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This manual covers operation, and features of Permanent Magnet Generator (PMG).

This manual is only intended as a training guide and is to be used as a supplement to
classroom material. This is not a service manual and does not contain all available product
information. Do not attempt to service generator sets without consulting the service
manual and following all safety warnings.

Pictures, illustrations, and wiring diagrams in this manual are only representative of the
various models and may differ slightly even within the same model designation series.

This manual is not intended as an installation or troubleshooting guide.

Introduction
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The safety section is intended to provide basic safety practices that should be followed
when working on generators. This section is created to allow for the topic of safety to be
discussed in the classroom and should not be interpreted as rules to apply to all situations.
Always consult your service manual and read all safety precautions before proceeding with
the operation of the generator set.

Housekeeping

1. Keep your work environment clean, this means cleaning up all oil and anti-freeze spills,
oily rags or debris.

2. Have access to safety equipment if necessary such as fire extinguishers, neutralizing
solvents for battery spills, eyewash, and personal protective equipment.

3. Know where the exit is located, and have an uncluttered path to the exit.
4. When working on electrical equipment remove any jewelry.
5. Secure loose clothing before working around rotating equipment.

General Procedures

1. Before working on a generator set, always disconnect the starting battery. Remove the
negative lead first when disconnecting the battery. Reconnect the negative lead last
when connecting the battery.

2. Always make sure all start signals are removed before connecting batteries.
3. Make sure all equipment is electrically grounded before energizing.
4. Lockout equipment which may electrically backfeed generator
5. Know how your test instruments work. Keep your equipment in good working order.
6. Wear insulated safety gloves when working on electrical equipment.
7. Assume all conductors are electrically  �Hot� until status is determined.
8. Wear splashproof safety goggles, rubber gloves and boots when servicing batteries. If

battery acid splashes in eyes or on the skin, immediately flush the affected area with
large quantities of water. Seek medical attention.

9. Do not allow sparks or flames around the fuel system.
10.Never operate the generator if exhaust gas can leak back into an occupied room. 

Carbon monoxide will cause severe nausea, fainting or death.
11.Make sure all guards and safety devices are in place before operating the generator.
12. Wear hearing protection when near an operating generator.
13. USE COMMON SENSE!
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Alternator
PMG Generators were introduced in 1976 and featured a new concept of field
excitation control.  Although component design, location and appearance has changed over the
years, the basic concept remains the same on current PMG Generator sets.

The Microprocessor Controller has also seen many design changes since its introduction
on the PMG Generators.  The original solid state �Mother/Daughter� board has since evolved into a
MicroProcessor based controller.  The manufacturer will continue to offer Generator and Control 
designs using the latest technologies.
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Alternator
The term PMG refers to the generators ability in responding to load changes.  These
generators typically recover from voltage transients in .05 seconds compared to a half-second or
even two full seconds for conventional brushless models.

Conventional brushless generator response time is inherently slow due to a double lag - first, the
exciter generator response when the exciter field is energized, then the typical main generator
response time.

The PMG Generator eliminates the exciter lag time by replacing the wound exciter field
with permanent magnets.  The exciter generator is therefore capable of delivering full excitation
directly to the Main generator field in the time required to trigger the SCR module.

Excitation power on conventional generators is dependent on the main generator output.  If a circuit
connected to the generator is exposed to a short, exciter voltage as well as line voltage drops.  This
reduction of voltage does not provide sufficient current to trip the breaker connected in the fault
circuit therefore affecting all remaining circuits connected to the system.  As the exciter generator
features a permanent magnet field it is not dependent on the main generator output and will support
the main generator field during a short circuit.  The ability to sustain at least 300% of rated current
allows the fault circuit breaker to trip clearing the fault from the system without disruption to the
remaining load circuits.

Response to load change.  The oscilloscope record at left shows the prolonged voltage drop of a
50 kW conventional brushless generator operating at no load upon one step application of full load
at 0.8 power factor.  The record at right shows the recovery time of a 50 kW PMG
generator operating under the same conditions.  The fast recovery (within 2 cycles) aids motor
starting capability and greatly reduces light dimming due to load changes.

Sustained short circuit performance.  A 3-phase symmetrical short circuit of a generator set
operating at full load - a worst case situation - is shown on both oscilloscope screens.  The trace at
left follows a conventional brushless generator operating at rated current with a surge current taper-
ing to less than the rated level upon application of the short.  The trace on the screen at right shows
a PMG generator of the same rating operating under identical conditions, with the current
rising above its rated level, enabling it to trip branch circuit breakers.
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Alternator Designs

Mechanical alternators or generators that produce an AC
output are either of the rotating armature or the rotating
field design and require 3 basic things.

1.   Conductors.
2.   A magnetic Field.
3.   Movement between the two.

1.  The Conductors are copper wires wound in slots of
laminated steel referred to as the armature and provide
the generated output voltage.
2.  The Field is the invisible magnetic force produced
by electromagnetic pole pieces.
3.  Movement between the field and conductors is
necessary to create current flow in the armature
windings and is usually provided by a gas or diesel
engine.

Rotating Armature Generators
The AC generated output power from this type generator
is produced in the rotating component and slip rings and
brushes are required to transfer the current to the
customers stationary load.  The field windings are wound
on laminated steel pole pieces located in the stationary
iron shell.  Size of these generators are usually limited to
20 kW due to the brushes.  These generators are not
reconnectable between single and three phase voltages.

Rotating Field Generators
Alternators used on most standby generator sets today
are of the Rotating field design.  The magnetic poles
rotate past the armature windings.  As the armature
windings are stationary, no brushes are required for
transfer of AC power to the customer load.  The stationary
armature also allows for easy reconnection of the
windings to permit various three phase or single phase
voltages.

These generators usually utilize a small rotating armature
generator to produce the excitation power for the main
generator field windings.  This power is converted from
AC to DC by a diode bridge.  The armature rotates on the
same shaft as the main field and therefore does not
require slip rings and brushes.  As the field windings for
these exciter generators are stationary, the regulated
control circuit can be directly connected, again eliminating
the need for brushes and slip rings.  A SCR Exciter/
Regulator is used to supply a regulated DC supply to the
field.  Input power to the SCR circuit is from the main
armature (stator) output.
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Alternator
Field Excitation

Generators supplying the Standby/Prime power
market are of the salient pole, rotating field type.

The main AC Power producing components,
namely the stator and the Rotor of these
generators have changed very little over the
years.

The excitation circuit, the components supplying
the main field with the required D.C. power, has
however seen many design variations, mainly
since the appearance of solid state components
such as the SCR.

A brief description of the most common types of
excitation systems in use today follows.

Static Excited (Exciter Regulators)

This system rectifies AC power from the output
of the generator and sends a controlled DC
current to the rotating field through brushes/
collector rings.  This exciter can be of a
magnetic amplifier type; however, it is usually an
SCR bridge controlled by a solid state voltage
regulator circuit.  This system is quite fast
operating and can be designed to have excellent
load response and voltage regulation.

Disadvantages of static excited designs are
found in the rotor collector rings and brushes.
These components are subject to routine
maintenance.
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Wound-Field Brushless Excited

This system uses a wound exciter armature,
which rotates on the same shaft as the main
field.  A voltage regulator supplies a regulated
DC to the field of the exciter generator by means
of rectifying a small amount of the AC output
from the main generator.

The system uses a solid state voltage regulator
and is immune from the large power spikes
inherent in the static excited-type machine.  It is
also completely brushless.  It is self-protecting
on short circuit or extreme overload, as the
generator voltage collapses, but leaves loads
without power.

The chief disadvantage of this type system is
that it has the inherent time constant of the
exciter field, which makes it considerably
slower in recovery time compared to the static
excited type.

While this type machine is self-protecting, it will
not selectively trip branch circuit breakers
because of its collapsing voltage characteristic.

Pilot  PM Brushless Excited

A brushless wound exciter generator with a
rotating permanent magnet field pilot generator
is used on generators larger than the 
PMG generator set series.

Excitation for the exciter
generator field is supplied
from the stator output of the
pilot generator. The exciter
armature output is rectified
and supplies the main
generator field with excitation
power. Since the only
connection to the load
windings are for regulator
sensing the regulator is
immune to effects of SCR
load induced harmonics. The
permanent magnet pilot
generator allows the
generator to support short
circuit currents for circuit
breaker tripping.
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PMG

The PMG excitation system uses a
permanent magnet exciter with a rotating SCR
(thyristor)-type bridge referred to as the PMG
Module.  The module controls the DC current fed
to the generator field.

This design uses a voltage regulator, which
signals the rotating SCR bridge through an
optical coupling.

The voltage regulator senses
the output voltage of the
generator and turns a stationary
LED (light emitting diode) on or
off, depending upon the level of
the output voltage.  Voltage
supply to the regulator is from
the generator set battery.

The LED is mounted on the end
of the generator shaft opposite a
photo transistor, which rotates on
the shaft.  The photo transistor
picks up the signal from the LED
and tells the SCR rotating bridge
to turn on or off depending upon
the need, as dictated by the
voltage regulator.

This type generator has a voltage recovery time
several times faster than the conventional
wound field brushless generator, because it
does not have the inductance of the exciter field
to contend with. It combines the fast response
characteristics of the static exciter generator with
the short circuit current sustaining capability and
relative immunity to load induced harmonics of
the pilot exciter design.

The optional Safeguard Breaker protects the
generator in the event of extended non-
protected overloads by disabling the photo-
coupling signal to the SCR module.
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Alternator

The PMG generator sets have a
marketing size code, which pertains to the
stator lamination stack length, to the nearest
inch, and the air gap bore diameter in inches.

A Generator model 4S9 is a 4-pole generator
with a 12� diameter bore and a lamination length
of approx. 9�.

This Generator would be supplied on most
100kW models. (Illustration 4S)

If a single-phase application is specified an
oversized generator (4S13) would be supplied.
Also if improved motor starting is required the
oversized generator could be specified.

The Marketing code appears on Specification
Sheets, Price Lists and the Motor Starting
Guide.

Stator
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Alternator
4UA Alternator
(180 - 300)

The main difference between the 4U and 4UA is
a redesign of the end bracket and rotor.

The end bracket features a grease cavity both
behind and in front of the bearing.  Grease is
applied to both cavities at time of assembly.  A
zerk fitting and drain plug are provided for the
outer cavity.

A perforated aluminum ring attached to the pole
pieces allows for precise and easier rotor bal-
ancing.  The SCR module and a counter balance
plate are also attached to the ring.

The redesign also allows better airflow for
improved Alternator cooling.



21
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PMG generators are of the Broad
Range, 12 lead type.  The winding is basically a
three-phase winding, with each phase wound in
two sections.

The generator is able to function properly over
the range of 110 to 139 volts per section.

These stators can be reconnected to various 50/
60 Hertz voltage configurations including three-
phase Wye, three-phase Delta, and single-
phase.

When the stator windings are connected in a 3
phase Wye or Star connection the line voltage
(L1 -L2-L3) is equal to the vector summation of
the phase to neutral voltage. (L1 -L0, L2-L0, L3-
L0) or 1.73 times the phase to neutral voltage.

120X1.73=208 277Xl.73=480 139Xl.73=240

The phase coils can be connected in either a
series (high) or parallel (low) configuration.
Voltages most often encountered in the high
Wye are; 220/380, 240/416 or 277/480.
Common voltages for the low Wye connection
are 110/190, 120/208 or 139/240.

The most common voltage for the Delta
connection is 120/240 or 110/220.  Half the
phase voltage is available between the series
connected coils and the line. (L1 -L0)

The 12-lead generator can be connected to
supply single-phase power.  This configuration is
referred to as a �dog leg�.  Both 120 and 240-volt
single-phase circuits are available with this
connection.

When operating at single phase, capacity must
be derated due to the heating effects inherent
with this connection.

The generators are not reconnectable to 600
volts.  Six lead wye connected stators are
available for these three phase systems.
Voltage from line to neutral is 347 volts.  Taps
are provided in each phase to provide 120 and
240 volts for metering and regulator
connections.
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Alternator

Generators which are used in a system having a
combination of single-phase and three-phase loads
are susceptible to load unbalance.

Three-phase loads are self-balancing; however,
single-phase loads must be carefully planned and
distributed between the phases to obtain balanced
voltages and prevent overloading one or two phases.

This is a fairly simple thing to do for Wye connected
generators; however, when the three-phase120/240
volt Delta system is used, a compromise must be
made.

In general, loads should be arranged such that the
current rating of the generator is not exceeded on any
phase.

When calculating three phase systems it is often
assumed that the loads to be carried will be evenly
balanced.  This however is seldom true due to the
single-phase loads on the system.

The most glaring example is the 120/240 volt three-
phase Delta system used for combinations of 120 and
240 volt single-phase loads and 240 volt three-phase
loads.

It is relatively simple for the system designer
connecting his load to a utility to select three single-
phase transformers, one of which is made large
enough to handle the single-phase load.

The generator set supplier however has a problem in
that the three-phase windings of a generator are all
equal in size and he has very little control over the
load.

All the single-phase loading is connected across one
of the phases causing an imbalance.  Excessive
unbalance could damage the generator as well as
three-phase motors connected to the load.

Basic points to remember with three-phase Delta
connections are:
- Balance the 120 volt loads.
- Try to keep the single-phase loads too less than
50%
- Keep the line current at any of the three terminals,
particularly terminals L1 and L3, within the current
rating of the generator.

Load Unbalance
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Alternator

The stators are vacuum impregnated with
epoxy varnish - Fungus resistant per Mil-1-
24092.  They will sustain short circuit current
at 300% of rated current up to 10 seconds.

Due to the amount of heat produced, most
generators furnished today use Class F or H
insulation in their construction.

In an ambient of 104° F (40°C), Class F
insulation allows a temperature rise of 266°F
(130°C) for standby and 221°F (105°C)
continuous.

Class H insulation allows a temperature rise of
150°C standby and 125°C for continuous.

PMG generators are manufactured
with Class H insulation but is rated according
to the temperature rise limits of Class F
Insulation.

The Temperature Rise of the windings is
measured by the resistance method.  The
resistance of the windings at the cold
temperature is compared to the resistance
when the generator has reached stabilized
temperature.

If these generators were operated at
maximum ambient temperature and at rated
load continuously, the projected life for the
continuous rating is 20,000 hours.

It is obvious that generator winding standards
are very conservative.  In fact, generators
rarely fail when operated under normal rated
load.

Generator winding failures result from
environmental conditions, a weakness in the
winding, continuous overload or load
unbalance.

Stator Assembly
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The purpose for the insulation is to prevent
shorting between the windings, lamination
slots and any conductive material used in the
generator construction.

If this insulation deteriorates or breaks down a
current path can be created between the
copper windings and the frame structure.

Dirt, grease, chemical fumes, heat, aging and
moisture are some of the contributors to
insulation break down.

As part of many scheduled maintenance
programs, insulation deterioration tests
between the windings and ground are taken
for comparison analysis over the life of the
generator.

These resistance values are very high.
(Millions of ohms) A Meggerr is the common
instrument used for taking this measurement.

Meggers apply a voltage between the
insulated conductor and the material they are
insulated from, usually ground.  They
determine the resistance from the current flow
in or over the insulation.

�Hi-Pots� producing high potentials (1000v +)
should not be used and can add to the
deterioration of the insulation.

Prior to operating the Meggerr read and follow
the instructions provided with the instrument.
Disconnect all loads especially electronic
devices, regulator, diodes, circuit boards etc.
from the generator.

Maintain continuity between all coils per the
particular voltage connection the stator is
connected for. (wye, delta) Isolate the neutral
leads from ground and connect the Meggerr
between the group of neutral leads and
ground.  Record the megohm readings.

If the insulation resistance is below 1.5
megohms the windings must be serviced.
This may require a major repair or merely
removal of moisture by a, drying out, process
where a current is supplied through the
windings for a period of time.

Insulation Testing

ko49268
is a registered trademark of Biddle Instruments. 
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Alternator
Stator Coils

Prior to making any stator checks it is important
that the generator set battery be removed to
prevent accidental start-up.

Customer load must be completely disconnected
from the stator leads.

The resistance value of the stator windings is
very low.  Use of a VOM is not recommended
other than for an indication of continuity.  Some
may lead the novice technician to assume the
windings are shorted.

An instrument such as a Kelvin double bridge
capable of indicating accurate readings in the
milliohm range must be used if a true resistance
value is required.

The �V� low power leads, (V0, V7, V8, V9) are
internally connected to the main stator coils,
therefore their terminal ends must be removed
from the terminal strip to obtain accurate
measurements.  These leads provide sensing
power for the metering and regulator.
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Stator Coils

It is not necessary to separate the coils in a Wye
connected generator to measure coil
resistances.

The total value of the coils connected in series is
the sum of the individual coils.

Resistance readings can be taken; between Line
to Line, Line to Neutral, or between the 6
individual coil groups of a High Wye connected
generator.

In a Low Wye connection the coils in the line to
neutral are connected in parallel.  The total
resistance of the parallel coils is half the value of
one of the individual coils.

In a Delta connection it is necessary to open,
one of the series coil connections prior to
measurement to eliminate the series/parallel
circuit.

NOTE: A considerably higher resistance value
than specified may be indicated when measured
between Line to Line if a loose, corroded or
insufficiently torqued bolted terminal connection
exists.
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The exciter generator is of the permanent
magnet rotating armature type.  The frame
assembly is bolted to the main stator end
bracket and is recessed in the stator frame.

It contains rows of 8 ceramic magnets
cemented to the interior circumference.

Each magnet contains both a north and a
south pole totaling 16 magnetic poles.  The
exciter therefore produces a 240 cycle AC
output @ 1800 RPM.

The use of a PM exciter field allows the
exciter armature to be at maximum excitation
voltage whenever the engine is rotating at
rated speed.

Three sizes of exciter generators are used for
the PMG Generator series. 25-30KW,
40-150KW, 180-300KW.

Magnets may have cracks, provided all pieces
are securely fastened to the frame.  All loose
pieces must be removed.  Total volume of
missing pieces of any one magnet may not
exceed 5% of the magnets original volume.

PM Exciter Field
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Alternator

Three sizes of rotor assemblies match the 4P,
4S and 4U code PMG stators.

The Rotating 4 pole, main field assembly and
exciter armature are pressed onto a common
shaft along with a hub assembly which is
bolted to drive discs for direct connection to
the engine flywheel.

The exciter armature end of the shaft is
supported in the end bracket with a bearing.

The laminations of the main field pole
assembly are assembled with the poles
skewed in relation to the stator slots.  This
improves the generators output wave shape
by reducing harmonics resulting from the flux
produced by the armature winding current.

Amortisseur windings or damper bars are
utilized in the rotor laminations.  These
windings consist of aluminum rods inserted in
holes in the laminated pole pieces.  The
windings or rods are short-circuited by welding
them to the pole end plate.

The purpose of these windings is to reduce
the heating of the rotor by reducing the eddy
currents.  These windings also reduce the
tendency of the alternator to hunt with load
changes or when paralleling with other
alternators.

The field coils are alternately wound on the
pole pieces or connected during assembly to
produce alternate magnetic pole polarity.
 (N- S - N - S)

Wedges help hold the windings from
movement due to centrifugal forces.  The
rotors are vacuum impregnated with epoxy
varnish, baked and dynamically balanced.

The series connected field coils connect to the
F+ and F- output terminals of the SCR
module.  Main field resistance can be
measured at these leads.  Nominal rotor
resistances are 1 to 3 ohms.

To insure proper resistance readings with an
ohmmeter and to prevent damage to the
SCR�s when checking insulation condition with
a Meggerr, first remove the field leads from the
module terminals.

Rotor Assembly
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The exciter armatures are pressed onto the
main shaft and provide the excitation voltage
for the main generator field.

As these exciter armatures use permanent
magnets for their field supply, they perform as
a saturated field generator and supply
continuous maximum output whenever
operating at rated RPM.

These rotating armature generators provide
output power of 1500 to 3500 watts with a
potential of 120 - 150 volts AC.

The armature leads connect to the AC input
terminals on the SCR module.

Resistance values of the armature windings
are between .2 to .7 ohms.

Exciter Armature
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The SCR Module rectifies the AC output of the
Exciter Armature and supplies this DC to the
Generator Field (Rotor).

Three different modules accommodate the
three PMG alternator sizes.

The Module contains (2) SCR�s and (2)
Diodes connected in a bridge configuration.  A
free wheeling diode and varistor are
connected across the output (F+, F-) to
protect the bridge.

Controlled gating or triggering signals for the
SCR�s are received from the Photo-Transistor
board and applied to terminal G. Two current
limiting resistors protect the gating circuit.

All components are encapsulated for
protection against the elements and vibration.

The individual components can be accessed
for bench checking by referring to the
schematic drawing.

When checking components or resistance
values on modules with stud type
terminals, Install and tighten a nut snuggly
against the board foil to Insure a good
mechanical connection to the foil circuit.
The studs are not soldered to the foil.

The F- terminal is connected to ground
through the heatsink and mounting screws.

Weight plates are attached to the opposite
rotor pole piece for counter balance.

Lead terminal screws are torqued to 8-in. lbs.
All leads must be securely tied to the shaft to
prevent movement due to centrifugal forces.

SCR Module
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The photo transistor circuit board is the
receiving portion of the photo coupling
circuit and provides the gating signal to the
SCR module.

The frequency of the output signal is
dependent on the  �on-off�, light signal it
receives from the stationary light emitting
diode.

An insulated board and washers are
sandwiched between the circuit board and
the speed sensing actuator cup.  The
assembly is mounted to the rotor shaft by
two screws.

The circuit board leads are fed through a
drilling in the shaft and the exciter armature
core and attached to the SCR module
terminals.

Polarity of the G (green) and F3 (red) must
be observed.  G to G, F3 to F+.

A flashlight can be used as a light source to
activate the photo-transistor for testing or
troubleshooting.

Do not operate the generator with the
protective cover removed without
guarding from external stray light
sources that could cause a ceiling
output voltage from the generator.

Photo Transistor Board
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Alternator

The LED board provides the light source to
the photo-transistor for triggering of the
SCR�S.  It contains a light emitting diode (D1)
and freewheeling diode (D2) as a protective
component.

The LED is the stationary member of the
photo coupling circuit and is mounted in a
protective cover directly in line with the
receiving photo-transistor.

The LED emits an infrared signal that is
invisible to the eye but has excellent ability to
penetrate any dirt or grime which could
accumulate over a period of time.

Wires 3B and 5B are the output leads from the
voltage regulator and terminate at the P1
connector of the LED board. A square wave
output is emitted from the voltage regulator to
turn �on� or �off� the LED. The amount of �On/Off�
time is dependent on the generator load
requirements and the ability of the voltage
regulator to maintain the desired output voltage.
When the generator is running under light load
conditions the LED will have a longer �off� time.
When the generator is under heavy load
conditions the LED will have a longer �on � time.

LED Board
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The PMG Voltage Regulator illustrated supplies
the controlled power to the Light Emitting Diode
and provides +/- 2% regulation.

The generator set starting battery provides input
power to the regulator.  It will accept both 12 and
24-volt battery systems.

The battery (+) circuit is protected by a 15A fuse
and supplied via a normally open K3 control
relay contact.  The controller relay is energized
during engine crank and run.

