Electrical Section Disassembly (Con-
tinued)

ACTUATING LEVER BRACKET

SED

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 switch from the transfer mechanism.

Countersunk Screws (2)
Inner Cover

Actuating L_ever Spring
Actuating Lever

Limit Switch LS3
Actuating Lever Bracket
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2. Remove the capscrew that retains the solenoid coil
to the backing piate.

3. Rotate the coil slightly to allow access to the coil
terminal screws. Remove the terminal screws and dis-
connect the coil's red and white wires.

4. Remove the solenoid coil along with the coil cylinder.

~~" ITEM __ DESCRIPTION

— Cail Backing Plate (2)
Backing Plate Capscrew (4)
Solenoid Coit Cylinder (1)
Solenoid Coil (1)

Solenoid Coil Capscrew (1)
Solenoid Coil Bracket (1)

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 transter mechanism.

2. Loosen- do not remove- the wire retaining screws at
back of terminal strip. Remove all wires and remove the
terminal strip.

SOLENQID COIL REMOVAL:

1. See Figure 7. Remove four capscrews that retain the
coil backing plate.

NO A WN -

Solenoid Plunger
Figure 7. Solenoid Coil Removal

BRIDGE RECTIFIER REMOVAL:

Guide the bridge rectifier wires out through the protec-
tive rubber grommet. Remove the bridge rectifier. See
Figure 8.

SOLENOQID COIL BRACKET REMOVAL.:

Remove two screws that retain the bracket to the base.
Then, remove the coil bracket. See Figure 9.
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Electrical Section Disassembly (Continued)

Figure 10. Limit Switch LS1 Removal

Figure 9. Solenoid Coil Bracket Removal

LIMIT SWITCH LS1 REMOVAL:

See Figure 10. 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.

LIMIT SWITCH LS2 REMOVAL:

1. See Figure 11. Remove the spring retaining pin.

2. See Figure 12. Remove two (2) screws that retain
Lhe actuating link assembly to the transfer mechanism

ase.

3. You should be able to lift the actuating link assembly
high enough to remove two (2) screws that retain limit
switch LS2 to its support. Remove the two screws.

4. Remove limit switch LS2 along with two insulator
strips. Switch wires have soldered connections.

2

ACTUATING LINK
ASSEMBLY

I
,/'c____,;___L____r__i-J

I
4 &

Figure 12. Acluating Link Assembly Screws
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Electrical Section Disassembly (Con-
tinued)

AUXILIARY CONTACTS REMOVAL:

Refer to Figure 13. Remove two screws that retain
one set of auxiliary contacts and remove the contacts.
The second set of auxiliary contacts can be removed
in the same manner.
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NOMENCLATURE

1 Moveable Contact Carner
2 Moveable Contact Spring
3 Moveable Contact

Figure 13. Auxiliary Contacts Removal

Stationary Main Contacts Removal

Remove the .two long thru-boilts that retain the sta-
tionary main contacts assembly. Carefully remove the
stationary main contacts.

Figure 14. Stationary Main Contacts Assembly

Moveable Main Contacts

The moveable main contacts are now exposed and
may be inspected, removed or replaced as necessary.
The main contacts assembly consists of (a) a moveable
contact carrier, (b) contact spring, and (c) contact.

Figure 15. Moveable Main Contacts

Testing and Inspection

Inspect the stationary and moveable main contacts
closely. Inspect springs, linkage, retaining pins, etc., for
damage, wear. Replace any damaged or defective
parts.

Switches may be tested using a volt-ohm-milliam-
meter (VOM). Replace any defective switch.

NOTE: Test procedures for most switches, the bridge rectifier

" and the solenoid coil are diseussed in Section 8.10, "Diag-

nostic Tests".

Reassembly

Reassemble the transfer mechanism in the reverse
order of disassembly.

Following reassembly, the transfer mechanism
should be tested thoroughly before it is placed into
service. Before applying electrical power, actuate the
main contacts manually several times (using the
manual transfer handle). When you are certain that
manual operation is correct, electrical power may be
applied. Test electrical operation of the transfer switch.

N
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Section58.4

TRANSFER SWITCH INSTALLATION

Introduction

Generac "GTS" transfer switches have been factory
wired and tested. Installation at the standby electric
system site consists of the following:

*  Mounting the transfer switch.

+ Connection of power source and load lines.
« Connection of the 2-wire start circuit.

* Installation of any options and accessories.
« Functional tests and adjustments.

Mounting the Transfer Switch

For enclosure mounting dimensions, refer to the
appropriate Owner's Manual. Typically, the transfer
switch enclosures are wall mounted. However, some
units with higher amperage ratings may be self-sup-
porting, floor-mounted units.

The enclosure should be mounted vertically to a

strong, rigid supporting structure. All mounting points
should be tevel. If necessary, install flatwashers behind
the mounting holes to prevent distortion.

CAUTION: Handle the transfer switch assembly
- carefully. Protect the-unit :against impact. Also
protect the unit against construction grit, metal

switch that has been damaged.

CAUTION: The transfer switch'will respond only
to its correct rated voltage and phase. Transfer
switch rated voltage and phase must be com-
patible with the voltage and phase of the
"Utility” and "Standby" power supplies. Also
see Section 8.8. "Multi-Voltage Transfer
Switches".

Power Source and Load Line Connec-
tions

" DANGER: TURN OFF.ALL POWER VOLTAGE
SUPPLIES BEFORE ATTEMPTING TO CON-
NECT POWER SOURCE AND LOAD LINES TO
THE TRANSFER SWITCH TERMINAL LUGS. EX-
TREMELY HIGH AND DANGEROUS VOLTAGES

- ARE PRESENT IN POWER SOURCE LINES.
"FAILURE TO TURN OFF OR DISCONNECT
POWER VOLTAGE SUPPLIES MAY RESULT IN
HAZARDOUS AND POSSIBLY FATAL ELECTRI-
CAL SHOCK.

~ Power source and load line connections are made at
. solderless, screw-type terminal lugs on the transfer
mechanism. See Section 8.2. "Y-Type Transfer

chips, lint, dust, dirt, etc. Never install a transfer |

lows:

Mechanism”. In most cases, the switch enclosure will
include a neutral block for attachment of power source
and load neutral lines.

All power cables should enter the switch enclosure
adjacent to the appropriate terminal lugs. Conductors
must be (a) properly supported, (b) protected by ap-
proved conduit, (c) of approved insulative qualities, and
(d) of the correct wire gauge size to handle the maxi-
mum current load that will be applied. All applicable

-electrical codes and regulations must be strictly com-

plied with. Maintain proper electrical clearance be-

tween live metal parts and grounded metal, as follows:
.+ Allow at least one-half inch of clearance for 100-

400 amp circuits.

+ Allow at least one inch of clearance for circuits over
400 amps.

Remove surface oxides from stripped ends of power
source and load conductors with a wire brush. If
aluminum conductors are used, apply joint compound
to the conductor's stripped end. Insert stripped end of
conductor into the correct terminal lug, then tighten the
terminal to its specified torque. Finally, wipe away

~excess joint compound.

Recommended torques of terminal lugs are as fol-

Units rated 100 amps = 50 inch-pounds (6 N-m)
All Other Units = 250 Inch-pounds (26 N-m)

Connecting 2-Wire Start Circuit Leads

Connect suitable, approved wiring to terminals 178
and 183 in the transfer switch enclosure. These wires

' must be routed to and interconnected with identically
- numbered terminals in the generator’'s AC connection

(lower) panel.

The 2-wire start wiring must be routed through con-
duit that is separate from circuits of any other source.

+ Closure of the Wires 178/183 circuit must result in
engine cranking and startup.

NOTE: A "3-wire" start system is also available as an option.
If a generator hawng a 3-wire start systam is to be installed,
use a transfer switch equipped with a 3-wire start system.

NOTE: Some very early production standby generators were
equipped with a "9-wire" start system. The optional "3-wire®
transfter switch system can be used with the "9-wire* gener-

- ator systemn by installing a Mode!/ 8815 “Start Control Inter-

face”.
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Connection of 2-Wire Start Leads (Con-
tinued)

Recommended wire gauge sizes for the 2-wire start
circuit are given in the following chart:

WIRE LENGTH WIRE GAUGE SIZE
Up to 460 feet (140m) No. 18 AWG
461-730 feet (223m) - No. 16 AWG
731-1160 feet (354m) No. 14 AWG
1161-1850 feet (565m) No. 12 AWG

Auxiliary Contacts

The transfer mechanism includes a set of auxiliary
contacts. See Figure 1. Contacts identified as 1, 2 and
3 have been factory connected to switch position ad-
visory lamps on the transfer switch enclosure door.
Contacts 4, 5 and 6 are available for customer use, if
desired. Refer to "Auxiliary Contacts” on Page 8.2-2.

Post Installation Tests and Adjustments

Following installation, the transfer switch and other
parrts of the standby electric system must be tested and
adjusted. See Section 8.6, "Functional Tests". Never
place a standby system into operation until all opera-
tional tests and adjustments have been properly com-
pleted.
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Section 8.5

OPERATING INSTRUCTIONS

Normal Automatic Operation

To select normal automatic operation, proceed as
follows:
1. On the transfer switch enclosure door, check that the
"Switch Position-Utility” lamp is ON.

NOTE: The "Switch Position-Utility" lamp MUST be lighted
before procesding. The lamp indicates that (a) utility power
source voltage is available to the transfer switch, and (b) the
transfer mechanism main contacts are at their "Ulility" posi-
tion (loads are connected to the utility power supply). If
necessary, manually actuate the main contacts to their
"Utility” side and turn on the utility power supply to the transfer
swilch.

2. Inside the transfer switch enclosure, set the main-
tenance disconnect switch to "Automatic" position.

3. If so equipped, set the generator’s auto-manual-off
switch to "Auto”. .

4. On the transfer switch enclosure door, setthe system
test switch to its "Automatic Mode" position.

The system is now set for fully automatic operation.
Should utility source voitage drop below a preset level,
the generator engine will crank and start. Following
generator startup, an "engine warmup timer” on the
logic (or CPU) circuit board will start timing. When that
timer has-timed out and when generator AC output
voltage and frequency have reached preset levels,
transter of loads to the "Standby” source will occur.
On restoration of utility source voltage above a preset
level, retransfer back to "Utility" and generator shut-
down will occur.

NOTE: Timers and sensors which control automatic opera-
tion are located on circuit boards in the transfer switch
enclosura door. Two different }Dyﬁes of circuit board systems
are currently in use. The "CPU" Zpe system utilizes two
circuit boards. The "logic” system has three circuit boards.
For more detailed information on automatic operatin
parameters, sequences and times, see Part 10, "The CP
Type Intelligence System" and Part 11, "The Logic Type
Intelligence Systam”.

Manual Transfer to “Standby"”’

To manually transfer loads to the "Standby" source
andto startthe generator manually, proceed as follows:
1. Inside the transfer switch enclosure, set the main-
tenance disconnect switch to "Manual".

2. If so equipped, set the generator's auto-manual-off

switch to "Manual”.

3. Turn OFF all power voltage supplies to the transfer

switch.
DANGER: DO NOT ATTEMPT MANUAL TRANS-
FER SWITCH OPERATION UNTIL ALL POWER
VOLTAGE SUPPLIES HAVE BEEN POSITIVELY
TURNED OFF. FAILURE TO TURN POWER OFF
MAY RESULT IN DANGEROUS OR DEADLY
ELECTRICAL SHOCK. -

4. Remove the manual transter handle from its storage

place in the transfer switch enclosure.

5. Place open end of manual transfer handle over the

square shaft on the transfer mechanism. See Figure 1.

Then, actuate the handle as follows:

. a. Move the handle upward. Movement will stop
when the main contacts reach their "Neutral” position
(load disconnected from both power supplies).

" b. When handle movement stops at "Neutral”, return
the handle to its original position and actuate again.

6. Observe the changeover display on the transfer

mechanism.

a. If "Utility™ arrow is aligned with the green band,
load is connected to the "Utility” power supply.

b. If the "Standby" arrow is aligned with the green
band, load is connected to the "Standby" power
supply.

7. If necessary, repeat Steps 5 and 6 until the "Standby”

arrow points to the green band, i.e., loads are con-

nected to the "Standby” source.

8. Remove the manual transfer handle from the square

shaft and store the handle in the place provided.

9. Crank and start the generator manually, using the

start/stop switch on the generator console. Refer to

‘appropriate Owner's Manual.
10. Let the engine stabilize and warm up. Then, turn

- ON the "Standby” power supply to the transfer switch

using whatever means provided.
a. The "Standby Operating” lamp on switch
enclosure door should illuminate.
b. The "Switch Position-Emergency” lamp on switch
enclosure door should turn on.

}

1. Move handle upward.

2. Stops at "Neutral”

-3. Complete transfer action. | 4. Check Changeover

Display

n e N SWITCH
¥ 3 STANDBY >
= A

Figure 1. Manual Transfer Switch Operation
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Manual Retransfer Back to "Utility"

To retransfer loads back to the "Utility” power source
and shut the generator down, proceed as follows:
1. Turn OFF all power voitage 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 ARE POSITIVELY TURNED OFF.
FAILURE TO TURN OFF POWER VOLTAGE
SUPPLIES MAY RESULT IN EXTREMELY HAZ-
ARDOUS AND POSSIBLY FATAL ELECTRICAL

SHOCK.

2. Remove the manual transfer handle from its place of
storage. -
3. Place open end of manual handle over the square
shaft on transfer mechanism. Actuate the handle as
follows:
a. Move the handle upward. Movement will stop
when the main contacts reach their "Neutral” posi-
tion.
b. When movement stops at "Neutral”, return the
handle to its original position and actuate again.
4. Observe the "Changeover Dispiay” on the transfer
mechanism.
a. If the "Utility" arrow is aligned with the green band,
load is connected to the "Utility” power supply.
b. It the "Standby" arrow is aligned with the green
band, load is connected to the "Standby" power
supply.
c. lIf necessary, repeat Steps 3 and 4 until the "Utility”
arrow is aligned with the green band (load connected
to "Utility" source).
5. Turn ON the "Utility" power supply to the transfer
switch using whatever means provided.
a. Check that the “"Switch Position-Utility” lamp is
lighted, indicating that utility power is available and
the main contacts are at their "Utility" position.
b. The "Standby Operating” lamp will still be on since
the generator is running.
6. In the transfer switch enclosure, set the maintenance
disconnect switch to its “Automatic” position.
7. It so equipped, set the generator's auto-manual-off
switch to “Auto”.
8. Shut the generator engine down.
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Section 8.6
Introduction ' 4. Use an AC voltmeter to check line-to-line (phase-to-
phase) and line-to-neutral (phase-to-neutral) voltages
Following installation of a standby electric power across transfer mechanism terminal lugs N1, N2, N3

system and before placing the system into service, the
entire system should be thoroughly inspected and
tested. All applicable codes, standards and regulations
must be strictly complied with.

When the installer is absoultely cerntain that the in-
stallation is correct and complete, a "functional test” of
the system should be performed. Perform these func-
tional tests in the exact order they are presented here
or damage to the transfer switch might result.

Manual Transfer Switch Operation

Use the manual transfer handle to actuate the main
contacts to "Standb%" and to "Utility" several times.
When certain that the switch is operating normally,
return the main contacts to their "Utility" position (load
connected to the "Utility" source). See Section 8.5,
"Operating Instructions”.

Remove the manual handle from the square- shaft
and store in the place provided.

IMPORTANT; THE LOAD MUST BE CONNECTED TO THE
*UTILITY" SOURCE BEFORE PROCEEDING.

Voltage Checks

Check the transfer switch DATA PLATE for rated
voltage and phase. The DATA PLATE voltage and
phase must be fully compatible with the rated voltage
and phase of both power sources.

NOTE: Also see Section 8.8, "Multi-Voltage Transfer
Switches".

DANGER: DURING THE FOLLOWING VOLT-
AGE CHECKS, THE TRANSFER SWITCH WILL
BE ELECTRICALLY HOT. PROCEED WITH
CAUTION. AVOID CONTACT WITH LIVE WIRES,
TERMINALS, ETC.

Perform voltage checks as follows: :
1. In the transfer switch enclosure, check that the
maintenance disconnect switch is set to "Manual".
2. Ch'eckthat the load is connected to the "Utility” power
supply.
a. Observe "Changeover Display” on transfer
mechanism. The "Utility" arrow should point to the
green band.
b. The "Switch Position-Utility" lamp on enclosure
door should be ON. Light on indicates that (a) utility
power is available and (b) load is connected to
"Utility" source.
. 3. On the utility voltage sensor circuit board, check that
the "Utility On" lamp is lighted. LAMP MUST BE ON
BEFORE PROCEEDING.

and the "Neutral" block. Supplied voltages must be
compatible with transfer switch rated voltage.

NOTE: If the transfer switch is a "multi-voltage” type, installer
selection of a compatible volta%_e andphase is possible. Refer
to Section 8.8, "Multi-Voltage Transfer Switches”,

: NOTE: The "sensing” voltage that is delivered to the utility

voltage sensor circuit board will vary as the utility source
voltage varies. It may be necessary to calibrate the utility
voltage sensor board to match the "Ulility” voltage. See Part
10 or Part 11 as appropriate.

5. Refer to the appropriate generator Owner's Manual.
Make sure the generator engine has been properly
serviced and is ready for use.

6. When certain that it is ready for use, start the engine
manually. Let the engine stabilize and warm up for a
few minutes.

7. Use an AC voltmeter to test line-to-line (phase-to-
phase) and line-to-neutral (phase-to-neutral) voltage
across transfer mechanism terminal lugs E1, E2, E3
and the neutral block. Supplied voltages must be com-
patible with transfer switch rated voltage.

8. Shut the generator engine down.

Normal Test

‘Perform a "Normal Test" of the standby system as

follows:
1. Onthe transfer switch enclosure door, check that the

"Switch Position-Utility™ lamp is lighted.

2. Inthe transfer switch enclosure, set the maintenance

'disconnect switch to "Automatic”.
‘3. It so equipped, set the generator’s auto-manual-off
'switch to "Auto”.

4. Onthe transfer switch enclosure door, set the system
test switch to "Normal Test Mode". The generator
should crank and start and transfer to "Standby" should

~occur, just as though an actual utility source outage has
-occured.

5. When test is complete, return the switchto "Automat-

.ic Mode". Retranster back to the "Utility” source fol-

lowed by generator shutdown should occur.

'NOTE: The sequence of events that occur during "Normal
' Test" are exactly the same as the sequences during an actual

utility power failure. Sequences and times are controlled by
timers and sensors on transfer switch circuit boards. See

. Parts 10 or 11 of this manual, as appropriate.

Fast Test

Hold the system test switch at "Fast Test Mode". Gen-

erator startup and transfer to "Utility™ should occur very

quickly, with all timers reduced to less than five (5)
. seconds. Switch is spring loaded, must be held at "Fast
' Test Mode".
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Circuit Board Sensor and Timer Adjust-
ments

The installer or customer may wish to change the
timer and sensor settings on the transfer switch circuit
boards. This can be done quickly and easily. Lamps
(LED’s) are provided on the circuit boards which will
turn on during the operation of each sensor and/or
timer.

For transfer switches with "CPU" type intelligence
systems, see Part 10, "The CPU Type Intelligence
System”.

For units equipped with a "Logic" type intelligence
system, refer to Part 11, "The Logic Type Intelligence
System”.
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Section 8.7

OPERATIONAL ANALYSIS

Introduction

This section will familiarize the reader with the
electrical operation of a typical "Y-Type" transfer switch
having a "Logic” type intelligence system. The "Logic"
system uses three circuit boards {utility voitage sensor,
7-day exercise, and logic boards).

"CPU" type intelligence systems feature only two
circuit boards (utility voltage sensor and CPU board).
Except for the number and functions of the circuit
boards, operation of the two systems is nearly identical.
On the CPU type system, the CPU circuit board hand-
les the functions of both the logic board and the 7-day
exerciser board.

Transfer Mechanism Operation

Figure 1 is a schematic representation of A 3-pole
"Y-Type" transfer mechanism, shown with the LOAD
connected to the STANDBY power supply. Operation
of the transter mechanism may be briefly described as
follows:

LOAD POWERED BY STANDBY SOURCE:

1. Generator AC output is delivered to transfer
mechanism terminal lugs E1/E2/E3, across.the main
contacts, to load terminals T1/T2/T3, and to the load
circuits.

2. Limit switches LS1 and LS2 are closed to the ter-
minals A1/A2 side (utility power source side).

3. Limit switch LS3 is closed.

4. Atransferrelay has been energized by logic (or CPU)
board action and standby source AC voltage is avail-
able to terminals B1/B2. However, that circuit is held
open by LS1/LS2 action and the solenoid coil (C) is
de-energized.

5. Auxiliary contacts terminal 1 is connected to terminal
3; terminal 4 to terminal 5.

RETRANSFER BACK TO UTILITY:

1. When utility power is restored, the action of a logic
{(or CPU) circuit board de-energizes a transfer relay.
That relay's normaily-closed contacts then deliver utility
source voltage to terminals A1/A2.

2. The utility source voltage is delivered to solenoid coil
(C), via terminals A1/A2, limit switches LS1/LS2/LS3,
and a bridge rectitier (B). ‘
3. Solenoid coil (C) energizes to actuate the main
contacts to their "Neutral" position (load isconnected
from both power sources). Main contacts will remain at
"Netgral" as long as solenoid coil (C) remains ener-
gized.

4. When the main contacts reach "Neutral", interlock
action opens limit switch LS3 and solenoid coil (C)
de-energizes. Spring force then completes the move-
ment to the "Utility” source side (load connected to the
"Utility” power supply).

LEGEND

B = Bridge Rectifier

C = Solenoid Coil
LS1, LS2= Limit Switch
{Switch Operation)
LS3= Limit Switch
(Neutral Position)

VR « Varistor

]

UTTY

STANDBY !

: L—:-'_—jzwm'ra- AUX.
L __?LSZ

T TR B2 - —

Figure 1. Transfer Mechanism Electrical Schematic

5. Limit switches LS1/LS2 actuate to the terminals
B1/B2 side. The auxiliary contacts are repositioned.

TRANSFER TO STANDBY:

1. When utility source voltage drops below a preset
level and remains at such low level for a preset time,
utility voltage sensor circuit board action will close the
2-wire start circuit (178/183). Generator will crank and
stant.

2. Logic (or CPU) board action will energize a transfer
relay. Standby source power will then be delivered to
terminals B1/B2 and to the solenoid coil (C) via
LS1/LS2/LS3 and a bridge rectifier (B). The solenoid
coil (C) energizes and actuates the main contacts to
"Neutrai”.

3. When main contacts reach "Neutral”, LS3 opens.
Solenoid coil (C) de-energizes and main contacts com-
plete the transfer action to the "Standby” source side.
4. Limit switches LS1/LS2 are actuated to the terminals
A1/A2 terminals side, to "prepare” the circuit for
retransfer back to "Utility".

4. The auxiliary contacts (AUX) are repositioned by a
mechanical interlock mechanism.
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Circuit Condition- Utility Power Available
Refer to Figure 2 on facing page. The dark and heavy lines indicate circuits that are electrically hot while normal
"Utility" power is available to the transter switch. Circuit condition may be briefly described as follows:

1. Utility source voltage is available to transfer mechanism terminal lugs N1/N2/N3, through the closed main
contacts, and to load terminals T1/T2/T3.

2. Utility source voltage is available to transfer mechanism terminals A1 and A2. However, limit switches LS1 and
LS2 have actuated to the terminals B1/B2 side and this circuit is open.

3. From load terminals T1/T2, utility source voltage is delivered to the primary winding of a load side transformer
(TR2). This is a "step-down" transformer, which will provide a voltage reduction of approximately 10 to 1. The
reduced voltage is delivered to a 7-day exercise circuit board, via Wires 185 and 0. The step-down voltage is used
to operate the timing circuit (clock) that starts and exercises the generator at regular weekly intervals.

4. From terminal lugs N1/N2/N3, utility source power is delivered to a utility sensing interface. Step-down
transformers in that interface reduce the utility voltage to a value that is compatible with a utility voltage sensor
circuit board.

5. As long as the utility voltage sensor board reads a normal utility source voltage, the system takes no action.
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Circuit Condition- Utility Power Source Dropout

1. A "voltage dropout sensor” on the utility voltage sensor circuit board constantly monitors utility power source
voltage. Should that source voltage drop below a preset level, a "line interrupt delay timer” will start timing. If utility
voltage is still low when that timer has timed out, the circuit board will (a) close the 2-wire start circuit which consists
of terminals and wires 178 and 183, and (b) open the wires 199 and 202 circuit between the utility voltage sensor
board and the system control (logic) board.

2. Closure of the 178/183 circuit energizes components in the generator's DC controllatch-crank circuit board and
the engine cranks cyclically. That is, the engine will crank for about eight (8) seconds, rest for about eight (8) seconds,
crank for eight (8) seconds, and so on.

3. When the generator starts, standby source power is delivered to the transfer mechanism terminals E1/E2/E3,
and to a sensing transformer (TR1). The transformer’s secondary coil delivers a "step-down" voltage to (a) a
"Standby Operating” lamp and (b) to the system control (Logic) circuit board. The " tandby Operating” lamp
iluminates. The System Control (Logic) board starts operating. '

4. A "minimum run timer" and an "engine warmup timer" on the system control (logic) board both start timing.
NOTE: During the time that power is not available to the 7-Day Exercise board, the board is operated by a 9 voits

- battery. On units with a CPU type system (only two circuit boards), secondary winding output from transformer TR2
is delivered to the CPU circuit board. When power to TR2 is lost, the CPU board is powered by a 9 volts battery.
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Figure 3. Circuit Condition- Utility Power Source Dropout
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Circuit Condition- Standby Generator Running

1. Standby generator AC output is delivered to transfer mechanism terminal lugs E1/E2/E3 via customer supplied
conductors.

2. Fromterminals E1/E2/E3, generator AC output is delivered to the primary winding of step-down transformer TR1.
A reduced voltage is induced into the transformer’s secondary coil, at about a 10 to 1 ratio. Secondary coil output
is then delivered to (a) a "Standby Operating” lamp, and to (b) the system control (logic) circuit board.
a. The "Standby Operating” lamp turns on.
b. The system control (logic) board turns on. A "minimum run timer" and an "engine warmug timer” on the logic
board start timing. The circuit board delivers a 12 volts DC output to the transfer relay (TR) coil, via Wire 194
and back to the circuit board via Wire 23. However, circuit board action holds the Wire 23 circuit open and the
transfer relay (TR) is de-energized.
c. If so equipped, the DC output from the circuit board is delivered to the actuating coil of a time delay relay (TD)
and back to the circuit board via Wire 193. However, circuit board action holds the time delay relay de-energized
at this time.

3. Standby source power is available to transfer mechanism terminal B2 and to the normally-open contacts of the
transfer relay (TR). However, TR is de-energized and the circuit is held open.
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Figure 4. Circuit Condition- Standby Generator Running
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Circuit Condition- Transfer to Standby

When an "engine warmup timer" on the system control (logic) board has timed out, and when standby frequency
and voltage have reached the settings of a "standby frequency sensor” and a "standby voltage sensor” on that
board, circuit board action will complete the Wires 23 and 193 circuits to ground. The transfer relay will energize
and (if so equipped) a time delay relay will also energize.

1. The transfer relay's normally-open contacts close to deliver standby power to transfer mechanism terminals B1
and B2.

2. From the B1/B2 terminals standby power is delivered to a bridge rectifier and to the solenoid coil (C). The solenoid
coil energizes to actuate the main contacts to their "Neutral" position.

3. Units without Time Delay Neutral: As the main contacts reach "Neutral”, limit switch LS3 opens. On units
without t!:je time delay neutral feature, the main contacts will then complete their movement to the standby power
source side.

Units with Time Delay Neutral: Limit switch LS3 is bypassed by the time delay circuit which consists of the time
delay relay (TD), a resistor (R), and Wires 187 and 189. The solenoid coil (C) will then remain energized as long
as the time delay relay (TD) remains energized. When TD is de-energized by system control board action, solenoid
coil (C) will de-energize and main contacts will complete their movement to the standby side.
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Circuit Condition- Utility Source Volitage Restored

On restoration of utility source voltage, that source voltage is delivered to the utility sensing interface via terminals
and wires N1, N2, N3. Reduced utility sensing interface voltage is then available to the utility voitage sensor circuit
board via Wires 224-227.

If the utility voltage is above the setting of a "voltage pickup sensor” on the utility voltage sensor board, circuit board
action will close the Wires 199/202 circuit. Closure of the 199/202 circuit will signal the system control (logic) board
that utility voltage is now restored. A “return to utility timer” on the system control board then starts timing. When
the timer has timed out, retransfer back to the utility source will be initiated.
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Figure 6. Circuit Condition- Utility Source Voltage Restored
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Circuit Condition- Retransfer to Utility

When the system control (logic) board's “return to utility timer” has timed out, circuit board action opens the Wire
23 circuit. The transfer relay (TR) de-energizes. Circuit board action also closes the Wire 193 circuit and time delay
relay (TD) energizes. If so equipped, a "time delay neutral timer” on the circuit board starts timing. The following
actions then occur:

1. Ulility source voltage is delivered to transfer mechanism terminals A1/A2 and to the solenoid coil (C).

2. Solenoid coil (C) energizes to actuate the main contacts to their "Neutral” position.

3. When the main contacts reach "Neutral", limit switch LS3 opens. On units without the time delay neutral feature,
solenoid coil (C) will then de-energize and spring force will complete the main contacts movement back to the utility
side.

4. On units with the time delay neutral feature, solenoid coil (C) will remain energized as long as the time delay relay
(TD) stays energized. Main contacts will remain at "Neutral” as long as the solenoid coil (C) is energized.

5. Following retransfer, an "engine cooldown timer” on the system control {logic) baord will start timing. When that
timer has timed out, circuit board action will open the 178/183 circuit and the generator will shut down.
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MULTI-VOLTAGE TRANSFER SWITCHES

General

Standard "Y-Type" transfer switches must be in-
stalled and used in conjunction with power source
voltages that are compatibie with the rated voltage and
phase of the specific transfer switch and as stated on
the transfer switch data plate.

Use of a multi-voltage type transfer switch allows
greater flexibility since & permits several different volt-
age/phase selections to be made by the installer. Thus,
a single transfer switch may be installed in any one of
several applications having different power source vol-
fages.

Voltage selections are made by means of a "multi-
voltage interface panel” and a "voltage selector switch”
on the utility voltage sensor circuit board. VOLTAGE
SELECTIONS ON THE INTERFACE PANEL MUST
MATCH THE RATED UTILITY POWER SOURCE
PHASE AND VOLTAGE.

Voltage Selections

See Figure 1. The multi-voltage interface panel
shown permits the installer to match the transfer switch
phase and voltage to the utility power source phase and
voltage. Simply plug the interface connector into the
interface panel receptacle identified with the correct
phase and voltage. Then, set the selector switch on the
utility voltage sensor circuit board to match the interface
voltage and phase.

Using 3-Pole Transfer Mechanisms in
1-Phase Applications

A special procedure may be required when connect-
ing a 1-phase power source to a 3-pole transfer
mechanism (in multi-voltage applications). The proce-
dure used will vary depending on whether the neutral
block is to be used or whether the 1-phase neutral line
will be switched.

If the Neutral Block Is to Be Used: When utility,
standby and load "Neutral” lines are to be connected to
the transfer switch neutral block ("Neutral” is not to be
switched), connect lines as follows:

1. Connect utility hot line 1 to terminal lug N1; utility hot -

line 2 to terminal lug N3. Connect the utility service
neutral line to the neutral block.

2. Connect generator line E1 to terminal lug E1; gener-
ator line E3 to terminal lug E3. Connect the generator
neutral line (00) to the neutral block.

3. Connect the load hot lines 1 and 2 to terminal lugs
T1 and T3, respectively. Connect the load neutral line
to the transfer switch terminal block.

This concludes 1-phase connections where the
"Neutral" block is to be used, i.e., "Neutral” will NOT
be switched during transfer.

If the 1-Phase Neutral Line Will Be Switched: If a
3-pole transter switch is to be usedin a 1-phase system
and it is desireable to switch the "Neutral" during a
transfer action, comply with the following instructions:

1. Disconnect Wire N2 from terminal lug N2 of the
transfer mechanism and from terminal A2 of the trans-
fer mechanism terminal strip. Completely remove the
disconnected Wire N2.

CAUTION: Wire N2 that must be removed is a
factory installed wire that is usually routed from
transfer mechanism terminal N2 to terminal A2
of the transfer mechanism terminal strip. If Wire
N2 is not removed, the switched "Neutral” line
wlill be connected to hot line E3 in the multi-volt-
age interface panel. This wlil result in serlous
problems and possible damage to the system.

2. Connect utility power source line 1 to transfer

. mechanism terminal N1 Connect utility line 2 to trans-

fer mechanism terminal lug N3. Connect the utility

- source "Neutral” line to transfer mechanism terminal

lug N2,

3. Connect generator line E1 to transfer mechanism
terminal lug £1. Connect 1-phase generator lead E3 to
terminal lug E3. Connect the generator "Neutral” line to
transfer mechanism terminal lug E2.

4. Connect load line 1 to transfer mechanism terminal
lug T1; load line 2 to terminal lug T3. Connect the load
"Neutral” line to terminal lug T2.

/
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Figure 1. Multi-Voltage Interface Panel (Typical)
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Figure 5. Schematic Diagram- Typical Multi-Voltage Interface Panel
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Section 8.9
TROUBLESHOOTING FLOW CHARTS

Introduction

The "Flow Charts” in this section are sequenced in logical order. To use the flow charts, first identify the specific
q_:‘oblem you have encountered. Once that is done, locate the description of that problem on the following pages.
en, accomplish each test under that problem in the exact order the tests are presented.

