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Safety Precautions

Before operating the generator set, read the Operator’s Man- ® Make sure thatfasteners on the generator setare secure.
ual and become familiar with it and the equipment. Safe and Tighten supports and clamps, keep guards in position
efficient operation can be achieved only if the equipment is over fans, drive belts, etc.

properly operated and maintained. Many accidents are e D . . . L
. . 0 not wear loose clothing or jewelry in the vicinity of
caused by failure to follow fundamental rules and precautions. moving parts, or while working on electrical equipment.

Loose clothing and jewelry can become caughtin moving
parts. Jewelry can short out electrical contacts and cause
shock or burning.

® [fadjustment must be made while the unitis running, use
extreme caution around hot manifolds, moving parts, etc.

The following symbols, found throughout this manual, alert
you to potentially dangerous conditions to the operator, ser-
vice personnel, or the equipment.

A DANGER This symbol warns of immediate

hazards which will result in severe
personal injury or death.

AWARNING | This symbol refers to a hazard or

unsafe practice which can result in
severe personal injury or death.

This symbol refers to a hazard or
ECAUTlON unsafe practice which can result in

personal injury or product or property damage.

ELECTRICAL SHOCK CAN CAUSE SEVERE PERSONAL
INJURY OR DEATH

® Remove electric power before removing protective shields
or touching electrical equipment. Use rubber insulative
mats placed on dry wood platforms over floors that are
metal or concrete when around electrical equipment. Do
not wear damp clothing (particularly wet shoes) or allow
skin surface to be damp when handling electrical
equipment.

® Use extreme caution when working on electrical compo-

nents. High voltages can cause injury or death. DO NOT
tamper with interlocks.

® Follow all applicable state and local electricai codes.
Have all electrical installations performed by a qualified

FUEL AND FUMES ARE FLAMMABLE. Fire and explosion
can result from improper practices.

® DO NOT fill fuel tanks while engine is running, unless

tanks are outside the engine compartment. Fuel contact
with hot engine or exhaust is a potential fire hazard.

® DO NOT permit any flame, cigarette, pilot light, spark, or
other ignition source near the generator set or fuel tank.

® Fuel lines must be adequately secured and free of leaks.
Fuel connection at the engine should be made with an
approved flexible line. Do not use copper piping on flexi-
ble lines as copper will become brittle if continuously
vibrated or repeatedly bent.

® Be sure all fuel supplies have a positive shutoff valve.

® Do not smoke while servicing lead acid batteries. Lead
acid batteries emit a highly explosive hydrogen gas that
can be ignited by electrical arcing or by smoking.

EXHAUST GASES ARE DEADLY

® Provide an adequate exhaust system to properly expel
discharged gases. Visually and audibly inspect the exhaust
daily for leaks per the maintenance schedule. Ensure that
exhaust manifolds are secure and not warped. Do notuse
exhaust gases to heat a compartment.

® Be sure the unit is well ventilated.

MOVING PARTS CAN CAUSE SEVERE PERSONAL INJURY
OR DEATH

® Keep your hands, clothing, and jewelry away from moving
parts.

® Before starting work on the generator set, disconnect
starting batteries, negative (-) cable first. This will prevent
accidental starting.

licensed electrician. Tag open switches to avoid acciden-
tal closure.

® DO NOT CONNECT GENERATOR SET DIRECTLY TO
ANY BUILDING ELECTRICAL SYSTEM. Hazardous vol-
tages can flow from the generator set into the utility line.
This creates a potential for electrocution or property
damage. Connect only through an approved isolation
switch or an approved paralleling device.

GENERAL SAFETY PRECAUTIONS

® Coolants under pressure have a higher boiling pointthan
water. DO NOT open a radiator or heat exchanger pres-
sure cap while the engine is running. Allow the generator
set to cool and bleed the system pressure first.

® Provide appropriate fire extinguishers and install them in
convenientlocations. Consultthe local fire department for
the correct type of extinguisher to use. Do not use foam on
electrical fires. Use extinguishers rated ABC by NFPA.

® Make sure that rags are not left on or near the engine.

® Remove all unnecessary grease and oil from the unit.
Accumulated grease and oil can cause overheating and
engine damage which present a potential fire hazard.

® Keep the generator set and the surrounding area clean
and free from obstructions. Remove any debris from the
set and keep the floor clean and dry.

® Do not work on this equipment when mentally or physi-
cally fatigued, or after consuming any alcohol or drug that
makes the operation of equipment unsafe.

LS-8



Important Safety Precautions

Read and observe these safety precautions when using
or working on electric generators, engines and related
equipment. Also read and follow the literature provided
with the equipment.

Proper operation and maintenance are critical to perfor-
mance and safety. Electricity, fuel, exhaust, moving parts
and batteries present hazards that can cause severe
personal injury or death.

FUEL, ENGINE OIL, AND FUMES ARE
FLAMMABLE AND TOXIC

Fire, explosion, and personal injury can result from im-
proper practices.

® Used engine oil, and benzene and lead, found in
some gasoline, have been identified by government
agencies as causing cancer or reproductive toxicity.
When checking, draining or adding fuel or oil, do not
ingest, breathe the fumes, or contact gasoline or
used oil.

¢ Do not fill tanks with engine running. Do not smoke
around the area. Wipe up oil or fuel spills. Do not
leave rags in engine compartment or on equipment.
Keep this and surrounding area clean.

® Inspect fuel system before each operation and peri-
odically while running.

e Equip fuel supply with a positive fuel shutoff.
¢ Do not store or transport equipment with fuel in tank.

