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lmportant Safety Information
Most accidents that involve product operation, maintenance and repair are caused by failure to
observe basic safety rules or precautions. An accident can often be avoided by recognizing potentially
hazardous situations before an accident occurs. A person must be alert to potential hazards. This
person should also have the necessary training, skills and tools to perform these functions properly.

lmproper operation, lubrication, maintenance or repair of this product can be dangerous and
could result In injury or death.

Do not operate or perform any lubrlcatlon, malntenance or repalr on thls product, untll you have
read and understood the operatlon, lubrlcatlon, malntenance and repalr informatlon.

Safety precautions and warnings are provided in this manual and on the product. lf these hazard
warnings are not heeded, bodily injury or death could occur to you or to other persons.

The hazards are identified by the "Safety Alert Symbol" and followed by a "Signal Word" such as
'DANGER", 'WARNING" or "CAUTION". The Safety Alert "WARNING" label is shown below.

The meaning of this safety alert symbol is as follows:

Attentlon! Become Alert! Your Safety Is Involved.

The message that appears under the warning explains the hazard and can be either written or
pictorially presented.

Operations that may cause product damage are identified by "NOTICE" labels on the product and in
this publication.

Caterpillar cannot ant¡cipate every posslble circumstance that might involve a potential hazard. The
warnings In thls publlcation and on the product are, therefore, not all Inclusive. lf a tool, procedure,
work method or,operating technique that ls not speclfically recommended by Caterpillar ls used,
you must satisff yourself that it is safe for you and for others. You should also ensure that the
product wlll not be damaged or be made unsafe by the operation, lubrication, malntenance or
repalr procedures that you choose. ')

The information, specifications, and illustrations in this publication are on the basis of information that
was available at the time that the publication was written. The specifications, torques, pressures,
measurements, adjustments, illustrations, and other items can change at any time. These changes can
affect the service that is given to the product. Obtain the complete and most current information before
you start any job. Caterpillar dealers have the most current information available.

When replacement parts are required for this
product Caterpillar recommends using Caterpil-
lar replacement parts or pans wfth equlvalent
specifications including, but not limited to, phys-
lcal dimenslons, type, strength and materlal.

Faiture to heed this warning can lead to prema-
ture failures, product damage, personal injury or
death.
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Specifications Section

Specif ications Section

Electrical
SMCS Code:4467

Table 1

i01915719

Regulator temperature drift Less than x|lIo Íor any 40 "C (72 "F) change over the ambient operating
lemperature range.

Conf igurable VoltVHz characteristic Two sfope. rang..es adjustable from 1 to ,tO yft1'z. See the Regulation
Characteristic lllustration.

Regulator response t¡me Maximum of 10 milliseconds.

Begulator sensing lrug ltvts 3-phase sensing is standard. singre phase sensing is available.
Variable sense range: 90 to 600 volts.

Regulator stability Th.e regulator responds to the fundamental component of the sensed
voltage and remains stable for total harmonic distortion of the generator
output voltage waveform, up to 20/".

Telephone influence fac-tor (TlF) Less than 50. complies with MIL sTD 461c part 9 and vDE 0875 rever N.
Fine voltage adjust range t 10% of regulator sensing voltage.
Regulator voltage gaid ltine loss compensat¡on) Adjustable from 0 to 10olo.
Fault detection and identification Diagho-stics identify operation outside of programmed limits. Specific

fault information is available even atter ttré uñ¡t has been poweieo oown.
CANBUS only

Harmonic tolerance The dlgital voltage-regulator maintains precise control of the generator
output with up lo 20% harmonic distortion in the generator oulput voltage.

Reactive droop adjustment Adjustable from 0 to 10%.
Overexcitation protection Shuts off generator output when excitation current exceeds normal

operating currents for 10 seconds or instantaneous shutoff if output current
exceeds approximatly 28 Amperes.

Ambient operating temperature -40 "C (-40 "F) to +70'C (+ 1SS "F).
Storage temperature range \ -40'C (-40'F) to +85 "C (+ 1BS .F).

Power dissipat¡on 5 watts at ¡dle, 55 watts at rated output.
Shock Withstands up to 20 g's in three mutually perpend¡cular planes .
Vibration Withstands 4.5 g's at frequencies beiween 1g and 2000 Hz in three

mutually perpendicular planes. ,
Salt fog 5% salt spray for 48 hours at 39'C (100.4 "F) at11}o/o of the nominal

operating voltage
Weight 1.47 kg (3.24 tbl.
Electromagnetic compatibility Meets 89/336/EEC Electromagnetic Compat¡bility Directive.
Power supply 24 r 6 volt DC power supply required (0.5 amp),

(continued)
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:

UL Recognized per Standard 508, UL File No. E97035

Certified perStandard CANICSA-C22.2 No. 14-95, CSA Dile No. LR 23131

Conforms to the following standards: Radiated Emissions EN50081-2,
Radiated lmmunity (electric field) EN61000-4-3 (10 v/m), Radiated
lmmunity (conducted) EN61000-4-0 (10 VRMS), Conducted Emissions
EN50081-2 (EN55011, Class A), ESD lmmunity EN50082-2 (4 KV contact,
8 KV air), EFT lmmunity EN50082-2 (2 KV coupling clamp), Magnetic
lmmunity EN50082-2 (30ARMS, 50 Hz), Safety EN61010-1
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UNDERFREOUENCY PoINT (20 To 40 Hz)

GENERATOR OUTPUT VOLTAGE

DECREASING SLOPE 2
(0 To 10 V/Hz)

.-------!r--- l-------- MtNtMUM VOLTAGE SETPO|NT (50 - 100 %)

5 HZ {FTXED)

KNEE FREOUENCY
I

% OF NOMINAL FREQUENCY

901040043



Parameter

Summary of Operating Parameters

Specifications

Voltage Regulation
Rating

120 to 15000 Volts

PM
SE

AREP

Generator TYPe

Power lnput Voltage Frequency Burden (Gontinuous)

80 to 264 Volts (36)
100 to 280 Volts (1@)

50 to 400 Hz 1150 VA or 1900 VA

Oumut Rating Maximum Continuous Marimumn Forcing (10 Seconds)

Voltage Gurrent Voltage Current

63 0r 125 Volts 12 or 10 Amperes 125 or 250 Volts | 25 or 20 Amperes

Sensing Voltage Maximum VA Burden per g

90 to 600 Volts 1VA

Reative DrooP Maximum Current Maximum VA Burden

5 Amperes 1VA

Exciter Field
Resi€tance

Minimum Resistance Maximum Resistance

3 Ohms 39 Ohms
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i01915854

Dimensions
SMCS Code:4467
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lllustrat¡on 2

Dimensions of the Digital Vohage Regulator
(A) 276.4 mm (10.88 ¡nch)

4{B) 190.5 mm (7.50 inch)
(C) 139.7 mm (5.50 inch)

(D) 162.1 mm (6.38 ¡nch)
{El72.9 mm (2.87 ínch)
(n71,4 mm (2.81 inch)

901040044

(G) 15.0 mm (0.59 inch)
(H) 4.06 mm (0.16 inch)



Systems OPeration Section

i019 17398

General lnformation

SilCS Code: 4402

r Digital Voltage Regulator is a
based voltage regulator. The main

of a digital voltage regulator is to regulate
voltage of a genEator that is used
¡tne generator set. Control power for
Voltage Regulator is supplied from an
DCV source. The power stage of the

Regulator can be supplied from
e. high frequency, permanent magnet
(PMG), from the generator output (shunt

ü, or from auxiliary windings that are
Qn some generators, Connections to the

Regulator are made through three
type connectors. The communication

tal Voltage Regulator and a service
using a CANBUS protocol.

Voltage Regulator_ has three multiple-pin,
onnectors. These bonnectors are labeled
.and "P12", See illustration 3.

1
: l

s01040883

(5) 14" Connector

Connector "P6" is a six-pin header that mates with
a six-pin connector. Connector "P9" is a nine-pin
header that mates with a nine-pin connector.
Connector "P12" is a Wvelve-pin header that mates
with a twelve-oin connector.

The regulator has a nine-pin D-sub connector that
is labeled "J4". This connector is used for interface
with IBM-compatible personal computers.

Note: The Caterpillar Digital Voltage Regulator
should be hard-wired to earth ground with at least a
16 AWG copper wire that is attached to the ground
terminal "P6-6".

Note:When the unit is configured in a system with
other devices, a separate lead should be used to
ground the bus from each device.

(3) 'Pl 2' Connector
(4) "P9'Connector
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the digital voltage regulator is
remotely from the generator, special

be given during installation to ensure
procedures are followed to

electromagnetic noise from reducing the
of the regulator or other system

mounting the regulator remotely, the
wires, PMG wires, and exciter field wires

Connector'P9"

r be routed in their own separate tray
The optional customer wiríng should

from all other signals in a control
luit. The voltage sensing wires should
together. Exciter field wires should also
together.

lllustration 5
Pinout for the "pg'Connector

Table 4

901013761

lllustraüon 4 9010 13614

,Pinout br the "p6' Connector

Table 3 Connector "P12',

P9 Terminal Functions

Terminal Funct¡on
P9-1 GANbus - High

P9-2 CANbus - Low

P9-3 CANbus - Drain (Shietd)

P9-4 Contact Sense - Lower

P9-5 Contact Sense - Ra¡se

P9-6 Contact Sense - Common

P9-7 Contract Sense - Excitation Disable
P9-8 Contact Sense - Fault Resel
P9-9 Contact Sense - Var/pF Enablé

P6 Terminal Funct¡ons
Termlnal Function
P6-1 Power Input

< I

P6.2 Power Input
P6-3 Power Input
PS4. F-

P&5 F+

P6-6 Chassis Ground

lllustration 6
Pinout for the'Pl2o Connector

901013628



Pl2 Terminal Funct¡ons

fem¡nal Funct¡on

P12-1 B-phase genefator current sensing (CT1)

P12-2 B-phase generator current sens¡ng (CT2)

P12-3 *10 DCV Input (B), -

P124 Alarm Output Driver

P12-5 Fault Shutdown Driver

P12-6 t10 DCV lnput (A), +

P12-7 18 to 30 V Control Power Input (B-)

P12-8 18 to 30 V Gontrol Power Input (B+)

?12-9 Driver Supply (50)

P12-14 Generator Voltage Sensing - C

P12-11 Generator Voltage Sensing - B

P12-12 Generator Voltage Sensing - A

o Knee Frequency

o Underfrequency Point

The digital voltage regutator wiil begin to buíld
voltage following a volts per hertz profile after
the configurable underfrequency point has been
reached. When the speed reaches the knee
frequency point, the loading/stopping-profile takes
effect. The startup profile functibir will'not be
in¡tiated again unless the frequency drops below the
underfrequency point. The underfrequency point is
defaulted to 25 Hz, with a range of 2ó to 4ó Hz. This
ís the same underfrequency setpoint used by the
loading/stopping setpoint. The knee frequeniy point
is the point at which the digital vottage égutator witl
regulate to the voltage specified by the generator
output voltage parameter.

The Caterpillar Digital Voltage Regulator has the
following features:

¡ Three control modes.

1. Automatic voltage,aregulation (AVR)

2. Power factor (PF) regulation

3, Reactive power (VAR) regulation

r Programmable stability settings

. Soft start control with an adjustable time setting
in AVR mode

¡ Dual slope voltage versus frequency (VlHz)
cnaracteristic

o Three-phase or single-phasp voltage sensing

o Single-phase current sensing

o Field current and field voltage sensing

. Ten protection functions

Startup profile Function
¡01932679

,SltCS Code: 4467

. 
H".i,3,lT!ti,:i"tjtá:"_:erateü to the starrup prorire

r:Generator 
Rated Voltage
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g and Stopping Profile

40 s0 80

% OF NOMINAL FREQUENCY

UNDERFREQUENCY_ POINT (2OTO 40Hz)

GENERATOR OUTPUT VOLTAGE

DECREASING SLOPE 1
(0 To 10 V/Hz)

DECREASING SLOPE 2
(0 To 10 V/Hz)

i i
*1 5 HZ (F|XED)

KNEE FREOUENCY

100

Code= 4467

lllustration 7

The parameters that are related to the loading and
stopping profile are listed below.

