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Introduction

This book contains instructions on the installation, operation, and testing of the Generator Protection Unit, Type GPU2000R,
catalog series 589T, 589V, and 589W.  (For series 589R refer to Instruction Book IMRA589764–MIB,  IB 7.11.1.7-7)

Be sure to observe Precautions listed on page ii.

Quick Start information follows on page iv.

GPU2000R IB
Go to Table of Contents to easily access individual sections.
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Precautions

1. Incorrect wiring may result in damage. Be sure wiring agrees with connection diagram before energizing.

2. Apply only the rated control voltage marked on the unit.

3. High-potential tests are not recommended. If a control wire insulation test is required, fully withdraw the GPU-
2000R from its case and perform only a DC high-potential test. Surge capacitors installed in the unit do not
allow AC high-potential testing.

4. Follow test procedures to verify proper operation. To avoid personal shock, use caution when working with energized
equipment. Only competent technicians familiar with good safety practices should service these devices.

5. When the self-checking function detects a system failure, the protective functions are disabled and the alarm
contacts are actuated.  Replace the unit as soon as possible.

6. During generator start-up, protective functions dependent on frequency and voltage should be disabled  because of
the ramping-up of the voltage and frequency.  It is recommended that the undervoltage (27) and under frequency
(81U) functions  are disabled during startup.  When a successful startup is complete, re-enable these functions.

7. Default settings are not “recommended settings.”  The user must review select, and apply appropriate settings
based on the particular application.

8. In your application, it may be necessary to reposition certain links that set particular contacts to normally–open or
normally–closed (see Section 5), or for communications (see Section 12).

Password

9. A correct password is required to make changes to the relay settings and to test the output contacts. The preset
factory password is four blank spaces. Once you have chosen a new password and entered it into the system,
access will be denied if the password is forgotten. If you forget the password, contact the factory.

WARNING: Removal of the relay from the case exposes the user to dangerous voltages. Use extreme care. Do
not insert hands or other foreign objects into the case.

This instruction booklet contains the information to properly install, operate and test the GPU-2000R but does not purport to
cover all details or variations in equipment, nor to provide for every possible contingency to be met in conjunction with
installation, operation or maintenance.  Should particular problems arise which are not sufficiently covered  for the purchaser's
purposes, please contact  ABB Inc., at 1-800-634-6005, or fax 610-395-1055.
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Quick Start

The following notes give some hints as to how to get started with the GPU2000R

1. Be sure to read the Precautions on page (ii).

2. Note the Menu structures shown on page 4-3 (MMI)  and page 4-5  (ECP).
    Instructions on using the front panel MMI or the ECP communications program
    are given in Section 4.

3. The programmable inputs and outputs are not pre-
    programmed. The Master Trip Output is the contact at terminals 29-30.

    To make these settings you must communicate with the unit by running the GPUECP
    software in your PC and connect via the serial port to the front port of the GPU2000R.

    Connect your pc to the unit using a null modem cable, or use a straight-through cable
    and a separate null-modem adaptor.  (The null modem device swaps over pins 2 and 3).
    Information on Communications ports is given in Section 12.

 4. Any protection function that does not have a programmable input assigned to “torque-
     control” that function will be automatically enabled if that protection function is enabled
     in the protection settings menu.

 5. Configuration Settings which are based on instrument transformer ratios, generator
     nameplate ratings, and other system parameters,  should be determined first (see
     Section 2), followed by the protection and alarm settings (see Section 1).
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Index to Section 1 -  Protective Functions
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Figure 1-1:  Protective Elements Included in Series 589W, 589V Units
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Function 87:  Machine Differential Protection

The differential element compares on a phase-by-phase basis, the secondary currents from the load-side ct’s to the
current from the neutral-side ct’s, and provides fast, sensitive detection of phase-to-phase faults within this zone of
protection.   It will also detect ground faults in those cases, such as solidly grounded low voltage machines, where
sufficient ground fault current is available for detection by the relay.

In machine differential schemes, due to the high sensitivity of the differential element, it is considered good practice
that both sets of ct’s be of identical construction.

A constant percentage differential characteristic is provided as shown in Figure1-3.  The percentage characteristic, by
requiring higher levels of operate current as the through current increases,  gives security against misoperation on
significant faults external to the zone of protection.

The 87 function has an adjustable minimum operate current setting for the high sensitivity region of the characteristic
(low restraint current).  This is shown expanded in the Figure 1-4.   In general you should choose a setting in the lower
portion of its range, which can be raised if required,  based on experience during the process of commissioning the
machine.

The 87 function operates over the frequency range of 20-87 Hz and is active during the start-up and shut-down of the
machine.

A selectable definite-time is used with this function.  The total operating time will be approximately 2 cycles of
measurement time, plus the set definite-time.

Table 1-1.   87 Machine Differential Protection
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Function 21:  Phase Distance Protection

The distance elements included in the 489W series units are used to provide phase-fault protection for faults within
the zone of protection of the 87 element up through a portion of the unit transformer windings (using the 21-1a
element); and backup protection for faults out on the connected system that are not cleared by their associated
primary relaying (using the 21-1 and 21-2 elements).

The 21-1a impedance element would typically be set to see through 50-70% of the step-up transformer impedance in
a unit-connected system.

The impedance, offset, characteristic angle and time delay are independently set for each zone of protection used.
A negative or positive offset can be set if desired, but typically would be set for zero.  The time delays would be set
to coordinate with the primary protection of the zones overreached by the 21-1 and 21-2 elements; and also to
coordinate with any breaker failure schemes that might be applied to those zones.

For applications where the generator is connected to the system through a delta-wye transformer, voltages and
currents equivalent to the connected-system side of the transformer must be used in order for the relay to calculate
the correct impedances for system faults.  The delta-wye transform feature is enabled in the Configuration Settings
(see Section 2) by selecting “Unit Transformer - Yes”.

All primary side impedances must be reflected to the secondary side of the vt’s and ct’s to obtain the relay quantities,
by using the following formula:

Secondary Ohms = Primary Ohms *CT Ratio / VT Ratio
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Table 1-2.  Phase Distance Backup Protection
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Figure 1-5.  Phase Distance Function Characteristic
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Table 1-3.  Function 21 - CT / VT Scaling
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Overcurrent Protection Functions

The following tables, 1-4, 1-5 are referenced throughout this instruction booklet as the available curve selections for
overcurrent protective functions.

Table 1-5.  Instantaneous Overcurrent Curves (51)Table 1-4.  Time Overcurrent Curves (51)

* Only available with user-programmable curve optional feature - see section 11.

The Time-Current Curves and their equations are shown toward the end of this section.  Transparent full-size curves
are available on request, contact factory at 1-800-634-6005.

Curve

Extremely Inverse

Very Inverse

Inverse

Short Time Inverse

Definite Time (Delay)

Long Time Extremely Inverse

Long Time Very Inverse

Long Time Inverse

Recloser Curve

User 1*

User 2*

User 3*

Time Dial

#1.0 to #10

#1.0 to #10

#1.0 to #10

#1.0 to #10

0.0 to 10.0 seconds

#1.0 to #10

#1.0 to #10

#1.0 to #10

#1.0 to #10

Optional

Optional

Optional

Curve

Standard

Inverse Instantaneous

Definite Time (Delay)

Short Time Inverse

Short Time Extremely Inverse

User 1*

User 2*

User 3*

Time Dial

Instantaneous

#1.0 to #10

0 to 9.99 seconds

#1.0 to #10

#1.0 to #10

Optional

Optional

Optional
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Function 51V  Voltage Dependent Phase Time-Overcurrent Protection

   * Selectable for Voltage-Controlled or Voltage-Restrained Operation

This protective element provides backup for the differential unit (87) and also will operate for downstream faults that
have not been cleared by other relays.  Voltage dependence provides security against improper operation during
overload conditions,  but allows the improved sensitivity required by the limited capability of the generator to supply
sustained short circuit current.  This element must be coordinated with downstream overcurrent relays.

The user may select either Voltage-Controlled  or Voltage-Restrained operation.  When voltage-controlled, the overcurrent
element is not active until the voltage drops below the voltage set point.  You then have a fixed set pickup current,  and
a fixed set time-dial selection.   In general,  this arrangement is easiest to coordinate with downstream relays.

In voltage-restrained operation, the pickup current of the overcurrent element is active at all times,  and varies continu-
ally with voltage, becoming more sensitive as the voltage falls.  Refer to Table 1-8.  Because of this varying character-
istic,  coordination with downstream devices is more difficult.

Some users of traditional voltage-restrained overcurrent relays preferred the method because a degree of overload
protection was provided since the overcurrent element was always active.  The GPU2000R provides a separate
overcurrent element,  Device 51P,  that can be set for overload protection, and thus allow such users to consider the
use of the voltage-controlled method in those cases where coordination would be easier.

In setting the pickup current of the voltage-controlled element, the fundamental concern is that the relay will operate
for the sustained short circuit current provided by the generator, which would be calculated from 1/Xd,  where Xd is
synchronous reactance of the generator.  The pickup current would typically be set at 80% of this value.

 The typical pickup setting for the voltage-restrained element would be 125% of full load current at normal voltage.

 The characteristic curve and time-dial selection would be based on coordination with downstream devices, and with
a maximum time value that is under the short-time capability curves of the generator and associated devices such as
a step-up transformer.
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Parameter Range Increment
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001 001

57 57

05 05

52 52

0 52

Table 1-8.  Voltage Restraint Voltage and Current Characteristic

Note:  “Rated Current” is a Configuration Setting - see Section 2.

Table 1-6.  51V - Voltage Controlled Selection

Table 1-7.  51V - Voltage Restrained Selection
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Function 51P  Phase Time-Overcurrent Protection

This time-overcurrent element is supplementary to the 51V function, and is useful primarily  when the 51V is selected
to be voltage-controlled.   The 51P would be set above the rated load current to provide protection or alarm of an
overload condition.  It would be likely that one of the long-time curves would be selected for this function.

Table 1-9.  51P Phase Time-Overcurrent Protection

Table 1-10.  50P Phase Instantaneous Overcurrent Protection

Range Increment

Overcurrent Pickup Current
%0002-05 %01

Time Dial Inverse Curves
Time Delay (Definite Delay)

0.01#-0.1#
ces99.9-0.0

1.0
ces10.0

Instantaneous Curve - See Table 1-5

Percent of 51P Pickup Setting

50P Parameter

Function 50P  Phase Instantaneous Overcurrent Protection

The ablility to select one of the short-time inverse or the definite-delayed instantaneous curves allows the user to
consider employing this element to provide faster clearing time on high faults, while maintaining coordination with
downstream protective devices.

Note:  Rated Current is a Configuration Setting.  See Section 2.

Note:  Rated Current is a Configuration Setting.  See Section 2.

# Revised September 98
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Function 51G/50G  Ground Time and Instantaneous Overcurrent Protection

In applications employing medium or low resistance grounding,  or for solidly grounded machines, this element will
operate from the current seen in the ct that is installed on the neutral to ground connection.  It provides backup
protection for ground faults and must be coordinated with any downstream ground overcurrent protection.

The ablility to select one of the short-time inverse or the definite-delayed instantaneous curves allows the user to
consider employing the instantaneous element in solidly grounded systems to provide faster clearing time on high
faults, while maintaining coordination with downstream protective devices.

When significant third-harmonic currents are expected to be seen by this element, the “fundamental mode” configura-
tion setting should be used to obtain a high degree of rejection of the third harmonic.   See Configuration Settings in
Section 2.
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Table 1-11.  51G Ground Time– Overcurrent Protection

Note:  Rated Ground Current is a Configuration Setting, see Section 2.

Table 1-12.  50G Ground Instantaneous Overcurrent Protection
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Note:  Rated Ground Current is a Configuration Setting, see Section 2.

# Revised September 98
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Function 50IE   Inadvertent Machine Energization

Should an offline generator be suddenly connected to the system,  large currents flow in order to try to accelerate the
machine,  similar to starting an induction motor.  These currents will rapidly cause thermal damage to the machine.
The reverse power function of the relay, device 32R, generally must be set with a time delay that is much too long to
provide adequate protection against inadvertent energization, therefore, this separate 50IE function is required.

The inadvertent energization protection is “armed” when the frequency and current are below the setpoints. Then, if
current above the frequency setpoint and above the magnitude setpoint is seen,  the inadvertent energization element
will send an immediate trip signal.  The function is “disarmed” when the operating frequency is above the setpoint for
greater than 1 second, with current below the setpoint, as would be normal during the startup and synchronization
process.

Users must carefully consider what system devices must be tripped to isolate a machine that is in an inadvertent
energization state.

Note:  “Rated Current” is a Configuration Setting, see Section 2.
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Table 1-13.  50IE Inadvertent Machine Energization
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Note:   “Rated Power” is calculated from the Rated Current and Rated Power Factor in the Configuration Settings,
see Section 2.

System Voltage Correction Factor

An adjustment for the Reverse Power Pickup Setting will be required if your rated nominal primary system voltage
and the VT ratios result in a secondary voltage value other than the choices given in the configuration setting “VT
Conn”  (see Section 2).
This is because the 32R pickup setting is in terms of percent of rated power which is
computed by the relay based on the three configuration settings:  Rated Current, Machine PF, and VT Conn.

The correction factor is computed as follows:

   For Y connected vt’s:     CF = .   System Line-Line Primary Rated Voltage
                                                     1.732 *  VT ratio * VT Conn Setting

   For Open-Delta connected vt’s   CF  =   System Line-Line Rated Voltage
                                                                     VT ratio * VT Conn Setting

Then to apply the correction factor:

 Actual Setting to be made on relay  =
                Desired Setting as Percent of Machine Rated Power * Correction Factor
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Table 1-14.  32R Reverse Power Protection

Function 32R Reverse Power Protection

In the event of the loss of mechanical input power to the generator, the machine will motor, drawing power from the
connected system.   Detection of this reverse power flow allows the machine to be removed from service to protect
against mechanical damage and other hazards, such as those related to fuel supply.   The reverse power function is
also applied in sequential tripping schemes used for bringing steam turbine generators off line.

The reverse power function of the GPU2000R has been improved to increase its sensitivity compared to earlier
models,  so that it can be applied to most types of machines.

Typical settings for this function would be:  pickup at 50% of the power level required to motor the system (get data
from machine manufacturer),  and time delay at 15 seconds.
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Functions 32O and 32U Over and Underpower Protection

These functions can be used to trip or alarm if the generated power level is out of the set boundaries.   For example,
they might be used to detect improper load sharing where multiple generators are operated in parallel.

retemaraPU23 egnaR tnemercnI

pukciPrewoprednU
rewoPdetaRfotnecreP %001-01 %01

yaleDemiT ces06-1.0 ces1.0

retemaraPO23 egnaR tnemercnI

pukciPrewoprevO
rewoPdetaRfotnecreP %002-001 %01

yaleDemiT ces06-1.0 ces1.0

Table 1-15.  320 and 32U Over and Underpower Protection

Note:  “Rated Power” is calculated from the Rated Current and Rated Power Factor in the Configuration Settings,
see Section 2.

System Voltage Correction Factor

An adjustment for the Reverse Power Pickup Setting will be required if your rated nominal primary system voltage
and the VT ratios result in a secondary voltage value other than the choices given in the configuration setting “VT
Conn”  (see Section 2).
This is because the 32O and 32U  pickup settings are in terms of percent of rated power which is computed by the
relay based on the three configuration settings:  Rated Current, Machine PF, and VT Conn.

The correction factor is determined as follows:

   For Y connected vt’s:     CF = .   System Line-Line Primary Rated Voltage
                                                     1.732 *  VT ratio * VT Conn Setting

   For Open-Delta connected vt’s   CF  =   System Line-Line Rated Voltage
                                                                     VT ratio * VT Conn Setting

Then to apply the correction factor:

 Actual Setting to be made on relay  =
                Desired Setting as Percent of Machine Rated Power * Correction Factor
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Function 40   Loss of Excitation Protection

Loss of excitation can occur for various reasons such as accidental tripping of the field breaker, short circuits, poor
brush contact,  or other failures in the excitation system.

With constant input power from the prime mover,  the machine will accelerate and operate above synchronous speed
as an induction generator.  Excitation will be drawn from the system (leading Vars as seen by the machine).  Under this
condition, overheating of the machine will occur.  Also, the terminal voltage will likely be depressed and system
stability threatened.

The GPU2000R provides two mho circle characteristics (40T and 40A) for use in loss of excitation protection.  This
allows the user the possibility of employing various types of schemes, depending on personal preference for the size
of the machine being protected.   Each element has independent impedance settings and timer settings.  A 13 degree
fixed directional characteristic is also included in the 40T and 40A units.

Only the 40T element is mappable to the Master Trip Output at this time.  The 40A element must be mapped to a
separate physical output contact, and depending on your scheme, may be used to trip or to alarm.
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Table 1-16.    Loss of Excitation Protection

Diameter 
+ Offset 

Offset 

X

R

{

Diameter 
+ Offset 

Negative Offset

X

R

Alarm
or

Trip

No Alarm or Trip

13¡

Trip

With Positive Offset With Negative Offset

Figure 1-8.    Function 40 Characteristics
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Single Zone Scheme

The most common scheme uses a single element to measure the impedance as viewed at the generator’s terminals.
The mho circle is selected to encompass the final operating point of the machine, and must be sized to include imped-
ance trajectories where the  machine was lightly loaded and heavily loaded at the time excitation was lost.  The size and
placement of the circle on the R-X plane is based on the transient reactance (X1

d
 ) and synchronous reactance (X

d
) of

the machine, and is shown in Figure 1-9.

The timer is set to avoid tripping for stable swings due to faults on the system that are properly cleared by downstream
protection.  Typical setting values would be in the range 0.2 – 0.5 seconds.

Figure 1-9.  Single Zone Scheme

See sample calculation on next page.

Diameter + Offset =

X
d
 + x1

d

2

x1
d

2
Offset =

X

R

{
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Sample Settings Calculation for the Single-Zone Scheme

Primary impedances must be converted to secondary values to determine the relay settings using the relationship:
                                 Secondary Ohms = Primary Ohms * CT Ratio / VT Ratio

Information Required                                                Assumed Values for the Example

Transient Reactance  X’
d
  (percent)                                               20 %

Synchronous Reactance X
d
  (percent)                                          120 %

Generator Rating  (3 phase MVA)                                                50 MVA
(base rating for percent reactances)

Generator Rating  (kV)                                                                 13.8 kV
(base rating for percent reactances)

CT Ratio                                                                              3000 : 5  =  600 : 1

VT Ratio                                                                            13200 : 120  =  110 : 1

Calculation Method                                                     Results Using Assumed Data

1.  T =  CT Ratio / VT Ratio 1.  T = 600 / 110  =  5.45

2.  Base Ohms (primary) = (kV)2 / MVA 2.  (13.8)2 / 50 = 3.81 ohms

3.  Base Ohms (sec) = T * Base Ohms (pri) 3.  5.45 x 3.81 = 20.8 ohms

4.  X’
d
 (per unit) = X’

d
 (pct)/ 100 4.  20 / 100 = 0.20 pu

5.  X
d
  (per unit) = X

d
 (pct)/ 100 5. 120 / 100 = 1.20 pu

6.  X’
d
 (sec) = X’

d
 (pu) * Base Ohms (sec) 6.  0.20 x 20.8 = 4.16 ohms

7.  Desired Offset = 1/2 X’
d

7.  0.5 x 4.16 = 2.08 ohms

8.  X
d
 (sec) = X

d
 (pu) * Base Ohms (sec) 8.  1.20 x 20.8 = 24.96 ohms

9.  Determine Settings for Function 40T 9. Set Offset = 2.0 ohms
     (refer to Figure1-9)                                                                    Set Diameter + Offset = 27 ohms
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Function 46Q    Negative–Sequence Overcurrent (Phase–Unbalance) Protection

This function provides back-up protection for certain downstream faults that have not been cleared by other devices;
and also for unbalanced loading due to blown fuses, open conductors, or similar conditions.  Negative-sequence cur-
rents cause heating of the machine’s rotor which is proportional to I2t.  The continuous operating limit is usually in the
range of 5-10% of rated current, depending on the particular machine construction.

The GPU-2000R provides a thermal negative-sequence overcurrent tripping function with an I2t characteristic, so that
the full thermal capability of the machine can be used prior to removing the machine from service.

Upper and lower timing boundaries are applied to the I2t curve:  a fixed minimum operate time of 0.04 seconds, and a
maximum operating time adjustable from 100 to 500 seconds.

The time-current characteristic curves are shown in Figure 1- 23.

A separate alarm function is provided to alert the operator of an existing unbalance condition.  The pickup of this alarm
function would normally be set below the tripping function pickup.  The timing for the alarm is definite time, and should
be set to allow downstream devices sufficient time for fault clearing.

Table 1-17.  46Q Parameters

Typical settings for the 46Q function:  Set 46Q Trip pickup equal to machine’s continuous I
2
 rating in percent.  Set 46Q

Trip timing equal to machine’s “k” value, where k= I2t.  Set 46Q maximum time at 300 seconds.  Set 46Q alarm pickup
less than or equal to 46Q Trip pickup, alarm delay at 10 seconds.
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Table 1-18.  Volts per Hertz Protection

Note:  “Rated Volts/Hz” is a
configuration setting, see
Configuration Settings,
Section 2.

Function 24    Overexcitation Protection (Volts per Hertz)

Over-excitation is the condition where the flux density levels are above design values in the magnetic core of the
generator, or in the core of  the associated step-up transformer.  In this condition stray flux can cause severe heating of
core structures and insulation, and lead to failure.

Flux density is proportional to the ratio of Voltage/Frequency.  At rated frequency, the continuous maximum voltage limit
for a generator is usually 105%; therefore, this value is normally applied to obtain a Volts/Hz limit of 105%.   Transform-
ers usually are rated for a maximum continuous primary voltage of 110%; however, a transformer specifically designed
for generator step-up unit service may have a higher voltage rating assigned to the winding connected to the generator,
this being related to the impedance of the transformer.

Overexcitation damage most typically occurs during periods of off-frequency operation; i.e., start-up and shut-down of
the generator, due to the excitation system being set in such a way as to attempt to hold rated voltage output. During
periods that the generator is connected to the system, failure of the voltage regulator could cause overexcitation.

The short-time limits on overexcitation are inverse-time related and must be obtained from the manufacturer of the
equipment being protected in order to determine the timing characteristic that should be set.  The GPU2000R provides
three inverse-time curves, and a definite-time curve for the Volts/Hertz function.  These curves are shown at the end of
this section.  Since there is substantial time delay before tripping occurs at low levels of overexcitation, a separate alarm
function is provided with a definite-time characteristic which can be used to alert an operator to take action to reduce
the excitation level.

In order to provide a thermal characteristic in the event that repetitive overexcitation conditions occur, the timing ele-
ment of the tripping function has slow-reset. The time-constant is selectable from 3 to 30 minutes.   The alarm function
uses instantaneous reset.

In order to provide security against tripping on momentary system conditions, the inverse curves are provided with a
minimum operating time setting.

The Volts/Hz function uses Phase A–B voltage for its measurement.#

# Revised November 98
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Functions 59G and 27G Stator Ground Fault Protection for High Impedance Grounded
Generators

High impedance grounding is commonly used with unit connected generators; i.e., a generator connected to the delta
winding of a step-up transformer.  The value of impedance inserted between the generator neutral and ground is
selected based on the stray capacitance to ground of the generator and transformer windings in order to limit transient
overvoltages during ground fault conditions. The ground current is typically limited to value in the range of 2 to 30
amperes (primary).

The 59G ground overvoltage element is employed to sensitively detect ground faults within the stator winding of the
generator and up through the delta winding of the unit transformer.   The 59G element operates from the voltage
obtained from the potential transformer connected across the grounding resistor, which is then filtered by the algo-
rithms of the GPU2000R to obtain only the fundamental frequency content.  The 59G unit is active over the frequency
range of 10 to 87 Hz, thus it is also monitoring the generator during start-up and shut-down process.   The 59G
element has sufficient sensitivity to detect faults in more than 95% of the stator winding.  A definite-time delay is
provided in order to allow coordination with the fuses of the voltage transformers.

Table 1-19.  59G Stator Ground Fault Protection

 The 27G third-harmonic undervoltage element offers the possibility of obtaining 100% stator ground fault protection if
the machine characteristics are such that a minimum level of third harmonic voltage is normally present across the
grounding resistor.  This is a function of the construction of the machine.  By detecting the loss of the third-harmonic
voltage which would occur on a ground fault, the 27G element provides protection for the last few percent of the stator
winding not covered by the 59G element.   The 27G is supervised by the measurement of the terminal voltage of the
generator so that it is enabled only when the machine has been brought close to normal operating conditions.

A problem in applying third-harmonic undervoltage relaying in the past has been the need to connect external mea-
suring equipment to study the amount of third-harmonic voltage present at the neutral of the machine over various
operating conditions.  This is necessary in order to determine a secure setting for the relay.   The GPU2000R “solves”
this problem by including a MIN and MAX third-harmonic metering function that can be used to “learn” the character-
istics of the generator prior to placing the 27G element into service.   The Min and Max records capture the 3rd
harmonic voltage, the date and time, and the generator loading for each.