® Keep an ABC-rated fire extinguisher available near
equipment and adjacent areas for use on all types of
fires except alcohol.

® Unless provided with equipment or noted otherwise
in installation manual, fue! lines must be copper or
steel, secured, free of leaks and separated or
shielded from electrical wiring.

¢ Use approved, non-conductive flexible fuel hose for
fuel connections. Do not use copper tubing as a flex-
ible connection. It will work—harden and break.

EXHAUST GAS IS DEADLY

® Engine exhaust contains carbon monoxide (CQ),
an odorless, invisible, poisonous gas. Leamn the
symptoms of CO poisoning.

® Never sleep in a vessel, vehicle, or room with a gen-
set or engine running unless the area is equipped
with an operating CO detector with an audible
alarm.

® Each time the engine or genset is started, or at least
every day, thoroughly inspect the exhaust system.
Shut down the unit and repair leaks immediately.

~® Warning: Engine exhaust is known to the State of
California to cause cancer, birth defects and other
reproductive harm.

Make sure exhaust is properly ventilated.

® Vessel bilge must have an operating power
exhaust. '

® Vehicle exhaust system must extend beyond ve-

hicle perimeter and not near windows, doors or
vents.

® Do not use engine or genset cooling air to heat an
area.

® Do not operate engine/genset in enclosed area’
without ampile fresh air ventilation.

® Expel exhaust away from enclosed, sheltered, or
occupied areas.

® Make sure exhaust system components are se-
curely fastened and not warped.

MOVING PARTS CAN CAUSE SEVERE
PERSONAL INJURY OR DEATH

® Do not remove any guards or covers with the equip-
ment running.

® Keep hands, clothing, hair, and jewelry away from
moving parts.

® Before performing any maintenance, disconnect

battery (negative [] cable first) to prevent acciden-
tal starting.

® Make sure fasteners and joints are secure. Tighten
supports and clamps, keep guards in position over
fans, drive belts, etc.

e If adjustments must be made while equipment is
running, use extreme caution around hot manifolds
and moving parts, etc. Wear safety glasses and pro-
tective clothing.

BATTERY GAS IS EXPLOSIVE

® Wear safety glasses and do not smoke while servic-
ing batteries.

® Always disconnect battery negative (-) lead first
and reconnect it last. Make sure you connect battery
correctly. A direct short across battery terminals can
cause an explosion. Do not smoke while servicing
batteries. Hydrogen gas given off during charging is
explosive.

® Do not disconnect or connect battery cables if fuel
vapors are present. Ventilate the area thoroughly.

GSP-1
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DO NOT OPERATE IN FLAMMABLE AND
EXPLOSIVE ENVIRONMENTS

Flammable vapor can be ignited by equipment operation
Or cause a diesel engine to overspeed and become diffi-
cult to stop, resulting in possible fire, explosion, severe
personal injury and death. Do not operate diesel equip-
ment where a flammabie vapor environment can be
created by fuel spill, leak, etc., unless equipped with
an automatic safety device to block the air intake and
stop the engine.

HOT COOLANT CAN CAUSE SEVERE
PERSONAL INJURY

® Hot coolant is under Pressure. Do not loosen the
coolant pressture cap while the engine is hot. Let the
engine cool before opening the pressure cap.

ELECTRICAL SHOCK CAN CAUSE SEVERE
PERSONAL INJURY OR DEATH

® Do not service control Panel or engine with unit run-
ning. High voltages are present. Work that must be
done while unit is running should be done only by
Qualified service personnel.

® Do not connect the generator set to the public utility
or to any other electrical power system. Electrocu-
tion can occur at a remate site where line or equip-
ment repairs are being made. An approved transfer
switch must be used if more than one power source
is connected.

® Disconnect starting battery (negative [-] cable first)
before removing protective shields or touching elec-
trical equipment. Use insulative mats placed on dry
wood platforms. Do not wear jewelry, damp clothing
or allow skin surface to be damp when handling
electrical equipment.

¢ Use insulated toals. Do not tamper with interlocks.

® Follow all applicable state and local electrical
codes. Have all electrical installations performed by
a qualified licensed electrician. Tag open switches
to avoid accidental closure.

® With transfer switches, keep cabinet closed and
locked. Only authorized personnel should have
cabinet or operational keys. Due to serious shock
hazard from high voltages within cabinet, all service
and adjustments must be performed by an electri-
cian or authorized service representative.

I the cabinet must be opened for any reason:

1. Move genset operation Switch or Stop/Auto/
Handcrank switch (whichever applies) to Stop.

2. Disconnect genset batteries (negative [-] lead
first).

3. Remove AC power to automatic transfer
switch. If instructions require otherwise, use
extreme caution due to shock hazard.

MEDIUM VOLTAGE GENERATOR SETS
(601V TO 15kV)

® Medium voitage acts differently than low voltage.
Special equipment and training are required to waork
0n or around medium voltage equipment. Operation
and maintenance must be done only by persons
trained and qualified to work on such devices. Im-
proper use or procedures will result in severe per-
sonal injury or death.

® Do not work on energized equipment, Unauthorized
personnel must not be permitted near energized
equipment. Induced voltage remains even after
equipment is disconnected from the power source.
Plan maintenance with authorized personnel so
equipment can be de-energized and safely
grounded.

GENERAL SAFETY PRECAUTIONS

® Do not work on equipment when mentally or physi-
cally fatigued or after consuming alcohol or drugs.

® Carefully follow all applicable local, state and feder-
al codes.