An optional generator overload protection circuit
breaker referred to as the Safe Guard Breaker
will disrupt the regulator input power in the event
of a prolonged overload.

Regulated output power to the photo coupling
LED is 1 - 2 vdc at I00 Ma.  Open circuit voltage
is approximately 8 vdc.

The PMG regulator is an average sensing
regulator.  A nominal single-phase voltage
sensing of 190 to 277 volts is monitored at
generator terminals V7 - V8.

The regulator can be used for both 50 and 60 Hz
operation depending on a jumper placement; T1
to T2 for 60 Hz, T1 to T3 or remove for 50 Hz.

The regulator is of the volts per hertz design.
This feature causes the generator voltage to
drop if the frequency falls below a preset level.
(8 volts/hertz average). This allows the engine to
regain RPM when large one step loads are
applied.  Factory cut-in frequency setting is 48
for 50 HZ operation and 58 for 60 Hz operation.
Settings can be field adjusted if required.  The
feature can be eliminated if necessary by turning
the corresponding pot fully clockwise.

A Stability adjustment is provided for �fine
tuning� and to minimize light flicker.

The I000 ohm, 1-Watt voltage-adjusting
potentiometer is remotely mounted in the meter
cabinet.

1% regulation, RMS,  and 3 phase sensing
regulators are optional.

Voltage Regulator
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Alternator
A 3-phase voltage sensing regulator is available
as an option for PMG gensets.

All features and specifications are the same as
the 2% single phase sensing regulators provided
as standard on PMG generator sets.

Three potential transformers are located on the
regulator, which sense the generator phase to
phase voltage at terminals V7, V8, and V9.

The 3-phase sensing will improve the generator
performance in an application of unbalanced
loads.

By monitoring the voltage across all three
phases the regulator will sense the average and
respond with more balanced overall regulation.

Voltage Regulator

ko49268
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The four piece housings provide weather
protection for the generator assembly.  They
also support the controller cabinet, contain
various standard and optional controller and
generator support components and provide
isolation protection for the generator output
connection terminals.

Customer electrical load connections are made
inside the enclosure either to the generator line
leads, or optional circuit breaker or bus bars.
Component location may vary dependent on
model size.
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The Line Circuit Breaker provides an automatic
disconnect if a fault in the circuit supplied by the
generator causes a current demand greater than
the preselected overcurrent value. (Usually the
rating of the generator).  It also allows for
manually isolating the generator from the load.

The breaker mechanism is spring loaded when
the contacts are closed and can therefore be
easily tripped to the open position.  This spring
action also provides for quick making and
breaking of the contacts.  The design allows for
contact tripping even if the toggle handle is held
or blocked in the �ON� position.

When the mechanism has been tripped the
operator handle will be positioned midway
between �ON� and �OFF� providing a visual
indication of a trip caused by a fault.  The handle
must be moved to the �off� position for resetting
before it can again be latched in the �on� position.

Common methods of activating the trip
mechanism are by thermal, magnetic and shunt
devices or combinations of these.

Thermal Trip

The thermal portion consists of a bi-metal strip
that reacts to the heat produced from the load
current.  Excessive current will cause it to bend
sufficiently to trip the mechanism.  The trip delay
is dependent on the duration and excess of
overload current.  Elements are factory
calibrated.

Magnetic Trip

The magnetic trip portion features an
electromagnet in series with the load contacts
and a moveable armature to activate the trip
mechanism.  When a sudden excessive current
such as a short circuit occurs the electromagnet
attracts the armature resulting in an
instantaneous trip.

Magnetic elements with either fixed or adjustable
trip points are available.

Line Circuit Breaker
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Thermal Magnetic

Most breakers utilize both bi-metal and
electromagnetic devices to activate the tripping
mechanism.

A combination of both thermal and magnetic
allows a delayed trip on an overload and an
instantaneous trip on a short circuit.

Shunt Trip

A Shunt trip option provides a 12 or 24vdc
solenoid within the breaker case that when
momentarily energized from a remote location
will activate the trip mechanism.  This allows the
breaker to be tripped by customer selected faults
such as a generator overvoltage or overspeed.
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The PMG excitation circuit is designed to allow the
generator to deliver in excess of 600% of rated
output amperage and sustain a minimum of
300%.  This feature allows for tripping of line
breakers feeding an overload or short without
disruption to remaining branch circuits.

If the line protection does not trip in the allotted
time the Safeguard Breaker will provide
protection for the generator.

As illustrated in the adjoining chart, a fault
causing 400% of rated current to flow will allow 5
to 20 seconds for the branch circuit protection to
open prior to tripping of the Safeguard Breaker.

Current transformers are used for both sensing
and supply to the trip elements of the breakers.

The current transformers supplying the panel
ammeters are connected in series with the
breaker trip elements.  A series of breakers are
used to accommodate the PMG sizes.  Ratings
range from 3.0 to 5.0 amperes.

All three phases of the generator are monitored,
the breaker toggles are tied together to allow
opening of the breaker contacts if current in any
leg exceeds the trip rating.

Opening of the breaker contacts removes the
battery supply from the voltage regulator,
disrupting the photo coupling circuit, causing the
main field to collapse.

It must be realized that a residual voltage will be
present at the main generator load terminals
with the safeguard breaker open.  This is due to
the magnetism remaining in the rotor iron.

The safeguard breaker is not a line breaker.

Breaker contacts are rated at 50 amperes.

Safeguard Breaker
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The circuit breaker used is a viscous damped
magnetic trip breaker with separate contact and
trip circuits.

The current being monitored will draw the
plunger against the core spring to a proportional
position in the core tube.

When current exceeds the trip rating the plunger
will touch the pole piece increasing the magnetic
flux enough to attract the trip armature and open
the contact circuit.

The core tube is filled with a silicon fluid, which
delays the speed of the plunger.

Delay time is selected by the viscosity of the fluid
used.

Safeguard Breaker
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The 6 terminal barrier strip located in the
generator enclosure provides an interconnection
point between the Current Transformer
secondary the Voltage regulator battery supply
and the optional Safeguard breaker terminals.

System battery voltage to the Generator voltage
regulator is provided at terminals 70 (+) and 7N
(-).  This circuit is protected by the 
15 Amp fuse.  Various optional devices
may also be found connected to these terminals:

- Run Relay
- Water Level Switch
- City Water Cooling Solenoid
- Elect.  Governor (Gas Models)

Safeguard Breaker
Terminal Strip

To terminal
strip located in
controller cabinet

!2 or 24 vdc

CT1 CT2 CT3
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Current Transformers allow the use of low
amperage (5A) meter movements and trip
mechanisms when monitoring high AC
amperage flow.

When an AC load carrying conductor is placed
through the core of a CT a proportionate
current will be induced in the secondary
winding surrounding the core.

Transformers are rated by ratio between their
primary and secondary and are matched to
the full scale of the ammeter they are
supplying; a transformer with a 100:5 ratio is
matched to a 0-100 Amp full-scale ammeter.
A current flow of 100 amps through the
primary will produce 5 amps to the meter
movement from the secondary and indicate
100 amps (Full Scale) on the meter

On models featuring the optional Safeguard
Breaker, the CT�s also provide the current for
the trip elements.

Polarity markings for both the primary and
secondary are usually indicated by a colored
dot or Hl for the primary and a white lead or Xl
indication for the secondary.

On Three phase units three CT�s are required
and generator leads must be routed through
the transformer (primary) in the same
direction.  The dot or Hl side is toward the
generator.

The white or Xl secondary leads connect to
the SG breaker trip elements or Cl, C2 and C3
terminals for meter phase selection.  The
remaining terminal or black leads are tied
together and ground.

DANGER : Do not operate the generator set
underload with the transformer secondary
terminals disconnected or open circuited. High
voltage induced into the transformers

Current Transformer (CT)
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The Reactive Droop Compensator Kits contain a
current transformer with a current ratio selected
per the Generator size and a 16 ohm, 100 Watt
rheostat common to all kits.

When generators are connected in parallel,
governors control the engine power so each
generator carries its proportionate share of the
total load.  The generator field excitation or
reactive load however may be less or greater on
one unit than another.  This is because the
individual voltage regulators all sense the same
common bus voltage and cannot detect
excitation voltage or reactive loads assumed by
the other generators.

Imbalance of these reactive loads result in
circulating currents (cross current) between the
generators.

To minimize this effect a compensation circuit is
used to balance the reactive loads by supplying
an error signal to the voltage regulator.

Generator load current is directed through the
transformer primary.  The secondary is
connected across the resistive burden (rheostat)
and a generator phase, which is 90 degrees out
of phase with the primary.  On inductive loads
the CT secondary will induce a voltage across
the resistor which is proportional in magnitude
and in phase with the line current.  This voltage
is vectorially added to the voltage regulator
sensing voltage to produce an error signal
resulting in a droop in output voltage.

The regulator of another generator connected to
the same load will sense the decrease in voltage
and increase its excitation therefore keeping the
bus voltage constant.

On non-inductive loads the transformer primary
and secondary current remain approximately 90
degrees out of phase therefore adding very little
increase to the sensing signal.

Reactive Droop Compensator
(optional)

ko49268
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1.  With the compensator rheostat set at
minimum resistance (CCW), record the RPM
and voltage at 1/4 load steps to full load on unit
#1.  Repeat for unit #2.

2.  Compare the readings and make final
regulator and governor adjustments so that the
voltage is within 1 volt at each load step and the
speed is within 1 Hz for each unit.

3.  Check Droop Compensation on each unit as
follows:

a.  With unit #1 operating at the correct speed
and voltage, apply a lagging power factor load.
This load should preferably be 1/2 to full load
and must be inductive.

b.  Observe the voltmeter on unit #1 with the
rheostat set at minimum.  As the rheostat is
turned CW the voltmeter should show a
decrease in voltage.  If a larger voltage is
obtained when the rheostat is turned CW, shut
down the system and reverse the direction of the
generator load line through current transformer,
or reverse transformer leads.  Recheck droop.

c.  Set the rheostat at a value, which is
approximately 4% of rated voltage at full load.
As an example, the voltage will droop (decrease)
19.2 v on a 480-volt system at full load or 9.6
volts at 1/2 load.  To determine droop at other
than full load, use the following formula:

Rated voltage x .04 x Actual Load* = voltage
Droop

* (Expressed as a % of full load)

With full load 0.8 power factor, a droop of 3-5%
should be adequate for paralleling.

d.  Repeat Steps a, b, c for unit #2 and be
certain the amount of voltage droop is equal at
the same load point as on unit #1.

e.  With this procedure, the two units will share
reactive currents proportionately.

4.  In addition to Steps 1-3, it is desirable to use
the following procedure to check that the units
are sharing the reactive load correctly.

a.  Parallel the units at one-half to full load.
Check the wattmeters to determine that each
unit is carrying equal kW load or a load
proportional to its capacity.  If the loads are
incorrect, adjust and recheck the governor
throttle control to correctly balance loading.

b.  With the load balanced, check the ammeters
to see that equal current is being produced or
the current is proportional according to capacity.
If the currents are incorrect, adjust the droop
rheostat to reduce the current of the unit that has
the highest reading.  The current should be
reduced to an equal division or be proportional.

As a result of performing Steps a and b, the
governors have been adjusted to balance load
and the Droop rheostat has been adjusted to
balance current.  These setting would be
optimum for parallel operation.

NOTE

Voltage must droop on lagging power factor
loads (inductive loads).  A small change in
voltage is acceptable on unity power factor loads
(resistive loads).

Reactive Droop Adjustment
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Auxiliary Relays (K5 & K6)

These relays are located in the generator
enclosure when required.  The relays are
available with either 12 or 24 volt coils to
match the system battery voltage.

A freewheeling diode is installed across coil
terminals 85 and 86 for circuit protection.
Polarity direction must be observed per the
appropriate diagram.

Governor Relay (K5)

The K5 relay is installed on units with
Electronic Governors.  It controls battery +
voltage to the Governor Control.

The relay is energized during cranking and
running by the K3 microprocessor controller
relay.

Air Damper Relay (K6)

Damper valves, which block off intake
combustion air for immediate shutdowns are
used on various engine models.  The damper
or linkage is actuated by a momentarily
energized electric solenoid.

The K6 relay controls the energizing of the
solenoid.

A ground output signal from the controller
logic board due to an Overvoltage,
Overspeed or Emergency Stop will energize
the relay.

Movement of the Solenoid will also activate a
micro switch to signal energizing of the Air
Damper and Emergency Stop lamps on the
controller Indicator Panel.

Once energized the damper will latch closed
and must be manually reset prior to restarting.

The circuit is not energized during normal
operational shutdowns or faults not
considered emergency.

ko49268
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Run Relay (Optional)

The Run Relay provides three sets of dry
contacts for customer connection of devices
required to be energized or deenergized when
the generator set is being operated. Louvers,
Indicator lamps etc.

The three-pole, double throw contacts of the
relay illustrated have an Industrial rating of:
3A. 1/3HP, 600vac
10A. 1/2HP, 120vac
6 2/3A. 1/3HP, 250vac
Appliance rated at 10A. 250vac

Coil voltage is selected to match the Gen. set
battery, (12 or 24vdc) and is supplied during
cranking and running from the 15A controller
fuse. (terminals 70(+) & 7N(-) on the Safeguard
terminal strip).  The diode connected across the
coil provides protection to the control circuit
components and polarity must be observed.

The relay when specified is located in the
generator enclosure.  On early models the relay
was mounted on the voltage regulator cover. (A)

Customer connections are made directly to the
relay terminals.
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The control cabinet houses the generator set
control circuitry and connection terminals.
The vibration isolators are symmetrically
located so the cabinet can be mounted to face
the side or rear.

The rear panel is hinged to allow easy access
to the microcomputer circuit board and
customer connection terminals.

The face of the generator set controller
cabinet is lit during operation and contains the
generator voltage output adjust rheostat, AC
metering system, running time indicator,
engine control switches and gauges plus an
array of system condition indicators.

Meters, gauges and indicator panel are
included in the controller and provided as
standard on Generator Sets.

Controller Cabinet

ko49268
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The Microprocessor Plus controller is available
with an expanded cabinet if an optional
tachometer, wattmeter or oil temperature gauge
is desired.

If the application is not as stringent as the Level
1 requirements, a Level 2 Microprocessor
controller is offered in both standard and
expanded cabinets.  This controller provides all
the features of the Level 1 but has only 7 status
indicators.

The AUXILIARY lamp will flash if no generated
AC or low battery voltage is sensed.

The AUXILIARY lamp will light on Emergency
Stop, Overvoltage Shutdown, Low Water
Temperature, or Auxiliary custom supplied devices.

Optional Controllers are available for manual
operation.

ko49268
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A 3½� dual scale voltmeter is used as
standard for 12 lead generator models.

Upper scale is 0-600 the lower scale is 0-300.
Lamps on the meter selector switch plate will
indicate which scale is to be read and is set at
time of generator voltage connection.

The meters are calibrated to read full scale
(FS) with 300 volts applied to the terminals
and are rated at 2% FS.

Voltmeter (600V Models)

A 0-900 scale voltmeter is supplied on the
600-volt non-reconnectable models.  These
meters also have a 300-volt full-scale
movement and sense the V7-V8-V9 stator
taps.  A 10W, 10K variable resistor is
connected in series with a meter terminal and
is used for calibration during final plant test.

Frequency Meter

The standard frequency meter used for both
50 and 60 Hertz models as well as 600V
models is a 3 1/2, with a scale of 45 to 65 Hz.
and a 120-vac .5% movement.  The meter is
connected to monitor stator leads V7 - V0.

Ammeter

The ammeters are all dual scale meters and
selected so one meter will cover all the
standard voltage connections in a specific kW
model range, except 600v.
All ammeters have a 5 amp. full scale
movement and are used in conjunction with
current transformers.

Voltmeter
Meters
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Wattmeter (Optional)

Wattmeters are optional and require an
oversized controller to house the transducer and
wattmeter.

Both the AC voltage and current are monitored
and supplied to the transducer, which converts
the AC power to a proportional DC output.

Illustrated is a typical 2 ½ element transducer
wiring scheme.

Input power is 120vac / 1 amp.  Potential
transformers are used on Delta and Hi Wye
connections to provide the 120v.

Current transformers provide the current
sensing.  Polarity and safety precautions
must be observed.  Separate transformers are
used from the standard meter CT�s.

Output to the Wattmeter movement is 0 - 1 Ma
direct current.

If a field voltage reconnection change is made
on a generator with a wattmeter kit, a transducer
or transformer change is required.

Transducers are selected to match the
Generator kW rating.

Meters
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The Meter Selector Switch allows monitoring of the
generator voltage and load amperage as indicated
on the Nameplate.

Two meter selector switches and nameplates
accommodate all PMG models.

The switch terminal numbers and wiring are the
same for both switches, however the internal
switching sequencing differs.

One switch and nameplate, (A) is used on all
PMG generators up to 100 kW (Except 600v
models) This is to accommodate the
Single-phase models available in this
range.

The other switch, (B) is used on all
models above 100 kW as well as all 600
volt models.

Twelve contacts are enclosed in the
typical rotary switch illustrated.  Six
contacts for the ammeter and six for the
voltmeter.

Terminals 1 to 12 are �make before
break� contacts and used to switch the
secondary of the CT�s to the ammeter.
They short the secondary during
switching between phases preventing the
hazardous condition of an open CT secondary.

Contact terminals 13 to 24 control Line to Line and
Line to Neutral sensing to the voltmeter.

Meter Selector Switch
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Meter Scale Indicators

Two 1/3-watt neon lamps located in the switch
nameplate are connected to a terminal block and
indicate which scale is to be read.  Placement of
a jumper provides 120 vac and determines the
lighting of either the upper or lower indicator
lamp.  The lower scale is used on all voltage
connections except 277/480 (220/380), and
600v.

Meter Terminals and Fuses

Stator coil leads 7, 8 and 9 (V7, V8, V9) are
monitored and protected by 250v 1.5 amp
terminal block fuses.  Lead 10 is the neutral and
designated as V0.  Terminals C1, C2, and C3
are the X1 secondary of the CT�s, terminal C0 is
the secondary common and is grounded.
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Emergency Stop Switch (local)

Depressing the oversized red stop switch as
does placing the RUN - OFF/RESET - AUTO
switch in the OFF position provides an
immediate engine shutdown.  It will override the
5 minute delayed shutdown which occurs when
the unit is being controlled remotely and should
only be used as an emergency stop switch.

This switch is standard on all Detroit Diesel
powered units and optional on all other models.

This three-piece switch consists of a latching
plunger assembly, the mounting housing and the
contact assembly.

Pressing the plunger button opens the normally
closed set of contacts.  The latching feature
holds them in the open position until the button is
manually rotated 1/4 turn clockwise which resets
the assembly to its normal position.

The two mounting screws are accessed by first
removing the contact assembly.

The switch contacts are wired to terminals 1 and
1A of the main control board terminal strip.  A
jumper must be placed between these terminals
if a switch is not installed.
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Voltage Adjust

The 1000 ohm, 1 Watt potentiometer allows
customer adjustment to the generator output
voltage a minimum of +/- 10% of the nominal
generator voltage range.

The potentiometer is wired to the voltage
regulator via an inline 2-pin connector.

Hourmeter

The hourmeter is used to record the total
operating time of the generator set.  It is
energized with the engine gauges and panel
illumination lamps from the F3, 15-amp fuse
through the K3 control relay.

The typical style meter illustrated will accept
DC voltages from 8-32 volts.  Polarity to its
terminals must be observed.

Panel Lamps

Two # 1815, (14v/2.8w) or two #313, (28v/
4.8w) miniature bayonet lamps illuminate the
standard front panel.  Three lamps are used in
the expanded box panel.

These lamps are energized whenever the
generator set is operating and are powered by
the set battery. (12 or 24vdc).

The circuit is protected by the F3 fuse.
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Control/Status Indicator Panel

Generator set operational mode selector
switch, audible alarm and 16 visual indicators
of system condition are contained on the
Indicator panel.

Programmed decisions of starting and
stopping as well as monitoring the system
conditions and channeling the appropriate
actions is performed by the 
Microprocessor control board.

The Indicator panel is powered by a 12vdc
regulated supply from the Processor circuit
board.  Interconnection between the two
circuit boards is by a ribbon connector

- RUN-OFF/RESET-AUTO SW.  Selects the
mode of Engine operation.

- RUN - Start and run the generator set locally
- OFF/RESET - Stop the generator set locally,
and reset the system after a fault shutdown.

- AUTO - Allows Start/Stop commands from a
remote location.

- LAMP TEST SW.  Provides a ground to all
16 LED indicator input circuits.  All indicators
should light.

- ALARM HORN.  Provides an audible signal
indicating a fault is or was on the system or
the main control switch is not in the Auto,
position.

- ALARM SILENCE SW.  Allows the Horn to
be silenced when the Engine control switch is
in the �Auto� position.  Horn can not be
silenced in the Run or Off/Reset, positions
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Control/Status Indicator Panel
Circuit Board

*  Light illuminates when cooresponding terminal is grounded
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Controls/Status Indicators

A total of 16 LED indicators are provided, 1
Green (System Ready) 3 Amber (Prealarm) and
12 Red.  Not all 16 input senders are standard or
factory wired.

PMG Standard Features

- SYSTEM READY - SW. NOT IN AUTO
- HIGH ENG. TEMP - LOW OIL PRESS
-OVERCRANK -OVERSPEED
- LOW COOLANT LEVEL (AUX)

  - EMERGENCY STOP (DDC only)

SYSTEM READY - Indicator lights when the
Start/Selector switch is in the AUTO position and
the system senses no faults.  The set is ready to
start on a remote command.

GENERATOR SWITCH NOT IN AUTO -  Lamp
lights and alarm sounds when Start/Selector
switch is in RUN or OFF/RESET position
indicating the set cannot be operated
automatically from a remote location.

HIGH ENGINE TEMP
LOW OIL PRESS - Switches are factory
installed and will close when coolant
temperature reaches approximately 225° F
(107° C) and Oil Pressure drops to
approximately 5.5 - 10.5 psi (38-72kPa).  After 5
seconds from switch closure the corresponding
Indicator will light, the horn will sound, and
engine shutdown will occur.

PREALARM HIGH ENG.  TEMP
PREALARM LOW OIL PRESS. - Optional
switches are required to be installed in the
engine block which will activate the indicators
and horn at temperatures slightly below and
pressures slightly above the standard cutout
switch ratings.  No engine shutdown will occur.
Wiring is standard and located in the harness.
Dual temperature switches may be installed.
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LOW FUEL - Requires customer wiring and
tank mounted switch to close at desired fuel
level.  Will activate indicator and horn.

EMERGENCY STOP - Requires switch in
control panel or optional N.C. remote
switches.  Contact opening provides Lamp
indication, Horn alarm and an immediate
engine shutdown.

BATTERY CHARGER FAULT - Relay in
charger required to provide contact closure on
charger malfunction.  Ground Signal will light
indicator if charger malfunctions. (optional)

LOW BATTERY VOLTAGE - Indicator will
light if battery voltage drops below a preset
level.  Requires ground signal from battery
charger relay contact closure. (optional)

OVERCRANK - Cranking stops and Indicator
will light if engine does not start after 45
seconds of continuous cranking, 75 seconds
of cyclic cranking or 15 seconds of locked
rotor.
- OVERCRANK LAMP WILL FLASH IF: Speed
sensor signal to microprocessor is absent
longer than one second.