Table 1-20.   27G Third–Harmonic Undervoltage Element

Note:  3rd Harmonic Voltage measurement is based on the input voltage at terminals 35 and 36, and supervising
voltage is based on input voltage at terminals 31–32–33.
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Alternate Use of the 59G Ground Overvoltage Function

When the generator is solidly grounded or low resistance grounded, the 59G element would not be used at the neutral
of the machine, and the 51G overcurrent unit would usually be set up to provide the backup ground protection

In this case, there might be a need for ground voltage detection elsewhere in the system; for example, between the
generator breaker and the delta winding of a transformer, used when the generator breaker is open and that portion of
the system becomes ungrounded.

Terminals 35-36 could then be wired to a wye-broken delta set of auxiliary vt’s.  Note that the maximum continuous
withstand of this input is 160vac; therefore, should the wye-broken delta arrangement provide 208v under a solid
ground-fault, an auxiliary vt will be required to reduce the voltage.  ABB offers a small auxiliary vt rated for 240vac with
a 2:1 ratio suitable for this use, catalog 200T0201.
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Functions 81O and 81U  Over and Underfrequency Protection

Operation at frequencies other than nominal is usually caused by conditions on the connected power system.

Underfrequency operation would result from a deficiency of system generation capacity and would normally be cor-
rected by load shedding.  For applications of an isolated generator,  underfrequency operation could be caused by a
failure of the governor of the prime mover.

Overfrequency operation would typically be caused by a sudden loss of connected load.

The GPU2000R provides two independent underfrequency elements and two independent overfrequency elements.
One each OF/UF elements would typically be assigned to trip the machine if its operating frequency limit has been
reached for the period of time allowed by the design of the machine or its prime mover.

Consideration must be made of whether to supervise the frequency elements with a circuit breaker auxiliary contact
input [52a] in the programmable logic, or to use these elements separately to indicate to the control system that the
machine is up to nominal frequency.

In industrial or commercial cogeneration applications, the second set of elements could set with narrower limits and a
fast time delay and be used to sever the tie to the utility on system disturbances.  Alternately,  the second set could be
used in a high speed load shedding scheme to attempt to preserve critical in-plant loads upon opening of the tie to the
utility.

A voltage block setting is provided to inhibit operation of any of the frequency elements when the system voltage drops
below the set point.

Table 1-21.  Functions 81O and 81U  Over and Underfrequency Elements

81O-1, 2 Parameter

Trip Pickup Setting

     60 Hz Model

     50 Hz Model

Time Delay

Range

56 to 64 Hz

45 to 54 Hz

0.08 to 9.98 seconds

Increment

.01 Hz

.01 Hz

0.02 seconds

81U-1, 2 Parameter

Trip Pickup Setting

     60 Hz Model

     50 Hz Model

Time Delay

Range

56 to 64 Hz

45 to 54 Hz

0.08 to 9.98 seconds

Increment

.01 Hz

.01 Hz

0.02 seconds

81 Voltage Block Parameter

Voltage

Range

40 to 200 volts

Increment

1 volt
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Undervoltage Protection: 27

Close-in faults, or loss of a generator, or an increase in system demand reduces the generated output voltage. The
exciter increases the field to compensate for this reduced voltage leading to generator stator and rotor overheating.

This function provides a voltage setting for pickup on any one of the phase voltage inputs. A definite time characteristic
prevents nuisance operation due to conditions that will be cleared by other devices.  The output contact program-
ming and logic must be carefully considered for this function due to the likelihood of operation during generator
startup and shutdown.

Table 1-22.  Function 27 Undervoltage Protection

Overvoltage Protection: 59

Operation with voltage levels greater than rated output voltage may lead to extensive generator damage. Increase in
voltage results from abnormal system conditions such as loss of load.

This function provides a voltage setting that only one phase voltage input must exceed for a pickup condition. A
definite time delay provides a delay to allow for momentary system conditions.

The voltage setting of each of these two functions is based on line-to-neutral voltage when the PT's are in a
Wye configuration, or line-to-line voltage  when the PT's in a Delta configuration.

Table 1-23.  Function 59 Overvoltage Protection

27 Parameter

    Pickup Setting

    Time Delay

Range

    20 to 200 Volts

    0 to 60.0 Seconds

Increment

    1 Volt

    1 Second

59 Parameter

    Pickup Setting

    Time Delay

Range

    70 to 250 Volts

    0 to 60.0 Seconds

Increment

    1 Volt

    1 Second
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Function 25  Synchronism Check

The Synchronism Check element is provided for those who want to back up the operator in cases where a manual
synchronization process is used to place the machine in operation; or, perhaps to back up an automatic synchronizer.

The user may assign a physical output contact to the Logical Function 25,  and a  contact closure will be obtained when
the phase angle difference, voltage difference, and slip frequency are within the set limits.

The settings process also allows the user to choose closure for a dead bus (live generator) condition.

The bus voltage is measured by connecting the secondary of a VT on the bus side of the generator circuit breaker to
terminals 37 and 38 of catalog series 589V or 589W units.   The settings for Function 25 ask you to designate which
phase or phases the bus VT is connected to, so that the proper comparison can be made with the generator voltage.
The VT on the bus side of the breaker must have the equivilent ratio to the generator side VT’s so that the voltage at
terminals 37-38 will match the particular voltage you have designated at terminals 31-32-33-34.

A red led is provided on the front of the unit to indicate an out-of-sync condition.

Assuming both sources are “live”, the following conditions must be met in order to issue the Function 25 logical output:

1) The phase angle difference between the two sources must be less than the Angle Diff setting.

2) The magnitude difference between the two voltages must be less than the Volt Diff setting.

3) Conditions 1 and 2 must be met continuously for a time equal to or greater than the than the T Delay setting.

4) The measured slip frequency must be less than the slip frequency setting FS.

Note that steps 3 and 4 are somewhat redundant.  Figure 1-7 shows the relationship between the maximum slip
frequency to obtain closing versus the T Delay setting and Angle Diff setting.

Should the machine be in service and the breaker be opened, the Dead Time timer prevents the synchronism measure-
ment from being made again until its delay has expired.

If the Dead Bus setting is selected, then Function 25 will be obtained if the measured bus voltage is below the Vdead

Table 1-24.  25 Synchronism Check Function

Note:  The anticipation
function based on breaker
closing time has not yet
been implemented.
Contact factory for avail-
ability, 1-800-634-6005.

25 Parameter

Sync Check

Voltage Difference (Volt Diff

Angle Difference (Angle Diff)

Time Delay (T Delay)

Slip Cutoff Frequency (Slip Freq)

Breaker Close Time (Bkr Cl Time)

Bus VT Phase (V Phase Sel)

Dead Bus Select

Line/Bus Voltage Dead (Dead Volt)

Dead Time (Dead Time)

Range

Enable, Disable

5 to 80 volts

1 - 90 Degrees

0 to 60 Second

.005 to 1.000 Hz

Disable, 0 to 20 Cycles

Van, Vbn, Vcn
Vab, Vbv, Vca

Dead Bus Select

Line/Bus Voltage Dead (Dead Volt)

Dead Time (Dead Time)

Increment

5 Volt

1 Degree

0.1 Second

.005 Hz

1 Cycle

1

0.1



 A
B

B
 G

enerator P
rotection U

nit 2000R1-27
P

rotective F
unctions

Sy
nc

 Ti
me

 in
 Se

co
nd

s

.01 .02 .03 .04 .05 .06 .07 .08 .09 .10 .20 .30 .40 .50 .60 .70 .80 .90 1.0
0

2.0
0.01

.02

.03

.04

.05

.06

.07

.08

.09

.1

.2

.3

.4

.5

.6

.7

.8

.9
1

2

3

4

5

6
7
8
9
10

20

30

40

50

60
70
80
90
100

200

10¡

20¡

30¡

40¡
50¡

70¡

Max Fs Setting in Hz

Max Fs Setting =
Sync Ang

Sync Time X 180

F
igure 1-10.  S

ync C
heck M

axim
um

 S
lip F

requency C
haracteristic to O

btain C
losing



ABB Generator Protection Unit 2000R

1-28 Protective Functions

Function 67  Phase Directional Time-Overcurrent Protection

This function has limited applicability to protection of the generator, but is included to add to the flexibility of the relay.
For example, it might be used in protection of the tie between a cogenerator and a utility source to obtain separation
upon occurance of a fault on the utility system.

This element uses positive-sequence voltage to polarize the directional unit, and the maximum torque angle is defined
as the angle the positive-sequence current (I

1 
) leads the positive-sequence voltage (V

1
).

The directional element, through internal logic, controls the operation of the phase-time overcurrent unit.  The 67P
overcurrent element is completely independent of the other phase overcurrent elements,  51P, 51V.

Function 32P  Phase Directional Element (Contact factory for availability of this function.)

Programmable output function 32P instantaneously follows the operation of the directional unit, and has a current
sensitivity of approximately 3% of the Configuration Setting “Rated Current at Machine rated PF”.

Table 1-25.  67P Phase Directional Time-Overcurrent Protection

V 1

I1

Reverse

Direction

Forward
Direction

Contacts
Close

0¡ Setting 315¡ Setting 270¡ Setting

V 1 V 1

I1
I1(Toward Load)

Figure 1-11.  67P Maximum Torque Angles, Example settings

Range

50 - 200%

#1.0 - #10.0
0.1 - 10.0 Second

0 - 355

Increment

5%

0.1
0.1 Second

5

67 Parameter

Overcurrent Pickup Current
Percent of Rated Current

Time Curve:  See Table 1-2
Time Dial (Inverse Curves)
Time Delay (Definite Curve Only

Maximum Torque Angle
I1 Leads V1
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Function 67N   Ground Directional Time-Overcurrent Protection

This function has limited applicability to protection of the generator, but is included to add to the flexibility of the relay.
For example, it might be used in protection of the tie between a cogenerator and a utility source to obtain separation
upon occurance of a fault on the utility system.

This element uses negative-sequence voltage to polarize the directional unit, and the maximum torque angle is defined
as the angle the negative-sequence current (I2) leads the negative-sequence voltage (V2).

The directional element, through internal logic, controls the operation of the ground-time overcurrent unit.  The 67N
overcurrent element is completely independent of the other ground overcurrent element,  51N.

This protective element receives its current input from terminals 47 and 48 of the relay. For relays of catalog series
589V and 589W, the current range of this element is fixed at 0.4-1.6 amperes.

Function 32N  Ground Directional Element (Contact factory for availability of this function)

Programmable output function 32N instantaneously follows the operation of the ground directional unit, and has a
current sensitivity of approximately 3% of the pickup setting.

V2
I2 Reverse

Direction

Direction
Toward
the Load

Contacts
Close

180¡ Setting 135¡ Setting 90¡ Setting

V2 V2

I2 I2

Figure 1-12.  67N  Maximum Torque Angles,  Negative Sequence Polarization and Operate Quantities,
Example Settings.

Table 1-26.  67N Ground Directional Time-Overcurrent Protection

67N Parameter

Overcurrent Pickup Current

Time Curve:  See Table 1-1
Time Dial (Inverse Curves)
Time Delay (Definite Curve Only

Maximum Torque Angle
I2 Leads V2

Range

0.2 - 0.8A

#1.0 - #10.0
0.1 - 10.0 Second

0 - 355

Increment

0.01A

0.1
0.1 Second

5

# Revised November 98

#
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Function 60    Blown Fuse Detection

Various protection elements available in the GPU2000R are dependent on the voltage inputs for their measurement of
system conditions.   Should the fuse protecting the primary winding of one of the potential transformers blow,  then a
undesired master trip operation could occur due to the undervoltage condition seen by the relay.  In order to provide
some security against this situation, the GPU2000R includes a blown fuse detection function.   When a sudden loss of
potential occurs in the absence of fault current, then a blown fuse condition is assumed, and voltage dependent
protection elements are blocked,  and the blown fuse logical output is asserted.  We recommend that this output be
mapped to a physical output and used to annunciate a blown fuse condition.

For important machines we recommend that a set of  redundant potential transformers and an ABB Circuit-ShieldTM

Type 60 relay (catalog series 412A) be employed.   The contact of the Type 60 that indicates failure of one of the pt’s
to which the GPU2000R is connected should be wired to a physical input on the GPU2000R.  This physical input
should be assigned to the Blown Fuse input function 60BFUA.  When this is done,  the internal blown fuse detection
logic is disabled,  and the GPU2000R will depend on the external signal.  The total time required for the for the Type 60
to operate and the GPU2000R to recognize the contact closure and block the voltage dependent functions will be
about 3 cycles.

Refer to Instruction Book  IB 7.4.1.7–4 for details on the Type 60 relay.

The following functions are blocked upon assertion of the blown fuse detection:  21, 27, 32U, 40 and 51V.

Supplementary Protection     Device 64F  Field Ground Protection

The GPU2000R does not include a field ground protection function; however, it includes provisions to accept a contact
closure from an external field ground relay such as the ABB Circuit-Shield Type 64F relay.

By assigning logical input function 64F (Field Ground Fault function) to a programmable input you can obtain an Opera-
tions Record of the event upon receipt of the contact closure.  You may also assign an output of the GPU2000R to the
64F logical function and use this output for tripping or alarming.

Refer to instruction book IB 7.1.1.7-8 for details on the Type 64F relay.

Supplementary Protection for Catalog Series 589T - Machine Differential Function

Units of Catalog Series 589T do not include built-in machine differential protection; however,  provisions are included for
the use of an external relay such as the ABB Circuit-Shield Type 87M.

Refer to Application Note AN-28 for details on the use of the external relay.

#

# Revised November 98
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Timing Curves

Time Overcurrent Curve Equation

ANSI

14n–5
9

Trip Time = (

Reset Time = (

A
Mp–C

14n–5
9

)

)

D
|1–EM|

) x (

+ B) x (

M = Multiples of pickup current (I/Ipu)

n  = Time Dial setting (range 1 to 10 in steps of 0.1)

Table 1-27.   Constants for ANSI Time Overcurrent Characteristics

Notes:

• The time in seconds for the Long Time Extremely Inverse  Curve is 10 times that of the Extremely
Inverse Curve.

• The time in seconds for the Long Time Very Inverse  Curve is 10 times that of the Very Inverse Curve.

• The time in seconds for the Long Time In verse  Curve is 10 times that of the Inverse Curve.

• The time in seconds for the Short Time Inverse  Curve is 1/5 times that of the Inverse Curve.

• The time in seconds for the Short Time Extremely Inverse  Curve is 1/5 times that of the Extremely
Inverse Curve.

• These curves comply with ANSI C37.112.

Curve

Extremely Inverse

Very Inverse

Inverse

Short Time Inverse

Short Time Ext. Inverse

Long Time Ext. Inverse

Long Time Very Inverse

Long Time Inverse

Recloser Curve #8

A

6.407

2.855

0.0086

0.00172

1.281

64.07

28.55

0.086

4.211

B

0.025

0.0712

0.0185

0.0037

0.005

0.250

0.712

0.185

0.013

C

1

1

1

1

1

1

1

1

0.35

P

2

2

0.02

0.02

2

2

2

0.02

1.8

D

3

1.346

0.46

0.092

0.6

30

13.46

4.6

3.29

E

0.998

0.998

0.998

0.998

0.998

0.998

0.998

0.998

1.5
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DWG. NO. 605842 Rev. 2
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Figure 1-13. Extremely Inverse Curve
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Figure 1-14.  Very Inverse Curve
DWG. NO. 605841 Rev. 2
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DWG. NO. 605854 Rev. 0
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Figure 1-15.  Inverse Curve
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DWG. NO. 605855 Rev. 0
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Figure 1-16.  Short Time Inverse Curve
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Figure 1-17.  Definite Time Curve
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Figure 1-18.  Standard Instantaneous Curve
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Figure 1-19.  Inverse Instantaneous Curve DWG. NO. 604916 Rev. 0
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Volts per Hertz Timing Curves

 Equation:

where:

t  = Trip Time in minutes

k = Time Dial Setting

x = Applied V/Hz value in percent of rated V/Hz

Table 1-28.   Curve Parameters for Volts per Hertz  Characteristics

t =  e

Ak + B - x
C

) (

V/Curve Parameters

Curve #1

Curve #2

Curve #3

A

2.5

2.5

2.5

B

115

113.5

108.75

C

4.886

3.040

2.443
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Figure 1-20.  Volts per Hertz Curve #1
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Figure 1-21.  Volts per Hertz Curve #2

VOLTS PER HERTZ
CURVE NO. 2
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Figure 1-22.  Volts per Hertz Curve #3

VOLTS PER HERTZ
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Changing Settings

Use ECP to change the following settings:

•   Primary •  Programmable Outputs (See Section 6)
• Alternate 1 •  Counter
• Alternate 2 •  Alarm
• Configuration (See Section 2) •  Clock
• Programmable Inputs (See Section 6) •  Communication (See Section 12)

Basic Procedure

The procedure for changing settings is basically the same for all the settings. Follow these steps to change set-
tings:

1.  From the ECP Main Menu, select “Settings.”

2. From the Settings menu, select the settings group you want to change (listed above).  The Primary, Alternate1,
Alternate 2, and Configurable Output groups will provide another sub-menu.  Choose the desired setting
catagory from the sub-menu.

A Setting Screen appears and displays current settings retrieved from the relay or, if the program cannot
communicate with the relay, displays default values.

The first setting in each catagory contains a drop-down list used to enable or disable all settings in that
catagory.  If the first setting is disabled, the rest will be grayed out and cannot be selected or changed.

The remaining settings have sliders which increase the value of the setting if you click on the right arrow or
drag the button to the right and decrease the value if you click on the left arrow or drag the button to the left.

3. Make changes to the setting as described in step 2.

Other settings catagories can be reached by using the horizontal and vertical scroll bars on the edge of the
settings window.

4. After making all desired changes, save your changes as follows:

a. Select "Send Data" from the menu.  Select "To Unit" from the drop down menu.

A dialog box prompting for a password will appear.

b. Enter the password (4 blank spaces are the factory default password) and select OK.

The new settings are sent to the relay.

5. Exit from the Settings menu by selecting "Set/Exit" from the top menu.  Select "Exit" from the drop down menu.
If you exit before settings are sent to the relay as described in step 4, all setting changes will be lost.
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Configuration Settings

Phase CT Ratio

Used for metering purposes only.  The range is from 1 - 9999.

Neutral CT Ratio

Used for metering purposes only.  This refers to the CT in the connection from the neutral of the machine to ground.
The range is from 1 -9999.

VT Range

Sets the range for the VT Ratio setting.  Low range is used for low voltage systems.  High range for medium voltage
systems.

VT Ratio

Used for metering purposes only.  The high range is from 1 - 3000, low range is 1.00 - 99.99.

VO VT Ratio

Used for metering purposes only.  The ratio of the VT connected to relay terminals 35-36, when used.

Nominal Volts per Hertz

This is the reference value for the V/Hz protection element device 24.  This value would be calculated as the nominal
line-to-line voltage Vac applied to terminals 31-33, divided by rated system frequency.  For example, for 110v/50Hz,
the entry would be 2.20.

VT Conn

Must be entered for proper GPU-2000R metering and protection.

Options are: 69V Wye
120V Wye
120V Delta
208V Delta

These selections do not prevent the use of the relay with VTs that have other nominal secondary voltages such as
110v or 100v.  Pick the selection closest to your arrangement.  The only relay elements affected by this
approximation are the settings for functions 32R, 32U, and 32O.  The “correction factor” to be used is shown in
Section 1 under the description of each element.

Rated Current

This is the machine’s rated nameplate current divided by the phase CT ratio (see Power Factor setting below).  This
sets the reference current for various protective elements that use phase current measurements.

Ground Rating

This setting (in CT secondary amperes into the terminals of the relay) determines the base sensitivity of the 50G/51G
ground overcurrent functions.  The minimum pickup current of these elements will be 50% of this ground rating setting.

Machine Power Factor

This is the nameplate power factor value corresponding to the machine rated nameplate current in the Rated Current
setting.



ABB Generator Protection Unit 2000R

2-2 Configuration Settings

Breaker Trip Fail Timer
The GPU-2000R determines a successful trip by the state of the 52a breaker contact and the level of input current.
The 52a contact must indicate an open breaker and the current must have dropped to below 5 percent of the 51P
pickup setting.  At the time that the GPU-2000R issues a trip, it also starts a “Trip Fail Timer.”  This timer is used to
determine a failed or slow breaker.  It is set in the Configuration Setting and is selectable for 5 to 60 cycles in 1 cycle
steps.  If the timer expires before the GPU-2000R determines an open breaker (either or both conditions stated above
are met), a Breaker Failure Alarm (BFA) logical output is asserted.  If the GPU-2000R determines an open breaker
within the Trip Fail Time setting, it will reset and re-enable when the breaker is reclosed.  The Trip Fail Timer is set by
factory default to 18 cycles.

Trip Failure Percent Pickup
Sets the pickup/dropout level for the current detection element of the Trip Fail Timer.

Phase Rotation
Must be selected for proper sequence calculations for the metering.  Options are ABC or ACB.  This setting directly
affects all negative-sequence and directional elements in the relay.

Protection Mode
Select “Fund” if the desired operating quantity for overcurrent protection is the 50 or 60 Hz fundamental current.

Select “RMS” if the desired operating quantity is the unfiltered RMS current which includes the fundamental and all
harmonics up to and including 11th harmonic.

Unless the harmonic content of the load current is above 5%, the fundamental mode is recommended for most
applications,

Reset Mode
Select “Instant” if the desired overcurrent reset mode is instantaneous.

Select “Delayed” if the desired overcurrent reset mode is delayed to emulate the action of induction-disk
electromechanical relays.  The reset characteristic equations are given in Section 1.

In most applications, Instantaneous reset would be the appropriate choice.

ALT1, ALT2 Setting
The Alternate 1 or Alternate 2 settings tables can be enabled or disabled with this setting.  If enabled, the ALT settings
will only be active if the logical input ALT1 or ALT2 is mapped via programmable inputs and the logic is “true.”  See
section 6 for programmable inputs.

Target Display Mode
Select “Last” if the only target desired on the front panel of the relay is the most recent target.  If “All” is selected, then
all targets will accumulate and remain displayed since the last target reset.

Local Edit

“Enable” allows settings to be changed via the MMI

“Disable” disallows setting changes via the MMI

This setting can only be edited remotely via communications

Remote Edit

“Enable” allows settings to be changed via the communication ports

“Disable” disallows setting changes via the communication ports

This setting can only be changed locally through the MMI
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WHR Display

Select KWHr or MWHr for kilowatt/kilovar or Megawatt/Megavar metering.

Voltage Units

Choose Volts for low voltage systems, KV for medium voltage systems.  Used for metering displays only.

Voltage Display Mode

Select “Vll” for voltages to be displayed Line to Line.

Select “Vln” for voltages to be displayed Line to Neutral.

LCD Light

Select “ON” for continuous display.

Select “TIME OUT” to enable the LCD Screen saver.  This setting will significantly extend the life of the LCD display.
After the Screen saver times out, the user can press any button to activate the LCD display.

Unit ID

You can enter up to a 15 character description to identify the relay or circuit.

Demand Meter Constant

Select 5, 15, 30 or 60 minute time constant.  Demand current  metering replicates the operation of thermal demand
meters.  The demand kilowatts and kiloVArs are averaged values that are calculated by using the kilowatt-hours,
kiloVArs-hours and the selected time constant.

LCD Contrast

This setting adjusts the brightness of the LCD Display.  Adjustable from 0-63.  Lower numbers give darker contrast.

Change Relay Password

The relay password can be changed via the MMI in the configuration settings menu.  Or when using ECP, the user can
change the relay password when exiting out of the configuration settings menu, select “send settings to unit”, and
select “Yes” to change relay password.

Change Test Password

The test password allows access to the actions in the Test Menu and the Operations Menu.  See section 9.  The user
cannot  make setting changes with the test password.

Unit Transformer

Select YES if the generator is used with a transformer in a unit connected arrangement.  This provides information to
the Device 21 impedance function to properly compensate for phase shifts through the unit transformer.
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Table 2-1. Configuration Settings— Password Protected

The following table lists all of the GPU-2000R's Configuration setings and their specific
settings range and step size.