® Never step on equipment (as when entering or leav-
ing the engine compartment). It can stress and
break unit components, possibly resulting in dan-
gerous operating conditions from leaking fuel, leak-
ing exhaust fumes, etc.

® Keep equipment and area clean. QOil, grease, dirt, or
stowed gear can cause fire or damage equipment
by restricting airflow.

® Equipment owners and Operators are solely re-
sponsible for operating equipment safely. Contact
your authorized Onan/Cummins dealer or distribu-
tor for more information,

KEEP THIS DOCUMENT NEAR EQUIPMENT FOR
EASY REFERENCE.

GSP-1
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Section 1. Introduction

ABOUT THIS MANUAL

This manual provides troubleshooting and repair infor-
mation regarding the controls and generators used on
the B and C series of generator sets. For further opera-
tion, service, and troubleshooting information
regarding engine components, refer to support manuals
specific to your generator set.

Study this manual carefully and observe all warnings
and cautions. Be sure to review Safety Precautions,
inside front cover. Using the generator set properly and
following a regular maintenance schedule is important
to obtain longer unit life, better performance, and safer
operation.

For proper replacement parts identification, refer to
appropriate parts manual supplied with unit.

Repair information in this manual for printed circuit
board components other than fuses is not extensive;
doing so requires well trained, qualified personnel with
the proper equipment. Application of meters or hot sol-
dering irons to printed circuit boards by other than quali-
fied personnel can cause unnecessary and expensive
damage. Repair of the printed circuit boards is not
recommended except by the factory.

High voltage testing or high potential
ACAUTION (or Megger) testing of generator
windings can cause damage to solid state compo-
nents. Isolate these components before testing.

For any operation, maintenance, or troubleshooting information
beyond the scope of this manual, refer to other manuals received with
the unit, or contact your distributor.

TEST EQUIPMENT

Most of the test procedures in this manual can be per-
formed with an AC/DC multimeter such as a Simpson
Model 260 VOM or a digital VOM. Some other instru-
ments to have available are:

® Battery Hydrometer

® Tachometer or Frequency Meter

® Jumper Leads

® Wheatstone Bridge of Digital Ohmmeter
® Variac

® Load Test Panel

® Megger or Insulation Resistance Meter

HOW TO OBTAIN SERVICE

Always give the complete Model and Serial number of
the generator set as shown on the nameplate (Figure
1-1) when seeking additional service information or
replacement parts. The nameplate is located on the side

of the generator output box.
Incorrect service or replacement of
AWARNING parts can result in severe personal
injury or death, and/or equipment damage. Service
personnel must be qualified to perform electrical and
mechanical service. Read and follow Safely Precau-
tions, inside front cover.

AC Generator Set -

0 e Model — ‘ﬂ
kva pf phase
voltage amps
duty overload

rpm

class of insulation

field amp max

generator model no.
voltage regulator model no.
ID no.

generator set serial no.
BS5000 Part 99

hz
pmg voltage
field voltage max

NEMA MG1-22

3060603

:99-2388

FIGURE 1-1. NAMEPLATE



CONTROLS AND GENERATORS
OVERVIEW

General

Depending on the customer order, the control options
and generator type may differ. Read through this manual
to identify the control options, and generator type. A
more in-depth description of the control and generator
components follow in the Controlsand Generators sec-
tions. Read this information well and understand the
function of each component.

Also, periodically review this manual and the unit Opera-
tor's Manual when no fault condition is present. You will
want to become familiar with the generator set compo-
nent locations, their proper operation and interaction
with other components in order to be effective trouble-
shooting a fault condition, if one occurs.

Control Panel

The control panel is mounted inside the front.portion of
the generator output box with vibration isolators on both
top and bottom. The controls are separated into a DC
panel for monitoring the engine and an AC panel for
monitoring the generator. See Figure 1-2 and section 2.

Generator

The generators fitted to this series of generator sets are
of two types; the standard non-PMG, and an optional
Permanent Magnet Generator (PMG).

Both types of generators are controlled by an Autematic
Voltage Regulator (AVR). The AVR’s are of two types and
are installed at the factory to match unit order. The
AVR'’s are mounted on the inside, back wall of the con-
trol panel. The PMG generator can be identified by the
Automatic Voltage Regulator used inside control panel.
See Figure 1-2 and section 3.

Mo ] o)
[9 =)
° g B2 @E
% D —4 @ B g
]
[e]
ol 1O]
=: d °
[e] L]
I | |—=— ©
SELF-EXCITED PMG
VOLTAGE VOLTAGE
REGULATOR REGULATOR
OTHER GENERATOR
CONTROL COMPONENTS
(i.e.. OVER/UNDER
VOLTAGE AND FREQUENCY
MODULES) ARE LOCATED
INSIDE CONDUIT BOX.
REFER TO SECTION 3.

VOLTAGE REGULATOR

/ REFER TO SECTION 3.

LOUVERED COVER PLATE
(FOR ACCESS TO ROTATING PMG OR MECHANICAL
RECTIFIER ASSEMBLY) OVERSPEED SWITCH
ENDBELL COVER G-1228

(LOCATED INSIDE
CONTROL PANEL).

AC METERING
CURRENT TRANSFORMERS
(LOCATED INSIDE CONDUIT BOX.)

REFER TO SECTION 2.

CONTROL PANEL
(REFER TO SECTION 2)

FIGURE 1-2. TYPICAL GENERATOR AND CONTROLS
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Section 2. Controls

GENERAL

Depending on customer order, the control configuration
and options may differ. This section identifies the con-
trol configurations used; Detector-7 and Detector-12
(NPFA) DC Panel, and AC Panel options.