DANGER: USE EXTREME CARE WHEN PERFORMING TESTS ON THE TRANSFER SWITCH. SOME
TESTS MAY BE PERFORMED WHILE HIGH AND DANGEROUS VOLTAGES ARE PRESENT AT TRANS-
FER SWITCH TERMINALS. CONTACT WITH LIVE TERMINALS WILL RESULT IN EXTREMELY
DANGEROUS AND POSSIBLY LETHAL ELECTRICAL SHOCK. BE ALERT AT ALL TIMES. IF A TEST
CAN BE. PERFORMED WITH POWER VOLTAGE SUPPLIES TURNED OFF, THEN TURN VOLTAGE
SUPPLIES OFF BEFORE PERFORMING THE TEST.

Problem 1- Circuit Board "Ultility bn " Lamp Does Not Turn On

The "Utility On" lamp (LED) is located on the utility voltage sensor circuit board. Following installation, the LED
should illuminate within 10 seconds after the utility power supply to the transfer switch is turned on. A "lamp out”
condition generally means that (a) utility sensing voltage is not available to the circuit board, or (b) utility sensing
voltage is below the setting of a "voltage dropout sensor” on the circuit board. When the maintenance disconnect
switch is set to "Automatic”, a "lamp out” condition will usually result in generator startup and transter of loads to
the "Standby" power supply. However, if the maintenance disconnect switch is set to "Manual”, the system will take
no action.

NOTE: Early production utility voltage sensor boards were "phase sensitive”. These early production boards had a
green "Utility On" lamp. Later production boards have a red lamp and are NOT phase sensitive.

TEST 2-CHECK
GOODﬁ UTILITY SENSING
INTERFACE

INPUT VOLTAGE

1-
VOLTAGES AT
TERMINAL
LUGS N1/N2/N3

TEST 3-CHECK UTILITY VOLTAGE
GOOH INTERFACE OUTPUT VOLTAGE

1 10 GCOD
R CHECR UTILTY VAT ENEARER. CTHECRWHES NTNoTG ‘REPAIR OR REPLAGE

B. CHECK UTILITY SUPPLY LINES. BETWEEN TRANSFER UTILITY SENSING

C. IS TRANSFER SWITCH RATED MECHANISM AND INTERFACE AS

VOLTAGE AND PHASE COMPATIBLE UTILITY SENSING INTER- REQUIRED

WITH UTILITY SOURCE VOLTAGE FACE

AND PHASE?

D. HAS A UTILITY POWER FAILURE

OCCURED?

TEST 4.CALIBRATE LED COMES ON — DISCONTINUE TESTS
UTILITY VOLTAGE :

SENSOR CIRCUIT LED IS STILLOUT ~ REPLACE UTILITY VOLTAGE
BOARD : SENSOR CIRCUIT BOARD
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Problem 2- Loss of Timing on 7-Day Exercise (or CPU) Circuit Board
The 7-day exercise circuit board is operated by transformer reduced voltage from the transfer switch load terminals.
Load terminal voitage is delivered to the primary winding of step-down transformer TR2. A reduced voltage Is then
induced into the transformer’s secondary winding, at a 10-to-1 ratio. Transformer secondary winding output is
delivered to the 7-day exercise board via Wires 185 and 0.

When the 7-day exercise board's timer is operating, a "timer operating” lamp on the circuit board should be
flashing. Loss of power to the board or a timer failure will cause the LED to stop tlashing.

During any transfer action, the load terminals will be disconnected from a power source while the transfer mechanism's
main contacts are at "Neutral”, i.e., load disconnected from both power supplies. During this brief period, the "Timer
Operating” lamp will stop flashing and a 9 volts transistor battery will prevent the pre-set exercise time and day from
becoming "scrambled”. The standard 7-day exercise board will lose the amount of timing count that. power is
disconnected and, if power is lost indefinitely, the battery will eventually discharge. The exercise time and day will
then become scrambled.

NOTE: The optional DELUXE EXERCISE BOARD also uses a 9 volts battery to prevent the preset time and day
of exercise from becoming "scrambled”. Timing count on this board will also be lost during the time the main
contacts are at "Neutral®. However, on restoration of the board’s power syupply, the deluxe board will automatically
reset itself to the proper time.

If the "Timer Operating” lamp on the exercise circuit board is not flashing, troubleshoot the system as follows:

TEST 5-CHECK TEST 6-TEST
VOLTAGE AT TRANSFORMER

TEST 7-TEST TEST 9-CHECK
TRANSFORMER [ GOOD msalp-| VOLTAGE AT

- | TERMINALS ‘ . TR2 INPUT TR2 QUTPUT EXERCISE BOARD
TI/T2T3 VOLTAGE VOLTAGE
BAD BAD BAD BAD GOOD
TEST 8-CHECK REPAIR, RECONNECT OR REPLACE TRANSFORMER
MAIN CONTACTS REPLACE BAD WIRE(S)
POSITION T1/T2 FROM TRANSFER
MECHANISM

REPAIR, RECONNECT OR REPLACE .
DEFECTIVE WIRE(S) 185 AND 0
FROM TRANSFORMER TR2 TO 7- _

DAY EXERCISE CIRCUIT BOARD

REPLACE 7-DAY EXERCISE CIRCUIT _ IF POWER SUPPLY VOLTAGE

BOARD, SELECT DESIRED SETTINGS TO CIRCUIT BOARD IS GOOD
AND TEST BUT "TIMER OPERATING" LAMP
DOES NOT FLASH

O.K.ﬁ CHECK "UTILITY" OR "STANDBY" POWER SUPPLY
BAD# GO TO PROBLEM 6 OR 7 AS APPROPRIATE
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Problem 3- "Switch Position Utility" Lamp Does Not Come On

Following installation and before placing the system into ‘'service, the installer should verity that the transfer
mechanism main contacts have been actuated to their "Utility" position (load connected to the utility power source
side). Similarly, before the system is set for normal automatic operation, the operator should verify that the main
contacts are at their "Utility" position. When the main contacts have been actuated to their "Utility” power source side
and the "Utility” power supply to the transfer switch has been tumed on, a *Switch Position-Utility” lamp on the switch
enclosure door should iiluminate.

The same transformer reduced voltage that operatés the 7-day exercise board is used to operate the "Switch
Position-Utility" lamp. That voltage is delivered to the lamp via a set of auxiliary contacts only when the main contacts
have been actuated to their "Utility” power source side.

* If the main contacts have been positioned to their "Utility” sidé, "Utility" power to the transfer switch-is turned on, and
the "Switch Position-Utility" lamp does not tumn on, test the system as follows:

TEST 10-VERIFY TEST 11-CHECK TEST 12-CHECK
MAIN CONTACTS "UTILITY" waip-| “TIMER OPERATING" O-K}—'P “SWITCH POSIT- oK.
POSITION LAMP ION-UTILITY"
LAMP
NOT AT "UTILITY™ LAMP NOT FLASHING 3 BAD
MANUALLY ACTUATE GO TO PROBLEM 2 REPLACE BAD LAMP
MAIN CONTACTS TO ‘ )

THEIR "UTILITY” SIDE

h IF LAMP TESTS GOOD

| TEST13-TEST TEST 14-TEST :
AUXILIARY GOOD# AND INSPECT . REPAIR, RECONNECT OR REPLACE
CONTACTS WIRES 1865, 148 DEFECTIVE WIRE(S) AS REQUIRED

AND 0

Problem 4- "Switch Position-Emergency' Lamp Does Not Come On

TEST 10-VERIFY TEST 11-CHECK . TEST 15-CHECK
MAIN CONTACTS 'STANDBY"’ “TIMER OPERATING" O.K.ﬁ "SWITCH POSIT-

POSITION LAMP ION-EMERGENCY”

LAMP
NOT AT "STANDBY™ LAMP NOT FLASHING ' BAD GOOD
MANUALLY ACTUATE GO TO PROBLEM 2 ‘ REPLACE BAD LAMP GO TO TEST 13
MAIN CONTACTS TO ON NEXT PAGE
THEIR "STANDBY" SIDE
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Problem 4- "Switch Position-Emergency” Lamp Does Not Come On (Continued) /_\
TEST 13-TEST TEST 16-TEST
AUXILIARY GOOD masmpp| AND INSPECT REPAIR, RECONNECT OR REPLACE
CONTACTS WIRES 185, 147 ™ DEFECTIVE WIRE(S) AS REQUIRED
I AND 0
BAD~ REPLACE
Problem 5- Generator Engine Does Not Crank in Automatic Mode
TEST 17-CHECK TEST 18-CHECK TEST 19-CHECK TEST 20-JUMPER
POSITION OF SETTO POSITION OF SET TO GENERATOR START TERMINALS
MAINTENANCE  |jmemms "AUTO- sussmllp| MANUAL-OFF- "AUTO" FUSES
DISCONNECT MATIC" AUTO SWITCH
SWITCH
SWITCH AT "MANUAL" "MANUAL" OR "OFF" BAD DOES NOTCRANK  CRANKS
RESET TO "AUTOMATIC" RESET TO "AUTO" REPLACE PROBLEM IS IN THE
AND TEST AUTOMATIC AND TEST OPERATION BAD FUSE(S) GENERATOR DC
OPERATION CONTROL SYSTEM
N
REFER TO PART 5 OR 6
OF THIS MANUAL AS
APPROPRIATE
TEST 21-CHECK TEST 22.TEST TEST 4-CALIBRATE
WIRES 177, 178 GOOD wemmllp| MAINTENANCE | GOOD madpp| UTILITY VOLTAGE
AND 183 DISCONNECT SENSOR CIRCUIT
SWITCH BOARD
BAD BAD AUTO START O.K. NOW
REPAIR, RECONNECT OR REPLACE STOP TESTS
REPLACE BAD WIRE(S)
REPLACE UTILITY VOLTAGE ¢ UTILITY VOLTAGE SENSOR BOARD
SENSOR CIRCUIT BOARD NOT WORKING PROPERLY
NOTE: If engine does not crank in automatic mode, try testing the system as outlined in Part 5, "Options A and N

B Control Consoles”, or in Part 6, "Option C Control Consoles".
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Problem 6- No Transfer to "Standby" in Automatic Mode

During operation in automatic mode, the utility voltage sensor board monitors transformer reduced "Utility" power
source voltage. Should that source voltage drop below the setting of a “voltage dropout sensor” on the circuit board,
closure of the 2-wire start circuit (178/183) will occur. On closure of that circuit, the generator's DC control/latch-crank
board initiates engine cranking and startup. At the same time, the utility voltage sensor board opens a Wire 199/202
circuit between itself and the system control (Logic) board. With the generator running, transformer reduced
"Standby" source voltage is delivered to the system control board and to a "Standby Operating” lamp on the transfer
switch enclosure door. An "engine warmup timer" on the system control board starts timing. When that timer has
timed out and if "Standby" source voltage and frequency have reached the settings of voltage and frequency sensors
on the system control board, the system control board will complete a Wire 23 circuit to ground. A transter relay will
then energize and, on closure of the relay's normally-open contacts, power will be delivered to transfer mechanism
terminals B1/B2. The transier mechanism's solenoid coil should then energize and transfer to "Standby” should
occeur.

If the generator engine starts normally in automatic mode, but transfer to "Standby" does not occur, troubleshoot
the system as follows:

TEST23-DOA
"NORMAL
TEST"

DOES
NOT
TRANSFER

TEST 24- CHECK
"STANDBY OPER
ATING LAMP

DOES TRANSFER
RELAY OPERATE?

LAMP IS OUT OR DIM

TEST 27- TEST
GENERATOR

VOLTAGE AND
FREQUENCY

TEST 29- TEST

O.K.ﬂ TRANSFORMER §

TR1

TEST 28- TEST
TRANSFER
RELAY BA

TEST 25- CHECK
TERMINALS B1/82
VOLTAGE

LOW OR ZERO AD O.K

SEE PART 2,30R4 iPLACE REPLACE TEST 22- TEST
OF MANUAL AS DEFECTIVE DEFECTIVE MAINTENANCE
APPROPRIATE TRANSFORMER RELAY DISCONNECT

SWITCH

TEST 31- TEST
LOGIC (OR CPU)
CIRCUIT BOARD

REPAIROR ' TEST 26- CHECK
. REPLACE ; TRANSFER

REPLACE CIRCUIT BOARD BAD PARTS MECHANISM

IF DEFECTIVE
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TEST 32-IS
"UTILITY ON"
LAMP LIT?

NO

GO TO PROBLEM 1

PART 8
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Problem 7- in Automatic Mode, No Retransfer Back to "Utility"

TEST 33-CHECK
VOLTAGE AT
TERMINALS
A1/A2

GOOD mulp-

BAD

TEST 28-TEST
TRANSFER
RELAY

BAD GOOD

REPLACE BAD RELAY

TEST 22-TEST
'MAINTENANCE -
DISCONNECT

SWITCH

s GOOD —

INSPECT/TEST WIRES
Nt,N2,125,126- -.
REPAIR, REPLACE OR
RECONNECT BAD WIRE(S)

TEST 34-TEST
TIME DELAY
RELAY

BAD

REPLACE
BAD
RELAY

RETRANSFERS
TO "UTILITY"

|

REPLACE LOGIC
(OR CPU) CIRCUIT
BOARD

GOOD »

TEST 35-TEST
WIRES 199/202
ACTION

DOES NOT
TRANSFER

|

TEST 36-TURN
TIME DELAY
NEUTRAL

SWITCH OFF

DOES NOT
RETRANSFER

!

TEST 26-CHECK
TRANSFER
MECHANISM

REPAIR OR REPLACE h BAD

BAD PART(S)
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Section 8.10

DIAGNOSTIC TESTS

Introduction
Use the "Diagnostic Tests" -in conjunction with the
"Troubleshooting Flow Charts” of Section 8.9. Test
numbers in this section correspond to the numbered
tests in the "Flow Charts".

- To find the cause of a problem, first define the prob- .

lem. Then, locate the defined problem in Section 8.9.
- Perform the tests under that problem in the exact order
indicated by the flow chart.

Test 1- Check Voltages at Terminals

‘ N1/N2/N3

DISCUSSION:

Utility power source voltage must be available to
terminal lugs N1 and N2 (2-pole units) or N1, N2 and N3
(3-pole units). In addition, the applied voltage must be
compatible with the rated voltage and phase of the
transfer switch. If correct rated voltage is not available
to the transter switch, the following will resuit:

*  The "Switch Position-Utifity™ lamp' on ‘the -transfer .-

switch enclosure door will not turn on.

¢ The "Utility On" lamp (LED) on the utility voltage sensor
circuit board will not illuminate.

e |fthe utility voltage is lower than the setting of the utility
voltage sensor board’s "voltage dropout sensor”, gen-
erator startup and transfer to the standby power source
will oceur.

* Retransfer back to the utility power supply will not
occur.

ANGER: THE POWER VOLTAGES DELIVERED
O TRANSFER MECHANISM TERMINAL
1/N2/N3 IS EXTREMELY HIGH AN
ANGEROUS. CONTACT WITH POWER VOLT
GE TERMINALS WILL RESULT IN EXTREMEL
AZARDOUS AND POSSIBLY DEADLY ELECTRI
AL SHOCK.

PROCEDURE:

1. Turn on the utility power supply to the transfer switch
using whatever means available (such as the utility
power source main line circuit breaker).

2. Use an AC voltmeter to check the line-to-line and
line-to-neutral voltages applied to terminal lugs N1, N2,
N3 and the neutral block in the transfer switch. The
meter must indicate correct rated voltage and must be
compatible with transfer switch rated voltage.

4

RESULTS:

1. If utility supply voltage is not available, check the utility
main line circuit breaker. Also make sure that a utility
power source outage has not occured.

2. If the utility voltage supply to transfer mechanism
terminal lugs is good, go on to Test 2.

Test 2- Check Utility Sensing Interface

Input Voltage
DISCUSSION:

Utility power source voltage is not delivered directly
to the utility voltage sensor board. Instead, utility source
voltage Is delivered to a utility voltage sensing interface.
Transformers in the interface reduce the voltage. it is
this reduced voltage thatis delivered to the utility voltage
sensor circuit board.

PROCEDURE:

Use an AC voltmeter to measure the utility source
voltage across terminals N1, N2 and N3 of the utility
voltage sensing Interface. Correct rated utility source
voltage:(line-to-line)-should be indicated.

RESULTS:

1. If voltage readings are good, go on to Test 3.

2. If voltage readings are bad but readings in Test ‘were
good, inspect and test Wires N1/N2/N3 (between the
transfer mechanism and the utility sensing interface).
Repair, reconnect or replace any bad wire(s).

Test 3- Check Utility Voltage Interface

Output Voitage
DISCUSSION:

The utility voltage sensing interface will reduce the
utility source voltage at a fixed ratio. This test, in con-
junction with Test 2, will indicate whether a fault exists
in the utility sensing interface.

PROCEDURE:

Use an AC voltmeter to test for correct interface
output voltage across interface terminals 224 through
227. Test connections and acceptable interface output
voltages are listed in the following chart.
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- Test 3- Check Utility Voltage Interface
Output Volitage (Continued)
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2. On the utility voitage sensor circuit board, locate Test
Points "TP3" and "TP4" (Figure 1). Connect a jumper
wire across these two test points.

3. Locate the smali potentiometer "R10". Turn the poten-
tiometer fully counterclockwise.

4. Now, tum the "R10" potentiometer SLOWLY clock-
wise until the "Utility On" lamp (LED) just turns on.

5. Remove the jumper wire from "TP3" and "TP4".

6. Reset the maintenance disconnect switch to "Auto-
matic”.

TEST ACROSS 224-225 224-227
TERMINALS 225-226 225-227
224-226 226-227
LINE-TO-LINE RATED VOLTS OUTPUT VOLTS
600 Volts AC 4043VAC | 225-25VAC
480 Volts AC 4043VAC | 225-25VAC
400 Volts AC 4043VAC | 225-25VAC
240 Volts AC 40-43VAC | 225-25VAC
208 Volts AC 36.5-39 VAC| 20.5-23 VAC
RESULTS:

1. If voltage readings in Test 3 are bad, but readings
taken in Test 2 were good, replace the utility sensing
interface. ,

2. Ifreadings taken in both Test 2 and Test 3 were good,
goonto Test 4.

Test 4- Calibrate Utility Voltage Sensor

Circuit Board
DISCUSSION:

The utility sensing interface reduces utility source
voltage at a fixed ratio. Thus, if utility voltage varies from
the nominal, sensing voltage to the circuit board will also
vary. For that reason, calibration of the circuit board to
match system voltage may be required.

AUTION: The Installed transfer switch must be|
ted at a voltage and phase that is compatible|
ith the utllity and standby power supplies. DO
NOT attempt to calibrate any utlifity voltage sensor]
ard on a non-compatible unit in an attempt to;
ake the unit compatible.

Once the circuit board has been properly calibrated,
the voltage that was present during calibration estab-
lishes 100 percent utility voltage for "pickup® and
"dropout” settings. Utility source voltage must be avail-
able to the transfer switch during calibration.

PROCEDURE:.:
1. In the transfer switch enclosure, set the maintenance
disconnect switch to "Manual”.

D

V-4
)

O

000000 10

000000 0

e
1

TP3 -
§TP4 . @
JUMPEER -2‘/_ A @
S O 2

O a0
L]

Figure 1. Utility Voltage Sensor Circuit Board

RESULTS:

1. If the "Utility On" lamp (LED) does NOT turn on as
described under "Procedure”, replace the utility voltage
sensor board. Calibrate the new board and perform a
"Normal Test" of the system.

2. If the "Utility On" lamp turns on, discontinue tests.

Test 5- Check Voltage at Terminals

T1/T2/T3
DISCUSSION:

Terminals T1, T2 and T3 are the "load side” terminals
of the transfer mechanism. Either "Utility" or "Standby”
voltage is always available to the "Load™ terminals,
uniess (a) the main contacts are at their "Neutral” posi-
tion, or (b) one or both of the supply voltage sources has
failed. If power is not available to the load terminals, the
7-day exercise timer will not function. In addition, neither
of the "Switch Position” lamps on the switch enclosure
door will operate.

N
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Test 5- Check Voltage at Terminals

T1/T2/T3 (Continued)
PROCEDURE:
Use an AC voltmeter to test for correct rated AC
voltage across terminal lugs T1, T2 and T3 and across
each terminal lug and the neutral biock.

RESULTS:

1. If correct rated line-to-line and line-to-neutral AC
voltages are indicated, go on to Test 6.

2. If correct rated voltages are not indicvated, go on to
Test 8.

Test 6- Test Transformer TR2 Input Volt-
age
DISCUSSION:

Transformer TR2 is the "load side” transtormer. Its
function is to reduce the Line 1 (T1) to Line 2 (T2) load
voitage at a ratio of about 10 to 1. Thus, a line-to-line
AC Input voltage of 240 volts will be reduced to about
24 volts AC by transformer action. This transformer
reduced voltage is delivered to the 7-day exercise circuit
board for operation of the exercise timer. As long as the
reduced voltage is available to the board and the timer
is operating, a "Timer Operating” lamp on the board will
flash.

PROCEDURE:

Use an AC voltmeter to test for correct rated line-to-
line voltage across transformer TR2 terminals H1 and
H4 (see Figure 2). Normal rated line to line load terminal
voltage should be indicated.

RESULTS:

1. If normal rated line to line load voltage is not indicated,
but normal volts was indicated in Test 5, inspect and test
Wires T1 and T2 between the transformer and the
transfer mechanism. Repair, reconnect or replace any
defective wire(s) as required.

2. If normal rated line to line load voltage is indicated,
goonto Test7.

Test 7- Check Transformer TR2 Output

Voltage
DISCUSSION:

In Test 6, input voltage to the primary winding of
transformer TR2 was checked. To determine if the
transformer is functioning properly, the output voitage
from the transformer's secondary winding must be
checked.
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PROCEDURE:

Use an AC voitmeter to check the voltage across
terminals X1 and X2 of transformer TR2. The indicated
voltage should be about 21 volts AC for a 208 volts
system; about 24 volts AC for a 240 volts system.

RESULTS:

1. If correct line to line voltage was indicated in Test 6,
but correct step-down voltage was not indicated in Test
7, replace transformer TR2. '

2. If the reduced voltage reading across transformer
terminals X1 and X2 is correct, go on to Test 8.

H1 H3 H2 H4

1”*%___
7 gﬂé’mml

H3 H2 H4

Figure 2. Transformer TR2 Test Points

Test 8- Check Main Contacts Position
DISCUSSION:

During operation in automatic (electrical) mode, the
transfer mechanism main contacts will remain at
"Neutral" as long as the solenoid coil remains energized.
Normally, limit switch LS3 will be opened to de-energize
the solenoid coil and allow spring force to complete the
transfer action. On units with the "time delay at neutral”
feature, a time delay relay wil be de-energized by circuit
board action to de-energize the solenoid coil.

While the main contacts are at "Neutral®, the load
terminals (T1, T2, T3) are disconnected from both power
sources and the 7-day exerciser circuit will not operate.
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Test 8- Check Main Contacts Position

(Continued)
PROCEDURE:
1. Observe the "Switch Position” advisory lamps on the
transfer switch enclosure door. Either the "Utility" or
"Emergency"” lamp should be on.
2. Visually observe the main contacts through the clear
plastic cover on side of transfer mechanism. The switch
position can be seen (Figure 3).

NOTE: The "Changeover Display” on front of transrfer
mechanism will indicate whether the main contacts are at
“Utility” or "Standby”. It does not provide a valid indication
should the main contacts be held at "Neutral”.

RESULTS:

1. If main contacts are at "Utility" and the "Switch
Position-Utility" lamp is not on, check the "Utility" power
supply to the transfer switch (Test 1).

2. If the main contacts are at "Standby" and the "Switch
Position-Emergency” lamp is not on, check the
"Standby” power supply to the transfer switch.

Test 9- Check Voltage at Exercise Board
-DISCUSSION: ‘

You should have already determined that transformer
TR2 output voltage is good. That voltage must be avail-
able to the 7-day exercise board, for operation of the
exercise timer circuit. This test (Test 9) will determine
(a) it an'open or shorted condition exists between trans-
former TR2 and the exercise (or CPU) board, and (b) i
the exercise (or CPU) board is defective.

You may wish to review Part 10, "The CPU Type
Intelligence System” and/or Part 11, "The Logic Type
Intelligence System".

PROCEDURE:

Units with System Control (Logic) Board: Locate
Pins 2 and 6 of the 7-day exercise board’s connector
plug, to which Wires 185 and 0 connect. Use an AC
voltmeter to check the voltage reading across these two
pins and wires. The meter should read about 21 volts
for a 208 voits system; about 24 volts for a 240 volts
system.

Units with CPU Circuit Board: Locate Pins 14 and
15 of the CPU board connector, to which Wires 185 and
0 connect. Use an AC voltmeter to check the voltage
across these two pins and wires. Readings should be
about 21 volts for a 208 volts system; about 24 volts for
a 240 volts system.
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RESULTS:

1. If voltage reading is bad, repair, reconnect or replace
Wires 185 or 0, between transformer TR2 and the circuit
board.

2. If the voltage reading is good but the "Timer Operat-
ing” lamp (LED) on the circuit board does not flash,
replace the 7-day exercise board. (Lamp on CPU board
does not flash.)

Test 10- Verify Main Contacts Position

DISCUSSION:

If the "Switch Position-Emergency” lamp on the trans-
fer switch enclosure door does not come on, the first
step in troubleshooting is to verify the position of the
main contacts. That lamp will illuminate only if (a) the
main contacts are at "Standby” and (b) if generator AC
output power is available to the transfer switch.

PROCEDURE:
Refer to Test 8.

RESULTS:

1. If the main contacts are at "Standby” but lamp is not
on, go to Test 11.

2. If the main contacts are NOT at "Standby", manually

‘actuate them to the "Standby" position. Them, recheck

the "Switch Position-Emergency” lamp.

Test 11- Check "Timer Operating” Lamp

DISCUSSION:

The "Timer Operating” lamp on the 7-day exercise
board is powered by the same voltage source that
operates the two "Switch Position” lamps. If either of the
"Switch Position" lamps do not turn on, a check of the
"Timer Operating” lamp will indicate whether the re-
quired step-down voltage is available for lamp opera-
tion.

PROCEDURE:
Visually check the "Timer Operating” lamp (LED) on
the circuit board. The lamp should be flashing.

RESULTS:

1. It the lamp is NOT flashing, go to Problem 2.

2. If the lamp IS flashing and the "Switch Position-Utility”
lamp does not come on, go to Test 12.

3. Ifthe lamp IS flashing and the "Switch Position-Emer-
gency” lamp does not light, go to Test 15.

~

N
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Test 12- Check "Switch Position-Utility"

Lamp
DISCUSSION:
With "Utility” source power available to the transter
switch and the main contacts at their "Utility" position,
the "Switch Position-Utility” lamp should be ON.

Test 10 verified the position of the main contacts. Test
11 verified that power is available to operate the "Timer
Operating” lamp (LED) on the 7-day exercise board.
You will now want to check the "Switch Position-Utility"
lamp itself.

PROCEDURE:

1. Make sure the main contacts are at "Utility” and that
"Ulility” source power is available to the transfer switch.
2. Gonnect an AC voltmeter across the two terminals of
the "Switch Position-Utility” lamp, inside the transfer
switch enclosure door. The meter shouid read about 24
volts for 240 volts systems; or 21 volts for 208 volts
systems.

RESULTS:

1. If the meter reads normal step-down voltage but the
lamp is out, replace the lamp.

2. If voltage is not indicated, go to Test 13.

Test 13- Test Auxiliary Contacts
DISCUSSION:

Two sets of auxiliary contacts are provided on the
transfer mechanism. See "Auxiliary Contacts” on Page
8.2-2. The contacts with terminals numbered 4, 5 and 6
are for customer use. Contacts numbered 1, 2 and 3
operate the "Switch Position" lamps on the transfer
switch enclosure door. Thus, a defective auxiliary con-
tacts switch can mean that the "Switch Pasition” lamp(s)
will not tum on.

PROCEDURE:

Before attempting to test the auxiliary contacts, first
turn OFF all power voltage supplies to the transfer
switch. Then, test the auxiliary contacts as follows:

"IDANGER: DO NOT PROCEED UNTIL BOTH THE
["UTILITY" AND "STANDBY" POWER SUPPLIES
TO THE TRANSFER SWITCH HAVE BEEN
TURNED OFF. FAILURE TO TURN OFF ALL
POWER VOLTAGE SUPPLIES MAY RESULT IN
DANGEROUS AND POSSIBLE FATAL ELECTRI-
ICAL SHOCK.

1. Tum OFF all power voltage supplies to the transfer
switch, using whatever means provided (such as the
*Utility" or "Standby" main line circuit breakers.
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2. Use the manual transfer handle to actuate the main
contacts to their "Standby” position, i.e., load connected
to the "Standby" source. See Section 8.5 for manual
operating instructions.

a. Set a VOM to its "Rx1" scale and zero the meter.
Connect the VOM test leads across auxiliary contacts
terminals 1 (common) and 3 (normally-open). Meter
should read as indicated in chart below.

b. Now, connect the VOM test leads across auxiliary
contacts terminals 1 (common) and 2 (normally-closed).
The VOM should read as indicated in chart below.

3. Use the manual transter handle to actuate the main
contacts to their "Utility" position. See Section 8.5 for
manual transfer procedures.

a. Connect the VOM test leads across terminal 1 (com-
mon) and 3 (normally-open). See chart below for correct
reading.

b. Connect the VOM test leads across terminal 1 (com-
mon) and 2 (normally-closed). See chart for correct
reading.

AUXILIARY MAIN

CONTACTS CONTACT METER

TERMINALS POSITION READING

_ 1and3 Standby Continuity

1and 2 Standby Infinity
1and3 Utility Infinity
tand2 Utitity Continuity

RESULTS:

1. Replace auxiliary contacts, if bad.
2. If auxiliary contacts are good, go to Test 14.

Test 14- Test and Inspect Wires 185, 148

and 0
DISCUSSION:
‘An open condition in Wires 185, 148 or O will result in
a failure of the "Switch Position-Utility" lamp to light.

PROCEDURE:

‘Refer to appropriate wiring diagram. Inspect and test
Wires 185, 148 and 0 for an open, shorted or grounded
condition.

RESULTS:

Repair, reconnect or replace defective wire(s) as
necessary.
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Test 15- Check "Switch Position-Emer-
gency” Lamp
DISCUSSION:

When the main contacts are at "Standby” and the
generator is running, the "Switch Position-Emergency"
lamp should be on. You should have already checked
the "Timer Operating” lamp on the exercise board (Test
11) and that lamp should be flashing. This test (Test 15)
will determine if the "Switch Position-Emergency” lamp
Is out.

PROCEDURE:

1. With the main contacts at "Standby” and with
"Standby" power available to the transfer switch (gen-
erator running), use an AC voltmeter to check voltage
across the two lamp terminals. Wires 147 and 0 connect
to the two terminals.

2. The meter should read about 24 volts for a 240 volts
system; about 21 volts for a 208 volts system.

RESULTS:

1. If meter indicates normal step-down voltage but lamp
does not light, replace the lamp.

2. If normal step-down voltage is not available to the
lamp, go on to Test 13.

Test 16- Test and Inspect Wires 185, 147
and 0
DISCUSSION:
If any of these wires are open, shorted or grounded,
- the "Switch Position-Emergency” lamp-will not function.

PROCEDURE:
Carefully inspect Wires 185, 147 and 0. Use a VOM
to test wires for an open or grounded condition.

RESULTS:
Repair, reconnect or replace any defective wire(s).

Test 17- Check Position of Maintenance

Disconnect Switch
DISCUSSION:

On dropout of "Utility” source voltage below a preset
level and if that source voltage remains at such a low
level for a preset time, closure of the 2-wire start circuit
should result. Closure of the 2-wire start circuit should
also result during a "Normal Test”. When the 2-wire start
circuit closes, engine cranking and startup should occur.
It the engine does not crank in automatic mode, perhaps
the maintenance disconnect switch is set to "Manual”.
The switch must be at "Automatic™ or cranking will not
occur.
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PROCEDURE:
Inside the transfer switch enclosure, check that the
maintenance disconnect switch is set to "Automatic”.

RESULTS:

1. If the switch is at "Automatic” but engine does not
crank in automatic mode, go to Test 18.

2. It switch is at "Manual”, reset it to "QAutomatic” then
test automatic operation.

Test 18- Check Position of Auto-Manual-

Off Switch
DISCUSSION:
An auto-manual-off switch is located on the generator
control console (if so equipped). The switch must be set
to "Auto” position for normal automatic operations.

PROCEDURE:
On the generator control console, check that the
auto-manual-off switch is set to "Auto” (if so equipped).

RESULTS:

1. If the switch is set to "Auto” but engine will not crank
in automatic mode or during a "Normal Test", go to Test
19.

2. If the switch is set to "Manual” or "Off", reset it to
"Auto”. Then test automatic operation.

Test 19- Check Generator Fuses
DISCUSSION:
A 30 amp fuse is mounted on the generator console.
A 14 amp in-line fuse is located inside the control
console housing. If either of these fuses has blown,
neither automatic or manual engine cranking will be
possible.

PROCEDURE:
Refer to Part 5 or 6 of this manual as appropriate.

RESULTS:

1. If both fuses are good but engine will not crank, go to
Test 20.

2. Replace any blown fuse(s). Then, test automatic
operation.

Test 20- Jumper Start Terminals

DISCUSSION:

Automatic engine cranking normally begins when trans-
fer switch circuit board action closes the 2-wire start
circuit (Wires 178/183). This action can be simulated by
using a jumper to physically close that circuit. If engine
will not crank in automatic mode, this test willisolate the
problem to either the generator or the transfer switch.
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Test 20- Jumper Start Terminals (Con-
tinued)
PROCEDURE:
Test the system’s 2-wire start capability as follows:

ANGER: THE GENERATOR ENGINE WILL
RANK AND START DURING THIS PROCEDURE.