VT Ratio

Rated Current at machine
power factor

Alternate 1 Settings (Alt1 Set) Enable or Disable — Enable

Alternate 2 Settings (Alt2 Set) Enable or Disable — Enable

Target Display Mode Last or All (faults) — Last

Enable or Disable — EnableRemote Edit = (Remot Edit)

Ground (Rating)
0.1 52 to 8 Amps (5A CT)

0.4 to 1.6 Amps (1A CT) 0.02 1

Trip Failure Time 5 to 60 cycles 1 18

Phase Rotation ABC or ACB — ABC

Protection Mode Fund(amental) or RMS — RMS

Reset Mode (51/67) Instant (2 cycles) or Delayed — Instant

Trip Failure dropout 5 to 90% rated current 1 18

1

Change Relay Password

32

4 Alphanumeric characters — 4 blank spaces

0 to 63LCD Contrast

Low or High — Low

Local Edit (Comm Ports Only)

Meter Mode (WHr Display) kWHr or MWHr (6 Digits) — kWHr

Voltage Units

Voltage Display Mode

KiloVolts or Volts — Kilovolts

Line-Neutral or Line-Line — Line-Neutral

Enable or Disable Enable—

LCD Light

Unit Identification  (ID)

Demand Meter Constant
(Demand Minutes)

On or Time Out (5 Minutes) — On

(15 alphanumeric characters) — GPU2000R

5, 15, 30, or 60 minutes — 15

Vo VT Ratio

1 – 99.99 for VT Range =LOW 0.01 1
1 – 3000 for VT Range = HIGH 1 100

VT Range

Phase CT Ratio 1 – 9999 1 100

Neutral CT Ratio  (GRD CT Ratio) 1 100

Setting Range Step Size Default

1 – 9999

VT Connection  (VT Conn:)
69 V or 120 V Wye (phase to ground);
120 V or 208 V Delta (phase to phase)

— 120V Wye

Nominal V/hz 1.00 – 5.00 V/hz 0.01 3.46

0.1 52 to 8 Amps (5A CT)

0.4 to 1.6 Amps (1A CT) 0.02 1

Change Test Password 4 Alphanumeric characters — 4 blank spaces

Unit Transformer Yes or No — Yes

Machine PF 0.5 – 1.0 0.01 0.8

1 – 3000 1 100



 ABB Generator Protection Unit 2000R

2-5Configuration Settings

Table 2-2. Counter Settings — Password Protected

The following table lists all of the GPU-2000R's Counter and Alarm settings specific range and
step size

Table 2-3. Alarm Settings — Password Protected

Setting Range Step Size Default

KSI Summation A Phase Setting (KSI Sum A) 0 to 9999 (kA) 1 0

KSI Summation B Phase Setting (KSI Sum B) 0 to 9999 (kA) 1 0

KSI Summation C Phase Setting (KSI SumC) 0 to 9999 (kA) 1 0

Overcurrent Trip Counter  (OC Trip) 0 to 9999 1 0

Master Trip Counter  (Bkr Oper) 0 to 9999 1 0

0 to 32000 1 0

Machine Run Time Hours 2 0 to 32000 1 0

Machine Run Time Hours 1

Setting Range Step Size Default

KSI Summation [alarm] (KSI Sum) 1 to 9999 (kA) 1 Disable

Over Current Trip Counter
[alarm] (OC Trip) 1 to 9999 1 Disable

1 Disable

1 Disable

Phase Demand current alarm 1 to 9999 (A)

Disable

Neutral Demand [current alarm] 
(Neutral Dmnd) 1 to 9999 (A)

Disable

Demand 3P-kVar [3-phase
kiloVAr alarm]  (Dmnd 3P-kVAr) 10 to 99,990 (kVAr) 10

Disable

10 to 99,990 (kVAr) 10

Disable

Negative kVar Demand [3-phase
KiloVAr alarm] (Neg kVAR)

10 to 99,990 (kVAr) 10

Disable

Low PF [power factor alarm] 0.5 to 1.0 (lagging) 0.01

Disable

High PF [power factor alarm] 0.5 to 1.0 (lagging) 0.01

Disable

Load Current [alarm] 1 to 9999 (A) 1

Disable

Positive kVAr Demand [3-phase 
kiloVAralarm] (Pos kVAR)

Positive KWatt Alarm 1

Disable

Disable

1

1

1 to 9999

1 to 9999Positive KWatt Alarm 2

Machine Run Alarm 1 (hours)

Machine Run Alarm 2 (hours)

1 to 32000

1 to 32000

1

1
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Table 2-4. Communications Settings— Password Protected

The following table lists all of the GPU-2000R's communications settings and their specific range and step size.

* Check catalog number for available communications port options.

Setting Range Default

Front RS232 Port:

  Baud Rate 300, 1200, 2400, 4800, 9600 9600

  Frame N,8,1 or N,8,2 N,8,1

Rear Port RS232 :

  Baud Rate* 300, 1200, 2400, 4800, 9600, 19200 9600

  Frame N,8,1; E,8,1; ODD,8,1; N,8,2; E,7,1;
ODD,7,1; N,7,2

N,8,1

Rear Port RS485 :

  Baud Rate* 300, 1200, 2400, 4800, 9600, 19200 9600

  Frame N,8,1; E,8,1; ODD,8,1; N,8,2; E,7,1;
ODD,7,1; N,7,2

N,8,1

Rear Port INCOM Baud Rate* 1200, 9600 9600

Unit Address 3 hexadecimal characters (0-9 & A-F) 001

Rear Port IRIG-B Enable* Disable or Enable Disable

Network Parameters*

Network Modes*

0 to 250 0

Disable or Enable Disable
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Internal Design

The heart of the GPU-2000R is the digital signal processor (DSP) which is a microprocessor optimized for fast
calculations based on the sampled data and the central processing unit (CPU).  The CPU, a 32 bit processor,
performs all the protection algorithms and logical functions.  Figure 3-1 shows a block diagram of the unit.

Processor Specifications

The processing power of the GPU-2000R provides a true multi-tasking environment that combines protection,
metering and control. The hardware components of the unit include:

• CPU—16-MHz, 32-bit 68332 Motorola microprocessor

• CPU RAM—64 K of temporary storage for CPU

• DSP—a 16-bit analog device digital signal processor handles all analog acquisition and measurement of input
parameters. It also performs all arithmetic iterations of the converted digital input signals.

• EEPROM stores all protective function settings.

• 16-bit analog-to-digital (A/D) converter

• FLASH  EPROM stores the CPU's programming.

• DSP RAM—16 K of memory provide temporary storage of DSP's arithmetic values.

• Real-time battery backed-up clock

Battery Backed-Up Clock

An internal clock time tags the faults in the Fault Record, events in the Operations Record and values in the Load
Profile record.  In normal operation, this clock is powered by the GPU-2000R.  When the GPU-2000R is withdrawn
from its case, a battery powers the clock.  As long as you turn off the battery backed-up clock during prolonged
storage, the battery should last the life of the unit. Turn off the battery backed-up clock through the front man-
machine interface by entering a “0” for the day.
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Figure 3-1  GPU-2000R Block Diagram
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Ratings and Tolerances

The following are the ratings and tolerances of the GPU-2000R.

Current Input Circuits
• 5-A input rating, 16 A continuous and 450 A for 1 second
• 1-A input rating, 3 A continuous and 100 A for 1 second
• Input burden at 0.245 VA at 5 A (1 - 12A range)
• Input burden at 0.014 VA at 1 A (0.2 - 2.4A range)
• Frequency 50 or 60 Hz

Contact Input Circuits Voltage Range
• 24 vdc  model:  12 V to 140 Vdc

• Other models:   24 V to 280 Vdc

Voltage Input Circuits
Voltage ratings based on the VT connection configuration setting.

BURDEN

• 0.04 VA for V(A-N) at 120 Vac

VOLTAGE

• Wye Connection: 160 V continuous and 480 V for 10 seconds
• Open-Delta  Connection: 260 V continuous and 480 V for 10 seconds
• Vo Input (termininals 35-36) 160 V continuous and 480 V for 10 seconds

Contact Input Circuits (Input Burden)
• 2.10 VA at 220 Vdc and 250 Vdc

• 0.52 VA at 125 Vdc and 110 Vdc

• 0.08 VA at 48 Vdc

• 0.02 VA at 24 Vdc

Control Power Requirements
• 48 Vdc model, range = 38 to 58 Vdc

• 110/125/220/250 Vdc models, range = 70 to 280 Vdc

• 24 Vdc model, range = 14 to 29 Vdc

Control Power Burden

24 Vdc  =  0.7A max @ 19 V

48 Vdc  =  0.35A  max @ 38 V

110/125 Vdc  =  0.25A max @ 70 V

220/250 Vdc  =  0.10A max @ 250 V

Output Contacts Ratings
125 Vdc 250 Vdc
• 30 A tripping • 30 A tripping

• 6 A continuous • 6 A continuous

• 0.25 A break inductive • 0.1 A break inductive



ABB Generator Protection Unit 2000R

3-4 Relay Design and Specifications

Operating Temperature
• –40º to +70º C

—Operating temperatures below –20º C may impede the LCD display contrast.

—Operating temperatures below 0º C may impede Modbus Plus™ communications on units equipped with
    the Modbus Plus™ communications card (rear port options 6 and 7).

Humidity
• Per ANSI 37.90, up to 95% without condensation

Transient Immunity
• Surge withstand capability

– SWC and fast transient tests per ANSI C37.90.1 and IEC 255-22-1 class III and 255-22-4 class IV  for all
connections except comm or AUX ports

– Isolated comm ports and AUX ports per ANSI 37.90.1 using oscillatory SWC Test Wave only and per IEC
255-22-1 class III and 255-22-4 class III

– Impulse voltage withstand test per IEC 255-5

– EMI test per trial use standard ANSI C37.90.2 - 1995

Tolerances Over Temperature Range of -20 o C to +55 o C
Function Pickup Dropout Timing (whichever is greater)

51P/51V ± 3% of rated current 98% of setting ± 7% or +/-- 16 milliseconds
50P ± 7% of rated current 98% of setting ± 7% or +/-- 16 milliseconds
46/67P ± 3% of rated current 98% of setting ± 7% or +/-- 16 milliseconds
51G ± 3% of ground rating 98% of setting ± 7% or +/-- 16 milliseconds
50G ± 7% of ground rating 98% of setting ± 7% or +/-- 16 milliseconds
27/59/81V ± 2% of rated voltage 99.5% of setting ± 7% or +/-- 16 milliseconds
32R ± 5% of setting or 95% of setting ± 7% or +/-- 16 milliseconds

+ 0.2% of rated power, whichever is greater
81 ± 0.01  Hz ± 0.01 Hz ± 1 cycle
320/32U ± 2% of rated power 98% of setting ± 7% or +/-- 16 milliseconds
87M ± 10% of operate current 95% of setting
27G/59G ± 5% of setting 98% of setting ± 7% or +/-- 16 milliseconds
24 ± 5% of setting 98% of setting ± 7% or +/-- 16 milliseconds
21/40 ± 5% of setting 98% of setting ± 7% or +/-- 16 milliseconds

or 0.1 ohms, whichever is greater
Ammeter ± 1% of Phase: rated current.  Gnd:  ground rating
Voltmeter ± 1% of VT Connection setting
Power Meter ± 2% of I xV, rated current  X  rated voltage
Frequency ± 0.01  Hz

Dielectric
• All circuits to ground except INCOMTM, Modbus PlusTM, and non-isolated RS232 ports

2828 VDC for 60 seconds. (Equivalent to 2000VAC)
• INCOMTM Circuit to ground

2121VDC for 60 sec (Equivalent to 1500VAC)
• Modbus PlusTM Circuit to ground

1414 VDC for 60 sec (Equivalent to 1000VAC)

Weight (GPU-2000R  unit)
• Unboxed  5.36 kg (11.80 lbs)

• Boxed  5.67 kg (12.51 lbs)
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C
E

Interfacing with the Relay

Man-Machine Interface (MMI)

The man-machine interface (MMI) on the front panel consists of a graphics
LCD, six push-buttons (keys) and twelve LED targets. Press the Enter
<E> key to access the Main Menu. Use the  and ¬ arrow keys to move
through the various menus and to change the character value when you
enter the alphanumeric password. Use the Enter <E> key to select the
desired menu or desired value when you change settings.

Use the♦  and ∅ arrow keys to decrease and increase, respectively, setting
values or record numbers. Also use them to move from left to right within
the password string. If you hold down the right or left arrow key, the setting
value slowly changes. If you press the arrow keys repeatedly, the value
changes more rapidly.

From the default screen, you can use the <C> key to:

If there are no targets

• Hit <C> once within a 5-second window:
Prompts the user to reset alarms.  Hit <C> within 5 seconds to reset alarms.  The user will then
be prompted to reset seal-ins.  Hit <C> within 5 seconds to reset seal-ins.

• Hit <C> two times within a 5-second window:
Automatically scrolls through demand values.

• Hit <C> three times within a 5-second window:
Prompts the user to reset Min/Max Demands.  Hit <C> within 5 seconds to reset Min/Max
Demands.

If there are targets

• Hitting <C> once will prompt the user to clear fault data.
• If <C> is hit again within 5 seconds, fault data will be cleared from the MMI and the user will be

prompted to clear target data.
• If <C> is hit again within 5 seconds, targets are cleared and the user will be prompted to clear

sealed-in outputs.
• If <C> is hit again, sealed-in outputs will be cleared.

You can do a system reset by simultaneously pressing the <C>, <E> and up-arrow keys.  A “System Reset” resets
the microprocessor and re-initiates the software program.  During a system reset, no stored information or settings
are lost.

The following displays and menus are available through the MMI:

• Continuous Displays -- shows currents, voltages and which settings table is enabled
• Generator Off-Line/Startup Display -- shows voltage, frequency, and Volts per Hertz

Figure 4-1. MMI Access Panel
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Ia: 500 KVan:  7.62
Ib: 500 KVbn:  7.62
Ic: 500 KVcn:  7.62
Primary Set Active

Figure 4-2. MMI Displays

Metering Display (Continuous) Main Menu

Display After a Fault Interruption

la: 3320 lb: 430
ic: 420 ln: 3310
Primary Set Active

MAIN MENU
Meter
Settings
Records

kVab:     13.20
kVbc:     13.20
kVca:     13.20

FREQ:    60.03     V/Hz:   2.0

Display for Off-Line Operation
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Man-Machine Interface Menus

Below is an outline of all the menus available through the man-machine interface.

MAIN MENU
Meter
Settings
Records
Operations
Test

METER MENU
Load
Demand
Max./Minimum
3rd Harmonic

TEST MENU
Self Test
Contact Inputs
Output Contacts+

OPERATIONS MENU
Trip Breaker+
Force Phy Inputs+
Force Phy Outputs+
Set/Clear ULOS+
Force Logical Inputs+

SETTING MENU
Show Settings
Change Settings
Unit Information

RECORDS MENU
Fault Summary
Fault Record
Operations Record
Operations Summary

SHOW SETTINGS MENU
Prim Settings
Alt 1 Settings
Alt 2 Settings
Configuration
Alarm Settings
Clock
Communications

CHANGE SETTINGS MENU
Prim Settings+
Alt 1 Settings+
Alt 2 Settings+
Configuration+
Counter Settings+
Alarm Settings+
Clock+
Communications+

UNIT INFORMATION
CAT  589V0411–6111
SERIAL #            : 951280
CPU ROM          : V1.00
FP ROM             : V1.10
COMM ROM      : N/A

Figure 4-3. Man-Machine Interface Menus

+password protected
Factory Default Password
is four blank spaces
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External Communications Program

The External Communications Program (ECP) provides point-to-point communications with the GPU-2000R
relay. By using ECP, you can program the settings for the GPU-2000R’s various functions, map logical inputs
and outputs and monitor the relay's activity. ECP is a Microsoft™ Windows®-based program and can be copied
to your computer’s hard drive. To invoke the program, click on the  “ecp” icon.

The software can be used without the GPU-2000R relay to explore the capabilities and functionality of the relay.
When your PC is not connected to a GPU-2000R and you have not retrieved a file from a disk, the settings and
configurations displayed are the factory default values. You can then change the values and save them to a file
for later transfer to a GPU-2000R. When the PC is connected to a GPU-2000R, the records can be viewed (Get
Data From GPU-2000R), saved to a file (Save Data To Disk) and viewed later (Get Data From Disk).

NOTE:  For the Fault Summary and the Operations Record, only the screens you view are saved to a file. Therefore,
to save all the data to a file, you must view all the screens before exiting the record display.

The GPU-2000R has password protection for selected menu items of the unit (Relay Password) in addition to a
lower level password protection for the Test Menu and Test SCADA commands.  Relay Password allows
complete access to a systems administrator.  Test Password permits access only to the Test Menu and Test
SCADA commands.  The Test Password can only be set or changed by a system administrator with Relay
Password access.

When changing the Configuration Settings through ECP, you must type in four spaces (the factory default
password)  followed by a carriage return. After entering the password, all other settings can be changed with a
carriage return.

The ECP contains terminal emulation commands to dial through a modem to access the relay or other devices
connected to a remote modem. If communication is not established, a communications error message appears.
If this message appears frequently, the line may be too noisy. Hang up and redial; if possible, use another line.

Use a 9-pin null modem adaptor when you connect a PC, via a 9-pin RS-232 cable, directly to the GPU-2000R
(not via modems).

Once you have printed the desired ECP screens, you should reprogram the printer to its original mode;
otherwise the printer will remain in the line character mode.

The application program on this disk has been carefully tested and performs accurately with most IBM-
compatible personal computers. If you experience difficulty in using the External Communications Program,
contact ABB at (610)395-7333 or toll free at 1-800-634-5005.
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External Communications Program Menus

Below is an outline of all the menus available through the Windows®-based GPU-2000R External Communications
Program. Many of these menus are the same as those in the man-machine interface (MMI), but some are unique to
the ECP.

Primary Settings+
Alternate 1 Settings+ 
Alternate 2 Settings+
Configuration Settings+
Programmable Inputs+
Programmable Outputs+
Alarm Settings+
Clock+
Communications+

Settings

Records
Fault summary
Fault Records
Operations Record
Operations Summary
Unreported Records

Main Menu

Meter
Load Values
Demand Values
Min/Max Values
Load Profile - All
Load Profile - Last

File 
Meter
Settings
Records
Test Menu
Misc
Programmable Curve
Waveform
About

Waveform
Change Settings+
Waveform Records
Start Data Accumulation+
WFCAcquisition Status

Programmable Curves

Get Curve From Unit
Send Curve to Unit

Misc
Unit Information
Trip Command 
Reset Targets/Alarms
Reset Min/Max Demand
Reset/Set Seal In/User Alarms

File
Set Port
Exit

Test Menu

Physical I/O Status
Logical Input Status
Logical Output Status
Output Contacts+

About
About GPUECP...
Disclaimer

+ Password protected

Figure 9. External Communications Program Menus
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Mounting and Connections

Receipt of the GPU-2000R

When you receive the GPU-2000R, examine it carefully for shipping damage.  If any damage or loss is evident, file a
claim at once with the shipping agent and promptly notify the nearest ABB sales office.  Use normal care in handling
to avoid mechanical damage.  Keep unit clean and dry.

Short Acceptance Test

Before installing the unit, the following Short Acceptance Test could be performed:

On units equipped with an MMI:

• Power up the relay by applying rated DC control voltage to terminals 1 and 2 (observe polarity).

• Using the arrow keys, go to the Main Menu, scroll to Settings, press <E>, scroll to Unit Information, press <E>.
Verify unit information against nameplate, sticker and the bill of material for your project.

• After checking the unit information, press <C> twice to return to the Main Menu.  Scroll to Settings and press <E>,
in the Settings Menu, scroll to Change Settings and press <E>.  In the Change Settings Menu, scroll to Clock and
set the unit clock.

• Press <E> to enter the correct time and return to the Change Settings Menu.

On units not equipped with an MMI, connect a PC to the RS-232 port on the front of the unit and use the ECP (External
Communication Program) and follow the same process as outlined above.

Installing the GPU-2000R

The GPU-2000R is enclosed in a standard 3U (3 rack units), 19 x 5-inch metal case designed for rack mounting.
Figure 5-2 shows the dimensions of the GPU-2000R.

The cover and bezel accessory shown in Panel Mounting Kit of this section (horizontal mounting and vertical mounting)
is recommended for panel mounting of the unit, particularly when dust tightness of the control compartment must be
maintained.

Drawout Feature

The electronic circuit board assembly including the power supply and communications card (if equipped), can be
withdrawn from the case.  The input transformers and their associated burdens remain in the case, so that all ct
circuits remain continuous even with the main assembly removed from the case.
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Rear Terminal Block Connections

The rear panel arrangement of terminal blocks and communications ports is shown in Figure 5-1.

Apply only rated dc control voltage as marked on the identification label to the control voltage input terminals 1 and
2, and to the programmable input terminals.  Observe polarity.  Note that programmable inputs #IN 1 through IN6
(terminals 4-10) have terminal #3 as the common.

Wire the ground stud on the rear panel to the equipment ground bus with at least #10 AWG wire to insure proper
grounding and maximum effectiveness of the internal surge protection.

The GPU-2000R provides much flexibility to the user in programming input functions and output tripping and alarming
functions.  Refer to Section 6 for information on these functions.

Figure 5-5 shows typical basic control connections for the relay.  Device 86, hand-reset lockout relay, is employed to
require operator intervention on faults detected by the GPU2000R on functions such as 87, 59G, 27G, 51G, and
50G, before the machine can be returned to service.  The GPU2000R also includes programmable “seal-in” outputs
that could replace the separate 86 if desired.  Refer to Section 6.

Trip Coil Monitoring

Consider the use of one of the double-ended inputs,  IN7 or IN8,  for the Trip Coil Monitor feature.   Assign the input
to programmable logical input TCM.   Connect the positive side of the input to positive control voltage,  and the
negative side to the Trip bus.  A trace current of approximately 6 milliamperes will pass through the input and through
the trip circuit when the circuit breaker is closed.  Should the trip circuit be interrupted, the input will be de-activated
and the relay will issue the TCFA alarm and a message will appear on the MMI.

SENSOR 7

CONT.INST. BOOK

SERIAL NO.
CATALOG NO.
TYPE

GRD
PHASE

FREQ.

COM 1 COM 2

VNVCVBVA

SENSOR 8

IN
1VDC

COM-
MON

IN
2

IN
3

IN
4

IN
5

5 7

4

AUX.
PORTS

1 2 3

5 6

5 5

5

5 8

6

6 0

5 9 6 1

7

6 2

8

6 4

6 3

IN
6

IN
 7

IN
 8

3 1 3 2 3 3 3 4 3 9 4 0 4 1

SELF-CHECK

ALARM

1 19 1 0 1 2 1 3 1 4 1 5

COM 3
ISOLATED

1 6

SENSOR 3SENSOR 5SENSOR 6 SENSOR 4 SENSOR 1SENSOR 2

  = OPTIONAL CONTACT CONFIGURATION

OUT 5

4 2 4 3 4 4 4 5

OUT 6

4 6 4 7 4 8 4 9

OUT 4 OUT 3

1 7 1 8 1 9

*   SELECTABLE N.O. OR N.C.

2 22 12 0 2 3 2 4

5 35 0 5 1 5 2

OUT 2
*

OUT 1
*

5 4

*
TRIP

2 92 5 2 6 2 7 2 8 3 0

GND

SENSOR 9

3 5 3 6 3 7 3 8

SENSOR 10

Figure 5-1. Panel Arrangement
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Case Dimensions (Standard 19” Rack mount 3 units high)

[12.5]

Figure 5-2. Dimensions

1.49
[37.8]

Top View9.00
[229.0]

17.12
[434.8]

.15
  [4]

1.625
[42]

Bracket Position for
Semi-flush Mounting

Bracket Position for
Flush Mounting

Dimensions are in: inches 
[millimeters]

STATUS

NORMAL

FAIL

PICKUP

SYSTEM 
RESET

¯A

¯B

¯C

  N

OVERCURRENT

REVERSE POWER

LOSS OF EXCITATION

NEGATIVE SEQUENCE

TARGET RESET

TARGETS
GPU
2000R

18.88
[479.6]

2.25
[57.2]

5.22
[132.6] C

E

. 5
 [12.5]

1.49
[37.8]

VOLTAGE/
FREQUENCY

• Front Panel illustrated here is for the 589T Series Units.

• See front cover picture for 589V/589T Series.

• Dimensions are the same for all 589 Series
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Panel Mounting Kit

The complete kit will include a bezel, its associated hardware and gasket, as well as a lens cover with its associated
hardware.  This kit will provide a means for panel mounting and dustproofing.

Ordering Information: Spare Parts List:

     Horizontal Panel Mounting Kit 604513-K1 Bezel/gasket assembly only 604513-K3
Vertical Panel Mounting Kit 604513-K2 Horizontal lens cover assembly 613724-K1

Vertical lens cover assembly 613724-K2

Horizontal Mounting

Note:  Below is the panel dril l ing cutout for the
DPU-2000R unit and the bezel assembly.

Note:  The Bezel Assembly is available as
an option for mounting the 2000R units in a
panel application.

DIMENSIONS ARE
INCHES [MILLIMETERS]

154.0 141.3

235.0
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2000R, RACK MOUNT
EARS REMOVED

MOUNTING PANEL

(SHOWN FOR REFERNECE ONLY)

VERTICAL MOUNTING

6.062
[154.0]

5.562
[141.3]

5.63
[143.0]

17.50 [444.5]

NOTE:

DIMENSION VALUES IN
BRACKETS ARE MILLIMETERS.

.03
[0.7]

MAX. RADII

.50  [12.7]

.22
[5.6]

D. HOLES TYP. 6 PLACESVERTICAL PANEL CUTOUT

9.250  [235.0]

18.500  [469.9]

Vertical Mounting
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52

G

The Current Transformers may also be
positioned in the return leads of the
generator

GPU-2000R
Series 589T

50 49

52 51

54 53

48 47

31

32

33

34

31

32

33

34

VA

VB

VC

VN

VA

VB

VC

VN

Aφ Bφ Cφ

Wye Connected PTs

(Contact factory for availability
 of 589T Series)

Figure 5-3.  Typical Connections, 589T Series Units

Phase Rotation is
User Selectable
A-B-C or A-C-BC

A

B
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52

G

GPU-2000R
Series 589W

     589V

31

32

33

34

VA

VB

VC

VN

Aφ Bφ Cφ

Wye Connected PTs

C

A

B

Usually, only one of these are used
depending on grounding method

40 39

35

36

+

42 41

44 43

46 45

VO

+

51 52

48 47

53 54

+

+
49 50

+

31

32

33

34

VA

VB

VC

VN

+

+

+

Phase Rotation is
User Selectable
A-B-C or A-C-B38

37

VBUS

Optional
(For Sync
Check Only)

+

Note on CT location:
     For industrial/commercial systems, 
the load-side ct's are commonly placed
on the bus side of the circuit breaker 
(device 52).