The control panels are separated into an AC panel for
monitoring the generator (if equipped with meter
options), and a DC panel for monitoring the engine.
Review Figure 2-1 to identify the control configuration
and options, and refer to Control Descriptions that fol-
low for further information.

CONTROL DESCRIPTIONS
AC Panel

The following describes the function and operation of
the optional AC panel for monitoring the generator.
Review the following component descriptions and Fig-
ure 1.

AC Voltmeter (Optional): Dual range instrument indicat-
ing generator AC voltage. Measurement range in use
shewn on indicator light.

AC Ammeter (Optional): Dual range instrument indi-
cates AC generator line current. Measurement range in
use shown on indicator lamps.

Frequency Meter (Opftional): Indicates generator out-
put frequency in hertz. it can be used to check engine
speed (each hertz equals 30 r/min).

Wattmeter (Optional): Continuously gives reading of
the generator output in kilowatts.

Voltage Adjust (Optional): Rheostat providing approx-
imately plus or minus three percent adjustment of the
rated output voltage.

Upper and Lower Scale Indictor Lamps (Optional):
Indicates which scale to use cn the AC voltmeter and
AC ammeter.

Phase Selector Switch (Optional): Selects phases of
generator output to be measured by AC voltmeter and
AC ammeter.

Field Breaker (Opftional): Provides generator exciter
and regulator protection from overheating in the event
of an overvoltage fault condition.

EXCITATION

UPPER AND
FIELD LOWER SCALE RUN-STOP-REMOTE
BREAKER  |NDICATOR LAMPS SWITCH
RESET, LAMP TEST
VOLTAGE OIL PRESSURE PANEL } ,
ADJUST \ < GAUGE LAMP  PANEL LAMP SWITCH
\ \ YA 4
\ © j /

‘l\':

|

AC el

VOLTMETER =

AC AMMETER -

PHASE
SELECTOR |
SWITCH

-
FREQUENCY
METER

NI

WATTMETER = |

F_l
Lo

|, INDICATOR
LAMPS

]

COOLANT
L. TEMPERATURE
GAUGE

- DC VOLTMETER

FREQUENCY
ADJUST

RUNNING TIME
METER

EMERGENCY
- STOP PUSHBUTTON

7/
OTHER
OPTIONAL
METERS

(@)

AC PANEL

iL TEMPERATURE ES-1800-1

GAUGE

TACHOMETER

DC PANEL

FIGURE 2-1. CONTROLS (Detector-12 and AC Meter Options Shown)
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DC Panei

The following describes the function and operation of
the DC panel comporients. The Detector-7 panel is
standard, and the Detector-12 panel inciudes options to
more effectively monitor the generator set and ancillary
equipment during operation. Both controls include pre-
alarm monitoring to inform the operator that a shutdown
circumstance might occur if attention is not given to an
aspect of engine operation soon. Review the following
component descriptions and Figure 2-1.

Panel Lamp: llluminates control panel.

Oil Pressure Gauge: Indicates pressure of lubricating
oil in engine (wired to a sensor unit located on the
engine).

Water Temperature Gauge: Indicates temperature of
circulating coolant in engine (wired to a sensor unit
located on the engine).

DC Volimeter: Indicates the battery condition. Proper
reading should be approximately 26 to 28 volts when set
is running.

Tachometer (Optional): Provides constant monitoring
of engine r/min.

Oil Temperature Gauge (Optional): Indicates temp-
erature of lubricating oil in engine (wired to a sensor unit
located on the engine).

Run-Stop-Remote Switch: Starts and stops the unit
locally, or from a remote location that is wired to the
control engine monitor board.

Reset, Lamp Test, Panel Lamp Switch: Resets the fault
circuit oniy when the Run-Stop-Remote switch is in the
Stop {Reset) position. Tests faultlamps and turns on the
control panel lamp.

Frequency Adjust (Optional): Potentiometer providing
engine speed adjustment to achieve proper AC fre-
quency.

Running Time Meter: Registers the total number of
hours the unithas run. Use itto keep a record of periodic
servicing. Time is cumulative; meter cannot be reset.

Emergency Stop Pushbutton: Stops the generator set
immediately when depressed. Must be reset (pulled out)
before restarting generator set.

Indicator Lamps

Detector-7 Control (Siandard): The standard control
panel has seven monitor system indicator lamps.

» RUN (green)

PRE LO OIL PRES (yellow)
PRE Hi ENG TEMP (yellow)
LO OIL PRES (red)

HI ENG TEMP (red)
OVERCRANK (red)

o OVERSPEED (red)

2-2

The green Run lamp comes ¢n as soon as both primary
and secondary starter circuits are cpened after unit
starts. The yellow pre-aiarm lamps indicate that engine
oil pressure is marginally low, or coolant temperature is
marginal high, and should be attended to when the
generator set is shut down. The red fauit lamps indicate
a shutdown of the generator set for iow pressure, high
engine temperature, overspeed, or overcrank fault
condition.

Detector-12 Control (Optional): The optional control
panel has a 12 lamp monitor system. The following
describes each lamp function.

¢ RUN (green) lamp comes on when both started cir-
cuits are opened after the unit starts.

¢ PRE LO OIL PRES (yeliow) indicates engine oil pres-
sure is marginally low.

¢ PRE HI OIL TEMP (yellow) indicates engine tempera-
ture is marginally high.

¢ LO OIL PRES (red) indicates engine has shut down
because of critically low oil pressure.

¢ HI ENG TEMP (red) indicates engine has shut down
because of critically high temperature.