OVERSPEED  - Indicator will light, horn will
sound and engine will shut down if governed
frequency exceeds 70 Hz.  The signal is
provided to the microprocessor by the Speed
Sensor pickup.

AIR DAMPER  - Lamp lights after emergency
stop, overspeed or overvoltage fault.  Indicator
signifies the engine air damper is closed.
Lamp remains Iit until air damper is manually
reset. (activated by closure of microswitch
contacts, lead T56 to ground.)

AUXIUARY PREALARM - Flashing Amber
indicator.  Activated by customer provided
sensing devices.  Pre-low fuel, Generator
overload etc. (lead T27 to ground will
activate.)

AUXIUARY FAULT - This lamp provides
numerous indications:

- LAMP WILL LIGHT, HORN WILL SOUND AND
ENGINE WILL SHUT DOWN IF:
- Overvoltage condition occurs.
Activated by optional Overvoltage circuit board
(lead 30). on microprocessor-plus controllers

- LAMP WILL LIGHT, HORN WILL SOUND AND
ENGINE WILL SHUT DOWN 5 SECONDS
AFTER:
- Low Coolant level (standard).
- High oil temperature (optional).
Feature is inhibited during first 30 seconds after
startup.

- LAMP WILL LIGHT AND HORN WILL SOUND
IF:
- Optional Emergency Stop switch is reset with
the Engine Start selector switch In the AUTO or
RUN position.

- LAMP WILL FLASH AND HORN WILL SOUND
IF:
- No AC output is available (after 10 seconds of
start-up).
- Battery is connected with the Engine Start
selector switch In the RUN or AUTO position. -
Low battery voltage or hardware reset of the
Microprocessor occurs.

Control/Status Indicators
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Coolant Level Detector (LWL)

The liquid sensor is located in the upper
radiator tank and detects the presence and
absence of liquid at the probe tip.

The device will provide a (-) signal via lead 31
to the microprocessor board to initiate an
engine shutdown, sound the alarm and light
the AUXIUARY lamp.  The shutdown is
delayed for 5 seconds and the circuit is
inhibited for 30 seconds on engine start-up.

Type A (Microprocessor)

Both 12 and 24v senders are available.  The
voltage rating is stamped in the hex housing
and must match the system voltage.
A bias voltage must be available for the 3-wire
device to operate.

During operation with liquid present at the
probe an open circuit exists between the Blue
(output) and Black (ground) leads.

When liquid is absent from the probe the
output terminal will go to ground potential.

Type B (Microprocessor-Plus)

The sensor used for both 12 & 24 volt systems with
Microprocessor-Plus controls is a 2 wire 12v device.

Voltage at the sensor terminals during normal
operating conditions when emersed in coolant
is 12.5 vdc.

The resistance value of the device will
decrease when coolant is removed from the
probe.  The decrease in resistance will cause
the voltage to drop to approximately 7 volts
initiating an engine shutdown.
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Speed Sensor  (Proximity Sensor)

The Speed Sensor provides the Microcomputer
circuit board with digital information on the
rotating status of the generator set.

The device when energized will provide an
output signal when a ferrous metal comes in
proximity to its sensing surface.

Input voltage to the sensor is approximately
9.5vdc. During engine cranking and running an
average of approximately 7vdc will appear at the
output.

The Sensor is located on the end bracket and
mounted so an air gap of .0201 is between the
sensor and actuator.  Two signals are provided
per revolution of the rotor shaft.

The microcomputer will monitor and respond to
the sensors output signals.

- The signal pattern produced at an engine
speed of 750 RPM (25Hz) will be interpreted as
engine run speed and the cranking cycle will be
terminated.

- If the engine run signal provided at 750RPM is
not available after a cyclic engine crank totaling
75 seconds or after 45 seconds of continuous
cranking, the start attempt will be aborted and
the Overcrank indicator will light.

- If no signal is received after 5 seconds of
cranking the controller will assume the engine is
not rotating and a locked rotor condition exists.
After a 5 second rest another 5 second start
attempt will be made.  If no signal is received
within this 15 second interval the cranking cycle
will terminate and the Overcrank indicator will
light.

- The signal produced at 2100 RPM (70Hz) and
above will initiate an Overspeed shutdown.

- If during operation a signal is absent for longer
than 1 second and AC generated voltage is
available the generator set will continue to run,
however the Overcrank indicator will flash
indicating a fault has occurred in the sensor
circuit and service is required prior to the next
start-up.
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Speed Sensor (Proximity Sensor)

The sensor requires a shielded interconnection
cable to the microprocessor circuit board.  The
shield (S2) is grounded through terminal 6 of the
P1 connector.

The device can be bench checked by applying
12VDC to the input and observing a DC output
when the circuit is triggered by placing a flat
piece of iron or steel at the sensing surface.
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Microprocessor Circuit Board

The main control circuit board is designed
around a self contained, single-chip digital
microcomputer that has memory, logic, data
bus, control bus and I/O ports in one 40-pin
integrated circuit.

The control algorithm is provided in ROM
(Read-Only-Memory), which maintains data
storage without a power supply ensuring that
programmed information is never lost.

Hardware and software filters protect the
board from electrical noises common to
generator set applications.

Operating range is from - 40 to 185° F.

The G-292806 Board illustrated will control
both 12 and 24 volt engine starting systems.

Input and output signals are provided at the
three P connectors (P1, P2, P3) and TB 1
terminal strip.

The P3 connector provides the interconnection
for the 20 conductor ribbon harness and the
Control/Status Indicator panel.

The TB1 barrier strip allows interconnection of

options such as: remote operation,
annunciators, emergency stop switches, and
dry contact kits.

The PI and P2 connectors provide input and
output connections between the engine,
generator and controller.

Three sealed relays K2, K3, and K4 provide
the engine starting, running and stopping
control.  LED�s are connected across the relay
coils to indicate voltage has been directed to
energize the relay.

The K2 relay controls the battery supply to the
starter solenoid on an engine crank command.
The F3 fuse protects the output circuit.

The K3 relay provides battery voltage to the
engine run circuit, (Fuel pump/solenoid,
Ignition etc.) the meter cabinet components
and voltage regulator.  The F3 Fuse also
protects the contact circuit.

The K4 relay supplies the control logic circuits
with a 12vdc regulated supply. It also
functions as the emergency stop relay.
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The 24 terminal barrier strip is provided on the
Main Control board for connecting of optional
features.

It is recommended that stranded wire or the
optional connection kit be used if multiple
connections are made to the terminal strip.
Lowering and raising the rear-hinged panel
when solid conductors are used imposes
stress on the circuit board.

(3 - 4) REMOTE START / STOP

When the status panel operational selector
switch is placed in the AUTO position the
generator set can be remotely started and
stopped by a switch or a dry set of contacts
connected across terminals 3 - 4.
Do not apply an external voltage.

Open circuit voltage across 3(-) and 4(+) is
12vdc.  The circuit draws approximately 42 ma
when completed.

Two 14 ga. conductors are recommended up
to runs of 2000 ft.  The conductors should be
run in a conduit separate from the conduits
used for generator load cables or battery
charging cables to prevent radiated or induced
signals to the circuit board.

When the circuit is opened after operating
from a remote start the generator set will
continue to run for an additional 5 minutes to
allow for an Engine Cooldown.

(1 - 1A) EMERGENCY STOP

A circuit must be completed between 1 and 1
A for the generator set to operate.

A panel mounted EMERGENCY STOP switch,
or optional Break Glass switch provides a
maintained set of normally closed contacts.  If
this circuit is opened during operation an
immediate shut down will occur.

A restart can not be made until both the
emergency stop switch and Main operational
control switches are RESET.

If an emergency stop switch is not installed a
jumper is required across the terminals.

(9 - 2) CRANK MODE

Cyclic engine cranking of 15 sec. crank with
15 sec. rest for a total of 75 seconds is
standard.  Placing a jumper between terminals
9 and 2 can eliminate the cyclic feature. This
will allow a continuous engine crank of 45
seconds on a start attempt prior to an
overcrank termination.

(42 - 2) VOLTAGE SUPPLY

Terminals 42A (+) and 2 (-) provide a 3 amp
fused (Fl) systems battery voltage supply for
accessories or optional devices. (12 or 24vdc)
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The following terminals are output only and allow
for connection of optional remote indicators or
inputs to dry contact kits.  The terminals provide
a ground (-) output when the fault is activated
and limited to 100 milliampere loads.

(48) EMERGENCY STOP - E.S.

(56) AIR DAMPER - A.D.

(26)  AUXILIARY -AUX.

(12) OVERCRANK - O.C.

(39) OVERSPEED - O.S.

(38) LOW OIL PRESSURE - L.O.P

(36) HIGH ENG.  TEMP - H.E.T

(60) SYSTEM READY - S.R.

(80) SW.  NOT IN AUTO- N.I.A.

(40) PRE-HIGH ENG.  TEMP - PH.E.T

(41) PRE-LOW OIL PRESSURE - PL.O.P

(35) LOW WATER TEMP - L.W.T

(32) COMMON FAULT - C.F.

The Common Fault terminal 32 will be at ground
(-) potential when any of the 10 following faults
occur:

- HIGH ENG.TEMP - PRE-HIGH ENG.
TEMP

- LOW OIL PRESS. - PRE-LOW OIL PRESS.
- LOW WATER TEMR - OVERCRANK
- OVERSPEED - AUXILIARY
- LOW FUEL - AIR DAMPER.

It is used as the input signal for the optional
Audio-Visual Alarm.

The Common Fault Relay Kit can be used if a
customer desires less or custom combinations of
any of the above.

TB1 Terminal Strip
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Terminals 61, 62 and 63 can be used as
terminating points for both input and output
signals of optional Battery Charger Fault (61),
Low Battery Charger Voltage (62) and Low
Fuel Level (63).

A negative (-) signal will energize the Status
Panel indicator as well as optional remote
annunciator indicators connected to the
terminal. Terminal 42A is positive, terminal 2 is
negative (-).

(61) BATTERY CHARGER FAULT

Terminal 61 can be connected to a relay
contact located in the charger, which is
activated when a fault occurs with the battery
charger. (No AC input or DC output) Closure
of the contact will energize the Battery
Charger Fault indicator(s).

(62) LOW BATTERY VOLTAGE

Terminal 62 can be connected to a relay
contact located in the battery charger, which is
activated when the battery voltage drops
below a preset level for longer than 2
seconds.  The relay will reset removing the
signal if the voltage rises to a preset level
above the alarm trip point.  The Low Battery
Voltage indicator(s) will light on contact
closure.

(63) LOW FUEL LEVEL

Terminal 63 allows for connection of a fuel
level switch and indicator.  Contacts of the
switch provide a (-) signal to light the
indicator(s) and sound the alarm(s) when the
fuel level drops below a preset level.

TB1 Terminal Strip
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The majority of engine/generator condition
inputs and engine control outputs are provided
from the harness connector Pl.

The P2 plug connector provides AC input for
voltage sensing and optional overvoltage
shutdown signal as well as DC output to the
instrument panel engine gauges and
illumination lamps.

The signal for the AIR DAMPER, indicator on
the Status Panel is also supplied from the P2
connector.

The P3 20 terminal plug provides
interconnection to the Status Panel switches
and indicators via a ribbon harness.  Fault
signals to the P3 are common to the TB1
terminals.

Connectors: P1, P2, P3  Microprocessor
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The three fuses are located in holders soldered
to the microprocessor circuit board and protect
the wiring and circuit foil from damage in the
event of excessive fault currents.

The Fl fuse provides overcurrent protection from
accessories or options powered from terminal
42A on the TB1 terminal strip.  The 3 Amp fuse
is rated at 250 volts.

The F2 fuse protects the circuits powering the
main logic and relay coils on the microcomputer
board as well as the Status/Indicator panel.
It is also a 3 Amp, 250-volt fuse.

The F3 fuse provides circuit protection if faults
occur on engine electrical components powered
through the K2 and K3 relay contacts.  The
ceramic fuse is rated at 15 amps/ 250v.

Relays; K2 - K3 - K4 (LED�s 2,3,4)

The (3) 12vdc sealed relays soldered to the
circuit board provide controlled output power to
the generator sets DC electrical components:
Start solenoid, Fuel valves, Governor control,
Fuel pump, Ignition, Voltage regulator,
Solenoids, Slave relays etc. Red LED�s are
connected across the relay coils to indicate
when voltage is applied to the coils.

The K2 relay provides the cranking control to the
engine starter crank solenoid (K1). When an
engine start command is initiated the logic circuit
will cyclically energize the relay coil, 15 seconds
on and 15 seconds off for a total time of 75
seconds. This cyclic mode can be changed to 75
seconds of continuous energizing by placing a
jumper between terminals 2 and 9 of the TB1
terminal strip.

The K3 relay provides battery voltage supply (12
or 24 vdc) to the engine, generator and
controller components required for normal run
operation.  It remains energized during a start/
run command and is deenergized 5 minutes
after a remote stop command or immediately on
an emergency stop signal.

A normally open set of K4 contacts are in series
with both the K2 and K3 relay coils.  The K4

relay (emergency stop), must be energized
before an engine crank and run can occur.  If the
circuit to the K4 coil is disrupted both the K2 and
K3 relays will be deenergized.  The emergency
stop switch when used is connected in series
with the K4 relay coil.  (TB1 terminals 1 - 1A)

Fuse; F1 - F2 - F3

ko49268
(Microprocessor)

ko49268
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The �Plus� Controller utilizes the 336415 circuit
board. It was introduced in 1995 and is the
standard microprocessor circuit board on PMG
generators with serial numbers above 363369.

The main control circuit board is an enhanced
version of the Microprocessor board design.

The board will control both 12 and 24 volt engine
starting systems.  It features adjustable
generator Overvoltage shutdown protection and
a Prime Power Mode.

The Prime power feature allows disabling the
LED indicators and alarm horn when in the
�OFF� mode to reduce battery drain.

Input and output signals are provided at the
three P connectors (P1, P2, P3) and TB1 and
TB2 terminal strips.

The P3 connector provides the interconnection
for the ribbon harness and the Control/Status
Indicator panel.

The TBI and TB2 barrier strips allow
interconnection of options such as, remote
operation, annunciators, emergency stop
switches and dry contact kits.

The P1 and P2 connectors provide input and
output connections between the engine,
generator and controller.

Three sealed relays K2, K3, and K4 provide the
engine starting, running and stopping control.
LED�s are connected across the relay coils to
indicate voltage has been directed to energize
the relay.

The K2 relay controls the battery supply to the
starter solenoid on an engine crank command.
The F3 fuse protects the K2 output circuit.

The K3 relay provides battery voltage to the
engine run circuit, (Fuel pump/solenoid, Ignition
etc.) the meter cabinet components and voltage
regulator.  The F3 Fuse protects the K3 output
circuit.

The K4 relay supplies the control logic circuits
with a 12vdc regulated supply.  It also functions
as the emergency stop relay.

 Microprocessor-Plus Controller
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The 23 terminal barrier strip is provided on the
Main Control board for connecting of optional
features.

It is recommended that stranded wire or the
optional connection kit be used if multiple
connections are made to the terminal strip.
Lowering and raising the rear hinged panel when
solid conductors are used imposes stress on the
circuit board.

(1 - 1A) EMERGENCY STOP

A circuit must be completed between 1 and 1 A
for the generator set to operate.

A panel mounted EMERGENCY STOP, switch,
or optional Break Glass switch provides a
maintained set of normally closed contacts.  If
this circuit is opened during operation an
immediate shut down will occur.

A restart can not be made until both the
emergency stop switch and Main operational
control switches are reset.

If an emergency stop switch is not installed a
jumper is required across the terminals.

(42 - 2) VOLTAGE SUPPLY

Terminals 42A (+) and 2 (-) provide a 3 amp
fused (Fl) systems battery voltage supply for
accessories or optional devices. (12 or 24vdc)

(70C) ENGINE COOLDOWN

Signal is provided for remote annunciation
indicating that engine is running in the cooldown
mode prior to a normal shutdown.

(70R) ENGINE RUN

Signal is provided for remote annunciation
indicating the generator set is operating in a
normal run condition.

(61) BATTERY CHARGER  FAULT

(62) LOW BATTERY VOLTAGE

(63) LOW FUEL LEVEL

A negative battery (-) signal placed on the
terminal will light the corresponding indicator on
the remote annunciator panel.

Signals are provided by battery charger fault
relays or a fuel level switch.

ko49268

ko49268
MICROPROCESSOR-PLUS
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The following terminals are output only and allow
for connection to optional remote indicators or
inputs to dry contact kits.  The terminals provide
a ground (-) output when the fault is activated
and limited to 100 milliamper loads.

(56) AIR DAMPER - A.D.

(48) EMERGENCY STOP - E.S.

(32A) COMMOM FAULT - LINE 2*

(26 AUXILIARY - AUX.

(12) OVERCRANK - O.C.

(39) OVERSPEED - O.S.

(38) LOW OIL PRESSURE - L.O.P

(36) HIGH ENG.  TEMP - H.E.T

(60) SYSTEM READY - S.R.

(80) SW NOT IN AUTO - N.I.A.

(41) PRE-LOW OIL PRESSURE - P.L.O.P

(32) COMMON FAULT -LINE 1 *

(40) PRE-HIGH ENG.  TEMP - PH.E.T

(35) LOW WATER TEMP - L.W.T.

* COMMON FAULT is used as an input signal for
optional Audio-Visual Alarms. Two choices of
Fault combinations are offered:

(32) - Terminal will be at ground (-) potential
when any of the 10 following faults occur:

- HIGH ENG.TEMP - PRE-HIGH ENG. TEMP
- LOW OIL PRESS. - PRE-LOW OIL PRESS.
- LOW WATER TEMR  -OVERCRANK
- OVERSPEED -AUXIUARY
- LOW FUEL -AIR DAMPER.

(32A) - Terminal will be at ground (-) potential
when any of the following 5 faults occur.

- AUXILIARY - HIGH ENG.TEMP
- LOW OIL PRESS. -OVERSPEED
- EMERGENCY STOP

The Common Fault Relay Kit can be used if a
customer desires less or custom combinations of
any of the above.

TB1 Terminal Strip Microprocessor Plus
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Barrier strip TB2 contains the engine starting
control terminals.

(3 - 4) Remote START/STOP

When the status panel operational selector
switch is placed in the AUTO position the
generator set can be remotely started and
stopped by a switch or dry set of contacts
connected across terminals 3 - 4.
Do not apply an external voltage.

Open circuit voltage across 3(-) and 4(+) is
12vdc.  The circuit draws approximately 42
milliamperes when completed.

Two 14 ga. conductors are recommended up to
runs of 2000 ft.  The conductors should be run in
a conduit separate from the conduits used for
generator load cables or battery charging cables
to prevent radiated or induced signals to the
circuit board.

When the circuit is opened after operating from a
remote start the generator set will continue to
run for and additional 5 minutes to allow for an
Engine Cooldown.

(9 - 9A) Crank Mode

Cyclic engine cranking of 15 sec. crank with 15
sec. rest for a total of 75 seconds is standard.
The cyclic feature can be eliminated by placing a
jumper between terminals 9 and 9A.  This will
allow a continuous engine crank of 45 seconds
on a start attempt prior to an overcrank
termination.

Prime Power Feature

This feature is provided for applications which do
not require a remote automatic start and when
battery drain must be kept to a minimum when in
the off mode.

Jumpers must be placed between terminals
1P - 2P, 3P - 4P and 3 - 4 to activate this
feature.  Alarm horn, LED indicators and remote
start capabilities will be disabled.
An Engine start can only be activated manually
from the local status panel by moving the switch
from the OFF/RESET to the AUTO position.
This will also rearm the alarm and indicator

TB2 Terminal Strip Microprocessor Plus
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The majority of engine/generator condition
inputs and engine control outputs are provided
from the harness connector P1.

The P2 plug connector provides AC input for
voltage sensing and optional overvoltage
shutdown signal as well as DC output to the
instrument panel engine gauges and illumination
lamps.

The signal for the AIR DAMPER indicator on the
Status Panel is also supplied from the P2
connector.

The P3 20 terminal plug provides
interconnection to the Status Panel switches and
indicators via a ribbon harness. Fault signals to
the P3 are common to the TBI terminals.

P1, P2 P3 Connectors
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The three fuses are located in holders soldered
to the microprocessor circuit board and protect
the wiring and circuit foil from damage in the
event of excessive fault currents.

The Fl fuse provides overcurrent protection from
accessories or options powered from terminal
42A on the TB1 terminal strip.  The 3 Amp fuse
is rated at 250 volts.

The F2 fuse protects the circuits powering the
main logic and relay coils on the microcomputer
board as well as the Status/Indicator panel.
It is also a 3 Amp, 250-volt fuse.

The F3 fuse provides circuit protection if faults
occur on engine electrical components powered
through the K2 and K3 relay contacts.  The
ceramic fuse is rated at 15 amps/ 250v.

Relays; K2 - K3 - K4 (LED�s 1,2,3)

The (3) 12vdc sealed relays soldered to the
circuit board provide controlled output power to
the generator sets DC electrical components:
Start solenoid, Fuel valves, Governor control,
Fuel pump, Ignition, Voltage regulator,
Solenoids, Slave relays etc.  Red LED�s are
connected across the relay coils to indicate
when voltage is applied to the coils.

The K2 relay provides the cranking control to the
engine starter crank solenoid (K1).  When an
engine start command is initiated the logic circuit
will cyclically energize the relay coil, 15 seconds
on and 15 seconds off for a total time of 75
seconds.  This cyclic mode can be changed to
75 seconds of continuous energizing by placing
a jumper between terminals 9 and 9A of the TB2
terminal strip.

The K3 relay provides battery voltage supply
 (1 2 or 24vdc) to the engine, generator and
controller components required for normal �run�
operation.  It remains energized during a start/
run command and is deenergized 5 minutes
after a remote stop command or immediately on
an emergency stop signal.

A normally open set of K4 contacts are in series
with both the K2 and K3 relay coils.  The K4
relay (emergency stop), must be energized
before an engine crank and run can occur.  If the
circuit to the K4 coil is disrupted both the K2 and
K3 relays will be deenergized.  The emergency
stop switch when used is connected in series
with the K4 relay coil. (TB1 terminals 1 - 1 A)

Fuses; F1, F2, F3  Microprocessor-Plus
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An overvoltage protection circuit is provided on
the �Plus�  circuit board.  The feature is factory
adjusted to shut down the generator set if the
output voltage exceeds 115% of the nominal
voltage setting for longer than 2 seconds*.

A potentiometer (R41) and Light Emitting Diode
(LED4) are provided on the board for field
adjustment. The LED will indicate when the
overvoltage occurs.  Clockwise rotation of R41
will increase the voltage trip point.

A shutdown due to an overvoltage condition will
cause the Auxiliary indicator on the local and
remote status annunciator panels to light.

NOTE *
Equipment sensitive to Voltage specifications
above this rating requires additional field
installed protective devices.