  

Phase Rotation is
User Selectable
A-B-C or A-C-B

Figure 5-4.  Typical Connections, 589W/589V Series Units

Phase Rotation is
User Selectable
A-B-C or A-C-B

Revised September 98
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Figure 5-5.  GPU-2000R Typical Basic Control Connection
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Figure 5-6.  Main Circuit Board Jumpers
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Communications Ports

The GPU-2000R has a standard 9-pin RS-232C interface on the front for serial port communications. You can
connect a computer to this port. There is also at least one serial port on the rear of the unit.  Additional ports are
optional.  Rear Port arrangements are shown Figure 5-1 and described in Section 12.

RS-232 ports are available in two different configurations, Isolated and Non-Isolated.  Isolated ports are
preferred and provide electrical isolation between the communication port and the rest of the relay.

These rear port options, called Auxiliary Communications ports, can be isolated 9-pin RS-232C, 3-wire RS-485,
2-wire INCOM, IRIG-B, or SCADA Interface Unit (SIU) connections. Because the hardware termination for all
these options is on every GPU-2000R, you must refer to the catalog number on the rear of the unit or to the
software communications menu to know which rear port option is implemented. An IRIG-B input for precision
real-time setting is furnished with the rear communications port catalog options 2, 3, or 4 (see "Ordering
Selections," Section 12 of this instruction book).  The rear RS-232C port can interface with a modem and a
remotely connected computer, or you can attach a computer directly to the rear RS-232C port.  The RS-232C
ports are configured as data terminal equipment.

The 2000R series also features ABB's innovative RS-485 isolated communications capability available when the
optional Auxiliary Communication  board is installed.   This isolated RS-485 configuration provides superior
communication quality recommended for applications in areas of high electrical noise or that require connecting
cables longer than 10 feet (3m).

The GPU-2000R supports various byte-oriented protocols. The command message structure and substructures
for these protocols are available upon request.

Pin Connections
The pin connections for the various communications ports are shown in Tables 5-1 and 5-2.

Table 5-1. RS-232 Pin Connections

Pin Number

2

3

5

Pin Number

Receive data-Relay receives data through this pin.

Transmit data-Relay transmits data through this pin.

Signal ground-Front port and standard rear ports have
signal ground tied to the chassis.  There is an
optional RS-232 rear port where both data and signal
ground are fully isolated.
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Table 5-2. RS-485, INCOM, SIU and IRIG-B Pin Connections

Pin Number

64

63

62

61

60

59

58

57

56

55

Pin Number

IRIG-B Minus

IRIG-B Positive

INCOM

INCOM

+5 VDC at 100 milliamperes

Direction minus

Direction positive

RS-485 common/VDC return

RS-485 minus or SIU minus (aux. comm. port)

RS-485 positive or SIU positive (aux. comm. port)

RS-485 Port and Communications Card Internal Jumper Positioning

For all communications hardware options with a single RS-485 port, that port is provided at terminals 55(+), 56 (-), and
57 (com).   See Table 5-2.

For communications hardware option #8, dual RS485 ports, terminals 55, 56, and 57 are designated RS485 Rear Port
#2, and pins 1(+), 2 (-), and 7(com) of the COM3 DB-9 connector represent RS485 Rear Port #1.

The RS485 port on the GPU-2000R has three associated resistors and jumper links that allow insertion or removal of
these resistors, depending on the location of the relay in the network.  Jumper link J6 on the communications card is
for the termination resistor.  A termination resistor should be inserted at the first and last devices on the network.
Typically J6 would be set for “IN” for the last relay on the RS485 network; and, J6 would be set in the “OUT” position
for all other relays in the loop.  The first unit on the network, typically an ABB 245X series convertor, has the terminating
resitor built-in.  For communication hardware option “8,”  dual RS485 ports, J6 is for Port #2 and a similar jumper, J16
is provided for RS485 Port #1.

Jumper links J7 and J8 insert or remove “pull-up” resistors.  These resistors establish a known voltage level on the
RS485 bus when no units are transmitting, in order to reduce noise.  These jumpers should be set to the “IN” position
on only one relay at either end of the RS485 loop.  If an ABB communications convertor, catalog series 245X, is used
on the network, it has these resistors built-in, and all relays can have J7 and J8 in the out position.  For communications
hardware option “8”, dual RS485 ports, J7 and J8 are for Port #2, and J17 and J18 are for Port #1.

The RS485 cable should be shielded 3 conductor twisted cable.  The shield should be grounded at one end of the
communications circuit, preferably where the RS485 circuit begins; eg:  at the convertor unit.  A typical RS485 connection
diagram, drawing 604765, is available on request from the factory.

Recommended cables are Alpha #58902, Belden #9729, #9842, #9829 and Carol #58902.
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Notes:
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53
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Figure 5-8.  Typical Connections, 589W/589V Series Units with Stabilizing ReactorFigure 5-5.  GPU-2000R
Typical Basic Control Connection
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Figure 5-8.  Outline for Reactor Catalog 200C0002 (Dimensions in Inches)
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Programmable Inputs and Outputs

Programming of the Inputs and Outputs can only be done by using the GPUECP (External Communications
Program).

Output Contacts

The relay output contacts are divided into these categories: Master Trip Contact, Self-Check AlarmContact and User-
Programmable Contacts. Jumpers on the CPU board allow you to choose whether the programmable output contacts
are normally open or normally closed for certain output contacts (see connections diagrams).

A Fault Record is created only when a protective element causes a trip through the Master Trip Output.  Operation of
elements not programmed to the MTO, but to other output contacts will be logged in the Operations Record.

Master Trip Output Contact

The main trip output contact of the GPU-2000R relay (terminal 29 & 30) is programmable for energization on the trip
of any of the protective functions available.  Those protective functions whose box has an "X" will energize the TRIP
contact when that function trips.

Self-Check Alarm Contacts

Self-check alarm output contacts, one normally open and one normally closed, change state when control power is
applied. Upon a loss of control power or a failure status of a specific self-diagnostic, the contacts return to their
normal state. It is strongly recommended that a contact be connected to a local annunciator light or, if available, to
a remote terminal unit.

Bold Protective Functions  indicate that these functions are selectable and have been enabled in primary or
alternate settings. Greyed functions above are not available in the relay, or have been disabled in primary/alternate
functions and are not selectable.
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User-Programmable Output Contacts
Up to six (6) user-programmable output contacts are available. Each of these contacts can be individually programmed
for time delay on pickup via the ECP. The time delay interval is adjustable from 0 to 60 seconds in 0.01 steps. You
can program the user programmable output to indicate a specific condition by placing an "X" in the box under the
output contact(s).  Table 6-1 lists the relay conditions available for programming to an output contact for external
indication.

In a manner similar to the Programmable Inputs, up to 32 output functions may be programmed into the left hand
column.  To change a function in the left column, click on the box and the library of output functions will appear.

When a User Logical Input is mapped to contact inputs, the SCADA command has no effect on the corresponding
User Logical Output. When assigned to the output contacts, the User Logical Outputs can also be wired to the
contact inputs. The contact inputs can then be controlled by the INCOM/SCADA communications commands.
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Table 6-1. Programmable Output Logical Functions

This table lists all available library logic functions that can be mapped to the programmable output contacts.

cigoLtuptuOelbammargorP noitpircseDnoitcnuF

PIRT tuptuOpirTretsaMsetacilpuD

MRALA )tuptuomralacitsongaidsetacilpuD(mralAkcehCfleS

a1-12 pirTecnadepmIa1enoZ

1-12 pirTecnadepmI1enoZ

2-12 pirTecnadepnI2enoZ

52 tuptuOkcehCmsinorhcnyS

P1-72 )wolesahpenoynanospirT(pirTegatlovrednUesahPelgniS

P3-72 )tniopteswolebebtsumsesahpllA(pirTegatlovrednUesahP-eerhT

R23 pirTerwoPesreveR

OF23 pirTrewoprevOdrawroF

UF23 pirTrewoprednUdrawroF

:Q64 pirTtnerrucrevOecneuqeS-evitageN

P05 pirTtnerrucrevOsuoecnatnatsnIesahP

G05 pirTtnerrucrevOsuoenatnatsnIdnuorG

P15 pirTtnerrucrevO-emiTesahP

G15 pirTtnerrucrevO-emiTdnuorG

CV15 pirTCO-emiTdellortnoc-egatloV

RV15 pirTCO-emiTdeniartseRegatloV

95 )hgihesahpynanospirT(pirTegatlovrevO

42 pirTztreHrepstloV

G95 pirTegatlovrevOdnuorGrotatS

P76 pirTtnerrucrevO-emiTlanoitceriDesahP

N76 pirTtnerrucrevO-emiTlanoitceriDdnuorG

1U18 pirT)egatstsrif(ycneuqerfrednU

1O18 pirT)egatstsrif(ycneuqerfrevO

2U18 pirT)egatsdnoces(ycneuqerfrednU

2O18 pirT)egatsdnoces(ycneuqerfrevO

M78 pirTlaitnereffiDenihcaM
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Table 6-1 con’t. Programmable Output Logical Functions

cigoLtuptuOelbammargorP noitpircseDnoitcnuF

G72 )dnuorgrotats(pirTegatlovrednUcinomraHdrihT

EI05 pirTnoitazigrenEtnetrevdanI

T-04 )1enoZ(pirTnoitaticxEfossoL

A-04 )2enoZ(pirTnoitaticxEfossoL

F46 )yalerdnuorgdleiflanretxeseriuqer(pirTdnuorGdleiF

ATAP mralAtegraTAesahP

ATBP mralAtegraTBesahP

ATCP mralAtegraTCesahP

AQ64 mralAtnerrucrevOecneuqeS-evitageN

A42 mralAztreHrepstloV

D-a1-12 mralAdelbasiDecnadepmIa1enoZ

D-1-12 mralAdelbasiDecnadepmI1enoZ

D-2-12 mralAdelbasiDecnadepmI2enoZ

D-52 mralAdelbasiDkcehCcnyS

D-P1-72 mralAdelbasiDegatlovrednUesahP-elgniS

D-P3-72 mralAdelbasiDegatlovrednUesahP-eerhT

D-OF23 mralAdelbasiDrewoprevOdrawroF

D-UF23 mralAdelbasiDrewoprednUdrawroF

D-R23 mralAdelbasiDrewoPesreveR

D-T04 mralAdelbasiD1enoZnoitaticxEfossoL

D-A04 mralAdelbasiD2enoZnoitaticxEfossoL

D-Q64 mralAdelbasiDCOecneuqeS-evitageN

D-P05 mralAdelbasiDCOsuoenatnatsnIesahP

D-G05 mralAdelbasiDCOsuoenatnatsnIdnuorG

D-P15 mralAdelbasiDtnerrucrevO-emiTesahP

D-G15 mralAdelbasiDtnerrucrevO-emiTdnuorG
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Table 6-1 con’t. Programmable Output Logical Functions (Continued)

cigoLtuptuOelbammargorP noitpircseDnoitcnuF

D-V15 mralAdelbasiDtnerrucrevO-emiTtnednepeDegatloV

D-95 mralAdelbasiDegatlovrevO

D-42 mralAdelbasiDztreHrepstloV

D-P76 mralAdelbasiDCOemiTlanoitceriDesahP

D-N76 mralAdelbasiDCOemiTlanoitceriDdnuorG

D-1U18 mralAdelbasiDycneuqerfrednUpetStsriF

D-1O18 mralAdelbasiDycneuqerfrevOpetStsriF

D-2U18 mralAdelbasiDycneuqerfrednUpetSdnoceS

D-2O18 mralAdelbasiDycneuqerfrevOpetSdnoceS

D-M78 mralAdelbasiDlaitnereffiDenihcaM

D-G72 mralAdelbasiDegatlovrednUcinomraHdrihT

D-EI05 mralAdelbasiDnoitazigrenEtnetrevdanI

D-G15 mralAdelbasiDtnerrucrevO-emiTdnuorG

AUP )tilsithgilpukciPlenaptnorfnehwsetarepO(mralApukciP

AP23 pukciPtnemelElanoitceriDesahP

AN23 pukciPtnemelElanoitceriDdnuorG

ADPP

roftnerrucdnamedehtnehwsetavitcA.mralAdnameDtnerruCesahP
simralasihT.gnittesmralAdnameDesahPehtdedeecxesahesahpyna

suoenatnatsniehttondnaseulavdnamedlatnemercniehtnodesab
ehtevobasesireulavdnamedehtnehW.smraladaolehtnisaseulav
ehtnehW.detratssiremitdnoces06a,gnittesmralAdnameDesahP

.1lacigolasemocebADP,seripxeremit

ADPN

roftnerrucdnamedehtnehwsetarepO.mralAdnameDtnerruClartueN
sihT.gnittesmralAdnameDlartueNehtdedeecxesahtupnilartueneht

ehttondnaeulavdnamedlatnemercniehtnodesabsimrala
sesireulavdnamedehtnehW.smraladaolehtnisaeulavsuoenatnatsni

.detratssiremitdnoces06a,gnittesmralAdnameDlartueNehtevoba
.1lacigolasemocebADN,seripxeremitehtnehw
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Table 6-1 con’t. Programmable Output Logical Functions (Continued)

*Seal In Alarm

cigoLtuptuOelbammargorP noitpircseDnoitcnuF

AUFB mralAesuFnwolB

ISK mralAytuDtcatnoCrekaerBdetalumuccA

AFPH

rotcafrewopehtretfasdnoces06setarepO.mralArotcaFrewoPhgiH
wolebspordeulavehtfI.gnittesmralArotcaFrewoPehtevobasesir

lliwremiteht,seripxeremitdnoces06ehterofebgnittesmralAeht
.tnioptesehtevobarotcafrewopgniggalrofsetarepO.teser

AFPL

rewopdaolehtretfasdnoces06setarepO.mralArotcaFrewoPwoL
spordeulavehtfI.gnittesmralArotcaFrwoPehtwolebspordrotcaf
remiteht,seripxeremitdnoces06ehterofebgnittesmralAehtwoleb

.rotcafrewopgniggalnoylnosetarepO.teserlliw

CTCO mralAretnuoCpirTtnerrucrevO

ACTS
egnahC"ehtrevenehwsetavitcA.mralAdegnahCelbaTsgnitteS

.margorPPCEetomerroIMMlenaptnorfaivderetnesiunem"sgnitteS

ADraV

setarepO.mralAdnameDrAVolikesahPeerhT.mralAdnameDraV
eerhTehtdeecxesrAVdnamedesahpeerhtehtfoeulavehtnehw

latnemercniehtnodesabsimralasihT.gnittesmralAdnameDesahP
.smraladaolehtnisaseulavsuoenatnatsniehttondnaseulavdnamed

06a,gnittesmralaADrAVehtevobasesireulavlatnemercniehtnehW
asemocebADrAV,seripxeremitehtnehW.detratssiremitdnoces

.1lacigol

ArAVP

ehtretfasdnoces06setarepO.mralArAVolikesahP3evitisoP
.gnittesmralArAVoliKevitisoPehtdeecxesrAVolikesahp3evitisop

rAVoliKevitisoPehtevobasesireulavrAVoliKevitisoPehtnehW
,seripxeremitehtnehW.detratssiremitdnoces06a,gnittesmralA

gnittesmralAehtwolebspordeulavehtfI.1lacigolasemocebArAVP
.teserlliwremiteht,seripxeremitdnoces06ehterofeb

ArAVN

ehtretfasdnoces06setarepO.mralArAVolikesahP3evitageN
.gnittesmralArAVoliKevitageNehtdeecxesrAVolikesahp3evitagen

rAVoliKevitageNehtevobasesireulavrAVoliKevitageNehtnehW
,seripxeremitehtnehW.detratssiremitdnoces06a,gnittesmralA

gnittesmralAehtwolebspordeulavehtfI.1lacigolasemocebArAVN
.teserlliwremiteht,seripxeremitdnoces06ehterofeb

ADAOL

foesahpelgnisynaretfasdnoces06setarepO.mralAtnerruCdaoL
spordeulavehtfI.gnittesmralAdaoLehtevobasesirtnerrucdaol

remiteht,seripxeremitdnoces06ehterofebgnittesmralAehtwoleb
.teserlliw
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Table 6-1 con’t. Programmable Output Logical Functions (Continued)

cigoLtuptuOelbammargorP noitpircseDnoitcnuF

1ttaW 1#mralAttaWesahP3evitisoP

2ttaW 2#mralAttaWesahP3evitisoP

AFB mralAliaFrekaerB

AFCT mralAeruliaFtiucriCpirT

1ATRM 1#mralAemiTnuRenihcaM

2ATRM 2#mralAemiTnuRenihcaM

*a1-12 ni-laeSecnadepmIa1enoZ

*1-12 ni-laeSecnadepmI1enoZ

*2-12 ni-laeSecnadepmI2enoZ

*52 ni-laeSkcehCcnyS

*P1-72 ni-laeSegatlovrednUesahP-elgniS

*P3-72 ni-laeSegatlovrednUesahP-eerhT

*R23 ni-laeSrewoPesreveR

*OF23 ni-laeSrewoprevOdrawroF

*UF23 ni-laeSrewoprednUdrawroF

*T04 ni-laeS)pirT1enoZ(noitaticxEfossoL

*A04 ni-laeS)mralA2enoZ(noitaticxEfossoL

*Q64 ni-laeSCOemiTecneuqeS-evitageN

*P05 ni-laeSCOsuoenatnatsnIesahP

*P15 ni-laeStnerrucrevOemiTesahP

*G15 ni-laeStnerrucrevOemiTdnuorG

*CV15 ni-laeSCOTdellortnoC-egatloV

*RV15 ni-laeSCOTdeniartseR-egatloV

*95 ni-laeSegatlovrevOesahPelgniS

*42 ni-laeSztreHrepstloV

*G95 ni-laeSegatlovrevOdnuorG
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Table 6-1 con’t. Programmable Output Logical Functions (Continued)

*Seal In Alarm

cigoLtuptuOelbammargorP noitpircseDnoitcnuF

*P76 ni-laeSCO–emiTlanoitceriDesahP

*N76 ni-laeSCO–emiTlanoitceriDdnuorG

*1U18 ni-laeS)egatstsrif(ycneuqerfrednU

*1O18 ni-laeS)egatstsrif(ycneuqerfrevO

*2U18 )egatsdnoces(ycneuqerfrednU ni-laeS

*2O18 )egatsdnoces(ycneuqerfrevO ni-laeS

*M78 laitnereffiDenihcaM ni-laeS

*G72 VUdnuorGrotatScinomraHdrihT ni-laeS

*EI05 ni-laeSnoitazigrenEtnetrevdanI

*G15 tnerrucrevO–emiTdnuorG ni-laeS

*ATAP mralAtegraTAesahP ni-laeS

*ATBP mralAtegraTBesahP ni-laeS

*ATCP mralAtegraTCesahP ni-laeS

*AQ64 mralAecneuqeSevitageN ni-laeS

*A42 mralAztreHrepstloV ni-laeS

1OLU

eninehtfoynaetarepootuoywolla)sOLU(stuptuOlacigoLresUehT
.detsilesohtnahtrehtonoitcnufarofstcatnoc-TUOelbammargorp-resu

arotupnIlacigoLresUgnidnopserrocehtybdetressasiOLUhcaE
.dnammocsnoitacinummocADACS

;8tupnIlacigoLresUybdetressasi8tuptuOlacigoLresU,elpmaxeroF
.tupnIlacigoLresUrehtoynaybdetressaebtonnacti

2OLU

3OLU

4OLU

5OLU

6OLU

7OLU

8OLU

9OLU

*F46 ni-laeSnoitcnuFdnuorGdleiF
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Table 6-1 con’t. Programmable Output Logical Functions (Continued)

cigoLtuptuOelbammargorP noitpircseDnoitcnuF

1–OBF 1kcabdeeFlacigoLlanretnI

2–OBF 2kcabdeeFlacigoLlanretnI

3–OBF 3kcabdeeFlacigoLlanretnI

4–OBF 4kcabdeeFlacigoLlanretnI

5–OBF 5kcabdeeFlacigoLlanretnI

6–OBF 6kcabdeeFlacigoLlanretnI

7–OBF 7kcabdeeFlacigoLlanretnI

8–OBF 8kcabdeeFlacigoLlanretnI
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Programming the Output Contacts

Use ECP and follow these steps to program the output contacts on the Programmable Output
Map screen.
You can select up to 32 attributes to be displayed on the Programmable Output Map.

1. From the ECP Main Menu, select “Settings.”

2. From the Settings menu, select “Programmable Outputs.”
The Programmable Output Map screen appears.

3. To change an item in the output contact listing:
a. Use the mouse to select the desired position in the list of input functions.

A Logical Inputs Menu dialog box appears with a list of all the possible contact output functions.
 NOTE: You cannot access the Trip function.
b. Scroll through the list and select the desired function.  Select OK.
c. Scroll through the list until the contact you want is highlighted.
The name of the selected input function appears at the chosen position.

4. To map an output contact to a function:
a. Use the mouse to select the block to the right of the function and under the desired output.
b. Clicking on the box once creates a link between the function and the output contact.
c. Clicking a second time returns the box to its original (unmapped) state.

5. To change the logic of a contact:
a. Use the mouse to select the item in the logic row directly above the desired output.
b. Click on the logic state required (AND or OR).

6. To assign a name to an output:
a. Use the mouse to select the edit box in the NAME row over the desired output.
b. Type in the new name (up to 8 alphanumeric characters).
c. Select any other item on the screen to complete the edit.

7. To change a Timer value:
a. Use the mouse to adjust the slider bar for the TIMERS edit box over the desired output.
b. Increase the value of the setting by clicking on the right arrow or dragging the button to the right and

decrease the value by clicking on the left arrow or dragging the button to the left.
The time can range from 0.00 to 60.00 seconds.

8. Save your changes.
a. Select "Send Data" from the top menu.  Select "To Unit" from the drop-down menu.

A dialog box prompting for a password will appear.
b. Enter the password (5 blank spaces for default) and select OK.

9. Exit from the Programmable Outputs menu by selecting "Set/Exit" from the top menu.  Select "Exit" from
the drop-down menu.

Important:  If this is done before changes are sent to the relay as described in step 8, all changes will
be lost.
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Binary (Contact) Inputs

Programmable contact inputs are either single-ended, or double-ended. Single-ended inputs have one terminal
connection marked “+” and share a common terminal (# 3) marked “–”. Double-ended inputs have two terminal
connections, marked “+” and “–”. The recognition time for the change in state of an input is two (2) cycles.

These inputs have a continuous dc rating as stamped on the relay's nameplate.

Up to eight user-programmable contact inputs are available. The inputs are programmed via the External
Communications Program only.

A box with an "X", refers to a logical input that is enabled (asserted) when control voltage is applied (contact closed)
to the physical input and disabled (deasserted) when control voltage is not applied (contact open) to the physical
input.

An empty box refers to a logical input that is enabled (asserted) when  control voltage is not applied (contact open)
to the physical input and disabled (deasserted) when control voltage is applied (contact closed) to the physical input.