¡ Generator Output Voltage

o Knee Frequency

o Decreasing V/Hz Slooe 1,

¡ Decreasing V/Hz Slope 2

o Minimum Voltage

o Underfrequency Point

Voltage regulators are generally of the volts
per hertz type or the constant voltage type.
The digital voltage regulator can perform as a
constant voltage regulator or a volts per hertz type
regulator depending on user configuration. Volts

"a, per hertz type regulators are commonly used with
reciprocating internal combustion engine driven
generator sets because they provide an automatic
means for the engine to recover from a large block
toad. In the digitalvoltage regulator, the block load
recovery performance is configuraQle so that it may
be field optimized for each specifii application.

. S01012488

When the generator is running and if a large load is
applied, the frequency and voltage will drop. The
loading/stopping function minimizes the amount
of time that it takes the engine and generator to
recover and increases the ability to pick up large
loads.

As a large load is applied, the engine speed
will begin to drop (frequency decreases). As the
frequency decreases below the knee frequency, the
voltage reference will decrease on a Volts/Hz slope
according to the decreasing slope 1 value. lf the
frequency decrease continues beyond the knee
frequency miqus 5 Hz, then the voltage reference
will decreasebn a Volts/Hz slope according to the
decreasing slope 2 value until the minimum voltage
level is reached. The digital voltage regulator will
try to regulate the generator output voltage at the
minimum voltage, unless the underfrequency point
is reached where the generator output voltage will
decrease to a minimum value.

As the engine recovers from the load increase,
the voltage will increase in the reverse order as it
decreased, unless the frequency dropped below
the underfrequency point. lf the frequency dropped
below the underfrequency point, the startup profile
will be used for the recoverv.
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tn some applications it is desirable to maintain
a constant voltage at the possible sacrifice of a
ároer frequency dip during load transients. The
.lioltat vottage regulator can accommodate these
ó"pt¡cations if the knee frequency is configured for
o'lbwer value than normal. The actual value will
áepend on the specific application. When used in
thió application, the load transients must be kept
small in order to allow the engine to recover without
dropping below the knee frequency.

When a large block load is switched on to the
svstem, the engine speed temporarily decreases
ai the engine produces the additional power
requirement by burning more fuel. lf the regulator is
set to act as a volts per hertz type, it will reduce the
output voltage according to the slope of the V/Hz
curve. The reduction in voltage reduces the power
requirement of the load, thus allowing the engine to
recover faster for a given block load. lf the regulator
is set to act as a constant voltage type, the regulator
will not reduce the output voltage for a change in
speed (addition of block load). Therefore, it will
take the engine a longer time to regain speed and
supply the total power requirement of the load. lf the
regulator is set to act as a constant voltage type,
care must be taken to keep block load applications
small enough so that the engine can recover in
acceptable time. {

Once startup has been achieved and the generator
output frequency is above the corner frequency,
the regulator will normally act to keep the generator
output voltage constant. As changes in generator
loading cause the voltage to sag or rise, the
regulator will automatically adjust generator
excitation to maintain the output voltage. lf loading
causes the generator frequency to drop below the
knee frequency, the loading and stopping profile as
previously described will be followed. See System
Operation, 'Loading And Stopping Profile".

A remote voltage adjust toggle switch may be used
to fine tune the generator output voltage. When
used, the active value of voltage reference may be
adjusted r10%.

The PC software can be used in order to adjust the
voltage also. Clicking on the "Raise" and "Lower"
buttons on the "Metering" screen will raise or lower
the reference voltage. Each click of the "Raise'
button will increment the voltage by 0.1 V. Each
click of the "Lower" button will decrement the
voltage by 0.1 V.

io't933223

Line Loss Compensation
SMGS Code:4467

ln some installations where a single generator ís
used with fong feeder lines to the load, it may be
advantageous to provide line loss compensation.
'Line loss compensation is commonly referred to
as lR compensation. In this mode, a CT must be
provided in order to measure the generator current.

The parameters that are related to line loss
compensation are listed below.

¡ Rated Generator Voltage

r Generator PT Primary Voltage Rating

¡ Generator PT Secondary Voltage Rating

r Voltage Setpoint
,

¡ Generator Frequency

o Knee Frequency

o lntegral Gain

o Derivative Gain

o Proportional Gain

¡ Loop Gain

iorgs32¿o

Voltage Regulation
SMCS Code: 4467

The parameters that are related to voltage regulation
are listed below.

r Rated Generator Voltage

¡ Generator PT Primary Voltage Rating

r Generator PT Secondary Vbttage Rating

¡ Voltage Setpoint

r Generator Frequency

¡ Knee Frequency

o Integral Gain

r Derivative Gain

,n e Proportional Gain

r Loop Gain

i
é
4

I
I
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¡ tne digitat voltage regulator can compensate for
:. this phenomenon. As generator load increases, the
;$egulator will cause the output voltage to rise slightly

Generator CT Current Primary Rating

Generator CT Current Secondary Rating

Load Comp Mode

lR Compensation

Rated Generator Current

flowing through a long conductor causes
voltage drop due to the resistance of the wire.

, the voltage at the load end of the
will be lower than the voltage at the
end due to the voltage drop along the

ductor. This condition is commonly referred to
line losses. In order to improve the power quality,

:.'. at the generator terminals in order to compensate
t,:'for line losses. Voltage gain controls the amount
-l of compensation. lt should be adjusted to yield a
.r,Constant voltage at the location of the load.

Line loss compensation is mutually exclusive to
, reactive voltage droop. These two functions work
opposite of one another and can not be used at
the same time. lf a Cl is provided but line loss
compensation is not 6esired, the setpoint percent
must be set to zero.

i01933441

Reactive Voltage Droop
SMCS Cod¡e:.4467

Parameters that are related to voltage regulation
with reactive droop are listed below.

. Rated Generator Voltage

¡ Generator PT Primary Voltfoe Rating

r Generator PT Secondary Voltage Rating

r Voltage Setpoint

o Generator Frequency

¡ Knee Frequency

o Integral Gain

ol Derivative Gain

o Proportional Gain

. Loop Gain

r Generator CT Current Primary Ra

o Generator CT Current Secondary Rating

o Load Comp Mode

o Droop Percentage

o Rated Generator Current

When generators operate in parallel, two primary
objectives are for the generators to share both
the real power requirements and the reactive
power requirements of the system electrical load.
The engine governors will control sharing of the
real power requirements (kW) and the voltage
regulator will control sharing of the reactive power
requirements (KVAR) of the total system load. lf the
output voltage of one generator is slightly higher
than the other generators, it will supply lagging
reactive current to the other generators connected
in the group. This current will circulate between
generators, possibly causing ampere overloading.
One method of minimizing this effect is to cause
an individual generator's output voltage to sag, or
'droop", in proportion to the lagging reactive current
flow from it as measured with a current transformer
(CT). For proper reactive load sharing, the regulator
must know the rated generator output current,
the CT current at rated generator current and the
desired percentage of output voltage droop when
the generator is at rated reactive output current.

As reactive lagging generator output current
increases, the regulator will cause the output
voltage to droop (lower the voltage) proportionally. lf
the measured reactive output current is leading, the
output voltage will rise. In either case, this action will
tend to reduce the reactive current for better KVAR
sharing with other units. The droop percentage
controls how much the generator output voltage will
vary for a given amount of reactive current. ll is
important that the connected CT polarity is correct
for the voltage to droop with lagging current flow.
Reactive droop compensation is mutually exclusive
to line droop compensation. These two functions
work opposite of one another and can not be used
at the same time.

1
ri

i0'1933453

Gross Cúrrent Compensat¡on
SMCS Code:4467

Parameters related to voltage regulation with cross
current compensation (CCC) are listed below

o Rated Generator Voltage

o Generator PT Primary Voltage Rating

o Generator PT Secondary Voltage Rating

o Voltage Setpoint
ng
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o Generator Frequency

o Knee Frequency

o Integral Gain

r Derivative Gain

o Froportional Gain

o Loop Gain

o Generator CT Current Primary Rating

o Generator CT Current Secondary Rating

r Load Comp Mode

. Droop Percentage

o Rated Generator Current

Cross current compensation is often used to
minimize circulating current flow between tne
generators which are connected in parallel. The
advantage of this operating mode is that all
generators contribute in order to establish the
same output voltage to the load. Cross current
compensation is onlyrused for paralleling multiple
gensets. Cross currdnt compensation is not used
when paralleling with a utility. Operation is similarr
to the reactive voltage droop mode except that '
the secondary circuits of the current transformers
of all generators are interconnected in a series
string. Each generator is initially adjusted in order
to provide the same output voltage. When all
generators share the same current, in magnitude
and phase (according to the CT ratio), there will be
no significant current output on the secondary of
any generator CT. lf one of the generators carries
more current or the current that the generator
carries is lagging or leading relative to the others,
a net difference current signal will be created in
that CT. lf that generator is srrpplying more reactive
(lagging) current than other generators, the phase
polarity and the magnitude of the signal returned to
the digital voltage regulator will be such to cause a
slight decrease in the generated voltage, reducing
the amount of reactive current. Less reactive (or
more leading) current will cause the generator
voltage to rise. The net result is that the generated
voltage and the output current of each generator
is trimmed toward an operating point where all
generators will share the same load current in
proportion to the CT ratio, with the little or no
pirculating current between them. Droop percentage

'controls the amount of individual generator voltage
droop (or rise) for a given arnount of CT signal.

However, because the CT secondary circuits are all
interconnected, the CT signal seen by any individual
regulator is not representative of the actual current
flowing in that particular generator. Any display or
calculations that might use that signal as if it were
the actual generator current will provide erroneous
results.

Reactive voltage droop needs to be selected and
an enable contact needs to be closed in order to
enable cross current compensation. See Testing
and Adjusting, "Wiring Diagrams" for a wiring
diagram of the cross current compensation circuit.

¡01933462

KVAR Regulation
SMCS Cod,ez 4467

Parameters that are related to KVAR regulation are
listed below.

o Rated Generator Voltage

o Generator PT Primary Voltage Rating

o Generator PT Secondary Voltage Rating

¡ Voltage Setpoint

o Generator Frequency

o Knee Frequency

o Integral Gain

o Derivative Gain

o Proportional Gain

o Loop Gain

o Rated Generator Current

o Generator CT Current Primary Rating

o Generator CT Current Secondary Rating
a

o Operating Mode

o VAR Setpoint

o VAR Integral Gain

o VAR Loop Gain



When the generator is connected ín parallel with
an infinite bus (utility), the voltage of ihe oenerator
is controlled by the infinite bus.lhe vottale of the

. generator.wíll change as the infinite bus voltage
changes. lt is not possible to control the svstem
voltage when the generator is connected tb an
infinite bus. ln this instance, it is necessary for the
digital voltage regulator to regulate the reáctive
pgwer output which is supplied by the generator.
There are two methods for regulaúng thé reactive
powef output.

e KVAR Regulation

o Power Factor (pF) Regulation

Note: KVAR stands for Kilo-Volt-Ampere-Reactíve,
which is the unit of measurement for reactive power.