* OVERSPEED (red) indicates the engine has shut
down because of excessive speed.

e OVERCRANK (red) indicates the starter has been
locked out because of excessive cranking time.

* FAULT 1 (red) an undedicated fault. May be pro-
grammed as a timed or non-timed shutdown or fault
light only (normally factory set for timed shutdown).

* FAULT 2 (red) same features as Fault 1 {normally
factory set for non-timed shutdown).

e | OW ENG TEMP (yellow) engine temperature is mar-
ginally low for starting. Indicates possible inoperative
coolant heater. Lamp lights when engine water jacket
temperature is 70° F (21° C) or lower. The lamp may
stay on during initial generator set operation, but
should extinguish after the engine warms up.

¢ LO FUEL (yeliow) indicates fuel supply is marginally
low (if equipped).

e SWITCH OFF (flashing red) indicates generator set is
not in automatic start operation mode.



CONTROL PANEL INTERIOR

Refer to Figure 2-2 for componentlocations inside con-
trol panel. Review the following component descrip-
tions to better understand the operation of the generator
setshould a fault condition occur. Also refer to section 5,
Component Tests and Adjustments, for more in-depth
information about these components.

OVERSPEED
TERMINAL TIME DELAYED FREQUENCY DET
(FREQU ECTION)
BOARD TB21  AUTOMATIC VOLTAGE START/STOP MODULE (IF EQUIPPED)
REGULATOR (AVR) Mfzggl-E /
VR21 ENGINE CONTROL

(SEE SECTION 3) MONITOR (ECM)
A1l

%\ ——
0

0|

o
/

\
N5

ZASSERNAN
SN NN {0

RELAY(S) A13 A14 |
INTERFACE
CONTROL
AC PANEL HEATER  HELAY MODULES DC PANEL

ES-1561-1

FIGURE 2-2. CONTROL PANEL INTERIOR



Engine Control Monitor

This circuit board assembly contains the basic compo-
nents for normai engine start-up and shutdown, termi-
nals for remote control interconnection, plug-in con-
nectors for option modules and engine sensor inputs
(Figure 2-3). The ECM provides the following functions
of unit protection.

* Overcrank - Limits engine cranking to 75 seconds. If
engine fails to start, the module lights a faultlamp and
opens the cranking circuit. This cycle cranking circuit
allows three 15-second cranking cycles with two 15
second rest periods.

e Overspeed - shuts down the engine immediately if
overspeed occurs and lights a fault lamp. For non-
PMG sets a sensor switch is mounted on the end of
the generator shaft, and PMG generator sets are
equipped with an overspeed (frequency detection)
modaule inside the control panel. Either type is factory
set to shut down the generator set at approximately
2100 r/min (60 Hz units), or 1850 r/min (50 Hz units).
Refer to Component Tests and Adjustments section
for further information.

¢ Low Oil Pressure - Shuts down the engine imme-
diately if oil pressure drops below 14 psi (97 kPa) and
lights a fault lamp. The fault is inhibited during crank-
ing and time delayed about 10 seconds following star-
ter disconnect. The delay allows oil pressure to rise to
normali before the electronic control module monitors
this system.

The pre-low oil pressure sensor and lamp provides an
alarm that oil pressure is marginally low, 26 psi (138
kPa) or less. The cause should be found and cor-
rected as soon as possible.

High Engine Temperature - Shuts down the engine
immediately if coolanttemperature rises above 215° F
(102° C) and lights a fault lamp. The fault is inhibited
during cranking and time delayed about 10 seconds
following the starter disconnect. This delay allows
coolantin a hotengine time to circulate and return the
water jacket to normal before the electronic control
module resumes monitoring this system.

The pre-high engine temperature sensor and lamp
provides an alarm that engine temperature is margi-
nally high, 205°F (97°C) or higher. The cause should
be found and corrected as soon as possible.

The high engine temperature
ACAUTION shutdown system wili not oper-
ate if the coolant level is too low. The high engine
temperature sensor monitors coolant temperature.
Loss of coolant will prevent sensor operation and
allow the engine to overheat causing severe damage
to the engine. Therefore, maintain adeguate coolant
level to ensure the operation of the high engine
temperature shutdown system.

Low Coolant Level Shutdown (Optional) - A solid-
state sensor installed into the radiator provides
engine shutdown if coolant level falls too low. it also
lights the high engine temperature fault lamp.

FUSE F2
20 AMP - SW. B+

FUSE F1
20 AMP - STARTER

5 AMP - CONTROL

FUSE F4

FUSE F5
5 AMP - GAUGES

\ o
FUSE F3

15 AMP - TB1-7, B+

1]
TB1 |
(sEENOTE) | | = |:|
i D e —
E'E

P4
(SEE NOTE)

P3
(SEE NOTE)

NOTE:
REFER TO APPROPRIATE DC
WIRING DIAGRAM/SCHEMATIC, DC

SCHEMATIC LADDER DIAGRAM,
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Run Relay(s) (K11)

This relay (may be up to three) provides wiring connec-
tions for external functions of the site installation thatare
to be controlled by the starting and/or stopping of the
generator set such as ventilation air louvers, blowers,
etc. The sets of contacts in the relay base provide for
either closing a circuit or opening a circuit upon ener-
gizing and de-energizing the relay (depending on the
desired function wires to the base connections). The
reiay is energized when the generator set starts when
connected to the ECM as TB1-10 (switched B+
connection).