Up to 32 programmable input functions may be set up in the left hand column, from a library of over 60 possibilities.
To change a function in the left column, click on that box and make a selection from the Logical Select Menu library
that appears.  Refer to Table 6-2 for this library.
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Table 6-2. Programmable Input Functions

This table lists all available library logic functions that can be mapped to the programmable inputs.

cigoLtupnIelbammargorP noitpircseDnoitcnuF

a1-12 lortnoCeuqroTa1enoZecnadepmI

1-12 lortnoCeuqroT1enoZecnadepmI

2-12 lortnoCeuqroT2enoZecnadepmI

52 lortnoCeuqroTkcehCsuonorhcnyS

P1-72 lortnoCeuqroTegatlovrednUesahPelgniS

P3-72 lortnoCeuqroTegatlovrednUesahPeerhT

OF23 lortnoCeuqroTrewoprevO

UF23 lortnoCeuqroTrewoprednU

R23 lortnoCeuqroTrewoPesreveR

Q64 lortnoCeuqroTtnerrucrevOecneuqeSevitageN

P05 lortnoCeuqroTtnerrucrevOsuoenatnatsnIesahP

G05 lortnoCeuqroTtnerrucrevOsuoenatnatsnIdnuorG

P15 lortnoCeuqroTtnerrucrevO-emiTesahP

G15 lortnoCeuqroTtnerrucrevO-emiTdnuorG

V15 lortnoCeuqroTtnerrucrevO-emiTesahPtnednepeDegatloV

95 lortnoCeuqroTegatlovrevO

42 lortnoCeuqroTzH/stloV

G95 lortnoCeuqroTegatlovrevOdnuorGrotatSG95

P76 lortnoCeuqroTCOlanoitceriDesahP

N76 lortnoCeuqroTCOlanoitceriDdnuorG

1-U18 lortnoCeuqroTycneuqerfrednU1petS

1-O18 lortnoCeuqroTycneuqerfrevO1petS

2-U18 lortnoCeuqroTycneuqerfrednU2petS

2-O18 lortnoCeuqroTycneuqerfrevO2petS

M78 lortnoCeuqroTlaitnereffiDenihcaM

G72 lortnoCeuqroTegatlovrednUcinomraH-drihTdnuorGrotatS
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Table 6-2 con’t. Programmable Input Functions

cigoLtupnIelbammargorP noitpircseDnoitcnuF

R42 teseRyromemlamrehTsuoenatnatsnIztreHrepstloV

RQ64 teseRyromeMlamrehTsuoenatnatsnICO.qeSevitageN

T04 )pirT(1enoZ-lortnoCeuqroTnoitaticxEfossoL

A04 )mralA(2enoZ-lortnoCeuqroTnoitaticxEfossoL

A25 )tcatnocs'rekaerbswollof(noitisoPrekaerB

MCT gnirotinoMlioCpirT

1TLA elbaTsgnitteS1etanretlAselbanE

2TLA elbaTsgnitteS2etanretlAselbanE

1ICE droceRtluaFniataddetaitinierutpaC1#tnevE

2ICE droceRtluaFniataddetaitinierutpaC2#tnevE

ICW erutpaCmrofevaWaetaitinI

NEPO pirTlanretxEnaetaitinI

IRC sretnuocpirtlaitnereffiddnatnerrucrevosteseR

A78 AesahPpirTlaitnereffiDlanretxE

B78 BesahPpirTlaitnereffiDlanretxE

C78 CesahPpirTlaitnereffiDlanretxE

1ILU

tcatnocROroDNAyllacigolotuoyswolla9ILU–1ILU
era9hguorht1)sILU(stupnIlacigoLresU.rehtegotstupni
)sOLU(stuptuOlacigoLresUgnidnopserrocehtotdeppam
resUehT.neercstuptuOelbammargorPehtni9hguorht1

cificepsresuenifedotresuehtwollastupnIlacigoL
ehtnidedulcnitoneratahtstupnitcatnocehtrofsnoitcnuf

.evobayrarbillacigoLtupnIelbammargorP

2ILU

3ILU

4ILU

5ILU

6ILU

7ILU

8ILU

9ILU
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Table 6-2 con’t. Programmable Input Functions

cigoLtupnIelbammargorP noitpircseDnoitcnuF

TGRTLC stegraTlenaPtnorFsteseR

LAESLC sni-laeSllAsteseR

F46 yaleRlanretxEmorftupnInoitcnuFtluaFdnuorGdleiF

AUFB06 yaleRlanretxEmorftupnIesuFnwolB

1-BF 1kcabdeeFlacigoLlanretnI

2-BF 2kcabdeeFlacigoLlanretnI

3-BF 3kcabdeeFlacigoLlanretnI

4-BF 4kcabdeeFlacigoLlanretnI

5-BF 5kcabdeeFlacigoLlanretnI

6-BF 6kcabdeeFlacigoLlanretnI

7-BF 7kcabdeeFlacigoLlanretnI

8-BF 8kcabdeeFlacigoLlanretnI

CTEI lortnoCeuqroTnoitazigrenEtnetrevdanI

RESU egasseMdenifeDresUehtyalpsiD
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User Logical Inputs/Outputs
In addition to the factory assigned logic functions above, there are nine additional "User Logic Input" functions that
can be mapped to any input/output contact (See Table 6-2).  The user logical inputs (ULI1 - ULI9) are internally
tied to the same numbered user logical outputs (ULO1- ULO9).  When the user logical outputs are mapped to an
output contact, that contact is controlled by the state of the corresponding user logical input.  The state of the user
logical input is controlled through either a mapped input contact or SCADA communications commands.  When a
user logical input is mapped to a contact input, SCADA commands have no effect on that user logical input.

Application Notes on Programmable Logic
Refer to Application Notes AN-30 and AN-31 for additional information on the use of the programmable logic
features of the GPI2000R.

Programming the Binary (Contact) Inputs

Use ECP and follow these steps to program the binary (contact) inputs on the Programmable Input Map screen:

1. From the ECP Main Menu, select “Settings.”

2. From the Settings menu, select “Programmable Inputs.”
The Programmable Input Map screen appears.

3. To change an item in the input contact listing:
a. Use the mouse to select the desired position in the list of input functions.

A Logical Inputs Menu dialog box appears with a list of all the possible contact input functions.
b. Scroll through the list and select the desired function.  Select OK.

The name of the selected input function appears at the chosen position.

4. To map an input contact to a function:
a. Use the mouse to select the block to the right of the function and under the desired input.
b. Clicking on the box once creates an Enabled=Opened,Disabled =Closed contact.
c. Clicking on the box again creates an Enabled=Closed,Disabled=Opened contact.
d. Clicking a third time returns the box to its' original (unmapped) state.

5. To change the logic of a contact:
a. Use the mouse to select the item in the logic column just to the right of the desired function.
b. Click on the logic state required (AND or OR).

6. To assign a name to an input:
a. Use the mouse to select the edit box in the NAME row over the desired input.
b. Type in the new name (up to 8 characters).
c. Select any other item on the screen to complete the edit

7. Save your changes.
a. Select "Send Data" from the top menu.  Select "To Unit" from the drop-down menu.

A dialog box prompting for a password will appear.
b. Enter the password (4 blank spaces for default) and select OK.

The new settings are sent to the relay.

8.   Exit from the Programmable Inputs menu by selecting "Set/Exit" from the top menu.  Select "Exit" from the
drop down menu.

Important:  If this is done before settings are sent to the relay as described in step 7, all setting
changes will be lost.
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Metering
The man-machine interface (MMI) continuously displays rms current magnitudes for Ia, Ib, Ic and In and rms
voltage magnitudes for Van, Vbn and  Vcn (Wye-connected VTs) or for Vab, Vbc and Vca (Delta-connected VTs).
For the MMI to show correct primary values, you must  enter the ratio of the CTs and VTs and the type of VT
connection (Wye phase-to-ground or Delta phase-to-phase, nominal voltage) into the Configuration Settings. Use
the meter menu to confirm continuity of current and voltage through each input sensor. Voltage Van (Vab) is shown
at 0º phase angle and is used as a reference for the other voltage and current phase angles. The MMI also allows
you to scroll through the numerous system parameters listed below.

The metered sequence voltage components of the GPU-2000R (V1 and V2 ) are derived from the line-to-neutral
voltages, regardless if the unit is wired in a Wye or Delta configuration. If a balanced condition is assumed:

• In a Delta configuration the angle of the positive sequence voltage (V1 ) leads Vab by 330º.

• In a Wye configuration the angle of the positive sequence voltage (V1 ) equals Van (V1 = Van = 0º).

Load Values

• Phase currents Ia, Ib and Ic

– Amperes

– Degrees

• Ground current In

– Amperes

– Degrees

• Phase voltage Van, Vbn and Vcn for Wye VTs

– Kilovolts

– Degrees

• Phase voltage Vab, Vbc and Vca for Delta VTs

– Kilovolts

– Degrees

• Kilowatts per phase and 3-phase for Wye VTs and 3-phase for Delta VTs

• KiloVARs per phase and 3-phase for Wye VTs and 3-phase for Delta VTs

• Kilowatt-hours per phase and 3-phase for Wye VTs and 3-phase for Delta VTs

• KiloVAR-hours per phase and 3-phase for Wye VTs and 3-phase for Delta VTs

• Zero (I0 ), positive (I1 ) and negative (I2 ) sequence currents

– Amperes

– Degrees

• Positive (V1 ) and negative (V2 ) sequence voltages

– Kilovolts

– Degrees

• Power factor

• Frequency

Figure 1. GPU-2000R Metering  and Protective Conventions

180o

270o

90o

-Kw    +Kw

+KVAR

-KVAR

Van

Ia
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Demand Values

• Demand (phase and ground) currents in amperes

• Demand kilowatts

– Per phase and 3-phase for Wye VTs

– 3-phase for Delta VTs

• Demand kiloVARs

– Per phase and 3-phase for Wye VTs

– 3-phase for Delta VTs

Maximum and Minimum Values

• Maximum and minimum (phase and ground) currents in amperes

• Date and time stamp for maximum and minimum (phase and ground) currents

• Maximum and minimum kilowatts

– Per phase and 3-phase for Wye VTs

– 3-phase for Delta VTs

• Date and time stamp for maximum and minimum kilowatts

• Maximum and minimum kiloVARs per phase and 3-phase for Wye VTs; 3-phase for Delta VTs

• Date and time stamp for maximum and minimum kiloVARs

The demand currents are calculated by using a log10 function and replicate thermal demand ammeters. The demand
kilowatts and kiloVARs are averaged values that are calculated by using the kilowatt-hours, kiloVAR-hours and the
selected Demand Meter Constant. The Demand Meter Constant is a time interval you can program for 5, 15, 30, or
60 minutes. It is found in the Configuration Settings (see Table 6).

Examples of the metering displays for Load, Demand, Maximum/Minimum Values and Fault Records are shown on
the next page.

3rd Harmonic Metering Function

• Provided as an aid to the application of the 27G Third-Harmonic Undervoltage protection element.

The measurement is made for the voltage applied at terminals 35-36.  The 27G operating voltage must be set
below the minimum value of third-harmonic seen under any loading condition during the normal operation of the
machine.  The third-harmonic metering function  includes retention of the min and max values and the load current
conditions at those times.
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Figure 2. Man-Machine Interface Metering Display

Below are man-machine interface (MMI) sample screens of the metered load values, demand values and
maximum/minimum values captured by the relay

Load Values

Max Ia: 425
08/20/94 16:25

Min Ia: 55
08/03/94 04:10

Max Ib: 405
08/20/94 16:30

Min Ib: 46
08/02/94 04:22

Max Ic: 415
08/20/94 16:18

Min Ic: 52
08/03/94 03:55

Max In: 38
08/15/94 15:46

Min In: 0
08/03/94 03:17

Max kW-A 2983
08/20/94 16:25

Min kW-A 432
08/03/94 04:10

Max kW-B 2843
8/20/94 16:32

Min kW-B 361
08/02/94 04:21

Max kW-C 2913
08/20/94 16:19

Min kW-C 408
08/04/94 03:55

Max kW-3P 8885
08/20/94 16:23

Min kW-3P 1140
08/02/94 03:58

Max kVAR-A 1425
08/20/94 16:27

Min kVAR-A –120
08/03/94 04:02

Max kVAR-B 1379
08/20/94 16:28

Min kVAR-B –117
08/02/94 04:24

Max kVAR-C 1392
08/20/94 16:17

Min kVAR-C –124
08/03/94 03:52

Max kVAR-3P 4160
08/20/94 16:19

Min kVAR-3P –355
08/02/94 04:12

Maximum/Minimum Values

 ----- Load Values -----

I a - L:   320   344
I b - L:   318   224
I c  - L:   320   104
IN:        0  0
I a - N:   320   344
I b - N:   318   224
I c - N:   320   104
IG:        0  0
Iop -A:        0  0
Iop -B        0  0
Iop -C        0  0
kVan: 7.80 0
kVbn: 7.80   240
kVcn: 7.80   120
V0 :        0  0
VBUS: 7.80 0
kW-A:  2396
kW-B:  2380
kW-C:  2396
kW-3P:  7172
kVAR-A:     692
kVAR-B:     695
kVAR-C:     699
kVAR-3P:  2093
kWHr-A: 575040
kWHr-B: 571065
kWHr-C: 576110
kWHr-3P:
kVarHr-A: 165440
kVarHr-B: 164997
kVarHr-C: 165225
kVarHr-3P: 495662
I0 :        0  0
I1 :   320   344
I2 :         2 
kV1: 7.80
kV2 0.00
PF: 0.00 Lagging
Freq: 60.03

1722215

:

Demand Values

➔

___Demand  Values___
Ia: 305
Ib: 297
Ic: 302
In:         8
kW-A: 2283
kW-B: 2225
kW-C: 2247
kW-3P:                  6750
kVAR-A:   664
kVAR-B:   655
kVAR-C:   662
kVAR-3P: 1978

➔

3rd Harmonic

----- 3rd Harmonic ----

Max: 03/02/98 16:22
V0 MAX     12.2
at Ia  1344   104
at Ib  1344              0
at Ic  1344              0
at IN          0               0
Min: 02/17/98  08:23
V0  MIN       4.6
at Ia      56               0
at Ib      55     24 0
at Ic      56     120
at IN         0               0
Reset Min/Max ?
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Records Menu

The GPU-2000R provides detailed fault and operations records for analyzing your systems operations.  The
optional Waveform Capture/Oscillography feature is described in Section 10.

A FAULT–RECORD is created only when a protection element causes a trip through the Master Trip Output.
Operation of elements not programmed to the MTO, but to other output contacts will be logged in the Operations
Record.

Fault Summary

The GPU-2000R provides a summary of the last 32 faults. The Fault Summary includes the:

• Record number (most recent listed first as "1")

• Fault number (numbered in order occurred)

• Active settings table

• Fault type

• Date and time

• Phase and neutral currents (magnitude only)

After a fault, the MMI continuously displays the fault currents (magnitude only) until the targets are reset. Save the
Fault Summary as a file via the ECP.
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Fault Record

The Fault Record contains the last 32 faults. The Fault Record displays one fault at a time and includes the
following information:

• Fault number

• Fault Type

• Date and time

• Tripping element

• Relay operate time

• Breaker operate time

• Phase and neutral currents (magnitude and
angle)

• Positive, negative and zero sequence cur-
rents (magnitude and angle)

• Phase voltages (magnitude and angle)

• Positive and negative sequence voltages (mag-
nitude and angle)

• Machine run time

• Active settings table

• Record type

• Connection type

Save the Fault Record as a file by using ECP.

Operations Record

The Operations Record contains the last 128 operations. The Operations Record includes the:

• Record number (most recent listed as "1")

• Operation number (numbered sequentially in order of occurrence)

• Description of the operation

• Date and time of the operation

Operations include overcurrent trips, activation of binary inputs and output contacts, alarm conditions and Functional
Test Mode data. One fault can cause many operations to be logged. Save the Operations Record as a file by using
ECP.

When the operation number reaches 999, the screen resets to 1.
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Operations Log Listing

Listed in Table 8-1 are all of the possible operations records and their descriptions.

Table 8-1.  Operations Record Log

snoitarepO
goLdroceR

noitinifeD

pirTa1-12 .detareposahtnemeleecnadepmia1enoZehttahtsetacidnI

pirT1-12 .detareposahtnemeleecnadepmi1enoZehttahtsetacidnI

pirT2-12 .detareposahtnemeleecnadepmi2enoZehttahtsetacidnI

mralA52
tcatnocdemmargorpehtdnadeniatboneebsahmsinorhcnysfonoitidnocatahtsetacidnI

.detressa

mralAP1-72 .detarepodnatuodemitsah,P1-72,tnemeleegatlovrednuesahpelgnisehttahtsetacidnI

mralAP3-72 .detarepodnatuodemitsah,P3-72,tnemeleegatlovesahpeerhtehttahtsetacidnI

pirTG72 .detarepodnatuodemitsahtnemeleegatlovrednucinomrah-drihtehttahtsetacidnI

pirTOF23 .detarepodnatuodemitsahtnemelerewoprevodrawrofehttahtsetacidnI

pirTUF23 .detarepodnatuodemitsahtnemelerewoprednudrawrofehttahtsetacidnI

pirTR23 .detarepodnatuodemitsahtnemelerewopesreverehttahtsetacidnI

pirT04 .detarepodnatuodemitsah)1enoZ(tnemelenoitaticxefossolehttahtsetacidnI

mralA04 .detarepodnatuodemitsah)2enoZ(tinumralanoitaticxefossolehttahtsetacidnI

pirTQ64 .detarepodnatuodemitsahtnemeletnerrucrevo-emitecneuqes-evitagenehttahtsetacidnI

mralAQ64 .detareposahtinumralatnerrucrevoecneuqes-evitagenehttahtsetacidnI

pirTP05 .detareposahtnemeletnerrucrevosuoenatnatsniesahpehttahtsetacidnI

pirTG05 .detareposahtnemeletnerrucrevosuoenatnatsnidnuorgehttahtsetacidnI
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Table 8-1.  Operations Record Log

snoitarepO
goLdroceR

noitinifeD

pirTP15 .detarepodnatuodemitsahtnemeletnerrucrevo-emitesahpehttahtsetacidnI

pirTG15 .detarepodnatuodemitsahtnemeletnerrucrevo-emitdnuorgehttahtsetacidnI

pirTV15 .detarepodnatuodemitsahtnemeletnerrucrevo-emittnednepedegatlovehttahtsetacidnI

pirTG95 .detarepodnatuodemitsahtnemeleegatlovdnuorgehttahtsetacidnI

pirTP76 .detarepodnatuodemitsahtnemeletnerrucrevo-emitlanoitcerid-esahpehttahtsetacidnI

pirTN76 .detarepodnatuodemitsahtnemeletnerrucrevo-emitlanoitcerid-dnuorgehttahtsetacidnI

-revO1-O18
ycneuqerf

.detarepodnatuodemitsahtnemele1eludomycneuqerfrevoehttahtsetacidnI

-revO2-O18
ycneuqerf

.detarepodnatuodemitsahtnemele2eludomycneuqerfrevoehttahtsetacidnI

-rednU1-U18
ycneuqerf

.detarepodnatuodemitsahtnemele1eludomycneuqerfrednuehttahtsetacidnI

-rednU2-O18
ycneuqerf

.detarepodnatuodemitsahtnemele2eludomycneuqerfrednuehttahtsetacidnI

kcolBV18 .gnittesdlohserhtV18ehtwolebllefegatlovfosesahperomroenotahtsetacidnI

pirTM78 .detarepodnatuodemitsahtnemelelaitnereffidenihcamehttahtsetacidnI

pirT42 .detarepodnatuodemitsahtnemelegnippirTztreHrepstloVehttahtsetacidnI

mralA42 .detarepodnatuodemitsahtnemelemralaztreHrepstloVehttahtsetacidnI
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Table 8-1.  Operations Record Log

snoitarepO
goLdroceR

noitinifeD

pirTEI05 .detarepodnatuodemitsahtnemelenoitazigrenetnatrevdaniehttahtsetacidnI

mralAF46 .yalerF46lanretxeehtmorfdeviecerneebsahlangiseruliafdnuorgdleifatahtsetacidnI

05pUkcaB
.torP

sawmetsysehterofebwolftnerrucfonoitcetedehtoteudderruccopirtatahtsetacidnI
.enilnothguorb

pirT95 .detarepodnatuodemitsahtnemeleegatlovrevoehttahtsetacidnI

mralA95 .detareposah,95,tnemeleegatlovrevoehttahtsetacidnI

seniL52
.decnyS

.tuptuokcehcmsinorhcnysehtfonoitareponiatboottemerewsnoitidnocsetacidnI

tsoLcnyS52 .detressa-edsawtuptuokcehccnysehtdnatsolsawmsinorhcnystahtsetacidnI

tinU1-12
delbanE

elbaneotdetressasawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemeleehtfonoitarepo

tinU1-12
delbasiD

otdetressa-edsawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemelesihtfonoitarepokcolb

tinUA1-12
delbanE

elbaneotdetressasawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemeleehtfonoitarepo

tinUA1-12
delbasiD

otdetressa-edsawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemelesihtfonoitarepokcolb

tinU2-12
delbanE

elbaneotdetressasawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemeleehtfonoitarepo

tinU2-12
delbasiD

otdetressa-edsawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemelesihtfonoitarepokcolb

tinU52
delbanE

elbaneotdetressasawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemeleehtfonoitarepo

tinU52
delbasiD

otdetressa-edsawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemelesihtfonoitarepokcolb

tinU1-72
delbanE

elbaneotdetressasawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemeleehtfonoitarepo

tinU1-72
delbasiD

otdetressa-edsawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemelesihtfonoitarepokcolb
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Table 8-1.  Operations Record Log

snoitarepO
goLdroceR

noitinifeD

tinU3-72
delbanE

elbaneotdetressasawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemeleehtfonoitarepo

tinU3-72
delbasiD

otdetressa-edsawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemelesihtfonoitarepokcolb

tinUOF23
delbanE

elbaneotdetressasawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemeleehtfonoitarepo

tinUOF23
delbasiD

otdetressa-edsawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemelesihtfonoitarepokcolb

tinUUF23
delbanE

elbaneotdetressasawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemeleehtfonoitarepo

tinUUF23
delbasiD

otdetressa-edsawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemelesihtfonoitarepokcolb

tinUR23
delbanE

elbaneotdetressasawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemeleehtfonoitarepo

tinUR23
delbasiD

otdetressa-edsawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemelesihtfonoitarepokcolb

tinUQ64
delbanE

elbaneotdetressasawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemeleehtfonoitarepo

tinUQ64
delbasiD

otdetressa-edsawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemelesihtfonoitarepokcolb

tinUP05
delbanE

elbaneotdetressasawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemeleehtfonoitarepo

tinUP05
delbasiD

otdetressa-edsawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemelesihtfonoitarepokcolb

tinUG05
delbanE

elbaneotdetressasawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemeleehtfonoitarepo

tinUG05
delbasiD

otdetressa-edsawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemelesihtfonoitarepokcolb

tinUP15
delbanE

elbaneotdetressasawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemeleehtfonoitarepo

tinUP15
delbasiD

otdetressa-edsawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemelesihtfonoitarepokcolb
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snoitarepO
goLdroceR

noitinifeD

tinUG15
delbanE

elbaneotdetressasawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemeleehtfonoitarepo

tinUG15
delbasiD

otdetressa-edsawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemelesihtfonoitarepokcolb

tinUV15
delbanE

elbaneotdetressasawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemeleehtfonoitarepo

tinUV15
delbasiD

otdetressa-edsawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemelesihtfonoitarepokcolb

tinU95
delbanE

elbaneotdetressasawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemeleehtfonoitarepo

tinU95
delbasiD

otdetressa-edsawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemelesihtfonoitarepokcolb

tinU42
delbanE

elbaneotdetressasawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemeleehtfonoitarepo

tinU42
delbasiD

otdetressa-edsawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemelesihtfonoitarepokcolb

tinuG95
delbanE

elbaneotdetressasawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemeleehtfonoitarepo

tinUG95
delbasiD

otdetressa-edsawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemelesihtfonoitarepokcolb

tinUP76
delbanE

elbaneotdetressasawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemeleehtfonoitarepo

tinUP76
delbasiD

otdetressa-edsawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemelesihtfonoitarepokcolb

tinUN76
delbanE

elbaneotdetressasawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemeleehtfonoitarepo

tinUN76
delbasiD

otdetressa-edsawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemelesihtfonoitarepokcolb

tinU1U18
delbanE

elbaneotdetressasawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemeleehtfonoitarepo

tinU1U18
delbasiD

otdetressa-edsawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemelesihtfonoitarepokcolb
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tinU1O18
delbanE

elbaneotdetressasawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemeleehtfonoitarepo

tinU1O18
delbasiD

otdetressa-edsawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemelesihtfonoitarepokcolb

tinU2U18
delbanE

elbaneotdetressasawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemeleehtfonoitarepo

tinU2U18
delbasiD

otdetressa-edsawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemelesihtfonoitarepokcolb

tinU2O18
delbanE

elbaneotdetressasawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemeleehtfonoitarepo

tinU2O18
delbasiD

otdetressa-edsawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemelesihtfonoitarepokcolb

tinUM78
delbanE

elbaneotdetressasawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemeleehtfonoitarepo

tinUM78
delbasiD

otdetressa-edsawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemelesihtfonoitarepokcolb

tinUG72
delbanE

elbaneotdetressasawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemeleehtfonoitarepo

tinuG72
delbasiD

otdetressa-edsawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemelesihtfonoitarepokcolb

yromeMRQ64
teseR

foyromemlamrehtehtteserotredronidetressasawtupnielbammargorpehttahtsetacidnI
Q64tnemeletnerrucrevo-emitecneuqes-evitageneht

yromeMRQ64
delbanE

ehtniemitfonoitalumuccawollaotdetressa-edsawtupnielbammargorpehttahtsetacidnI
.tnemeleQ64ehtfoyromemlamreht
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noitinifeD

tinU1Z04
delbanE

elbaneotdetressasawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemeleehtfonoitarepo

tinU1Z04
delbasiD

otdetressa-edsawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemelesihtfonoitarepokcolb

tinU2Z04
delbanE

elbaneotdetressasawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemeleehtfonoitarepo

tinU2Z04
delbasiD

otdetressa-edsawtnemelesihtroftupnilortnoc-euqrotdemmargorpehttahtsetacidnI
.tnemelesihtfonoitarepokcolb

,tluaFM78txE
AHP

enihcamAesahplanretxenamorfdetressaneebsahtupnidemmargorpehttahtsetacidnI
.yalerlaitnereffid