!olfaOg-.i9.legulated by the digitat vottage regutator
in the KVAR operating mode so that the generator
proouces a constant value of reactive power
(KVARs) regardless of the real power oútput of the
generator. ln this case, the power factor (generator)
will change when the real power output df the
generator changes. A current transformer (CT)
is necessary for this mode to work. KVAR mode
must be selected ín the "Metering', screen, and the
contact for the KVARIPF enable must be closed.
Refer to the following contacts; "pg-6" and ,,pg-g',.,

In KVAR mode, the generator will supply a constant
amount of reactive power to the system as set by
the refe.ren^ce (KVAR) regardless of the real power
output (kW) of the generator set. The geneátor
will.supply real power (kW) to the system. This
is determined by the engine governbr and/or the
device that is used for sharing the load. Typically
utility loads are too reactive. This can cauéé curént
overloading of the system due to large reactive
current requirements. In the KVAR mbde. the
generator can supply a fixed amount of reactive
power to the system. \
For stable operation of the generator in the KVAR
regulating mode, the generátor must be connected
to a utility or.a system that is much larger than the
generator. When the breaker (tie) is closed to the
utility, connect terminal pg-9 and terminal p9,6 in
order to enable the KVAR mode. When the terminal
P9-9 and terminat p9-6 are disconnected fióm
each other, the regulator will be in a voltage control
operating mode with the following or withóut the
Iollowing: droop and line loss compensation.

'¡! 
i01933601

Power Factor Regülation
SltfCS Code:4467 

\
P,arameters that are related to pF regulation are¡rsted below.

o Rated Generator Voltage

r Generator PT Primary Voltage Rating

o Generator PT Secondary Voltage Rating

r Voltage Setpoint

r Generator Frequency

¡ Knee Frequency

o lntegral Gain

o Derivative Gain

o Proportional Gain

o Loop Gain

e Rated Generator Current

o Generator CT Current primary Rating

¡ Generator CT Current Secondary Rating

o Operating Mode

o PF Setpoint

o PF Integral Gain

o PF Loop Gain

When the generator is connected in parallel with
an infinite bus (utility), the voltage of ihe generator
rs controiled by the infinite bus. The voltage of the
g,enerator.will change as the infinite bus üoltage
changes..lt is not possible to control the system
voltage when the generator is connected tb an
infinite bus. In this instance, ít is necessary for the
digital voltage regulator to regulate the reáctive
power output which is supplied by the generator.
There are two methods for'regulaúng thé reactive
power output.

o KVAR Regulation

¡ Power Factoy' Regulation

Note: KVAR stands for kilo-Volt-Ampere-Reactive,
which is the unit of measurement for reactive power.

When the digital voltage regulator is in the power
Iactor operating mode, it regulates so that the
generator produces a constant power factor,
regardless of the real power output of the generator.
rn rnrs case, the reactive current will chanOe when
the real power output of the generator chainqes. A
cunent transformer (CT) is necessary for thii mode
to work. PF operating mode must be selected.



¡ulating mode, the generator must be connected
a utility or system that is much larger than the

liienerator. When the tie breaker is clósed to the
iutility, connect terminals P9-9 and p9-6 in order

$ito enabte the PF mode. When the terminats p9-9
#anO P9-6 are disconnected from each other, the

;y,egulator.will be in a voltage control operatíng mode
iwith or without droop or line loss compensation as

,'prevíously described. "pF" mode musi be selected
in metering screen and the "KVAR/PF' contact must

: -L^ 
^t^^^J 

n^¡^-  r -

1i;:be gl|seq, Refer to the following contacts: "p9-6"
fand "P9-9". When the contact ié not closed the

Operation Section

stable operation of the generator in the pF

regulator operates in AVR mode.

i r i01935584

,Parameters
SMCS Code:4467

General Information
Parameters are pieces of information which are
used within the memory of the dígital voltage
regulato! Each parameter has a Jpecific rañge of
values. Parameters tell the digital úoftage regúlator
how !o operate. Servl6e persónnel cariconfígure
c_ertatl parameters to the requirements of a d ecific
síte. Configuration changes the value of a paiticutdi
parameter. There is an upper and lower limit for
the value of each paramet'er. The limits can not be
exceeded.

In order to view or configure the values of the
parameters see Testing And Adjusting, ,,parameter
Viewíng And Configuriñg eroceáLit;:' 

- *

i01938981

Remote Communication
SMCS Code:4467 

\

The digital voltage regutator has the capability to
communicate with a remote personal cómputer orprogrammable logic controller. The J4 connecror
ot the digital voltage regulator provides an RS_232port ¡ecessary for .communication. The RS-232 port
S^1!-p'n communication media inctuding a wiré for
X:^"91u9,9 wire for Transmit, and a comrñon Signal
¡irou¡d. The common signal ground is NOT aoondtng ground and should not be grounded to the
oc,9se orframe. lt is to be connected-to the RS_232qevice Signal Ground conneotion point. Cable
fngjn s_|r^ould be timited to 15'm (50 ft) maximumIor the RS-232 signal wiring

llfustration I 901008946

0rg^go-o
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Pin Function Name Direction

1 t{/A

2 Transmit Data TXD From Regulator

3 Receive Data RXD To Regulator

4 N/A

5 Signal Ground GND t¡iA

6 1'l/A

7 NiA

I N/A

9 N/A

DCD

DTR

DSR

RI

1 I
TXD
RXD

2 2
3?

4 4
GND5 5

6 6

7 7
I 8

N.C.
I o

RX

TX

GND

1

TXD
RXD

3

T
2
3
4

GND7 5
6
7

6
N.C.

I

lllustration 9

Note: Battery power (24Ydc) must be available at
P12-8 (B+) and P12-7 (B-) in order for the remote
communications port to operate.

A windows program is available to communicate
with the digital voltage regulator. The program
is called Caterpillar PC Software. For proper
connection of the digital voltage regulator to the
personal computer, see Testing and Adjusting,
'Wiring Diagrams", the illustration Remote
Communications.

Caterpillar PC Software allows the user to perform
the following operations.

o Viewing and modifying the parameters in a
windowed PC environment

r Sending the parameters to the digital voltage
regulator

r Saving the existing digital voltage regulator
settings to a file

r Viewing the metering and iault information

For information on changing and viewing the

901008993

Establishing Gommun¡cation
Communication between the voltage regulator
and the PC software must be established before
viewing the metering values, reading settings, or
changing settings. PC software screen settings are
updated only after communication is opened or
the communication settings have been changed.
Open the voltage regulator communication port
by clicking "Communications" on the menu bar,
hovering the mouse pointer over "Open Comm Port"
and clicking "RS-232 Port".

meters of the voltage regulator, see Testing
Adjusting, "Parameter Viewing ánd Configuring

lllustration l0 901016734



When "RS-232 Port" is selected, the "Password"
dialog box appears and prompts you to enter a
password. See illustration 10. Each voltrage regulator
is delivered w¡th "cat" as the password.

Terminating Commun¡cation
Voltage regulator communication is terminated
by clicking "Communications" on the menu bar
and clicking "Close Comm Port". The user will be
promped to save the settings to the EEPROM. This
question is asked even if no changes were made
to the voltage regulator settings. When the close
command is execute (with a Yes or No to save
settíngs to the EEPROM), communication with the
voltage regulator is terminated. lf the PC software
is exited the (by clicking File on the Menu bar and
then Exit) without first closing communication, the
option will still be given to save the settings to the
EEPROM.

lllustraüon 11 901016736

After the correct password is entered, the "Comm
Port" screen is displayed. See illustration 11. Select
"Comm 1", "Comm 2", "Comm 3", orlComm 4" as
the active communication port on your PC and click
the "lnitialize" button. The PC software initializes
communication by obtaining the configuration
settings from the voltige regulator.

f

lllustraüon 12
t 

901016737

Note: The Caterpillar PC software may display
the "Please wait..." dialog box that is shown in
illustration 12 when initializing communication,
obtaining configuration settings, or performing other
tasks. lt is important to wait until the box disappears
before trying to execute communication commands.
lssuing commands while the "Please wait..." dialog
box is present may disrupt communication between
the PC software and the voltage regulator.



Testing and Adjusting
Section

Testing and Adjusting

i01942916

General Information
SMCS Code= 4467

PREVENTATIVE MAINTENANCE
The only preventive maintenance that is required on
the voltage regulator is to periodically check that
the connections between the voltage regulator and
the system are clean and tight. Voltage regulator
units are manufactured using state-of-the-art,
surface-mount technology. As such, Caterpillar
recommends that no repair procedures be
attempted by anyone other than Caterpillar dealer
technicians.

lllustration 14 groobsgrt4

8T-0900 AC/DC ClampOn Amm€ter

The 8T-0900 Ammeter may be used to measure
current up to 1200 amperes. When you are
measuring line current on multiple lead units,
measure the current in each conductor per phase
and add the currents together. See Special
lnstruction, SEHS8420, "Using the 8T900 AC/DC
Clamp-On Ammeter 0651" foithe correct operation
of the 8T-0900 Ammeter.

i01991688

Startup Procedure
SMCS Code:4467

Service TooÉ
SMCS Code: 0785

i01041654

¡:)

lllustration lS goo2412o3

6V- 7070 Caterpitlar D¡gital Multimetor

Caterpillar Digital Multimeters can be used to
rneasure voltage, resistance or current up to 10
amperes. Rectifiers can also be checked bv
using the diode function. See Special Instruótion,
SEHS7734, "Use Of The 6V-7020 And 6V-7800

nMultimeter" for the correct operation of the 6V-7070
ulgital Multimeter.

The Cat Digltal Voltage Regutator presents an
electrical shocldelectrocution hazard. This hazard
wlll cause serious injury or death.

Service by trained personnel only.

The termlnals and heat sinks are llve at hazaldous
voltages when power is applled and for up to 8
minutes after power is removed.

lllustration '15 901021519
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1. Connect the digital voltage regulator. Refer to
Testing And Adjusting, "Wiring Diagrams" for a
proper illustration. Take care to follow notes and
observe polarities.

2. Apply battery power only to the digital voltage
regulator. Verify that all of the parameters are
properly adjusted for the application.

3. Start the engine. Make the final adjustments, as
required.

4. Record all settings.

i01956126

Parameter Viewing and
Configuring Procedure
SMCS Code:4467-NQ

In order to view and configure the parameters of the
digital voltage regulator, a PC with the Caterpillar
PC software is required.

Note: Before performing this procedure, study the
list of parameters in order to determine the desired
parameter and the cgrresponding range of values.
The value of some farameters are only for viewing
by the user and may not be configurable. ..)

Note: lt will be convenient to have the entire list
of parameters available while performing this
procedure. See System Operation, "Parameters"

The Caterpillar PC Software provides the
communication link between the voltage regulator
and the user. All voltage regulator settings are
entered and read through this software. Within this
software, voltage regulator settings can be saved
in a computer file and used later to configure other
units with the same settings.

\
Caterpillar PC Software operates with an
lBlr/-compatible personnel computers (PCs) using
Microsoft Windows 95 or later operating systems.
The minimum recommended operating requirements
are listed below:

o lBM-compatible PC, 486DX2 or faster (100 MHz
or higher microprocessor is recommended)

o CD-ROM drive

o One available serial port

Installing the Caterpillar PC
Software
Caterpillar PC Software contains a setup utility
that installs the program on the PC. An uninstall
utility is loaded with the program that can be used
to remove the application from the PC. Use the
following procedure to instafl the PC software.

1. Insert the CD-ROM into the PC's CD-ROM drive

2. Click the Windows Start button and then select
"Run". In the "Open:" field, enter "D:/Setup,exe",
where D is the designator letter for your PC
CD-ROM drive. Then click "OK".

When Caterpillar PC Software is installed, a folder
with the name Caterpillar is added to the Windows
program menu. This folder ís accessed by clicking
the "Start" button and pointing to "Programs".



Starting Caterpillar PC Software

lllustration 16

The PC software is started by clicking the
Windows "Start" button, pointing to "Programs", the
"Caterpillar" foldet and then ctñking the voltage
regulator icon. At startup, a dialog box with the
Prggram title and version number is displayed
briefly. After this diatog box iq disptaved, the
"System Configurationn screeil is disjlayeA. See
lllustration 16.