Microprocessor-Plus
Overvoltage Shutdown
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The seven lamp controller is offered for level 2
applications not as stringent as installations
requiring the NFPA-110 level I (16) lamp
controller.

This controller incorporates all the components
of the standard Microprocessor-Plus but provides 
only 7 indiicator lamps on the status panel.  These
include:

OVERCRANK
LOW OIL PRESSURE
OVERSPEED
HIGH ENG.  TEMP
LOW WATER TEMR
AUXIUARY *
AIR DAMPER

*
The Auxillary lamp will flash if no generated AC
or low battery voltage is sensed.

The Auxillary lamp will light on Emergency
Stop, Overvoltage Shutdown, Low Water
Level, or Auxiliary customer supplied devices.

Microprocessor-Plus Controller (7 lamp)



Controller

89

This Manual Controller provides a simple
relay control with full generator metering
and engine condition gauges as well as
Overspeed, Low oil pressure, High coolant
temperature and Low coolant level shut
down protection.

It is designed for local manual starting and
stopping of the generator set.  Remote
starting capabilities and overcrank
protection are not provided.

The relay control circuit board features
LED�s connected across the relay coils for
diagnostic aid when servicing.

Along with the relay control circuit board a
combination Overspeed / Time Delay
board is incorporated.

The Overspeed (Overfrequency) circuit
monitors the generator AC output and will
energize the stop relay if a generated
frequency above 70 Hz occurs.

The TD (time delay) portion of the board
provides a set of contacts to delay
energizing of the low oil pressure
shutdown circuit during cranking and start-
up.(5 Sec.)

The �run� circuit is interlocked when an AC
signal is available from the generator
output.  A transformer located in the
controller cabinet provides 12 vac to the
circuit.  A time delay (TD) for engine oil
pressure build-up is also provided in the
interlock circuit.

The common fault lamp will light when the stop
circuit is energized.

Manual Controller

ko49268
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This Control cabinet allows the generator set to
be interconnected with switchgear-mounted
engine control logic for parallel operation.

All engine/generator controls and metering are
mounted in the switchgear cabinet with
exception of an electronic speed switch and
emergency stop switch if one is required.

The governor magnetic pick-up provides the
electronic switch with the flywheel speed signal
for engine crank termination as well as
overspeed shutdown.

Terminal strips are provided for customer
interconnection of the governor, crank relays,
safety shutdown and gauge senders to the
switchgear cabinet.

Engine Gauge Box

ko49268
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Engine gauge Box
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The Basic Controller series provides a
cost effective controller for applications that
require remote or automatic start capability but
compliance with NFPA requirements is not
necessary.

The Start Selector switch has positions for local
(RUN) or remote (AUTO) operation as well as
logic resetting after a fault shut-down.

A common fault lamp is provided for indication of
a shut-down due to:

OVERCRANK
OVERSPEED
HIGH ENGINE TEMPERATURE
LOW OIL PRESSURE
LOW COOLANT LEVEL

The panel mounted input fuse, running time
meter and voltage regulator adjust are also
standard on all �Basic� controllers.

Terminals 3 - 4 on the TBI strip are provided for
dry contact remote starting.

A 15 amp fuse and K5 relay are also located in
the cabinet and provide controlled battery
voltage to the engine gauges, fuel system,
voltage regulator and battery charging alternator
excitation circuit.

The electric governor control is also located in
the controller cabinet.

Basic Controller

ko49268
Standard Basic

ko49268
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The logic circuit board contains 4 relays for
control of cranking, crank disconnect, run or
auto-start and fault indication.  LED�s are
connected across the relay coils for operation
analysis.

The control circuit is interlocked by the
generated AC to prevent starter motor
reengagement during running.  Low oil pressure,
High engine temperature and Low coolant level
fault shutdowns are delayed for 5 seconds and
inhibited during cranking.

Automatic cranking termination on failure to start
within 30 seconds (OVERCRANK) as well as an
engine shut-down due to an OVERSPEED (70
Hz) factory set.

The Basic Controller is also available with
gauges for engine monitoring or with an
expanded cabinet, which includes AC metering,
as well as engine gauges.

Basic Controller

ko49268
BASIC

ko49268
BASIC

ko49268
BASIC

ko49268
BASIC

ko49268
BASIC

ko49268
BASIC

ko49268
BASIC

ko49268
BASIC
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Basic Controller w/gauges
split activator
diesel 20-280 Kw
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Basic Controller w/gauges
split activator
diesel 20-280 Kw
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Digital Controller

The Digital Controller is optional on generator
sets from 20 to 2000kW and meets the NFPA
requirements of NFPA-99 and NFPA 110.

The Controller contains microcomputer-based
logic and can be communicated with a PC
individually or on a network when equipped with
optional communication products.

The controller is compatible with 12 or 24 volt
engine battery systems.

The Display provides both Engine and
Generator condition as well as numerous system
functions.

The Controller Monitors engine and generator
parameters and displays and stores shutdown
history.

Generator and Transfer Switches can be
remotely monitored and controlled over phone
lines using menu driven software.
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The RUN-OFF/RESET-AUTO switch is a 3
position, rotary, selector switch.

RUN - position is used to start the generator set
locally.

AUTO - position is used when starting and
stopping is to be controlled remotely.

OFF - Will stop the generator set without any
time delay when operating locally from the RUN
position.

RESET - When the generator set shuts down
due to a fault, the control system must be reset
by moving the selector to the center off position
prior to a restart.

Pressing the EMERGENCY STOP switch
bypasses any time delays and provides an
immediate engine shutdown when operating in
the AUTO position.  The switch will latch in the
open position and can be reset by rotating it
1/4 turn clockwise.

A Voltage adjust potentiometer is provided on
controllers installed on PMG generator sets
(20 - 300kW).  On generators with digital
regulators voltage adjust is controlled with the
keypad.
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The KEYPAD is used to locally interact with the
controller by accessing generator set data &
preset settings.

Crank cycles as well as time delays can be
easily programmed with the Keypad.  Pressing
any key activates the controller panel display.

All generator and engine monitoring including
RPM, Power Factor, kilowatt hours and percent
of max. kW is readily accessible on the
DISPLAY.  Overloads result in a load shed
function.

There are 11 menus available:

Generator output
Operational Records
Time & Date
Time Delays
User Defined Functions
Generator System
Engine Status
Source History
Calibration
Remote Control
Programming Mode

Digital Kepad & Display
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Annunciator Panel

An Alarm Horn and five LED indicators provide
local audio/visual indication of system status.

The ALARM HORN will sound whenever the
selector switch is not in the AUTO position or a
fault shutdown has occurred.

The Alarm will also sound along with various
warning indications (*).

Five INDICATORS provide visual status of the
Generator set.

� SYSTEM READY (green)
Run/Off/Auto switch is in the Auto
position and no faults are on the
system.

� NOT IN AUTO (yellow)
Run/Off/Auto switch is not in the Auto
position.

� PROGRAMMING MODE (yellow)
Local programming mode. (FLASHING)
Remote programming mode. (STEADY)

� SYSTEM WARNING (yellow)
A fault condition of one or more of the
following is detected and a shutdown
may occur if not corrected:

CUSTOMER AUXILIARY WARNINGS 1-4
GROUND FAULT DETECTED. (*)
GENERATOR SWITCH NOT IN AUTO
EMERGENCY POWER SYSTEM IS
SUPPLYING LOAD
SPEED SENSOR FAULT (*)
LOAD SHED
OVERCURRENT (*)
LOW BATTERY VOLTAGE
BATTERY CHARGER FAULT
HIGH BATTERY VOLTAGE
WEAK BATTERY
LOW FUEL. (*)
HIGH COOLANT TEMPERATURE
LOW OIL PRESSURE. (*)
LOW COOLANT TEMPERATURE (*)
COOLANT TEMPERATURE SIGNAL LOSS
OIL PRESSURE SIGNAL LOSS

SYSTEM SHUTDOWN (red)
A shutdown will occur due to one or more of the
following faults:

LOW OIL PRESSURE
HIGH COOLANT TEMPERATURE
OVERCRANK
LOCKED ROTOR
OVERSPEED
EMERGENCYSTOP
OVERVOLTAGE
UNDERVOLTAGE
UNDERFREQUENCY
LOW COOLANT LEVEL
HIGH OIL TEMPERATURE
CUSTOMER AUXILIARY SHUTDOWNS 1 - 4
INTERNALFAULT
MASTER SWITCH IN OFF/RESET POSITION
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Interconnect Circuit Board

The Interconnect board receives alternator
voltage and current input and provides
interconnection to the Conditioner (Pl2) and
Status (P5) panel circuit boards.  Hard
wiring of accessories and customer
connections are made to terminal strips
located on the board.

The TBI provides relay driver outputs such
as engine warning and shutdowns, voltage
regulator adjustments and other functions.

The TB2 provides for input connections
such as Prime Power mode, Battery
Charger Fault, Low Fuel and Remote
Reset and Ground Fault.

The TB3 provides connections for Remote
Start, Emergency Stop, engine gauge senders
and Auxiliaries.

The TB4 is the AC voltage and current input
from the Alternator.  Three fuses protect the
power input circuit.

Output from potential transformers T1, T2, T3
and current transformers CT1, CT2 and CT3 are
supplied to the Conditioner board via the P12
ribbon connector.

The P16 plug connector provides
interconnection to the Main Logic circuit board.

Relays K2 and K3 are controlled from the Status
panel.  They provide �up� and �down� voltage
control of units with Digital Voltage Regulators.
The K1 controls the panel lamps.  Diodes
provide visual indication when relays are
energized.
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Interconnect Circuit Board
TB2 & TB3 Terminal Strip

TB2 Customer Connections

- REM RST (Remote Reset) The switch used for
remote reset must be a normally open,
momentary closed type.
- GRD FLT (Ground Fault) A ground detected
will light the Annunciator System Warning
indicator lamp.
- SP1, SP2 These terminals are not used.
- BCF (Battery Charger Fault)
Contact provided in optional Battery Charger to
close on a charger fault.
- LF (Low Fuel) Ground path provided on closure
of optional low fuel level or low fuel pressure
switch.
- PP (Prime Power) The Prime Power switch
option prevent battery drain during non-
operational periods when battery charging is not
available.
- GRD (Ground) Ground terminals are
connected to engine block.

TB3 Customer Connections

- 1 - 1A (Emergency Stop) Opening the circuit
between 1-1A will cause an immediate engine
shutdown.
- 3 - 4 (Remote Start/Stop) Contact closure
between 3 - 4 will cause an engine start.
- Aux-1,2,3,4 (Auxiliary Devices) Customer
selected device providing ground contact to
terminal will cause Warning indication or
Shutdown.
- 7C (Water Temperature Sender)
Engine mounted temperature sensor input.
(Standard)
- 5  (Oil Pressure Sender)  Engine mounted oil
pressure sensor input. (Standard)
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Interconnect Circuit Board
TBI TERMINAL STRIP

The TBI Terminal Strip provides output signals
to drive optional dry contact Relay Kit
assemblies.

The terminals are at Grd. potential when the
fault occurs and limited to 100 Milliampere load.

The Relay kits are available with 1, 10 or 14
board mounted 12v relays.  The relay
boards are voltage regulated and will
accept either 12 or 24v battery system
inputs from B+ accessory power terminals
42A ( 18, 19 and 20).

The accessory Power Circuit is supplied
from the Fl fuse on the Main Logic Board.

Terminals designated as RDO- are Relay
Driver Outputs and provide additional
indications.

The factory default designations for the RDO�s

RDO-1 NFPA Common Fault
RDO-2 Common Fault
RDO-3 Generataor Running
RDO-4 Time Delay Engine Cooldown
RDO-5 Air Damper
RDO-6 Overvoltage Shutdown
RDO-7 Low Coollant Level Shutdown
RDO-8 Emergency Power System Supplying
Load.
RDO-9 Speed Sensor Fault
RDO-10 High Battery Voltage

Power to the panel lamps and up/down control
for digital voltage regulators is also provided on
the terminal strip.
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ADV-6130-S
Digital Controller
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Main Logic Circuit Board

The Main Logic Board interfaces the various
controller circuit boards by 6 ribbon and harness
connectors.

P14 - Input Conditioner / MUX - Provides inter-
connection to the Conditioner Circuit Board via a
24 pin ribbon connector.

P9 -Remote Communications - A 10 pin ribbon
harness to the optional communications circuit
board.

P7 - Status Panel - A 20 pin ribbon connector to
the Status Panel.

P17 - Master Sw - A 4 pin harness connector to
the main start control selector switch ( Run Off/
Reset - Auto)

P15 � Interconnect - A 20 pin plug connection to
the Interconnection Circuit Board.

P1- Engine Harness  - The 24 pin harness
connector interfacing the engine electrical
components
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Main Logic Circuit Board

Three relays provide the Engine Start, Run and
Stop control functions:

KI - Is energized only during the engine crank
cycle and provides power to the cranking control
solenoid.  The LED2 will light when power is
supplied to the K1 relay coil.

K2 - The K2 relay will be energized during
cranking and normal engine running.  The relay
contacts energize the fuel solenoid and ignition
circuits.  The contacts also supply battery
voltage to the Safeguard terminal strip. LED3 is
energized along with the K2 coil.

K3 - The K3 relay is energized during engine
cranking and normal running.  It controls the
voltage supply to the K1 and K2 relay coils.  The
Emergency Stop switches when activated
deenergize the K3 relay disrupting power to the
K2 engine run relay.  LED1 will light when the K3
relay is energized.

Three fuses mounted to the board protect the
DC circuits of the controller:

Fl - provides a 3A protective circuit to terminal
42A which feeds the customer connected
options.

F2 - A 3A fuse supplies a 12v. regulator circuit.
K1, K2 and K3 control relay coils are powered
from this circuit.

F3 - The F3 fuse is rated at 15 amps and
protects the engine control circuit.
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Input Conditioning Board

The basic function of the Conditioning board is to
convert generator line to line and line to neutral
voltage and current as well as Engine coolant
temperature and Oil pressure to a 0 - 5 volt DC
signal.  This signal is then supplied to the Main
Logic board.
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Status Panel - Display Board
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Remote monitoring or programming of the digital
controller can be accomplished with the use of
Power System Communication software. The
software is installed on a host computer and
through the use of a communication card that is
installed in the digital controller, can access data
from the generator controller. The software will
also allow the operator to program the generator
remotely from the host computer.

Connection for the software can be made
through a local connection of a single controller
using the RS-232 communication card, or for
multiple controllers (up to 128 devices) with the
RS-485 communication card.  Connections can
also be accomplished over phone lines with the
addition of a modem.

The software package is a Windows based
graphical user interface where the operator is
able to build data windows particular for their
application. The software package also allows
for multiple devices to be displayed
simultaneously when using a local area network.

The Power Systems Communications permits
the following displays, data inquiries, and
program functions when used with the Digital
Controller:

Displays:
Displays all fault and status messages
Programming mode
Engine functions

Battery voltage
Coolant temperature (English and metric)
Engine speed
Oil pressure (English and metric)

Generator output-status
Current L1
Current L2
Current L3
Frequency
Generator Voltage (line-to-line and line-
to-neutral for all phases)
Kilowatt hours
Percent of rated kilowatts
Power factor
Total kilowatts

Data Inquiries

Operational status
Generator initial start date
Generator run loaded or unloaded
Generator run duration
History of last 4 shutdowns
Last start date
Number of days of operation
Number of starts
Run time (loaded)
Run time (unloaded)

System information
Battery voltage
Generator kilowatt rating
Load description
Location
Model number
Number of phases
Serial number
Specification number
System frequency
System voltage

Program Functions

Start and run engine
Fault display
Reset system faults
Run time

Time delay settings-view and program
Auxiliary inputs (1 -4)
Crank on and pause time
Engine cooldown
Engine start
Number of crank cycles
Overvoltage and undervoltage
Starting aid

Trip point setting-view and program
Battery high and low voltage
Overvoltage and undervoltage
Overspeed
Overfrequency and underfrequency

System Identification information-view and
program

Designation, load, and location

Power System Communications
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Communications Board
(Optional)

If the Generator set is to be monitored or
programmed from a personal computer either
locally or over telephone lines an optional
communications board must be installed.

Two options are offered.  The selection depends
on the distance between the Generator mounted
controller and the PC or receiving modem.

A RS232 board is installed for distances up to 50
ft.  For distances up to 4000 ft. or when multiple
units are connected in a network a RS485 board
is used.

A RS232/ RS485 Converter is also required
when RS485 boards are installed.
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Modbus® Communications
Digital Controller

The Modbus® communications module allows
a host computer or Modbus master to obtain
information from the generators Digital
controller using Modbus communication
protocol. The Modbus open protocol is viewed
as an industry standard and was developed by
the Modicon corporation. The Modbus module
was created to convert the proprietary
communications protocol to a
Modbus protocol so software applications
other then the Power System
Communications software can be used to view
Information from the Digital Controller.

The Modbus communication module allows an
interface between communication
protocol for the Digital Controller and a host
computer that may be running software that is
not compatible with the software. The
Modbus module receives data (protocol)
via the RS-232 communication card
of the Digital 340 controller and stores the
data in holding registers. An application
program running on the Modbus master
obtains device information by reading the
holding registers and through Modbus
protocol is transferred to the host computer.

Note: when using the Modbus communication
module data can only be viewed, no
programming of the generator can be done
remotely, it must be done at the generator
through local programming mode.
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Modbus® Communications

RS232 serial
port J12

Connect to RS232
Communication Card

Power Leads
Connect to TB1
42A and N

RS485
serial port N2

Diagnostic LED

A diagnostic LED is loclated on the Modbus
module. When the Modbus module initially
receives power, the diagnostics LED lights
during the module�s internal boot sequence,
turns off, then lights again and remains lit until
the start of communication with the module by
the Modbus master.  When the Modbus master
initiates communication with the module, the
LED turns off, then lights if the communication
was successful.  If an error occurs, the LED
remains off until the start of the next
communication attempt when it lights again.
Therefore, the diagnostics LED remains lit
during successful communication.

Diagnostic LED

To operate the Modbus® communication module

1. DC voltage input of 10-30vdc is required.
This connection should be made at the
Digital 340, TB1 terminal strip 42A (+dc) and
N (-dc).

2. Ribbon cable assembly also needs to be
connected to the RS232 communication card
in the Digital 340.

3. Output communication can be transferred
through either the RS485 port or the
RS232 port depending on application
requirements.

4. Dip switch settings SW1, SW2, SW3 need to
be defined to allow communications access.
(see TT-1262)

5. Digital 340 Programming.
a. Set programming mode to local.
b. In Remote control menu, select

Online = yes; Remote Control Local =
yes; Baud Rate 9600
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Microprocessor
Overvoltage Kit

The circuit board monitors the generator voltage
(V7 - V0) at the panel frequency meter and will
initiate an engine shutdown if the voltage
exceeds a preselected level of 140 or 160 volts
for longer than 2 seconds.

The voltage trip must be selected per the
generator voltage connection and can be set at
either 140 or 160 volts by the J1 jumper.

Wye connected generators when operating at
277/480v or 139/240v require the jumper (J1)
160 volt trip setting.

Generator connections providing 110 - 120 volts
at sensing terminals V7 - V0 will require removal
of the jumper, initiating a shutdown at 140 volts.

Voltages are +/- 5v and the 2 second trip time is
typical.

The circuit will supply a battery voltage output
signal from terminal 30 to the Microprocessor
circuit board (P2-2) when triggered.  Lead 30 is
provided in all microprocessor controllers and is
located in the meter harness.

The kit is adaptable to both 12v and 24v battery
systems.  The R2 resistor must be removed for
24 volt operation.

An Overvoltage shutdown condition will also
energize the LED on the board as well as the
Auxiliary indicator and alarm horn on the
controller Status Panel.
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REMOTE EMERGENCY STOP SWITCH
Optional (break glass type)

The yellow Break Glass type switch allows the
customer to stop the generator set from a
remote location if required.

An actuator lever must be pulled down with
sufficient force to break a glass rod and trip a
toggle switch.

The generator set can not be restarted until both
the remote switch and local control switch on the
controller status panel are reset.  Engine air
damper valves must also be reset if equipped.

Once pulled the station switch cannot be reset
without opening the cover.

The normally closed switches can be series
connected for multiple stations and must be
connected in series with the local emergency
stop switch if one is installed. (TB1, 1-1A)

To Reset:

Turn the locking screw counterclockwise and
lower the hinged cover.

Move the toggle down to the normal position.
(closed)

Raise the, lifts tab and insert glass rod through
holder in front.  Close cover.
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Microprocessor-Plus
Customer Connection Terminal Strip

This kit provides a 5-foot, 23 lead wiring
harness and 23 point terminal barrier strip.

The terminal strip parallels the customer
connection portion of the terminal strip on
the main logic circuit board.  It is
recommended when solid conductor
wiring is used.

It provides for ease of wiring and service
of optional components requiring
numerous conductors such as a 10 Relay
Dry Contact kit or Remote Annunciator. 

The strip is installed in the Generator
enclosure and eliminates the need for
customer/installer entry into the controller
cabinet.

Connections for the Emergency Stop
option are not provided on this strip.
Emergency Stop must be connected to
the TB1 terminals on the Microprocessor
circuit board. (1 - 1A)

42A- BATTERY (+) VOLTAGE
2 - GROUND (-)
7OC- ENGINE COOL DOWN
7OR- ENGINE RUN
56 - AIR DAMPER INDICATOR
48 - EMERGENCY STOP INDICATOR
32A- COMMON FAULT (2)
26 - AUXILIARY INDICATOR
12 - OVERCRANK INDICATOR
39 - OVERSPEED INDICATOR
38 - LOW OIL PRESS.  INDICATOR
36 - HIGH ENGINE TEMP INDICATOR
60 - SYSTEM READY INDICATOR
80 - NOT IN AUTO INDICATOR
41 - PRE-ALARM LOW OIL PRESS.
INDICATOR
62 - LOW BATTERY VOLTS (ACTIVE LOW)
32 - COMMON FAULT (1)
35 - LOW WATER TEMPERATURE
40 - PRE-ALARM HI ENG.TEMR INDICATOR
63 - LOW FUEL (ACTIVE ONLY)
61 - BATT CHARGER FAULT (ACTIVE LOW)
4 - REMOTE START (ACTIVE LOW)
3 - REMOTE START (GROUND)

ko49268
MICROPROCESSORCIRCUIT BOARD
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The Audio/Visual alarm provides both a horn
alarm and a red visual indicator to warn
personnel at remote workstations of a generator
fault or shut down.  The Alarm can be silenced
with the panel switch.  The indicator lamp will
remain Iit until the fault is corrected and the
system is reset.

The panel is designed to be installed in a
standard 4� square electrical box and requires a
three conductor run of 18 or 20 ga. wire.
Connection is made to the generator main
controller circuit board terminal strip TB1 or
customer connection terminal strip if installed.

The panel can be wired to indicate a specific
single fault or to the common fault terminal.

Terminal 42A (+) provides system battery
voltage to the panel. (12 or 24vdc).
The black panel lead must connect to the control
system ground (-) terminal 2. If a signal is
sensed at the input terminal (white) an alarm will
be triggered.