,tluaFM78txE
BHP

enihcamBesahplanretxenamorfdetressaneebsahtupnidemmargorpehttahtsetacidnI
.yalerlaitnereffid

,tluaFM78txE
CHP

enihcamCesahplanretxenamorfdetressaneebsahtupnidemmargorpehttahtsetacidnI
.yalerlaitnereffid

M78txE
AHP,raelC

yalerlaitnereffidenihcamAesahplanretxenamorftupnidemmargorpehttahtsetacidnI
.detressa-edneebsah

m78txE
BHP,raelC

yalerlaitnereffidenihcamBesahplanretxenamorftupnidemmargorpehttahtsetacidnI
.detressa-edneebsah

M78txE
CHP,raelC

yalerlaitnereffidenihcamCesahplanretxenamorftupnidemmargorpehttahtsetacidnI
.detressa-edneebsah

teSyramirP
evitcA

yramirPehttahtdnaecalpkootpuorgsgnittesetanretlAnamorfnoitisnartatahtsetacidnI
.drocerehtnitniopsihttaevitcaerasgnittes

evitcAteS1tlA
tahtdnaecalpkootpuorgsgnittesyramirPro2etanretlAnamorfnoitisnartatahtsetacidnI

.drocerehtnitniopsihttaevitcaerasgnittes1etanretlAeht

evitcAteS2tlA
tahtdnaecalpkootpuorgsgnittesyramirPro1etanretlAnamorfnoitisnartatahtsetacidnI

.drocerehtnitniopsihttaevitcaerasgnittes2etanretlAeht
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esuFnwolB
mralA

elbammargorPehteeS.detareposahtuptuolacigolelbammargorp"AUFB"tahtsetacidnI
.sliatederomrof,tuptuo"AUFB"ehtyllacificepsnoitcesstuptuO

lioCpirT
eruliaF

yllacificeps,6noitceSeeS.eruliafliocpirtadetacidni"MCT"tupnilacigolehttahtsetacidnI
.tupni"MCT"eht

detalumuccA
ISK

,6noitceSeeS.gnittesmralAISKehtdedeecxesahnoitammusISKehttahtsetacidnI
.sliatederomrof,tuptuo"ISK"ehtyllacificeps

pirTCO
retnuoC

retnuoCpirTtnerrucrevOehtdedeecxesahretnuoCpirTtnerrucrevOehttahtsetacidnI
.sliatederomrof,tuptuo"CTCO"ehtyllacificeps,6noitceSeeS.gnittesmralA

esahP
dnameD

mralA

mralAtnerruCdnameDesahPehtdedeecxesahtnerrucdnamedesapehttahtsetacidnI
.sliatederomrof,tuptuo"ADP"ehtyllacificeps,6noitceSeeS.gnittes

lartueN
mlAdnameD

mralAtnerruCdnameDlartueNehtdedeecxesahtnerrucdnamedlartuenehttahtsetacidnI
.sliatederomrof,tuptuo"ADN"ehtyllacificeps,6noitceSeeS.gnittes

dnameDRAVk
mralA

.gnittesmralArAVoliKdnameDehtdedeecxeevahsrAVoliKdnamedehttahtsetacidnI
.sliatederomrof,tuptuo"ADRAV"ehtyllacificeps,6noitceSeeS

mralAFPwoL
eeS.gnittesmralArotcaFrewoPwoLehtwolebenogsahrotcafrewopehttahtsetacidnI

.sliatederomrof,tuptuo"AFPL"ehtyllacificeps,6noitceSeht

mralAFPhgiH
eeS.gnittesmralArotcaFrewoPhgiHehtevobanesirsahrotcafrewopehttahtsetacidnI

.sliatederomrof,tuptuo"AFPH"ehtyllacificeps,6noitceS

mralAdaoL
noitceSeeS.gnittesmralAtnerruCdaoLehtdedeecxesahtnerrucdaolehttahtsetacidnI

.sliatederomrof,tuptuo"ADAOL"ehtyllacificeps,6

RAVk.soP
mralA

.gnittesmralArAVoliKevitisoPehtdedeecxeevahsrAVoliKevitisopehttahtsetacidnI
.sliatederomrof,tuptuo"ArAVP"ehtyllacificeps,6gnitteS

RAVk.geN
mralA

.gnittesmralArAVoliKevitagenehtdedeecxeevahsrAVoliKevitagenehttahtsetacidnI
.sliatederomrof,tuptuo"ArAVN"ehtyllacificeps,6noitceSeeS

ttaW.soP
"1mralA

.gnittes1mralAttawoliKevitisoPehtdedeecxeevahsttawolikevitisopehttahtsetacidnI
.sliatederomrof,tuptuo"1ttawP"ehtyllacificeps,6noitceSeeS

ttaW.soP
"2mralA

.gnittes2mralAttawoliKevitisoPehtdedeecxeevahsttawolikevitisopehttahtsetacidnI
.sliatederomrof,tuptuo"2ttawP"ehtyllacificeps,6noitceSeeS
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mrofevaW
erutpaC

.smsinahcemreggirttesehtybdereggirtsawerutpacmrofevawasetacidnI

tupnIIRC
desolC

",IRC",sretnuoCtnerrucrevOdnaesolceRraelCtupnielbammargorpehttahtsetacidnI
rof,tupni"IRC"ehtyllacificeps,6noitceSeeS.1lacigolaot0lacigolamorfdenoitisnart

.sliatederom

tupnIIRC
denepO

",IRC",sretnuoCtnerrucrevOdnaesolceRraelCtupnielbammargorpehttahtsetacidnI
rof,tupni"IRC"ehtyllacificeps,6noitceSeeS.0lacigolaot1lacigolamorfdenoitisnart

.sliatederom

eruliaFMOR
troppuSlacinhceTBBAtcatnoC.yromeMylnOdaeRR0002-UPGehtfoeruliafasetacidnI

5006-436-008-1,emitsihtta

eruliaFMAR
lacinhceTBBAtcatnoC.yromeMsseccAmodnaRR0002-UPGehtfoeruliafasetacidnI

5006-436-008-1,emitsihttatroppuS

tseTfleS
deliaF

ehteeS.erudecorpkcehcflesehtgnirudR0002-UPGehtfoeruliafasetacidnI
.sliatederomrofnoitcesecnanetniaM

MORPEE
eruliaF

lacinhceTBBAtcatnoC.yromeMelitaloV-noNR0002-UPGehtfoeruliafasetacidnI
5006-436-008-1,emitsihttatroppuS

MARTAB
eruliaF

tcatnoC.yromeMsseccAmodnaRpu-dekcaByrettaBR0002-UPGehtfoeruliafasetacidnI
5006-436-008-1,emitsihttatroppuSlacinhceTBBA

eruliaFPSD
lacinhceTBBAtcatnoC.rossecorPlangiSlatigiDR0002-UPGehtfoeruliafasetacidnI

5006-436-008-1,emitsihttatroppuS

rewoPlortnoC
liaF

dlohserhtgnitareporewoplortnocehtwolebdeppordsahrewoplortnocehttahtsetacidnI
.noitcessnoitacificepSehtnideniltuosa

sseccArotidE .edamneebsahegnahcsgnittesatahtsetacidnI

pirTlaunaM .tinuR0002UPGehtotlanretxesnaemybdeneponeebsahrekaerbehttahtsetacidnI

deraelCtluaF
wolebtnerruc(deraelcneebsahdetarepopirTretsaMehthcihwroftluafatahtsetacidnI

)gnitteSpukciPeruliaFpirT
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pirTtceriD
ro,PCEro,IMMehtaivesolcotdednammocsawtuptuopirtretsamehttahtsetacidnI

.snoitacinummocADACS

otdeliaFBC
pirT

retfaremitliafpirtehtybdewolladoirepehtnihtiwpirtotdeliafrekaerbtiucricehtsetacidnI
.detressasawpirtretsam

spoPBC
nepO

hsiggulsA.g.e(.derruccoetatspirtotdeliafBCehtretfadeneporekaerbtiucricsetacidnI
)pirtpukcabaro,rekaerb

denepO_A25_
.etatsnepoehtot"A25"tupnilacigolelbammargorpehtfoetatsfoegnahcehtsetacidnI

)sneporekaerbtiucriC(

desolC_A25_
.etatsdesolcehtot"A25"tupnilacigolelbammargorpehtfoetatsfoegnahcehtsetacidnI

)sesolcrekaerbtiucriC(

tupnIMCT
denepO

-edsawnoitcnufrotinomtiucricpirtehtotdengissatupnielbammargorpehttahtsetacidnI
)htapnepo(detressa

tupnIMCT
desolC

sawnoitcnufrotinomtiucricpirtehtotdengissatupnielbammargorpehttahtsetacidnI
)suounitnochtaptiucric(detressa

tupnI1TLA
delbanE

etoN.detressasawsgnittes1etanretlAotdengissatupnielbammargorpehttahtsetacidnI
.sgnittesnoitarugifnocehtnidelbaneerasgnittes1TLAfiylnoevitceffeeblliwtupnisihttaht

tupnI1TLA
delbasiD

.detressa-edsawsgnittes1etanretlAotdengissatupnielbammargorpehttahtsetacidnI

tupnI2TLA
delbanE

etoN.detressasawsgnittes2etanretlAotdengissatupnielbammargorpehttahtsetacidnI
.sgnittesnoitarugifnocehtnidelbaneerasgnittes2TLAfiylnoevitceffeeblliwtupnisihttaht

tupnI2TLA
delbasiD

.detressa-edsawsgnittes2etanretlAotdengissatupnielbammargorpehttahtsetacidnI

pirTtxE
delbanE

ehttahtsetacidnidrocersihT.detressasaw"nepO"tupnielbammargorpehttahtsetacidnI
.pirtrekaerblautcanaylpmitonseodtI.ylno"nepO"tupnielbammargorpehtfoetats

pirTtxE
delbasiD

.detressa-edsaw"nepo"tupnielbammargorpehttahtsetacidnI
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1paCtnevE
tinI

.nekaterutpactnevenadnadetressasaw"1ICE"tupnielbammargorpehttahtsetacidnI
.sdroceRtluaFehtniderotssitneveehtmorfatadehT

1paCtnevE
teseR

.detressa-edsaw"1ICE"tupnielbammargorpehttahtsetacidnI

2paCtnevE
tinI

.nekaterutpactnevenadnadetressasaw"2ICE"tupnielbammargorpehttahtsetacidnI
.sdroceRtluaFehtniderotssitneveehtmorfatadehT

2paCtnevE
teseR

.detressa-edsaw"2ICE"tupnielbammargorpehttahtsetacidnI

tinIpaCevaW
erutpaccihpargollicsonadnadetressasaw"ICW"tupnielbammargorpehttahtsetacidnI

.sdroceRerutpaCmrofevaWehtniderotssitneveehtmorfatadehT.nekat

paCevaW
teseR

.detressa-edsaw"ICW"tupnielbammargorpehttahtsetacidnI

tupnI1ILU
desolC

eeS.1lacigolaot0lacigolamorfdenoitisnart,1ILU,tupnIlacigoLresUehttahtsetacidnI
.stupnIlacigoLresUnosliatederomrof6noitceS

tupnI1ILU
denepO

eeS.0lacigolaot1lacigolamorfdenoitisnart,1ILU,tupnIlacigoLresUehttahtsetacidnI
.stupnIlacigoLresUnosliatederomrof6noitceS

tupnI2ILU
desolC

eeS.1lacigolaot0lacigolamorfdenoitisnart,2ILU,tupnIlacigoLresUehttahtsetacidnI
.stupnIlacigoLresUnosliatederomrof6noitceS

tupnI2ILU
denepO

eeS.0lacigolaot1lacigolamorfdenoitisnart,2ILU,tupnIlacigoLresUehttahtsetacidnI
.stupnIlacigoLresUnosliatederomrof6noitceS

tupnI3ILU
desolC

eeS.1lacigolaot0lacigolamorfdenoitisnart,3ILU,tupnIlacigoLresUehttahtsetacidnI
.stupnIlacigoLresUnosliatederomrof6noitceS

tupnI3ILU
denepO

eeS.0lacigolaot1lacigolamorfdenoitisnart,3ILU,tupnIlacigoLresUehttahtsetacidnI
.stupnIlacigoLresUnosliatederomrof6noitceS

tupnI4ILU
desolC

eeS.1lacigolaot0lacigolamorfdenoitisnart,4ILU,tupnIlacigoLresUehttahtsetacidnI
.stupnIlacigoLresUnosliatederomrof6noitceS

tupnI4ILU
denepO

eeS.0lacigolaot1lacigolamorfdenoitisnart,4ILU,tupnIlacigoLresUehttahtsetacidnI
.stupnIlacigoLresUnosliatederomrof6noitceS
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tupnI5ILU
desolC

eeS.1lacigolaot0lacigolamorfdenoitisnart,5ILU,tupnIlacigoLresUehttahtsetacidnI
.stupnIlacigoLresUnosliatederomrof6noitceS

tupnI5ILU
denepO

eeS.0lacigolaot1lacigolamorfdenoitisnart,5ILU,tupnIlacigoLresUehttahtsetacidnI
.stupnIlacigoLresUnosliatederomrof6noitceS

tupnI6ILU
desolC

eeS.1lacigolaot0lacigolamorfdenoitisnart,6ILU,tupnIlacigoLresUehttahtsetacidnI
.stupnIlacigoLresUnosliatederomrof6noitceS

tupnI6ILU
denepO

eeS.0lacigolaot1lacigolamorfdenoitisnart,6ILU,tupnIlacigoLresUehttahtsetacidnI
.stupnIlacigoLresUnosliatederomrof6noitceS

tupnI7ILU
desolC

eeS.1lacigolaot0lacigolamorfdenoitisnart,7ILU,tupnIlacigoLresUehttahtsetacidnI
.stupnIlacigoLresUnosliatederomrof6noitceS

tupnI8ILU
denepO

eeS.0lacigolaot1lacigolamorfdenoitisnart,7ILU,tupnIlacigoLresUehttahtsetacidnI
.stupnIlacigoLresUnosliatederomrof6noitceS

tupnI8ILU
desolC

eeS.1lacigolaot0lacigolamorfdenoitisnart,8ILU,tupnIlacigoLresUehttahtsetacidnI
.stupnIlacigoLresUnosliatederomrof6noitceS

tupnI9ILU
denepO

eeS.0lacigolaot1lacigolamorfdenoitisnart,9ILU,tupnIlacigoLresUehttahtsetacidnI
.stupnIlacigoLresUnosliatederomrof6noitceS

tupnI9ILU
desolC

eeS.1lacigolaot0lacigolamorfdenoitisnart,9ILU,tupnIlacigoLresUehttahtsetacidnI
.stupnIlacigoLresUnosliatederomrof6noitceS

raelCtegraT
nO

lenaptnorfehtteserotdetressasawTGRTLCtupnielbammarborpehttahtsetacidnI
.stegrat

raelCtegraT
ffO

.detressa-edsawTGRTLCtupnielbammargorpehttahtsetacidnI

raelCnilaeS
nO

.stuptuoni-delaesehtteserotdetressasawLAESLCtupnielbammargorpehttahtsetacidnI

raelCnilaeS
ffO

.detressa-edsawLAESLCtupnielbammargorpehttahtsetacidnI

WSlanretnI
rorrE

tatroppuSlacinhceTBBAtcatnoC.rorreerawtfoslanretninadetcetedtinusetacidnI
.5006-436-008-1
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Operations Summary

The Operations Summary includes:

• Summation of breaker interruption duty on a per-phase basis in KSI (thousand symmetrical amperes)

• Number of overcurrent trips

• Number of breaker operations (overcurrent, load current and no load)

Save the Operations Summary as a file via the  ECP.

Unreported Records

When a SCADA application polls a relay, it sends the fault and operations information to the Unreported Fault and
Operations Records. At the same time the information also appears in the Fault and Operations Records. Records
remain in the Unreported Records until either SCADA downloads the information or you manually view the Unreported
Records screen. When either you manually download SCADA downloads the information, the entire Unreported
Records is cleared, the record counter on the Unreported Records Status screen drops to 0 and access to the
Unreported Records is denied until more information is reported. When you view a screen of Unreported Records,
the record counter decreases by the number of records that can fit onto your screen. For example, if your computer
screen can show 15 records, the record counter decreases by 15 when you exit the Unreported Records screen.

In this manner, the Unreported Records help by showing the faults and operations records that have occurred since
the last time SCADA downloaded or you viewed the Unreported Records. The Fault Summary, Fault Record,
Operations Summary and Operations Record do not identify which records have been reported and which remain
in the Unreported Records.
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Test Menu

The Test menu displays options for viewing the status of input and output contacts.

Physical I/O Status

The Physical I/O Status screen displays the physical, not logical, open/close status of all contact inputs and the
energized/de-energized status of all output relays. Use this display to confirm continuity through each optically
isolated contact input for both the opened (no voltage applied) and closed (voltage applied) states and to confirm
the status of each output relay.
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Logical Input/Output Status

Both the logical input and output status displays are available only through the External Communications Program
(ECP). The status of the logical inputs and outputs is shown in real time.  With these screens you can verify that
the logic you entered in the mapping screens is working properly without physically looking at the contacts.

Logical Input Status
The logical input status screen  displays which functions are enabled (energized) and disabled (not energized)
based on the contact input logic. Use this display to confirm whether or not the input logic is correct and provides
the desired results.  Assign the desired input functions to contact inputs for the functions to be enabled (asserted).
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Logical Output Status
The logical output status displays which output functions are energized and de-energized. Use this display to confirm
whether or not the functions are programmed correctly in the Primary, Alternate 1, Alternate 2, Programmable Inputs
and Alarm Settings tables. Also use it to check that the settings provide the desired results.  A logical output is
energized or set if its box has an "X".

Output Contacts (Password Protected)

By using the Output Contacts screen, you can activate all permanently programmed and user-programmed output
contacts via the MMI or the ECP. The output contacts are activated for a period of time equal to the Trip Failure Time
setting.  Place an "X" in the box for the output contact(s) you wish to energize.
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Miscellaneous Commands Menu

 The Miscellaneous Commands menu lets you:

•  View information about the GPU-2000R unit.

• Reset targets and alarms.

• Reset minimum and maximum demand values.

• Reset Seal In alarms.

• Set or reset alarms for user-programmable logic functions.

When you select Seal In/User Alarms from the Miscellaneous Commands Menu, a screen appears showing all the
Seal In and user-programmed alarms. On this screen you can remotely set (user-programmed logic functions only)
or reset the programmed output state of each alarm contact.  The state of the User logical outputs "ULO" status can
only be reset using the Reset alarms menu in the Miscellaneous Commands Menu.  The state of the ULO logic is
stored in nonvalatile memory and is not lost during loss of control power.
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Maintenance and Testing

Because of its continuous self-testing, the GPU-2000R requires no routine maintenance. However, you can conduct
testing to verify proper operation. ABB recommends that an inoperative unit be returned to the factory for repair. If you
need to return a unit, contact your local ABB sales office for a return authorization number.

High-Potential Tests

High-potential tests are not recommended. If a control wire insulation test is required, completely withdraw the
GPU-2000R from its case and perform only a DC high-potential test. (Surge suppression capacitors make it imposible
to do AC testing with the unit connected to the external wiring)

Withdrawing the GPU-2000R Electronics from the Case

The GPU-2000R can be disassembled to install optional equipment or to change jumper settings of the selectable
output contacts between normally open (NO) and normally closed (NC).

With exception of  the internal CTs and burden board, you can totally withdraw the GPU-2000R from its case. The main
system CT's are not open-circuited when this is done.

Follow these steps to disassemble the unit:

WARNING: Removal of the relay from the case exposes the user to dangerous voltages. Use extreme care. Do
not insert hands or other foreign objects into the case.

1. Loosen the knurled screws on the face of the GPU-2000R and gently remove the face and attached circuit board by
grasping the knurled screws and pulling the unit straight forward.  Pulling the board out at an angle or otherwise
stressing the board on extraction may damage the unit.  Once removed from the case, position the unit face down
on a static secured mat.

2. Install the desired options according to the instructions provided with those options.   The output relays are on the
top-left-rear section of the board (when viewed from the front) under the metal shield.  Movable jumper links
alongside the output relays set the selectable output contacts to normally open (NO) or normally closed (NC).  To
access the jumper links it is necessary to remove the shield, which is secured by a screw and 1/4" PCB mounting
stud.  If an AUX COM board is installed, it is necessary to withdraw the unit from its case completely to allow
access to the shield.

3. To reinstall the unit into the case, carefully align and insert the lips on both sides of the board into the guide rails on
the inside walls of the case and gently push the unit straight inward until it fully seats in the case.  Secure the
knurled screws.

Installing Software Revisions

You can install new software by connecting a PC to the GPU-2000R and downloading the software from the PC to the
GPU-2000R.  It is not necessary to open the unit to update software.  Instructions on downloading firmware follows later
in this section.
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System Verification Tests

In addition to the continuous internal self-diagnostics, you can perform routine hardware tests to verify that the GPU-
2000R is functioning properly.  Run these tests via the MMI or via the communications port and the External
Communications Program. The tests are:

1. Confirm pass/fail status of each Self-Check element by using the Test Menu.

2. Confirm continuity of current and voltage through each input sensor by using the Meter Menu.

3. Confirm continuity through each optically isolated contact input for both the opened and closed condition by
using the Test Menu.

4. Verify operation of each output contact by using the Test Menu.

5. Confirm that all relay settings are correct by using the Show Settings Menu.

6. Check the Fault and Operation Records for proper sequential operation.

GPU-2000R Acceptance Tests

Required Equipment

• Active 3 phase AC voltage with variable frequency and 3 phase current source with timer.

• IBM or compatible computer with available serial port and null modem communications cable.

Three phases of current are required for accurate measurement of  Watts, VARs, and power factor during the Metering,
Reverse Power, and Loss of Excitation tests.  All other tests can be performed with a single phase of current that is
moved to test all current inputs in the relay.
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Testing the GPU2000R – Table of Contents

Device
Number Function Test No. Page
Self Test Self Check via MMI 1 10-4
Metering Metering Test 2 10-5
21a-1 Distance/Impedance 19 10-12
21-1 Distance/Impedance 19A 10-13
21-2 Distance/Impedance 19B 10-13
24T Volts per Hertz 20 10-14
24A Volts per Hertz 20A 10-14
25 Synchronism Check 23 10-16
27 Undervoltage 13 10-10
 27G Stator Ground 3rd Harm.Undervoltage 14 10-10
 32R Reverse Power 21 10-15
 32O Over Power 22 10-15
 32U Under Power 22A 10-15
 40T Loss of Excitation – Trip 3 10-5
 40A Loss of Excitation – Alarm 3A 10-5
 46 Phase Unbalance/Negative Sequence 4 10-6
 50P Phase Instantaneous Overcurrent 5 10-6
 50G Ground Instantaneous Overcurrent 6 10-7
 50IE Inadvertent Energization 25 10-16
 51P Phase Time Overcurrent 7 10-7
 51G Ground Time Overcurrent 8 10-8
 51VC Voltage Controlled Time Overcurrent 11 10-9
 51VR Voltage Restraint Time Overcurrent 12 10-9
 59 Overvoltage 16 10-11
 59G Stator Ground Fault 15 10-11
 60 Fuse Failure Detection 24 10-16
 67P Phase Directional Overcurrent 9 10-8
 67N Ground Directional Overcurrent 10 10-8
 81O Overfrequency 17 10-11
 81U Underfrequency 17 10-11
 87M Current Differential 18 10-12

Table
No. Description Page
10-1 Primary Factory Default Settings 10-4
10-2 51VR Pickup Current 10-10

Figure
No. Description Page
10-1 Configuration Factory Default Settings 10-4
10-2 Connections for Tests 2, 3, 3A, 21, 22, 23A, 24 & 25 10-17
10-3 Connections for Tests 4, 9, 13, 16, 17, 20 & 20A 10-18
10-4 Connections for Tests 5, 7, 11, 12 & 18 10-18
10-5 Connections for Tests 5, 7, 19, 19A & 19B 10-19
10-6 Connections for Test 10 10-19
10-7 Connections for Tests 14 & 15 10-20
10-8 Connections for Tests 6 & 8 10-20
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Testing the GPU-2000R

All tests described below require the use of 3-phase voltage and 3-phase current for most tests. The 27G and 59G
elements also need an additional single-phase of voltage to test these functions. The tests are based on using the
factory default settings. See Table 10-1 and Figure 10-1 for these settings.

Test 1 - Verify Self-Checking Test Via MMI

Follow the steps listed to verify the pass/fail status of each self-check element on the GPU2000R.

a.) Connect the proper control power to the unit. Wait for initialization of the relay. The green STATUS LED should
light.

b.) From the MMI, press <E> to get to the Main Menu.
c.) Scroll down to “TEST” and press <E>
d.) The first choice is “Self TEST”: press <E>. All elements should read “pass”.
e.) Press “C” 3 times to return to the meter display.