Establishing Communieation

Communicatíon between the voltage regulator and
the PC must be established beforé any settings
can be viewed or changed. For more information
on establishing communications, see Systems
Uperation, "Remote Communication"

Qhanging Settings
fhe settings are arranged into.the following five
groups:

¡ System configuration \
o Setting Adjustments

901033156

r Control Gain Settings

¡ Protections Settings

¡ Metering/Operation and Alarms
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901033158lllustration 17

Systems Conf iguration screen

(1) System Configuration buüon
(2) Setting Adjustment button
(3) Control Gain Button

(4) Protection Setting buüon
(5) Metering/Operation button
(6) Get From Unit button

(7) EEPROM button

Eaih setting group has a corresponding button that
can be selected to access t[¡at group of settings.
See lllustration 17. The five sbtting groups can also
be accessed by clicking "Screens" on the menu
bar and then selecting the desired setting group
from the list. Once a setting group is accessed, the
individuals settings of the group can be viewed
and changed.

A setting is changed by clicking within the setting
field and typing the setting. The minimum, maximum
and increments (steps) for a setting are displayed
on the status bar when the cursor is placed within
that setting field. A changed setting is sent to the

¡voltage regulator when the Enter key on the PC is
pressed. A setting in a field with the pull-down menu
is sent to the voltage regulaücr when the setting is
selected from the pull-down menu.

Sending and Receiving Settings
When communication is enabled, voltage regulator
settings can be sent or received through the PC
software.

Sending Settings

Settings changes are sent to the voltage regulator
by pressing the Enter key on the PC or by selecting
a setting from a pull-down menu. This causes the
selected setting displayed on the setting screen to
become the voltage regulator setting.

Receiving Settings

Voltage regulator settings are retrieved by clicking
the "Get From Unit" button (6). This causes the
current settings of the voltage regulator to be
displayed on the "settings" screen.



Saving Settings to the Memory of the
Voltage Regulator

Settings are saved in nonvolatile merrory (EEPROM).
In the.event of a power loss, these are the settings
that will be active at start-up. lf the settings are
changed and sent to the voltage regulatoi but the
settings are not sent to the EEPROM, the changed
settings will be lost if the operating power to thé
voltage regulator is lost, When exiting an application
or closing communication, the softwáre wiil prompt
the user to save the settings to the EEpROM. Thi's
question is asked even if no changes were made
to the sett¡ngs. When communication is enabled,
s9ttj19 changl¡jr are saved to the EEpROM by
clicking the "EEPROM" button (Z). The opportLnity
t9 save the settings to the EEpROM is aiso given-
through a dialog box when the application is exited
or communication is closed.

Setting Definitions
Each of,the five setting groups have a corresponding
screen in the PC software. The setting of each
screen are categorized by one or more tabs. ln
the-.following paragraphs, setting are arranged and
oetrned according to the organization of the pC
application screens and tabs.

t

System Configuration .\
The "System Configuration" screen consists
of one tab labeled "Configuration". Ctick the
"Configure" button ('l) in order to access the
"System Configuration" screen or click ,'Screens" on
the menu bar and click "System Configuration',.
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Conflguration liab

lllustration 18

la]g9_Y"|qgg (!).. .r¡g rared AC senerator votrase
rs enrered in this field. Voltages wíthin the range
of 90 ro 15000 ACV may be"enteráO ¡n i nCV
increments.

Rated Current (A) - The maxjmum rated ACgenerator current is entered ih this settino field.
Currents within the range of zs ió-gééij nln'peres
may be entered in 1 Amperes increments.

Rated kVAR - This field is a read_onty field that
displays the rated, calculated reactive'pówér, baseO
on the valt¡es that are entered in the Ráted úoltage
and Rated current fields.

Frequency - This setting is used to select a nominal
system operating frequency of 50 Hz or 60H2.

flI !ll"y ff) - The pri1q.y AC vottase ratins oftne potentiat transformer (pT) ¡s entered in this ield.
!9tt3-o3s-v,iit¡in the^rangebf óriand rsooó Áóv may
oe entered in 1 ACV increments.

901033156

lJ_S^"ggT9"yJp - The secondary AC vottase
ratng of the PT is entered in this field. Voltages
yitlit J!:g range of g0 and 600 ACV máy be entereoin 1 ACV increments.

CT Primary - The AC current ratíng of the primary
winding of the CT is entered ¡n tfi¡jfeú. 

-Clrr"nt"
within the range of 75 to 9999 nmpereé miy Ueentered in 1 Amperes increments.

CT Secondary .- This field is a read-only field thatorsprays the ratbd value of the current thát is present
1t^t:_..:g"dary winding of the CT. This regufator isoesrgned for a 5 Ampere secondary windifu only.

Pgyer Input Frequency (Hz) - The frequencv vatue
9]_t.T- :pgrating power apptied to the' vottage
regurator is entered in this field. This would*be
the frequency of th_e .permanent magnet generator
or.me lrequency of the generator in the óase ofserr-^excited generator. Frequencies within the range
of 50 to 400 Hz may be enfered in 1 Hz incráments.
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Sensing Mode - This setting is used to configure
the voltage regulator for the single-phase or
three-phase voltage sensing.

PC Software Part Number - This is a read-only field
that displays the version of the PC software part
number.

Embedded Sottware Part Number - This is a
read-only field that displays the version of tl;re
embedded software part number.

Hardware Part Number - This is a read-only field
that displays the version of the Hardware part
number.

Serial Number - This is a read-only field that
displays the serial number of the voltage regulator
connected to the PC. Communication between the
voltage regulator and the PC must be enabled in
order to read the firmware version.

Setting Adjustments

The "Setting Adjustments" screen consists of two
tabs labeled "Setpoint" and "Startup". Click the
"Settings" button (2) in order to access the "setting
Adjustments" screen or click "screens" on the menu
bar and click "SettingrAdjustments".
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Setpoint Tab

-:,, r l,li: .,

Meterim

lllustration 19

AVR Voltage (V) - This setting field is used to enter
the desired generator output terminal voltage. The
range of voltages is dependent on the value in the
"Voltage Adjustment Band (% of rated)" field. Values
may be entered in increments of 0.1 ACV.

VAR (% of rated) - The VAR setpoint determines
the level of generator VARs that are maintained
by the voltage regulator when the digital voltage
regulator is in the VAR mode. Percentage values
within the range of -100 to 100 percent may be
entered in increments of 0.1 percent. A setting in
the overexcited direction will have a positive value
and a setting in the underexcited direction will have
a negative value.

901009341

Power Factor - The Power Factor setpoint
determines the level of generator power factor
that is maintained by the voltage regulator when
the voltage regulator is in the power factor mode.
Settings within the range of -1.000 to 1.000 may
be entered in increments of 0.001. A setting in the
lagging direction will have a positive value and a
setting in the leading direction will have a negative
value.

Load Compensation Mode: Mode - Three settings
mav be selected from the drop-down menu for this
opérating mode: Off, Droop, or Line Drop. Selecting
Off disables all load compensation. Selecting Droop
enables the reactive droop compensation feature of
the voltage regulator. Selecting Line Drop enables
the voltage regulator to compensate for a line drop
by increasing the generator output voltage as the
generator load increases.
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Pll. e¿l - The Soft Start Bias settings the generator voltage offset duringiaLrercentag" uárre óió.00 to 90.00 ñayred in increments of 0.01 percent

Time (sec) - The Soft Start Time
sJhe length of time for the generator

:ri1g^e.to rncrease to the prescribed level.
:::ry.q 1?0.00 seconds'may be entered

Mode: SetPoint (%) - This

of 0.01.

Band (/" of rated) - This setting
a oercentage of the rated generator
; dsed to limit the range of the AVR

value of zero to 15.00
be entered in increments of 0'01.

901039638

Knee FrequenJy (Hz) -The Knee Frequency setting
defines the value of frequency that causes the
voltage regulator to adjust the voltage setpoint
so that the generator terminal voltage follows the
selected volts per hertz slope. A value of 45.00 to
65.00 hertz may be entered in increments of 0.01
hertz. Knee Frequency should typically be set from
0.2 to 2 Hz less than than the Genset operating
frequency. The knee frequency should b'e adjusted
closer to the nominal frequency in applications
where the Genset engine and governor is slow in
recovering frequency during a transient load event.

-ánabled onlY when DrooP or Line
aA ás tne Load ComPensation mode.
,of zero to 10.00 Percent maY be

of 0.01 seconds.



from Corner Freq. (Hz) - This field is a
field. The fixed value is subtracted from
Frequency value in order to determine

) generator underfrequency operation
,from slope 1 to sloPe 2.

(YlHz) - When the generator frequency
rn the corner frequency and the corner
minus 5 hertz, the voltage setpoint is

adjusted so that the generator voltage
per hertz slope 1. Slope #1 is adjusted

ng field. A setting of zero to 10.00 may
in increments of 0.01.

2 (VlHz) - When the generator frequency is
the corner frequency minus 5 hertz and the

Frequency" setting, the voltage setpoint
adjusted so that the generator

volts per hertz slope #2. Slope #2
by this setting field. A setting of zero to
be entered in increments of 0.01 .

per Hz slope value can be used to
trans¡ent response time.

Voltage (% of rated) - The Minimum
setting defines the voltage level where

regulator transitions from the
ncy characteristic to a constant voltage
c. The Minimum Voltage setting is

)d as a percentage of nominal generator
A value of 50.00 to 100.00 percent may bS
in increments of 0.0i.

Cg rol Gain
_ ' : . i

llle pqrypl Gain screen consists of a singte tao
Fbelgd 'Controt Gain". Ctick {he 

.Gain" bütton (3)
In orcfer to access the ',Control Gain" screen or click"ücreens" on the menu bar and click .Conkol Gain',.

-ft41,nirrT 
Frequency (Hz) - The Minimum Frequency

Setting defines the value of the generator frequency
whére the-excitation is removed. A frequency
yalué of 20.00 to 40.00 hertz may be entereó in
Increments of 0.01 hertz.
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ContrclGain Tab

ScreencUooradedelp

fE/1rlrüos -

g01009252

Proportional Gain Kp - fnl setting selects the Increasing the value of Ki decreases the time t
proportional constant stability parameter. The required to reach steady staIe. /¡'¿mfa AUu¿,t"i& _/'e*-
voltage regulator supplies a value that is equivalent a-{Uni W V Ar4r{*,e "
to Kp multiplied by the error beWveen the voltage Derivative Gain Kd - This setting sele6ts the /
setpoint and the actual generator output voltage. Kp derivative constant stability parameter. The voltage
values of 0 to 1,000 may be entered in increments regulator prdvides an output value that is equivalent
of 0.01. to Kd multiplied by the derivative of the error

betWeen the voltage setpoint and the actual
lf the transient response has too much overshoot, generator output voltage. Kd values of 0 to 1,000
then Kp may be decreased. lf the transient response may be entered in increments of 0.01.
is too slow, then Kp may be increased.

lncreasing the value of Kd reduces transient
lnlegral Gain Ki - This setting selects the integral response ringing.
constant stability parameter. The voltage regulator
supplies a value that is equivalent to Ki multiplied by Noise Fifter Time Constant Td - This setting selects
the integral of the error between the voltage setpoint the noise filter time constant and is used in order to
and the actual generator output vpltage. Ki values reduce high-frequency noise. Values of 0.00 to 1.00
of 0 to 1,000 may be entered in irlcrements of 0.01. may be entered in increments of 0.01.
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Loop Gain Kg - This setting adjusts the loop-gain
level of the PID algorithm. Loop Gain values of 0 to
1,000 may be entered in increments of 0.0'1. Loop
gain Kg is an overall gain multiplier affecting all
gain parameters, and should be used as a first gain
adjustment. Increasing Loop Gain may be used
to increase transient response and reduce time
to steady state. Decreasing loop gain will reduce
overshoot-but will lengthen time to steady state.