Connection of the white sensing lead to
Common Fault terminal 32 will provide an alarm
on any of the following:

PRE-HIGH ENG.  TEMR
LOW WATER TEMP
PRE-LOW OIL PRESS
LOW FUEL
LOW OIL PRESSURE
OVERCRANK
HIGH ENGINE TEMR
OVERSPEED
AIR DAMPER
AUXILIARY

Connection to Common Fault terminal 32A on
�Plus� boards will provide an alarm on any of the
following:

AUXILIARY
HIGH ENG.  TEMP
OVERSPEED.
LOW OIL PRESS.
EMERGENCY STOP

If custom selection of monitored faults is desired
the Common Fault Relay Kit can be
incorporated.

Audio/Visual Alarm Kit

ko49268
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This board provides a dry set of contacts to
activate customer supplied remote alarms,
shunt trips, indicators or other accessory
devices if any one of various preselected fault
conditions occur.

The relay will energize if the generator set is
running and an input signal common to the
generator set ground potential (-) is directed to
the K1 terminal.  Once energized the relay will
remain latched until the system is reset by the
main controller switch.

A common signal will be provided from terminal
32A if any of the following five faults occur:

36 HIGH ENGINE TEMP.
38 LOW OIL PRESSURE
39 OVERSPEED
26 AUXILIARY IND.
48 EMERGENCY STOP

A common signal will be provided from terminal
32 if any of the following occur.

36 HIGH ENGINE TEMP
38 LOW OIL PRESSURE
39 OVERSPEED
26 AUXILIARY
12 OVERCRANK
35 LOW WATER TEMP.
40 PRE-HIGH ENG.  TEMP.
41 PRE-LOW OIL PRESSURE
56 AIR DAMPER

Any of the above can be selected as a single
monitored condition if desired.

Maximum resistive loads up to 10A @ 120vac
can be applied to the output terminals. The relay
contacts are gold flashed to allow use of low
current draw devices. (.01 A @ 28vdc min.)

Input power supply 42A and 2 is to the relay
coil only and not intended to power customer
supplied indicator loads.

Common Fault Relay
Mircoprocessor Plus
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This board provides a dry set of contacts to
activate customer supplied remote alarms, shunt
trips, indicators or other accessory devices if
any one of various preselected fault conditions
occur.  The indicator cannot however identify
the fault.

The relay will energize if the generator set is
running and an input signal common to the
generator set ground potential (-) is directed to
the K1 terminal.  Once energized the relay will
remain latched until the main controller switch
resets the system.

The harness provided allows up to 5 inputs from
the Microprocessor Controller.  One or all may
be connected to K1.

Diodes provided in the harness are required to
prevent back feeding of indicators on the local
status or remote indicator panels.

Faults most commonly selected are:

36 - HIGH ENGINE TEMP
38 - LOW OIL PRESSURE
39 - OVERSPEED
26 - AUXILIARY IND.
48 - EMERGENCY STOP

Maximum resistive loads up to 10A @ 120vac
can be applied to the output terminals.  The relay
contacts are gold flashed to allow use of low
current draw devices. (.01A @ 28vdc min.)

The board can be tested by grounding the
shutdown device while the generator set is
running.

TEST PROCEDURE

1. Connect ohmmeter across NO. and C.
2. Ground safety device while gen. set is
running.
3. Observe ohmmeter during shutdown, contacts
should close.

Microprocessor Board
Common Fault Relay
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The Single-Relay Dry Contact kit provides one
set of SPDT contacts to trigger customer
provided warning devices when one particular
fault selected by the customer occurs. This
allows monitoring of the system from a location
remote from the generator set.  Any function
fault (from TB1 terminal strip) can be connected
to drive the relay.

The relay on the circuit board will energize if the
generator set is running and an input signal
common to the generator set ground potential (-)
is directed to the K1 terminal.  Once energized
the relay will remain latched until the system is
reset by the main controller switch.

Overspeed, overcrank, high engine temperature,
low oil pressure, or low water temperature are
typical conditions selected for monitoring.

Lamps, audible alarms, or other devices may be
connected to the normally open or closed
contacts of the relay.  Customer provided
accessories require their own electrical source
and must not exceed the relay contact ratings.

Maximum resistive loads up to 10A @ 120vac
can be applied to the output terminals.  The
contacts are gold flashed to allow use of low
current draw devices (.01A @ 28vdc min.)

The kit should be mounted on the generator set.
An enclosure box and 26� harness is provided.

Dry Contact Kit  (1 Relay)
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Up to ten generator set conditions can be
individually monitored and faults identified from a
remote location.

A relay coil will be energized when the
corresponding engine or generator sensing
device or switch monitored by the
Microprocessor Control board is activated.

Senders are not included with dry contact kits
and must be available for the relays to function.

Each relay provides one set of SPDT contacts
for field connection of customer supplied
indicators or alarms.  Contacts are rated for a
maximum resistive load of 10Amp 120vac.  They
are gold flashed to allow use of low current draw
devices. (.01Amp 28vdc Min.)

The relays are controlled and energized from the
TB1 terminal strip of the microprocessor circuit
board.  A total of three dry contact kits can be
driven by the output terminals.  It is highly
recommended that a customer connection kit
(terminal strip) is used and all connections
terminate in the generator enclosure box.  The
relay assembly box should be located at the
generator.

Ten conditions typically selected are:

K1 OVERSPEED (39)
K2 OVERCRANK (12)
K3 HIGH ENGINE TEMP (36)
K4 LOW OIL PRESS (38)
K5 LOW WATER TEMP (35)
K6 AUXILIARY FAULT (26)
K7 AIR DAMPER (56)
K8 ANTICIPATORY Hi ENGINE TEMP (40)
K9 ANTICIPATORY LOW OIL PRESS (41)
K10 EMERGENCY STOP (48)

Terminals 42A (+), and 2 (-) are battery supply
voltage for driving the relay coils of the dry
contact kit and not to be used as a supply
source for the alarm devices.

Dry Contact Kit  (10 Realy)
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Dry Contact Kit (14 Relay)

Dry contact kits provide an isolated
interconnection between the generator set
controller and optional devices as the remote 
annunciator.  Up to fourteen conditions
can be specifically identified with this kit.

A relay coil will be energized when the
corresponding engine or generator sensing
device or switch monitored by the
Microprocessor Control board is activated.

Each relay provides one set of SPST contacts
for field connection of customer supplied
indicators or alarms.  Contacts are rated for a
maximum resistive load of 10A @ 120vac.  They
are gold flashed to allow use of low current draw
devices. (.0IA @ 28vdc Min.)

The relays are controlled and energized from the
TB1 terminal strip of the microprocessor circuit
board.  A total of three dry contact kits can be
driven by the output terminals.  It is highly
recommended that a customer connection kit
(terminal strip) be used and all connections
terminate in the generator enclosure box.  The
relay assembly box should be located at the
generator.

The input harness is connected to provide
monitoring of the following conditions:

KI OVERSPEED (39)
K2 OVERCRANK (12)
K3 HIGH ENGINE TEMP (36)
K4 LOW OIL PRESS (38)
K5 AUXILIARY FAULT (26)
K6 SYSTEM READY (60)
K7 NOT IN AUTO (80)
K8 PRE-LOW OIL PRESS (41)
K9 EMERGENCY STOP (48)
K10 BATT.  CHARGER FAULT (61)
KI I LOW BATT.  VOLTS (62)
K12 LOW FUEL (63)
K13 LOW WATER TEMP (35)
K14 PRE-HIGH ENG.  TEMP. (40)

Terminals 42A (+), and 2 (-) are battery voltage
for driving the relay coils of the dry contact kit
and not to be used to power output devices.  A
10amp fuse assembly is included to supply
battery voltage to remote annunciators
connected to the relay outputs.
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The remote annunciator  allows monitoring
numerous conditions of the generator system
from a remote location.

If a generator alarm condition arises the remote
annunciator will provide visual and audible
signals to alert area personnel.

A lamp test switch and switch to silence the
alarm are provided on the panel.  The alarm
horn can only be silenced with the generator
master switch in the AUTO position.

The Annunciator contains 16 LED indicators; 4
yellow (pre-alarm and power sources), 1 green
(system ready), and 11 red.

The following are conditions available for
monitoring. (* visual only)

PREALARM HIGH ENGINE TEMP. (40) Lamp
will light if engine coolant temperature
approaches shutdown range. (requires sender)

PREALARM LOW OIL PRESSURE. (41) Lamp
will light if engine oil pressure
approaches shutdown range. (requires sender)

LOW WATER TEMPERATURE. (35) Lamp will
light if optional block heater malfunctions or
coolant is below 60°F (16°C).

LOW FUEL. (63)
Lamp will light if fuel level drops to a preselected
level. (requires sender)

HIGH ENGINE TEMPERATURE (36)
Lamp will light if generator set has shut down
due to a high engine coolant temperature.

LOW OIL PRESSURE (38)
Lamp lights if generator set has shut down due
to low engine oil pressure.

EMERGENCY STOP (48)
Lamp lights if generator set has been stopped by
an emergency stop switch.

OVERSPEED. (39)
Lamp lights if generator set shuts down due to
an overspeed condition. (above 70 Hz)

BATTERY CHARGER FAULT. (61) Lamp lights
if charger has this option and malfunctions.

LOW BATTERY VOLTAGE. (62)
Lamp lights if battery or charging voltage drops
below a preset level (on charger).
Lamp will also light if undervoltage condition
occurs due to battery or charger malfunction
when the generator is running.

AUXILIARY FAULT. (26)
Lamp lights 5 seconds after a high oil
temperature or low coolant level fault.
Lamp lights if optional overvoltage condition
arises.
Lamp lights if optional emergency stop switch is
reset with generator master switch in the AUTO
or RUN position.
Lamp lights is activated by sensing devices
connected to controller auxiliary immediate
shutdown ports (Pl-17 and Pl-18)
Lamp flashes if the generator set DC supply is
connected with the master switch in the RUN or
AUTO position.
Lamp flashes due to low voltage or hardware
reset of the Microprocessor.

OVERCRANK (12)
Lamp lights after 15 seconds if starter or engine
will not turn (locked rotor).
Lamp will also light if generator does not start
after 45 seconds of continuous cranking or 75
seconds of cyclic cranking.

Remote Annunciator Panel  16 Light

ko49268
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LINE POWER (58)
Lamp lights when power is being supplied by a
source other than the generator set.  When the
lamp is on the SYSTEM READY lamp should
also be lit.

GENERATOR POWER (59)
Lamp lights when the generator set is supplying
power.

SYSTEM READY (60)
Lamp lights to indicate the generator is ready for
start-up if electrical load is transferred to the set.
The SYSTEM READY lamp will light only when
the generator master switch is in the AUTO
position.

GENERATOR SWITCH NOT IN AUTO (80)
Lamp lights when the generator set master
switch is not in the AUTO position.

Remote Annunciator Panel  16 Light
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The Monitor can be either flush or surface
mounted at a distance up to 1000 ft. from the
generator controls and is powered by the set
battery (12 or 24vdc).

A fused dry contact relay assembly is included in
the kit and should be installed at the generator
set.  It provides an isolated interconnection to
prevent any stray signals possibly radiated in the
remote cable run from being induced into the
circuit.  It is also recommended that the
customer connection kit terminal strip be used
when installing this option.

The appropriate relay coil will be energized
when a ground signal is received from the
Microcomputer board (TB1).

The normally open (NO) contacts from the TB2A
terminal strip will supply the battery ground input
signal to the Monitor alarm and corresponding
indicator lamp.

The input harness is connected to provide
monitoring of the following conditions via the
assigned K relays.

63 LOW FUEL (Kl2)
35 LOW WATER TEMP (Kl3)
41 PRE-LOW OIL PRESS. (K8)
40 PRE-HIGH ENG.TEMP (K14)
39 OVERSPEED (K1)
48 EMERGENCY STOP (K9)
38 LOW OIL PRESS. (K4)
36 HIGH ENG.  TEMP (K3)
12 OVERCRANK (K2)
26 AUXILIARY FAULT (K5)
62 LOW BATT VOLTS (K11)
61 BATT CHARGER FAULT (Kl0)
58 LINE POWER (T/S 13)
59 GENERATOR POWER (T/S 10)
60 SYSTEM READY (K6)
80 NOT IN AUTO (K7)

Input voltage supply is provided to terminals 42B
(+) and N (-) from the generator set battery.  The
circuit is protected by a 10-amp fuse located in
the Dry contact kit box.  Normal current draw
(System Ready indicator) is 20ma on 24v battery
systems.

Remote Annunciator Panel  16 Light
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Digital  550 Controller
The Digital 550 controller is optional on
generator sets from 20 to 2000kW and meets
the NFPA requirements of NFPA-99 and
NFPA -110.

The Controller contains microcomputer-based
logic and can be communicated with a PC
individually or on a network when equipped with
optional communication products.

The controller provides complete compatibility
with selected engine Electronic Control Module
(ECM) and non-ECM equipped generator set
engines. Also the controller is compatible with 12
or 24 volt engine battery systems.

The Display provides both Engine and
Generator condition as well as numerous system
functions.

The Controller Monitors engine and generator
parameters and displays and stores 100 system
events.

An optional menu-driven, Windows®-based PC
software monitors engine and alternator
parameters and also provides control capability.

The controller supports Modbus® RTU (remote
Terminal Unit) an industry standard open
communication protocal.

- Built-in digital voltage regulator
- Inherent alternator protection including
overload and short circuit matched to each
alternator.
- User programmable load shed function.
-Smart starting idle mode for non-emergency
operation.
-Digital and analog inputs for system control.

The  550 also features:

ko49268
Windows
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Modbus
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is a registered trademark of Microsoft Corporation.
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is a registered trademark of Schneider Electric.
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Digital  550 Controller

 550 has voltage regulation built into the controller, no external voltage regulator board.
20-300 kW still use PMG  technology.

 550 requires personality parameter file to be loaded into the controller. The personality file allows
the controller to be specific to the generator application. Loading the file is accomplished with the
use of a Loader Program installed from a computer. The personality parameter file is installed at the
factory but can be done at the installation site if required.

No speed sensor is required, the controller uses a magnetic pick-up signal (non-ECM engine) into
the controller for overspeed shutdown and crank disconnect. (Still uses voltage input as secondary
means of crank disconnect and overspeed.)  ECM engines use the speed signal from the ECM. If
the ECM stops communicating the engine will shut down.

No safeguard breaker, the controller has overload and short circuit protection built into the
personality parameters file.

CT�s   (200-2000kW)  The  550 controller will use CT�s with a secondary output of 0.5 amps along
with a CT burden resistor board.  Generators under 200 kW will have a specified CT with a built in
resistor.

Communication boards built into the controller. RS-232, RS-485, Modbus®.

Engine harness is unique to the  550 controller. Not compatible with Digital  3+, Digital C 340
applications.

Engine sensors, oil and coolant are 3 wire sensors  (Non-ECM engines)
ECM engines utilize ECM communications to provide engine faults and warnings.

ECM engines utilize J1939 serial communication to the  550. This allows information captured by the
ECM to be used for system functions of the controller eliminating redundant sensors on the engine.
Addition status information can be displayed in the Engine Monitoring menu or through the
monitoring software.

Digital 550 will require a customer connection kit when RDO�s are used for remote annunciation.

Customer specified analog inputs can be added. (0-5vdc signal)

Customer specified digital inputs can be added. (Signal goes to chassis ground)

Digital 550 Controller Snapshot

Modbus® is a registered trademark of Schneider Electric
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The RUN-OFF/RESET-AUTO switch is a 3
position, rotary, selector switch.

RUN - position is used to start the generator set
locally.

AUTO - position is used when starting and
stopping is to be controlled remotely.

OFF - Will stop the generator set without any
time delay when operating locally from the RUN
position.

RESET - When the generator set shuts down
due to a fault, the control system must be reset
by moving the selector to the center off position
prior to a restart.

Pressing the EMERGENCY STOP switch
bypasses any time delays and provides an
immediate engine shutdown when operating in
the AUTO position.  The switch will latch in the
open position and can be reset by pulling switch
outward from latched position.

The Alarm Horn will sound whenever the
selector switch is not in the AUTO position or a
fault shutdown has occurred. The Alarm will also
sound along with various warning indications.

To silence the horn place switch in Auto position
and depress the Alarm Off button on the keypad.

Idle (Speed) Mode

The idle (speed) mode function provides the
ability to start and run the engine at idle
(reduced) speed for a selectable time period (0-
10 minutes) during warm-up.

The controller will override the idle speed mode
if the engine reaches the
preprogrammed engine
�warmed-up� temperature
before the idle mode
times out.

During the idle (speed)
the controller continues
to monitor critical engine
parameters such as oil
pressure, coolant
temperature, and engine

speed.  The voltage regulator, thermal protection
feature, and AC metering are disabled in the idle
speed mode.

The controller overrides the idle speed function
when the generator set is signaled to start while
in the AUTO position. This override provides
emergency generator set power in the event of a
utility power failure.  When the utility power
returns and the generator set is signaled to stop,
the generator set will continue to run until idle
mode switch is opened. If Idle mode is not
active then the generator set will enter a
cooldown mode.

Use Menu 10 to activate the idle speed function
as a user-defined digital input.  The idle speed
feature requires an ECM equipped engine with
the idle speed function.

Controller Operation Cooldown Mode

The Cooldown period is based on Coolant
temperature. If during the engine cooldown time
delay, the engine reaches its �Engine Cooled
Down Temp� which is part of the personality
profile, it will shut down early. This also means if
the engine hasn�t reached the defined
temperature before its put into Cooldown, it will
shut down immediately.
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The Keypad is used to locally interact with the
controller by accessing generator set data &
preset settings.

Crank cycles as well as time delays can be
easily programmed with the Keypad.  Pressing
any key activates the controller panel display.

The 2 line vacuum fluorescent display provides
generator set and engine condition information.

There are 14 menus available:

Generator monitoring
Engine Monitoring
Analog Monitoring
Operational Records
Event History
Time & Date
Generator System
Time Delays
Input Setup
Output Setup
Voltage Regulator
Calibration
Communications
Programming Mode

Additionally there is a menu 20 for factory setup.

Keypad
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Menu Summary

Menu 1 � Generator monitoring
Provides generator output data including line-to-
line and line-to-neutral voltages, current,
frequency, power factor, kW, kVA, and kVAR.

Menu 2 � Engine Monitoring
Provides engine operating data including oil
pressure, coolant temperature, engine RPM, and
battery voltage. Additional monitoring is available
on ECM equipped engines depending on engine
family selected.

Menu 3 � Analog Monitoring
Provides battery voltage status and up to 7 user
defined analog monitoring inputs. On non-ECM
engines inputs 03-07 are available where analog
inputs 01 and 02 are reserved for engine oil
pressure and coolant temperature.

Menu 4 � Operational Records
Provides generator set operational records
including operating start date, last logged
maintenance, total run time loaded and
unloaded, run time since last maintenance,
number of starts, number of running days.

Menu 5 � Event History
Provides up to 100 stored warning and
shutdown events which are day and time dated

Menu 6 � Time and Date
Sets time, date, and internal calendar. Used for
exercise run time and event records. Starting
battery must remain connected for time and date
to stay valid.

Menu 7 � Generator System
Contains factory preset generator set voltage
and frequency data. Data may be changed if unit
is reconnected. Also located in menu 7 is
overvoltage, undervoltage, overfrequency,
underfrequency, and overspeed settings.

Menu 8 � Time Delays
Display and setup of cycle cranking, start and
shutdown functions, and auxiliary shutdown and
inhibit time delays.

Menu 9 � Input Setup
Provides setup of user-defined digital and
analog warning and shutdown inputs.  These
inputs will be dictated by the application of the
generator and field installed, unless predefined
and used for factory setup.

Menu 10 � Output Setup
Provides setup of user-defined system, digital
and analog status and fault outputs and relay
driver outputs. This menu will define your
common fault and Relay Driver Outputs.

Menu 11 � Voltage Regulation
Provides setup of the voltage regulator functions
including line to line voltages, underfrequency
unloading, reactive droop, power factor, and
kVAR adjustments.

Menu 12 � Calibration
Provides calibration of the voltage sensing logic.
Calibration is set at the factory, the only time this
adjustment is necessary will be if the generator
is reconnected for an optional voltage or the
controller is replaced.

Menu 13 � Communications
Provides local or remote access to the control
logic and displays.

Menu 14 � Programming Mode
Provides local or remote access to the
programming function. The user enters a
password to access the programming mode.
Default is 0

To enter a menu
1. Clear the display by pressing RESET MENU
2. Enter Menu number 1-14
3. Press ENTER
4. Once in the menu use the arrow keys to
navigate.
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Engine functions:
Coolant temperature signal loss
High battery voltage
High coolant temperature
Low battery voltage
Low coolant temperature
Low fuel (level or pressure)*
Low oil pressure
Oil pressure signal loss
Speed sensor fault
Starting aid fault
Weak battery
General functions:
Auxiliary-Analog (up to 7 programmable shutdowns
or warnings)
Auxiliary-Digital (up to 21 programmable shutdowns
or warnings)
Battery charger fault*
Emergency power system (EPS) supplying load
Engine cooldown delay
Engine start delay
Load shed kW overload
Load shed underfrequency
Master switch not in auto
Master switch open
NFPA-110 fault

Generator functions:
AC sensing loss
Generator running
Ground fault*
Overcurrent

Requires optional input sensors*

System Shutdown  Red lamp identifies that the
generator set has shut down because of a fault
condition.  A system shutdown may follow a
system warning condition.

The following conditions cause a system
shutdown:

Engine functions:
Air damper control fault, if equipped
Air damper indicator fault, if equipped
High coolant temperature
High oil temperature
Low coolant level
Low oil pressure
Overcrank
Overspeed
General functions:
Auxiliary-Analog (up to 7 programmable shutdowns
or warnings)
Auxiliary-Digital (up to 21 programmable shutdowns
or warnings)
ECM communications loss
Emergency stop
Internal fault
Master switch in off/reset position
Master switch error
Master switch open
NFPA 110 fault
General functions:
Locked rotor (failed to crank)
AC output overvoltage
AC output undervoltage
Field overvoltage
Alternator protection, overloads, short circuits
Overfrequency
Underfrequency

Controller lights
Five annunciator panel lamps provide an
immediate visual reference for generator set
status.

System Ready  Green lamp illuminates when
generator set master switch is in the AUTO
position and the system senses no faults.

Not In Auto   Yellow lamp illuminates when
generator set master switch is not in the AUTO
position.

Programming Mode  Yellow lamp in flashing
mode indicates �local� programming selection,
steady on mode for �remote� programming
mode. No light indicates controller is in the �off�
programming mode.

System Warning  Yellow lamp identifies an
existing fault condition but does not shut down
the generator set.  A continuing system warning
fault condition may cause a system shut down if
the source is not corrected.

The following conditions cause a system
warning:
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Controller layout

Front Panel

Main Logic Board

Digital Display

Panel Lamps

E-Stop

Status Board

Back Panel

Interconnection Board

Digital Inputs

Analog Inputs

Start Terminals 3-4

AC Fuse Block
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Main Logic Board

The Main Logic Board is responsible for all Microprocessor logic functions, remote
communications, and display and keypad functions.