Table 10-1.  GPU2000R Factory Default Settings-Primary Settings

Figure 10-1.  GPU2000R Factory Default Settings-Configuration Settings

50P = Disable 50IE = Disable
50G = Disable 27G = Disable
51P = Disable 59G = Disable
51G = Disable 27 = Disable
51V = Disable 59 = Disable
46Q = Disable 32R = Disable
67P = Disable 32O = Disable
67N = Disable 32U = Disable
87M = Disable 81 = Disable
40T = Disable 81U-1 = 56.00Hz 0.10 sec.
40A = Disable 81O-1 = Disable 0.10 sec.
24 = Disable 81U-2 = 56.00Hz 0.10 sec.
24A = Disable 81O-2 = Disable 0.10 sec.
25 = Disable 81V = 40V
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Test 2 - Metering Tests

Change the following Configuration settings:
Phase VT Ratio =  1.00
VT Connection = 69V Wye
Voltage Units = V (Volts)

a.) Make the test connections as shown in Figure 10-2, page 10-17.
b.) Apply a balanced 3-phase voltage of 69.0 volts RMS phase to neutral and a balanced 3-phase current of 3.0

amperes RMS in phase with the voltage to the relay.
c.) From the MMI main menu, press <E> twice to gain access to the metering menu.
d.) Press <E> on the load choice. The following should be within the ranges listed:

Test 3 - 40 Loss of Excitation Function: 40T Trip

Verify or change the following PRIMARY settings for this test:

40T = Enable
40A = Disable
40T Dia +Off = 100 Ohms
40T Offset = 50 Ohms
40T Time Delay = 1.0 Second

Make the test connections as shown in Figure 10-2, page 10-17. Apply a balanced voltage of 69.0 volts RMS phase to
neutral and a balanced 3-phase current of 0.10 amperes RMS with a phase angle of 270º lagging or 90º leading.

Slowly increase the current until the relay trips. The “Pickup” LED on the relay should light and the contact should
indicate a closed contact. The “Loss of Excitation” LED should also light. This should occur when the current magnitude
reaches 0.69 amperes RMS for one side of the MHO circle, and 1.38 amperes RMS for the other side of the circle.

Test 3A - 40 Loss of Excitation Function: 40A-Alarm

Verify or change the following PRIMARY setting for this test:

40T = Disable
40A = Enable
40A Dia + Off = 100 Ohms
40A Offset = 50 Ohms
40A Time Delay = 1.0 Second

Ia-L = 300.0 00 (±6 A) kVAR-A = 0 (+8 kW)
Ib-L = 300.0 2400 (±6 A) kVAR-B = 0 (+8 kW)
Ic-L = 300.0 1200 (±6 A) kVAR-C = 0 (+8 kW)
In = 0.0 (±6 A) kVAR-3P = 0 (+25 kW)
Ia-N = 0.00 kWhr-A = 0
Ib-N = 0.00 kWhr-B = 0
Ic-N = 0.00 kWhr-C = 0
IG = 0 kVarHr-A = 0
IOP-A = 300 kVarHr-B = 0
IOP-B = 300 kVarHr-C = 0
IOP-C = 300 Kvarhr-3P = 0
Van = 69  00 (±7 V) I0= 0.0 (±6 A)
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Vbn = 69 2400 (±7 V) I1 = 300.0 00 (±6 A)
Vcn = 69 1200 (±7 V) I2 =  0.0 (±6 A)
Vo = 0 kV1 = 6.90 00 (+7 V)
Vbus = 0.00 kV2 = 0 00 (+7 V)
kW-A = 20 (+8 kW) PF =  1.00 Lagging or Leading
kW-B = 20 (+8kW) Freq = 60.00 (+0.01 Hz)
kW-C = 20 (+8 kW)
KW-3P = 60 (+25 kW)

Apply 3.0 A to Neutral. Read the current from the metering menu as above. The current should be 300.0  +6 amperes
RMS.

Test the 40A function of the relay identical to the 40T function. However, the 40A function must be mapped to a
separate physical output contact for indication purposes as it will not close the master trip contact. Disable the 40T
function, and enable the 40A function. The “Loss of Excitation” LED and the “Pickup” LED should light for this test when
the same current levels are reached as for the 40T test described above.

Test 4 - 46 Phase Unbalance (Negative Sequence) Test

Verify or change the following PRIMARY setting for this test.

46Q Select = Enable
46Q Trip % PU = 5% Rated Current
46Q Time Dial = 1
46Q Max. Time = 100 seconds

                         46Q Alarm % PU         =           5% Rated Current
46Q Alarm Delay = 1.0 sec.

Make the connections as shown in Figure 10-3, page 10-18, for the phase to be tested. Apply a balance voltage of 69
volts RMS phase to neutral. Set a single phase current to 0.50 (0.10) amperes RMS. One third of the single-phase
current applied to the relay will produce the negative sequence current, I2. It is therefore necessary to apply a current
of three times pickup setting for I2, which is 5% of rated current or 3∗ 0.05∗ 5.0 = 0.75 (0.15) amperes.

Apply a single phase current of 0.50 (0.10) amperes RMS to the relay.  Slowly increase current until the “Pickup” LED
lights and the “Phase Unbalance” LED flashes. This should occur when the test current reaches 0.75 (0.15) ±3%
amperes RMS and I2 reaches 0.25 (0.05) ± 3% amperes RMS.

To perform a timing test, apply 1.0 amperes RMS as the tested current. The Trip contacts should close in 100 seconds
and the “Phase Unbalance” LED should be lit.

The 46Q Alarm function can be tested similar to the 46 Trip function, however the 46QA contact must be programmed
(mapped) for contact monitoring to an output contact as it does not operate the “Master Trip Contact”.

Test 5 - 50P Phase Instantaneous Overcurrent Function

Verify or change the following PRIMARY settings for this test:

50P Select = Enable
50P Curve Selection = Definite Time
50P % Pickup = 50% Rated Current
50P Time Delay = 1.0 Second
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Make the connections as shown in Figure 10-4, page 10-18, for the phase to be tested.  Apply a balance voltage of 69
volts RMS phase to neutral. Set a single phase of current to 5.0 (1.0) amperes RMS (2 X pickup). Set the timer to start
upon application of current and to stop when the contact monitor senses a closed contact.

Apply the current to the relay. The “Pickup” LED should be lit and the unit should trip in 1.00 seconds ± 7%. The
“Overcurrent/Impedance” LED should be lit.

Repeat the test for the remaining phases listed, as shown in Figure 10-4, page 10-18.

Apply three phase current to the relay at a level of 5.0 amperes RMS (2 X pickup). Observe that the unit produces an
output within the same time parameters as the single-phase test. Test connections to the relay will be as illustrated
Figure 10-5, page 10-19 for a three-phase test.

Test 6 - 50G Ground Instantaneous Overcurrent Function

CAUTION: Do not allow high currents to persist. If tripping is not obtained instantaneously, shut off the current
and review the test circuit.

Verify or change the following PRIMARY settings for this test:

50G Select = Enable
50G Curve = Definite Time
50G Pickup = 50% Rated Current
50G Time Delay = 1.0 Second

Make the connections as shown in Figure 10-8, page 10-20. Apply a balance voltage of 69 volts RMS phase to neutral.
Set a single phase of current to 2.0 (0.4) amperes RMS. Slowly increase the current until the “Pickup” LED lights. This
should occur at 2.5 (0.5) ± 3% amperes RMS.

Set the timer to start upon application of current and to stop when the contact monitor senses a closed contact. Apply
a current of 5.0 (1.0) amperes RMS (2X pickup) to the relay. The unit should trip in 1.00 seconds ± 7%. The “Overcurrent”
LED should be lit.

Test 7 - 51P Phase Time Overcurrent Function

Verify or change the following PRIMARY settings for this test

50P Select = Disable
51P Select = Enable
51P Curve Selection = Ext. Inverse
51P Pickup = 50% Rated Current
51P Time Dial = 1.0

Make the connections as shown in Figure 10-4, page 10-18, for the phase to be tested. Apply a balance voltage of 69
volts RMS phase to neutral. Set a single phase of current to 5.0 (1.0) amperes RMS (2 X pickup). Set the timer to start
upon application of current and to stop when the contact monitor senses a closed contact.

Apply the current to the relay. The “Pickup” LED should be lit and the unit should trip in 1.00 seconds ± 7%. The
“Overcurrent/Impedance” LED should be lit.

Repeat the test for the remaining phases listed, as shown in Figure 10-4, page 10-18.

Apply three phase current to the relay at a level of 5.0 amperes RMS (2 X pickup). Observe that the unit produces an
output within the same time parameters as the single-phase test. Test connections to the relay will be as illustrated
Figure 10-5, page 10-19, for a three-phase test.
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Test 8 - 51G Ground Time Overcurrent Function

Verify or change the following PRIMARY settings for this test:

51G Select = Enable
51G Curve = Extremely Inverse
51G Pickup = 50% Rated Current
51G Time Dial = 1.0

Make the connections as shown in Figure 10-8, page 10-20. Apply a balanced voltage of 69 volts RMS phase to neutral.
Set a single phase of current to 2.0 (0.4) amperes RMS. Slowly increase the current until the “Pickup” LED lights. This
should occur at 2.5 (0.5) ±3% amperes RMS.

Set the timer to start upon application of current and to stop when the contact monitor senses a closed contact. Apply
5.0 (1.0) amperes RMR (2x pickup) to the relay. The “Pickup” LED should be lit and the “overcurrent” LED should be
flashing. The unit should trip in seconds 2.10 ± 7% and the “Overcurrent/Impedance” LED should be lit.

Test 9 - 67P Phase Directional Overcurrent Function

Verify or change the following PRIMARY settings for this test:

67P Select = Enable
67P Curve Selection = Very Inverse
67P % Pickup = 50% Rated Power
67P Time Dial = 1.0
67P Max Torque Angle = 0°
67P Sector Width = 180°

Make the connections as shown in Figure 10-3, page 10-18, for the voltage phase to be tested. Apply a balanced 3-
phase voltage of 69 phase to neutral volts RMS and set a single phase of current to 5.00 (1.00) ampere RMS (2x pickup)
in phase with its voltage. Set the timer to start upon application of current and to stop when the contact monitor senses
a closed contact.

Apply the current to the relay. The “Pickup” LED should be lit and the “Overcurrent” LED should be flashing. The unit
should trip in 1.00 seconds ± 7%. The “Overcurrent” LED should be lt.

Change the angle of the tested phase current by 180°. Again apply the current to the relay. Verify that the relay does not
trip.

Repeat the test for the remaining phases listed, as shown in Figure 10-3, page 10-18.

Test 10 - 67N Ground Directional Overcurrent Function

Verify or change the following PRIMARY settings for this test:

67N Select = Enable
67N Curve Selection = Very Inverse
67N Pickup = 0.20 amps
67N Time Dial = 1.0
67N Max Torque Angle = 0°
67N Sector Width = 180°



 ABB Generator Protection Unit 2000R

10-9Maintenance and Testing

Make the connections as shown in Figure 10-6, page 10-19, for the voltage phase to be tested. Apply a balanced 3-
phase voltage of 69 volts RMS and set a single phase of current to 2.00 (0.40) ampere RMS (10-x pickup) in phase with
its voltage.  Set the timer to start upon application of current and to stop when the contact monitor senses a closed
contact.

Apply the current to the relay. The “Pickup” LED should be lit and the “Overcurrent” LED should be flashing. The unit
should trip in 0.100 ± 7% seconds. The “Overcurrent” LED should be lit.

Change the angle of the tested phase current by 180°.  Again apply the current to the relay. Verify that the relay does not
trip.

Repeat the test for the remaining phases listed, as shown in Figure 10-6, page 10-19. Restore original voltage phase
rotation when completed.

Test 11 - 51VC Voltage Controlled Time Overcurrent Function

Verify or change the following PRIMARY settings for this test:

51V Select = V Cont (VC)
51V Curve = Definite
51V % Pickup = 25% Rated Current
51V Time Delay = 1.0  Second
51V Operating Volt. = 90 volts.

Make the connections as shown in Figure 10-4, page 10-18 for the voltage phase to be tested. Apply a balanced 3-
phase voltage of 50 volts RMS and set a single phase of current to 1.25 (0.25) ampere RMS. Set the timer to start upon
application of current and to stop when the contact monitor senses a closed contact.

Apply the current to the relay. The “Pickup” LED should be lit and the “Overcurrent” LED flashing. The unit should trip
in 1.0 ± 7% seconds. The “Overcurrent” LED should be lit. Remove the current.

Increase the balanced 3-phase voltage to 100.0 volts RMS.

Re-apply the current to the relay. The unit should not trip.

Repeat the test for the remaining phases listed, as shown in Figure 10-4, page 10-18.

Test 12 - 51VR Voltage Restraint Time Overcurrent Function

Verify or change the following PRIMARY settings for this test:

51V Select = V Rest (VR)
51V Curve Selection = Definite
51V % Pickup = 100 % Rated Current
51V Time delay = 1.0 second

Make the connections as shown in Figure 10-4, page 10-18, for the phase to be tested. Apply a balanced 3-phase
voltage of 120.0 volts RMS phase to neutral to the relay. For each of the voltages listed in Table 10-2, reduce the
magnitude of the phases under test to the listed values. Apply a single phase of current and slowly raise it to 5.0
amperes. The relay should pick-up as indicated by the “Pickup” status LED on the front panel. The relay will trip in 1.0
± 7% seconds and the “overcurrent” LED should be lit.

Repeat the test for all the phase voltage and % Pickup settings listed in Table 10-2.
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Table 10-2.  51VR Pickup Current

Voltage % Pickup         Picks up @
120V 100% 5.0A ±3%
120V 80% 4.0A ±3%
60V 80% 2.0A ±3%
60V 100% 2.5A ±3%

Test 13 - 27 Under Voltage Function

Verify or change the following PRIMARY settings for this test:

27 Select = Enable
27 Pickup V = 20.0 Volts
27 Time Delay = 1.00 seconds

Make the connections as shown in Figure 10-3, page 10-18, or the phase to be tested. Apply a balanced 3-phase
voltage of 30 volts RMS to the relay.

Slowly lower only one phase of voltage from 30 volts RMS until the “Pickup” LED lights. This should occur when the
voltage reaches 20.0 ± 3% Volts RMS. The relay should trip in 1.00 ±7% seconds and the “Voltage-Volts/Hertz” LED
should light. The contact monitor should indicate a closed contact. Repeat the test for all the phase voltage values,
shown in Figure 10-3, page 10-18, if tested single phase.

Repeat the test but slowly lower all three-voltage phases from 30 volts RMS until the “Pickup” LED lights. This should
occur when the voltage reaches 20.0 ± 3% Volts RMS. The relay should trip in 1.00 ±7% seconds and the “Voltage-
Volts/Hertz” LED should light. The contact monitor should indicate a closed contact.

Examine the Operation Records and verify that the first three tests report a single-phase undervoltage, 27-1P Trip, and
the latter test reports a three phase under voltage, 27-3P Trip.

Test 14 - 27G Third Harmonic Under Voltage Function

NOTE: This test requires a 3-phase voltage source and a single-phase voltage source.

Verify or change the following PRIMARY settings for this test:

27G Select = Enable
27G Dropout = 25.0 Volts
27G Time Delay = 1.0 seconds
27G% Min Op. V = 95% (Percent of Rated Volt.)

Make the connections as shown in Figure 10-7, page 10-20, for the zero sequence voltage. Apply a voltage of 35 volts
RMS at a frequency at 180 Hertz (third harmonic voltage). It is necessary to apply a balanced three-phase voltage of
69.0 volts RMS 60 Hz as the supervising voltage.

Slowly decrease only the tested voltage from 35 volts RMS until the relay dropouts. The contact monitor should indicate
a closed contact. The “Stator ground” LED should light. This should occur when the third harmonic voltage reaches 25.0
± 3% Volts RMS.

If a frequency synthesizer is unavailable, this function may be tested as follows: Repeat the above test with the same
settings, but a 60 Hz source. Lower the voltage to 20 volts, and the relay should not have tripped.
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Test 15 - 59G  Stator Ground Fault Function

NOTE: This test requires a 3-phase voltage source and a single-phase voltage source.

Verify or change the following PRIMARY settings for this test:

59G Select = Enable
59G Pickup = 25.0 Volts
59G Time Delay = 1.0 seconds

Make the connections as shown in Figure 10-7, page 10-20, applying a balanced three-phase voltage of 69.0 volts RMS.
Apply a voltage of 20 volts RMS at 60 Hertz representing the V0. Slowly increase the voltage V0 until the “Pickup” LED
is lit. This should be 25 volts RMS.

The relay will trip 1.0 ±7% seconds later and the “Stator Ground” LED should be lit.

Test 16 - 59 Over Voltage Function

Verify or change the following PRIMARY settings for this test:

59 Select = Enable
59 Pickup = 75.0 Volts
59 Time Delay = 1.0 seconds

Make the connections as shown in Figure 10-3, page 10-18, for the phase to be tested. Apply a single-phase voltage of
69.0 volts RMS to the relay.

Slowly increase only the tested phase’s voltage from 69 volts RMS until the “Pickup” LED is lit. This should occur when
the voltage reaches 75.0 ± 3% Volts RMS.

The relay should trip in 1.00 ±7% seconds later. The contact monitor should indicate a closed contact and the “Voltage-
Volts/Hertz” LED should be lit.

Repeat the above test with a balanced 3-phase voltage.

Examine the Operation Records. All of the tests are indicated by a “59 Trip” event.

Test 17 - 81 Under and Over Frequency Functions

Verify or change the following PRIMARY settings for this test:

81 Select = 81-1
81-1U Pickup = 56.00 Hz
81-1U Time Delay = 1.0 Second
81-1O Pickup = 62.00 Hz
81-1O Time Delay = 1.0 Second
81V Voltage Block = 40 Volts

Apply a balanced 3-phase voltage of 69 volts RMS phase to neutral to the relay as shown in Figure 10-3, page 10-18, at
frequency of 60.0 Hz. Increasing the frequency will cause the output contact to close, and decreasing the frequency will
also cause the same contact to close. This should occur within 0.01 Hz of the listed frequency settings. The “Frequency”
and the “Pickup” LED should light on the relay.

Repeat the test for 81-2 unit by changing the 81 Select to 81-2.
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The 81 Voltage Block may be tested by lowering the test voltage below the setting of the 81V and verifying that the
frequency outputs are blocked, and therefore will not close the contact.

Test 18 - 87M Current Differential Function

Verify or change the following PRIMARY settings for this test:

87M Select = Enable
87M Pickup = 0.04 amperes (0.4 – 1.6A. model)

0.2 amperes (2.0 – 8.0A. model)
87M Definite Time Delay = 0.0 seconds

Make the connections as shown in Figure 10-4, page 10-18, for the Neutral Phase A current transformer. Set the timer
to start upon application of current and to stop when the contact monitor senses a closed contact. Apply the minimum
current selected above. The “Pickup” LED on the relay should light and the contact should indicate a closed contact.
The “Differential” LED should also light. With no time delay setting on the relay, the time for a differential trip should be
approximately two (2) cycles. If time delay is set on the relay, that time must be added to the inherent time delay of two
(2) cycles.

Repeat the above tests for the Neutral Phase B and the Neutral Phase C current transformers.

To test the load side of the differential circuit, repeat the above tests for the Load Phase A current transformer using the
connections as shown in Figure 10-3, page 10-18.

Repeat the tests using the Load Phase B and the Load Phase C current transformers.

Test 19 - 21a-1 Distance/Impedance Function

Verify or change the following PRIMARY and CONFIGURATION settings for this test:

21a-1 Select = Enable
21-1 Select = Disable
21-2 Select = Disable
21 Impedance = 2.0 Ohms (2.0 – 8.0 amp models)

10.0 Ohms (0.4 – 1.6 amp models)
21a-1 Characteristic angle = 70º
21a-1 Offset = 1 Ohm
21a-1 time Delay = 1.0 second

Configuration setting:
Unit Transformer   = YES (Note: this must be set to YES or the function will not operate)

Make the connections as shown in Figure 10-5, page 10-19, for the neutral side current transformers, and the voltage
connections as shown on the load side potential transformer. Set the timer to start upon application of current and to
stop when the contact monitor senses a closed contact (optional). Apply a balanced voltage of 12.0 volts, and 3.00
amperes balanced current at a phase angle of 70º lagging. Increase the current to 3.5 amps RMS and lower the voltage
until the unit produces an output, which should occur at a voltage level of 7.0 volts RMS. The “Pickup” LED on the relay
should light and the contact should indicate a closed contact. The “Overcurrent/Impedance” LED should light. With time
delay setting on the relay, the time for a distance trip should be approximately two (2) cycles plus the time delay of one
second set on the relay.

For the relay model having a lower current range and an impedance setting of 10.0 ohms, the unit should produce an
output at 1.00 amperes RMS and a voltage level of 10.0 volts.
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Test 19A - 21-1 Distance/Impedance Function

Verify or change the following PRIMARY and CONFIGURATION settings for this test:

21-1   Select = Enable
21a-1 Select = Disable
21-2   Select = Disable
21–1 Impedance = 100 Ohms (2.0 – 8.0 amp models)

10.0 Ohms (0.4 – 1.6 amp models)
21-1 Characteristic angle = 45º
21-1 Offset = 50 Ohms
21-1 Time Delay = 1.0 second

Configuration setting:
Unit Transformer = NO

Make the connections as shown in Figure 10-5, page 10-19, new for the neutral side current transformers, and the
voltage connections as shown on the load side potential transformer. Set the timer to start upon application of current
and to stop when the contact monitor senses a closed contact (optional). Apply a balanced voltage of 69.0 volts, and 0.5
amp balanced current at a phase angle of 45º lagging. Increase the current until the unit produces an output, which
should occur at a current level of .69 amperes. The “pickup” LED on the relay should light and the contact should
indicate a closed contact.  The “Overcurrent/Impedance” LED should also light. With time delay setting on the relay, the
time for a distance trip should be approximately two (2) cycles plus the time set for delay on the relay. That time must
be added to the inherent time delay of two (2) cycles.

For the relay model having a lower current range and an impedance setting of 10.0 ohms, the unit should produce an
output at 1.0 amperes and 10 volts.

Test 19B - 21-2 Distance/Impedance Function

Verify or change the following PRIMARY and CONFIGURATION settings for this test:

21a-1 Select = Disable
21-1   Select = Enable
21-2   Select = Enable
21-2 Impedance = 50 Ohms (2.0 – 8.0 amp models)

5 Ohms (0.4 – 1.6 amp models)
21-2 Characteristic angle = 45º
21-2 Offset = 25 Ohms
21-2 Time Delay = 1.0 seconds

NOTE: The 21-1 Select must be Enabled in order for the 21-2 function to operate.

The test for the function 21-2 are identical to that for the 21-1. The settings are completely independent.

Make the connections as shown in Figure 10-5, page 10-19, new for the neutral side current transformers, and the
voltage connections as shown on the load side potential transformer. Set the timer to start upon application of current
and to stop when the contact monitor senses a closed contact (optional). Apply a balanced voltage of 69.0 volts, and 1.0
amperes balanced current at a phase angle of 45º lagging. Increase the current until the unit produces an output, which
should occur at a current level of 1.38 amperes. The “pickup” LED on the relay should light and the contact should
indicate a closed contact.  The “Overcurrent/Impedance” LED should also light. With time delay setting on the relay, the
time for a distance trip should be approximately two (2) cycles plus the time set for delay on the relay. That time must
be added to the inherent time delay of two (2) cycles.
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For the relay model having a lower current range and an impedance setting of 10.0 ohms, the unit should produce an
output at 1.0 amperes and 10 volts.

Test 20 - 24T Volts Per Hertz

Verify or change the following PRIMARY and CONFIGURATION settings for this test:

24A = Disable
24 = Enable
24 Curve = Definite Time
24 Pickup = 100%
24 Time Delay = 1.0 seconds
24 Time Reset/Decay = 3 seconds
24 Min Trip Time = 3 seconds

Configuration setting:
Volt/Hz = 2.20

Make the test connections as shown in Figure 10-3, page 10-18. Apply a balanced three-phase voltage of 69.0 volts
RMS phase to neutral. Slowly increase the voltage until the relay’s “Pickup” LED is lit. The relay will trip in 1.0 ±7%
seconds, the “Voltage-Volts/Hertz” LED should be lit and the contact should indicate a closed contact. This should
occur when the voltage reaches 60∗ 2.20 ÷ √3 volts, or 76.2 volts.

Test 20A - 24A Volts Per Hertz

Verify or change the following PRIMARY and CONFIGURATION settings for this test:

24 = Disable
24A = Enable
24A Pickup = 100%
24A Time Delay = 1.0 second

Configuration setting:
Volt/Hz = 2.20

The 24A output must be mapped to a programmable output (OUT1-OUT6) in order to monitor contact closure.

Make the test connections as shown in Figure 10-3, page 10-18. Apply a balanced three-phase voltage of 69.0 volts
RMS phase to neutral. Slowly increase the voltage until the relay’s “Pickup” LED is lit. The relay will trip in 1.0 ±7%
seconds, the “Voltage-Volts/Hertz” LED should be lit and the contact should indicate a closed contact. This should
occur when the voltage reaches 60∗ 2.20 ÷ √3 volts, or 76.2 volts.
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Test 21 - 32R Reverse Power Protection

Verify or change the following PRIMARY setting for this test:

32R Select = Enable
32O Select = Disable
32U Select = Disable
32R Curve = Definite
32R % Pickup = 3% of rated Power  (.03∗ 120V∗ 5A∗ 3=54 Watts)
32R Time Delay = 1.0 Second

Make the test connections as shown in Figure 10-2, page 10-17. Apply a balanced voltage of 69 volts RMS and a
balanced 3-phase current of 1.00 (.2) amperes at unity power factor.