MAKE SURE ALL PERSONNEL ARE CLEAR OF
HE GENERATOR BEFORE PERFORMING THIS
EST.

AUTION: The generator must have been properi
erviced and ready for use before this test i
erformed. Fallure to properly prepare the engine
enerator for use will result in damage to the unit.

1. On the generator console, set the auto-manual-off
switch to "Auto”.

2. On the transfer switch enclosure door, set the system
test mode switch to "Automatic Mode".

3. In the transfer switch enclosure, set the maintenance
disconnect switch to "Automatic”.

4. In the transfer switch enclosure, locate the terminal
strip with terminals 178 and 183 identified.

5. Connect a jumper wire across terminals 178 anf 183.

- The engine should crank and start.

6. Disconnect the jumper wire. The engine should shut
down.

RESULTS:

1. If the engine does not crank when the jumper wire is
connected across terminals 178/183, the problem is in
the generator's DC control system. Refer to Part 5 or 6
as appropriate.

2. If the engine cranks when the jumper wire is con-
nected across terminals 178/183, but does not crank
during normal automatic operation, go to Test 21.

Test 21- Check Wires 177, 178 and 183
DISCUSSION:
Refer to appropriate transfer switch wiring diagram. An
open condition in the Wires 177/178/183 circuit will
prevent closure of the 2-wire start circuit. If that circuit
cannot close, automatic startup will not be possible.

PROCEDURE:

Inspect and test Wires 177, 178 and 183 for an open or
grounded condition.

RESULTS:

1. Repair, reconnect or replace any defective wire(s).
2. If all wires are good, go to Test 22.
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Test 22- Test Maintenance Disconnect

' Switch
DISCUSSION:

An internal failure in the maintenance disconnect
switch can result in a permanently open condition in the
2-wire start circuit. Such an open condition will result in
failure of the engine to crank in automatic mode.

PROCEDURE:

1. On the generator console, set the auto-manual-off
switch to "Off" (it so equipped).

2. In the transfer switch enclosure, set the maintenance
disconnect switch to "Manual”.

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).

4. Disconnect all wires from the maintenance discon-
nect switch, to prevent interaction.

5. Use an ohmmeter to test the switch. The meter should
read either "infinity” or "continuity” as listed in the chart
below.

RESULTS:

1. Replace the maintenance disconnect switch, if defec-
tive.

2. If switch tests good but engine will not crank in
automatic mode, go to Test 4.

SWITCH METER

POSITION TEST POINTS READING
"AUTOMATIC" Terminals 1 and 2 Continuity

l Terminals 2 and 3 Infinity
Terminals 4 and § Continuity:

Terminals 5 and 6 Infinity
Terminals 7 and 8 Continuity

Terminals 8 and 9 Infinity
Terminals 10 and 11 Continuity

) Terminals 11 and 12 Infinity

"MANUAL" Terminals 1 and 2 Infinity
Terminals 2 and 3 Continuity

Terminals 4 and 6 Infinity
Terminals 5 and 6 Continuity

Terminals 7 and 8 Infinity
Terminals 8 and 9 Continulty

Terminals 10 and 11 Infinity
Terminals 11 and 12 Continuity

‘ Test 23- Do a "Normal Test"
DISCUSSION:

Performing a "Normal Test" simulates automatic
operation. When the system test mode switch is set to
"Normal Test", engine will crank and start followed by
transfer to the "Standby" source, just as though an
actual "Utility” source failure has occured. Thus, if you
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Test 23- Do a "Normal Test"” (Continued)
wish to test normal automatic operation (including
cranking, startup, running, transfer, etc.), the "Normmal
Test™ method is a good way to do just that.

PROCEDURE:

Pertorm a "Normal Test” as outlined in Section 8.6,
"Functional Tests". The generator engine should crank
and start just as though a "Utility" power outage has
occured. On system control (Logic) type circuit boards,
LED's can be monitored during the test. These LED’s
turn on to indicate that various timers are operating.

When the "Normal Test” is completed, reset the
switch back to "Automatic Mode". Retranster back to the
"Utility" source and generator shutdown should occur as
programmed.

NOTE: For a description of automatic operating sequences
and times, see Part 10 ("The CPU Type Intelligance System")
or Part 11 ("The Logic Type Intelligence System®). These

sequences and times can be monitored by observing LED’s

on the CPU or system control (logic) board.

-RESULTS: ‘

1. If generator startup and transfer to standby occurs as
programmed, system operation is good.

2. If the engine does not crank, go to Problem 5.

3. If the engine cranks and starts but no transfer to
"Standby" occurs, go to Test 24. . :

4. If startup and transfer to "Standby” are normal, but
when switch is reset to "Automatic Mode", retransfer
back to "Utility" does not occur, go to Problem 7.

Test 24- Check "Standby Operating”

Lamp
DISCUSSION:

Transfer to either power source cannot occur unless
that power supply is available to the transfer switch. For
example, transfer to "Standby” cannot occur unless that
power supply is available. One quick way of checking
for "Standby” power is to observe the "Standby Operat-
ing" lamp on the transter switch door. If the lamp is ON,
you may assume that generator power is available.

PROCEDURE:

Perform a "Normal Test" (Test 23, above). If transfer
to "Standby” does not occur, check the "Standby
Operating” lamp.
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RESULTS:

1. If the "Standby Operating” lamp is ON, but transfer
to "Standby" did not occur, go to Test 25.

2. If the "Standby Operating” lamp is OUT or DIM, go to
Test 27.

- During an actual "Utility” power outage, utiolity sensor

lt:'c?azg action sv’vill open the Wires 199/202 circuit to the s,stem
control or CPU circuit board. Opening of that circuit "te Is® the
systam control {or CPU) board that utility voltage has dropped
out. The system control (or CPU) board will then initiate
transfer to the "Standby"” source side. If an acceptable preset
voltage is available, the 199/202 circuit W{/l not I.Je opened.and
transfer to "Standby” will not occur. During a I:Iorma/ Test‘f,
the 199/202 circuit is bypassed and transfer to Standby” will
occur even if "Utility” voltage is available. If transfer to
*Standby” occurs during a "Normal Test” but not during an
actual "Utility” source outage, try refla_cmg the utility voltage
sensor circuit board. On new installations with this problem,
first verify that the transfer relay has been wired correctly.

Test 25- Check Terminals B1/B2 Voltage
DISCUSSION:

Following engine startup in "Automatic® or "Normal
Test” mode, an engine warmup timer on the system
control (or CPU) circuit board will start timing. A
"Standby Voitage" and a "Standby Frequency” sensor
‘on that circuitboard will check for an acceptable (preset)
generator AC output voltage and frequency. After the
engine warmup timer has timed out and providing
standby voltage and frequency are above a preset level,
system control (or CPU) board action will energize a

‘transfer relay. When the transfer relay energizes, its

normally-open contacts will close to deliver generator
output volitage to transfer mechanism terminals B1 and
B2. With standby voltage available to B1/B2, transfer to
the "Standby" source should occur. This test will deter-
mine if the transfer relay has energized and if generator
AC output is available to terminals B1/82.

NOTE: On units equipped with the optional time delay at
neutral feature, a time delay relay will be energized at the
same time as the transfer relay.

PROCEDURE:

1. Perform a "Normal Test".

2. After the engine has started, wait for the "engine
warmup timer” to time out. Transfer to "Standby” should
then occur.

3. If transfer does not occur, use an AC voltmeter to
check for "Utility” voltage across terminals B1 and B2.
Generator rated AC voltage shouid be indicated.
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-Test 25- Check Terminals B1/B2 Voltage

(Continued)
RESULTS:
1. If generator rated voltage is indicated at terminals
B1/82, but transter to "Standby did not occur, the prob-
lem is in the transfer mechanism. Go to Test 26.
2. If generator rated voltage is NOT indicated at ter-
minals B1/B2, go to Test 28.

Test 26- Check Transfer Mechanism
DISCUSSION:
1f generator AC output voitage is available to transfer
mechanism terminals B1/82, but transfer to "Standby”
does not occur, the most obvious cause of the problem
is a defective transfer mechanism.

This test will outline procedures for completion of
"preliminary tests® of the transter mechanism. These
tests are those that can be performed with little or no
disassembly of the mechanism. If the tests indicate a
defective component, further disassembly and testing

may be required.

ANGER: BEFORE PERFORMING PRELIMINARY]
ESTS, TURN OFF ALL POWER VOLTAGE SUP-
PLIES TO THE TRANSFER SWITCH. FAILURE TO|

RESULT IN EXTREMELY HAZARDOUS AND POS-
SIBLY FATAL ELECTRICAL SHOCK.

[TURN OFF ALL POWER VOLTAGE SUPPLIES MAY|
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PROCEDURE:
A. Test Limit Switch LS1: Test limit switch LS1 in the
transter mechanism as follows:
1. Set the maintenance disconnect switch to "Manual”. This
will prevent automatic operation when the "Utllity" power
supply is turned off.
2. Turn OFF all power voltage supplies to the transfer
switch. Both the "Utility" and "Standby" power supplies
'must be turned off.
3. Use the manual transfer handle to actuate the main
contacts to their "Standby" position.
! a. Check the changeover display on the transfer
mechanism,
b. The "Standby” arrow should point to the green band;
the "Ultility"” arrow to the red band.
4. Set a volt-ohm-milliammeter (VOM)toits "Rx1" scale and
zero the meter.
5. Connsct one VOM test lead to terminal A1; the other to
terminal T1. The meter should read "continuity”.
6. Connect the VOM test lerads across terminals B1 and
T1. The meter should read "infinity".
7.Manually actuate the main contacts to their "Utility" power
source side.
a. Check the changeover display on transfer mechanism.
b. The "Utility" arrow should point to the green band; the
"Standby"” arrow to the red band.
8.Connectthe VOM test leads across terminals A1 and T1.
The meter should read "Infinity".
9. Connectthe VOM test leads across terminals B1 and T1.
The meter should refad_’:gontinuity'.

LEGEND

B = Bridge Recitifier
C = Solenoid Coil |
LS1, LS2= Limit Switch !
(Switch Operation)

LS3= Limit Switch
{Neutral Position)
VR = Varistor

Figure 3. Transfer Mechanism Schematic Diagram
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B. Testing Limit Switch LS2: L
1. Turn OFF all power voltage supplies to the transfer 10. Now, connect the VOM positive (+) test lead to terminal
switch. end of white wire and the common (-) test lead to terminal
2. Set the maintenance disconnect switch to "Manual” and A2. Observe the meter reading.
main contacts at their "Utility” side. 11. Reverse the test leads. Again, observe the meter read-
3. IMPORTANT: Use a digital meter and set the meter ing.
to its "diode test” position. . a. Atone polarity, the meter should indicate the forward
4. Read acrlgss tr:nsf?r hrr)\lechamsm terminals A2 and T2- resistance of a bridge rectifier diode.
meter should read "infinity". . b. At the opposit ity, the VOM sh d "In-
5. Read across B2 and T2- some resistance should be finity” pposite polarity, the should read "in
read, i.e., the resistance of the varistor. 12 Conr.\ect the .

,le., ] . - . positive (+) VOM tast lead to terminal A1;
6. Manu;lly actu% thg Tmza-lcaﬁ?;ar?:‘sitsotar?ézn:f? oyul : Eg the common (-) test lead to the red wire.:Note the meter
‘rtzg read across Ac an reading. Reverse the test leads and again note the meter
: T2- meter should read “infinity”. reading.
7. Read across B2 and R a. At one polarity, the VOM should read the forward
resistance of a diode.
b. At the opposite resistance, the meter should read
"Infinity".

C. Testing Limit Switch LS3: 13. Finally, connect the positive (+) VOM test lead to
1. Set the maintenance disconnect switch to "Manual”. terminal A1;the common (-) test lead to the white wire. Note
2. Turn off all power voltage supplies to the transfer switch. the reading. Then, reverse the test leads and again note
3. Set a VOM to its "Rx1" scale and zero the meter. the reading. i
4. Connect the VOM test leads across transfer mechanism a. Atone polarity, the VOM should read diode resistance.
terminals T1 and T2. b. At the opposite polarity, the meter should read "In-
5. Manually actuate the main contacts to "Standby” and to finity".

"Utility” several times. Check the VOM reading with the . o
contacts at "Utility", with the contacts at "Standby”, and with NOTE: When reconnecting the red and white wires to the
the contacts at "Neutral”. actuating coil, be sure to follow the "Tap Change of Coil® /" ™\

dragram.

a. With main contacts at "Neutral”, VOM should read
"Infinity”.

b. At "Utility", the VOM should read "Continuity".

c. At "Standby”, the VOM should indicate "Continuity”.

D. Testing the Bridge Rectlfier:
1. Set the maintenance disconnect switch to "Manual”.
2. Turn OFF all power voltage supplies to the transfer
switch.
3. On the transfer mechanism, locate the solenocid coil
cover. Remove the cover to expose the coil terminals.
Cover may display a "Tap Change of Coil” diagram.
a. A RED wire indicates the positive (+) side of cail.
b. A WHITE wire indicates negative (-) side of coil.
4. To prevent interaction, disconnect the red and white
wires from the far left and far right coil terminals (red wire
at left, white wire at right).
5. Manually actuate the main contacts to their "Standby”
position ("Standby” arrow next to the green color band).
" 6. Set a VOM to its "Rx1" scale and zero the meter.
7. Connect the VOM positive (+) test lead to the terminal
end of red wire at far left.
8. Connect the common (-} VOM test lead to transfer
mechanism terminal A2. Observe the meter reading.
9. Now, reverse the testleads. Thatis, connectthe common
(-) test lead to terminal end of red wire and the positive (+)
test lead to terminal A2. Observe the meter reading.
a. The forward resistance of a bridge rectifier diode
should be indicated at one polarity only. ,
b. At opposite polarity, VOM should read "Infinity".

LEGEND

B = Bridge Rectifier

C = Solenoid Coil

LS1, LS2= Limit Switch .
(Switch Operation)

LS3w= Limit Switch
(Neutral Position)

VR = Varistor

Figure 4. Bridge Rectifier Testing

E. Testing the Actuating Coil: Test the transfer
mechanism's actuating coil as follows:

1. Set the maintenance disconnect switch to "Manual”.
2. Turn OFF power voltage supplies to transfer switch.

7N
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‘ Test 26- Check Transfer Mechanism (Con-

tinued)

3. Remove outer cover and plastic actuating coil cover.
4. Disconnect the red and white wires from the actuating
coil.

5. Use a VOM to measure actuating coil resistance as
follows:

a. From the red wire to outer terminal, about 34-36 ohms.

b. From the white wire to the outer terminal, about 34-36
ohms.

Test 27- Test Generator Voltage and Fre-
- quency
DISCUSSION:
Transfer to the "Standby" source will not occur in
automatic mode until after (a) the engine has started,
(b) an engine warmup timer has timed out, and (c)

. generator AC output frequency and voltage have

reached preset minimum values. This test will determine
if generator AC output voltage and frequency are high
enough to permit a "transfer to standby" operation.

PROCEDURE:

1. Refer to Test 1 in this section. Check voitage at
terminals N1/N2/N3 as outlined in that test. Normal
rated voltage of the system should be indicated.

2. Use an AC frequency meter to test the frequency at
the "Utility" terminal lugs (N1/N2). Normal rated AC
frequency should be indicated.

RESULTS:

1. If voitage and frequency check good, go to Test 29.
2. If voltage/frequency are low or zero, troubleshoot the
AC generator systems as outiined in Part 2, 3 or 4 of this
manual as appropriate.

Test 28- Test Transfer Relay
DISCUSSION:
During automatic operation, system control (or CPU)
circuit board action should energize the transfer relay to

‘ initiate automatic transfer to the "Standby" power source
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(providing utility voltage sensor board action has
opened the Wires 199/202 circuit).

When "Utility” power has been restored, utility voltage
sansor board action will open the Wires 199/202 circuit.
System control (or CPU) board action will then open the
transfer relay circuit. The transfer relay will de-energize,
its normally-closed contacts will close, and retranster
back to "Utility" will be initiated.

Failure of the transfer relay can mean (é) no transfer
to "Standby", or (b) no retransfer back to "Utility".

i

PROCEDURE:
Test the transfer relay as follows:

1. Set the maintenance disconnect switch to "Manual”,
to prevent,automatic startup when power voltage sup-
plies are tumed off.

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

3. Disconnect all wires from the transfer relay terminais
{see Figure 5). Note wire numbers and the relay ter-
minals to which they connect.

4. Connect the positive (+) post of a 12 voits battery to
relay terminal B. Connect the battery negative (<) post

-to relay terminal A. The relay shouid energize.

5. With the relay energized, connect the test leads of a
VOM across relay terminals 6 and 9, then across ter-
minals 1 and 7. In each case, note the meter resistance
readings.

6. Disconnect the battery posts from relay terminals A
and B. The relay should de-energize.

7. With the relay de-energized, connect the VOM test
leads across relay terminais 1 and 7; also across ter-
minals 6 and 9. Again, note the meter readings.

Correct readings in each case are listed in the chart
below.

Be sure to reconnect all wires to the relay terminals
before proceeding.

TRANSFER °
RELAY ACROSS DESIRED

CONDITION TERMINALS READING
ENERGIZED land7 Infinity
ENERGIZED 6and9 Continuity
ENERGIZED 4and7 Continuity
DE-ENERGIZED tand7 Continuity
DE-ENERGIZED 6and9 Infinity
DE-ENERGIZED 4and7 Infinity
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Test 28- Test Transfer Relay (Continued)
RESULTS:
1. Replace transfer relay if it is defective.
2. If transfer relay is good, perform Test 22, "Test
Maintenance Disconnect Switch". If maintenance dis-
connect swilch is good, complete Test 31.

\
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NOTE: The step-down ratio of transformer TR1 is fixed at a
ratio of approximately 10-to-1. For that reason, the secondary
winding output voltage will vary as the standby generator
voltage varies.

RESULTS:

1. If primary winding input voltage is zero or low, but
generator voltage and frequency reading in Test 27 was
good, test Wires E1 and E2 between the transfer
mechanism and the trransformer. Repair, reconnect or
replace any bad wire(s).

2. I primary winding input voitage is good, but secon-
dary winding output voltage is bad, replace the trans-
former TR1.

3. If input voltage to primary winding is good and output
from secondary winding is also good, go to Test 30.

Figure 5. Transfer Relay Test Points

Test 29- Test Transformer TR1

DISCUSSION:

Power for system control (or CPU) circuit board
-operation is'taken from the secondary winding of trans-
former TR1. Secondary winding output from that trans-
former also operates the "Standby Operating” lamp on
the transfer switch enclosure door. Without the reduced
output of transformer TR1, the system control (or CPU)
circuit board will not operate and transfer to "Standby”
will not occur.

PROCEDURE:

A. Check TR1 Primary Winding Input
1. With the standby generator running and its main line
circuit breaker closed, use an AC voltmeter to check for
correct voltage across transformer terminals H1 and H4.
2. Normal rated generator AC output voltage should be
indicated.

B. Check TR1 Secondary Windir.g Output
1. With the generator still running, check for correct step-
down voltage across transformer terminals X1 and X2.
2. For a system rated 208 volts, reading should be 21 volts.
3. For a 240 volts system, reading should be about 24 volts.

H1 H3 H2 H4

B,
(-

H3 H2 H4

e

X2 X1

Figure 6. Transformer TR1 Test Points

Test 30- Check Wires 191, 192
DISCUSSION:
The step-down voltage from transformer TR1 secon-
dary windings is delivered to (a) the "Standby Operat-
ing” lamp, and (b) the system control (or CPU) circuit
board, via Wires 191 and 192.| ‘
PROCEDURE: | |
Inspect and test Wires 191/192, between transformer
TR1 and the "Standby Operating™ lamp and between the
"Standby Operating” lamp and the system control (or
CPU) circuit board.
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Test 30- Check Wires 191, 192 (Con-
tinued)
RESULTS:
Repair, reconnect or replace defective wire(s), as
necessary.

Test 31- Test Logic (or CPU) Circuit Board
DISCUSSION:

During operation in automatic mode, system control
(or CPU) circuit board action may be briefly described
as follows:

1. The circuit board is tumed on by step-down voltage
from the secondary winding of transformer TR1. This is
transformer reduced "Standby" source voltage.
2. When tumed on, an "engine warmup timer" starts
timing.
3. The board delivers 12 volts to a transfer relay coil via
Wire 194. From the relay coll, the circuit is completed
back to the circuit board via Wire 23. However, circuit
-board action will hold the Wire 23 clrcuit open until the
following requirements are met: ‘
a. Utility voltage sensor board action must have opened the
Wires 199/202 circuit due to a "Utility" voltage dropout
below a preset level.
b. The "engine warmup timer" must have finished timing.
¢.:"Standby” voltage: must-be at or:above the setting of a
"standby voltage” sensor on the circuit board.
d. "Standby" frequency must be at or above the setting of
a "standby frequency"” sensor on the circuit board.
4. When all of the above conditions have been met,
-circuit board action will complete the Wire 23 circuit to
ground.
a. The transfer relay will then energize.
b. Transfer to "Standby” will be initiated as the normally-
open contacts of the transfer relay close to deliver
"Standby" source power to transfer mechanism terminals
B1/B2.

PROCEDURE:

1. Perform a "Normal Test" of the system. See Section
8.6, "Functional Tests".

2. During the "Normal Test", observe lamps on the
transfer switch doorand on the system control board
(not on the CPU board) as follows:
a. Check that the "Standby Operating™ lamp on the transfer
switch enclosure door is fighted.
b. Check that the "Engine Warmup Timer" lamp (LED) on
the circuit board turns on and goes out when the timer has
finished timing.
c. Check that the "Standby Voltage Sensos” lamp (LED) on
the circuit board turns on,
d. Check that the "Standby Frequency Sensor” lamp (LED)
on the circuit board turns on.
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3. If transfer to "Standby” does not occur, proceed as
follows with the generator running.

a. Locate Pin 11 of the system control (or CPU) circult board
connector, to which Wire No. 23 connects. Also locate Pin
2 of the circuit board connector, to which Wire 202 con-
nects.

b. Connect a jumper wire from Pin 11 (Wire No. 23) and to
Pin 2 (Wire No. 202).

c. When the jumper wire is connected across Pins 11 and
2 (Wires 23 and 202), the transfer relay should energize
and transfer to "Standby” should occur.

RESULTS:

If transfer to "Standby” occurs when the jumper wire is
connected, but does not occur normally, repiace the
system control (or CPU) circuit board. Then, retest
automatic operation.

PROGRAMMABLE SYSTEM CONTROL BOARD

i PLUG IS SHOWN. FOR "CPU" BOARD CONNEC-
~ TOR CONFIGURATION, SEE APPROFPRIATE
. WIRING DIAGRAM.

Figure 7. System Control (CPU) Board Connector

Test 32- Is "Utility On" Lamp Lit?

DISCUSSION:

The "Utility On™ lamp is located on the utility voltage
sensor circuit board. The lamp (LED) should illuminate
when "Utility" source voltage is above the setting of a
"voltage dropout sensor”. Check condition of this lamp
if retranster back to the "Utility" source does not occur
in automatic mode.

PROCEDURE:

Simply observe the lamy LED). if the LED is lighted,
"Utility" source sensing voltage Is available to the utility
voltage sensor board.

RESULTS:

1. Iflampis ON, but retransfer does not occur, go to Test
33.

2. f lamp is OUT, go to Problem 1.
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Test 33- Check Voltage at Terminals

A1/A2
DISCUSSION:

Transfer mechanism terminals A1/A2 are the
"refransfer back to utility” terminals. These two ter-
minals are powered by "Utility" source voitage when the
transfer relay de-energizes, to initiate the retransfer
action. This test will determine if the transfer relay has
de-energized to deliver "Utility” source voltage to ter-
minals A1 and A2.

PROCEDURE:

Perform a "Normali Test". Wait for the generator en-
gine to start and wait for transfer to "Standby" to occur.
Then, set the system test mode switch back to its
"Automatic Mode” position. Let the circuit board timers
time out and then determine if retransfer back to the
"Utility” source has occured ("Switch Position-Utility”
lamp comes on). If retransfer back to "Utility” does not
occur, use an AC voltmeter to check voltage across
terminals A1 and A2. Normal rated "Ulility” voltage
should be indicated.

RESULTS:

1. If "Utility" source voltage is NOT indicated, go to Test
28 (see Problem 7 on Page 8.9-6).

2. If voltage reading at A1/A2 is good but retransfer back
to "Utility" does not occur, goto Test 34.

Test 34- Test Time Delay Relay
DISCUSSION:

Some transfer switches may be equipped with the
"time delay at neutral” feature. That feature functions to
hold the transfer mechanism'’s solenoid coil energized
for a preset time period. The main contacts will remain
at "Neutral” as long as the solenoid coil is energized.

The time delay relay is normally energized by system
control (or CPU) circuit board action during any transfer
operation. When the relay is energized, its normaily-
open contacts will close to bypass limit switch LS3 and
ailow the solenoid coil to remain energized for a preset
time. A time delay resistor limits current flow to the coil.
After a "time delay neutral timer" on the system control
(or CPU) board has finished timing, circuit board action
will de-energize the time delay relay. The reiay’s con-
tacts will then open and the solenoid coil will de-ener-
gize. Spring force will then complete the transfer action.

A detective time delay relay can (a) prevent transfer
by keeping the main contacts at "Neutral®, or (b} resuit
in immediate transfer without occurence of the “time
delay at neutral” function.
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PROCEDURE:
See Test 28. Test the time delay relay in the same
manner as the transfer relay.

RESULTS:

1. Replace time delay relay if defective.
2. It time delay relay tests good, go to Test 35.

Test 35- Test Wires 199/202 Action
DISCUSSION:

Ouring a utility power source dropout, -utility voltage
sensor board action should open the Wires 199/202
circuit, to "tell” the system control (or CPU) board that a
utility power source failure has occured. If the circuit is
not closed, the system control (or CPU) board will not
initiate transfer to the "Standby" side.

When utility source voltage has been restored, the
utility voitage sensor board must re-close the Wires
199/202 circuit. If the circuit is not re-closed, retransfer
back to "Utility” will not occur.

PROCEDURE:

Perform a "Normal Test". Wait for the standby gener-
ator to start and wait for transfer to the "Standby” side.
Then, proceed as follows:

1.-System Control (Logic) Circuit Boards Only:
Reset the system test mode switch back to "Automatic
Mode" and observe the “return to utility timer” famp
{LED) on the circuit board. That lamp should tum on as
soon as the system test mode switch is reset back to
“Automatic Mode". Retransfer should occur-when the
timer has timed out.
CPU Circuit Boards: This circuit board is not equipped
with a "return to utility timer” lamp. The board’s “retumn
to utility timer” has a fixed (non-adjustable) setting of 30
seconds. Reset the system test mode switch back to
"Automatic Mode” and wait for 30 seconds. Retransfer
back to "Utility” should occur when the timer has timed
out. ‘
2. If retranster back to "Utility" does not occur, test the
Wires 199/202 action as follows (see Figure 8):

a. Insert a jumper wire into Pins 1 and 2 of the utility voltage

sensor board's connector plug. Wires 199 and 202 attach

to these pins.

b. Wait about a minute to see if retransfer back to "Utility”

occurs.

RESULTS:

1. If retransfer occurs when Wires 199/202 are
jumpered, but does not occur otherwise, replace the
utility voltage sensor board. Calibrate the new board
(Test 4) and perform a "Normal Test".
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Test 35- Test Wires 199/202 Action
2. If retranstfer does not occur when the wires are
jumpered, go to Test 36.

.;
0
DoooD0 0

Figure 8. Utility Voltage Sensor Board Connectors

Test 36- Turn Time Delay Neutral Switch
off
DISCUSSION:

This testis a continuation of Test 35. If system control
(or CPU) board has failed to de-energize the time delay
relay, transfer will not occur. By turning the time delay
neutral switch "Off", the relay circuit is broken and the
relay must de-energize.

PROCEDURE:
Tum the time delay neutral switch to "Off" and ob-
serve transfer switch action.

RESULTS:

1. I retransfer back to "Utility” occurs when the switch
is reset to "Off", replace the system control (or CPU)
circuit board.

2. If retransfer back to "Utility" does not occur, perform
Test 26.
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‘ Section 9.1
~ MAJOR COMPONENTS

Introduction

The "Wn" type automatic transfer switch is so named

because of the actuating configuration of its main con- ITEM DESCRIPTION
tacts (W) and because it offers a time delay with the 1 Transter Mechanism ("Wn" Type)
main contacts at "Neutral" (n). The transfer switch is 2 Transfer Relay (TR)
rated 600 volits and is available in 100 to 2600 ampere 3 Time Delay Neutral Relay
sizes. Components may be housed in a standard g ag’i:gf:g;“giswmect Switch
gluErl;dA 12 enclosure or in an optional NEMA 3R enclo- ps Time Delay Neutral On-Off Switch
: 7 Neutral Lug
8 Manual Transfer Handle
9 Utility Voltage Sensing Interface
10 Transformer TR4 (480 volts units only)
1 Transformer TR3 (480 volts units only)
.12 2-Wire Start Terminal Strip
13 Transformer TR1
14 Transformer TR2
15 Terminal Strip
16 Circuit Board Compartment

‘ ‘ 1
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Figure 1. Typical "Wn" Type Transfer Switch
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Transfer Mechanism

The transfer mechanism contains the main load-car-
rying contacts of the transfer switch, as well as other
mechanical and electrical components. Additional in-
formation on the transfer mechanism can be found in
Section 9.2.

Transfer Relay

When energized by system control (or CPU) circuit
board action, the transfer relay’s normally-open con-
tacts close. On closure of those contacts, "Standby”
source voltage is delivered to transfer mechanism ter-
minals AT1/AT2 (see Section 9.2). The transfer mech-
anism main contacts will then actuate to their "Standby”"
power source side, i.e., loads connected to "Standby”
source.

When de-energized by system control (or CPU)
board action, the relay’s normally-closed contacts
close. "Utility" source power is then delivered across
the closed contacts to transfer mechanism terminals
BT1 and BT2. Transfer mechanism main contacts will
then actuate to their "Utility" source side. See "Transfer
Mechanism Operational Analysis" in Section 9.2.

Neutral Lug

"Neutral" lines from the utility, standby and load
-circuits must be properly connected to the neutral
block. The neutral block used must have the same (or
“qgreater) amperage rating-as the transfer mechanism.

Maintenance Disconnect Switch

This safety switch should always be set to its
"Manual” position before working on the-standby sys-
tem. When set to "Manual”, the switch (a) opens the
2-wire start circuit, and (b) opens the transfer signal
circuits to the transfer mechanism. Thus, with "Manual®
selected, the generator cannot be started in automatic
mode and automatic transfer to either power source
side will not occur.

The switch should be set to "Automatic™ for normal
automatic operations, for a "Normal Test” and for a
"Fast Test".

Grounding Lug

The grounding lug provides a convenient way of
connecting the transter switch enclosure to earth
ground. in many cases, the enclosure is connected to
ground when wiring conduit is installed and grounded.
Some installers will simply attach a bare copper wire to
the grounding lug and to a bolted junction at the wiring
conduit.

NOTE: Most standby generators have an ungrounded or
"floating” neutral line. Be sure to comply with applicable
codes pertaining to the grounding of neutral lines in such
applications. In most cases, the neutral block can be
. grounded only at main electrical service entrance.
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Terminal Strip

This terminal strip provides a convenient method of
interconnecting transter switch components. Most units
are equipped with a 7-position terminal strip as shown
in Figure 2. However, units rated 480 volts use a
6-position strip.

107
177

Sy 194
o

= W

O
A§ 126
Qo177

Figure 2. The 7-Position Terminal Strip

Time Delay Neutral Switch

Some transfer switches may be equipped with an
optional "time delay at neutral” feature. The time delay
neutral switch (if so equipped) permits that feature to
be tumed off or on. When the switch is set to "On”, the

. main contacts will be held at.’Neutral” for a preset time

during transfer to either power source.

The "Neutral” position of the main contacts is that
position where the load is disconnected from both
power supplies. By allowing the time at "Neutral” to be
extended, residual voltages generated by heavy induc-
tive loads can decay to a safe level before the main
contacts are reconnected. The feature provides some
protection against nuisance tripping of circuit breakers
or blowing of fuses that can occur during rapid transfer
of motor and other heavy inductive loads.

Transformer TR1

When the generator is running, generator AC output
is delivered to the primary winding of this step-down
transformer. A reduced voltage is induced into the
transformer secondary winding. The reduced secon-
dary winding output is delivered to (a) a "Standby
Operating" lamp on the switch enclosure door, and to
(b) the system control (or CPU) circuit board. Trans-
former nominal input/output voltages are listed below:

PRIMARY WINDING SECONDARY WINDING
INPUT VOLTAGE OUTPUT VOLTAGE
208 volts AC 21 voits AC
240 voits AC 24 volts AC
416 voits AC 21 voits AC
480 volts AC 24 volits AC

The system control (or CPU) circuit board is turned
on and starts to operate at the same time the "Standby
Operating” lamp turns on.
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Transformer TR2

Load terminal voltage from transfer mechanism ter-
minal lugs T1/T2 is delivered to the primary winding of
this step-down transformer. This induces a reduced
voltage ‘into the transformer’'s secondary winding.
Secondary winding output is delivered to the 7-day
exercise circuit board for operation of the 7-day exer-
cise timer. Input and output voltages are the same as
for transformer TR1.