P-10 Harnessed plug connection for the voltage and current inputs. The voltage inputs are from V7, V8, V9,
and V0. The current inputs are from the CT Burden Resistor Board.

P-12 Ribbon cable connection from Interconnection Board. This connection links the Analog input terminal
strip to the logic board.

P11 - Ribbon cable connection for additional analog input on non ECM engines.

P-14 Ribbon cable connection to Status Board. This is the communications link for annunciation of alarms,
digital display and keypad.

P-13 Modem Power connection.

P-15 Harness connection from interconnection board. Power input to Main Logic Board.

P-16 - Ribbon cable connection for digital outputs from Main Logic Board. (relay operation)

P-17 Ribbon cable connection for digital inputs. This connection links the interconnection board�s digital
input terminal strip to the main logic board.

P-18 RS-232  Communication Connection. Used for communication to a PC at a distance of 50ft. or less.

P-20 RS-485 Communication connection. Used for Modbus® communications.

P-21 RS-485 Communication connection. Used for communication to a PC for distances of 50ft. - 4000ft.
This connection is used for KBUS communications.

P-19 RS-485 Communication connection. Spare connection for KBUS communications.

P-22 SAE J1939 Connector for communications with an ECM (Engine Control Module) when equipped.
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Interconnection Board

TB1 Customer connection point for Remote Start (3 � 4). Emergency Stop input (1 � 1A).

TB2 Customer connection point for Analog inputs.

P2 Ribbon cable connection, used to link analog inputs to Main Logic Board.

P3 Harnessed connection for DC power input to Main Logic Board

P1 Main Engine harness connection.

P4 Ribbon cable connection to Main Logic Board. This connection is used to link digital outputs
from the Main Logic Board.

P23 Output plug that transfers digital output logic to the Customer Connection Board.

TB4 Customer connection point for digital inputs.

P5 Ribbon cable connector that transfers digital inputs to the Main Logic Board.

TB3 Customer connection point for DC control power.
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Controller Layout
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Interconnect Circuit Board

The Interconnect Circuit board contains
four control relays; K1 (crank), K2 (run), K3
(emergency stop), and K4 (panel lamps).

The K1, K2, and K4 relays are controlled
by the Main Circuit Board logic.

The K3 relay is controlled by the manual E-
stop switch located on the control panel.

K1 � Energized only during the engine
crank cycle. Wire #71 is energized when
the K1 contact closes. LED 1 will light when
power is supplied to the K1 relay coil.

K2 � Energized during engine cranking
cycle and normal engine running. The relay
is energized when the control logic issues a
start command. Wire #70 is energized
when the K2 contact closes. LED 2 will light
when power is supplied to the K2 relay coil.

K3 � Energized at all times unless the
Emergency Stop Switch is activated. Once
activated the K3 contact opens disabling
power to K1 and K2 relay coils.

K4 � Energized when the Main Logic Board
dictates the panel lamps to be on. Light
turns on with the touch of the keypad. The
light will turn off 5 minutes after the last
keypad entry.

Three fuses mounted to the board protect
the controller, customer accessories, and
engine wiring.

F1 � Provides 5-amp circuit protection to
42A, which feed customer connected
options. The circuit also feeds the power
required for the panel lamps.

F2 � Provides 5-amp circuit protection for
the controllers 12-volt regulator circuit
including K1, K2, K3, K4, relay coils.

F3 � provides 15-amp protection for engine
control circuit. Anything powered by wire
#70 or wire #71.
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Digital Inputs

Digital inputs are specified
inputs that allow for monitoring
of external parameters. These
inputs may come from a battery
charger, switchgear, fuel tank,
or other external devices.

Inputs may be wired as a single
wire connection with the return
wire going to battery ground
(example: Battery Charger
connection). Inputs can also be
wired as a two wire connection
with the return ground going to
TB4, 22-42 (example: Idle Mode
switch). All inputs are based on
the digital signal switching to
battery ground or ground return
of TB4 to initiate an action from the controller.

Factory default for TB4 inputs 1 thru 21 are as
follows:

1 Battery Charger Fault
2 Low Fuel
3 Low Coolant Temperature
4 Excitation Overvoltage

(Marathon alternator only)
5 Warning
6 Warning
7 Warning
8 Warning
9 Warning
10 Warning
11 Warning
12 Warning
13 Warning
14 Low Coolant Level
15 Remote Shutdown
16 Remote Reset
17 VAR PF model
18 Voltage Lower
19 Voltage Raise
20 Air Damper
21 Idle Mode

If the controller is programmed to meet NFPA
110 requirements, (NFPA 110 setting found in
menu 7) inputs 1, 2, and 20 are predefined and
the user can not change the preset function.

If controller is used with an ECM equipped
engine, digital input  3 (Low Coolant
Temperature) is predefined.

If controller is used in conjunction with the
Marathon alternator, digital input 4 (MARATHON
OVER V) is predefined

Digital inputs can be designed for specific
annunciation at the controller display or from a
remote terminal. The user can define inputs as
needed by the using the Power Systems
Communication software and programming
inputs as required.

Idle Mode Switch
The Idle Mode switch is only active on ECM
equipped engines. The idle speed function
provides the ability to start and run the engine at
idle during non-emergency operation. Closing
the switch starts the generator in idle mode and
engine remains running at idle until generator
reaches a predefined temperature. When
�warmed up� temperature is reached the engine
is ramped to rated speed and remains running
until switch is opened.
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Define Digital Inputs

Menu 9 is provided for the user to define wired inputs to TB 4 terminal strip. Menu 9 will allow the
user to customize the digital input for the application required.

Programming Menu 9 can be done at the controller keypad or from a PC using Power Systems
Communication software. If programmed using the controller keypad, the user must select digital
inputs preprogrammed in Menu 9.

When input is activated the controller will display the active input D1 - D21 (after the inhibit time and
time delay have expired). You can also program an RDO (Relay Driver Output) in Menu 10 that
corresponds to the digital input.

Preprogrammed Digital Inputs
Warning � Horn sounds, and Customer Auxiliary Lamp lights.
Shutdown Type A � Initiates shutdown removing power to ignition and crank.
Shutdown Type B � Initiates shutdown similar to Type A as well as activate the Air Damper RDO
Voltage Raise/Lower � Remote input to adjust voltage
VAR/PF Mode � Initiates Var or Power factor mode of voltage regulator (parallel with utility)
Remote Shutdown � Used for remote shutdown from switchgear
Remote Reset � Used to reset controller faults from remote location
Air Damper � Initiates Air Damper shutdown
Low Fuel � Warning for Low Fuel level or pressure
Marathon Over V �  Field overvoltage shutdown (Marathon Alternator)
Battle Switch � Overrides all warnings and shutdowns except Overspeed and Air Damper.
Idle Mode � ECM engines only. Allows engine idle on start up and shutdown for programmed time.
Ground Fault � Indicates ground fault (ground fault sensor required)
Bat Chgr Fault � Warning battery charger malfunction
High Oil Temperature � Initiates high oil temperature shutdown
Low Coolant level � Initiated Low Coolant Level shutdown
Low Coolant Temp � Activates Digital Input 3 (Only available when used with ECM engines).
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Accessary Output Terminal Strip

TB1 Customer Connection

TB1 provides the user access to remote start
inputs 3 � 4. Contact closure on 3 � 4 will cause
an engine start provided the control switch is in
the �Auto� position. Typical installation has the
remote start wired to the Automatic Transfer
Switch. The ATS has a start circuit on loss of
utility power.

Terminals 1 � 1A are used for the Emergency
Stop switch. The switch is normally closed and
opens the circuit when activated causing an
immediate engine shutdown. If adding remote E-
Stop switches, always use a series connection
between switches.

TB3 Accessory Output

The TB3 Output Accessory Terminal Block is
provided for customer connections for single
relay contact kits, common fault boards or other
options that require a fused 5-amp power
source. TB3 allows connection to 42A and
battery ground. 42A is a fused 5-amp battery
supply (fuse F1).
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TB2 is provided for analog warning and
shutdown devices based on a 0-5vdc scale.
ECM engines have analog inputs 1-7 available
for user defined applications. Non-ECM
engines have analog inputs 3-7 available for
optional applications while inputs 1-2 are
reserved for Oil Pressure and Coolant
Temperature as standard inputs.

The oil pressure input is responsible for Low Oil
Pressure warning and shutdown functions and
for oil pressure status (menu 2).

The coolant temperature sender is
responsible for High Coolant Temperature
warning and shutdown function, Low Coolant
temperature warning, and coolant temperature
status (menu 2).

Analog inputs 1-2 for Non-ECM units will not
have access to adjustment or calibration. The oil
pressure and coolant temperature parameters
and calibration will be accomplished through the
installed personality program for the controller
and further adjustment is not necessary.

TB2 Analog Inputs
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Analog Inputs (calibration)

Using the analog input requires a sender or device that is scaled based on a 0-5vdc
signal with a calibrated output.

Example: Temperature Sender
.50vdc @ 50º F
4.50vdc @ 275º F

Menu 12 calibration is required for controller to accept optional inputs to TB2. To
calibrate analog inputs the user needs to program two scale values to allow the
controller to create a linear scale that represents the device being used.

To set scale value 1 the user must program a scale value based on the dynamic output
voltage of the sender. For example: if the sender device output is at .50vdc the value
programmed would be 50 (based on calibration data of temperature sender).

To set scale value 2 the device output must be ramped up to a higher value, if possible
4.5vdc and a value of 275 entered. This would complete the linear scale setup.

5vdc

       4.5vdc = 275

        .50vdc = 50

0vdc
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A potentiometer method may be used to
calibrate the sender if the user is not able to
adjust input values. By installing a potentiometer
in place of the three wire sender you can adjust
the voltage between 0-5vdc and enter the
calibrated values when the input value matches
the known calibrated value. A 10 turn 10K
potentiometer is recommended to give you fine
adjustment for calibration purposes.

In the calibration process for Analog inputs
(menu 12) the sender needs to be zeroed out.
To accomplish this the P2 ribbon cable must be
disconnected prior to zeroing out.

After P2 has been disconnected answer �yes� to
the question ZERO AUX. ANALOG INPUTS?
Then reconnect P2 connector to complete
calibration of sender.

Remove P2 prior to
zeroing out auxiliary
analog inputs.

To Zero Auxillary Analog Inputs

Alternative Calibration Method

Example: Temperature Sender
.50vdc @ 50º F
4.50vdc @ 275º F

1. Wire potentiometer according to diagram
2. Adjust potentiometer for value 1 to read .5
volts and enter 50 for know calibrated value.
3. Adjust potentiometer for value 2 to read 4.5
volts and enter 275 for known calibrated value.

Note:Remember to zero auxiliary analog inputs
before entering calibrated values.
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Analog Input  (Warning / Shutdowns)

The user may define the analog input as a
warning and/or shutdown device, or the analog
input can be used for data information purposes
only. To program desired function the user
needs to define variables in menu 9. This menu
enables the user to define the analog input for
the desired application.

To define analog input as a warning and/or
shutdown:

-After entering the analog input the user needs
to enable or activate the input as a warning and/
or shutdown. If neither is selected the input will
display data but no action will be associated with
the input.

-After the input is activated an inhibit time can be
programmed. This would be a time delay
inhibiting an action after a crank disconnect.
Typically this time is set to 30 seconds.

-A time delay can be programmed to function
after the inhibit time delay has elapsed. This time
delay is the time period between when the
controller first detects the fault and when the
controller indicates a warning or shutdown.

-Values need to be entered to initiate the
controller action as a warning or shutdown.
These values are determined by the application
required. Values are entered based on the
calibrated scale entered in menu 12.

75 Low Warning Value

208 High Warning Value
220 High Shutdown Value

55 Low Shutdown Value
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Relay Defined Outputs (RDO�s)
Menu 10

Up to 31 RDO�s are available to define using the
system events, digital inputs, and analog inputs.
This gives the user flexibility when installing
remote annunciation. RDO�s provide only the
relay driver, not the relay. RDO�s are used in
conjunction with the customer connection kit and
typically will drive a 10 or 14 relay contact board
for some type of remote annunciation.

NFPA Defaults
If the controller is programmed with NFPA
enabled (menu 7) the controller will
automatically define a number of RDO�s as
defaults and the user cannot reset these
defaults. If the user attempts to reassign the
default a message displays Cannot Change
NFPA is Enabled.

Common fault
The user can program a single common fault
(menu 10) from the list of system events, digital
inputs, and analog inputs. To define the common
fault the user will go through the sub menus and
enter yes to any item that is to be included under
common fault. The user then designates an
RDO (1-31) to drive the common fault relay
output.
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Customer Connection Kit

The connection kit allows the customer to
connect accessories without opening the
controller to make multiple terminal connections.
The kit uses a wiring harness with plug
connectors to link the controllers RDO outputs
and power connections to a customer
connection board for easy connection and
identification of outputs. Also accessible from the
customer connection board are remote start
terminals 3-4.

42A - 5 amp fused battery output
2 - Battery (-)
RDO - Relay Driver Output
3-4 - Remote Start Terminals
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 550 Controller
 Accessory Interconnection Diagram
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Digital 550
Accessory Interconnection Diagram
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Voltage and Current Inputs

Voltage and current inputs enter the controller at
P10 of the main logic board. The inputs are
required for metering calculations, voltage
regulation, voltage and current protection and
secondary crank termination (non-ECM
engines).

Voltage Measurement

The voltage inputs are V7, V8, V9, and V0 and
terminate at generator windings 7,8,9 and
neutral for 10 and 12 lead alternators. For a 4
lead alternator a transformer assembly is
required to step down the voltage to input levels
acceptable for the controller (240 or below).

TB5 is a fuse block for voltage input protection.
The fuse rating is 1.5A @ 250-volt.

Current Measurement

For generators above 200kW a CT Burden
Resistor Board is included with the application of
a Digital 550. The Board is located in the junction
box with harnessing between the Digital 550 and
CT Burden Resistor Board.

CT�s with a secondary current of 0.5 Amp  are
mounted in the junction box and wire to TB11 of
the board. The CT Burden Resistor Board
converts the CT current input to a voltage output
(P26) for the main logic board of the  550
controller. The Current input and voltage output
are proportional, the greater the current sensing
the higher the voltage out.

20-200kW generators will utilize a CT with the
resistor installed as part of the CT so no burden
resistor board is required.

Note:The CT�s with  0.5 amp secondary output
are specific to  550 controllers.
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Calibration: Voltage and Amperage
(Menu 12)

The 550 controller requires calibration of the
voltage and current sensing inputs. Calibration is
initially done at the factory and typically requires
no adjustment in the field. If however the system
voltage is reprogrammed or the controller is
replaced calibration will be necessary.

Calibration of the controller is based on readings
taken from the generator output windings using
a multimeter with a minimum accuracy of +/- 1%

Voltage readings are taken from line to neutral
and will be done for L1, L2 and L3 if required.

Current measurement is based on readings
taken with a handheld AC ammeter for L1, L2,
and L3.

Value measured by controller

Value programmed during calibration
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Voltage Regulator Circuit
PMG Alternator

Voltage Regulator (PMG Alternator)
20-300kW

The 550 controller voltage regulator provides
+/- 0.25 percent regulation for single or three-
phase loading.

The three-phase voltage sensing regulator is
built into the main logic board of the controller
and will be serviced as part of the complete
controller.

Voltage regulation and stability control is
based on programmed parameters that are
part of the personality profile of the  550
controller specific to the generator application.
Programmed parameters will not be field
adjusted.

The output of the regulator is a pulse width
modulation (PWM) signal.  The PWM signal
controls how much current flows through the
main rotor field, which in turn controls how much
voltage is present at the output of the alternator
stator leads. For any given load and alternator
speed, the alternator output voltage is
proportional to the regulator PWM signal level.

Menu 11 displays setup of the voltage regulator
functions including line-to-line voltages, Voltage
adjustment, underfrequency unloading (volts per
HZ), reactive droop, power factor, and kVAR
adjustments. Reactive droop, power factor, and
kVAR adjustments are required only when
generator is used in paralleling applications.
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Voltage Regulator Circuit
Marathon Alternator

Voltage Regulator (Marathon Alternator)
350-2000kW

The three-phase voltage sensing regulator is
built into the Main Logic Board of the controller.
Additionally an interface board is required to
provide excitation to the to the Marathon
alternator.

Voltage and stability control is based on
programmed parameters that are part of the
personality profile for the  550 controller specific
to the generator application. These programmed
parameters are not field adjusted.

The output from the voltage regulator (3B-5B) is
a pulse width modulation (PWM) signal. This
PWM signal triggers the excitation circuit of the
interface board allowing for DC field excitation of
the Main Rotor.
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Marathon Interface Board

The Interface Board is required
as part of the voltage regulation
for Marathon alternators. The
PMG (permanent magnet
generator) input signal is
rectified on the Interface Board.
The rectified voltage is used to
provide the output excitation
power to the Exciter Stator.

The Interface Board requires
battery voltage (12 or 24) volts for
control power. This power is fused
with F3 located on the Interconnect
board of the controller.

The EOV output signal from the
Interface Board is wired to the
Digital input 4 of the Interconnect
Board. This input is defaulted for
Marathon alternators to activate the
Field Overvoltage Shutdown (Marathon Over V).
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Voltage Regulator Adjustment
Voltage Adjust

The Voltage Adjust is entered as the rated or
otherwise desired, line-to-line voltage.  The
average of the line-to-neutral voltages is then
regulated to the corresponding value.  The
setting may be as fine as tenths of volts or one
place to the right of the decimal.  The Voltage
Adjust defaults to the rated system voltage if this
is changed.  The Voltage Adjust may be set to
any value within 20% of the system voltage.  The
upper limit is 20% above the system voltage and
the lower limit is 20% below the system voltage.
If a value beyond these limits is entered, a
RANGE ERROR message will be displayed.
As a reference, the present Voltage Adjust setting
is displayed as well as the average value of the
line-to-line voltages.  The individual line-to-line
voltages are also displayed on the subsequent
menu screens.  This allows the user to monitor
any one phase if desired.
The Voltage Adjust setting may be changed by
other means than the menu i.e. digital input or
communications.  If this occurs, the new value
will be displayed accordingly in the Voltage
Adjust menu.

Underfrequency Unload Enable

This menu is used to turn the Underfrequency
Unload On or OFF.  A YES entry will turn the
feature ON and the display will show ENABLED
YES.  A NO entry will turn the feature OFF and
the display will show ENABLED NO. The
Underfrequency Unload defaults to an enabled
(ON) condition.

Frequency Setpoint

This is the cut-in point for the Underfrequency
Unloading.  At any operating frequency below
this value the output voltage will be reduced.
The frequency may be entered with resolution to
tenths of a hertz.  The range of acceptable
entries is 40 to 70 Hz.  Any entry beyond these
limits will cause a RANGE ERROR display and
the setting will not change.  The default value is
1 cycle-per-second (or 2 for non-ECM engines)
below the system frequency normal.  The
Frequency Setpoint will change to the default
value if the system frequency is changed.  A
setting of 40 Hz will essentially disable the
Underfrequency Unload feature because most
engines will not normally drop to this low of
speed even during load applications.

Underfrequency Unload Slope

The slope determines how much the voltage is
reduced during an unloading condition.  The
line-to-line voltage will be regulated to a value
less than the Voltage Adjust setting by this
amount for every cycle below the Frequency
Setpoint.  The voltage may be entered with
resolution as fine as one tenth of one volt.  The
default value is 2.0 volts-per-cycle-per-second.
A zero entry for the slope will in effect turn the
Underfrequency Unload feature OFF.
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Voltage Regulator Adjustments
Paralleling Applications (Reactive Droop)

Reactive Droop Enable

This menu allows the user to ENABLE the
Reactive Droop feature.  A YES entry will turn
the feature ON and the display will show
ENABLED YES.  A NO entry will turn the feature
OFF and the display will show ENABLED NO.
Reactive Droop is intended to be used in a
generator-to-generator paralleling application.

Voltage Droop

The amount of Reactive Droop is entered
here.  The droop is entered as a percentage
of system voltage when full rated load, at 0.8
PF is applied.  The entry may be made with
resolution as fine as one tenth of one volt or
one place to the right of the decimal.  This
entry determines how much the voltage will
droop when the alternator is providing reactive
current.  The actual amount the voltage
changes is equal to the Voltage Droop setting,
times the VAR load as a fraction of the rated
VARs (at 0.8 PF).  If the generator were
providing full rated load (at 0.8 PF) the
expected voltage change would be equal to
the Voltage Droop setting as a percentage of
system voltage.  A Voltage Droop setting of
zero will in effect disable the Reactive Droop
feature.  The default value is 4% droop at full
rated load at 0.8 PF.

The present Voltage Droop setting is displayed
for reference.  As this value may be changed via
remote communications, the display may
change as it is modified this way.
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Voltage Regulator Adjustments
Paralleling Applications with Utility

VAR Control Enable

In order for the VAR control function to operate,
it must be enabled.  Entering YES at this menu
will turn the feature ON.  Because the function is
designed to operate while in parallel with the
utility, it also requires the proper indication that
all tying circuit breakers are closed.  This is done
through the user programmable digital inputs.

Because VAR control cannot be enabled at the
same time that PF control is enabled, the action
of turning VAR Control ON (ENABLED) turns the
PF control OFF (DISABLED) if it was previously
ENABLED.

KVAR Adjust

The KVAR Adjust is used to set the desired
operating value for the generator reactive load
when in a utility paralleling application. The
desired generator load is entered directly as
kVARs.  The value entered may be as low as
zero or as high as the rated value (Rated kW x
 0.75). Any entry beyond this will not be
accepted and a RANGE ERROR message will
be displayed.

The default value for KVAR adjust is zero.
Anytime the system rated kW is changed the
KVAR Adjust will revert to this default value.
Because the KVAR Adjust may be changed via
other inputs, the displayed setting may change
as this value is updated.

Generating/Absorbing

While operating in the VAR control mode, the
load on the generator may be specified to be out
of GENERATING or into ABSORBING the
generator. This is done through the Generating/
Absorbing menu. Because the normal flow of
reactive current is out of the generator the
default value for this setting is GENERATING. If
ABSORBING is desired, a NO entry at this menu
will change the control mode to ABSORBING.
When ABSORBING is selected, another NO
entry will revert back to GENERATING.  It is
assumed that this mode will not be changed

when the generator set is running.  Therefore, an
attempt to change the mode while running will
return a RANGE ERROR message.  The
generator will need to be shut down in order to
change this setting.

PF Adjust

The PF Adjust is used to set the desired
operating relationship for the generator output
voltage and current when connected in parallel
with the utility.  The excitation will be regulated to
maintain a power factor that is equal to the
entered value.  The value entered may be as low
as 0.7 for leading power factors or as low as 0.6
for lagging power factors.  Any entries below
these limits will cause a RANGE ERROR
message to display.

The default value for PF Adjust is 0.8 Lagging.
Anytime the system rated kW is changed the PF
Adjust will revert to this default value.  Because
the PF Adjust may be changed via other inputs,
the displayed setting may change as this value
is updated.