VAR Integral Gain Ki - This setting adjusts the
integral gain and determines the characteristic
of the voltage regulator dynamic response to a
changed VAR setting. Ki values of 0 to 1,000 may
be entered in increments of 0.01.

VAR Loop Gain Kg * This setting adjusts the
loop-gain level of the Pl algorithm for VAR control.
Values of 0 to 1,000 may be entered in increments
of 0.01.

PF lntegral Gain Ki * This setting adjusts the
integral gain and determines the characteristic
of the voltage regulator dynamic response to a
changed power factor sefting. Values of 0 to 1,000
may be entered in increments of 0.01.

PF Loop Gain Kg - This setting adjusts the
loop-gain level of the f;l algorithm for power factor
control. Values of 0 tó 1,000 may be entered in
increments of 0.01

PID Pre-Settings - One of 20 preset stability ranges
within the voltage regulator can be selected from
this pull-down menu. Selection of one of the 20
preset stability ranges disables the Proportional
Gain (Kp), Integral Gain (Ki), and Derivative Gain
(Kd) settings of the Control Gain tab. Selecting
"(Custom PID Settings)" from the PID Pre-Settings
menu enables the Kp, Ki, and Kd settings.
Caterpillar does not recommend using the current
"PlD Pre-Settings" in the list except the "Custom
PID Settings". The default settings from the "Custom
PID Settings" will work well fqr most SR4 and SR4B
generator applications. lf an adjustment is to be
made, the "Loop Gain Kg" should be used as a
first adjustment approach.

"PlD" Button - Press the PID button in order to
open the PID Calculator screen. See illustration 22.
The PID Calculator is used in order to calculate
proportional gain (Kp), integral gain (Ki), and
derivative gain (Kd) for a PlDtype controller. The
generator and the exciter time constant values are
entered into the PID Calculator in order to calculate
these values. AVR overall gain (Kg) and derivative

tilter time constant Td can be entéred and saved
in a file. Refer to the "PlD Cqfculator" section for
additional information.



PID Calculator
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Excitation Contol Data

Gen. Infom¡tion. ..... ... lFenÉrator l*lame

G en. T ime f,snstanl ['do] - [5 econdr] ......,.F[ñ--

F Delault Exciter Time f,onstant

Exciter Time fanst¡nt [Te]-[Secondsf F]3 :

i* llll:ryl I lJ¡*r!"*t* féT PC Softwane i --g:*J

lffegfillLldlntr\l.l E

uervd*e uarn lho¡ H

Time Cnnstent tTdl. . . ..

PID Record L¡fi

Generatsr Information

lllustration 22

The PID parameters are calculated for the desired
system response with a settling time of about
one{hird of the generator time constant and about
10 percent overshoot.

Excitation Control Data 
\

Gen. Information - Uo to 20 characters of
descriptive text for the generator can be entered in
this field. When a PID record is created, this text
identifies the record.

Gen Time Conslant [-'do]-[Seconds] - The
open-circuit generator time constant (T'do) can be
selected from this pull-down menu, Time constant
values of 1 to.15 seconds can be entered in 0.05
second increments.

Note: Values for specific generators can be obtained
from the Technical Marketing Information System.

901009819

Exciler Time Constant ['e]-[Seconds] - The exciter
time constant (Te) can be selected from this
pull-down menu. The value displayed in this menu
depend on the generator time constant (T'do) that
is selected. Available values range from one{iftieth
to one-half of T'do in 0.01 second increments.
The maximum possible exciter time constant is 3
seconos.

Default Exciter Time Constant - When this box
is checked, manual selection of the exciter time
constant is disgbled and Te is set at one-sixth the
value of the generator time constant (T'do). This is
not recommended for SR4 and SR4B generators.

AVR Control Parameters

Proportional Gain (Kp) - This is a read-only value.
The value is calculated from the values that are
selected from the generator time constant (T'do)
and exciter time constant (Te) pull-down menus.

Integral Gain (Ki) - This is a read-only value. The
value is calculated from the values that are selected
from the generator time constant (T'do) and exciter
time constant (Te) pull-down menus.



Derivative Gain (Kd) - This is a read-only value. The
value is calculated from the values selected from

i6s generator time constant (T'do) and exciter time
:@nstant (Te) pull-down menus.

td''ll. This area of the PID Calculator screen lists all of the
,ri., saved PID records that are available.

'ai Remove Record Button - Records in the PID Record
,:: List can be selected and deleted by clicking this
.i button.
:.¡t

:,.'Add Ftecord Button - A record containing the
.-r' exc¡tation control data and AVR control párameters
-:: can be added to the PID Record List by clicking

this button. The "Spve" button must be pressed in' order to save the/record in the list.
,;: .

:'i Update CAif PC Software Button -Transfers thdAVR
:r.. control parameters calculated in the PID calculator
'. and recorded to the Control Gain Screen.

:' Close Button - Clicking this button closes the PID
Calculator and returns to the Control Gain screen.

value
-frequenc
ded to
n zero to
Entering i

gain is
¡ 1000.00
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Power Inpgt to Voltage Regutato(pM /
SE / AREP Systems) Power Input lo Exciter

/ '¡ Nominal lequirements Full Forcing
Requlrements;#"

Volpge
Input to

Regulator
Freguency

Range
Number

of
Phases

Exc¡ter
Not¡inal
Voltage
Input

Exciter
Nominal
Current
Input

Exciter
Exciter
T¡me

Constant
Te

Full
Forcing
Voltage

Fult
Forcing
Current

Kato
2600
Frame

PM
70
to

105V
24O Hz 3 35V 104 3.7 ohms 0.22 sec 65V 154

Kato
2800
Frame

PM 120V 90 Hz 1 50v 5A 10 ohms 0.18 sec 90v 104

5100 PM 140V 120 Hz 3 40v 4A 10 ohms o.22 ANV

r00 SE 140V 60 Hz I 40v 4A 10 ohms 0.22 sec 60v 104't00 ABEP 140V 50/180 Hz 2x1 40v 4A 10 ohms 0.22 sec 60v 104
1400
,4P PM 180V 2OOl240Hz 3 45V 4.54 10 ohms 0.056 sec 80v 104
t400
4P SE 50/60 Hz 45V 4.54 10 ohms 0.056 sec
1400
t4P AREP 140V 50/180 Hz 2x1 45V 4.5A 10 ohms 0.056 sec 80v 104
1600
t4P PM 180V 2OOl240Hz 3 60v 6A 10 ohms 0.059 sec 150V 15A
1600
t4P SE 50/60 Hz 60v 6A 10 Ohms 0.059 sec
1600
t4P AREP 240 V 50/'180 Hz u1 60v. 6A 10 ohms 0.059 sec 150V 'l5A
1800
t4P PM 180V 240 Hz 3 84V 4A 21 ohms 0.22 sec 190V 8.5A
1800
l4P SE 240V 60 Hz 1 84V I

4A

21 ohms

2'l ohms

0.22 sec

0.22 sec

190V 8.54
1800
l4P AREP 240V 60 Hz { 84V 190V 8.54

sR4 PM
70
to

105V
240 Hz 3 35V 104 3.7 ohms O.22 sec 65V 154

SR4 SE 240V 60 Hz 1 35V 104 3.7 ohms 0.22 sec 65V 15A

Protection Settings
The "Protection Settings" screen consists of a singletab labeted "protectio-n". Ct¡ck thó-;,Fróiá"tion,,
button to access the "proteclioñ éettingJ; screenor click "Screens" on the menu bar ari'd click

n, rrotection Settings".



Protection Tab
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lllustration 23

'SHUTDOWN OVERRIDE" Buüon - This button
is used to prevent excitation shutdown for any
protected function. The button displays ' ENABLED"
when selected and the button disptays 'DISABLED'
when the button is deselected.

Generator Overvoltage: gnáOleO - Selecting the
"Enabled" checkbofenables generator ovirvoltage
protection. Deselecting the Enabled checkbox
disables generator overvoltage protection and the
associated settinos.

901009884

Generator Overvoltage: Fault Type * Two options
can be selected from this pull-down menu, "Alarm"
or "Shutdown". When "Alarm" is selected and a
generator overvoltage condition is detected, the
Alarm output driver energizes, a J'|939 alarm
message is sent via the CAN communication
port, and the Fault LED will be lit constanily. For
units equipped with an RS-232 communicátion
port, an Alarm fault will be annunciated via the
PC software. When "shutdown" is selected and
a generator overvoltage condition is detected,
the Fault Shutdown output driver energizes, a
J1939 shutdown message is sent, and the Fault
LED u¡ill flash. For units equipped with an RS-232
communication port, a Shutdown fault will be
annunciated via the PC software. The voltage
regulator does NOT disable excltation when a
Generator Overvoltage fault ¡s detected.



Generator Overvoltage: Trip Value (%) - Th¡s
setting determines the voltage threshold where an
overvoltage trip will occur. Voltage values of 105 to
135 percent of the rated voltage may be entered in
increments of 1 percent.

Generator Overvoltage: Time Delay (Secs) - This
sefting assigns the length of time from when an
overvoltage condition is detected until the voltage
regulator issues an alarm or shuts down excitation,
A time value of 2.0 to 30 seconds may be entered
in 0.1 second increments.

Reverse VAR: Enabled - Selecting the "Enabled"
checkbox enables reverse VAR protection.
Deselecting the Enabled checkbox disables reverse
VAR protection and the associated settings.

Note: lf Reverse VAR protection is enabled and the
CT connections are reversed, a reverse VAR alarm
or shutdown will occur.

Reverse VAR: Fault Type - Two options can be
selected from this pull-down menu, "Alarm" or
"Shutdown". When "Alarin" is selected and loss
of excitation is detected, the Alarm output driver
energizes, a J1939 alarm message is sent via
the CAN communication port, and the Fault
LED is lit constantly. f,or units equipped with an
RS-232 communicatión port, an Alarm fault wíll be
annunciated via the PC boftware. When "Shutdow¡"
is selected and loss of bxcitation is detected, ¡J

the Fault Shutdown output driver energizes, a
. J1939 shutdown message is sent via the CAN

communication port, and the Fault LED flashes. For
units equipped with an RS-232 communication port,
a Shutdown fault will bé annunciated via the PC
software. The voltage regulator does NOT disable
excitation when a Lo6s of Excitation (Reverse var)
fault is detected.

Reverse VAR: Trip Value (%) - This setting
determines the level of reverse VAR flow, expressed
as a percentage of nominal,lpositive VAR flow,
where a loss of excitation trip occurs. A value of
10 to 100 percent may be entered in increments of
1 percent.

Reverse VAR: Time Detay (Secs) - This setting
assigns the length of time from when the reverse
VAR trip value is exceeded until the voltage
regulator issues an alarm or shuts down. A time
value of 0.1 to 9.9 seconds may be entered in 0.1
second increments.

."Generator Undervoltage: Enabled - Selecting¡lhe."Enabled" checkdox enables generator
. undervoltage protection. Desglectiñg the "Enabled"
. cneckbox disables generator undervoltage

Generator Undervoltage: Fault Type - Two options
can be selected from this pull-down menu, "Alarm"
or "Shutdown". When "Alarm" is selected and
generator undervoltage is detected, the Alarm
output driver energizes, a J1939 alarm message
is sent via the CAN communication port, and the
Fault LED is on constantly. For units equipped with
an RS-232 communication port, an Alarm fault
will be annunciated via the PC software. When
"Shutdown" is selected and generator undervoltage
is detected, the Shutdown output driver energizes,
a J1939 shutdown message is sent via the CAN
communication port, and the Fault LED flashes. For
units equipped with an RS-232 communication port,
a Shutdown fault will be annunoiated via the PC
software. The voltage regulator does NOT disable
excitation when a Generator Undervoltage fault is
detected.