NOTE: On units with only two circuit boards, the 7-day exer-
cise circuit is incorporated into the CPU circuit board,

Transformer TR3

This step-down transformer is employed only on
transfer switches rated at 480 volts. The transformer
reduces the standby source voltage used for transfer
mechanism main contacts operation to a voltage that
is compatible with the transfer mechanism's operating
voltage. This must be done since the transfer
mechanism’s actuating coil will respond only to its rated
voltage.

A standby source voltage input of 480 volts to the
primary winding will result in a 240 volts AC outputfrom
the transformer secondary winding.

Transformer TR4

This-step-down transformer is used only on systems
rated 480 volts. The transformer reduces utility power
source voltage to a voltage that is compatible with that
required by the transter mechanism actuating coil.
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2-Wire Start Terminal Strip

Terminals 178 and 183 on this terminal strip must be
interconnected with identically numbered terminals in
the generator's AC connection (lower) panel. Closure
of this circuit by transfer switch circuit board action will
initiate generator cranking and startup. Opening of the
circuit by circuit board action will result in generator
shutdown.

NOTE: Automatic cranking is initiated by closure of the 2-wire
start circuit. However, cranking, running and stopping opera-
tions are controlled by a DC control/latch-crank board in the
generator control console. See Part 5 or 6 as appropriate.

Manual Transfer Handle

Use this handle to actuate the transfer mechanism
main contacts manually. See Section 9.4, "Operating
Instructions”.

Circuit Board Compartment

~ This compartment, in the transfer switch enclosure
fdo"or, houses either two or three circuit boards as
ollows: . .

. nits with the"Logic" t?lpe intelli,Pences stem have
three circuit boards, ei a Lgu ity voltage sensor
board, a ‘sjystem contro ard, and a ay exer-
cise board.

* Units .with "CPU" ;typg intelligence ? stem have
‘onlg 0 c:rcalt‘ boards aru |I|tg volfage sensor
board and a CPU begrd. The " xeré:ls function
ts controlled by the CPU circuit board.

CENERACS

EBTS SYSTEM

SYSYEM TESY

=

SWITEH BOSITION /)

Figure 3. Switches and Lamps on Enclosure Door (Typical)
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Utility Voltage Sensing Interface

Refer to "Utility Sensing Interface” on Page 8.1-4
(Part 8, Section 8.1).

Transfer Switch Enclosure

Either a NEMA 12 or a NEMA 3R type enclosure may
be used.

The NEMA 12 enclosure is intended for INDOOR
installation only.

The NEMA 3R enclosure is intended for OUTDOOR
installation.

Switches and Lamps on Enclosure Door

See Figure 3 on previous page. The transfer switch
enclosure door mounts the following switches and
lamps:

» System Test Switch.
¢ "Standby Operating” Lamp.
» "Switch Position" Lamps

SYSTEM TEST SWITCH:

Automatic Mode: Set this switch to its "Automatic
Mode" position for all normal automatic operations.
When "Automatic Mode" is selected, operation will be
as follows:

1. A utility voltage sensor circuit board will constantly

-monitor "Utility” source voltage.

a. As long as "Utility" voltage is above the setting of

a "voltage dropout sensor”, a "Utility On" lamp (LED)

on the circuit board will be on.

" b. Should "Utility" voltage drop below the "voltage
dropout sensor” setting, a timer on the circuit board
will start timing.
¢. Whenthe timer has timed out and if "Utility” voltage

is still below the "voltage dropout sensor” setting,

circuit board action will effect closure of the 2-wire
start circuit. The generator will crank and stan.
2. On generator startup, an "engine warmup timer"
starts timing.
3. When the "engine warmup timer" has timed out and
providing generator voltage and frequency are accept-
able. transfer to the "Standby” power supply will occur.
Load circuits are now powered by generator AC output.
4. On restoration of "Utility" voltage above a preset
level, a "return to utility timer" starts timing.
5. When the timer has timed out and if "Utility” voltage
is still good, retransfer back to the "Utility" source will
occur.
6. Following retransfer, circuit board action will open the
2-wire start circuit. Engine shutdown will then occur.

Normal Test Mode: This switch position, when
selected, will simulate a "Utility” power source dropout.
The generator will crank and start followed by transfer
to "Standby" just as though an actual "Utility” source
dropout has occured.

Fast Test Mode: Generator starts and transfer to
"Standby" occurs in less than five seconds.
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SWITCH POSITION LAMPS:

Switch Position Utllity: Lamp will turn on when (a)
"Ultility" source power is available, and (b) when the
main contacts are at "Utility" (load connected to the
"Utility" side). -

Switch Positlon-Emergency: Will tumn on when (a)
"Standby" power is available to the transfer switch and
(b) when the main contacts are at "Standby" (load
connected to the "Standby” side).

STANDBY OPERATING LAMP:

Lamp should turn ON as soon as the standby gener-
ator is running.
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Section 9.2

THE TRANSFER MECHANISM

General

The transfer mechanism houses the main current
carrying contacts, along with other components re-
quired for switch operation. The main contacts are
electricallr actuated and mechanically held. They are
of silver alloy or silver alloy composition, to resist weld-
ing or sticking.

A typical 3-pole transter mechanism is shown in
Figure 1 below. Also available are 4-pole transfer
mechanisms.

NOTE: At the time of this writing, "Wn" type transfer switches
were not available with a 2-pole transfer mechanism. When
a transfer switch is ordered, the purchaser must specify (a)
the rated voltage, (b) rated phase, and (? rated current. Units
rated 1-phase will include a 3-pole transfer mechanism. How-
ever, since the unit is rated "1-phase*, factory wiring connec-
tions to the third pole (N3, E3, T3) are omitted and a 1-phase
utility sensing interface is used.

Main Contacts Operation

LOAD CONNECTED TO "UTILITY" SOURCE:

Figure 2 shows a set of moveable "Utility" contacts
connected to the stationary "Load" contact. The LOAD
is connected to the UTILITY power source. On the
transfer mechanism cover, window "A" will display the
word "ON" and window "B" will display the word "OFF".

AR~AR Al .-
l OIS TF > n
.’ o |
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Figure 2. Load Connected to Utility Source

NEUTRAL OR "TRIPPED" POSITION:

See Figure 3. The LOAD contacts are disconnécted
from both the "Utility" and "Standby" power supplies.
Windows "A" and "B" will both display the word "OFF".

Figure 1. A Typical 3-Pole Transfer Mechanism

Transfer Mechanism Construction

Figure 6 on next page shows the major components
of a typical "Wn" type transfer mechanism.

The LOAD CONTACTS are stationary and are
retained to a PLASTIC POLE PIECE. The UTILITY and
EMERGENCY CONTACTS are moveable and are ac-
tuated by means of a closing coil (in the CONTROL
ASSEMBLY) and mechanical linkage. Three or four
plastic pole pieces, along with stationary and moveable
main contacts, are sandwiched together to form a 3 or
a 4-pole mechanism.

NEUTRAL { TRIPPED) POSITION
A& B POSITIONS BOTH OFF

STAND 8Y
‘S’ POSITION

L0AD

Figure 3. *Neutral” or "Tripped" Position
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Main Contacts Operation (Continued)

LOAD CONNECTED TO "STANDBY" SOURCE:

See Figure 4. The moveable standby contact is
connected to the load contact. Window "A” will display
the word "OFF"; window "B" the word "ON".

STAND 8Y SOURCE SELECTED
'S POSITION ON. 'A" POSITION OFf
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Auxiliary Contacts

A set of auxiliary contacts may be provided on the
transfer mechanism. One auxiliary contacts switch is
used to operate "Switch Position” lamps on the door.
The second switch may be used by the customer, if
desired. A suitable power supply must be connected
across the "common” terminal, for operation of cus-
tomer device(s) such as remote advisory lamps, remote
annunciator, etc.

Figure 5. Auxiliary Contacts

DESCRIPTION

Load Contacts
Plastic Pole Piece
Utility Contacts
Emergency Contacts
Arc Suppressor
Thru-Bolts

End Cover

Control Assembly

3
ONOUN LN — E

J

Figure 6. Transfer Mechanism Major Components
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Control Assembly

GENERAL.:

See Figure ‘7. The control assembly houses the
following components:
¢ Aterminal strip.
A trip coil.
A selective coil.
A closing coil.
A selective switch.
Control switches.
Trip control switches.

TERMINAL STRIP:

The terminal strip (Figure 8) includes the following
terminals:

Terminals A1, A2: Actuating command to the
"Utility" power source side. Transfer to "Utility" cannot
occur unless that power source is available.

Terminals B1, B2: Actuating command to the
"Standby" power source side. Transfer to "Standby"
cannot occur unless that power source is available.

Terminals AT1, AT2: Power from the "Standby"
source is applied here, to provide a "trip to neutral”
command from the "Utility" position.

Terminals BT1, BT2: Power from the "Utility" source
is applied here, to provide a "trip to neutral" command
from the "Standby"” position.

e & o o @& o

TRIP COIL:

During automatic operation, the trip coil (TC) ac-
tuates the main contacts to their “tripped" or "neutral”
position.

The trip coil is energized by applying "Standby"
source power to terminals AT1/AT2, for a "trip to
neutral” action from the "Utility" position.

The trip coil is energized by applying "Utility” source
powertoterminals BT1/8T2, for a "trip to neutral” action
from the "Standby"” position.

SELECTIVE COIL:

When energized by rectified (and reduced on 480
volts units) "Utility” or "Standby" voltage, the selective
coil acts to reset selective switches (LS).

CLOSING COIL:

When energized by "Utility" or "Standby” source
power, the closing coil actuates the main contacts from
their “tripped” (Neutral) position to closed position
(closed to either the "Utility" or "Standby” source side).

SELECTIVE SWITCH:

Actuated by the selective coil (SC), to prepare the
cgﬁntut for transfer to "Standby" or for retransfer back to
"Utility".

ITEM DESCRIPTION

Selective Coll
Rectifiers
Selective Switch
Trip Coll

Control Switch
Closing Coil
Terminal Strip

NONHLWN =

Figure 7. The Control Assembly

At A2 B1 B2 AT1 AT2 BT1 BT2

Figure 8. Terminal Strip
CONTROL SWITCHES:

Control switches Ax/Bx are actuated by closing coil
action. The following facts apply:
* The control switches will open when the main con-
tacts reach their tsflny" onp "é‘tand y1 po’sr}talon.

* The control switches will close when "trip to neutral”
occurs.
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Transfer Mechanism Operational Analysis

PHASE 1- MAIN CONTACTS AT "UTILITY™

The LOAD is connected to the UTILITY power source side, i.e., LOAD is powered by the UTILITY source ("A"
power source).

Auxiliary contacts (AUX) are positioned as shown.

Control switches Ax/Bx are open.

Selective switches (LS) are closed to the terminails A1/A2 side.
Trip control switches ATS1/ATS2 are closed.

Trip control switches BTS1/BTS2 are open.

Ty
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A1/A2 = A POWER SOURCE SIDE (ON)
ATH :

AT2 = APOWER SOURCE SIDE (TRIP)
ATSH

ATS2 = TRIP CONTROL SWITCH

AUX = AUXILIARY SWITCH

AxBx = CONTROL SWITCH

B1/82 = B POWER SOURCE SIDE (ON)
BTS1

BTS2 = TRIP CONTROL SWITCH

BT1

BT2 . = B POWER SOURCE SIDE (TRIP)
c = CLOSING COIL

LS = SELECTIVE SWITCH

SC = SELECTIVE COIL

TC = TRIPCOIL
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Transfer Mechanism Operational Analysis (Continued)
PHASE 2- TRIP TO "NEUTRAL" FROM "UTILITY":

On "Utility" failure, the generator engine will crank and start. The following will then take place:

» Generator voltage is applied across terminals AT1/AT2.

»  With trip control switches ATS1/ATS2 closed, standby power is delivered to the trip coil (TC), via a bridge
rectifier.

+ The trip coil energizes to open a mechanical latch on the main contacts, which then actuate to their “tripped” or
"neutral” position (customer load disconnected from both power supplies).

» As the main contacts reach "neutral”, control switches Ax and Bx close.

"A" POWER SCURZE (UTIL:TY;

AT2 BT2
"8" POWER SOURCE (STANDBY)

2_1'_/1A2 = A POWER SOURCE SIDE (ON)

ﬁ:l% = A POWER SOURCE SIDE (TRIP)
1

ATS2 = TRIP CONTROL SWITCH

AUX = AUXILIARY SWITCH

AxBx = CONTROL SWITCH

gjr/SB12 = B POWER SOURCE SIDE (ON)

3}132 = TRIP CONTROL SWITCH

BT2 = B POWER SOURCE SIDE (TRIP)

C = CLOSING COIL

LS = SELECTIVE SWITCH

SC = SELECTIVE COIL

TC = TRIP COIL
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Transfer Mechanism Operational Analysis (Continued)
PHASE 3- TRANSFER TO "STANDBY":

» Standby operating voltage is applied to terminals B1/B2.

»  With control switch Bx closed, selective coil SC energizes, causing both selective switches LS to close to the
terminals B1/B2 side.

* Closing coil (C) now energizes and the main contacts are actuated to their "Standby” power source side (loads
connected to the "B" power source).

* As the main contacts reach their "Standby" position, controi switches Ax/Bx open and control switches
BTS1/BTS2 close. This prepares the circuit for "return to utility” operations.

"A” POWER SCURCE /UTILITY;
Y Y

S

"8" PCWER SOURCE {(STANCEY)

A1/A2 = A POWER SOURCE SIDE (ON)
AT

AT2 = A POWER SOURCE SIDE (TRIP)
ATS1

ATS2 = TRIP CONTROL SWITCH

AUX = AUXILIARY SWITCH

AxBx = CONTROL SWITCH

B1/B2 = B POWER SOURCE SIDE (ON)
BTS1

BTS2 = TRIP CONTROL SWITCH

BT

BT2 = B POWER SOURCE SIDE (TRIP)
c = CLOSING COIL

LS = SELECTIVE SWITCH

SC = SELECTIVE COIL

TC = TRIPCOIL
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‘ Transfer Mechanism Operational Analysis (Continued)
PHASE 4- TRIP TO "NEUTRAL" FROM "STANDBY":

» On restoration of "Utility" source voltage ("B" power source), that voltage is applied across terminals BT1/BT2.

»  Since control switches BTS1/BTS2 are closed, trip coil TC energizes.

+  With trip coil TC energized, the mechanical latch on the main contacts opens. The main contacts move to their
"tripped” or "neutral” position.

+ As the main contacts reach "neutral”, controt switches Ax/Bx close.

AT POWER SCLEIDOUTIL Y

\{/ \ \k

VN

Y VY VY

A1/A2 = APOWER SOURCE SIDE (ON)

AT1
ﬁ-]T-§1 = A POWER SOURCE SIDE (TRIP)
ATS2 = TRIP CONTROL SWITCH
AUX = AUXILIARY SWITCH
AxBx = CONTROL SWITCH
g_‘ll_/SB12 = B POWER SOURCE SIDE (ON)
g'_{_'1S2 = TRIP CONTROL SWITCH
BT2 = B POWER SOURCE SIDE (TRIP)
C = CLOSING COIL
LS = SELECTIVE SWITCH
' SC = SELECTIVE COIL
TC = TRIP COIL
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Transfer Mechanism Operational Analysis (Continued)
PHASE 5- RETRANSFER BACK TO "UTILITY":

»  "Utility” source voltage is applied across terminals A1/A2.

*  With control switches Ax/Bx closed, selective coil SC energizes to reset selective switches LS to the A1/A2
side.

¢ Closing coil (C) is now energized by "Utility" source voltage. The main contacts actuate to their "Utility” position
(load connected to "A" power source).

* As the main contacts close to the "Utility" side, control switches Ax/Bx open and ATS1/ATS2 close (to prepare
the circuit for the next "trip to neutral" action).

"AY POWER SCURZE (UTILITY;

cemmald

...........................

AT2 BT2 /{\

"B" PCWER SOURCE {STANDBY)

A1/A2 = A POWER SOURCE SIDE (ON)
AT1

AT2 = A POWER SOURCE SIDE (TRIP)
ATS1

ATS2 = TRIP CONTROL SWITCH

AUX = AUXILIARY SWITCH

AxBx = CONTROL SWITCH

Bi/B2 = B POWER SOURCE SIDE (ON)
BTS1

BTS2 = TRIP CONTROL SWITCH

BT1

BT2 = B POWER SOURCE SIDE (TRIP)
C = CLOSING COIL

LS = SELECTIVE SWITCH

SC = SELECTIVE COIL

TC = TRIPCOIL
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Section ‘9.3

INSTALLATION

Transfer Switch Selection

Because automatic transter switches are an integral
part of a unified, coordinated electrical distribution sys-
tem, five factors should be considered when selecting
the transter switch to be used. These factors are:

« Distribution system parameters.

+ Functional circuit demands.

+ System coordination.

+ Environmental or unusual operating conditions.
e Safety.

DISTRIBUTION SYSTEM PARAMETERS:

Figure 1, below, is a simplified guide for selecting a
transfer switch. The "Selection Chant” includes a list of
operating system parameters, switch ratings, available
enclosures and required options.

FUNCTIONAL CIRCUIT DEMANDS:

Automatic transfer switches that monitor ail phases
of the utility power source are said to offer complete
protection, others may offer partial protection.

SYSTEM COORDINATION:

The automatic transfer switch must be properly coor-
dinated with the rest of an electrical distribution system.
That is, the switch must be carefully selected on the
basis of the distribution system'’s voltage, continuous
current, frequency, short circuit capabilities, etc. The
continuous current rating of the transfer switch should
be determined based onboth the “Utility" and "Standby"

‘loads being supplied. Two factors are especially impor-

tant when coordinating the transfer switch with the rest
of the system:

+ The switch must be capable of carwinﬁ full load
currentf and must aiso be_able to witlistand the
E:her ;g\natsand electro-magnetic eftects of shont circuit

u .

+ Transfer evs_ui ment 3nd associated wiring must be
rovided with suitable protective devices (circuit
reakers or fuses), These protective devices must

be able to clear a'fault without extensive damage.

Under abnormal operating conditions where a fault
exists between the transfer switch and the load, the

" switch may be subjected to (a):-withstand, (b} .closing,

and (c) interrupting conditions as follows:

Transfer Switch Selection Chart

1. SYSTEM DATA
Voltage

UTILITY  STANDBY

Frequency

Phase

No. of Wires

Current Rating

Available short circuit current at point where transfer
switch is to be installed

interrupting rating of the upstream protective
device

2. AUTOMATIC TRANSFER SWITCH RATINGS
Voltage

Continuous Current
Withstand
Closing

Interrupting

3. TYPE OF ENCLOSURE (CHECK ONE)
( )Open

{ ) NEMA 1 General Purpose
( ) NEMA 3R Outdoors

( ) NEMA 12 Industrial

{ ) Other (Specify)

~ 4. OPTIONS OR SPECIAL EQUIPMENT (LIST)

Figure 1. Transfer Switch Selection Chart
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Transfer Switch Selection (Continued)

*  With the switch closed to ther"Utilifx" Bower source
ide, it must b?‘ able to WITHSTAND the enecgg
et-‘hrou h of the utll% ser\#ce protective devi

errupts t

while that device int e fault.

*  When the "Standby” power supply js available, the
transter sw%c% coZlﬁansfer%ﬁg l aJ abé}or the
;f_“l,ny S s,tem.?1 rotective ?evnce clears the ?ult

isTequires that the transfer switch be capab of
INTERRUPTI the protective device's let-
through current.

* The transfer switch might "close in" on a fault and,
for that reason, it requ?res a $LOSII&’G rat&llng.

NOTE: Special circuitry may be required to ensure the trans-
fer switch operates safely under interrupting, closing and
withstand conditions. Publications that outline the safe use of
automatic transfer switches are (a) The National Electric
Code, and (b) UL 1008, "Standard for Safety, Automatic
Transfer Switches".

Installation Requirements

Generac automatic transfer switches have been fac-
tory wired and tested. Transfer switch components
have been housed in a sturdy, steel, lockable
enclosure. Installation of the transfer switch includes
the following:
¢ Mounting the enclosure.

« Connection of generator start circuit wiring.
* Connection of power source and load lines.

Installation and connection of any options or acces-
sories. ,
« Completion of Functional tests and adjustments.

Mounting the Enclosure

Refer to the appropriate Owner's Manual for the
transfer switch to be installed. Comply with mounting
instructions in that manual. Some enclosures are
designed for wall mounting and should be mounted
vertically to a rigid supporting structure. Some larger
enclosures require floor mounting.

CAUTION: Handle the transfer switch carefully.
Protect it against impact at all times. Also
protect the unit against metal chips, construc-
tion grit, lint, filings, dust, dirt, etc. Never at-
tempt to use a transfer switch that has been
damaged.

Connection of Start Circuit Wiring

Suitable, approved wiring must be properly con-
nected to the 2-wire start terminal strip in the transfer
switch enclosure and to an identically numbered ter-
minal strip in the generator's AC connection (lower)
panel. Closure of the Wires 178/183 circuit by transfer
switch circuit board action must result in generator
engine cranking and startup. Route the start circuit
wiring through its own separate conduit. Never run start
wiring through the same conduit as any power source
or load leads. Recommended wire gauge sizes for this
wiring depends on wire run length, as follows:
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SECTION 9.3
MAXIMUM WIRE LENGTH RECOMMENDED WIRE SIZE
feet (140m) No. 18 AWG
730 feet (223m) No. 16 AWG
1160 feet (354m) No. 14 AWG
1850 fest (565m) No. 12 AWG

NOTE: The preceding procedure applies to connection of a
2-wire start circuit only. An optional 3-wire start circuit is also
available. See Part 12, "Transfer Switch Options”.,

Power Source and Load Lines

Power source and load line conductors must be
properly supported, of approved insulative qualities,
and of the correct wire gauge size.

When connecting power source and load lines,
remove surface oxides with a wire brush. Apply joint
compound to the stripped end of the conductors.
Tighten terminals to the specified torque value, then
wipe away excess joint compound. Tighten power
source and load terminal lugs on the transfer
mechanism as follows:

For units rated 100 amps, tighten to 50 inch-pounds (6 N-m)]
For all other units, tighten to 250 inch-pounds (28 N-m).

DANGER: ALWAYS TURN OFF ALL POWER
VOLTAGE SUPPLIES TO THE TRANSFER
SWITCH BEFORE ATTEMPTING TO CONNECT
POWER SOURCE AND LOAD LINES. BOTH THE
"UTILITY" AND "STANDBY" POWER SUPPLIES
TO THE TRANSFER SWITCH MUST BE POSI-
TIVELY TURNED OFF. FAILURE TO TURN OFF
" ALL POWER VOLTAGE SUPPLIES MAY
RESULT IN DANGEROUS AND POSSIBLY
LETHAL ELECTRICAL SHOCK.

CAUTION: Be sure to malntain correct electrical
clearance between live metal parts and
grounded metal. Allow at least one-half inch of
clearance for 100-400 amp circuits; or one inch
for circuits over 400 amps.

NOTE: The transfer switch rated voltage and phase must
match the rated voltage and phase of the power sources.
Multi-voltage transfer switches (Section 9.7) are available
which permit installer selaction of transfer switch rated volt-
age and phase.

. 3-POLE TRANSFER SWITCH CONNECTIONS:

For 3-Phase Applications: Before connecting any
3-phase power supply to the transfer switch, make sure
the transfer switch is rated for 3-phase use. To connect
a 3-phase system to a 3-pole transfer mechanism,
proceed as follows:

1. Connect "Utility” source lines 1,2 and 3 (A, B and C)
to transfer mechanism terminal lugs N1, N2 and N3
respectively.

2. Connect "Standby" source lines E1, E2 and E3 to
transfer mechanism terminal lugs E1, E2 and E3.

3. Connect loadlines 1, 2 and 3 (A, B and C) to terminal
lugs T1, T2 and T3 respectively.
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Power Soufce and Load Lines (Con-
tinued)

4. Connect "Utility". "Standby" and "Load" NEUTRAL
lines to the transfer switch neutral block.

For 1-Phase Applications: At the time of this writ-
ing, "Wn" type transfer switches were available with 3
or 4-pole transfer mechanisms only. Transfer switches
rated for 1-phase use are 3-pole type with factory wiring
connections to terminal lugs N3, E3 and T3 omitted.
The installer must ensure that the switch to be installed
is rated for 1-phase use or a multi-voltage transfer
switch must be used. Connect the 1-phase power
source and load lines to the transfer switch as follows:
1. Connect "Utility" source lines 1 and 2 to transfer
mechanism terminal lugs N1 and N2, respectively.

2. Connect "Standby" source lines E1 and E3 to transfer
mechanism terminal lugs E1 and E2, respectively.

3. Connect "Load" lines 1 and 2 to terminal lugs T1 and
T2.

4. If the "Neutral” line is not to be switched, connect
utility, standby and load "Neutral" lines to the transfer
switch neutral block.

5. If the "Neutral” line is to be switched during transter,
connect the "Utility” neutral line to terminal N3; the
"Standby" source neutral line to terminal E3; and the
"Load" neutral line to terminal T3.
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Figure 2. A 3-Pole Transfer Mechanism

4-POLE TRANSFER SWITCH CONNECTIONS:

Typically, a 4-pole transter mechanism is used in
conjunction with a 3-phase systemwhen it is desireable
to switch the "Neutral” during a transfer action.
Generally, a 4-pole unit is not equipped with a neutral
block since "Neutral” will be connected at the transfer
mechanism terminal lugs.

Figure 3. A 4-Pole Transfer Mechanism

Connect a 3-phase system to a 4-pole transfer
mechanism as follows, when the "Neutral” is to be
switched during transfer:

1. Connect "Utility" lines 1, 2 and 3 (A, B and C) to
terminals N1, N2, N3.

2. Connect "Standby" lines E1, E2, E3 to terminal lugs
E1, E2, E3 respectively.

3. Connect "Load" lines 1, 2 and 3 (A, B and C) to
terminals T1, T2, T3 respectively.

;1. Chﬁmect the "Utility" source NEUTRAL to terminal
ug N4.

5. Connect the "Standby” source NEUTRAL to terminal

lug E4.

_6r.400nnect the "Load" NEUTRAL line to terminal lug

Options and Accessories

Install, connect and test any accessories or options that
are to be used. For generator set options and acces-
sories, see Part 7. Transfer switch options and acces-
sories are discussed in Part 12.

Functional Tests

Before placing the system into service all necessary
adjustments and all functional tests should be com-
pleted. Refer to Section 9.5, "Functional Tests".
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FROM UTILITY
POWER SOURCE

[:D MAIN
LINE
[.D] CIRCUIT

BREAKER

N1 -N2-N3

Im
:géxm'h ;2‘. ~ r
(eYe) T3 ——

TRANSFER
SWITCH 74

TOLOAD
FEEDER CIRCUITS

AL

rvd

LOAD
DISTRIBUTION
PANEL

1 1

s

183

=

E1-E2-E3

o

GENERATOR
AC CONNECTION
PANEL

178
183

E1-E2-E3

Figure 4. Standby Electric System Interconnections (Typical)
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Section 9.4

OPERATING INSTRUCTIONS

Normal Automatic Operation

To set the system for normal automatic operation,
proceed as follows:
1. On the transfer switch enclosure door, check the
switch position advisory lamps. The "Switch Position-
Utility" lamp should be on, indicating that "Utility” power
is available and the main contacts are at their "Utility"
position (load connected to the "Utility” supply).

NOTE: If necassary, manually actuate the main contacts to
their “Utility” power source side. See "Manual Opsration® in
this section. Also, turn on the “Ulility" powar supply to the
transfer switch, if nacessary. The main contacts must be at
“Utility* and that power supply must be available to the
transfer switch before proceeding. .

NOTE: On new}v installed systems, check the "Utility On"
lamp on the utility voltage sensor circuit board. That lamp
should be ON, indicating that “Utility" source sensing voltage
is available to the board and is abova the setting of the board’s
“voltage dropout sensor”. Calibration of the utility voltage
sensor board may be necessary, to match the board sensors
to actual "Utility" source voltage (see Part 10 or Part 11 as

appropriate).

2. Onthe transfer switch enclosure door, setthe system
test switch to its "Automatic Mode".

3. Inthe transfer switch enclosure, set the maintenance
disconnect switch to its "Automatic” position.

4. On the generator control console, set the auto-
manual-off switch to "Auto” (if so equipped).

5. Set the generator ("Standby”) main line circuit
breaker to its "On" or "Closed" position.

When the preceding Steps 1 through 5 are com-
pleted, a "Utility” source voltage dropout will result in
automatic generator cranking and startup. Following
generator startup, transfer of the load to the "Standby”
source will occur. See Part 10 or 11 as appropriate for
automatic operating sequences and parameters.

DANGER: WHEN SET FOR AUTOMATIC
OPERATION, THE STANDBY GENERATOR
CAN CRANK AND START SUDDENLY AT ANY
TIME WITHOUT WARNING. TO PREVENT SUCH
AUTOMATIC STARTUP AND POSSIBLE IN-
JURY THAT MIGHT BE CAUSED BY SUCH A
STARTUP, ALWAYS DISABLE THE 2-WIRE
START SYSTEM BEFORE WORKING ON OR
AROUND THE SYSTEM. AUTOMATIC STARTUP
CAN BE PREVENTED BY SETTING THE MAIN-
TENANCE DISCONNECT SWITCH TO
"MANUAL". IF SO EQUIPPED, ALSO SET THE
GENERATOR'S AUTO-MANUAL-OFF SWITCH
TO "OFF". FINALLY, PLACE A "DO NOT
OPERATE" TAG ON THE GENERATOR AND ON
THE TRANSFER SWITCH.

Manual Operation

TRANSFER TO "STANDBY™:

To transfer loads to the "Standby” power source and
start the generator manually, proceed as follows:
1. Inthe transfer switch enclosure, set the maintenance
disconnect switch to "Manual”.
2. On the generator console, set the auto-manual-off
switch to "Manual”.
3. Turn OFF both the "Utility” and "Standby" power
supplies to the transfer switch, using whatever means
provided.

" DANGER: DO NOT ATTEMPT MANUAL TRANS-
FER SWITCH OPERATION UNTIL AFTER ALL
POWER VOLTAGE SUPPLIES TO THE SWITCH
HAVE BEEN POSITIVELY TURNED OFF.
FAILURE TO TURN OFF ALL POWER VOLTAGE
SUPPLIES MAY RESULT IN HAZARDOUS AND
POSSIBLY DEADLY ELECTRICAL SHOCK.

4. Use the manual transfer handle to manually actuate
the main contacts to their "Standby” source side (LOAD
connected to the "Standby” supply). The word "ON"
must be visible in window B of the transfer mechanism;
the word "OFF" in window A. Refer to Section 9.5,
"Functional Tests" ‘for manual operating procedures.
5. Start the generator engine manually, using the
start/stop switch on the generator control console. Let
the engine stabilize and warm up.

6. Set the generator's main line circuit breaker to "On"

or "Closed". Loads are now powered by the standby

generator.

'RETRANSFER TO "UTILITY" AND SHUTDOWN:

To retransfer loads back to the "Utility” source and

- shut the generator down, proceed as follows:

1. Check that the maintenance disconnect switch (in
transfer switch enclosure) is set to "Manuai".

2. If so equipped, set the auto-manual-off switch (on
generator console) to "Manual”.

3. Turn OFF both the "Utility" and "Standby" power

" supplies to the transfer switch, using whatever means

available (such as the "Utility" and "Standby" main line
circuit breakers).

4. Use the engine-start/stop switch on generator con-
sole to shut down the generator engine.

5. See Section 9.5, "Functional Tests". Use the manual
transfer handle to manually actuate the main contacts
back to their "Utility" position (load connected to the
utility power supply). On the transfer mechanism, win-

dow A should display the word "On" and window B the
word "Off",

S. Tum ON the "Utility" power supply to the transfer
. switch. Then, set the system for normal automatic
operation (see "Normal Automatic Operation®).
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Normal Test

To perform a "Normal Test” of the system, refer to
Section 9.5, "Functional Tests".

Fast Test

To conduct a "Fast Test" of the system, refer to
Section 9.5, "Functional Tests".

System Exercise

Once every seven days, on a day and at a time of
day selected by the owner, the standby generator will
start and run for a preset time period. During this
exercise, transfer to the "Standby" source may or may
not ot::cur as selected by means of a circuit board
switch.

NOTE: On units e7ui ed with three circuit boards, system
exercise is controlled by a 7-day exercise circuit board. An
optional programmable exercise board s also available which
provides an exercise runup on selected day or days of the
waeek..On transfer switches having only two circuit boards,
the exercise feature is part of the CPU circuit board.

PART9
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Section 9.5

FUNCTIONAL TESTS

General

Following instéllation. the standby electric system
should be inspected and tested. All required adjust-
ments should be completed.

Functional testing of the system includes (a) manual
operation, {b) voitage checks, (c) electrical operation,
and (d) completing required adjustments.

Read and make sure you understand all instructions
before proceeding. Also read instructions on tags and
labels that might be affixed to the transter switch. Note
any options or accessories that might be installed and
review their operation.

DANGER: DO NOT ATTEMPT MANUAL TRANS-
FER SWITCH OPERATION 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 EX-
‘TREMELY HAZARDOUS AND POSSIBLY
LETHAL ELECTRICAL SHOCK.

Manual Operation

Both a manual transfer handle and an actuating pin
are included with the "Wn" type automatic transfer
switch. Following installation, manual operation should
be checked before the switch is operated electrically.
To operate the transter switch manually, proceed as
follows:

CAUTION: Do NOT apply excessive force when
operating the main contacts manually, or the
manual transfer handlie may be damaged. Al-
ways set the contacts to their "tripped” or
"neutral” Posltlon before selecting either
"Utility” or "Standby”. The main contacts are at
“tripped™ or "neutral” when the word "Off" ap-
pears In both windows A and B.