Lagging/Leading

It is possible to select either a leading or lagging
power factor for utility parallel applications.  The
selected mode will be displayed.  A NO entry will
switch the controller to use the opposite
relationship for regulation purposes.  This may
only be changed while the generator set is not
running.  Because the most common mode of
operation will be with LAGGING power factor,
this is the default value.

Note: To activate the VAR or Power Factor
modes a digital input to TB-4 is required. This
input should indicate the  generator is paralleled
to utility. Once digital input is active the Var or
Power Factor  adjustment is initiated.
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Alternator Protection

Inherent alternator protection is part of the
personality parameters program installed in the
controller. The parameters program is specific to
the alternator listed in Menu 20 of the controller.
The alternator part number can also be found
listed on the Controller Software label located
inside the 550 controller. The programmed
protection limits for the controller/alternator
cannot be adjusted.

When the current output of the alternator
exceeds the programmed overload and short
circuit limits the generator will shutdown. The
local display will read altrntr protect sdwn.

Load Shed

The load shed feature is based on either kW
overload or underfrequency.

If the generator output exceeds kW load shed
limits defined in Menu 7 a local warning for Load
Shed kW Over is displayed. This warning can be
defined as an RDO and then used to trigger a
downstream circuit breaker to trip allowing
excess load to be shed when the generator is
on-line.

If generator output frequency drops to 59Hz for
60Hz operation or 49Hz for 50 Hz operation a
local warning Load Shed Underfrequency is
displayed. This warning can be programmed as
an RDO to trigger a circuit breaker to trip
allowing load to be shed. The underfrequency
setpoint is a fixed non-adjustable setting and is
programmed with a 5 second time delay.
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ECM Communications

The J1939 serial communication link is used to
access information from the ECM. The
communication link provides access to data
contained in DDEC controlled engine and
displayed in menu 2 of the 
550 controller. The J1939 link also provides data
access to engine sensors eliminating redundant
senders on the engine.

If the J1939 communication link from the ECM
to the 550 controller is lost the generator will
shutdown on a Loss of ECM communication
fault.

The Engine Status Menu (Menu 2) is used to
monitor the various engine parameters while the
generator is either operational or shutdown.
Menu 2 is an informational menu only and the
user cannot set or change engine parameters.

Some of the engine data available is dependent
on the engine family. As a result some
monitoring displays may not be available with a
given engine. All Detroit Diesel Series 60, 2000,
and 4000 engines are ECM (Electronic Control
Module) equipped. The following list indicates
controller displays that each engine provides.



166

Digital  550 Controller

Non-ECM Engine / Marathon Alternator
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Series  60 W/ Marathon Alternator
ECM Equipped Engine
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Non-ECM engine
PMG Alternator
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Factory Setup

The controller is ready to function after the
factory setup is completed. Both an application
program and personallity parameters are
entered into the  550 controller at the factory.
The application program controls the operating
functions of the controller. The personality
parameters files specify the characteristics of the
controller to match the alternator and engine
requirements for operation of the generator.
Parameters include alternator characteristics for
current and voltage protection, voltage
regulation, calibration for oil pressure and water
temperature if required, Spec number and serial
number.

A backup disk that has the personality
parameters file and application file is created at
the factory. The backup disk is shipped with the
literature package for the generator.

.

Program Loader

If the  550 requires replacement, or the
application program or personality files require
an upgrade, a Loader Program is necessary to
load the files from a computer to the controller.
This program allows the technician to access the
files stored on the floppy disk and bring them
into the Loader Program and then download the
files to non-volatile memory overwriting the
controllers original program. Refer to TT-1285
when installing and operating the Program
Loader software.

If disk is damaged or misplaced a copy can be
created at the factory using the generator serial
number as reference.
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Remote monitoring or programming of the digital
controller can be accomplished with the use of
Power System Communication software
(Monitor II). The software is installed on a host
computer and a communication link (RS-232/
RS485) is  installed between the digital controller
and computer, The computer can then access
data from the generator controller. The software
will also allow the operator to program the
generator remotely.

Connection for the software can be made
through a local connection of a single controller
using the RS-232 connection, or for multiple
controllers (up to 128 devices) with the RS-485
connections. Access can also be made over
phone lines with the addition of a modem.

The software package is a Windows® based
graphical user interface where the operator is
able to build data windows particular for their
application. The software package also allows
for multiple devices to be displayed
simultaneously when using a local area network.

Refer to MP-5972 Software Operation and
Installation manual when using the Monitor II
software.

Power Systems Communications

ko49268
r

ko49268
is a registered trademark of Microsoft Corporation.

ko49268
Windows
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Personal Computer (PC)
Communications

There are four ways to communicate with a
PC and the generator set using KBUS
communication protocol.

Local Single Connection

A PC connects directly to the COM port of
the communication module with an RS-232
cable when PC is within 15 m (50 ft.) from
the device or RS-485 cable where the PC is
up to 1220 m (4000 ft.) from the device.

Local Area Network (LAN)

A PC connects directly to the device�s local
area network through an address (1-128).
A LAN is a system which connects more
than one device to a single PC.

Remote Single Connection

A PC connects to a modem and a single
device connects a modem.  The PC
communicates to the device via a
telephone network.  Locate the PC
anywhere a telephone line is available.

Remote Area Network

A PC connects to a modem.  The devices
connect to a LAN network through a
system ID and an adress (1-128).  The
PC communicates to the devices via a
telephone network that is interfaced to the
LAN network. Locate the PC anywhere a
telephone line is available.

RS-232 Connection

RS-485 Connection



172

Digital  550 Controller

For specific installation
instructions refer to TT-1283
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LAN Conversion
Remote LAN Conversion

The  550 controller can convert RS-232 input
signals from the PC into RS-485 output to other
devices on the network. This built in converter
can eliminate the need for an external RS-232 to
RS-485 converter.

To use the  550 controller as a converter,
connect the controller as the first device after the
PC. The controller will need to be programmed
(menu 13) as either LOCAL LAN CONV or
REMOTE LAN CONV depending on the
application.

To use the controllers built-in converter the PC
or modem connection must be within 50FT of the
550 controller. If this is not possible the external
RS-232 to RS-485 converter must be used.

LAN CONV sets controller to convert RS-232
signal to RS-485 output to other devices
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Modbus® Communications

The Modbus communications allows a host
computer or Modbus master to obtain
information from the generator  550 controller
using Modbus communication protocol. The
Modbus protocol is viewed as an industry
standard and was developed by the Modicon
Corporation. The controller communicates
using Modbus as a slave connection with the
modbus master initiating the communications.
The Modbus communications was developed
so other software applications 
can be used to view
Information from the  550 controller.

The modbus connection interrogates controller
system and alternator parameters, and
diagnostic information. The controller also
accepts information to alter controller
parameters including generator set start and
stop functions.

Modbus Communication Port

Main Logic Board

Modbus®  is a registered trademark of Schneider Electric
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The engine mounted ECM (Electronic Control
Module) provides control logic for overall
engine management. When energized the
ECM will continually perform self-diagnostic
checks as well as monitor system
components.

The ECM contains an EEPROM, which is
defined as an electronically erasable
programmable read only memory.
The EEPROM controls the basic
engine functions, such as rated
speed, power, timing, cold starting,
fuel mapping, diagnostics, and
engine protection.

Engines with more than eight cylinders
operate with multiple ECM�s. One ECM is
called the master, while the others are
refereed to as receivers. The master ECM is
considered the primary ECM controlling logic
functions and communicating commands to
both the master and receiver ECM.

Electronic Control Module (ECM)
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Diagnostics

Diagnostic panel for series 60 models

The ECM of the DDEC engines are able
to monitor engine sensors and
electronic components and recognizes
system malfunctions. The ECM logs
malfunctions, which can be accessed
from the ECM using visual fault lights,
Diagnostic Reader, or a computer with
software that allows access.

A diagnostic box is installed in the
Junction Box that houses the fault lights,
and Diagnostic reader connection plug
that allows the technician to access the
ECM fault codes for diagnostic
troubleshooting.

The diagnostic box is equipped with two
fault lights, 1 red (SEL), and 1 Yellow
(CEL). The red light indicates that a fault
is currently active and requires service.
The yellow light indicates an inactive
code or previous fault occurrence. To
relay information to the fault lights the
ECM utilizes a flash code system. To
have a complete list of flash code faults
you should consult the engine service
manual.

Code Types
Active Code - A code flashing on the SEL
(red) lamp indicates a fault currently exists.

Inactive Code - A code flashing on the CEL
(yellow) lamp indicates a previous fault
occurrence. The ECM memory stores inactive
codes with time/date identification and the
following information.

1. First occurrence of each diagnostic
fault in engines operating hours.
2. Last occurrence of each diagnostic
fault in operating hours.
3. Total time in seconds that the
diagnostic code was active.
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Diagnostic panel for series 2000 and 4000 models

DDEC III/IV Flash Code
To read the codes press and hold the diagnostic
request switch. Active codes will be flashed on
the SEL (stop engine light), followed by the
inactive codesbeing flashed on the CEL (check
engine light). The cycle will be repeated until the
diagnostic request switch is released.

When multiple ECM�s are used (series 2000,
series 4000) the diagnost box will alow the
operator to check output signals from either
the ECM Master or ECM Reciever.

Diagnostics

Note: On versions of the diagnostic box that
utilize LED�s there will be some bleed through
current allowing the LED�s to illuminate slightly at
all times.
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(12 to 2 Pulse Converter Board)
DDEC Interface Board

The 12-2 board was introduced to eliminate
redundancy in sensors and speedswitch used
on DDEC III/IV  engines. The board is located
inside the generator controller and through the
engine harness is connected to the DDEC
ECM. The board is capable of receiving 3
sensor outputs from the ECM, Low Oil
Pressure, High Engine Temperature, and Pre
High Engine Temperature. When the engine
experiences one of these faults the ECM
outputs a signal to the 12-2 board. A
corresponding relay on the board closes
sending a ground signal input to the generator
controller board (Microprocessor-Plus or Digital)
signaling a fault condition exists.

The 12-2 board is also utilized to convert the
ECM speed signal from a 12 pulse output (per
revolution) down to a 2 pulse input (per
revolution) that is used by the generator
controller to determine crank disconnect and
overspeed functions.

With the use of the 12-2 converter board the
generator sets will not have duplicate senders
for LOP, HET, PHET. Also eliminated was the
tach drive for the speed signal into the
generator controller.

Note: For series 60 engines the LOP sensor is
not part of the 12-2 board interface. The HOT
(High OIL Temp) sensor replaces the LOP
sensor.
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DDEC Fuse Holder Box

The fuse holder box located on the
generator frame contains the power input
fusing to the ECM, 15 amp fusing for the 12
cylinder and 20 amp for the 16 cylinder
(2000 series and 4000 series engines). For
series 60 engines there are two 15 amp
fuses located inside the junction box.

Power input from this fusing is required by
the ECM to energize engine sensors, fuel
injectors, speed control, etc.

The red power leads going to the fuses must
come directly from the battery terminals as
shown on the wiring diagram. Failure to
follow proper installation could lead to erratic
performance and possibly damage the ECM.

Fuse holder box used on series 2000 and 4000 engines
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Sheet 2 of ADV-6393

Fusing for power input to
the ECM

Power input leads
must connect directly
to the battery positive

Ground leads must
connect directly to the
battery negative
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The K5 relay when energized is used to power
up the diagnostic and ignition system of the
ECM, and when deenergized to power down
the ECM and allow the engine to shut down.

The K5 relay is energized via the #70 wire.
The #70 wire is electrically �hot� when the
generator is in a crank or run mode of
operation.

Once the relay is energized the N.O. contacts
close energizing the #439 wire via the #440
which is a fused 5Amp DC source wired
directly to battery positive. Wire #439 is wired
into the ECM to initialize the ignition system.
Once energized the ECM continually performs
self-diagnostic checks and monitors system
components.

The K5 relay is responsible for energizing the
ignition system  and is also responsible for
deenergizing the system and allowing the
engine/generator to shutdown. The K5 relay is
the link between the generator controller 
(Microprocessor-Plus, Digital) and the ECM as
it relates to starting and stopping the generator.

K5 Relay

ADV-6393 sheet1
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ADV-6393 sheet 2
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The Deutz engine control (ECM) is an electronic
engine control system which is used on the
Deutz powered generators 50 kW -170 kW. The
system optimizes control of critical engine
management functions such as, rated speed,
timing, cold start and diagnostics.

The major components include the electronic
control module, engine sensors, and diagnostic
control box.

The ECM is capable of diagnostics and uses a
fault indication light to display faults detected
by the ECM. The fault light will illuminate
steady or flash depending on fault conditions.
Faults that may be detected by the ECM
would be, defective or loose plug connections
to the ECM or external devices, actuator
failure, defective sensor or program error.
Consult engine service manual when
diagnosing ECM faults.

Engine faults such as Overspeed, HET, LOP,
LWL, etc. are detected by the generator
controller and not the ECM. When faults are
detected by the generator controller, the K6
relay is deenergized removing power to the
ECM and thus shutting down the genset.

ECM Module

Diagnostics

ko49268
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K6 relay
The K6 relay is responsible for controlling
voltage to the ECM and is energized in both the
crank and run mode. The #70 wire (output from
controller logic) is electrically �hot� in the crank
and run modes and energizes the K6 relay coil.
When energized the N.O. contact 4-7 closes
sending a 10 amp fused battery source to the
ECM. This input to the ECM will initiate the
ignition and governing circuits needed for
engine start and run.

To shut the engine/generator down the K6 relay
is deenergized thus opening contacts 4-7 and
removing power to the ECM. Removing power
to the ECM allows the governor to go to a
closed position removing fuel to the injectors
and causing the engine to shutdown.

To ECM

ADV-6501  50-170 Kw
Deutz

K6 Relay

To ECM

ko49268
ECM Interface (Deutz)K6 relayThe K6 relay is responsible for controllingvoltage to the ECM and is energized in both thecrank and run mode. The #70 wire (output fromcontroller logic) is electrically ìhotî in the crankand run modes and energizes the K6 relay coil.When energized the N.O. contact 4-7 closessending a 10 amp fused battery source to theECM. This input to the ECM will initiate theignition and governing circuits needed forengine start and run.To shut the engine/generator down the K6 relayis deenergized thus opening contacts 4-7 andremoving power to the ECM. Removing powerto the ECM allows the governor to go to aclosed position removing fuel to the injectorsand causing the engine to shutdown.To ECMADV-6501 50-170 KwDeutzK6 RelayTo ECM
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ADV-6501  50-170Kw
Duetz

A jumper is installed at TB7 terminal 1 and 2 to
allow for 1800 RPM operation. To run at 1500
RPM remove jumper.

K6 relay

ko49268
ECM Interface (Deutz)ADV-6501 50-170KwDuetzA jumper is installed at TB7 terminal 1 and 2 toallow for 1800 RPM operation. To run at 1500RPM remove jumper.K6 relay
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ADV-6501

ko49268
ECM Interface (Deutz)ADV-6501
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Alternating Current - (Symbol AC): A current which periodically reverses in direction and changes
its magnitude as it flows through a conductor or electrical circuit.

The magnitude of an alternating current rises from zero to maximum value in one direction, returns
to zero, and then follows the same variation in the opposite direction.  One complete alternation is
one cycle or 360 electrical degrees.  In the case of 60-cycle alternating current the cycle is com-
pleted 60 times per second.

Alternating current is far more widely used than direct current because it can be easily transformed
from one voltage to another for transmission and use, and electricity is always generated in ma-
chines as alternating current.  A DC generator is basically an AC generator with the addition of a
device called a commutator which changes AC to DC.

Alternator: A term frequently used for AC generator.  �AC generator� is preferred.

Ambient Temperature: The temperature of the surrounding air in which the equipment operates.
This may be expressed in degrees Celsius or Fahrenheit.  Normally, ambient temperature is ex-
pressed in degrees Celsius when referring to electrical equipment.  Degrees Fahrenheit is more
frequently used for engines and mechanical equipment.

Ammeter: This device measures current.  Current measuring instruments must be connected in
series with a circuit and never in parallel with it.  AC ammeters are often used with current trans-
formers to reduce meter current.  Typical transformer ratios are 100:5 and 500:5.

Amortisseur Winding: The revolving field structures of synchronous machines are provided with
poles with faces slotted parallel to the shaft.  Conducting bars are built into these slots, and the ends
of the bars are short-circuited to form a structure similar to the squirrel-cage winding of an induction
motor.  These windings dampen out the tendency of the generator to �hunt� with load changes.
They are required for all revolving field generators which are driven by internal combustion engines
and which may be required to operate in parallel and/or single-phase.

Ampere - (Symbol 1, A, i, a): A unit of measurement of the rate of flow of electricity.  One ampere
of current flows when a pressure of one volt is applied across an impedance of one ohm.

Apparent Power - (Symbol kVA, VA): When the current and voltage are not in phase, i.e., voltage
and current do not reach corresponding values at the same instant, the resultant product of voltage
and current is apparent power instead of actual power.  Apparent power is measured in volt-am-
peres or kilo-volt-amperes.  Actual power (kW) is the product of kVA and the power factor.
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Armature Reaction: We know that if current flows through a coil surrounding an iron core, a mag-
net is formed.  This is true of the stator as well as of the rotor.  Current flowing through the stator
coils will result in magnetic poles, in general, opposite in position and direction to the poles of the
rotor.  This characteristic of the stator, tending to oppose and to force down flux developed by the
rotor, is known as armature reaction.

Automatic Synchronizer: This device, in its simplest form, is a magnetic-type control relay, which
will automatically close the generator switch when the conditions for paralleling are satisfied.

Automatic Transfer Switch: This switch is a double-throw, electrically operated switch which will,
on a given signal, open one set of contacts and throw over to the second set of contacts.  As nor-
mally used in hospitals, television and radio stations and other applications where automatic emer-
gency power is used, the switch automatically transfers a load from a normal source of electrical
power to an emergency source on failure of the normal.  The load is automatically returned to the
normal source when that source is restored to proper operating condition.  Relays for delayed
operation; engine starting, manual reset and similar features are available.  As normally used the
switch is electrically operated, mechanically held and has a positive interlock to prevent the two sets
of contacts being engaged at the same time.

American Wire Gauge - (Symbol Awg): Wires are manufactured in sizes numbered according to a
table, known as the American Wire Gauge. (This gauge was formerly known as Brown & Sharp,
abbreviated B&S).  As the wire diameters become smaller, the gauge numbers become larger.  The
ratio of the diameter corresponding to a given gauge number to the diameter corresponding to the
next higher gauge number is a constant 1.123. The cross sectional area varies as the square of the
diameter.  The cross sectional area is approximately halved or doubled every three gauge numbers.
The cross sectional area is increased or decreased 10 times for every 10-gauge numbers.  Using
No. 10 wire as a base (approximate diameter 100 mils, approximate cross sectional area 10,400
circular mils and 1 ohm per 1000 feet) it is possible to quickly estimate cross sectional area and wire
size without referring directly to a wire table.

Broad Range: Generators having a range within which the output voltage can be adjusted are said
to be �broad range� machines.  For example a generator rated 416-480-Volt can be adjusted to put
out anywhere between 416-Volts and 480-Volts.

Capacitance (Symbol C): If voltage is applied to two conductors separated by an insulator, the
insulator will take an electrical charge.  If an alternating voltage is applied, an alternating current will
flow into and out of the insulator (in this case called a dielectric) as it charges and discharges with
reversal of applied voltage.  On alternating current circuits the charge is a maximum, but the current
becomes zero, as the voltage reaches a maximum.  The current change thus precedes the voltage
change, or the current leads the voltage; this being opposite to inductance.  The characteristics of
being able to take an electrical charge is known as capacity (C) and is measured in Farads.

Capacitive Reactance - (Symbol Xc): When considered in an AC circuit with a definite frequency,
capacitance results in a capacitive reactance, which is measured in ohms.  Capacitive reactance
causes the current to lead the voltage by 90 electrical degrees.  The value in ohms is determined by
the formula:
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Charge: There are two types of charge, positive (+, proton) and negative (-, electron).  An atom with
electrons missing is unbalanced - it has more protons than electrons and is therefore positively
charged.  The same analysis applies to an atom having more electrons than it should - it is nega-
tively charged.  Like charges repel each other.  Unlike charges attract each other.

Circuit Breaker: A special switch used to protect electrical circuits is called a circuit breaker.  It is
generally designed to open or break the circuit when some abnormal condition, such as an overload
occurs.  The circuit breaker usually has a higher initial cost than a fused knife switch, but has the
advantages of opening the circuit faster and can be reset easier after the cause of the overload has
been removed.  Circuit breakers are difficult to size as necessary to protect an engine driven gen-
erator.  A circuit breaker rating of 125% generator rating is usually used; however, engine power
usually limits generator load to less than 125%.

Compound: A chemical combination of elements that cannot be separated by simple physical
means such as by dissolving one out and leaving the others or by filtering or distillation, etc.  There
must be a chemical reaction to separate a compound.

Continuous Standby: The rating at which a generator set may be operated for the duration of a
power outage.  No overload capacity is guaranteed.

Cross Current Compensation: Cross current compensation is used to divide reactive kVA equally
between generators operating in parallel, and is accomplished by a current transformer.  Division of
reactive kVA between AC generators operating in parallel is a function of generator excitation.
When operating AC generators in parallel it is necessary that the reactive kVA outputs of the indi-
vidual generators be equalized.  This is to prevent one generator from being overloaded by carrying
all of the reactive kVA because its individual excitation is higher than that of the other machines.  It is
accomplished by the current transformer limiting or controlling the voltage sensitive element of each
voltage regulator with reactive current.  This reactive current divides the KVAR among the genera-
tors according to their rating and enables the generators to all operate at the same power factor.
Frequently, reactive droop compensation is used without the cross-current connection.

Current: Current is a flow of electricity.  DC flows from negative to positive.  AC alternates in direc-
tion.

The standard symbol for current is �I� and it is measured in Amperes (Amps).

The current flow theory is used conventionally in power and the current direction is positive to
negative - opposite the flow of electrons.

Cyclic Irregularity: Cyclic irregularity is the ratio of magnitude of fluctuation of speed over the
average speed.  This is a calculated value based upon firing diagrams and the mass of the system.
Torsional characteristics are not involved and the system is assumed rigid.

Cyclic Irregularity Ratio =Max. Instantaneous Speed - Min.  Instantaneous Speed
Average Speed

Its application to specific problems is critical in very large, slow speed engines driving generators
having may poles (18 or 36), or small 4 or 6 pole sets having less than one firing stroke per 2 cycles,
where the instantaneous speed of the flywheel may drop considerably between firing impulses.
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Delta Connection: The delta connection is so named because it resembles the Greek letter.  To
make a delta connection, the finish end of the first winding is connected to the start of the second
winding, the finish of the second winding is connected to the start of the third winding and the finish
of the third winding is connected to the start of the first winding.