Interface Relay Modules (A13, A14)

These relay modules are used in conjunction with the
Detector ECM’s to provide external monitoring of the
engine-generator at customers control panel. As add-
on circuitboards, they interface with the remote annun-
ciator signals from the ECM and allow the use of either
AC or DC for alarm drives. The relays are configured for
iow side switching by the contro! and supply sets of
contacts for external alarm connections.

Current Transformers (Not shown)

All units equipped with AC meters have current trans-
formers installed inside the conduit box with approp-
riate generator ieads routed through them.

Automatic Voltage Reguiator (VR21)
Refer to section 3 for more information.

Cverspeed (Frequency Detection) Module

This module derives a speed (Hz) signal from the PMG (if
equipped) butis powered from the generator set battery.
A small time delay, typically one second, is incorporated
in the overspeed function to allow for engine overshoot.
The module ccntains two adjustable potenti-
ometers, Cverspeed and Cranking (the cranking potenti-
ameter is notused however). Refer to section 5 for more
information.

Time Delayed Siart/Stop Module (A15)

This module provides time delays for starting and stop-
ping the generator set as foliows:

Deiayed Starting: The time delay start function is to
preclude automatic start-up of the generator set for a
determined amount of time (adjustabie from 1 t0 15
seconds) for installations that might experience power
interruptions of short duration, and therefore not want
the generator set starting.

Delayed Stopping: The time delay stop function is
zdjustable from 1 to 15 secondsto provide for automatic
cool-down running of the engine for prescribed amount
of time (approximately 3-5 minutes is recommended).

Control Cabinet Heater

A control cabinet heater provides a means of humidity/
temperature control of the control box interior to protect
the components and ensure their effectiveness when
the generator set is subjected to varying ambient condi-
tions during extended periods of non-use. The element
is controiled by an adjustable thermostat.

GENSET OPERATION

Because of varying control option combinations, the
following operating descriptions will encompass a
Detector-12 controller with full options. Read the infor-
mation through to Emergency Shutdown to gain a full
understanding of the options and how they interact with
the engine control monitor (ECM).

Regardless of the controller module you have, the ECM
includes the shutdown fault commands. Controllers
with options provide delineation and pre-alarm of the
shutdown faults, time delayed starting and stopping,
and additionai monitoring/control, but all engine opera-
tion commands through these options are still con-
trolled through the ECM.

If you are reviewing this operation information for trou-
bleshooting purposes, make sure you have eliminated
all other malfunction checks external of the controls
prior to troubleshooting the printed circuit board type
components of the controiler. Also review the Generator
section for generator related control components and
Component Tests and Adjustments section for more
in-depth information. Refer to appropriate DC Sche-
matic - Ladder Diagram in Wiring Diagrams section
when reviewing the following information.

Starting Sequence

Manual: The starting sequence is initiated by placing
the Run/Stop/Remote switch (§12) in the Run position.

Placing the switch S12in the Run position energizes the
ECM Run Relay (K7). By energizing K7, B+ is supplied
through the electrical circuits of the ECM to energize the
engine run circuits (i.e., fuel solenoid) and front panel
gauges and the starter solenoid (through K3).

The engine cranking pericd is determined by the Cver-
crank Timer and Cycle Crank Driver (U1}, and the Cycie
Crank Relay (K12), which control energizing and de-
energizing the Power Relays K2 and K3 that supply
current to the on-set starter and fuel solenoids.

Automatic: With the Run/Stop/Remote switch (S12}in
the Remote position, a remote start command (closure
of on-site, dry contacts) to the generatcr set controller
activates the Time Delayed Start/Stop Moduie (A15),
which initiates its time delay start period.

Upon completion of the time delay start period, the ECM
initiates engine cranking and start-up by energizing
Run Relay (K7) as described in manual start-up.

When engine successfully cranks and starter discon-
nects, input signais from either start disconnect system
of the ECM will activate the Start Disconnect Relay of
module A15 (K1) which enables the module for Time
Delayed Stop Mode.



During generator set operation, all safety systems func-
tion to protect and mcnitor set operation. At end of the
generator set duty cycle, when generator output is dis-
connected from ioad and the remote run signal is dis-
continued, the time delayed stop function of moduie A15
will continue engine-generator run time for the pres-
cribed engine ccol-down period of 3-5 minutes before
deactivating the run circuits of the ECM.

Starter Disconnect Parameters

This type of control uses two means of starter-
disconnectin order to protect the starter in the case one
means should fail. The first uses a DC relay (K14); a B+
signal taken from the battery charging alternator in most
cases energizes the relay to disconnect the starter. The
second method uses an AC relay (K10); voltage from the
generator energizes this relay to provide a back-up to
the DC relay. The control uses this method to provide
uninterrupted generator set operation even if only one
means of start disconnect is operational. However, the
local Run lamp does not light unless both start discon-
nectrelays operate. If the generator setis equipped with
a remote Run lamp, the operator can then determine
which means of start disconnect has failed for such an
occurrence. If the remote Run lamp lights (and the local
run lamp does not), the DC relay is not functioning.

High Engine Temperature (HET) and Low Oil Pressure
(LOP) faults are time delayed about 10 seconds follow-
ing starter disconnect and inhibited during cranking.
This allows the coolant in a hot engine some time to
circulate and return the water jacket to norma! before
monitoring this parameter. It also allows the oil pressure
to build to normal before monitoring this system. Follow-
ing this delay, these faults become immediate shut-
downs for engine protection.

If conditions are correct, the engine will start and the
starter will disconnect. If not, an overcrank fault occurs
by U1 having cycled/timed out through drive transistor
U4 to energize Fauit Relay K6, which opens the start
circuit of the ECM. The Reset switch (S11) must be
pushed to clear the fault before attempting to restart.