1. Inthe transfer switch enclosure, set the maintenance
disconnect switch to its "Manual” position.
2. Turn off both the "Utility" and "Standby" power sup-
plies to the transfer switch, using whatever means
provided.
3. Note the position of the transfer mechanism main
contacts by observing the display in windows A and B.
a. When window A reads “ON" and window B reads
"OFF", load is connected to the "Utility" power
source. '
b. When window B reads "ON" and window A reads
"OFF", the load is connected to the "Standby" power
source. ,
¢. When windows A and B both read "OFF", the load
is disconnected from both power sources ("tripped”
or "neutral”).

4. lf window A or B reads "ON": Go to Step 6. The switch
must be "tripped” to "Neutral” before it is reset to
"Manual” or "Utility".
5. It windows A and B Both Read "OFF": Switch is
already "tripped” to "Neutral". Go to Step 7.
6. To "trip” the contacts (set them to "Neutral"}, proceed
as follows:
a. Insert the actuating pin (shipped with unit) into
Hole "T" (see Figure 1 below). Push the trip leverin.
_b. The main contacts should "trip” to "Neutral” and
. the word "OFF" should appear in windows A and B.

Figure 1. Trip to "Neutral”

7. To close the main contacts to the "Utility" power
source side, proceed as follows:
a. Attach the manual transfer handle to the square
;haft at upper corner of transter mechanism (Figure

b. Move the handle upward. The word "ON" should
appear in window A, the word "OFF" in window B.
This indicates the "Load" is connected to the "Utility"
power source side.
8. To close the main contacts to their "Standby" power
source side, proceed as follows:
a. Attach manual transfer handle to square shaft.
b. Operate the handie upward and, at the same time,
use the actuating pin to push in on trip lever through
Hole "S". The main contacts should actuate.
¢. The word "ON" should appear in window B; the
word "OFF" in window A. This indicates the "Load"
is connected to the "Utility” source side.
9. Repeat Steps 6, 7 and 8 several times, until you are
certain that manual operation is correct. ‘

NOTE: Before proceeding to “Voltage Checks”, "LOad"” must
be connected to the “Utility" source. Window A must display
the word "ON", window 8 must display the word "OFF".
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Manual Operation (Continued)

Actuate handie in direction
indicated until it stops.

Confirm closure to NORMAL source
side by ON in Window A,

Insert pin-into Hole °S°
and push inward.

~/ERL}

While pushing pin inward,
actuate handle in direction .
indicated by arrow.

AN

Confirm closure to STANDBY
source by the word OFF
in Window A, ON in Window B.

Figure 3. Closing to "Standby” Source Side
Voltage Checks

Before proceeding, check the transfer switch data
plate for rated voltage. Both "Utility" and "Standby"
voltage must be compatible with the data plate voltage.

DANGER: FOR SAFETY, SET THE MAIN-
TENANCE DISCONNECT SWITCH TO
"MANUAL"” BEFORE PERFORMING VOLTAGE
CHECKS.

DANGER: USE EXTREME CAUTION WHEN
PERFORMING VOLTAGE CHECKS. POWER
TERMINALS AND WIRES ARE ELECTRICALLY
HOT. DO NOT TOUCH LIVE ELECTRICAL
PARTS.DONOTPERFORMVOLTAGE CHECKS
WHILE BAREFOOT, WHILE HANDS OR FEET
ARE WET, OR WHILE STANDING IN WATER. IF
. POSSIBLE STAND ON INSULATIVE MATS
WHILE PERFORMING THE VOLTAGE CHECKS.
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Perform voltage checks as follows:

1. Inthetranster switch enclosure, setthe maintenance
disconnect switch to "Manuali".

2. If so equipped, set the generator's auto-manual-off
switch to "Off" position.

3. On the switch enclosure door, set the system test
switch to "Automatic Mode".

4. Check that the main contacts are actuated to their
"Utility” position, i.e., "Load" connected to the "Utility"
source. Window A should display the word "ON"; win-
dow B the word "OFF".

CAUTION: DO NOT proceed until the preceding
Steps 1 through 4 have been completed.

5. Tum ON the "Utility" power supply to the transfer

switch using whatever means provided (such as the

"Utility” main line circuit breaker).
a. Check that the "Switch Position-Utility" lamp is ON.
"Lamp ON" condition indicates that (a) "Utility” volt-
age is available to the transfer switch and (b) the
"Load" is connected to the "Utility” side.
b. Inside the transfer switch enclosure door, locate
the utility voitage sensor circuit board. The board's
“"Utility On™ lamp (LED) should be ON. Lamp il-
luminates to indicate that (a) "Utility” sensing voltage
is available to the circuit board, and (b) the "Utility"
sensing voltage is above the setting of a "voltage
dropout sensor”.

NOTE: Itis recommended that the utility voltage sensor circuit
board be calibrated to match the local "Utility™ power source
voltage. Refer to Part 10 or 11 as appropriate for circuit board
calibration procedurss.

6. Use an AC voltmeter to check line-to-line (phase-to-
phase) voltages across transfer switch terminal lugs
N1, N2, N3. Also check line-to-neutral voitage across
terminal lug N1 and neutral; N2 and neutral; N3 and
neutral. Supplied voltage must be compatible with
transfer switch rated voltage and phase.

NOTE: For MULTI-VOLTAGE transfer switches, see Section
9.7.

7. Refer to the appropriate Owner's Manual for the
specitic standby generator set.
a. Make sure the generator and its engine have been
properly serviced and are completely ready for use.
b. On the generator controf console, set the auto-
manual-off switch to "Manual".
c. Use the start/stop switch on generator console to
crank and start the generator engine. Let the engine
stabilize and warm up.
d. Turn on the "Standby" power supply to the transfer
switch, using whatever means provided (such as the
generator main line circuit breaker).
8. On the transfer switch enclosure door, check that the
"Standby Operating” lamp is lighted.
9. Use an AC voitmeter to check voltage across ter-
minal lugs E1, E2, E3 (line-to-line), and across each
terminal lug and the neutral block (line-to-neutrai).

N
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Voltage Checks (Continued)

10. Use an AC frequency meter to check generator AC
frequency. if necessary, adjust the engine speed gover-
nor to supply correct frequency.
11. When all tests and adjustments have been com-
pleted, shut the generator down.

Electrical Operation

PERFORM A "NORMAL TEST":

1. On the utility voltage sensor circuit board, check that
the "Utility On" lamp is ON.
2. On the switch enclosure door, check that the "Switch
Position-Utility" famp is ON.
3. Inthe transter switch enclosure, set the maintenance
disconnect switch to "Automatic”.
4. If so equipped, set the generator's auto-manual-off
switch to "Auto”.
5. Make sure the standby generator and its engine have
been properly serviced and are completely ready for
use.
6. Set the "Standby" main line circuit breaker to "On" or
"Closed".
7. Set the system test switch to its "Normal Test Mode"
position.
a. The standby generator engine should crank and
start. The "Standby Operating” lamp on transfer
switch door should illuminate.
b. Following generator startup, transfer to the
“Standby” source should occur. The "Switch Posi-
tion-Emergency” lamp should illuminate.
8. With the generator running and with loads powered
by generator output, reset the system test switch back
to "Automatic Mode".
a. After a brief pause, retransfer back to the "Utility"
power source should occur.
b. Following retransfer, an "engine cooldown timer”
and an "engine minimum run timer" will time out.
When those timers have finished timing, the gener-
ator should shut down.

NOTE: On units equipped with a “logic type” intelligence
system ;3 circuit boards), advisory lamps on the system
control (logic) circuit board will turn on to indicate operation
of the various sensors and timers that control automatic
operation. By observing these lamps (LED's), automatic
operation sequences and times can be verified. See Part 11,
"The Logic Type Intelligence System".
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Section 9.6

OPERATIONAL ANALYSIS

NOTE: The transfer switch used in this operational analysis is a 3-pole, 1-phase, 240 volts unit equipped with (a)
a "Logic" type intelligence system having 3 circuit boards, and (b) with the time delay neutral feature.

Circuit Condition- Utility Power Available
"Utility" source voltage is delivered to transfer mechanism (GTS) terminals N1, N2, N3 via customer supplied wiring.
From the transfer mechanism (GTS), "Utility" voltage is delivered to terminals N1, N2 and N3 of a utility sensing
interface. Step-down transformers in the interface reduce the voltage signal to about 18-25 volts, depending on the
actual "Utility" source voltage. The reduced voltage is then delivered to a utility voltage sensor circuit board via
Wires 224-227. A "Utility On" lamp (LED) on that circuit board should be ON.
From terminal lug N1, "Utility" source power is delivered to transfer mechanism terminal A1, via Wire N1, the safety
disconnect switch ("Automatic™ selected), Wire 125, the normally-closed transter relay (TR) contacts, Wire 126,
normally-closed time delay relay (TD) contacts. From terminal lug N2, "Utility" power is available to transfer
mechanism terminal A2, via wire N2. With the main contacts at "Utility", the A1/A2 circuit to the closing coil (C) is
held open by control switch Ax action.
Power from terminal lugs N1/N2 is also available to transfer mechanism terminals BT1 and BT2. However, trip
control switches BTS1/BTS2 are held open by transfer mechanism action and trip coil (TC) is de-energized.
From load terminals T1/T2, "Utility" source voltage is delivered to the primary coil of transformer TR2. A reduced
voltage is induced into the TR2 secondary coil. This reduced (step-down) voltage is available to the 7 day exerciser
board via wires 185 and 0. The step-down voltage is also delivered to a "Switch Position-Utility” lamp (CL), via the
normally-closed auxiliary contacts and the lamp is ON. :
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Figure 1. Circuit Condition- Utiliiy Source Power Available
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N
Circuit Condition- Utility Power Source Dropout
The utility voltage sensor monitors the "Utility” power source voltage from the utility sensing interface, via Wires
224-227. Should that source voltage drop below the setting of a "voltage dropout sensor" on the circuit board, a
timer on the circuit board will start. Should the sensing voltage remain low after the timer has finished timing, circuit
board action will close the wires 178/183 circuit. The generator will then crank and start as controlled by a dc
control/latch-crank board in the generator console.
The utility voltage sensor board will also open the wires 199/202 circuit between its connector and the system control
(logic or CPU) circuit board, to "tell” the system control board that "Utility" voltage is low. If the circuit is not opened
by circuit board action when in automatic mode, transfer to "Standby" will not occur.
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Figure 2. Circuit Condition- Utility Power Source Dropout
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Circuit Condition- Standby Generator Running

With the standby generator running, generator AC output voltage is delivered to transter mechanism terminal lugs
E1, E2, E3. Standby current flows through the primary coil of transformer TR1, to induce a step-down voltage into
the transformer secondary coil. Secondary coil output is then delivered to a "Standby Operating” lamp and to the
system control circuit board.

The "Standby Operating” lamp turns on.

The system control circuit board turns on and delivers 12 volts DC to (a) a transfer relay (TR) coil and (b) a time
delay relay (TD) coil. The TR coil circuit is completed back to the system control board via Wire 23; the TD coil
circuit via Wire 193. Circuit board action holds these circuits open and both relays remain de-energized.

An "engine warmup timer" and a "minimum run timer” on the system control board start timing.
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Figure 3. Circuit Condition- Generator Running
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Circuit Condition- Transfer to Standby

When the "engine warmup timer" has timed out and providing standby source voltage and frequency are at an
acceptable (preset) level, the system control board will complete the transfer relay (TR) circuit and the time delay
neutral relay (TD) circuits to ground. Both relays will then energize simultaneously. Standby power will then be
delivered across the closed transfer relay (TR) contacts and to transfer mechanism terminals AT1/AT2. The time
del/ay relay (TD) normally-closed contacts have opened and no power is available to transfer mechanism terminals
B1/B2.

Power trom terminals AT1/AT2 is delivered to a trip contactor (TC). TC energizes to unlatch the main contacts. The
main contacts then actuate to their "tripped” or "neutral” position.

Main contacts movement to the "tripped” position closes control switches Ax and Bx.

When a time delay timer on the system control board times 6ut. the circuit board opens the Wire 193 circuit and the
time delay relay (TD) de-energizes. That relay’s normally-closed contacts close to deliver power to terminals A1/A2.
This energizes a selective coll (SC) which, in turn, closes selective switches (LS) to the B1/B2 side.

Closure of the selective switches (LS) delivers power to the closing coil (C). The closing coil energizes to complete
the transfer action to the "Standby" power source side.

As the main contacts actuate to their "Standby” side, control switches Ax and Bx are opened.
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Circuit Condition- Utility Source Voltage Restored

On restoration of utility power source voltage, that source is delivered to transfer mechanism terminals N1, N2, N3.
The utility voltage is available to step-down transformers in the utility sensing interface. A reduced voltage is
delivered to the utility voltage sensor board, via wires 224-227. The utility voltage sensor board's "voltage pickup
sensor” reacts to the restored voltage and a "return to utility timer” turns on. lf the utility voltage remains high after
that timer has timed out, the utility voltage sensor board will close the wires 199/202 circuit 1o the system control

board.

Utility source voltage is available to the normally-closed contacts of transfer relay (TR). However, because TR is
energized these contacts are open and the circuit is incomplete.
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Circuit Condition- Retransfer Back to Utility Source

With a preset utility sensing voltage available to the utility voltage sensor board, that board closes the 199/200 circuit
to “tell” the system control board that utility voltage is now available. A "return to utility timer” on the system control
board starts timing. After a preset time interval, the system control board opens the transfer relay’'s wire 23 circuit
and closes the time delay relay (TD) circuit to groiund. The transfer relay (TR) de-energizes and its normally-closed
contacts close. The time delay relay energizes and its normally-closed contacts open.

Utility source voltage is now available to transfer mechanism terminals BT 1/BT2. A trip coil (TC) energizes to unlatch
the main contacts and allow them to move to their "tripped” or "neutral” position. Main contacts movement to "neutral”
closes control switches Ax/Bx in the transfer mechanism. Utility power is then delivered to a selective coil (SC). The
selective coil (SC) energizes and closes selective switches (LS) to their A1/A2 side.

When a "time delay neutral timer” on the system control board has timed out, circuit board action de-energizes the
-time delay relay (TD). The relay’s normally-closed contacts then close to deliver utility source power to closing coil
(C). Closing coil (C) then energizes to actuate the main contacts to their utility power source side.

Main contacts movement to the utility power source side opens control switches Ax/Bx.
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‘ Section 9.7

MULTI VOLTAGE TRANSFER SWITCHES

General

Standard GTS transfer switches must be installed N
and used with a power source voltage and phase that
is compatible with the transfer switch rated voltage and - ow - O
phase (as stated on the transfer switch data plate). 0O s} g 528 %

The "multi-voltage” type transfer switch permits 8% 37 ; z
greater flexibility of use since it permits several different °% 3z
voltage and phase selections to be made by the in- s
staller. The installer must make sure the selected vok- a8
age and phase is compatible with the power source < > §
voltage and phase. T a

Voltage Selections [ <: 5y
’ >

A multi-voltage interface panel is shown in Figure 1 g §
at right. A typical multi-voltage intertace panel will per-
mit selection of the following: .

| Ke==:!

* 240 volts, 1-phase. 18 o

* 208 volts, 3-phase. Oy

* 240 volts, 3-phase. - o Q

* 416 volts, 3-phase. 32 ou¥

¢ 480 volts, 3-phase. 'e) § % % § <1l O
‘ To select a voltage and phase, simply plug the 27

connector into the interface panel receptacle indicated § >y,

by the correct voltage and phase. N

Figure 1. Multi-Voltage Interface Panel ical
NOTE: The utility voltage sensor circuit board should be 9 ge Interta (Typical)

calibrated to match the actual utility power source voltage.
See Part 10 or 11 of this manual as appropriate.

Using 3-pole Transfer Mechanisms in 1-
Phase Applications

A special procedure may be required when connect-
ing a 1-phase power supply to a 3-pole transfer
mechanism on multi- -voltage units. See Section 8.8,
"Multi-Voltage Transfer Switches".
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Section 9.8

TRCUBLESHOOTING‘ FLOW CHARTS

Problem 1- Generator Engine Does Not Crank in Automatic Mode
(On Utility Failure or "Normal Test")

TEST 1-JUMPER TEST 2-CHECK

TEST 3-TEST

ENGINE .
CRANKS

2-WIRE START MAINTENANCE SWITCH MAINTENANCE
CIRCUIT DISCONNECT SETTO DISCONNECT
SWITCH SWi1 "AUTOMATIC" SWITCH swi1

POSITION

DOES NOT CRANK SWITCH SET TO "MANUAL"
GO TO "TROUBLESHOOTING" RESET SWITCH TO "AUTOMATIC" REPLACE BAD SWITCH
IN PART 5 OR 6 AS APPROPRIATE AND TEST AUTOMATIC OPERATION
ﬁ SWITCH CHECKS GOOD
‘ TEST 4-TEST TEST 5-CHECK TEST 6-TEST UTILITY
SYSTEM O.Knummmmnfpp- |- 2-WIRE START Ok e———— |- VOLTAGE SENSOR

TEST SWITCH WIRING

CIRCUIT BOARD

REPLACE BAD SWITCH REPAIR, RECONNECT OR REPLACE UTILITY VOLTAGE

REPLACE BAD WIRE(S) SENSOR CIRCUIT BOARD-
‘ ADJUST, CALIBRATE AND TEST

Problem 2- Does Not Transfer to "Standby” in Automatic Mode

NO# VOLTAGE A

TERMINAL LUGS
EV/E2Z/E3

TEST 9-CHECK INPUTE
O.K.uapp- § STEP-DOWN
TRANSFORMER

TR1

VOLTAGE AT
"STANDBY
OPERATING" LAMP

Operating”
Lamp On?

ZERO OR LOW BAD O.K BUT

r—l ' | LAMP IS OUT
‘ GO TO TEST | GO TO "TROUBLESHOOTING" REPLACE BAD REPLACE GO TO TEST 11 ON

12 ON NEXT PAGE J§ IN PART 2,30R 4

TRANSFORMER LAMP NEXT PAGE
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N
Problem 2- Does Not Transfer to "Standby" in Automatic Mode (Continued) '
TEST 11- CHECK WIRES 191/192 REPAIR, RECONNECT OR REPLACE BAD WIRE(S)
TEST 12-CHECK TEST 13-IS TEST 14-CHECK
POWER SUPPLY OK summmemndpy | SYSTEM YES=p-| SYSTEM CONTROL O.K
TO SYSTEM CONTROL CIRCUIT BOARD
CONTROL (OR CPU) OUTPUT TO WIRE
CIRCUIT BOARD BOARD 194
OPERATING?
BAD NO BAD
REPAIR, RECONNECT REPLACE SYSTEM REPLACE SYSTEM
OR REPLACE BAD CONTROL CIRCUIT CONTROL CIRCUIT
WIRE(S) BOARD BOARD
TEST 15-GROUND | DOES NOT TEST 16-CHECK TEST 17-TEST TEST 3-TEST N
WIRE 23 CIRCUIT TRANSFER-’ VOLTAGE AT TRANSFER O.K.vamanlp- | MAINTENANCE
TERMINALS RELAY (TR) DISCONNECT
AT1/AT2 SWITCH (SW1)
TRANSFERS BAD
REF*ACE REPAIR TEST 18-CHECK REPLACE BAD REPLACE
SYSTEM OR TRANSFER TRANSFER BAD
CONTROL REPLACE MECHANISM RELAY SWITCH
(OR CPU) BAD
CIRCUIT PART(S)
BOARD
ﬁ‘ SWITCH CHECKS GOOD
TEST 19-CHECK TEST 20-CHECK TEST 21-TEST
STEP-DOWN WIRING FROM K. “UTILUTY OUT" TRANSFER
TRANSFORMER TR3 TO TRANS- SENSOR
TR3 FER MECHANISM
REPLACE UTILITY
DOES NOT TRANSFER VOLTAGE SENSOR
* CIRCUIT BOARD N

REPAIR/REPLACE
REPLACE BAD TRANSFORMER BAD WIRE(S)

REPLACE TD RELAY
IF BAD

TEST 22-TEST TIME
DELAY RELAY (TD)
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| ‘ ‘Problem 3- Does Not Retransfér Back to "Utility" When That Power Supply is Restored
' (In Automatic Mode or During "Normal Test")

TEST 23S
“UTILITY ON*
LED ON?

TEST 24-CHECK
VOLTAGE AT

TERMINAL LUGS
N1/N2/N3

TEST 25-CHECK
INPUT VOLTAGE
TO UTILITY SEN-

TEST 26-CHECK
UTILITY SENSING
INTERFACE OUT-
PUT VOLTAGE

NO#

SING INTERFACE

YES

BAD
TEST 28-TEST "UTILITY" POWER IS REPAIR, RECONNECT REPLACE
STEP-DOWN NOT RESTORED OR OR REPLACE WIRE(S) UTILITY
TRANSFORMER UTILITY MLCB IS N1/N2/N3 BETWEEN SENSING
TR4 OPEN TRANSFER MECHANISM INTERFACE
AND UTILITY SENSING
INTERFACE
BA_ REPLACE BAD
TRANSFORMER
GOO
REPLACE UTILITY VOLTAGE "UTILITY ON® TEST 27-CALIBRATE
. SENSOR BOARD, ADJUST, _ LED IS STILL UTILITY VOLTAGE
CALIBRATE AND TEST ouT SENSOR BOARD

TEST 3-TEST
MAINTENANCE
DISCONNECT

SWITCH SwW1

TEST 17-TEST
TRANSFER
RELAY (TR)

TEST 22-TEST
TIME DELAY
RELAY (TD)

TEST 29-CHECK
VOLTAGE AT
TERMINALS .
A1/A2

GOOD# O.K\.* O:K.#

REPLACE BAD SWITCH REPLACE BAD RELAY REPLACE BAD RELAY

REPAIR OR REPLACE

TEST 30-CHECK TEST 18-CHECK TEST 13-IS SYSTEM
RETRANSFER TRANSFER BAD TRANSFER MECH- CONTROL (OR CPU)
WIRING MECHANISM ANISM PART(S) BOARD OPERATING?

<

‘ REPAIR, RECONNECT ‘ REPLACE SYSTEM CONTROL
OR REPLACE BAD WIRE(S) CIRCUIT BOARD
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Problem 4- Transfer and Retransfer Occurs But No Time Delay at Neutral Function
(If So Equipped)

TEST 22-TEST TE -CHEC TIME REPLACE

TIME DELAY O.K.ﬁ TIME DELAY AT DELAY . SYSTEM CONTROL

RELAY (TD) NEUTRAL OPER- CHECKS (OR CPU) CIRCUIT
ATION GOOD BOARD

BAD msssssmmmsmlly- REPLACE BAD TIME DELAY RELAY (TD)
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Section 9.9

DIAGNOSTIC TESTS

~ Introduction

Perform the diagnostic tests in this section in con-
junction with the "Troubleshooting Flow Charts" of Sec-
tion 9.8. The numbered tests in Section 9.8 correspond
to test numbers in this section.

Test 1- Jumper 2-Wire Start Circuit

DISCUSSION:

Following a "Utility" power outage, utility voltage
sensor board action should close the 2-wire start circuit
(Wires 178/183). On closure of that circuit, a DC con-
trol/latch-crank circuit board in the generator console
should crank and start the engine. The same events
should take place during performance of a "Normal
Test". If engine does not crank during a "Normal Test"
or on "Utility" power failure, this test will determine if the
problem is in the automatic transfer switch or in the
standby generator.

PROCEDURE:

Connect a jumper wire across terminals 178 and 183
in the transfer switch enclosure (Figure 1). The engine
should crank and start, as controlled by a DC con-
trol/latch-crank board in the generator control console.

RESULTS:

1. If engine does NOT crank, a problem exists in the
2-wire start leads to the generator or in the generator
DC control system. Refer to troubleshooting in Part 5
or 6 as appropriate.

2. If engine cranks when jumper wire is attached but
not during automatic operation, go on to Test 2. The
problem is in the transfer switch.

Telglglzl-

I!178 II E 183 ll

GENERATOR START
CUSTOMER CONNECTION

Figure 1. The 2-Wire Start Terminals

Test 2- Check Maintenance Disconnect
Switch Position

DISCUSSION:

This switch must be set to its "Automatic” position for
all operations in the automatic mode. When the switch
is set to "Manual”, neither automatic engine startup or
automatic transfer will occur.

PROCEDURE:

Check that the maintenance disconnect switch (in
transfer switch) is set to its "Automatic” position.

RESULTS:

1. If necessary, reset switch to "Automatic” and test
automatic operation.

2. If automatic cranking and operation cannot be ob-
tained with switch set to "Automatic”, go to Test 3.

Test 3- Test Maintenance Disconnect
Switch

DISCUSSION:

A defective maintenance disconnect switch can
prevent (a) engine cranking in automatic mode, (b)
transfer to the "Standby” source side, and (c) retransfer
to the "Utility” side.

PROCEDURE:

Test the maintenance disconnect switch as follows (see

Figure 2):

* Turn OFF all power voltage supplies to the transfer
switch. po ge supp

¢ Setthe switch to "Automatic”. Use an ohmmeter to
test the switch as indicated in the following chart.

*  Set the switch to "Manual". Again test the switch as
‘ indtlcated“{n the following chagn.

SWITCH
POSITION
"Automatic”

METER
TEST POINTS READING
Terminals 1 and 2 Continuity
Terminals 2 and 3 Infinity
Terminals 4 and 5 Continuity
Terminals 5 and 6 Infinity
Terminals 7 and 8 Continuity

Terminals 8 and 9 Infinity
Terminals 10 and 11

Continuity
Terminals 11 and 12 Infini

Terminals 1 and 2 Infinity
Terminals 2 and 3 ) Continuity
Terminals 4 and 5§ Infinity
Terminals 5§ and 6 Continuity
Terminals 7 and 8 Infinity
Terminals 8 and 9 Continuity
Terminals 10 and 11 Infinity
Terminals 11 and 12 Continui
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Test 3- Test Maintenance Disconnect
Switch (Continued)
RESULTS:

1. If the switch checks good, go to Test 4.
2. Replace switch if defective.
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3 . 4
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! 05 60
SWITCH SHOWN IN "AUTO"
\5 6 / "FAST TEST* CONNECTS
183" “2 & 4
"NORMAL TEST" CONNECTS
“3&5"; "4 & 6"

Figure 2. Maintenance Disconnect Switch Test Points

Test 4- Test System Test Switch SW2

DISCUSSION:

This switch is used to select either (a) automatic
operation, (b) a "Normal Test", or (c) a "Fast Test".

PROCEDURE:

Test the system test switch with a VOM as follows
(Figure 3):
. B_et the VOM to its "Rx1" scale and zero the meter.

isconnect leads from the switch, to prevent inter-
action.

* Connect the VOM test leads across switch ter-
minals as indicated in the chart that follows.

RESULTS:

1. If switch checks good, go to Test 5.
2. Replace switch it defective.

SWITCH METER
POSITION TEST POINT READING
Terminals 3 & 5 “Infinity”
“AUTOMATIC" Terminals 1 & 3 “Infinity”
Terminals 4 & 6 “Infinity"”
Terminals 2 & 4 "Infinity"
Terminals 2 & 4 "Continuity”
“FAST TEST" Terminals 1 & 3 “Continuity"
Terminals 3 & § "Infinity”
Terminals 4 & 6 “infinity*
Terminals 2 & 4 “Infinity*”
*"NORMAL TEST" | Terminals 1 & 3 “Infinity"
Terminals 3 & § "Continuity”
Terminals 4 & 6 “Continuity*
A

Figure 3. Syste . Test Switch Test Points

Test 5- Check 2-Wire Start Wiring

DISCUSSION:

Any open condition in the 2-wire start wiring will
prevent automatic cranking following a "Utility” power
outage or during a "Normal Test" or "Fast Test".

PROCEDURE:

Carefully inspect Wires 177, 178 and 183 in the
transfer switch. Look for damaged or disconnected
wires. Refer to appropriate wiring diagram. Also check
wires 201, 202 and 203 (between the system test
switch and the system controf board).

RESULTS:

1. Repair, reconnect or replace and bad wire(s).
2. If all wiring checks good, go to Test 6.

Test 6- Test Ulility Voltage Sensor Cir-
cuit Board

DISCUSSION:

If automatic engine cranking does not occur following
a "Utility" power source loss, the utility voltage sensor
circuit board could be the cause.

PROCEDURE:

Unplug the connector plug from the utility voltage
sensor board to which Wires 177, 178, 199 and 200
attach. Connect a jumper wire across connector plug
Pins No. 3 and 4 to which Wires 178 and 177 connect.
The generator engine should crank.

RESULTS:

If engine cranks now but did not on "Utility”. outage,
replace the utility voltage sensor circuit board, Calibrate
and adjust the new board as necessary.
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Test 7- Is"Standby Operating” Lamp On?

DISCUSSION:

Transfer to the "Standby” power source cannot occur
until that power supply is available to the transter
switch. One quick method of determining whether
"Standby” power s available is to observe the "Standby
Operating" lamp on the transfer switch door. The lamp
is powered by transformer reduced "Standby” source
voltage. Perform this test when transfer of the load to
"Standby"” does not occur in automatic mode.

PROCEDURE:

Perform a "Normal Test". The generator should
crank and start. On generator startup, the "Standby
Operating” lamp should illuminate. After a short engine
warmup period, transfer to the "Standby” side should
. occur and the "Switch Position-Emergency” lamp
should light, indicating that transfer to the "Standby"
side has occured.

RESULTS:

1. If the "Standby Operating" lamp comes on but the
"Switch Position-Emergency” lamp does not, transfer
to "Standby" has NOT occured. Go to Test 12.

2. If the "Standby Operating” lamp does NOT come on,
go to Test 8.

Test 8- Check Voltage at Terminal Lugs
E1/E2/E3

DISCUSSION:

As previously stated, transfer to "Standby” cannot
occur unless that power supply is available to the
transfer switch. This test is a positive method of deter-
mining whether "Standby” source voltage is available
to the transfer switch.

The system control (or CPU) circuit board incor-
porates a standby voltage and a standby frequency
sensor. Transfer to the "Standby” source side cannot
occur unless generator AC output voltage is above the
setting of the voltage sensor and unless frequency is
above the setting of the frequency sensor.

PROCEDURE:

Perform a "Normal Test". With the generator running,
use an AC voltmeter to test line-to-line voltage across
terminal lugs E1/E2/E3. Normal rated generator AC
output voltage should be indicated.

Now, use an AC frequency metertotest AC frequen-
cy across terminal lugs. Normal rated AC frequency
should be indicated.

RESULTS:

1. If voltage/frequency is zero or low, go to
"Troubleshooting” in Part 2, 3 or 4 as appropriate.
2. If volts and frequency are good, go to Test 9.
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Test 9- Check Step-Down Transformer
TR1

DISCUSSION:

"Standby” source power is delivered to the primary
winding of transformer TR1. As alternating current
flows through the primary winding, a step-down voltage
is induced into the transformer’s secondary winding.
This reduced voltage is delivered to (a) a "Standby
Operating” lamp and (b) the system control (or CPU)
circuit board for the operation of that board. if reduced
"Standby" voltage is not availabie to turn the "Standby
On’ lamp on, one possible cause is a defective trans-
former TR1.

PROCEDURE:

1. Perform a "Normal Test".

2. With the generator running, use an AC voltmeter to
test the line-to-line voltage across terminals H1 and H4
of transformer TR1, to which wires E1 and E2 connect.
Normal rated generator AC output voltage should be
indicated.

3. Now, check the step-down voltage across terminals
X1 and X2 of transformer TR1. Transformer reduced
voltage (about 24 volts) should be indicated.

RESULTS:

1. If voltage readings across terminal lugs E1/E2/E3
were good, but readings in Step 2 of this test are bad,
check wires E1 and E2 between the transfer
mechanism and transformer TR1. Repair, reconnect or
replace defective wire(s).

2. If voltage readings in Step 2 are good, but readings
in Step 3 are bad, replace transformer TR1.

3. iftransformer TR 1 input and output voltages are both
good, go {o Test 10.

H1 H3 H2 H4

‘ 240V. 240V.
H1 H3 H2 H4

X2 24V, X1

P -

X2

Figure 4. Transformer TR1 Test Points
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Test 10- Check Voltage at "Standby
Operating” Lamp
DISCUSSION:

This test will determine if (a) the "Standby Operating”
lamp is out, or (b) if wires 191/192 are good.

PROCEDURE:

On the transfer switch door interior, locate the
"Standby Operating” lamp. With the generator running,
connect the test leads of an AC voltmeter across the

lamp terminals. The meter should indicate transformer .

reduced voltage.

RESULTS:

" 1. If voltage reading is good, but lamp is out, replace
the lamp.
2. If voltage reading is bad, go to Test 11.

Test 11- Check Wires 191/192

DISCUSSION:

Since the "Standby Operating” lamp is not il-
luminated, wires 191 and 192 are suspect.

PROCEDURE:

If voltage reading at terminals X1/X2 of transformer
TR1 was good, but reading was bad in Test 10, Wires
191/192 are suspect. Test the wires for an open or
grounded condition.

RESULTS:

- Repair, -replace -or .reconnect wire(s)-191/192 - as
necessary.

Test 12- Check Power Supply to System
Control Circuit Board

DISCUSSION:

if transfer to "Standby” does not occur during auto-
matic operation, but the generator starts and the
"Standby Operating” lamp is ON, this test should be
performed. The system control (or CPU) circuit board
IS powered by the same transformer reduced power
supply that operates the "Standby Operating” lamp.

PROCEDURE:

Check AC voltage supply to the system control (or
CPU) circuit board (wires 191/192). Refer to ap-
propriate wiring diagram/schematic.