Modern generators are normally connected in a wye or, star pattern rather than delta for several
reasons.  The-delta-connected generator has no advantages over the wye-connected machine, and
the wye machine has the advantage of being able to bring out the neutral wire.  Also, in the delta-
connected machine it is difficult to design the generator to keep the circulating currents low in mag-
nitude.  Normally the wye-connected machine will give better waveform characteristics than the
delta-connected generator.  In the wye machine the harmonics tend to cancel each other out when
line-to-line voltage is checked between two legs or phases.  In the delta-connected machine the line-
to-line voltage is across one coil or set of coils and there is no cancellation of harmonic effects,
except that the third harmonic and its multiples are shorted out, and do not appear in the output.
Delta-connected generators are used to supply 120/240-Volt, three-phase/single-phase, 4wire
systems.

Dielectric Test: National Electrical Manufacturers Association (NEMA) standards provide that each
generator of 250 watts output or more be given the following high potential factory test to check
generator insulation:

Stator Windings - apply two times the normal voltage plus 1000-Volts.
Field Windings - apply ten times the exciter voltage, but in no case less than 1500-Volts.

Direct Current - (Symbol DC): A current that flows in one direction only for a given voltage and
electrical resistance.  A direct current is usually constant in magnitude for a given load.  Electricity is
generated as alternating current in revolving machines.  In DC generators the AC current is changed
to direct current by commutation.  While DC voltage is substantially constant in a DC generator, a
slight ripple is due to commutation.

Distribution Panel: Multicircuit switchgear panel used to feed power to individual loads.

Drip-Proof: Per NEMA MG1-1.20 a drip-proof generator is an open machine in which the ventilating
openings are so constructed that drops of liquid or solid particles falling on the machine at any angle
not greater than 150 from the vertical cannot enter the machine either directly or by striking and
running along a horizontal or inwardly inclined surface.

Dual Range Generator: Any 10-wire or twelve-wire generator can be connected such that the
stator windings in each phase are in series or parallel.  When in series the output voltage will be
high.  When in parallel the output voltage will be one half of the high voltage, but the current capacity
will be doubled.  A typical rating would be 240/480-Volt.  If the machine is also broad range, a typical
rating would be 208-240/416-480-Volt.
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Efficiency: Input times efficiency equals output, or efficiency equals output divided by the output
plus losses.  Efficiencies of generators are commonly given at 4/4, 3/4, and 1/2 load.  Unless other-
wise stated, the efficiency of the generator is always based on the kVA and power factor at which it
is rated.

Element: A substance which cannot be broken down into a simpler substance which will retain the
original characteristics.  For example, copper, hydrogen and oxygen are all elements; they cannot
be reduced to anything simpler without destroying their properties.

EMF: Electromotive Force.  See Volt.

Exciter: Synchronous AC generators require  DC field excitation current.  Most such generators
today are furnished with exciters which are AC generators having rectified output.

Flywheel Effect: Internal combustion engine-driven generator sets must be provided with flywheel
effect to meet the following conditions:

1. Harmful torsional vibrations must be avoided.

2. Speed variation, when operating alone, must be reduced to a point where objectionable varia-
tions in voltage or frequency are avoided.

3. Operation in parallel with a large system must be possible.

4. The natural frequency must differ from forcing frequencies, of generator sets with which it is
operating in parallel, by at least 20%.

In accordance with present practice it is the responsibility of the engine manufacturer or set assem-
bler to determine that the proper flywheel effect is provided to meet the conditions outlined above.
The generator manufacturer will provide information on shaft stiffness and other details which are
required in these calculations.

Frequency - (Symbol Hz): The number of cycles per second the current alternates is called the
frequency.  Most common frequency in the United States is 60 Hz. 50 Hz current is used in most
countries.  Generators are also made in special high frequencies for certain applications.  The unit
for measurement of frequency is the Hertz equivalent to one cycle per second.

Harmonics: Any irregularity in a wave form can be resolved into a fundamental sine wave of the
system frequency and one or more sine waves of higher frequencies which modify the fundamental.
In AC circuits only odd harmonics occur.  The possible harmonics for various stator connections
follow:
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Impedance - (Symbol Z): The total opposition to the flow of alternating current in a circuit that
contains resistance and reactance is called impedance.  Strictly speaking the reactance component
takes into account both the capacitive and inductive components, but for all practical purposes in
power circuits we can neglect the capacitive reactance (Xc).

Inductance (L): Any device with iron in the magnetic structure has what amounts to magnetic
inertia.  This inertia opposes any change in current.  It is quite apparent on alternating current since
the voltage is continually changing in instantaneous value and this inertia has the effect of continu-
ally causing change in current to a lag behind changes in voltage.  The characteristic of a circuit,
which causes this magnetic inertia, is known as self-inductance; it is measured in henries and the
symbol is �L�.

Inductive Reactance (XL): When considered in an AC circuit with a definite frequency inductance
results in an inductive reactance (XL), which is measured in ohms and is determined as follows:

XL (ohms) = 2 p, f L

Inertia: Inertia means the resistance of a mass to a change in velocity.  A mass in motion will tend,
to travel in a straight line and at the same speed unless acted upon by an external force.  Inertia is
the force that pushes you forward when an automobile is decelerating or comes to a sudden stop.

Interruptible Service: A plan whereby an electric utility, elects to interrupt service to a specific
customer at any time.  Special rates are often available to customers under such agreements.

Insulation: Insulating materials are used in all electrical machinery to isolate and maintain the flow
of current through the conductors.  Temperature influences the life of insulation.  The failure of
insulating materials is generally mechanical, resulting from reduced strength caused by extended
exposure to moisture, foreign materials and resulting higher temperatures than the limiting tempera-
ture of the materials used.  Most insulation used in today�s generators is Class F, with a permissible
temperature rise of 210º F (105º C) continuous, and 266º F (130º C) standby.

lsochronous Governor: A governor that maintains constant engine speed from no-load to full load.
It is a zero-droop governor.  Typical accuracy is ±.25% of rated speed.
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Kilowatt - (Symbol kW): Power is the rate of doing work.  Electric power is expressed in Watts or
kilowatts (1000 Watts).  One horsepower equals 0.746 kW or approximately 3/4 kW.  Inversely one
kW equals 1.34 horsepower.  Actual power (kW) equals apparent power (kVA) times power factor
(expressed as a decimal).

Kilowatt-Hour - (Symbol kWh): The measure of electrical energy is the kilowatt-hour.  One kilowatt
of electrical power consumed for one hour equals one kilowatt-hour (kWh) of electric energy.  A
kilowatt-hour meter can measure this energy, which is a small, sensitive electric motor, the rotor
speed of, which is proportional to the kilowatts flowing in the circuit to which the meter is connected.
Revolutions of the motor are transmitted through a gear train to pointers on a register dial calibrated
in kWh.  Kilowatt-hour meters can be used to give approximate instantaneous kW load readings by
measuring the rate of disc rotation.

Kilovolt-Amperes - (Symbol kVA): In AC circuits, kVA is the measure of the apparent power
flowing in the circuit.  To find the true or actual power (kW), the kVA must be multiplied by the power
factor (expressed as a decimal).

Magnetism: A phenomenon of certain materials (iron, nickel, cobalt), such that, when the atoms
are aligned within the materials, a field of force is set up which can effect other magnetic materials
that are within that field.  One end of a magnet is called the north pole and the other end the south
pole.

Magnetic Field: The lines of force due to the proper alignment of the atoms are called magnetic flux
lines and make up the magnetic field.  By convention, the lines begin at the north pole and end at
the south pole.

Magnetizing Current: Transformers, motors and other electromagnetic devices containing iron in
the magnetic circuit must be magnetized in order to operate.  It is customary to speak of the lagging
inductive current as a magnetizing current.



Glossary

196

Molecule: The smallest particle of a compound that retains the properties of that compound.  A
molecule is made up of two or more atoms depending on the compound.  One molecule of water
(H20) is made up of two hydrogen atoms and one oxygen atom.

National Electrical Code - (NEC): The National Electrical Code is a volume of standard electrical
rules prepared by the National Fire Protection Association.  The code contains basic minimum
provisions considered necessary for safety.  These minimum rules are modified, expanded and
interpreted by local electrical safety governing bodies.  Local electrical and building inspectors in a
particular community should be consulted for answers to specific questions and interpretation of the
local codes covering a particular installation.

National Electrical Manufacturers Association - (NEMA): This is an organization of electrical
manufacturers set up to provide limited information pertaining to certain types of electrical equip-
ment.  A main function of the organization is to establish uniform nomenclature throughout the
industry and to promote manufacturing economics.  NEMA Standards do not cover traction genera-
tors, arc welding generators or the self-regulated type generator because these are specialized
types of equipment from manufacturers setting acceptable standards.

NEMA Design B: Normal-Torque, general purpose induction motors.  These motors comprise about
90% of all induction motors.

NEMA Design C: High-Starting-Torque, low-starting-current motors - often used for starting and
running loaded compressors, pumps, etc., where a high starting torque is required.

NEMA Design D: High-Starting-Torque, High-slip motors - are usually found in loads having a
flywheel effect, such as elevators, hoists, punch presses, etc.

Ohm: The unit, which represents the amount of electrical resistance or impedance to the flow of
electric current.

OHM�s Law: This is the fundamental law of electricity.  The intensity of the current in any electrical
circuit is equal to the difference in potential in volts across the circuit divided by the resistance in
ohms, of the circuit.  This law may be expressed in three ways:
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One volt is required to cause one ampere of electric current to flow through an impedance of one
ohm.

With this diagram you cover the value desired with your finger and the proper mathematical
relationship remains showing.  For example, if you want to determine the resistance (R), cover the R
R=E
      I

Open Circuit Excitation: With the rotor excited and turning over at full speed, an alternating voltage
will generated.  If the generator terminals are left open circuited and we supply proper values of
excitation we obtain the open circuit saturation curve.

Above about 75% normal operating voltage a condition known as saturation occurs.  The magnetic
strength (flux) then does not increase proportionately with increase in excitation, but increases
somewhat less rapidly.  The ratio of excitation increase to voltage increase at the intersection of the
open-circuit saturation curve and the normal voltage line is known as the saturation constant.

Overload: NEMA Standard MG1-16.41 - Overload capability states: general purpose, prime power
synchronous generators shall be capable of carrying 10% over-load for two hours out of any 24.  It
is recognized that the voltage, power factor and temperature rise will differ from rated values when
generators are subjected to overload condition.

Overspeed: NEMA Standards for synchronous generators MG1-16.46 - Overspeeds states: Salient
pole synchronous generators shall be so constructed that, in an emergency, they will withstand an
overspeed of 25% without mechanical injury.



Glossary

198

Parallel Operation: Units to be paralleled must have the same frequency, the same number of
phases, the same voltage, and the same phase rotation.  The latter merely means that the voltages
across the terminals must reach their maximum and minimum values in the same order.  Otherwise,
the magnetic forces would try to turn the rotors in opposite directions.

Power: DC power is always the product of Volts times Amps and is expressed in Watts.

Watts = Volts x Amps (P = E x I)

AC output of a generator is the apparent power and is equal to the Volts times Amps, as
measured at the generator.

Apparent Power (kVA) = El
1000

The apparent power (kVA)developed by the generator is used in two places.-

1. Useable power for the load (kW)

2. Lost power due to reactance (KVAR) of the load

The power used in the load is called the useable or real power and is expressed in Watts or kilo-
watts (kW).  Whenever the words Watts or kW is used, it means useable power.

The power lost because of the reactance is called reactive power or kilo Volt-Amps-reactive (kVAR).
This lost power-does no work.

The following triangle is a graphic representation of the relationships between apparent, real and
reactive power.

Power Conditioner: A device which removes undesirable transients and distortion from a power
source.

Power Factor - (Symbol PF): Power factor is the ratio for expressing what part of the apparent
power (kVA) flowing in an AC circuit is true power (kW).

Power Factor = kW
                    kVA
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At unity power factor the kW and kVA are equal.  At any power other than unity (leading or lagging
power factor), the kVA are greater than the kW.  When this is true there is a reactive component of
the total kVA flowing in the circuit.

-Mathematically, power factor is equal to the cosine of the angle by which the current leads or lags
the voltage.

With a low power factor load, the reactive component is larger and thus more kVA capacity is re-
quired of the generator supplying the power.  For a given kW load the increase in kVA caused by a
low power factor means increased Amperes through the coils.  The capacity (kVA) of generators,
transformers, etc., is normally limited by the current capacity and heating limits of the coils.

Prime Power: The rating at which a generator may be operated continuously as a sole source of
power, with intermittent overloads up to the standby rating.

Reactive Droop Compensation: A system similar to cross current compensation (see definition) in
which an artificial voltage droop is introduced on reactive power, only as necessary to force genera-
tors to divide reactive load when operating in parallel.  No cross-current connection between gen-
erators is required.  This system is usually preferred to cross-current compensation.

Reactive Kilovolt-Amperes - (Symbol RKVA or KVAR): Reactive kVA is the measure of the
reactive or magnetizing component of the total kVA flowing in a circuit.  The out-of-phase or reactive
component serves the important function of magnetizing the magnetic equipment, i.e., induction
motors, transformers, etc., during a portion of each cycle.  The magnitude of this component is
determined by the proportion of magnetic equipments to the pure resistance loads which determines
the amount that current lags the voltage.  Mathematically the tangent of the angle of lag is equal to
the reactive kVA divided by the kW.  In a three-phase circuit:

Rectifier: If only alternating current is available, it may be converted into direct current by using
devices which offer a high resistance to the flow of current in one direction and a low resistance to
the flow in the opposite direction.  These devices are called rectifiers.  A common rectifier is the
diode.

Regulation: Voltage regulation is defined as the rise in voltage, (field current and speed remaining
constant), when full load is thrown off the generator.

% Voltage Regulation =   (voltage at no load - voltage at full load) x 100
voltage at full load

Speed regulation is similar.

% speed regulation =  (no load rpm - full load rpm) x 100
full load rpm
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Resistance: Electrical resistance is that quality of an electric circuit that opposes the flow of current
through it.  In the electric circuit, the larger the diameter of the wires the lower will be their electrical
resistance to the flow of current through them.  Temperature also affects the resistance of electrical
conductors to some extent.  In most conductors (copper, aluminum, etc.) the resistance increases
with temperature.

Resistor: A device used to limit current flow.

Rheostat: An adjustable resistance used for the purpose of controlling, limiting or adjusting
 the amount of current flow in a circuit is called a rheostat or potentiometer.  Rheostats are
 often so constructed that the resistance in the circuit may be varied by turning a knob or
 lever.

Right-Hand Rule: When using the �current flow theory� the current flows from positive to negative. If
the thumb of the right hand is pointed along the conductor in the direction of current flow then the
fingers, when wrapped around the conductor, will indicate the direction of the magnetic lines of
force.

Short-Circuit Ratio: The ratio of the exciter field current for rated open circuit armature voltage at
rated frequency to the field current for rated armature current on sustained symmetrical short circuit
at rated frequency is called the short-circuit ratio of the generator.

Single-Phase: A single-phase AC circuit is generally served by 2 or 3 wires.  Single-phase is most
commonly used for lighting and fractional-horsepower loads.  Single-phase may be obtained from a
single-phase generator, from a three-phase ten or twelve lead generator properly connected, or
from the individual phases of a three-phase generator.

Star Connection: See Wye Connection.

Starting kVA: Induction motors demand more kVA to start than is required for steady state opera-
tion.  �Starting kVA� is used to define the condition of this extra demand, which normally lasts for a
brief period of seconds or less.  It is a transient effect, but of great importance.  Standard motors
have a code letter indicating starting kVA per hp.

Synchronous Speed: The number of poles in an AC generator is directly related to the synchro-
nous or operating speed.  Any speed can be obtained that corresponds to any even number or pair
of poles and the desired frequency.

To maintain rated frequency, the speed of the generator must be maintained as shown above.
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Synchroscope: A synchroscope is an instrument for indicating when generators are in proper
phase relation for connecting in parallel and at the same time showing whether the incoming gen-
erator is running fast or slow.  The instrument has two independent circuits, one being connected to
the incoming generator and the other to the bus.  The magnetic fields set up by these two circuits
cause the hand to rotate.  When the hand comes to a standstill at the mark on the dial indicating
synchronism, the switch connecting the generator to the bus line may be closed.

Telephone Influence Factor - (Symbol TIF): This is the measure of the inductive effect of a power
system on nearby telephone circuits as represented by the noise level in the telephone receiver.
Technically, the TIF of a three-phase synchronous machine is the ratio of the square root of the sum
of the squares of the weighted RMS values of the fundamental and non-triple series harmonics to
the TMS value of the normal no-load voltage wave.  Telephone receivers are normally designed at a
resonant frequency of approximately 1100 Hz.  The human ear is very sensitive to the frequency of
1100 Hz.  A high TIF indicates presence of harmonics which show as a high pitched hum in a
nearby telephone circuit.  A 60-cycle pure sine wave has a TIF of unity.  A commercially acceptable
normal balanced TIF for generators with kVA ratings from 6.25 to 62.5 is 250.  From 62.5 to 500
kVA, the normal TIF is 150.

Temperature Rating: A generator with a temperature rise rating of 221°F (105°C), is one in which the
manufacturer guarantees that the temperature of the generator will not rise more than 122° F (50°C)
above an ambient (surrounding air) temperature of 104°F (40°C), when carrying full rated load
continuously, at an altitude not exceeding 3300 ft. (1006 m) above sea-level.  The term �rated load�
implies that the voltage and power factor are as called for by the nameplate of the generator.  The same
generator is permitted (by NEMA MG1-16.40) to have a 266° F (130° C) temperature rise at a standby
rating.

The temperature rise of 221°F (105°C) over ambient temperature given above, is based on mea-
surement of rotor and stator temperature by resistance.

Three-Phase: A three-phase AC circuit is a combination of three electrical circuits with a voltage
phase difference of 120 electrical degrees (1/3 cycle).  A three-phase system may either be 3-wire,
or 4-wire (3-wire and a neutral).

Time Constant: Any device with iron in the magnetic circuit has what amounts to magnetic inertia.
This inertia opposes any change of current even though the voltage is changing.  If a generator is
short-circuited, the time required for the short-circuit current to drop to 36.8% of the original maxi-
mum short-circuit current is called the generator time constant.  This constant is important in deter-
mining the voltage change and voltage recovery of a generator when a sudden load change occurs.

Torsional Vibration: Torsional vibrations may be found in the shafting of any rotating machinery in
which there is cyclic torque variation.  A torsional vibration is a periodic oscillation about a central
axis.  Should this vibration reach dangerous proportions at a so-called critical speed, serious dam-
age could be inflicted on the associated machinery.  The torsional stress of engine generator sets
must be calculated and/or tested to assure satisfactory performance.

Uninterruptible Power Supply (UPS): A system designed to provide power without delay or tran-
sients during any period that the normal power supply is incapable of performing acceptably.
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Volt - (Symbol V or E): The unit for measuring electric pressure or electromotive force required to
force an electric current to flow.  Voltage actually shows the difference in electromotive force be-
tween two points in a circuit.  One volt is required to force one ampere through one ohm of resis-
tance.  In an AC circuit having a true sine wave the RMS (root mean square) or effective volts is
equal to 0.707 times the maximum volts.  The usual AC voltmeter generally measures effective
volts, and unless otherwise specified, voltage values are always given as effective volts.

Voltages - Standard: The electrical manufacturing industry has standardized to a certain extent on
voltages.  Standard generator voltages are higher than motor or nominal voltages to allow for some
voltage drop in the distribution lines.  As a general rule AC electric motors are designed to operate
successfully on plus or minus 10% of nameplate or nominal voltage.  Most externally regulated
generators will operate successfully at plus or minus 10% of nameplate voltage.

Alternating Current
Standard Voltages

                                             Generator                Motor or Nominal

120 (1) 115
120/240 (2)(3) 115/230
120/208 (2) 200
240 (1) 230
230/400 (2) 380
277/480 (2) 460
400 (1) 380,400,440
480 (1) 440
600 (1) 575

(1) 3-phase, 3-wire or single-phase, 2-wire
(2) 3-phase, 4-wire
(3) Single-phase, 3-wire

Voltage Dip: �Voltage Dip� is the momentary drop of generator output voltage that occurs whenever
a load is added to the system.  There is a momentary increase in output voltage whenever a load is
removed from the system.  This is called �Voltage Rise.� �Voltage Rise� is seldom of concern with an
adequate voltage regulator.

Voltmeter: This instrument when connected across the line will indicate the potential difference
in volts.  Actually, these instruments usually operate on the same principle as an ammeter except
that a high resistance is placed in series with the coil so that the current flow is limited when the
meter is connected across the line.  The current in the coil is therefore proportional to the line volt-
age.  The scale is not uniformly divided, as on DC voltmeters, for the deflections are very nearly
proportlonal to the square of the voltage.  The divisions at the lower part of the scale are crowded so
that poor precision is obtained.  The divisions at the middle and upper portions of the scale, how-
ever, are usually such that they may be read with precision.
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Watt: See kilowatt

Wattmeter: Electric power is measured by means of a wattmeter.  Because electric power is a
function of current and voltage, a wattmeter must have two elements, one for current and the other
for voltage.  The power indicated by a wattmeter is a result of the voltage across the load, the
current through the load and the power factor on the load.  In effect, the wattmeter multiplies the
voltage, current and power factor to indicate the true power.  When using a wattmeter, take all
precautions mentioned for ammeters and voltmeters.  In addition, make sure that neither the current
nor voltage exceeds the wattmeter capacity.  Test the circuit with a voltmeter and ammeter before
connecting a wattmeter.  The wattmeter scale deflection does not indicate whether the meter is
overloaded or not.  The voltage may be low and the current high and still indicate a true power-
within the meter scale limit, but the current element may be overloaded.

Wave Form: The shape of the voltage wave which a generator produces is largely under the control
of the designer, although most machines are designed to produce waves that closely approximate
the true sine wave.  Such factors as hysteresis, rotor and stator slotting and armature reactance
prevent a perfect sine from being generated.

Wye Connection: In a wye or star-connected generator the three start ends of each single-phase
winding are connected together to a common neutral point, and the opposite or finish ends are
connected to the line terminals.  When both low-voltage, single-phase loads and higher-voltage,
three-phase loads are encountered, a line to the neutral or common point will serve as a common
return circuit for all three phases, i.e., 120/208-Volt, 3-phase, 4-wire machine.

With a 4-wire, 120/208-Volt generator, motors can be operated on the 3-phase, 208-Volt leads, and
120-Volt lighting loads can be connected anywhere in the circuit between the various lines and the
neutral.  If this is done it is important to balance the 120-Volt, single-phase load as much as possible
so that the entire added lighting load is not connected to one single-phase leg or coil.

Wound-Rotor Motor: The wound-rotor or slip-ring induction motor is used when it is necessary to
vary the rotor resistance in order to limit the starting current or to vary the motor speed.  The high
resistance is used for starting and cutout when the motor comes up to speed with the resistance cut
out.  The running characteristics are about the same as a standard squirrel-cage motor.  The
wound-rotor motor gives high starting torque with comparatively low starting current.  On the other
hand, its initial and maintenance costs are high and the external resistance is bulky.

Normally a wound-rotor motor will have an instantaneous starting current of 150-160% of rated full-
load current and the current during acceleration to approximately 125% of full-load current.  With the
high resistance in the starting circuit the power factor is high on start, so the usual limiting factor in
the selection of a generator set is kW capacity of the engine-generator set.
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