Start-Disconnect Sequence

When the generator set starts, output voltage from the
DC alternator energizes Start-Disconnect relay Ki14.
Energizing K14 then closes its N.O. contacts which
lights the control panei Run lamp. Also, when the gener-
ator set starts, output voltage from the generator stator
energizes Start-Disconnect relay K10. Energizing K10
then closes its N.O. contacts and lights a Remote Run
lamp (if equipped).

After the starter disconnects, the LOP and HET fault
shutdowns will remain inhibited for another 10 seconds
to allow oil pressure and engine temperature to stabilize
within the operating range.

Normal Operation Parameters

After a successful engine start-up, with all conditions
satisfied, the engine will gain in speed to governor con-
trolled operation. Should the engine gc into an over-
speed condition, either an Over/Under Frequency Sen-
sor, an Overspeed Module, or a mechanical overspeed
switch (depending on generator type and options
ordered) will ground the overspeed input circuit to the
ECM to cause a shutdown and light the Overspeed fault
lamp. After the problem is corrected, starting will not
occur until the Reset switch is pressed.

Continuous operation of the generator setaiso depends
on the proper oil pressure and engine temperature
being maintained, and aiso any customer required fauit
conditions connected to the ECM.

Stopping Sequence

Piacing the Run/Stop/Remote switch to the Stop posi-
tion de-energizes Run Relay (K7) which opens the cur-
rent supply through the ECM (K2) to de-energize the
generator set mounted fuel solenoid (stops fuel flow
which stops engine).

Emergency Shutdown

The K6 fault relay is energized when fault sensors
respond to one of the following fault conditions: over-
crank, low oil pressure, high engine temperature, over-
speed, and over/under voltage/frequency (if equipped).
Energizing K6 fault relay opens its N.C. contacts and
closes its normal N.O. contacts. Opening the N.C. dis-
connects B+ from the Power Relays K3 and K2. This
stops cranking if the engine is being cranked and shuts
off the fuel flow. Closing one of the N.O. contacts of K6
activates the K8 relay which breaks power to the fault
interface relays so that only the indicator associated
with the fault will activate. Closing the other N.O. con-
tacts of K6 connects B+ to the remote alarm terminal.



Section 3. Generator

GENERATCR DESCRIPTIONS

The AC generators are brushless, rotating field type,
controlled by an automatic voltage regulator (AVR). Two
types are used in these series of generator sets; self-
exciter (non-PMG), and permanent magnet exciter
(PMG). The non-PMG generators derive the AVR power
from the output windings on the stator, and the PMG
type is powered by a permanent magnet pilot exciter
which provides a source of constant excitation power,
independent of load changes or load current distortions.

An exciter/rotating rectifier assembly is mounted inter-
nally to the non-drive-end bearing. PMG generators
have, in addition, a permanent magnet exciter overhung
from the non-drive-end bearing.

Removable access covers are provided at each end of
the generators and on each side of the conduit box for
cleaning and inspection, and easy access to the output
terminals and other ancillary equipment. See Figures
3-1 and 3-2.
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FIGURE 3-1. TYPICAL GENERATOR
(NON-PMG SHOWN)



GENERATOR CONTROL COMPONENTS

The following briefly describes generator related con-
irol components that effect the proper operation or
shutdown of the generator set. See Figure 3-2 for com-
ponent locations.

Automatic Voitage Regulator (AVR)

The AVR is mounted on the inside back wall of the
conirol box. Refer to the Generator Operation following
for further AVR operation information, and to Compo-
nent Tests and Adjustments section for further descrip-
tion and adjustment procedure of the AVR.

Over/Under Voltage Sensor Module

This is an adjustable voltage-sensitive relay typically
connected to the Engine Control Monitor (ECM) Fault 1
circuit to shut down the generator set when the output

veltage is over or under the normai voitage by the pre-
selected amount (typically 10 percent). The module
includes an adjustabie time delay relay to prevent nui-
sance tripping (usually set at 25 percent, or approxi-
mately 2.5 seconds). The module and time delay relay
are mounted on a bracket in the generator conduit box.

Over/Under Frequency Sensor Module

This is an adjustable frequency-sensitive relay typically
connected to the Engine Control Monitor (ECM) Fault 2
circuit if the Over/Under Voltage module is also
installed, or Fault 1 for over Hz and Fault 2 for under Hz if
instalied alone, to shut down the generator set when the
output frequency is over or under the normal frequency
by the preselected amount. (Also, Fault 2 must be con-
verted for timed shutdown.) The Module is mounted ona
bracket in the generator conduit box.

i os VOLTAGE REGULATOR
g IS LOCATED INSIDE
[l CONTROL PANEL, AND
o @ a2 AUXILIARY TERMINAL
— B © |__—— BOARDIS LOCATED INSIDE
g D H CONDUIT BOX.
[e] @ B
E o
(o]
Momommm | |— =
CONTROL PANEL
SELF-EXCITED PMG (REFER TO SECTION 2)
VOLTAGE VOLTAGE
REGULATOR REGULATOR
ES-1856-2
OTHER GENERATOR
CONTROL COMPONENTS
(i.e.. OVER/UNDER
VOLTAGE AND FREQUENCY
MODULES) ARE LOCATED
INSIDE CONDUIT BOX.
AC METERING
CURRENT TRANSFORMERS
(LOCATED INSIDE CONDUIT BOX,)
REFER TO SECTION 2.
LOUVERED COVER PLATE
(FOR ACCESS TO ROTATING PMG OR MECHANICAL
RECTIFIER ASSEMBLY) OVERSPEED SWITCH
ENDBELL COVER G-1228