Generator Undervoltage: Trip Value (%) - This
setting determines the level of voltage, expressed
as a percentage of nominal generator voltage,
where a generator undervoltage trip occurs. A value
of 60 to 95 percent may be entered in 1 percent
increments.

Generator Undervoltage: Time Delay (Secs) - This
setting assigns the length of time from when a
generator undervoltage condition is detected until
the voltage regulator issues an alarm or shuts down
excitation. A time value of 10.0 to 120.0 seconds
may be entered in 0.1 second increments.

Over Excitation: Type - Two options can be selected
.from this pull-down menu, "lnv Time" (for inverse

'curves) or "Threshold" (for a fixed time delay).
The voltage regulator disables excitation when an
overexcitation fault is detected unless a global
Shutdown Override command is in effect.

Over Excitation: Ttip Value (Amps) - This setting
determines the level of field current that will cause
an overexcitation trip. Values of 0 to 12.0 amperes
may be entered in 0.1 amperes increments. The
required value for the SR4 and SR4B generators
is 12 amperes.

Over Excitation: Time pelay (Secs) - This
setting assigns the length of time from when an
overexcitation bondition is detected and when the
voltage regulator issues an alarm or shuts down
the exóitation. A time value of 1.0 to 10.0 seconds
may be entered in 0.1 second increments. The
required value for the SR4 and SR4B generators
is 10 seconds.

. protection and the associated settings.



Exciter Diode Monitor (EDM): Trip Vatue (Amps) -
This setting determines the level of current that is
indicative of a failed exciter diode. lf the current
level exceeds the diode fault threshold setpoint for
five seconds, a diode fault is detected. The voltage
regulator disables excitation when a diode fault
is detected unless a global Shutdown Override
command is in effect. A value of 1.0 to 10.0
amperes may be entered in 0.1 ampere increments.

Loss of Sensing (LOS): Time Delay (Secs) -
The value of this seüing determines the time
delay between when a loss of sensing voltage is
recognized and the voltage regulator responds
by removing the field excitation. A time value
of zero to 25.0 seconds may be entered in 0.1
second increments.. The voltage regulator disables
excitation when a Loss of Generator Sensing fault
is detected unless a global Shutdown Override
command is in effect.

Fault Reset Too Long: Enabled - Selecting the
"Enabled" checkbox enables the voltage regulator
to issue an alarm or a shut down fault if the fault
reset input is closed longer than 10 seconds.

Fault Reset Too Long: Fault Type - . Two options can
be selected from this pull-down menu, "Alarm" or
"Shutdown". When "Alarm" is selected and the Fault
Reset contact input rBmains closed for more than 10
seconds, the Alarm óutput dríver energizes, a J1g39
alarm message is sent via the CAN communicat¡on
port, and the Fault LED lights constantly. For
units equipped with an RS-2S2 communication
port, an Alarm fault will be annunciated via the
PC software. When "shutdown" is selected and
the Fault Reset contact input remains closed for
more than 10 seconds, the Fault Shutdown outout
driver energizes, a J1g3g alarm message is sent
via the CAN communication port, and the Fault
LED lights constantly. For units equipped with an
RS-232 communication port, the voliage regulator
will attempt to annunciate the Shutdown fault v¡a
the PC software. The voltage regulator does NOT
disable excitation when a fá.¡lt neset Closed Too
Long condition is detected.

Metering, Operation, and Alarms
The "Metering, Operation, and Alarms,' screen
consists of a single tab labeled ,,Metering". Click
the "Metering" button to access the ,,Metering,
uperation, and Alarms" screen or click ,,Screens"

.',::l.on the menu bar and click ,,Metering/Operation,,.
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F,IJQLTAGE (V): Vab - This fietd is a read_onty
ileld that displays the phase{o_phase voltage of 'pnase A and phase B.

flSIyqLT,lcE (V): Vbc - This fietd is a read-onty
5'9,thlt disptays the,phase-to_phase vottage of 'pnase B and phase C.

,|TlJgtr¡eE ff): Vca - This fietd is a read-ontyileld that displays the phase_to_phase voltage of
.*Pnase C and phase A.

R5)JqLTc! (v), Vavs - rhis fietd is a read-ontyrtelo that displays the average value of the threePhase+o-pháse voltages.

.fl.E|ll 9uRRENT (A): lb - This fietd L a read-ontytleld that displays the value of the curreni on tn"tt-phase of the generator.

901010266

.SLflEg (Hz): Freq - This fietd is a read-onty
freld that displays the value of the frequency of inegenerator voltage.

gFry POWEnltWatts - This fietd is a read-onty
fieh thpt disptays the vatue of reat po*éi in"t ts
oerng output from the generator.

GEN POWER: kVA - This fietd is a read_onty fietd
that displays the value of apparent power that is
being output by the generator.

GEN POWER: kVAR - This fíeld is a read-onty field
that displays the vatue of reactive powei tñát ¡s
being output by the generator.

GEN POWER: PF - This fietd is a read-ontv fietd
that displays the value of the power factor íhat thegenerator is operating at.



AUX DC INPUT (V): Vaux - This field is a read-only
field that displays the level of dc control voltage
that is applied from a remote device to the voltage
regulator terminals P12-3 (B) and P12-6 (A).

EXCITER FIELD: Vfd (V) - This field is a read-onty
field that displays the value of the exciter field
voltage.

EXCITEH FIELD: lfd (A) - This field is a read-onty
field that displays the value of the exciter fietd
current.

OPERATING MODE - One of three operating
modes may be selected as active: 'AVR", "VAR',
or "PF". When an operating mode is active, the
corresponding indicator color changes from black
to red for "AVR"mode. When an operating mode is
active; the corresponding indicator color changes
from black to green for the "VAR" mode and the
"PF" mode.

Note: When either KVAR or PF mode are selected,
the appropriate button must be selected and the
Auxiliary breaker contact that is connected to Pg-6
(KVAR/PF enable contact) and P9-g (contact sense
common) must be closed.

FINE ADJUSTMENT.* The "Raise" and "Lower"
buttons control the flne adjustment of the operating
setpoint. These buttons perform the same function
as closing the appropriate set of contacts connectéd
to the Contact Sense - Raise ínput (terminal pg-5)
and Contact Sense - Lower input (terminal Pg-4) of
the voltage regulator. Each click of the Raise button
increases the voltage setpoint by 0.1 V each click
of the Lower button decreases the voltage setpoint
by 0.1 V.

Note: The PT ratio will affect this settino.

SETPOINT: AVR (V) - This sening t¡efl is used ro
enter the desired generator terminal voltage. The
bacf(ground color of this fieH is green when the
voltage regulator is in AVR mode.

Note: The PT ratio will affect this setting.

SETPOINT: VAR (o/. of nom.) - This setting
oetermines the level of generator VARs maintained
by the voltage regulatoiwhen operating in VAR
mode. The background color of this field is green
when the voltage regulator is regulating tne VRR
setpoint. A percentage value ol zero to t0O.O may
0e entered in 0.1 percent increments.

SETPOINT: Power Factor - This seüing determines
the level of power factor regulation malntained by
the voltage regulator. The background color of
this field is green when the voltage regulator is
regulating the power factor setpoint. A power factor
value of -0.600 to 0.600 may be entered in 0.001
increments.

STAIUS - Four indicators indicate the operating
s,tgtus of the voltage regulator; "Droop", "Line Dróp",
"Under Frequency", and "Soft Start".

The Droop ind¡cator turns red when the Reactive
Droop Compensation feature is selected. The
Reactive Droop Compensation feature is used
during parallel generator operatíon to assist in the
sharing of reactive load.

The Line Drop indicator turns red when the Line
Drop Compensation feature is selected The Line
Drop Compensation feature is used to compensate
for voltage drops in the lines between the generator
and the load.

The Under Frequency indicator turns red when the
generator frequency decreases below the Knee
Frequency setting and excitation is terminated.

The Soft Start indicator turns red when the Soft Start
feature is active to control the time for generator
voltage to ramp up during startup.

CONTACT INPUTS - Five indicators provide the
status of the voltage regulator switch inputs:

.,,"Raise", "Lower", .VAR / PF", "ExcÍtation Disable",
and "Fault Reset".

The Raise indicator turns red when contact closure
al terminals P9-5 (Contact Sense - Raise) and p9-6
(Contact Sense - Common) is detected.

The Lower indicator turns red when contact closure
at terminals P9-4 (Contact Sense - Lower) and pg-6
(Contact Sense - Common) is detected.

The Var/PF indicator turns red when contact closure
at terminals Pg-9 (Contact Sense - yarlpF Enable)
and P9-6 (Contact Sense - Common) is detected.

The Excitationt Disable indicator turns red when
contact closure at terminals Pg-7 (Contact Sense
- Exciiation Disabte) and P9-6 (Cdntacf Senr" -
Common) is detected.

The Fault Reset indicator turns red when contact
closure at terminals P9-8 (Contact Sense - Fault
Reset) and Pg-6 (Contact Sense - Common) is
detected.



ALABMS - Ten indicators annunciate alarm
conditions. Alarm indicators ínclude the following
alarms: "lnternal Memory Failure", "lnternal
Watchdog Failure", "Exciter Diode Monitor,'.
"Excitation Loss", "Generator Overvoltage',,
"Generator Undervoltage", "Overexcitation',, "Loss
of Sensing", "Field Overcurrent", and '.Fault Reset
Too Long". When the voltage reoulator detects an

r .  ,  qt  tu I  qul t  nEDEI

When the voltage regulator detects anr9 r  r r r lv¡  rvvqrswr ugtgvto qt  I

alarm. condition, the appropriate indicator changes
from black to red.

ALARMS: Shutdown Override Status - This
indication provides the status (position) of the
'Shutdown Override Button". The button displays
'ENABLED" when setected and ',DISABLED;,when
deselected.

Settings Files
Caterpillar PC software enables you to print a list of
voltage regulator settings, save voltage regulator
seüings in a file, and open a settings file iñ order
to u.pload.those settings to a voltage regulator. A
settings fife may also be opened anO eó¡teO w¡tn
any text editing software.

Í



Test¡ng and Adjusting Section

Printing the Settings Files

lllustration 25
Print lcon

901040303
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lllustratíon 27

A printout of voltage regulator sett¡ngs can be useful
for record keeping or comparison purposes. The
voltage regulator settings can be printed by clicking
the print icon (1) or clicking "File" on the menu bai
and then clicking "Print". When the pr¡nt command
is given, a dialog box provides the opportunity to
add a title and comments to the settinos list. See
illustration 26. Each entrv is l¡m¡ted to á maximum
of 54 characters. After tñis information is entered,
click on "OK". The "Print Seüings" box will appear.
See illustration 27. This dialog 6ox is used in order
to select the desired printer, change and verify the
printer settings, and preview the printed settings
list. Click on the "Print" button in order to pr¡nt the
settings list.

901016741



Section

Saving the Settings Files

lllustration 2g
Save lcon

Saving.the voltage regulator settings in a file for
uploading to other voltage regulator units saves
:etup time when configuiing muttipte units with thesame settings. A settings file can also be createdIn the PC software without being connected toa voltage regulator. The settiñgJ of the desiredscreens can be changed and-these settinos cantnen be saved to a file. Once a settings file iscrg|ted, the file can be edited usinq ánv texredifing software, and the tfe cán ine-n OJ saveO toruploading.

Asettings file is created by clicking the save icon
.ll1 9l by clicking "Fite" on the menu bar and then
l',".Ilg "Save".-When the command is given,
:^*.Yu As" diatog box is disptayed whére the
.l?Iing. are assigñeá a fite name and then saved.
'*il,l:'lugu, re g u t ato r settin gs f i tes are automaticaily

90104O30S

Uploading the Settings Files to the
Voltage Regulator

A voltage regulator settings file downloaded from a
voltage regulator or creatéd within the pC software
ga1 be uploaded to multiple voltage regulator units.
Only a. vottage regutator óettings tile wiífr á; .¿uZ',
extension can be uploaded toá voltaqe reoulator
unit. Before uploading a file, communicatioñ must
be initiated witf the voltage regulator that is to
receive the seftings. see"syste"ms ópéiái¡on,"Hemote Communication".