RESULTS:

1. If operating voltage is not available to the system
control (or CPU) board, check wires 191/192 between
the "Standby Operating” lamp and the circuit board
connector.
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2. If normal operating voltage is available to the system
control (or CPU) circuit board, go to Test 13.

Test 13- Is System Control (or CPU)
Board Operating?

DISCUSSION:

You should have already verified that normal operat-
ing voltage is available to the system control board.
During automatic operation (or "Normal Test"), various
LED’s on the circuit board should turn on to indicate

 that circuit board timers and sensors are functioning.

"PROCEDURE:

Perform a "Normal Test” and observe lamps on
system control board. See Part 10 or 11 of manual for
operating sequences and times. If unit has a CPU
board, red LED will flash a few times and go out (if.CPU
is normal).

RESULTS:

1. If the system control (or CPU) board is not function-
ing, replace the circuit board.

2. It the circuit board sensors and timers appear to be
functioning normally, go to Test 14.

Test 14- Check System Control Circuit
Board Output to Wire 194

DISCUSSION: .

During automatic operation and with -an operating
voltage available to the system control (or CPU) board,
a 12 volts DC output should be delivered from the circuit
board to a transfer relay and to a time delay relay, via
wire 194, If this voltage is not available, neither the
transfer relay or the time delay relay can become
energized and transfer to "Standby” cannot occur. This
test will verify that a 12 volts DC output is available to
energize the transfer relay and initiate transfer to
"Standby”.

PROCEDURE:

Connect the positive (+) test lead of a DC voltmeter
to the transfer relay’s wire 194 terminal. Connect the
meter's common (-) test lead to ground. With the gen-
erator nénning, the meter should read approximately 12
voits DC.

RESULTS:

1. If 12 volts DC is NOT indicated, replace the system
control (or CPU) circuit board.
2.1t 12 volts DC is indicated, go to Test 15.

Test 15- Ground Wire 23 Circuit

DISCUSSION:

During automatic operation and following generator
startup, system control circuit board action should
deliver 12 volts DC to the transtfer relay via wire 194.

N
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Test 15- Ground Wire 23 Circuit (Con-
' tinued)

You should have already verified that 12 volts DC is
available to the transfer relay, in Test 14. That circuit is
completed back to the system control (or CPU) board
via wire-23. Circuit board action will hold the circuit open
until (a) an engine warmup timer has timed out, (b)
standby voltage is above the setting of a "standby
voltage sensor”, and (c) standby frequency is above the
setting of a "standby frequency sensor". When the
three requirements are met, circuit board action will
complete the wire 23 circuit to ground. The transfer
relay should then energize and transfer to "Standby"
should occur.

PROCEDURE:

Locate the circuit board connector pin to which Wire
23 connects (Pin 15). Perform a "Normal Test". If the
unit starts and runs but transter to "Standby” does not
occur, connect Wire No. 23 (Pin 15) to terminal 177 of
the terminal strip (terminal 177 is grounded). The trans-
fer relay should energize and transfer to "Standby"
should occur.

RESULTS:

1. If transfer to "Standby" occurs when wire 23 is
grounded but does not otherwise occur, replace the
system control (or CPU) circuit board. .

. 62. It transfer to "Standby" does NOT occur, go to Test

Test 16- Check Voltage at Terminals
AT1/AT2

DISCUSSION:

When the transtfer relay is energized, its normally
open contacts close to deliver "Standby" source volt-
age to transfer mechanism terminals AT1 and AT2. If
that voltage is available to those terminals, but transfer
to "Standby" does not occur, a transfer mechanism
failure is suspect.

PROCEDURE:

Connect the test leads of an AC voltmeter across
transfer mechanism terminals AT1 and AT2. Repeat
Test 15 and note the voltage reading across
AT1/AT2.The meter should read rated generator volt-
age.

NOTE: On 480 volts units, generator system voltage is
reduced to approximately 240 volts AC by a step-down trans-
former (TR3). It is this reduced voltage that is delivered t
terminals AT1/AT2 of the transfer mechanism. :

RESULTS:

1. If voltage reading is good but transfer to "Standby"
does not occur, go to Test 18.
2. If voltage reading is bad, go to Test 17
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Test 17- Test Transfer Relay

DISCUSSION:

This is a test of the transfer relay itself, to determine
if it is functioning properly. If transfer to "Standby" is to
occur, the relay must energize and its normally-open
contacts must close. For retransfer to "Utility", the relay
must de-energize and its normally-closed contacts
must close.

PROCEDURE:

- See Figure 5. Test the transfer relay (TR) for proper
operation as follows:

* In the transfer switch enclosure, set

enance disconnect swut%h to "Manual”.

e d?Jne_to prevent stan Y qenerator startup when

the "Utility’ Fower supply is'turned off.

*  Turn OFF all power vo arge supplies tob]hetransfer
swntcrl.J ysing whgtqver ans avajlable (such as
r}ga;erts”)“y and "Standby” main line circuit

* Disconnect all wires from the transfer relay ter-
minals, to prevent interaction. Note wire nurhbers
and the terminals to which they connect.

¢ Connectthe gositive, +} Eideot 12volts DC V{gr
source to rel '¥term a nd the n atuve_%os (2]

~toreiay terminal A. The relay should energize.

e Set a volt-ohm-milliammeter (VOM) to its "Rx1"
scale and zero the meter.

* With the relay energized, cogne the VOM test
Ie?ds across felayt gn}nﬁls and 9; then across
re ag terminals 1" and 7. In each case, note the
Basu tance rehad|1nzg. ts DO f N

. isconnect the 12 volt wer source from the
relay. The relay shoulc? ge-e%%rgize.

*  With the relay d?-ener ized, c?nmmthe VOM test
leads across rg Sy terminals 1 and 7; and across

- terminals 6 and 9. In each case, note the reading.

e main-
his must

Correct readings are shown in the following chart. Be
sure to reconnect all wires to the relay terminals before
‘proceeding.

TRANSFER
RELAY

CONDITION

w

TEST
ACROSS
TERMINAL
TAND 7/

6 AND 9
4AND 7

DESIRED
READING
INFINITY
CONTINUITY
CONTINUITY

CONTINUITY
INFINITY
INFINITY

DE-ENERGIZED

RESULTS: '
1. If transfer relay tests bad, replace it.

2. If transfer relay tests good, and automatic transfer to

"Standby” does not occur, perform Test 3, "Test Main-
tenance Disconnect Switch”. See "Problem 2" in Sec-
tion 9.8.

3. If transfer relay tests good and automatic retransfer

. back to "Utility" does not occur, perform Test 22, "Test
. Time Delay Relay™. See "Problem 3" in Section 9.8.
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Test 17- Test Transfer Relay (Continued)

7 —\\

(] 2 []a

4l s ||&
7 8 o

S —5

Figure 5. Transfer Relay Test Points

Test 18- Check Transfer Mechanism

DISCUSSION:

For additional information on the transfer
mechanism, refer to Section 9.2, "The Transfer
Mechanism”. Also see 'Section-9.10, "Transfer
Mechanism Disassembly”.

DANGER: BEFORE ATTEMPTING TO WORK
ON THE TRANSFER MECHANISM, TURN OFF
ALL POWER VOLTAGE SUPPLIES TO THE
TRANSFER SWITCH. EXTREMELY HIGH AND
DANGEROUS VOLTAGES ARE DELIVERED TO
TRANSFER MECHANISM TERMINALS.
FAILURE TO TURN OFF POWER VOLTAGE
SUPPLIES MAY RESULT IN HAZARDQUS AND
POSSIBLY LETHAL ELECTRICAL SHOCK.

PROCEDURE:

A. Visual Inspection: In many cases, transfer
mechanism problems can be detected by conducting a
close visual inspection of the unit.
1. Remove the transfer mechanism cover.
2. Inspect the transfer mechanism carefully. Look for
burning, charring, hot spots, evidence of arcing, etc.
3. Remove arc suppressors and inspect main con-
tacts for burning, scoring, pitting, evidence of arcing,
etc. Check arc suppressors for damage caused by
arcing.

B. Check Manual Operation: See Section 9.5, "Func-
tional Tests”. Check manual operation as outlined in
that section.

C. Preliminary Electrical Tests: The following
"preliminary” tests will help determine if all transfer

PART 9
SECTION 9.9

mechanism electrical components are functioning
properly.
1. Refer to the "Transfer Mechanism Test Chart” on
next page.
2. Manually trip the main contacts to "Neutral” first
("OFF" appears in both window A and B). Then,
perform resistance tests across the terminals indi-
cated in the chart. Meter readings should be as
indicated in the chart.
3. Actuate the main contacts to their "Utility” position
and perform tests indicated in the chart.
4. Actuate the contacts to "Standby” and complete
tests indicated in the chant.

RESULTS:

if any meter reading is not as indicated in the chart
on next page, a fault exists in the transfer mechanism.
Further testing of individual transfer mechanism electri-
cal components will be necessary. Refer to Section
9.10, "Transfer Mechanism Disassembly”.

Al A2 B1 B2 AT1 AT2 BT1 BT2

d
d
d
0)

O] A 4

Figure 6. Transfer Mechanism Terminal Strip

Test 19- Check Step-Down Transformer
TR3

DISCUSSION:

Step-down transformer TR3 is used only on 480 volts
transfer switches. The transformer reduces line E1 to
line E2 voltage to about 240 volts AC. The reduced
voltage is then delivered to the transfer mechanism
terminals. Use of transformer TR3 allows a transfer
mechanism rated 240 volts to be used in 480 volts
system applications. A defective transformer TR3 will
prevent "Standby” source voltage from reaching the
transfer mechanism terminals and transfer to the
"Standby” side will not occur in automatic mode

PROCEDURE:

1. With the standby generator running, check for correct
AC voltage across terminals H1 and H4 of the trans-
former. The meter should indicate normal rated gener-
ator voltage (about 480 volts AC).
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Transfer Mechanism Test Chart
MAIN CONTACTS WINDOWS TEST DESIRED
POSITION INDICATIONS CONNECTIONS METER READING

Tripped to "Neutral”

-~

Windows A and B
both read "OFF"

\

Positive test lead at "A1"
Common (-) test lead at "A2"

Positive test lead at "A2"
Common (-) test lead at "A1"

Positive test lead at "B1"
Common (-) test lead at "B2"

Positive test lead at "B2"
Common (-) test lead at "B1”

Positive test lead at "AT1"
Common (-) test lead at "AT2"

Positive test lead at "AT2"
Common (-) test lead at “AT1"

Positive test lead at "BT1"
Common (-) test lead at "BT2"

Positive test lead at "BT2"
Common (-) test lead at "BT1"

A small resistance
(About 1-1/2 ohms)

A small resistance
(About 1-1/2 ohms)
Infinity
Infinity
Infinity
Infinity
Infinity

Infinity

“Utility* Power Source Side

Window A reads "ON"
Window B reads "OFF"

\/

Positive test lead at "A1"
Common (-) test lead at "A2"

Positive test lead at "A2" .
Common (-) test lead at "A1"

Positive test lead at "B1"
Common (-) test lead at "B2"

Positive test lead at "B2"
Common {-) test lead at "B1"

Positive test lead at "AT1"
Common (-) test lead at "AT2"

Positive test lead at “AT2"
Common (-) test lead at "AT1"

Positive test lead at "BT1"
Common test lead at "BT2"

Positive test lead at "BT2"
Common (-) test lead at "BT1"

- Infinity

Infinity
Infinity
Intinity

Small resistance
{(about 1.8-2.0 ohms)

Small resistance
{About 1.8-2.0 ohms)

Infinity

Infinity

"Standby" Power Source
Side

Window A reads "OFF"
Window B reads "ON"

Positive test lead at "A1"
Common (-) test lead at "A2"

Positive test lead at "A2"
Common test lead at "A1"

Positive test lead at "B1"
Common test lead at "B2"

-Positive test lead at "B2*

Common (-) test lead at “B1"

Positive test lead at “AT1"
Common (-) test lead at “AT2"

Positive test lead at "AT2"
Common (-) test lead at "AT1"

Positive test lead at “BT1"
Common (-} test iead at "BT2"

Positive test lead at "BT2"
Common (-) test lead at “BT1"

Infinity
Infinity
Infinity
Infinity
Infinity
Infinity
Small resistance

(About 1.8-2.0 ohms)

Small resistance
(About 1.8-2.0 ohms)
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Test 19- Check Step-Down Transformer
TR3 (Continued)

2. Now, check the transformer AC output voltage at
terminals X1 and X4. Meter should indicate about 240
volts AC.

RESULTS:

1. If voltage reading across terminals H1 and H4 is
bad, check wires E1/E2 between the transformer and
the transfer mechanism (Test 20).

2. If voltage reading across terminals H1/H4 is good
butreading across X1/X4 is bad, replace sensing trans-
tormer TR3.

H1 H3 H2 H4

e
Pysem)

\ | ' ) X2 240 V. X1
X2
Figure 7. Transformer TR3 and TR4

o 480 VOLTS UNITS ONLY
Test 20- Check Wiring From TR3 to
Transfer Mechanism

DISCUSSION:

"Standby" source power from the transfer
mechanism is delivered to the transformer's primary
winding via Wires E1 and E2. If the voltage reading at
transformer terminals H1/H4 was bad, wires E1/E2
may be open or grounded.

PROCEDURE:

Inspect Wires E1 and E2 carefully. Turn OFF all
power voltage supplies to the transfer switch and use
a VOM to test the wires for an open or grounded
condition.

RESULTS:

Repair, reconnect or replace wires E1 and/or E2 as
necessary.
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Test 21- Test "Utility Out” Sensor

DISCUSSION:

Wires 189 and 200 are routed from the utility voltage
sensor circuit board to the system control (or CPU)
circuit board. Wire 199 connects a transistor in the utility
voltage sensor board to the transfer circuit in the sys-
tem control (or CPU) board. Wire 200 is a grounded
connection, i.e., grounded in the system control (or
CPU) board. When "Utility" source sensing voltage is
available to the utility voltage sensor board, that circuit
board applies a small voltage to the base of a transistor.
This causes the transistor to act much like a "switch".
‘The transistor becomes a conductor and closes the
wire 199 circuit to ground. As long as the circuit is
closed to ground, the system control board will not
intiate transfer to the "Standby" source side. That is,
transfer to "Standby" cannot occur while "Utility" source
power is available.

On dropout of "Utility” source voltage, the voltage
signal to the transistor base is removed. Transistor
action then opens the 199/200 circuit. Transfer to
"Standby" can now occur.

uTiLITY
VOLTAGE
SENSOR
BOARD

!
©
(7o)

Power only when
“Utility” voltage is
available

TO SYSTEM CONTROL
(OR CPU) CIRCUIT BOARD

N
(=)
o

Transistor
Base

WIRE #200 MAY BE
#202 ON SOME MODELS.

Figure 8. Wires 199/200 (or 199/202) Circuit

If transfer to the "Standby" source does not occur in
automatic mode, the “Utility Loss Sensor” circuit may
be tested as follows:

PROCEDURE:

1. At the utility voltage sensor circuit board, disconnect
the connector to which wires 177, 178, 199 and 200
attach.

2. Set the maintenance disconnect switch (in transfer
switch enclosure) to "Automatic”.

3. Start the engine manually, using the start/stop switch
on the generator console.
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Test 21- Test "Utility Out" Sensor (Con-
tinued)

NOTE: If the transfer switch is equipped with three circuit
boards, LED's on the system control circuit board should turn
on when the generator has started. LED'’s that will turn on
include (a) a "Standby On" lamp, (b) an "Engine Minimum
Run*lamp, (c) an "engine warmup timer” lamp, and finally (d)
a "transfer to standby” lamp. When the "transfer to standby”
lamp illuminatss, transfer to that power source should occur.
On units with two circuit boards, the CPU board is not
equipped with advisory lamps (LED's). »

4, Following generators startup, transfer to "Standby”
should occur.

RESULTS:

1. If transfer to "Standby” occurs with the utility voltage
sensor board connector unplugged, but does not occur
in normal automatic operating modes, replace the utility
voltage sensor board. Calibrate, adjust and test the
new circuit board.

2. If transfer to "Standby” does not occur, go to Test 22.

NOTE: On 3 circuit board units having a “programmable”
system control board, iflumination of that board's "transfer to
standby* lamp indicates the "Ulility Out Sensor” on the utility
voltage sensor board is functioning properly. If the “transfer
to standby” lamp turns on but transfer to "Standby” does not
occur, repeat all tests undar Problem 2 in Section 9.8.

Test 22- Test Time Delay Relay

DISCUSSION:

‘In order for a "transfer to standby" operation to occur,
"Standby" source power must be available to transfer
mechanism terminals B1 and B2. That power source
will not be available to those terminals unless the time
dlelay relay’s normally-closed contacts (1 and 7) are
closed.

For a "retransfer to utility" operation, "Utility" source
power must be available to transfer mechanism ter-
minals A1 and A2. That power supply will not be avail-
able to those terminals unless the time delay relay’'s
normally-closed contacts (3 and 9) are closed.

Failure of the time delay relay’s normally-closed
contacts to close can resutt in a failure to transfer loads
to either power source side while in automatic mode.

PROCEDURE:

The time delay relay is identical to the transfer relay.
Refer to Test 17 (Pages 9.9-5 and 9.9-6).

RESULTS:
Replace the time delay relay (TD) if it fails the test.
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Test 23- Is "Utility On” LED On?

DISCUSSION:

Perform this test if retransfer back to "Utility” does
not occur in automatic mode or during "Normal Test".
The "Utility On" lamp is located on the utility voltage
sensor circuit board. The lamp should illuminate when
"Utility" power source voltage is above the setting of
that circuit board’s "voltage dropout sensor”.

PROCEDURE:

Observe the "Utility On" famp (LED). If the lamp is
ON, "Utility" source voltage sensing is avaiiable to the
utility voltage sensor board and is above the setting of
the "voitage dropout sensor”. If the lamp is OUT,
"Utility" sensing voltage is not available to the board or
is below the setting of a "voltage pickup sensor”.

RESULTS:

1. if the LED is ON, go to Test 28.
2. If the LED is OUT, go to Test 24.

Test 24- Check Voltage at Terminal Lugs
N1/N2/N3

DISCUSSION:

This test should be performed if the "Utility On" lamp
on the utility voltage sensor board is not lighted. The
purpose of the test is to determine if "Utility” voRage is
actually available to'the transfer switch.

DANGER: USE EXTREME CARE DURING THE
TEST. POWER VOLTAGE SUPPLIES TO THE
TRANSFER SWITCH ARE HIGH AND
DANGEROUS. '

PROCEDURE:

Use an AC voltmeter to test line-to-line voltage

. across transfer mechanism terminal lugs N1, N2 and
- N3. Normal rated "Utility" source voltage should be

indicated.

RESULTS:
1. if voitage readings are bad, check the "Utility" source

. main line circuit breaker. Perhaps that power source

has not been restored.
2. It voltage readings are good, go to Test 25.

Test 25- Check Input Voltage to Utility
Sensing Interface

DISCUSSION:

if the utility voltage sensor board’s "Utility On" lamp
does not light and you have determined that "Utility”
source voltage is available to the transfer mechanism
terminal lugs, the next step is to determine if that source
voltage is available to the utility sensing interface.




PAGE 9.9-10

Test 25- Check Input Voltage to Utility
Sensing Interface (Continued)

PROCEDURE:

* Inthe transfer switch, ?et the maintenance discon-
nect switch to "Manual”.

» Use an AC voltmeter to check lin?-to-lingf, voltage
acrgss terminals N1, N2 and N3 of the utility sens-
ing interface. See Figure 9.

« Normal rated "Utility" source voltage should be
indicated.

RESULTS:

1. If voltage reading is bad, but readings in Test 24
were good, repair, reconnect or replace wires N1, N2,
or N3 between the transfer mechanism and the utility
sensing interface.

2. It voltage readings are good, go to Test 26.

GIZEEE

Figure 9. Utility Sensing Interface Test Points

Test 26- Check Utility Sensing Interface
Output Voltage

DISCUSSION:

Step-down transformers in the utility sensing inter-
face are used to reduce the actual "Utility" source
voltage to a proportional sensing voltage that is
delivered to the utility voitage sensor circuit board. The
interface transformers provide a fixed ratio reduction in
voltage. This test, in conjunction with Test 25, will
determine if the utility sensing interface is in good
condition.

You may also wish to review the information on
multi-voltage utility sensing interface systems. Refer to
Section 9.7, "Multi-Voltage Transfer Switches”.

PROCEDURE:

Use an AC voltmeterto test for correct voltage across
interface terminals 224 through 227. Test connections
and acceptable interface output voltages are listed in
the following chart.
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TEST' 224-225 224-227
ACROSS 225-226 225-227
TERMINALS 224-226 226-227
LINE TO LINE
RATED VOLTS OUTPUT VOLTS
600 volts AC 40-43 VAC 22.5-25.0 VAC
480 volts AC 40-43 VAC 22.5-25.0 VAC
400 volits AC 40-43 VAC 22.5-25.0 VAC
240 volts AC 40-43 VAC 22.5-25.0 VAC
208 volts AC 36.5-39.0 VAC | 20.5-23.0 VAC
240 volts, 1-Phase 41-46 VAC 20.5-23.0 VAC*

* 226 not used on 1-phase units.
RESULTS:

1. If voltage readings in Test 25 were good, but read-
ings taken in Test 26 were bad, replace the utility
sensing interface.

2. lf voltage readings are good, go to Test 27.

Test 27- Calibrate Utility Voltage Sensor
Board

DISCUSSION:

The utility sensing interface transformers reduce
utility power source voltage at a fixed ratio. For that
reason, it the "Utility” voltage varies from the nominal
rated voltage, the sensing voitage to the utility voltage
sensor board will also vary a proportional amount. In
some cases, calibration of the circuit board may be
required.

CAUTION: The installed transfer switch must be
rated at a voltage and phase that Is compatible
with the "Utility" and "Standby” power sup-
plies. Do NOT attempt to calibrate a utility volt-
age sensor board on a non-compatible unit In
an attempt to make the unit compatible with
supplied voltages.

Once the circuit board has been properly calibrated,
the voltage that was present during calibration ex-
tablishes 100 percent "Utility"” voltage for "dropout™ and
"pickup” settings. "Utility” source power must be avail-
able during calibration.

PROCEDURE:

1. In the transfer switch enclosure, set the maintenance
disconnect switch to "Manual”. Make sure rated "Utility"
source voltage is available to the unit. '

2. Onthe utility voltage sensorboard, locate Test Points
"TP3" and "TP4" (Figure 10). Connect a jumper wire
across these two test points.

3. Locate the small potentiometer "R10". Turn the
potentiometer fully counterclockwise (CCW).

4. Now, turn the potentiometer SLOWLY clockwise until
the circuit board’s "Utility On" lamp (LED) just turns on.
5. Remove the jumper wire from "TP3" and "TP4",

6. Reset the maintenance disconnect switch to "Auto-
matic”.

RESULTS:

if "Utility On" lamp is still out even though the sensing
voltage to the board is good, replace the utility voitage
sensor circuit board.
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Test 27- Calibrate Utility Voltage Sensor
Board (Continued)
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Figure 10 Utility Voltage Sensor Board Calibration

Test 28- Test Step-Down Transformer
TR4

DISCUSSION:

Transformers TR3 and TR4 are used only ontranster
switches rated 480 volts. The two transformers act to
reduce the 480 volts power supply to a voltage that is
compatible with transfer mechanism requirements
(about 240 volts). Transformer TR3 reduces "Standby"
source voltage; transformer TR4 reduces "Utility"
source voltage.

An open or shorted condition in transformer TR4 can
prevent retransfer back to the "Utility” side.

PROCEDURE:

1. See Figure 11. Turn ON the "Utility" power supply
{o the transfer switch.
2. Use an AC voltmeter to check voltage across trans-
former terminals H1 and H4. Approximately 480 volts
AC should be indicated.
3. Now, check the voltage across terminals X1 and X2
of the transformer. About 240 volts should be read.

NOTE: The transformner provides a fixed step-down ratio.
For that reason, voltage reading across terminals X1 and X2
may not read exactly 240 volts.

RESULTS:

1. If voltage reading in Step 2 is bad, check wires N1/N2

between transformer and transfer mechanism.

2. If reading in Step 2 is good, but Step 3 reading is bad,

replace transformer TR4.

?_. If readings in both Step 2 and Step 3 are good, go to
est 3. :

Figure 11. Transformer TR4 Test Points

Test 29- Check Voltage at Terminals
A1/A2

DISCUSSION:

if retransfer back to the "Utility” power source is to
occur, that power source voltage must be delivered to

transfer mechanism terminais A1 and A2. The following

requirements must be met to deliver "Utility" voltage to
those terminals:

. 'Utilitg“_volta?e_ must bﬁl availa,\?le to transfer
mechanism tefminal lugs N1 and N2.

. Atransrferr lay (TR) must b en%'gizedb s%?tem

control (or CPU) circuit board a andthe

:}ormally-open ntacts (r‘nl.llstco|se. 0 b

] so equipped, a time delay rela must be

de-ene &Jg by slxste co¥ntro| e{)r( CF}U) S?rcuut
board action and t 3 relay’s normally-closed con-
tacts must be closed.

ay's

This test will determine if "Utility” source voltage is

"available to terminals A1/A2 of the transfer mechanism

during a retransfer action. You should have already
tested the transfer relay (Test 17) and the time delay
relay (Test 22). If the unit is a 480 volts unit, you should

- have tested transformer TR4 (Test 28). If "Utility” power

is still not available to terminals A1/A2, the wiring
bet\éveen terminal lugs N1/N2 and terminals A1/A2 must
be bad.

PROCEDURE:

1. Connect the test leads of an AC voltmeter across
transfer mechanism terminals A1 and A2.

2. Perform a "Normal Test". Carefully monitor automat-
ic operation during the test.

. 3. When the generator has started, wait for the system

to transfer loads to the "Standby” power source side.
a. Check that the utility voltage sensorboard's "Utility
On" lamp is lighted.
b. On the transfer switch door, check that the
"Standby Operating” lamp is lighted and that the
"Switch Position-Emergency” lamp is on.

4. Set the system test switch back to "Automatic Mode"

" and monitor the AC voltmeter.
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Test 29- Check Voltage at Terminals
A1/A2 (Continued)

5. After an "engine cooldown timer” on the system
control (or CPU) board has timed out, the following
should be observed:
a. On the system control board, a time delay neutral
timer lamp (LED) should illuminate (if the unit is
equipped with the time delay neutral feature).
b. When the time delay neutral timer has timed out,
the AC voltmeter previously connected across A1/A2
should indicate “Utility" voltage. Retransfer back to
"Utility” should then occur. :

RESULTS:

1. If normal rated "Utility" source voltage is indicated at
A1/A2, but retransfer back to "Utility" does not accur,
go to Test 18. The problem appears to be inthe transfer
mechanism.

2. If normal rated "Utility" voltage is NOT indicated at
A1/A2, go to Test 30.

Test 30- Check Retransfer Wiring

DISCUSSION:

An open or grounded condition in the retransfer
circuit can prevent retransfer back to "Utility” from
occuring.

PROCEDURE:

Carefull inspect and test wires between terminal lugs
N1/N2 and transter mechanism terminals A1/A2. Trace
the circuit on an appropriate wiring diagram and inspect
and test all wires.

RESULTS:
Repair, reconnect or replace any defective wire(s).

Test 31- Check Time Delay at Neutral
Operation

DISCUSSION:

During automatic operation and after the standby
generator has started the following timers on the sys-
tem control {or CPU) board will start timing: (a) engine
minimum run timer, (b) engine warmup timer.

NOTE: On units with programmable system control board,
LED’s on the circuit board will turn on to indicate the timers
or sensors are operating.

Also on the system control (or CPU) circuit board, a
standby voltage and a standby frequency sensor will
be activated when generator voltage and frequency
have reached a preset level. LED's are provided on the
programmable system control board to indicate that
standby voltage and frequency are acceptable.

When the engine warmup timer has timed out, and
when standby voltage and frequency have reached a
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preset level, system control (or CPU) board action will
energize both the transfer relay and the time delay relay
simultaneously. When the transfer relay energizes, its
normally-open contacts close. However, when the time
delay relay energizes its normally-closed contacts
open. This opens the circuit to transfer mechanism
terminals B1/B2 and transfer to "Standby” cannot
occur.

The time delay relay will remain energized until a
“"time delay neutral timer” on the system control board
has timed out. When that timer has timed out, circuit
board action will de-energize the relay, its normally-
closed contacts will close, and transfer to "Standby” will
occur.

This test will determine if the system control (or CPU)
circuit board is (a) energizing the time delay relay and
(b) de-energizing the relay as programmed.

PROCEDURE:

1. Connect an AC voltmeter across transfer mechanism
terminals B1/B2.

2. Perform a "Normal Test" with the time delay switch
set to "On".

3. When the generator has started and after a preset
time interval, the AC voltmeter should indicate
"Standby" source voitage. At the same time, transfer to
"Standby" should occur.

4. If voltage is not indicated at terminals B1/B2 after a
preset time, turn the time delay neutral switch "Off” and
observe the voltmeter.

RESULTS:

‘1. If the AC voltmeter indicates "Standby" voitage, but

transter does not occur, a problem exists in the transter
mechanism.

2. If the voltmeter does not read "Standby” voltage with
the time delay neutral switch at "On”", but does when
the switch is set to "Oft", replace the system control (or
CPU) circuit board.

NOTE: In Result 2 above, transfer should occur when the time
delay neutral switch is tured "Off” since power is available
to transfer mechanism terminals B1/82.
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Section 9.10

TRANSFER MECHANISM DISASSEMBLY

Introduction

The transfer mechanism houses the main current
carrying contacts, along with other mechanical and
electrical components required for switch operation.
The main contacts are actuated by a single solenoid and
are electrically operated and mechanically held. The
contacts are siiver plated or silver alloy, to provide
resistance against welding or sticking. Contacts shape
provides concentrated contact pressure for positive cir-
cuit continuity.

Main Contacts Assembly
Figure 1, below, shows the transfer mechanism with
the main contacts assembly separated from the control
assembly.

The main contacts assembly consists of three or four
pole assemblies. Each pole assembly houses and sup-
ports a dual set of moveable contacis (utility and emer-
gency contacts) and a stationary load contacts
assembly. The pole assemblies are sandwiched
together and retained to the control assembly by means
of thru-bolts. Arc suppressors are retained in each pole
assembly.

NOTE: You may wish to review main contacts 6peratlon in
Section 9.2, "The Transfer Mechanism".

DANGER: DO NOT ATTEMPT TO REMOVE TH
TRANSFER MECHANISM FROM THE TRANSFER
SWITCH ENCLOSURE UNTIL ALL POWER VOLT-
AGE SUPPLIES TO THE TRANSFER SWITCH
SWITCH HAVE BEEN TURNED OFF.

3
£

NN LW M

DESCRIPTION
Frastic ol 2
Utllity Co?n%ctsm
margency Cont
Arc S
Thru-go ressor
End Cover
Control Assembly

Figure 1. Transfer Mechanism Major Components
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Auxiliary Contacts Removal
Each set of auxiliary contacts (Figure 2) is retained to
the main contacts assembly side cover by means of a
single screw. The auxiliary contacts are rated 10 amps

at 125 or 250 volis AC.

Main Contacts Assembly Removal
The main contacts assembly can be removed from
the control assembly by first removing the thru-bolts
which retain the pole pieces to the control assembly.
The side cover can then be removed, followed by the
utility, emergency and load contacts in one plastic pole

piece.

After removing the side cover, slide the utility and
emergency contacts off their square shafts. Then N
remove the first plastic pole peice, along with the sta-
tionary load contacts. The second and third (and fourth,
if required) pole piece components can then be

removed in similar fashion.
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Figure 2. Auxiliary Contacts
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Figure 3. Control Assembly Components
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Section 10.1

SYSTEM FAMILIARIZATION

General
The CPU type intelligence system consists of two
solid state circuit boards called (a) a utility voltage
sensor board and (b) the CPU board. Both circuit boards
are housed in a circuitboard compartment in the transter
switch enclosure door.

This system differs from the "Logic" type intelligence
system in several ways. The most obvious difference is
that the CPU system utilizes only two circuit boards,
while the Logic system has three boards. This was
accomplished by having the CPU circuit board assume
the dual tasks of (a) controlling the 7-day exercise timer
and (b) performing the tasks of the system control circuit
board.

Another major difference between the two systems is
that the "Logic” system’s system control circuit board is

-fully. programmable. -The -CPU circuit board does not

offer this advantage but, instead, relies on fixed sensors
and timers.

©

Figure 1. The Two Circuit Board (CPU) System

What the System Does
The utility voltage sensor board constantly monitors
"Utility" power source voltage. Should that source volt-
age drop below a preset level, the utility voltage sensor
board will initiate closure of the 2-wire start circuit (wires
178/183). On closure of that circuit, a DC controlfiatch-
crank circuit board (housed in the generator console)

-will crank and start the engine. The.sensor circuit board

will also open a "utility loss sensor™ circuit to the CPU
board, to "tell” that board that "Utility" power has failed.

With standby generator AC output available to the
transfer switch, the CPU circuit board will be turned on.
The CPU board incorporates sensors and timers to
control automatic operation, as follows:

*  An "engine minimum run timer” on the CPU board will
starttiming. This timer establishes the minimum length
of time the engine must run before it can be shut down
in automatic mode. The timer prevents shutdown of a
cold engine.

* An "engine warmup timer" starts timing. This timer
provides an engine warmup period before electrical
loads are transferred to the "Standby” source.

* . A "standby voltage sensor” looks for an acceptable
{preset) "Standby" source voltage. Transfer of loads to
the "Standby" source cannot occur until that source
voltage is above a presst level.