FIGURE 3-2. GENERATOR CONTROL COMPONENT LOCATIONS
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GENERATOR OPERATION
Self-Excited Generator (Non-PMG)

The main stator winding provides excitation power via
the AVR to the exciter. The exciter stator mounts in the
end bell, the exciter rotor and its rotating rectifier
assemblies mount on the rotor shaft. Within the end bell,
leads X (+) and XX (-), from the exciter stator winding,
connect to the output terminals of the voltage regulator.
A circuit within the AVR ensures positive voltage build-
up, provided the residual magnetism level is sufficiently
high. The AVR compares the main stator output with a
reference value and feeds a controlled excitation cur-
rent to the exciter stator. The AC output of the exciter
rotor is converted to DC by the rectifier, comprised of 6
diodes mounted on 2 heatsinks to form positive and
negative plates. The diodes are protected against harm-

ful overvoltages caused, for example, by switching cir-
cuits or out-of-phase paralleling, by a metal oxide varis-
tor (MOV). The DC output of the rectifier provides the
excitation onto the main rotor.

Permanent Magnet Generator (PMGj)

The main excitation components (diodes, MOV, and
main exciter) are identical to those of the self-generator.
Output voltage is compared with a reference voltage to
feed a controlled current to the main exciter stator in the
same way. The fundamental difference is that the excita-
tion power is now derived from the PMG, mounted on
the main shaft, rather than from the main stator winding.
Excitation power is therefore independent of output vol-
tage, and a positive voltage build-up is ensured, without
reliance on residual magnetism.

SELF-EXCITED GENERATOR (NON-PMG)
AUTOMATIC
VOLTAGE
REGULATOR
OUTPUT
MAIN
EXCITER
STATOR [:b STATOR
SHAFT
S—
ROTATING
EXCITOR DIODES MAIN
ROTOR ROTOR
PERMANENT MAGNET GENERATOR (PMG)
AUTOMATIC
VOLTAGE
REGULATOR
OUTPUT
OVERVOLTAGE
MODULE
PERMANENT EXCITER MAIN
MAGNET STATOR | I STATOR
STATOR
SHAFT
PERMANENT el
EXCITOR DIODES MAIN
MAGNET ROTOR ROTOR Es-1852
ROTOR

FIGURE 3-3. GENERATOR OPERATION DIAGRAMS
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OPTIONAL CIRCUIT BREAKER

Depending on site specifications and applicable code
requirements, an optional circuit breaker may be
-mounted in the generator AC output box.

Description

All supplied breakers are thermal and magnetic trip
type. Depending on customer requirements, the breaker
may also include shunt trip and remote alarm connec-
tions. Review the following functions/requirements and
Figure 3-4.

e Generator setoutputis connected to the load through
the circuit breaker.

¢ When an cverload or short circuit occurs on any one
conductor,a common trip bar will disconnectall three
conductors.

* The thermal trip action of the breaker is accomplished
by bimetal strips. A sustained overcurrent condition
will cause a thermal reaction of the bimetal and trip the
breaker. Response of the bimetal is proportional to
current; high current—fast response, low current—
slow response. This action provides a time delay for
normal inrush current and temporary overload condi-
tions such as motor starting.

* The magnetic trip action of the breaker is caused by
an electromagnet, which partially surrounds the
internal bimetai strips. If a short circuit occurs, the
high currentthrough the electromagnet will attractthe
bimetal armature and trip the breaker. Some breaker
models provide front adjustment of the magnretic trip
action. These adjustments are normally set at the fac-
tory at the high position, but provide for individual
conductor settings to suit customer needs.

¢ The shunt trip mechanism (if equipped) consists of a

solenoid tripping device mcunted in the breaker with
external lead connections for remote signaling. A
momentary signal to the solenoid will cause the
breaker to trip.

This feature is available in AC or DC voltages, and is
normally installed at the factory to meet customer
needs. The shunt trip mechanism is most often con-
nected to a common fault shutdown circuit of the
generator set. This quickiy disconnects the set from
the load on shutdown and avoids a reverse power
condition.

¢ Auxiliary contacts (if equipped) are used for local or

remote annunciation of the breaker status. They usu-
ally have one normally-open and one normally-
closed contact (1 form C contacts) to comply with the
annunciator equipment.

* Thetrip actuator (ifapplicable) is for periodic exercise

of the breaker to clean and maintain its proper opera-
tion. Rotating this actuator mechanically simulates
over-current tripping through actuation of linkages
not cperated by the On/Off handle. See section 5,
Component Tests and Adjustments, for further
information.

e QOperation of the circuit breaker is determined by site-

established procedures. in emergency standby instal-
lations, the breaker is often placed to the On position,
and is intended for safety trip actuation in the event of
a fault condition. If the breaker trips open, investigate
the cause and perform remedial steps per the troubie-
shooting procedures. To close the breaker, the handle
must be placed to the Reset position and then to On.
Refer to section 4 for troubleshooting and safety
procedures.
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FIGURE 3-4. TYPICAL GENERATOR-MOUNTED CIRCUIT BREAKER
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Section 4. Troubleshooting

GENERAL

This section contains troubleshooting information for
engine-generator control systems. Be sure to review the
troubleshooting information as outlined in the unit
Operator’s Manua! before performing the proceduresin
this section. Refer to Component Tests and Adjustments
section for further engine-generator component infor-
mation and appropriate engine service manuals for
additional information specific to the engine.
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