The upload process is started by clickino the
open icon or clicking "File" on the menu -bar and
then clicking "Open". An ,,Open" dialoo box is
then displayed where the desired settiñqs file is
navigated to and selected. Clicking ,'Opén" uploads
the settings file.

tven a ".dv2" extension.
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Troubleshooting
SMCS Code:4467

lf the voltage regulator does not operate as
expected, first check the programmable settings
toi tne appropriate function. Use the following
troubleshooting procedures when difficulties are
encountered in the operation of the excitation
system.

AIarm or Shutdown Faults
Faults that are discussed in this sect¡on will not
cause excitation to be turned off unless some
external means of removing excitation is wired into
the Alarm or the Shutdown Fault output driver.
Shutdown faults that always cause excitation to be
turned off are discussed in Testing and Adjusting,
"No Voltage - Troubleshoot". Open communication
with the voltage regulator in order to determine
which fault condition has occurred.

lf an Excitation Loss (reverse VAR) fault has
occurred, a reverse VAR condition has been
detected in excess of the programmed threshold
for longer than the ppogrammed time delay. lf an
incorrect fault detection is suspected, verify that
the programmed settings are compatible w¡th thej
application. lf settings are correct, it is possible
to get an incorrect fault detection if the generator
voltage and the generator current sensing inputs
to the voltage regulator are not properly wired for
ABC rotation. Verify correct wiring of the generator
voltage and generator current sensing inputs to
the voltage regulator. See Testing and Adjusting,
"Wiring Diagrams".

lf a Generator Overvoltage fault has occurred, a
generator overvoltage condition has been detected
at the generator voltage ser¡sing input(s) of the
voltage regulator in excess óf the programmed
mreshold for longer than the programmed time
clelay. See Testing and Adjusting, "High Voltage -
¡roubleshoot".

Í a Generator Undervoltage fault has occurred,

Reseting the voltage regulator may be achíeved
either by momentarily closing the Fault Reset
contact input or by cycling 24Ydc control power.

i01954619

No Voltage - Troubleshoot
SMCS Gode: 4467-035

álgenerator uná"róriágelondition has been
delected at the oeneratór voltaoe sensino inougenerator voltage sensing input(s) of

. Remove the short across the Fault Reset

lllustration 29 901021519

The Cat Digital Voltage Regulator presents an
electrlcal shocldelectrocutlon haza¡d. Thls hazad
wlll cause serious Injury or death.

Service by trained personnel only.

oThe termlnals and heat sinks are llve at hazardous
voltages when power ls applled and for up to I
minutes after power is removed.

1. Verify that all of the wiring is properly connected.
Refer to Testing and Adjusting, "Wiring
Diagrams".

OK - lf the wiring connections are correct, go
to step 2.

NOT OK - lf the wiring is improperly connected
or the wiring is loose, reconnect the wiring
properly. .

srgP.

2. Verity that the generator is running at rated
speed.

OK - lf the generator is spinning at rated speed,
go to step 3.

NOT OK - lf the generator is not at rated speed,
increase generator speed to the rated value.

STOP.

voltage regulator in excess of the programmed
shold for lonoer than the oroorammed timefor longer than the progr

.See_Testin-O and Adjustlng, "Low Voltage -

Fault Reset contact inout is closed for more
10 seconds, a Fault Réset Too Long fault has

input.



3. The digital voltage regulator is PMG power or
Shunt Powered.

PMG power - Proceed to step f,

Shunt Powered - Proceed to step 5.

4. Check for correct input power to the voltage
regulator. Refer to Specification, "Electrical", for
input power requirements.

OK - lf voltage is present, go to step 5.

NOT OK - lf PMG voltage is not present, refer to
the generator manual for the repair procedures
and check for an open circuit.

STOP.

5. Verify that the residual voltage applied to the
power input is at least 6 ACV.

OK - lf the applied voltage is 6 ACV or greater,
go to step 6.

NOT OK - lf the applied voltage is less than 6
ACV refer to the generator manual and flash the
generator field. l¡stall blocking diodes in series
with the batterfin order to prevent damage to
the voltage regulator andlor the battery. :\

STOP.

6. Verify that the fuse is not open.

OK - lf no fuses are open, go to step 6.

NOT OK - Replace any fuses that are open.

STOP.

7. Verify that the common alarm/Shutdown LED
indicator on the voltagqregulator is not flashing.

OK - lf no protective fault has caused the
excitation to be turned off, go to step 14.

NOT OK - lf the LED indicator is flashing, open
communications with the voltage regulator to
determine if a protective shutdown lault has
occurred that would cause excitation to be
turned off. lf protective shutdown fault has
sccurred that would cause excitation to be, turned off, go to step g.

8. lf an Exciter Diode Monitor (EDM) fault has
occurred, stop the machine, insure that the
power input to the voltage regulator is removed,
and unplug "P6" on the voltage regulator. Refer
to the generator manual for instructions on
checking the rotating exciter diodes. Have the
rotating exciter diode assembly checked for
open or shorted diodes. lf an open or shorted
diode is present in the rotating exciter diode
assembly, refer to the generator manual for
instructions on how to replace the rotating recifier
assembly. After repairs are complete, reset the
voltage regulator by momentarily closing the
Fault Reset contact or by cycling 24V control
power. The generator may be restarted. lf there
is no problem with the rotating exciter diode
assembly, the EDM trip va¡ue may be set too
low An EDM fault may occur with good rotating
exciter diodes under varying loads if the trip level
is set too low. Set the EDM trip level to a value
greater than the RMS ripple current present in the
exciter field under normal operating conditions
in order to prevent a false irip. Beconnect "P6".
Reset the voltage regulator by momentarily
closing the Fault Reset contact or by cycling 24V
control power. The generator may be restarted.
lf an Exciter Diode Monitor (EDM) fault has not
occurred, go to step 9.

9. lf an Over Excitation fault has occurred, stop the
machine and have the generator and/ or load
conditions checked for a generator or load fault
that could cause excessive exciter field current
to flow. Also have the system checked for loose
or open connections to the voltage regulator
sensing inputs. Any faults must be repaired. After
repairs are complete, reset the voltage regulator
by momentarily closing the Fault Reset contact
or by cycling 24V control power. The generator
may be restarted. lf no generator or load fault
has occurred and there are no loose or open
connections to the sensing inputs of the voltage
regulator, verify that the Over Excitation trip level
and the delay settings are properly adjusted for
the generator. Set the Over Excitation trip level
slightly above the requirement of the application
but not so high as to render the protection
ineffective or damage the system. Reset the
voltage régulator by momentarily closing the
Fault Reset contact or by cycling 24V control
pbwer. The generator may be restarted. lf an
Over Excitation fault has not occurred, go to
step 10.

Note: SR4 and SR4B generators may require up to
12 Amperes for full load excitation. A 10 second
delay is needed in order to insure 300 percent short
circuit current requirements.



$.lf a Loss of Sensing fault has occurred, stop
the machine and have the system checked for
bose or open connections to the voltage sensing
inputs of the voltage regulator. Also, have the
oenerator andl or load conditions checked for
á generator or load fault that could cause the
sensed voltage to be low lf the generator is
equipped with voltage transformers for stepping
the generator voltage down to levels usable by
the voltage regulator, verify that the transformers
are functional and that any transformer fuses
are not open. lf transformer fuses are found to
be open, replace the fuses. Any faults must be
repaired. After repairs are complete, reset the
voltage regulator by momentarily closing the
Fault Reset contact or by cycling 24V control
power. The generator may be restarted. lf a Loss
of Sensing fault has not occurred, go to step 11.

11.|f a Field Overcurrent fault has occurred, stop
the machine and have the generator andl or load
conditions checked for a generator or load fault
that could cause excessive exciter field current
to flow. Also have the system checked for loose
or open connections to the voltage regulator
sensing inputs. A Field Overcurrent fault is
detected when output current from the voltage
regulator exceeds approximately 28 A.

OK - lf a Field dvercurrent fault has not
occurred, go to step 12.

an lnternal Watchdog Failure fault has
reset the voltage regulator by

)mentarily closing the Fault Reset contact or
cycling 24 volt control.power.

i 
_- lf an lnternal Watchdog Failure fault hast occurred, go to step 14.

NOT OK - lf after resetting the voltage regulator
another Internal Watchdog Failure fault occurs,
replace the voltage regulator.

STOP.

14. Replace the voltage regulator unit. lf replacing
the voltage regulator unit does not correct the
problem, go to step 15.

l5.There is a problem with the generator. Refer
to the generator manual to troubleshoot the
problem.

i01s54791

Low Voltage - Troubleshoot
SMCS Code: 4467-035

NOT OK - Any fault must be repaired. After
repairs are complete, reset the voltage regulator
by momentarily closing the Fault Reset contact
or by cycling 24V control power. The generator
may be restarted.

STOP.

12.lf an Internal Memorv Failure fault has occurred.
try resetting the voltage regulator by momentarily
closing the Fault Reset contact or by cycling 24V
control power. \

STOP. - lf an Internal Memorv fault has not
occurred, go to step 13.

., :.,., NOT OK - lf after resetting the voltage regulator
another Internal Memory Fáiture occürs, réptace
the voltage regulator.

lllustration 30 901021519

The Cat Digital Voltage Regulator presents an
electr¡cal shock/electrocution hazard. This hazard
wlll cause serious Injury or death.

Service by trained personnel only.

The termlnals and heat sinks are live at hazardous
voltages when power is applied and for up to I
minutes after power is removed.

1. Verify that the voltage adjustment is not set too
low,

OK - lf the voltage adjustment is correct, go to
step 2.

NOT OK - lf the voltage adjustment is too loq
adjust the voltage to the correct setpoint.

STOP,

2. Verify that the underfrequency setpoint (knee
frequency) is not greater than the generator
rrequency.

1
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OK - lf the underfrequency setpoint is correct,
go to steP 3.

NOT OK - lf the underfrequency setpoint is
too high, adjust the setpoint below the rated
generator frequency.

STOP.

3. Verify that the generator is running at rated
speed.

OK - lf the generator is running at rated speed,
go to step 5.

NOT OK - lf the generator is not at rated speed,
increase the generator speed to the rated level.

STOP.

4. PMG power or Shunt powered regulator

PMG power - Proceed to step5.

Shunt powered - Proceed to step6.

5. Check for the correct input power to the voltage
regulator. Refer to"Specification,,,Electrical,' for
input power requifements.

OK - lf the voltage is at the required level, go'
to step 7.

NOT OK - lf the voftage regulator input voltage is
low, refer to the generator manualfor pMG re-oair.

STOP.

5. Verify that the potential transformer (if used)
nas rne correct turns ratio and is supplying the
correct voltage to the power input.

OK - lf the turns ratio of {he power potent¡al
transformer is correct, go to step 7. 

'

NOT OK - lf the turns ratio of the potent¡al
transformer is incorrect, is sized too small, or the
transformer is not supplying the correct power,
replace the potential tiansfórmer.

STOP.

=Zt t_e1it¡i that the sensing potential transformer {if. used) has the correct turns ratio and is operating
fii:t'i*!. 6¡ r.^r.,' r,, correctly.

; 9K - lf the sensing poterüiat transformer is

NOT OK - lf the turns ratio of the sensing
potential transformer is incorrect, replace ihe
sensing potential transformer.

STOP.

8. Low generator output voltage may occur when
operating in droop mode with an inductive load.
lf the low voltage condition is not caused bv the
droop function, go to step 9.