* A "standby frequency sensor” prevents transfer to the
"Standby" source until that source frequency is above
a preset level.

¢ When (a) the engine has warmed up and (b) standby
voltage and frequency have reached preset levels, the
CPU circuit board will energize a transfer relay. Trans-
fer of loads to the "Standby” power supply will then
ocour.

NOTE: If so equipped, a time delay at neutral relay will be
energized at the same time as the transfer relay. With the time
delay neutral relay energized, the main contacts will trip to
neutral. The main contacts will remain at "Neutral” (load dis-
connected from both power source sides) as long as the time
delay neutral relay remains energized. A "time delay neutral
timer” on the CPU board establishes the length of time the time
delay neutral relay remains energized. When that timer has
timed out, transfer of loads to the "Standby" side will occur.

The utility voltage sensor board continues to seek an
acceptable (preset) "Utility” source voltage. On restora-
tion of that source voltage above a preset level and for
a preset time, the sensor board closes the "utility loss
sensor” circuit to the CPU board. This "tells" the CPU
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What the System Does (Continued)
circuit board that "Utility" source voltage has ben
restored.

NOTE: A "line interrupt delay timer” on the utility sensor board
delays closure of the “utility loss sensor” circuit for a preset
time interval. This time interval is required, to prevent
retransfer that might otherwise occur as a resuit of transient
voltages.

When the "line interrupt delay timer" times out, CPU
board action will (a) de-energize the transfer relay, and
(b) energize the time delay neutral relay (if so equipped).
The following events will then take place: -

*  Units Without Time Delay Neutrai: When the transfer
relay de-energizes, "Utility" source voltage is delivered
to transfer mechanism terminals and retransfer back
to the "Utility” source occurs.

* Units with Time Delay Neutral: When the transfer
relay de-energizes, the main contacts will trip to
"Neutral”. A "time delay neutral timer” on the CPU
board will time. When that timer has timed out, the time
delay neutral relay will de-energize and the main con-
tacts will compiete their travel to the "Utility" source
side.

Following retransfer back to the "Utility” source, an
"engine cooldown timer" on the CPU board will start
timing. When that timer has timed out, circuit board
action will open the 2-wire start circuit (178/183) and the
generator will shut down.

The 7-Day Exercise Feature

The CPU circuit board incorporates a "7-day exer-
cise" circuit. This feature will start the generator once
every seven days (at a preset time and on a preset day).
The generator will run (exercise) for a preset time inter-
val and then shut down. During the exercise runup,
transfer to the "Standby" source may or may not occur,
as selected by means of a "bypass transter on exercise”
switch. The "bypass” switch is located on the CPU
board.
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Section 10.2

- AUTOMATIC OPERATING SEQUENCES

Introduction
Timers and sensors on the CPU circuit board, used
to regulate automatic operation, are fixed and non-ad-
justable. That is, the CPU circuit board is non-program-
mable.

The utility voltage sensor circuit board provides three
adjustable settings as follows:

1. Voltage Pickup setting
a. Establishes the "Utility” source voltage required
before retransfer back to that power source can
occeur.
b. Adjustment settings are given in "percent of utility”
voltage.

2. Voltage Dropout setting
a. Establishes the voitage dropout point at which
standby generator startup and transfer to "Standby”
will occeur.
b. Adjustment settings are givenin "percent of pickup
voltage”.

3. Line Interrupt Delay Timer
a. Establishes the time delay between "Utility” voltage
-dropout below the "voltage dropout” setting and gen-
erator startup.
b. The time delay is required to prevent false gener-
ator starts that might otherwise be caused by tran-
sient voltage dips.
¢. Adjustment settings are given in "seconds”.

NOTE: A special utility voltage sensor board is used on
multi-voltage type transfer switches. The "multi-voltage” circuit
board includes a voltage sslector switch. Refer to Section 8.8.

Sequence of Automatic Operation
1. With an acceptable "Utility" source voltage sensing
signal available to the utility voltage sensor board, the
following conditions exist:
a. A "voltage dropout sensor” on the utility voltage
sensor circuit board monitors the "Utility" source voit-
age. :
b. A "Utility On" lamp (LED) on the utility voitage
sensor board is ON.
c. A "Switch Position-Utility" lamp on the transfer
switch enclosure door is ON.
d. Transformer reduced "Load" terminal voltage is
delivered to the CPU circuit board, for operation of the
7-day exercise timer.

e. A "Standby Operating” lamp on the switch
- enclosure door is OUT and operating voltage for the
CPU circuit board is not available.

2. If "Utility" source voltage drops below the setting of
the utility voltage sensor board’s "voitage dropout sen-
sor”, the following events will occur:
a. The circuit board's "Utility On" lamp (LED) goes out
and the "utility loss sensor” circuit to the CPU board
is opened.
b. The utility voltage sensor board’s "line interrupt
delay timer” starts timing. The timer can be set at any
point between 0.1 and 10 seconds.
¢c. If voltage is still low when the timer has finished
timing, the following events will occur: _
(1) Utility voltage sensor board action will close the
2-wire start circuit (178/183).
(2) The generator engine will crank and start as
controlled by a DC controllatch-crank circuit board
in the generator console.

3. On engine startup, the following events will occur:
a. A "Standby Operating” lamp on the transfer switch
enclosure door illuminates.
b. Transformer reduced "Standby" source voltage is
delivered to the CPU circuit board, which now be-
comes operational.
¢. An "engine minimum run timer® on the CPU.board
starts timing.
(1) The timer is fixed at 10 minutes. That is, the
engine must run for at least 10 minutes before it
can be shut down in automatic mode.
(2) The "engine minimum run timer” prevents shut-
down of a cold engine.
d. An "engine warmup timer”, also on the CPU board,
starts timing.
(1) "Engine warmup timer" setting is fixed at 30
seconds.
(2) Transfer of loads to the "Standby" power supply

. cannot occur until the timer has timed out,

. e. A "standby voltage sensor” and a "standby fre-
quency sensor” on the CPU board look for a preset,
acceptable "Standby” source voltage and frequency.

(1) The "standby voltage" and "standby frequency”
sensors are set at a fixed 80 percent of rated
"Standby” source volitage and frequency.

(2) Transfer of the load to the "Standby" source can
occur only it standby voltage and frequency are
above the sensor settings.
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Sequence of Automatic Operation (Continued)

4. The CPU circuit board will initiate transfer to the
"Standby" power supply, providing the following condi-
tions have been met:
a. Utility voltage sensor board must still hold the
"utility loss sensor” circuit to the CPU board open.
This "tells” the CPU board that "Utility” source voltage
is still low.
b. The "engine warmup timer” must have timed out.
c. "Standby” AC voltage and frequency must be
greater than 80 percent of system rated voltage and
frequency.

NOTE: It must be amphasized that a transfer to "Standby”
action cannot occur unless the utility voltage sensor board has
opened the ‘utility loss sensor” circuit. That is, transfer to
"Standby” cannot occur while "Ultility” voltage is above the
setting of the "voltage dropout sensor”.

5. When all of the conditions in Sequence 4 above have
been met, CPU board action will complete the transfer
relay and (if so equipped) time delay relay circuits to
ground.
a. The transfer relay will energize, its normally-open
contacts will close, and "Standby" source voltage will
be delivered to the transfer mechanism terminals.
Transfer to the "Standby" source will then occur.
b. If so equipped, the time delay relay will energize at
the same time as the transfer relay.
(1) Time delay relay’s normally-closed contacts will
open. This action will open the "Standby" voltage
circuit to the transter mechanism’'s "B power
source side on” terminals, to prevent transfer to the
"Standby” power source side.
(2) The transfer mechanism’'s main contacts will
trip to "Neutral” and remain at that position as long
as the time delay relay is energized.
(3) After five seconds, CPU board action will de-
energize the time delay relay. The main contacts
will then complete their movementto the "Standby"
power source side.
c. Electrical loads are now powered by the "Standby”
power source.

6. The utility voltage sensor circuit board’s "voltage
pickup sensor” continues to seek an acceptable preset
"Utility” source voltage.
a. On restoration of "Utility” source voltage above the
setting of the "voltage pickup sensor”, utility voltage
sensor board action closes the "utility loss sensor”
circuit to the CPU board to "teli” the CPU board that
"Utility" voltage has been restored.

b. A "return to utility timer” on the CPU board starts
timing, will time for 30 seconds.

c. If the "utility loss sensor” circuit Is still closed when
the "return to utility timer” has finished timing, CPU
board action will initiate the following:

(1) Circuit board action will de-energize a transfer
relay. The relay’s nommally-closed contacts will close,
to deliver "Utility" voltage to the transfer mechanism
and retransfer back to the "Utility* power source will
occur.

(2) if so equipped, CPU board action will energize a
time delay neutral relay. The main contacts will then
trip to "Neutral” and remain at "Neutral” as long as the
time delay relay is energized. After five seconds, CPU
board de-energizes the time delay relay and re-trans-
fer back to the "Utility” source occurs.

7. On re-transfer back to the "Utility" side, an "engine
cooldown timer” on the CPU circuit board starts timing.
a. When the "engine cooldown timer" has finished
timing, circuit board action will open the 2-wire start
circuit (178/183) and engine shutdown will occur.
b. The "engine minimum run timer" must also have
timed out before engine shutdown can occur.

8. Following re-transfer back to the "Utility" source side
and generator shutdown, the utility voltage sensor
board continues to monitor "Utility” source voltage.
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Section 10.3

UTILITY VOLTAGE SENSOR CIRCUIT BOARD

Introduction
See Figure 1. A standard utility voltage sensor board
cover Is shown. Note the voltage block just below the
words "utility voltage sensor” on the cover. The circuit
board'’s rated voitage must match the rated voltage of
the system in which the board is used.

NOTE: Multi-voltage transfar switches use a utility voltage
sensor board cover which mounts a *voltage selsctor switch".
The switch permits a single circuit board to be used for
saveral different rated voltage applications.
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Figure 1. Utility Voltage Sensor Board Cover

Utility Voltage Sensing Connector

This 4-pin connector (Figure 2) connects the utility
voltage sensor board to the utility sensing interface.
Wires 224 through 227 attach to the connector. The
utility sensing interface delivers a transtormer reduced
"Utility" sensing voltage to the circuit board via this
connector. For sensing voltage inputs to the circuit
board, see Test 3 on Page 8.10-2 or Test 26 on Page
9.9-10. ,

Figure 2. Utility Voltage Sensing Connector

Control System Connector
See Figure 3. Wires 177, 178, 199 and 202 attach to
this connector.

Wires 177 and 178 form the 2-wire auto-start circuit.
Closure of this circuit by circuit board action will occur
during a "Utility" power outage, to initiate generator
cranking and startup as controlled by a DC controlfatch-
crank circuit board in the generator console.

Wires 199 and 202 (sometimes 199 and 200) are part
of the "utility loss sensor” circuit which connects the
utility voltage sensor board to the CPU circuit board.
When "Utility” source voltage is avallable and above the
setting of the "voltage dropout sensor®, utility voltage
sensor board action holds the circuit closed. However,
should "Utility" voltage drop below the setting of the
"voltage dropout sensor”, utility voitage sensor board
action will open the circuit to "tell” the CPU circuit board
that "Utility” power has failed.

NOTE: Transfer to "Standby” cannot occur while the “utility
loss sensor” circuit is closed.
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Control System Connector (Continued)

Figure 3. Control System Connector

The "Utility Loss Sensor” Circuit
Figure 4 is a simplified schematic of the "utility loss
sensor” circuit. Atransistoris used as a "switch", to open
and close the circuit. The transistor holds the circuit
closed as long as a voltage Is applied to the base of the
transistor. Remove the voltage that is appfied to the
transistor base and the circuit opens.

A voltage is applied to the transistor base as long as
"Utility” source voltage is available and is above the
setting of the "voltage dropout sensor”. During this time,
transistor action holds the "sensor” circuit closed. Wire
199 is the "high” side of the circuit, while wire 202 is the
"low" (grounded) side.

When "Utility” voitage drops below the setting of the
"voltage dropout sensor®, circuit board action removes
the voltage from the transistor base. The transistor then
becomes an effective open circuit.

UTiLITY
VOLTAGE
SENSOR
BOARD

N

199

Power only when
"Utility” voltage is
available

TO SYSTEM CONTROL
(OR CPU) CIRCUIT BOARD

N
[=]
o

Transistor
Base

Figure 4. Schematic- Ulility Loss Sensor Circuit
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Circuit Board Calibration

The utility sensing interface transformers reduce the
"Utility" power source voltage at a fixed ratio. Any varia-
tion in the actual "Utility” voltage supplied to the transfer
switch will also resultin a corresponding variation of the
sensing voltage supplied to the utility voltage sensor
board. For that reason, calibration of the circuit board to
match the actual "Utility" source voltage may be re-
quired.

The correct procedure for calibrating the utility voit-
age sensor board canbe found on Page 8.10-2 (Part 8,
Section 8.10).

Proper calibration of the circuit board will establish
the actual voltage present at the time of calibration as
100 percent, for "pickup” and "dropout” settings.

AUTION: The installed transfer switch and th
tility voltage sensor board must be rated at
oltage and phase that is compatible with the rate
‘Utllity” and "Standby” system voitages. Do NO
ttempt to calibrate a non-compatibie circuit boar
n an attempt to make a non-compatibie unit matc
he system voltages.
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Section 10.4

THE CPU CIRCUIT BOARD

- Introduction
Called the CPU or "central processing unit®, this
circuit board incorporates the various timers and sen-
sors needed for automatic operation as well as the 7-day
exercise timer. Timer and sensor settings are fixed and
non-adjustable, except for the 7-day exercise timer's
day and time selection.

Circuit Board Connector
A 15-pin connector is provided, to interconnect the
CPU circuit board with other transfer switch components
and circuits. The connector is shown in Figure 2. Pin
numbers, associasted wire numbers and circuit func-
tions are listed in the chart that follows:

%

SYSTEM
CENTRAL
CONTROL

WARMUP BYPASS CONTROL
TRANSFER ON EXERCISE J SWITCH

EXCERCISE
START BUTTON

)

: ! fal
& £

Figure 1. CPU Circuit Board Cover

Circuit Board Sensors and Timers
As previously mentioned, CPU board sensors and
timers are fixed and non-adjustable. These include the
following:

¢ An ENGINE MINIMUM RUN TIMER, fixed at 10
minutes.

* An ENGINE WARMUP TIMER, fixed at 30 seconds.

* ASTANDBY VOLTAGE SENSOR, fixed at 80 percent
of rated voltage.

¢ A STANDBY FREQUENCY SENSOR, fixed at 80
percent of rated frequency.

¢ ARETURN TO UTILITY TIMER, fixed at 30 seconds.

*  AnENGINE COOLDOWN TIMER, fixed at 10 minutes.

The CPU board also provides (a) an engine warmup
timer bypass switch, (b) a"set exercise time" switch, and
(c) a "transfer on exercise" selector switch. See Section
10.5.

Figure 2. CPU Board Connector

PIN | WIRE
NO. NO. CIRCUIT FUNCTION & DESCRIPTION

1 194 Delivers 12 volts DC to transfer relay coil with

‘ engine running.

2 202 Common ground

3 201 High (+) side of "Fast Test" signal circuit.

4 203 High (+) side of "Normal Test" signal circuit.

5 199 High (+) side of "utility voltage loss” sensor
circuit.

6 177 Part of the 2-wire start circuit.

7 178 Part of 2-wire start circuit.

8 - Not Used.

9 — Not Used.

10 193 Low (grounded) side of time delay neutral
relay coil circuit,

1 23 Low (grounded) side of transfer relay coil
circuit.

12 191 Circuit board power supply from transformer
TR1 (step-down "Standby” source voltage
[about 21-24 volts AC] is delivered to this

‘ terminal and terminal 13).

13 192 Same as Pin No. 12,

14 185 Power supply for 7-day exercise timer. Reduc-
ed load terminal voltage from transformer TR2
is delivered here.

15 0 Same as Pin No. 14,
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Section 10.5

SENSOR AND TIMER SETTINGS

Utility Voltage Sensor Circuit Board
VOLTAGE PICKUP SENSOR:

The voltage pickup sensor establishes the "Utility”
power source voltage level at which retransfer back to
that power source can occur. Easily adjustable to any
setting between 70-95 percent of the nominal "Utility"
power source voltage. The sensor was factory set to
about 90 percent of "Utility" voltage.

VOLTAGE DROPOUT SENSOR:

Sensor establishes the "Utility” power source voltage
level at which generator startup and transfer to
"Standby" will be initiated. Sensor can be adjusted
between 70-95 percent of the voltage pickup setting, is
factory set to about 80 percent of that value.

LINE INTERRUPT DELAY TIMER:

This timer establishes a time delay interval between
“Utility" voltage dropout below the voltage dropout sen-
sor setting and generator startup. Such a time interval
is required to prevent false starts that might otherwise
occur because of transient voltage dips. Timer is adjus-
table from 0.1 to 10 seconds; it is factory set to about
five (5) seconds. .

NOTE: Wide differences can exist between "Utility" source
supply voltages. It may be necessary to "calibrate” the utility
voltage sensor circuit board to match "Utility” supply voltage.
See “Circuit Board Calibration” on Page 10.3-2.

CPU Circuit Board Selections
Sensors and timers on the CPU board are fixed and
non-adjustable. However, several miniature switches
are provided as follows.

ENGINE WARMUP TIMER BYPASS SWITCH:

_Following engine startup, transfer of loads to the
"Standby” source cannot occur until (a) the engine
warmup timer has timed for about 30 seconds, (b)
generator voltage has reached 80 percent of rated
voltage, and (c) generator frequency has reached 80
percent of rated frequency.

It desired, the engine warmup timer can be bypassed.
Transfer to "Standby" will then occur as soon as
"Standby" voltage and frequency have reached 80 per-
cent of rated voltage.

To bypass the engine warmup timer, actuate Switch
"1" away from its "Off" position and toward the number
"1". To place the engine warmup timer back into opera-
tion, actuate Switch 1 to its "Off" position.

()
o/ o
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Y VOLTAQGE
75'090 PICKUP G I S
L 70% %95 OF um_mJ UTILITY
- N\| vorLTace
80 , 85 ‘ SENSOR
.y o0 VOLTAGE
y DROPOUT VOLTAGE
70— ofFpickup)l 7
4 a 5 6 N7/ N
b 5 LINE
1% S INTERRUPT|| O JTILITY
"Nd ® DELAY

A SECONDS J L /6;

gyeass .‘m
s O

CONTROL
ERCISE J SWITCH
B @

Figure 1. Utllity Voltage Sensor Board Cover

Figure 2. CPU Circuit Board Switches

TRANSFER ON EXERCISE SWITCH:

To transfer loads to the "Standby" power source
during the 7-day exercise runup, actuate Switch 2 away
from its "Off" position and toward the number "2". If no
transfer is desired during exercise, set Switch 2 to "Oft".
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. CPU Circuit Board Selections (Continued)
SELECTING EXERCISE DAY AND TIME OF DAY:

On the day and at the time of day you wish the system
to start and exercise, push the "SET EX. TIME" switch
in and hold for about 15 seconds. The generator will
start and exercise every seven (7) days thereafter at the
selected time of day.
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Section 11.1

SYSTEM FAMILIARIZATION

General
The "Logic® type intelligence system consists of three
(3) solid state circuit boards called (a) a utility voltage
sensor board, (b) a system control board, and (c) an
exercise board. All three circuit boards are housed in a
circuit board compartment focated in the transfer switch
enclosure door. :

This system differs from the CPU type intelligence
system in several ways. The most obvious difference is
that the "Logic™ system utilizes three (3) circuit boards,
including an exercise circuit board.

Another difference is that the "Logic" system incor-
porates a system control circuit board that is fully
programmable.

Figure 1. The "Logic” Intelligence System

What the System Does

The utility voltage sensor board constantly monitors
"Utility” power source voltage. Should that source volt-
age drop below a preset level, the utility voltage sensor
board will close the 2-wire start circuit (wires 178 and
183). On closure of that circuit, a DC controilatch-crank
circuit board (housed in the generator console) will
crank and start the engine. The utility voltage sensor
board will also open a "utility loss sensor circuit” to the
system control board, to "tell” the system control board
that "Utility” power has dropped low.

With the generator engine running and "Standby”
source power available to the transfer switch, the sys-
tem control circuit board will be tumed on. That circuit
board incorporates sensors and timers for the control of
automatic operation as follows:

* A "Standby On" lamp (LED) on the circuit board
tums on, to indicate that (a) the generator is
running, (b) the system control board is powered,
and (c) 12 volts DC power is available to the
transfer relay (and to a "time delay neutral relay,
it so equipped). Because circuit board action

."holds the grounded side of the relay circuits open,
the relays do not energize at this time. )

* An "engine minimum run timer" on the circuit
board starts timing (an LED comes on), to estab-
lish the minimum length of time the engine must
run before it can be shut down. This prevents
shutdown of a cold engine.

* An "engine warmup timer” starts timing and its
lamp (LED) tums on at the same time the "mini-
mum run timer” comes on. The timer establishes
a preset engine warmup period before the load
can be transferred to the "Standby” source.

* When generator AC output voltage and frequen-
¢y have reached the settings of a "standby volt-
age sensor” and a "standby frequency sensor”,
these two lamps (LED’s) turn on.

* When the "engine warmup timer” has timed out
and when standby voltage and frequency have
reached preset levels, system control board ac-
tion will close the grounded side of the transfer
relay (and the time delay neutral relay, if so
equipped) to ground. These relays will now ener-
gize.

* Asthetransfer relay energizes, its normally-open
contacts close and "Standby" source voltage trips
the main contacts to "Neutral”.
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What the System Does (Continued)

NOTE: If so equipped, as the time delay neutral relay ener-
gizes its normally-closed contacts open to open the transfer
mechanism'’s "transfer to Standby” circuit. The main contacts
willremain at "Neutral” as long as the relay remains energized.
A "time delay neutral timer” on the circuit board establishes
the length of time the time delay neutral relay will remain
energized and thus the length of time the main contacts remain
at "Neutral”.

* Transfer to "Standby” occurs when the transfer
relay energizes and when the time delay neutral
relay de-energizes.

The utility voltage sensor board continues to seek an
acceptable preset "Utility” source voltage. When that
source voltage is restored above the preset level of a
"voltage pickup sensor”, utility voltage sensor board
action closes the "utility loss sensor circuit”. Closure of
that circuit to ground "tells” the system control board that
"Utility" voltage has been restored. An "engine cool-
down timer” on the system control board then starts
timing and, when it has timed out, system control board
action opens the transfer relay circuit to ground and (if
so equipped) closes the time delay neutral relay circuit
to ground.

The transter relay de-energizes, its normally-closed
contacts close, and "Utility"” source power trips the main
contacts to "Neutral”. When a "time delay neutral timer”
on the system control board has timed out, circuit board
action will open the time delay neutral relay circuit to
ground. That relay will then de-energize and the main
contacts will complete the transfer action back to the
"Utility” power supply.

Following retransfer, an "engine cooldown timer” on
the system control board will start timing. When that
timer has timed out, circuit board action will open the
2-wire start circuit. Generator engine shutdown will then
occur.

The 7-Day Exercise Feature
The 7-day exercise circuit board is powered by trans-
former reduced (step-down) voltage from the transfer
mechanism’'s LOAD terminal lugs. This circuit board
establishes an automatic startup and "exercise” cycle
that occurs once every seven (7) days, on a day and at
a time of day selected.
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Loss of operating voltage will normally result in loss
of timer count and the day and time of exercise would
become scrambled. To prevent this, a 9 volts transistor
battery has been provided to supply minimum operating
power during the time the main contacts are at "Neutral”
during as transfer action. The battery does not prevent
loss of timing count during periods at "Neutral”, but will
prevent the preset day and time of exercise from becom-
ing scrambled.

NOTE: A deluxe programmable exercise circuit board is also
available. See Part 12, "Transfer Switch Options”,
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_AUTOMATIC OPERATING SEQUENCES

SEQ. CIRCUIT BOARD TIMER/SENSOR ACTION

1 Utility voltage sensor Voltage dropout sensor " "Utility” source voltage drops below 70-95% of the voltage pickup
sensor setting (factory set to about 80%).

2 Utility voltage sensor Line interrupt delay timer Line interrupt delay timer times for 0.1 to 10 seconds (factory

: setting is about 5 seconds).

3 Utility voltage sensor Circuit board action closes 2-wire start circult, generator cranks
and starts. ’

4 System control "Standby On" lamp ON Lamp ON indicates generator is running and system control board
is powered.

System control Engine minimum run timer | Timer can be set for 5 to 30 minutes, is factory set for 10 minutes.
Engine cannot be shut down in automatic mode until timer has
timed out.

System control Engine warmup timer Timer can be set for 5 seconds to 30 minutes, or turned off.
Transfer to "Standby™ cannot occur until timer has finished timing.

5 System control Standby voltage sensor Can be set to 70-30% of generator rated voltage.

" System control Standby frequency sensor | Can be set for 80-90% of rated generator frequency. Transfer to
"Standby" cannot occur until generator AC voltage and frequency
have reached the setting of these sensors.

6 System control “Transfer to Standby” LED | Transfer relay is energized and transfer to "Standby" occurs.

turns ON

Time delay neutral timer's Main contacts trip to "Neutral” and remain at "Neutral” for 0.1 to
LED tums ON (if so 10 seconds (adjustable). When time delay neutral timer has timed
equipped) ‘ out, transtfer to "Standby" occurs.

7 Loads afe powered by "Standby” power supply.

8 Utility voltage sensor Voltage pickup sensor Sensor Is adjustable from 70-95% of rated "Ulility” voltage. On
restoration of "Utility” voltage above the sensor setting, circuit
board closes a “utility loss sensor circuit™ to the system control
board and Sequence 8 begins.

9 System control Return to "Utility” timer Return to "Utility" timer is adjustable from 1-30 minutes.

- 10 System control Return to "Utility" timer When timer times out, circuit board action de-energizes the
i transfer relay and re-transfer back to "Utility® occurs.
Time delay neutral timer's When return to “Utility™ timer times out, circult board action wil!
LED tums ON (if so energize time delay neutral relay. That relay will stay energized
equipped) for 0.1-10 seconds to hold main contacts at "Neutral” for the
pre-selected time length.

1 System control Engine cooldown timer Following retransfer, engine cooldown timer turns on. When timer

: finishes timing, generator shutdown will occur (providing the
“engine minimum run timer” has also finished timing).
12 Utility voltage sensor Voltage dropout sensor Cireult board continues to monitor "Utility” power source voltage.
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. Section 11.3

UTILITY VOLTAGE SENSOR CIRCUIT BOARD

The utility voltage sensor circuit board is discussed in Part 10, Section 10.3. Also see Part 8, Section 8.8,
"Multi-Voltage Transfer Switches".
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Section 11.4

SYSTEM CONTROL CIRCUIT BOARD

~ General

The system control circuit board is powered by trans-
former reduced (step-down) "Standby” source voltage.
The board is "programmable”, in that its sensors and
timers are adjustable (unlike the CPU board which has
"fixed" sensors and timers). The circuit board mounts
sensor and timerlamps (LED’s) which turn ontoindicate
sensor/timer operation. Thus, automatic operation can
be monitored by simply observing the LED's.

A system control board cover (Figure 1) is mounted
to the circuit board by screws and separated from the
board by "standoffs". A second set of screws and stan-
doffs retain the board to the transfer switch enclosure.
Holes in the circuit board cover permit the sensorimer
LED's to be seen.

Circuit Board Connections
A 15-pin connector Is provided on the circuit board
(Figure 3). Connector pin numbers, associated wire
numbers and functions of each circuit are listed in the
following chart:
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Figure 1. System Control Circuit Board Cover
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Figure 2. Circuit Board Mounting Detalls

PIN | WIRE :
NO. NO. FUNCTION AND DESCRIPTION

1 196 Not Used (Test Point).

2 191 Transformer reduced (step-down) "Standby"
source power supply to circuit board.

3 192 Same as Pin No. 2.

4 199 | High (+DC) side of "utility loss sensor circuit”
from utility voltage sensor board. "Tells" the
system control board that "Utility” voltage is
low or out.

5 200 Low (grounded) side of "utility loss sensor
circuit”. Function is same as Pin No. 4.

6 202 Low (grounded) side of "Fast Test” and
“Normal Test" circults to system test switch.
7 177 Part of 2-wire starnt circuit (bacomes Wire 183).
8 197 Low (grounded) side of exercise signal circuit
| ftrom exercise circuit board. Exercise board
grounds this circult to initiate system exercise.

9 194 High side (+12 volts DC) of transter relay and
time delay neutral relay coils circuit.

10 201 High side of "Fast Test" circuit. Pin No. 6 is the
low (grounded) side of this circuit.

11 193 Low (grounded) side of time delay neutral relay
circuit. Pin No. 9 Is the high side of circuit.

12 203 High (+DC) side of "Normal Test” circuit. Pin
No. 6 is the low (grounded) side of circuit.

13 198 High (+DC) side of exercise signal circuit from
exercise circult board. Pin No. 8 (Wire No. 197)
is the low (grounded) side of circuit.

14 178 Part of 2-wire start circuit (see Pin No. 7).

15 23 Low {(grounded) side of transfer relay circuit.
Pin No. 9 is the high sid/e’of this circuit.
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Section 11.5

EXERCISE CIRCUIT BOARD

Introduction

The 7-day exercise circuit board is powered by trans-
former reduced (step-down) voltage from the transfer
mechanism LOAD terminals (T1, T2, T3). The circuit
board function is to start and exercise the standby
generator once every seven (7) days, on a pre-selected
day and at a pre-selected time. A "Timer Operating lamp
(LED) Is provided. The lamp will flash to indicate that
power is available and the timer is operating.
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This voltage supply operates a timer (clock) Once
every seven (7) days on a pre-selected day and at a
pre-selected time of day, circuit board action will close
the 2-wire start circuit. At the same time, circuit board
action will complete a Wires 197/198 circuit to the
system control board. The standby generator will start.
Transfer to the "Standby” side may or may not occur,
depending on the pre-selected position of a "transfer on
exercise" switch on the system control board.

Generator "exercise” will last for approximately 20-30
minutes.

Circuit Board Connector
A 9-pin connector is provided to interconnect the
exercise board with other transfer switch components.
Connector pin numbers, assoclated wires and functions
of each circuit are identified in the following chart.

Figure 1 Exercise Circuit Board Cover

NOTE: An optional programmable exercise circuit board is
also available. See Part 12, "Transfer Switch Options".

9 Voits Transistor Battery

During a transfer action (when transferring to either
power source side), the transfer mechanism’s LOAD
terminals will be disconnected from both power source
sides for a brief period. Power for operation of the
exercise board is not avatlable for this short time span.
For that reason, a 9 volts battery has been provided to
prevent the timer setting from becoming scrambled
during transfer.

Itis recommended that the 9 volts battery be removed
and replaced at least once annually.

Circuit Board Operation
Transformer reduced (step-down) voltage is
delivered to the circult board from the transfer
mechanism LOAD terminals.

PIN | WIRE
NO. NO. | FUNCTIONS AND DESCRIPTION
1 195 Not Used (Test Point)
2 185 Transtormer reduced power supply from LOAD
terminal lugs.
3 - Not Used
4 198 High (+DC) side of exercise signal to system
contro! circuit board.
5 197 Low (grounded) side of exercise signal to
system control circuit board.
6 0 Same as Pin No. 2
7 178 Part of 2-wire start circuit.
8 - Not Used
9 177 Part of 2-wire start circuit (becomes Wire 183).
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Section 11.6

SENSOR AND TIMER SETTINGS

Utility Voltage Sensor Circuit Board
Sensor and timer settings on this board are identical
to those on the CPU type intelligence system. See
Section 10.5.

NOTE: For multi-voltage transfer switches, also see Sections
8.8 and 9.7. Ulility voltage sensor boards used on muiti-volt-
age units mount a "voltage selector” switch.

NOTE: The utility voltage sensor board may require calibration
to match actual system voltage. For calibration procedure, see
Test 4 in Section 8.10 or Test 27 in Section 9.9.

System Control Circuit Board
ENGINE MINIMUM RUN TIMER:

Establishes the minimum length of time the generator
must run before it can be shut down in automatic mode,
to prevent shutdown of a cold engine. Timer is adjus-
table from 5 t6 30 minutes and is usually factory set to
about 10 minutes.

ENGINE WARMUP TIMER:

Provides for an engine warmup time before automatic
transfer of loads to the "Standby" side can occur. Timer
is adjustable from § seconds to 30 minutes and s
usually factory set to about 1 minute.

NOTE: The circuit board provides an "Engine Warmup Timer
Bypass Switch".

RETURN TO UTILITY TIMER:
Establishes a time interval between restoration of

. "Utility" voltage above the setting of a "voltage pickup

sensor” and re-transfer back to that source. This time
interval is required to prevent re-transfer that might
otherwise occur as the result of transient voltages.
Timer is adjustable between 1 and 30 minutes, is usually

factory set to about 5 minutes.
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Figure 1. System Control Circuit Board Cover
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System Control Circuit Board (Continued)
ENGINE COOLDOWN TIMER:

Provides atime delay between re-transfer back to the
"Utility™ source and generator engine shutdown. This
time delay is necessary, to prevent shutdown of a hot
engine (allows internal engine-generator temperatures
to stabilize at no-load before shutdown). Timer is adjus-
table from 1 to 30 minutes. It is usually factory set to
about 10 minutes.

STANDBY VOLTAGE SENSOR:

Establishes the minimum generator AC output volt-
age that must be available before the system can trans-
fer to the "Standby” source side. The sensor is
adjustable from 70 to 90 percent of system rated volt-
age. It is usually factory set to about 80 percent of
system voltage.