9. Replace the voltage regulator.

i01954865

High Voltage - Troubleshoot
SMCS Gode: 4467-Ogs

lllustration 3l 901021519

Tfe Qat Digital Voltage Regutator presents an
electrical shocUelectrocution hazarU. frus hazard
will cause eerious Inlury or death.

Service by tralned personnel only.

The terminals and heat sinks are ilve at hazardous
voltages when power ls applied and for up to g
m¡nutes after power ls removed.

1. Verify that tñe volüage adjustment is not set too
his!.

OK -^lf the voltage adjustment is correct, go to
step 2.

NOT OK - lf the voltage adjustment is too high,
adjust the voltage to the coirect setpoint.

STOP.

2. Verify that the sensing potential transformer (if
used) has the correct turns ratio.

i operating conecily, gjo to step g.



OK - lf the sensing potential transformer is
correct, go to step 3.

NOT OK - lf the turns ratio of the sensing
potential transformer is incorrect, replace the
sensing potential transformer with the correct
one.

STOP.

3. High generator output voltage may occur when
operating in droop mode with a capacitive load.
lf the high voltage condition is not caused by the
droop function, go to step 4.

4. High generator output voltage may occur when
operating in line drop compensation mode with a
large generator load. lf the high voltage condition
is not caused by the line drop compensation
function, go to step 5.

5. Verify that the fuses for the sensing potential
transformer (if used) are not open.

OK - lf the fuses for the sensing potential
transformer are correct, go to step 6.

NOT OK - lf the fuses for the sensing potential
transformer are gpen, replace the fuses.

STOP.

6. Verify that the auxiliary input voltage going to
the voltage regulator is present or abnormally
high. Higher than normal voltage at this input will
cause a higher than normal generator voltage. lf
voltage is present on the auxiliary input, remove
the input by removing the wiring going to the
voltage regulator. lf the wire is removed and the
generator voltage returns to the desired level,
¡nvestigate where the voltage ís comíng from,
possible a VAR/PF controller or another source
of control. lf the auxiliary input voltage is not
present or abnormally hi$h, go to step 7.

7. Replace the voltage regulator.

The Cat Digital Voltage Regulator presents an
ef ectrf cal shock/electrocutlon haza¡d. Thls hazard
wlll cause serlous Injury or death.

Servlce by trained personnel only.

The terminals and heat sinks are live at hazardous
voltages when power ls applied and for up to g
minutes after power is remored.

1. Verify that the governor for the engine is
operating properly.

OK - lf the governor is operating properly, go
to step 2.

NOT OK - lf the governor is not operating
properly, refer to the engine manual in order to
troubleshoot the problem.

STOP.

2. Yerify thatrthe sensing and input power leads
are connected securely.

Oú - lt the sensing or input power lead
connections are secure, go to step 3.

NOT OK - lf the sensing or input power leads are
not connected securely, tighten the connections.

STOP.

3. Verify that the voltage regulator stability range is
set to the proper range.

o1955489

Unstable Voltage -
Troubleshoot
SMCS Gode: 4467-035

lllustration 32 90102.l519



The Cat Digltal Voltage Regulator prcsents an
e|ectr¡cal shock/electrocution hazad- This hazard
wlll cause serious Inlury or death.

I
Testíng and Adjusting Section

Poor Voltage Regulation -
Troubleshoot
SMCS Code: 4467-035

OK - lf the stability range setting is correct, go
to step 4.

NOT OK - lf the stability range setting is
incorrect, reset the stability range.

STOP.

4. Veri'Íy that the stability level is properly set. !f
the stability level is not properly set, reset the
stability level.

2. Check for grounded field leads.

OK - lf the field leads are not grounded, go to
step 3.

NOT OK - lf the field leads are grounded, isolate
the field leads from ground.

STOP.

3. Check for grounded pMG leads.

OK - lf the PMG leads are not grounded, go to
step 4.

NOT OK - lf the pMG leads are grounded,
isolate the PMG leads from grounó.

STOP.

4. Verify that the generator frequency is
not.dropping below the voltage regulator
underfrequency setpoint when load is applied
to the generator.

OK - lf poor regulation is not related to voltage
regulator underfrequency operation, go to ste[ S.

l,lOJ O.T - lf the.generator frequency is dropping
below the underfrequency setpoint, reduce'the '
setpoint if possible. Also check the engine and
generator for proper sizing in relation [o tne
applied load.

STOP.

Note: Measure the PMG voltage from line to line.

5. Verify that regulation is not being affected by
normal droop operation. lf droop operation is not
affecting regulation, go to step 6. 

'

6. Verify that regulation is not being affected by
normal line loss compensation. lf line loss
compensation is not affecting regulation, replace
the voltage regulator.

On new applications and when commissionino.
check the PIQ value. lf voltage fluctuates at
steady-state N.L. or F.L., reduce Kg or if at 1.0
reducq Kp. Recalculate plD in calculator.

Note: Self Excited (shunt powered) generators will
have a greater input power voltagelhan pMG
generators. This will require a lower gain settings
(Kg first then Kp if necessary) on coriparably sized
machine. Adjust Kg values first, then Kp valúes
to reach acceptable steady-state and tiansient
responses.

lllustration 33 g0'1021519

Service by tralned personnel only.

The terminals and heat sinkl are flve at hazatdous
lqltages when power is apptied and for up ro 8
m¡nutes after power is removed.

rs properly grounded.

9I - [ the vottage regutator is property
grounded, go to step 2.

, IOJ O.K - lf the vottage regulator is not property
*: .g_r,ou$9q, connect a áeOicáteO ground wiré to'terminal P6-6 on the voltage regúator.
'::l:1.'

!1,. srop.
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No Line Loss Compensation -
Troubleshoot
SMCS Gode: 4467-035

lllustrat¡on 34 901021519

The Gat Digital Voltage Regulator presents an
ef ectrical shock/electrocut¡on haza¡d. This hazard
will cause serious lnjury or death.

f

Service by trained personnelonly.

The terminals and heat sinks are live at hazardous
voltages when power ls applied and for up to 8
m¡nutes after power ls removed.

1. Verify that the voltage regulator is programmed
for line loss compensation. lf the voltage regulator
is programmed for line loss compensation, go
to step 2.

2. Verify that the voltage regulator line drop setting
is not adjusted to 0%. lf the line drop setting is
adjusted to 0%, increase\he setpoint above 07o.
lf the line drop setting is adjusted to above 0%,
go to step 3.

3. Check for an open in the circuit connected to
voltage regufator terminals P12-1 and P12-2
and CT2. lf there is an open circuit, repair as
necessary. lf there is not an open circuit, go to
step 4.

4. Ve{y that all connections are correct according
to Testing and Adjusting, "Wiring Diagrams". lf
connections are incorrect, correct the problem. lf
connections are correct, go to step 5.

5. Verify that the load that is being applied to
the generator for droop testing is not a purely
resistive load. lf only a resistive load is being
applied to the generator, apply an inductive
load and retest. lf the load being applied to the
generator is inductive, go to step 6.

6. Verify that the current sensing transformer that
is being úsed is compatible with the voltage
regulator. For example, a current sensing
transformer with a 'l-ampere output rating would
produce very little droop since the voltage
regulator has a S-ampere current transformer
input. lf the current transformer input is incorrect,
replace the current sensing transformer for
compatibility. lf the current transformer input is
correct, go to step 7.

7. ll all of the previous steps fail to correct the
malfunction, replace the voltage regulator.

i01955495

No Voltage Droop -
Troubleshoot
SMCS Code: 4467-035

lllustral¡on 35 901021519

The Cat Dlgital Voltage Regulator presents an
electr¡cal shqpk/electrocution hazard. This hazard
willcause serious injury or death.

Service by trained personnel only,

The termlnals and heat s¡nks are live at hazardous
voltages when power ls apptied and for up to I
mlnutes after power is removed.

1. Verify that the voltage regulator is programmed
for droop mode. If the voltage regulator is
programmed for droop mode, go to step 2.

*r$*tr* *.



3.

Verify that the voltage regulator droop setting is
not ádjusted to 0% droop. lf the droop setting
is adjusted to 0% droop, increase the setpoínt
above O"/".lf the droop setting is adjusted to
above Oo/", go to steP 3.

Check for an open in the circuit connected to
voltage regulator terminals P12-1 and P12-2
and CT2. lf there is an open circuit, repair as
necessary. lf there is not an open circuit, go to
steP 4.

Verify that all connections are correct according
to Testing and Adjusting, "Wiring Diagrams". lf
connections are incorrect, correct the problem. lf
connections are correct, go to step 5.

Verífy that the load that is being applied to
the generator for droop testing is not a purely
resistive load. lf only a resistive load is being
applied to the generator, apply an inductive
load and retest. lf the load being applied to the
generator is inductíve, go to step 6.

Verify that the current sensing transformer that
is being used is compatible with the voltage
regulator. For example, a current sensing
transformer with a 1-ampere output rating would
produce very lit$e droop since the voltage
regulator has a S-ampere current transformer
input. lf the current transformer input is incorrpct,
replace the current sensing transformer for
compatibility. lf the current transformer input is
correct, go to step 7.

lf all of the previous steps fail to correct the
malfunction, replace the voltage regulator.
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Wiring Diagrams

rñ- l
I
B

r
L-

) ]( 
o'* I i i

I GTB r i
l r

r l l l

l: '-:

-\r
PMG

+l
\-,\-z\-A-/

Z^v-iz^v1
24Vdc

+

Pe',r(F2,-)  lPes(F1,+) lPÉ1 lPs2 P&3 Pl2n P12.2 lP12-10 lPl2-11 lP12-12 P12-8 (+) P12-7 l-',) P6-6

FIELD OUTPUT POWER INPUT
CURRENT
SENSING

VOLTAGE
SENSING

24 Vdc CONTROL
POWER GROUND

CAT Digital Voltage Regulator

VAR/PF
CONTROL

EXCTTATTON I FAULT
yDISABLE I RESET

RAISE/LOWER I ALARM
INPUTS I DRIVER

SHUTDOWN
FAI.JLT DRIVEF

+/-10 VDG
CONTROL INPUT

P9-9 P9-7 P+8 m.6 | Pe-{ | m-5 I P124(-) | P12{(+) P12-5 (-) P12-6 (+l I P12.s (-)

:i

52a q q I  sr  o.

901015474lllustraüon 36
Typical connections for PMG power, ABC roiation, and lhree-phase sensing
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Typical connections for Shunt power, ABC rotation, and single'phase sensing
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Illustration 38 .a
Typical connections for Shunt power, ABC otation, and three-phase sensing

901015546



T;-
A

l - .

L
) l( u'* g

eCTB i i l i
r l l i
i r r
l:r

I
I

J

fi \J\,^.-'\J

a'\-\t^\-\
24Vdr.

+

Pe4{F2,1 lF5.s(Fr,+) P&1 w2 PS3 Pr2-1 | P12-2 )12-14 Pl2-1 1 P12-12 Pt2-8 (+) P12-7 l-l Pe6

FIELD OUTPUT FOWER INPUT
CURRENT
SENSING

VOLTAGE
SENSING

24 Vdc CONTROL
POWER GROUND

CAT Digital Voltage Regulator
VAR/PF

CONTROL
EXCITATION

DISABLE
FAULT
RESET

RAISE/LOWER
INPUTS

ALARM
DRIVER

SHUTDOWT.¡
FAI,JLT DRIVER

+/-10 VDC
CONTROL INPUT

P9-9 m-7 P$.A PgSlP9{ lP9-5 P12-1 (-) | Pr2-s (+) P12-5 (-) P12-6 (r) I P12-3 (-)

s2a r  
{  {  l * ,1

lllustraüon 39

Typical connoctions for PMG power, ABC rotation, and single.phase sensing
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Typical connect¡ons for a PMG Power Input and a single-phase generator
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