STANDBY FREQUENCY SENSOR:

Establishes the minimum generator AC output fre-
quency that must be available before system can trans-
fer to the "Standby" source side. Sensor is adjustable
from 80-90 percent of rated frequency and is usually set
at the factory to about 80 percent.

TIME DELAY NEUTRAL TIMER:

This timer establishes the length of time that the time
delay neutral relay will remain energized during a trans-
fer or re-transfer action. That s, it will establish the time
delay with the main contacts at "Neutral” (LOAD discon-
nected from both power supplies). Timer is adjustable
from 0.1 to 10 seconds and factory set to about 5
seconds.

STANDBY ON LAMP (LED):

Although not an adjustment, this lamp is mentioned
for informational purposes. The LED illuminates to indi-
cate that the standby generator is running and trans-
former reduced "Standby” voltage Is available for
system control board operation.

TRANSFER TO STANDBY LAMP:

Not an adjustment. Lamp will tum on when the trans-
fer relay has been energized by circuit board action, i.e.,
as soon as transfer to "Standby” has occured.
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TRANSFER WHEN EXERCISING SWITCH:

Permits the owner/operator to decide whether loads
will be transferred to the "Standby" source side during
the 7-day exercise. Use the switch as follows:

* It you wish loads to be transferred to "Standby"
during exercise, set the switch upward to "On".

* If you do not wish loads to be transferred during
exercise, set the switch down to "Off".

ENGINE WARMUP TIMER BYPASS SWITCH:

Permits the time delay between engine startup and
transfer to "Standby" to be eliminated. If the switch is
setto "On", transfer will occur as soon as generator AC
output voltage and frequency have reached the settings
of the standby voltage and frequency sensors (with no
engine warmup).

* To bypass the engine warmup timer, set the
switch to "On".

* To provide an engine warmup time before trans-
fer, set the switch to "Off".

FAST TEST MODE LAMP (LED):

Not an adjustment. Lamp (LED) will tum on whenever
a "Fast Test" operation is in progress.

7-Day Exercise Timer Setting
See Figure 2. A "Generator Exercise” switch has

. been provided. On the desired day of exercise and at

the desired time of day, push the switch in and hold for
about 15 seconds. The system will automatically start
and exercise every seven (7) days thereafter, on the day
and at the time of day selected.

o - o)
YBTS e
[ TIMER O OPERATING R
r N\ )
TO SET TIMER

DEPRESS SWITCH ON DESIRED
O tacrse” || EXERCISE DAY AND AT DESIRED
TIME OF DAY. THE GENERATOR

WILL EXERCISE ONCE EVERY 7
e DAYS AS PROGRAMMED.
FLASHING LIQHY INDICATES
Pusie DOWN TIMER OPERATING.

La J ﬁOJ

Figure 2. Exercise Circuit Board Cover
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Section 11.7
INPHASE MONITOR CONTROL

Introduction
A new Inphase Monitor Control circuit board will soon be

used on GTS type transfer switches having the LOGIC type
control system. The Inphase Monitor Control circuit board
cover is shown in Figure 1, below.

The new Inphase Monitor Control was a new system as of
September 1993. The feature will become standard on all
GTS systems.

Description

The Inphase Monitor Control provides instantaneous
transfer of the load to either of two live voltage sources.
Transfer time is less than one (1) second (the time it takes
the transfer mechanism to actuate). Operators can select
between instant transfer and "Time Delay Neutral”. The latter
is already standard equipment on Generac GTS type transfer
switches.

Operation
The system operator selects his own operating parame-

ters. In a generator startup and transfer situation, the system
will respond automatically to the operator’s pre-set instruc-
tions. For example, load circuits will not be transferred from
the Utility power supply to the Generator set power supply
until after the genset has attained a preset minimum voltage
and frequency output. Another requirement for transfer to the
Genset is the generator engine must warm up.

Inphase Transfer Specifications

The Inphase Monitor Controt circuit board is operational
only when the generator set is running. Transfer will occur
when Utility and Generator voltage and phase are compara-
tively equal, with a maximum difference of 20" between the
power sources. To assure precision matching control, mini-
:mum voltage and frequency ranges are specified by the
operator. In addition, each inphase control is programmed
with the use of an onboard DIP switch, to match the actuation
time of the corresponding switch. inphase transfer is utilized
only between two live power sources, and NOT during a
Utility source failure. The Inphase Monitor Control is de-
signed to transfer loads under the following conditions:

0 When Genset frequency is between 58-62 Hz (48-52 Hz
for 50 Hz systems).

When the Genset and Utility power source frequencies
are within 2 Hz.

When the Genset and Ultility source voltages are within
85-110 percent of normal voltage.

When both power sources are able to come into phase
within 10 seconds.

When less than 10 seconds has elapsed since the
engine warmup timer has indicated a "go ahead".

oooad

If any one of the preceding conditions are not met, the
system will automatically revert to Time Delay Neutral.

WARMUP
SETTING

5%

MGt IUM
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+0 1 )
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Figure 1. Inphase Monitor Control Circuit Board
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Inphase Transfer Specifications (continued)

Timers and Sensors

WARMUP SETTING: This establishes the length of time
the Genset must warm up before the transfer to the gener-
ator can occur. The Warmup timer starts after the the gen-
erator’'s voltage and frequency thresholds have been
reached. Adjustable from 5§ seconds to 3 minutes.

MINIMUM SETTING: Once the generator has been start-

ed, it must run for a minimum length of time before it can
be shut down. The timer is adjustable from § to 30 min-
utes.

RETURN TO UTILITY SETTING: The “Return to Utility

Timer” starts running when the utility power has returned to
the value established by the Utility Voltage Sensor circuit
board settings. The Timer can be adjusted from 5 to 30
seconds.

COOL DOWN SETTING: After re-transfer back to the

Utility source has occurred, this timer allows the Genset
engine to cool down before engine shutdown can occur.
Timer is adjustable from 1 to 30 minutes.

STANDBY VOLTAGE: This sensor establishes the minu-

mum Genset voltage that must be available before transfer
to generator AC output can occur. transfer to Genset out-
put can occur only when the generator's voltage and fre-
quency exceed this setting.Sensor is adjustable from 75%-
95% of the Genset's output voltage.

STANDBY FREQUENCY: Establishes the minumum

Genset frequency that must be available before the trans-
fer to the Genset can occur. Sensor is adjustable from
80%-90% of generator’s normal AC frequency.

SIGNAL BEFORE TRANSFER SETTING: If the “Signal

Before Transfer” function is selected, this timer will control
the amount of time the signal remains active. Timer is
adjustable from 1 to 30 seconds.

NOTE: The “Signal Before Transfer” feature provides a
time delay that allows elevators to continue operating
before transfer to another power supply occurs. (See
Section 12.5)

TIME DELAY NEUTRAL SETTING: This timer holds the

transfer mechanism’s main contacts in their neutral posi-
tion for the length of time the timer is setfor. “Neutral” is the
main contacts position where the LOAD is disconnected
from both the UTILITY and GENSET power supplies.
Timer is adjustable from 0.1 to 10 seconds.
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Selector Switches

CALIBRATION MODE SWITCH: This switch has three
positions, identified as “STDBY", “OFF, and “UTIL". The

switch allows the installer to calibrate the circuit board to
the existing Genset output voltage and to the existing
Utility power source voltage. The board must be calibrated
to both power source voltages in order to initiate transfer
and re-transfer at the correct voltages. To calibrate the cir-
cuit board to the correct voltage, see “Calibrating the
Circuit Board” in this section.

NOTE: Loads cannot be transferred unless the genera-
torand Ultility source voltage are within 85% to 110% of the
nominal (calibrated) voltage.

INPHASE TRANSFER SELECT SWTCH: This switch

allows the operator or installer to select either “Inphase
Transfer” or “Time Delay Neutral” operation. The switch
may be positioned as follows:

Switch at “ON”: Inphase transfer operation is selected.
See “Inphase Transfer Specifications” on Page 11.7-1.

Switch at “OFF”: Time delay neutral operation is sele’
ed.

SIGNAL BEFORE TRANSFER SWITCH: This switch

allows the operator to activate or bypass the “Signal Before
Transfer” feature. To activate, place switch on the “ON”
position. To eliminate, place the switch in the “OFF" posi-
tion. Timer is adjustable from 1 to 30 seconds.

NOTE: See Section 12.5 for information on the “Signal
Before Transfer” feature. Certain relays and some other
components are required to make the “Signal Before
Transfer” option operational.

WARM-UP BYPASS SWITCH: This switch allows the

operator to eliminate the engine “Warm-up Timer", allowing
the Transfer Switch to activate as soon as voltage and fre-
quency parameters are met. The “Warm-up Timer” will be
bypassed when the switch is in the “ON" position. (See
“Warm-up Setting” under “Timers and Sensors”).

TRANSFER ON EXERCISE SWITCH: The Genset will

start and exercise weekly as programmed by the installer
or operator. To transfer load circuits during the weekly
exercise cycle, set this switch to “ON". If loads are NOT to
be transferred during the exercise, set the switch to "OFF”
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. Inphase Transfer Specifications (continued)
Advisory Lamps _
GENERAL: The advisory lamps on the Inphase Monitor O The “Trasnsferred to Standby” lamp indicates the
Control consist of nine (9) LED's (light emitting diodes) as Generator is supplying power to the load circuits.
follows: 0 The "Standby Run Signal® lamp indicates that the

0 Six (6) timer LED’s are green. generator is running and that the Inphase Monitor

O Ared “Inphase Transfer Selected” LED. Board is operational and controlling the generator.

0O A-red “Transferred to Standby” lamp.

0 A red “Standby Run Signal” lamp. NOTE: The Inphase Monitor circuit board is operational

O The four (4) red timer lamps will turn on when their  only when the generator is running.

respective timers are activated.

O The “Inphase Transfer Selected” lamp wili illumi
nate when the Inphase Transfer Select switch is
set to “ON”, indicating the system will operate in
its “inphase” mode, and NOT in the Time Delay
Mode. ‘

PIN# ' WIRE# FUNCTION

1 ‘ 266 Source AC input for Power Board 40 VAC to wire 191
from TR1 on both lines.

2 191 Source AC Input for Board Power 40 VAC to wire 266.
from TR1 on both lines.

. 3 202 Utility voltage from TR3 20 VAC to wire 264 used to
determine Inphase Transfer Timing.

4 264 Utility voltage from TR3, 20 VAC to wire 202 used to
determine Inphase Transfer Timing.

6 194 12 VDC positive output when Genset is operating.

‘ Used for TR and TD relay coil.

7 178 Ground side of normally open contacts for 2 wire start
circuit, circuit will close contacts to keep the engine
running.

'8 ‘ 177 12 VDC positive of side of normally open contacts of 2

wire start circuit, replaces wire 183 in transfer switch.

9 23 Switched ground for the “Transfer Relay”, when
grounded, the Transfer Relay energizes and the con
tactor will move.

10 193 Switched Ground for the “Time Delay” relay to hold to
ground as long as time delay timer is active.

11 267 Switched ground for optional Signal Before Transfer
relay.

12 199 This signal is normally pulled low internally when utility

. is present. When utility loss occurs, this signal is
allowed to float up to positive 12 VDC. The Inphase
Montior Board then senses that there is a utility failure.

13 : 198 When this board input goes to positive 12 VDC the
Inphase Monitor functions in the exercise mode.

14 ‘ 201 Positive 12 VDC signal when pulled low (to ground) the

. Inphase Monitor goes to fast test mode.

15 203 Positive 12 VDC signal, when pulled low (to ground)

the “Inphase Monitor” goes into “Normal Test Mode”.

16 ' 265 12 VDC positive input for optional “Return to Normal

' ' Bypass feature.
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Inphase Transfer Specifications (continued)

Calibrating the Circuit Board

(Also see “Calibration Mode Switch” on Page 11.7-2)
The Inphase Monitor Circuit Board must be calibrated to
the existing Utility and Standby source voltages, if the sys-
tem is to operate properly. To calibrate the board, two (2)
adjustment potentiometers (R102, R107) are provided in
the lower left corner of the circuit board (Figure 2 below).
R102 is the generator adjustment, and R107 is used for
utility calibration. The circuit board may be calibrated as
follows:
1. Check that Utility supply voltage is available to system.
2. Start the generator, let it stabilize and warm up.
The"Standby Run Signal” lamp should be on.
3. Set the Calibration Mode Switch to "STDBY” and
observe the four (4) top LED’s on the circuit board
(Warm-up Timer, Minimum Run Timer, Return to Utility
Timer and Cool down Timer). These are the red LED
lamps.

a. If the two upper LED'’s are flashing, calibration is set

too low.

b. If the two bottom LED’s are flashing, calibration is

set too high.

PART 11
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4. On the circuit board, adjust potentiometer R102 until the
two center LED’s are flashing (minimum Run and Return to
Utility).

5. Now, set the Calibration Mode Switch to “UTIL" and
observe the four upper LED'’s on the circuit board.

6. Adjust potentiometer R107 until the two center LED’s
are flashing (Minimum Run and Return to Utility).

7. Set the Calibration Mode Switch to “OFF”. The Inphase
Monitor Board is calibrated.

. NOTE: With the Calibration Mode switch set to “STDBY” or

“UTIL", the four top LED's should turn “ON” in sequences.
That is, the lights should sweep on and off, from one light
to the next. Calibration is obtained when the two center
lamps of the four (Minimum Run and Return to Utility) are
flashing.

NOTE: The Inphase Monitor Control Circuit Board should
be calibrated when the transfer switch has been installed
as part of an operating system. In addition, new replace-
ment circuit boards should be calibrated.

I'=-igur9 2. Inphase Monitor Control Circuit Board
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Inphase Transfer Specifications (continued)
Circuit Board Switch 1 (Continued) " Figure 3. SW1

If the Inphase Monitor Control Circuit Board is
replaced, switch SW1 on the new replacement MUST be
reset to match system requirements.The individual switch- ‘ 12 3 5678(/)
es that make up SW1.are numbered from “1” (bottom) g‘:q:ﬁ B B BBB E
through “8" (top), as shown in Figure 3 at right. To “marry” SN
the Circuit Board to the specific transfer switch assembly,
set the switches as indicated in the chart below.
[TRANSFER SWITCH RATED SWITCH RATED
SWITCH : 208/416 VOLTS 240/480 VOLT
105 AMPS,2-POLE |1 | 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
“Y” TYPE (63302) 1*] ON|OFF|ON| ON |OFF| ON |OFF| * | ON|OFF| ON| ON| ON| ON jOFF
105 AMPS, 3-POLE '
“Y" TYPE(62642) | * | ON|OFF| ON|OFF| ON [ON|ON | * | ON|OFF| ON| ON | OFF| ON | ON
105 AMPS, 4-POLE
“Y” TYPE (63597) * | ON|OFF| ON|OFF|OFF]|ON |OFF| * | ON|OFF| ON |OFF| ON| ON | OFF
150 AMPS, 2-POLE
“Yy" TYPE63312) . | * | ON|OFF| ON| ON |OFF[OFF| ON | * | ON|OFF| ON| ON | ON| OFF| OFF
150 AMPS, 3-POLE ,
“Y" TYPE(62643) 1* ] ON|OFF| ON|OFF| ON |OFF|ON | * | ON|OFF| ON | ON | OFF] ON | OFF
150 AMPS, 4-POLE . -
Y” TYPE (63599) * | ON|OFF| ON | OFF|OFF [OFF|OFF| * | ON|[OFF| ON | OFF| ON ! OFF| OFF

AMPS, 2-POLE

» TYPE (62677) * | ON|OFF| ON|OFF|OFFJON |OFF| * | ON|OFF| ON | OFF| ON| ON | OFF
200 AMPS, 3-POLE '
“Y” TYPE (64198) * | ON|OFF|OFF| ON | ON |OFF{ON | * | ON|OFF| ON | OFF| OFF| ON| ON
200 AMPS, 4-POLE
“Y* TYPE (63598) |* ] ON|OFF| ON|OFF|OFF /|ON|ON | * | ON|OFF| ON | ON | OFF| OFF| ON
300 AMPS, 2-POLE ‘
“Y” TYPE (62645) *| ON|{OFF| ON|OFF| ON |OFF|OFF| * | ON|OFF]| ON [OFF| ON| ON| ON
300 AMPS, 3-POLE
“Y” TYPE (62646) 1*| ON|OFF| ON|OFF|ON |ON|ON | * | ON|OFF| ON| ON | ON | OFF| OFF
300 AMPS, 4-POLE '
“Y” TYPE (64100) 1*| ON|JOFF{ON|/OFF|ON |ON|ON | * | ON|OFF| ON| ON | ON | OFF| OFF
420 AMPS, 2-POLE
“Y” TYPE (62647) * | ON|OFF| ON|OFF| ON |OFFIOFF| * | ON|OFF| ON |OFF{ ONJ ON| ON
420 AMPS, 3-POLE
“Y* TYPE (62648) ‘|* | ON|OFF| ON|OFF|OFF |ON |[OFF| * | ON|OFF| ON| ON | OFF| OFF| ON
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NOTE: On boards not installed at the factory, SW-1 must be set by
the installer. SW1 must be set to match the type of transfer switch
in which the board is installed. i

The individual switches on SW1 are numbered from 1" (bottom})
through “8" (top), as shown in the figure to the right. To make the
circuit board compatible to the specific transfer switch assembly, set
the switches as indicated in the chart below. Improper settings may : 1
cause transfer outside the 20-degree specification. g

N
Cnw
mh
comOn
igmie)
I N

B
LMS

DIP Switch Settings — WN type Transfer Switches

SWITCH RATED 208 VOLTS SWITCH RATED 240/416/480/600 VOLTS
TRANSFER SWITCH 1] 2] 3] a4 ] 5] 6 | 7 80 1] 213456 7] s
100 amps, 3pole (64787) | * | ON | ON | OFF | ON | OFF | ON | OFFf * | ON | ON | OFF | ON | ON | ON | ON
100 amps, 4-pole (64788) | * | ON | ON | OFF | ON | ON | OFF | OFFf * | ON | ON | ON | OFF | OFF | OFF | OFF
150 amps, 2-pole (64789) | * | ON | ON | OFF | ON | ON |OFF | oN] * | ON | ON | ON | OFF | OFF | OFF | OFF
150 amps, 3-pole (64790) | * | ON | ON | OFF | ON | ON | OFF | ON| * | ON | ON | ON | OFF | OFF | OFF | ON
160 amps, 4-pole (64791) | * | ON | ON | OFF | ON | ON | OFF | OFF| * | ON | ON | ON | OFF | OFF | ON | OFF—
200 amps, 2-pole (64789) | * | ON | ON | OFF | ON | ON |OFF | ON| * | ON | ON | ON | OFF | OFF | OFF | OFi
200 amps, 3-pole (64790) | * | ON | ON | OFF | ON | ON | OFF | ONJ] * | ON | ON | ON | OFF | OFF | OFF | ON
200 amps, 4-pole (64791) | * | ON | ON | OFF | ON | ON | OFF | OFF] * | ON | ON | ON | OFF | OFF | ON | OFF
300 amps, 2-pole (64795) | * | ON | ON | OFF | OFF| ON | ON | OFFf * | ON | ON | OFF | ON | OFF | OFF | ON
300 amps, 3-pole (64796) | * | ON | ON | OFF | OFF | ON |OFF | ONl * | ON | ON | OFF | ON | OFF | OFF | ON
300 amps, 4-pole (64797) | * | ON | ON | OFF |OFF | ON | ON | ON * | ON | ON | OFF | ON | ON | OFF | OFF
400 amps, 2-pole (64795) | * | ON | ON | OFF | OFF | ON | ON | OFFf * | ON | ON | OFF | ON | OFF | OFF | ON
400 amps, 3-pole (64796) | * | ON | ON | OFF | OFF | ON |OFF | ON§ * | ON | ON | OFF | ON | OFF | OFF | ON
400 amps, 4-pole (64797) | * | ON | ON | OFF |OFF | ON | ON | ON] * | ON | ON | OFF | ON | ON | OFF | OFF
600 amps, 3-pole (72111) | * | ON | OFF | OFF | ON | ON | ON | ON] * | ON |OFF | ON | OFF | ON | ON | OFF
600 amps, 4-pole (72117) | * | ON | OFF | OFF | ON | ON | OFF | ON| * | ON | OFF | ON | OFF | ON | OFF | OFF
800 amps, 3-pole (72113) | * | ON | OFF | OFF | ON | ON | OFF | OFF] * | ON | OFF | ON | OFF | OFF | ON | OFF
800 amps, 4-pole (72119) | * | ON | OFF | OFF | ON | ON | ON | OFF] * | ON | OFF | ON | OFF | OFF | ON | ON
1000 amps, 3-pole (72113)| * | ON | OFF | OFF | ON | ON | OFF | OFFf * | ON | OFF | ON | OFF | OFF | ON | OFF
1000 amps, 4-pole (72119)| * | ON | OFF | OFF | ON | ON | ON | OFF] * | ON | OFF | ON | OFF | OFF | ON | ON
1200 amps, 3-pole (72114} * | ON | OFF | OFF | ON |OFF | ON | ON] * | ON | OFF | ON | OFF | OFF | OFF | ON
1200 amps, 4-pole (72120)| * | CN | OFF | ON | OFF | ON | OFF | OFFf * | ON | OFF | OFF | ON | ON | OFF | OFF
1600 amps, 3-pole (72114)| * | ON | OFF | OFF | ON |OFF | ON | ON| * | ON | OFF | ON | OFF | OFF | OFF | ON
1600 amps, 4-pole (72120)| * | ON | OFF | ON | OFF | ON | OFF | OFF] * | ON | OFF | OFF | ON | ON | OFF | OFF
2000 amps, 3-pole (72115)| * | OFF | ON | ON | OFF | OFF | ON | ON| * |OFF| ON | ON | ON | ON | ON | ON
2000 amps, 4-pole (72121)| * | OFF | ON | ON | OFF | OFF | OFF | ON] * |OFF| ON | ON | ON | ON | ON | OFF
2600 amps, 3-pole (72116} CONSULT THE FACTORY * | OFF | OFF | ON | OFF | OFF | ON | OFF
2600 amps, 4-pole (72122) CONSULT THE FACTORY CONSULT THE FACTORY -

* Set Switch 1 to OFF for 60 Hz systems; set Switch 1 to ON for 50 Hz systems.
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Section 12.1

PROGRAMMABLE EXERCISE CIRCUIT BOARD

Introduction

The optional programmable exercise circuit board is
shown in Figure 1, below. The circuit board permits
selection of the exercise function on one day of the
week, two days of the week, three days each week, and
so on, up to as many as seven days each week. The
day(s) of the week and the time of day that exercise will
occur can be selected, with a visible digital chronograph
used to indicate time.

The deluxe prdgrammable board can be used on any
transfer switch equipped with the "Logic" type intel-
ligence system described in Part 11 of this manual.

The 9 Volts Battery
Like the standard exercise circuit board, the program-
mable board uses a battery to prevent the timing count
from becoming scrambled while the transfer switch main
contacts are at "Neutral®. it is recommended that this
battery be replaced once each year.

NOTE: In the case of the standard exercise board, timing
count will be lost during the brief period the main contacts are
at "Neutral”. The programmable exercise board, however, will
resst its timing count as soon as the transfer action is com-
pleted,

Adjustment
. To select the day (or days) of exercise and the time
of day for exercise to occur, perform the following steps
in the exact order they are given.

A. SET THE ACTUAL DAY OF THE WEEK:

Locate the push button switch above which appears
the words "Advance Day". Actuate this switch while
observing the lighted "Day of Week" indicator. The
indicator will advance one day each time the switch is
depressed. When the correct (actual) day of the week
is indicated, this setting is complete.

TO PROGRAM TIMER
TO 3ET TIME OF DAY PRESS “FAST SET- OR “SLOW
SET™ DUTTONS UNTI. PROPEN TIME IS DISPLAYED.
TO S&T DAY OF WEEK PRESS “ADVANCE OAY"
BUTTON UNTIL PROPER DAY I8 DISPLAYED IN DAY OF
WEEK ROW.

TO SET EXERCI3E TIME
PRAESS AND HOLD “DISPLAY EXERCISK TTME BUTTON
AND PAESS “FAST SET™ OR "“SLOW SET" BUTTONS
UNTIL DESIRED EXERCISE TIME IS DMSPLAYED.

==8

[ FAST sLow

B

TO SET

EXERCISE DAY
PRESS AT TOP OF
ROCKER SWITCH TO
SELECT DESIRED
EXERCISE DAY OR
DAYS. THE
QENERATOR WwiLL
EXERCISE THESE
DAYS AT THE TIME

~ PROGRAMMED. fO

DAY OF WEEK

3 M T W T F S

Wit

I NRNRN])
1234567
EXERCISE DAY

Figure 1. Programmable Exercise Circuit Board
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Adjustment (Continued)
B. SET ACTUAL TIME OF DAY:

Hold the "Fast Set" switch down while observing the
lighted chronograph at left side of board. When close to
the actual time of day, release the "Fast Set" switch.
Then, use the "Slow Set” switch to complete the adjust-
ment to the actual time of day.

C. SELECT DAY (OR DAYS) OF EXERCISE:

A bank of eight (8) miniature rocker switches is
provided at lower right side of the circuit board.
Switches "1" through "7" correspond to the days of the
week, with switch "1" representing "Sunday”, Switch "2"
for "Monday", and so on, with Switch "7" for "Saturday".
Switch "8" is NOT used.

To select aday of the week for the system to start and
exercise, actuate the correct numbered switch to its
"On" position (opposite of "Open”). A lighted band will
then appear next to that day. In this manner, the system
can be set to start and exercise one, two or more days
each week.

D. SELECT EXERCISE TIME OF DAY:

Depress the switch below the words "Display Exer-
cise Time". Hold that switch down, then actuate the
"Fast Set” and "Slow Set" switches until the desired time
of day for system exercise is displayed.

A red dot. adjacent to the letters "PM”, indicate after-
noon times.

Circuit Board Maintenance
Circuit board maintenance is limited to the following:

* Board removal and replacement.
» Board cover removal and replacement.

* Adjustment (selection) of exercise day(s) and
time of day.

* Replacement of the 9 volts battery.
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Section 12.2

PREFERRED SOURCE SELECTOR SWITCH

Introduction

The optional preferred source switch permits the
operator select which power source will be the preferred
one and which one will be the "Standby" or "bacvkup”
source. If "Source 1"is selected as the preferred source,
then "Source 2" will provide the backup function. Typi-
cally, this option would be used when both power sour-
ces are generators and it is desireable to divide the
runing time between the two units.

The option consists of a door-mounted, 3-pole,
double throw, rotary switch.

Operation
SWITCH POSITION AT "SOURCE 1™
See Figure 1, below. When the switch is set to its
"Source 1" position, generator set No. 1 is selected as
the "preferred source".

The transfer switch functions normally. However, a
2-wire start connection has been added for Source 1.
The selector switch terminals 9 and 10 are closed, to
connect the wires 253 and 254 circuits. Shorting these
two wires provides the 2-wire start signal for generator
set No. 1, and that generator starts and runs as the

. "preferred source.” If generator set No. 1 should fail,
the "Source 2" generator set will start and loads will be
transferred to "Source 2" until the "Source 1" power
returns.

SWITCH POSITION "SOURCE 2"

When the switch is set to "Source 2", generator No.
2 becomes the preferred source. This is accomplished
by opening the "utility sensor loss” signal line between
the utility voltage sensor board and the system control
board. Wire No. 199 is opened by terminals 1 and 2 of
the preferred source selector switch, to make the sys-
tem control board "think" that power source is not avail-
able. Terminals 6 and 7 of the preferred source selector
switch connect the wires 177/178 circuit and the
"Source 2" generator cranks and starts. When operating
conditions are met, the load will transfer to the "Source
2" generator.

Termminals 10 and 11 if the selector switch are also
closed, to connect a set of normally-open transfer relay
contacts across the "Source 1° start circuit. If generator
1 fails, transfer relay will de-energize, its contacts 2 and
8 will close the start circuit of the "Source 1" generator.
On startup, load will transfer to "Source 1".
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Figure 1. Schematic- Preferred Source Selector Switch
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Section 12.3

RETURN TO NORMAL BYPASS

Introduction
During normal automatic operation, the utility voltage
sensor board will monitor "Utility:" source voltage. On
dropout of that source voltage, generator startup and
transfer of loads to the "Standby" source will then occur.
Onrestoration of "Utility” source voltage, retranster back
to that power source can occur at any time.

In certain applications, it may not be desireable to
retransfer loads back to the "Utility" source. That is, it
“may be best to continue powering loads with "Standby"
power, even though "Utility” power has been restored.

The optional "return to normal bypass” feature wil
permit the operator to select when retransfer back to
"Utility" will occur and when the generator will shut
down. He can do this by simply actuating a push-button
switch.

Description

The “return to normal bypass"” option consists of two_
relays (K1 and K2), along with a push buton switch. .

Wiring is also installed, to interconnect the switch and
relays with transfer mechanism terminals B1 and B2.

Operational Analysis:
"UTILITY" POWER AVAILABLE:

With an acceptable (preset) "Utility" voltage available,
the generator is shut down and "Standby* voltage is not
available to transfer mechanism terminals B1 and B2.
The circuit condition may then be briefly described as
follows:

* Relays K1 and K2 are de-energized, their normal-
ly-open contacts are open and their normally-
closed contacts are closed.

*  With relay K2 de-energized, the wires 199/199A
circuit (between the utility voltage sensor and
system control boards) is closed. This "tells” the
system control (or CPU) board that "Utility" volit-
age is available.

NOTE: The transfer relay and transfer mechanism are
included as standard equipment on all GTS type auto-
matic transfer switches. They are not a part of the
optional “return to normal bypass system”, but are
-shown in the circuit diagrams for reference.
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Figure 1. Schematic Diagram- Return to Normal Bypass Clrcuit'
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Operational Analysis (Continued)

UTILITY SOURCE FAILURE & STANDBY ON:

With the generator running, system control (or CPU)
circuit board action will energize a transfer relay (TR).
On closure of that relay’s normally-open contacts,
"Standby" source voltage will be delivered to transfer
mechanism terminals B1/B2. The transfer
mechanism’s main contacts will then actuate to their
"Standby" source side. From terminals B1/BN2,
"Standby" source voltage is also available to the relay
K2 actuating coil and that relay will energize. The relay
K2 normally-closed contacts open, to open the Wires
199/199A circuit between the utility voltage sensor and
the system control (or CPU) circuit boards. This action
"tells” the system controt (or CPU) board that "Utility("
source voltage has failed.

UTILITY SOURCE VOLTAGE RESTORED:

With "Standby” source power still available to trans-
fer mechanismterminals B1/B2, relay K2 remains ener-
gized and its normally-closed contacts remain open.
This holds the "utility loss” circuit open. The system
control board "thinks" that "Utility" voltage is still low and
the board takes no action to retransfer loads back to
that source.

RETURN TO UTILITY: N

When the operator closes the switch, relay K1 be-
comes energized by "Standby” source voltage. The
normally-closed K1 contacts open to de-energize relay
K2. The normally-open K1 contacts close to form a
holding circuit for the K1 relay to keep K1 energized as
long as "Standby" source power is available.

With K2 de-energized, its normally-closed conbtacts
close. The "utility loss sensor circuit" (between the
utility voltage sensor and system control boards)
closes. This action "tells” the system control (CPU)
board that "Utility" source voltage is available. The
board then initiates retransfer back to the "Utility” side.
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REMOTE AUTOMATIC CONTROL

Introduction
Under some circumstances, it might be desireable to
perform a "Normal Test" of the standby power system
from a remote location. This can be done by using a
remote automatic control system.

Description

A double pole, single throw switch is required for the
remote automatic control. Use stranded copper wire to
connect the remote switch to the transfer switch.
Recommended wire gauge size of the interconnecting
wires depends on the distance betwen the switch and
the transfer switch (length of wire) and is shown in the
following chart.

MAXIMUM WIRE LENGTH WIRE SIZE
460 foet (140m) No. 18AWG
730 foet (223m) No. 16 AWG
1160 feet (354m) No. 14 AWG

1850 foet (566m) No. 12 AWG)

SYSTEM
SWITCH

TEST

s

TR

177
178
201
202

REMOTE AUTOMATIC
CONTROL CIRCUIT

;Figure 1. Schematic- Remote Automatic Control
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SIGNAL BEFORE TRANSFER CONTACTS

Introduction

A standby electric system might be installed for back-
up power in a high rise building equipped with elevators.
Safety codes for high rise buildings might include the
requirement that elevators be operational in the event
of a "Utility" power outage. The optional "Signal Before
Transfer Contacts” provide a time delay that allows
elevators to continue operating before transfer to
another power source occurs.

The time delay will keep the elevators running long
enough to reach the next floor, and will open the elevator
doors prior to transfer. Without this optional time delay,
the loss of power that occurs during any transfer action
(while the main contacts are at "Neutral”) could result in
elevator stoppage between floors.

The time delay wilt function prior to a "transfer to
Standby" action, as well as before a "retransfer to Utility"
action.

Components
Components included with the "Signal Before Trans-
fer Contacts” include the following:

~* Relays SR2 and TD2 which are energized by
"Standby" source voltage.
+ + Relays SR1 and TD1 which are energized by
"Utility” source voltage.
* Interconnecting wires (see "Wiring Diagram” in
this section).

Operational Analysis
The following operational analysis pertains to opera-
tion of the optional "Signal Before Transfer Contacts"
when (a) the transfer mechanism is a "Wn" type and (b)
when the transfer switch is rated 480 volts AC. Trans-
formers TR3 and TR4 are not used on transfer switches
rated less than 480 volts.
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Figure 1. Schematic Diagram- Signal Before Transfer Option
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