Slowly increase the angle that all the currents lag their respective voltages from 0 degrees until the “Pickup” LED lights.
The contact should close after 1.0 ±7% seconds and the “Reverse Power” LED should be lit. This should occur when the
angle reaches 100 ± 5 degrees, and the current is 1.00 (0.20) amps RMS.

Increase the angle until the “Pickup” LED drops out. This should occur when the angle reaches 280 ± 5 degrees.

Test 22 - 32O Over Power Protection

Verify or change the following PRIMARY settings for this test:

32R Select = Disable
32O Select = Enable
32U Select = Disable
32O % Pickup = 100%
32O Time Delay = 1.0 Second

Make the test connections as shown in Figure 10-2, page 10-17. Apply a balanced voltage of 69.0 volts RMS and a
balanced 3-phase current of 2.0 (.40) amperes at unity power factor.

Slowly increase the currents until the relay trips. The “Pickup” LED on the relay should light and the contact should
indicate a closed contact. The “Overload/Overpower Power” LED should light. This should occur when the current level
reaches 2.50 (0.50) amperes.

Note:  The GPU Unit will produce a trip output and the respective LED’s will illuminate whenever the power
from the generator is greater than the overpower (32O) setting, and the function is enabled with the master
trip output programmed To terminate this condition, the 32O function must be disabled, and the master trip
output 32FO function must be unmapped.

Test 22A - 32U Under Power Protection

Verify or change the following PRIMARY settings for this test:

32R Select = Disable
32O Select = Disable
32U Select = Enable
32U % Pickup = 10.0%
32U Time Delay = 1.0 Second
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Make the test connections as shown in Figure 10-2, page 10-17. Apply a balanced voltage of 69.0 volts RMS and a
balanced 3-phase current of .50 (.10) amperes at unity power factor.

Slowly decrease the currents until the relay trips. The “Pickup” LED on the relay should light and the contact should
indicate a closed contact. The “Overload/Overpower Power” LED should light. This should occur when the current is
0.25 (0.05) amperes.

Note:  The GPU Unit will produce a trip output and the respective LED’s will illuminiate whenever the power
from the generator is less than the underpower (32U) setting, and the function is enabled with the master trip
output programmed To terminate this condition, the 32U function must be disabled, and the master trip
output 32FU function must be unmapped.

Test 23 - 25 Synchronism Check Function

Verify or change the following PRIMARY setting for this test:

25 Select = Enable
Volt. Diff. = 60.0 volts
Angle Diff. = 60.0 degrees
Time Delay = 0.10 Second
Slip Freq. = 1.0 Hz
V phase select = Van
Dead Bus select = Selected
Dead Bus voltage = 65 volts
Dead Bus time = 120 seconds

Two voltage sources are required for this test.

Make the test connections as shown in Figure 10-2, page 10-17 but only use a single phase of voltage to Van. In
addition connect a single-phase test source to unit terminal block connections no’s. 37 & 38. Map the function 25 to a
programmable output (OUT1-OUT6).

To test for Voltage Difference pickup: Apply 65 volts RMS to Van and 5 volts RMS to the Vbus. Verify that the unit is not
in synch as the target LED “Out of Sync” will be on. Slowly increase the voltage until the relay indicates a synchronism
condition as the target LED will be reset. The threshold voltage will be approximately 10 volts. Change of state of the
contact will also verify the synch and out of synch conditions.

To test for Angle Difference: Apply a single phase of voltage, 65 volts RMS, 0 degrees to Van and another single phase
of voltage, 65 volts RMS, 0 degrees to Vbus. Increase the phase angle of either Van or Vbus from 0 degrees until the
“Out of Sync” LED lights. This should be at 60 degrees.

Test 24 - 60 Fuse Failure Detection Function

NOTE: This function will not operate from the Neutral side CTs.

Map the BFUA (Blown Fuse Alarm) to a programmable output contact (OUT1 – OUT6).

Make the test connections as shown in Figure 10-2, page 10-17. Apply a balanced three phase voltage of 69 volts RMS
phase to neutral to the relay. Also apply a balanced three phase current of 0.5 amps RMS. Remove the voltage of phase
A and the relay contacts should closed. The time increment for the relay to react to a voltage phase failure is approximately
3 seconds. There will be no target indication for the operation of this function.

Verification can be made by reviewing the Operation Records for a “Blown Fuse Alarm” event.
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Test 25 - 50IE Inadvertent Energization Detection Function

Verify or change the following PRIMARY settings for this test:

50IE Select = Enable
50IE Phase Pickup = 50%
50IE Hz below Nominal = 10 Hz.

Program the Master Trip Contact for monitoring

The Inadvertent Breaker Energization function is tricky to test. In order to test this function you need to be able to shift
the potentials’ frequency and the currents’ magnitude simultaneously.

The relay must first be “armed” by applying a potential frequency below the arming frequency and a current below the
pickup point. The arming frequency is set to 10 Hz (Hz below Nominal setting) so the frequency would need to be less
than 50 Hz (60Hz – 10Hz). The current would also need to be set below the pickup setting (5.0A rated current x 50% =
2.5A)

Apply a three-phase balanced voltage of 69 volts RMS, 40 Hz and a three-phase balanced current of 2.0A of 60Hz. Shift
the voltage frequency to above 50 Hz and the current to above 2.5A. The relay should trip with no delay. The “Reverse
Power” and “Overcurrent/Impedance” LED’s will be lit.

Verification can also be made by reviewing the Operations Record and Fault Summary for a “50IE Trip”

Make the test connections as shown in Figure 10-2, page 10-17. Apply a balanced three-phase voltage of 69 volts RMS
and a three-phase balanced current of 3.0 amperes RMS at 60 Hz to the relay. Verify that the relay does not produce a
trip. Repeat the same test, but change the frequency setting to 49 Hz to the voltage and the relay contacts should
closed Also the “Reverse Power”, and the “Overcurrent/Impedance” LED’s may light depending on their respective
settings. The “Pickup” LED will light.

Figure 10-2. Connection for Tests 2, 3, 3A, 21, 22, 22A, 23, 24 and 25
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Figure 10-3.  Connection for Tests 4, 9, 13, 16, 17, 20 and 20A

Figure 10-4.  Connection for Tests 5, 7, 11, 12 and 18
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Figure 10-5.  Connection for Tests 5, 7, 19, 19A and 19B

Figure 10-6.  Connection for Test 10
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Figure 10-7.  Connection for Tests 14 and 15

Figure 10-8.  Connection for Tests 6 and 8
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Self Diagnostics

The GPU-2000R continuously checks itself for proper functioning.  If the self-test fails, the GPU-2000R is no longer
providing protection. Replace the unit as soon as possible.

Self-Test Status

The GPU-2000R provides continuous self-diagnostic of its power supply voltages, its memory elements and digital
signal processor and its program execution. In the event of a system failure, the protective functions are disabled and
the Self-Check Alarm contacts are actuated. Except for a “processor stalled” condition, review the PASS/FAIL status of
these self-test elements by using the man-machine interface (MMI). Normal status is indicated by a green GPU
STATUS light (LED) and system failure is indicated by a red GPU STATUS light (or by the green GPU STATUS light not
being lit in the case of a loss of control power).

The extensive self diagnostics and Operations monitoring that is performed by the unit provides detail detection of
multiple combinations of Self-Test failures or Editor Access conditions to be detected within a record capture.  The Self-
Test Failures and Editor Access Status records are recorded as a decimal number in the Operations Record. After
converting this number to binary, the binary bit pattern indicates the Self-Test Failure(s) or Editor Access Status
involved. The 1's in the bit pattern reference Table 10-3 below to indicate the failure type or editor access information.
Count from the right of the bit pattern (starting with zero) to the position where a "1" occurs. Compare that bit position
with Table 10-3 to reveal the device failure or editor access status reported. See the examples to follow for further
explanation.

Table 10-3. Operations Record Value Information

noitisoPtiB eruliaFtseT-fleS sutatSsseccArotidE

0 MARUPC GNIGGOLTPURRETNI

1 MORPEUPC 1=ELBASIDTIDEETOMER

2 MARVNUPC 1=DELBASIDTIDELACOL

3 MORPEEUPC EVITCATIDEIMMTNORF

4 DESUTON EVITCATIDETROPMMOCTNORF

5 DESUTON EVITCATIDETROPMMOCRAER

6 DESUTON EVITCATIDETROPMMOCXUARAER

7 DESUTON DETIDEKCOLCEMITLAER

8 MORPSD DETIDEO/IELBAMMARGORP

9 MARLANRETNIPSD DETIDETESYRAMIRP

01 MARLANRETXEPSD DETIDESGNITTES1ETANRETLA

11 RETREVNOCLATIGID/GOLANAPSD DETIDESGNITTES2ETANRETLA

21 YLPPUSREWOPV5-/+PSD DETIDESGNITTESNOITARUGIFNOC

31 YLPPUSREWOPV5-/+PSD DETIDESGNITTESRETNUOC

41 YLPPUSREWOP5+roLLATSPSD DETIDESGNITTESMRALA

51 SNOITACINUMMOCUPCOTPSD DETIDESGNITTESSNOITACINUMMOC
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Example of a Self-Test Failure

Value : 256 has a binary bit pattern of 0000000100000000 (bit order 15........0)

The 1 is in bit position 8 as you count from the right. This bit position correlates to DSP ROM failure.

Example of an Editor Access

Value : 145 has a binary bit pattern of 0000000010010001 (bit order 15.........0)

The 1's in this bit pattern have the following bit positions and corresponding Editor Access Status:

Bit 0 : Interrupt logging bit (ignore this bit because it will always be set in this example).
Bit 4 : Front communications port initiated the editor access and change.
Bit 7 : Real-time clock settings were changed.

GPU-2000R Settings Tables Diagnostics
Three copies of each settings table are stored in a nonvolatile memory device, preventing data loss during control
power cycling.  When you finish editing any settings table,  the changed table’s data is transferred from a temporary
edit buffer into three separate locations in the nonvolatile memory device.

A background diagnostics task continuously runs a checksum on each copy of the settings tables to verify data
consistency. If an invalid copy is detected, the diagnostic task attempts self-correction by transferring a valid copy to
the invalid copy location.  If this is unsuccessful, the task marks the copy as unusable and switches to the next
available copy.

Should the GPU-2000R ever detect that all three copies of a settings table are not valid, the diagnostic task adds a
self-diagnostic error in the Operations Record, drops the self-check alarm and disables all protective functions.  In
addition, the Self Test display under the MMI Test Menu shows the current status (PASS or FAIL) for all memory
devices.
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New Firmware Installation

WARNING: Interrupting the download process before it is completed will result in lost EEPROM data.  In the
event that the download is prematurely terminated,  contact the factory.

To download new software to the GPU-2000R:

• If desired, save all settings to a disk as described in Section 12.

• On your computer’s hard drive, create a directory called C:\FPI.

• Copy files from the FPI diskette (FPI.exe) and the SAF diskette  (filename.abs) to the C:\FPI drive.  Remember
the filename from the SAF diskette as it will be needed later.

• Connect the GPU-2000R to the computer via the serial port on the front panel of the unit with a null modem
cable.

• Ensure that the communications settings of the computer com port and the settings of the GPU-2000R are
both set to 9600, 8, N, 1.

• At the C:\FPI prompt, type FPI

• At the Monitor Type ? prompt, select the appropriate  monitor (color or black and white) and press <CR>.

• After the ABB description screen, the Communication Options screen appears.  Use the spacebar to change
the com settings or accept the default settings by scrolling through the screen with the <CR> key.

• If all com settings are correct, the Successful Connection To... screen appears.  Press <CR> to continue.  The
next screen to appear will be the Main Menu.  If com settings are not compatible or some other problem exists,
the Communication Status screen appears.  Reset the com settings and recheck connections and press <CR>.

• The only option necessary for downloading the software update is the Update Unit Software selection.  Using
the arrow keys, scroll to the Update Unit Software selection and press <CR>.

• At the warning message screen, select continue with unit software update.

• At the Load New Firmware Data screen, type filename.abs (filename is the name of the file) copied from the
SAF disk) and press <CR>.  This will highlight the default action, [READ FROM DISK].  Press <CR> again.
Downloading should take about 20 minutes to complete.
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• During download, the TARGET LEDs on the front panel will blink intermittently and in sequence starting with
ØA with the following notes:

           Computer display     LED MMI (If present)

Monitor Has Been Entered ØA blinks GPU-2000R Monitor

Flash Erase ØB blinks Flash Memory Erase in Progress

Flash Programming ØC blinks Flash Memory Download in Progress

• The message “Successfully Completed Downloading! Hit Any Key To Return To Main Menu” will appear.  Hitting
the <CR> key will cause the systems to reboot and the message “Please Wait While System Reboots” will
appear.

• After the system has rebooted, the Main Menu will reappear.  Scroll down to the Quit Program selection and
press <CR>.

• Restore settings to the relay.
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Optional Features

• Load Profile
• Waveform Capture
• Customer Defined Curves

Load Profile

An optional load profile feature records per-phase demand kilowatts, demand kiloVARs and line-to-ground voltages.
You can select a 5-, 15-, 30- or 60-minute time interval (Demand Meter Constant) for which the load profile record
then contains 13.3, 40, 80 or 160 days of information, respectively (default is 15 minutes and 40 days). The load
profile feature requires Wye-connected VTs to accurately measure per-phase kilowatts and kiloVARs for unbalanced
loads. For Delta-connected VTs, the load profile feature records three-phase kilowatts and kiloVARs, per-phase and
ground demand currents and line-to-line voltages. You can retrieve this load profile data only through the External
Communications Program, which stores the load profile and its header in a comma-delimited ASCII file (default is
filename.dla ). You can view this file by using any text editor program (word processor or spreadsheet) or by using
the following DOS command: Type [name of file].dla|more . Use the pipe character (|) above the \ character between
"dla" and "more".  The  graph in Figure 11-2 is a sample of the type of load profile data analysis that can be performed.

On units having the load profile option the Load profile feature is always activated.  The sampling time intervals
may be changed between 5-, 15-, 30- or 60- minutes in the configuration settings screen of the External
Communication Program (ECP).

To download the collected load profile data from the GPU-2000R to your computer: click the “Meter” menu option
on the ECP program,  From this menu you can select to download all historic load profile records available in the
relays buffer “Load Profile-All” or download only the most current load profile record “Load Profile-Last” .

Name and specify the directory and filename for the load profile data file being downloaded and click on the “OK”
button to execute this request.  It is recommended that the load profile filename have an extension of  .dla
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1,9308131700,6668,6692,6688,-116,-138,-124,11397,11404,11395
1,9308131715,6678,6680,6690,-116,-128,-128,11378,11414,11393
1,9308131730,6678,6680,6690,-116,-128,-128,11378,11404,11391

Not Used

- A -

φ Bφ Aφ Cφ Bφ A

φ A φ B φ C

- B -

3φ  Kilowatts

3φ  KiloVARsYear

Month

1, 93 08 13 17 00, 6668, 6692, 122,  116,  138,  0  ,11397,11404,11395

Date

Hour

Minutes

Volts

φ A

1,9308131700,6668,6692,122,116,138,0,11397,11404,11395
1,9308131715,6678,6680,123,116,128,0,11378,11414,11393
1,9308131730,6678,6680,120,116,128,0,11378,11404,11391

Not Used
φ N

Currents

φ Cφ C φ Bφ Bφ A

Figure 11-1. Sample Load Profile
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Using the Load Profile Feature

Use the ECP and follow these steps to retrieve the optional Load Profile feature information.

1. Under the Meter Menu, select Load Profile – All or Load Profile – Last. As the names suggest, choosing
Load Profile – All downloads all the load profiles, while choosing Load Profile – Last downloads only the
most recent load profile.

2. Type in a filename in the Specify Output File dialog box and select OK. A dialog box will appear with the
status of the download.

3. When the download is completed successfully, select OK.

4. View the load profile information by doing one of the following:

• Open the file from your word processing or spreadsheet program.

• Type the following DOS command and press Enter. type [name of file].dla|more

• Type the pipe character (|), found above the \ character on the keyboard, between "dla" and "more."

Figure 11-2. Load Profile Analysis
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Customer-Programmable Curves

An external PC-based program, CurveGen, is used to create and program special user-defined time-current curves
for the GPU-2000R. With CurveGen you can program curves other than the ones currently provided in the GPU-
2000R (see Table 1-2).  You can manipulate the curves in the time and current domains just like any other curve
currently programmed into the GPU-2000R. CurveGen generates all of the necessary variables for the user-defined
curves to be stored in the GPU-2000R (i.e., the alpha’s, beta’s and pointers to the curve table). The method of
accomplishing this task is curve definition.

The standard curve entered into the GPU-2000R has the form of:

t = (              ) + B M is the per-unit current above the pickup value

t is total trip time at M

A, p, C and B are variables to be defined.

To define the curve, you must define the variables in the equation. There are two ways to do this:

• Enter variables by hand: In the CurveGen program you can define all four variables by hand. This is designed
for users who do not want curves based on already established functions but instead are ready to define curves
through mathematical manipulation.

• Determine variables via curve fitting: Define a series of time versus current points and fit them to the standard
equation listed above.

With the CurveGen program you can enter these series of time/current points from an already defined curve.
CurveGen then fits the four variables to these points. There are two ways to enter these points into the CurveGen
program:

• Enter all sampled points by hand. The ability to remove, sort, plot, edit and view points gives you total power
over the curve to be generated.

• File entry: CurveGen also can read files with points defined in them. The ability to remove, sort, plot, edit and
view points gives you total power over the curve to be generated.

Once all the points are entered, the CurveGen program is cued to fit a standard curve. After A, p, C and B have
been determined, you can plot the curve against the points given as well as determine the overall error of the curve
versus the plotted points.

After all four variables have been determined, you can generate a linear approximation of the curve. A maximum
error criteria must be satisfied before CurveGen can determine the coefficients needed for the GPU-2000R. Errors
and warnings indicate whether or not the error criteria can be met or if the number of entries in the curve table is
above the maximum value allowed.

When the curve tables have been defined by CurveGen, you must download them into the GPU-2000R. When you
want to use a customer-defined curve, select "Receive Prog Curve Data" from the Programmable Curve Menu in
the External Communications Program (see "Programmable Curve Menu" in this instruction book).  After you have
retrieved a curve file from a disk, you can download it into the GPU-2000R.

A
Mp–C
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CurveGen Software Release 1.0

PC Requirements

    386 processor or higher

     Disk Space:

          200K in specified Directory
          6 MB in Windows/System Directory

     Memory:

          480K RAM in the lower 640K for setup

Installation

Step 1:  Exit  Windows™

Step 2:  Type WIN at the c:\ prompt

Step 3:  After you hit return, hold down the <SHIFT> key until Windows™ has completely booted up.  This will
 ensure that nothing in your startup file will interfere with the CurveGen installation.

Step 4:  While in the windows desktop, insert disk 1 of 2 into drive a:

Step 5:  Click on File

Step 6:  Click on Run

Step 7:  Type a:\setup and press enter

Step 8:  Follow the installation instructions

Step 9:  If you encounter errors during the installation, go into your windows/system directory and delete the
 following files:

0C25.DLL COMDLG16.DLL TABCTL.OCX

THREED.OCX VCFI16.OCX

  Repeat installation from Step 1 .

When the installation is complete, Windows will reboot (no need to hold down the “SHIFT” key and CurveGen can be
run.

Using CurveGen

Click on the CurveGen 1.0 icon to run CurveGen.  At this point, the user has two options.  Curve coefficients can be
calculated by the software by manually entering data points.

The standard equations for timing curves are shown below:

Trip Time (ANSI) = (A/(Mp-C)+B) x ((14n-5)/9)
Trip Time  (IEC) = (A/(Mp-C)+B) x n

Where A, B, C and P are the coefficients to be computed and/or entered

n = time dial

M = Relay current in multiples of tap setting
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Computing Coefficients

Step 1:  If desired, the user may enter a description in the Description  field.

Step 2:   Under Standard , the user should select either ANSI curves or IEC curves.

Step 3:  Under the data entry method, the user should select Compute Coefficients.  At this point, the Compute
 Coefficients Tab towards the top of the screen should appear.  Click this tab.

Step 4:   Using the mouse, place the cursor on Row 1, Column 1 (Current M)

Step 5:   Type the desired multiple of tap, M, and press the TAB key.  Now type the corresponding time.  Press the
TAB key again to enter a second point.  Continue until at least 5 data points are keyed in (100 points
max).  Please note that whether you are using ANSI or IEC type curves, the points you enter are
equivalent to a time dial of 1.

Step 6:   After all points are entered, click on solve .  The computed coefficients will appear on the screen.  In order
to see these points on a graph, hit the Apply  button.

Step 7:   Click on the Relay Data  tab.  At this point, you’ll see that the coefficients previously calculated appear
under Coefficients .  Under Curve Series , select default.  Time dial 1 through 10 should appear on the
screen for ANSI or 0.05 to 1 for IEC.  Any combination of valid time dials can be used.

Step 8:   Select Apply .  At this point, a graph will appear on the screen. The graph format can be changed by
selecting different options under the Graph  menu at the top of the screen.  The Curves can also be
printed for a clearer view.

Step 9:   If you are satisfied with the results, select Save As  under File  and Type in a filename with a .crv
extension.  This is the file to be used when downloading curves to your 2000R relay.

Step 10:  The user also has the ability to save the worksheet.  To do this, select Save Worksheet As  under File
and type in a filename with a .wrk extension.

Manually Entering Coefficients

Step 1:  If desired, the user may enter a description in the Description field.

Step 2:  Under Standard, select ANSI or IEC.

Step 3:  Under Data Entry Method select Manually Enter Coefficients .

Step 4:  The user can now enter the known coefficients A, B, C  and P.

Step 5:   Under Curve Series,  select Default .  Time dial 1 through 10 should appear on the screen for ANSI or
0.05 to 1 for IEC.  Any combination of valid time dials can be used.

Step 6:   Select Apply .  At this point, a graph will appear on the screen.  The graph format can be changed by
selecting different options under the Graph  menu at the top of the screen.  The Curves can also be
printed for a clearer view.

Step 7:   If you are satisfied with the results, select Save As  under File  and type in a filename with a .crv
extension.  This is the file to be used when downloading curves to your 2000R relay.

Step 8:   the user also has the ability to save the worksheet.  To do this select Save Worksheet As  under File  and
type in a filename with a .wrk extension.
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Oscillographic Data Storage (Waveform Capture)

To enhance the ability to analyze fault and disturbance conditions, the GPU2000R can be furnished with the
waveform capture oscillographic data storage feature.

The user can select to record any of the analog waveforms available at the analog inputs to the relay from the
connected current and voltage transformers.   The user selects the triggering sources and also specifies the
number of cycles of pre-trigger and post-trigger data to be captured.    Digital signals associated with the operation
of the protective functions of the relay are also recorded.    The data collected is held within the memory elements
of the relay until downloaded to a file on your pc.  Then a separate Oscillographics Analysis Program is used to
display the waveforms.  This analysis program is supplied when the relay is ordered with the waveform capture
feature.

Figure 11 - 3 shows the screen display when you access the Waveform Capture Settings menu item from the
GPUECP program.

Place an “X” in each box of protective elements that you wish to serve as triggering sources for a waveform
capture.  The operation of any one of these elements will cause a capture.   You may also trigger a capture from
an external contact closure by assigning a contact input to programmable input function WCI  (See Section 6).

Place an “X” in each box representing the analog input waveforms that you wish to capture.

Figure 11 - 3.  Waveform Capture Settings
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Record Length and Number of Analog Channels

When the waveform capture feature is installed, there is a specific amount of memory within the GPU2000R that
is available for data storage.  The following equation defines the relationship between the number of analog
channels that can be recorded,  the number of power system cycles that can be recorded per record, and the
number of records that can be stored.

              Record Size = (1 +  CH) * ( 1 + CY)                 Where:    CH = number of analog channels selected

                                                                                                       CY = number of cycles per record

              Maximum Number of Records that can be Stored =   6081 / (Record Size)

Record size is allocated equally to each event.      As an example,  if we choose 9 analog channels,  and a record
length of 60 cycles, then record size is (10*61) = 610, and we have space for 6081/610 = 9 events.   A slightly
better allocation would be 66 cycles,  (10*67) = 670,  6081/670 =  still 9 events, but we gain an additional 6 cycles
of record length.

Also in this example,  in the waveform capture settings we must allocate the 66 cycles to pre-trigger and post-
trigger portions.  So we might select 4 cycles pre-trigger, and 62 cycles post-trigger.  You must allocate at least
one cycle to the pre-trigger storage.

Modes of Operation:  Single-Shot and Continuous

You must also select the Mode of Operation of the waveform capture.   In the One-Shot mode,  new events will be
captured until the available memory is used up, then no more events will be captured even though a selected
trigger source is seen.   So it is not truly a one-shot mode, but rather a “several-shot” mode depending on how you
have allocated the available memory.

When in the single-shot mode the relay automatically stops data accumulation when the space available has been
filled.  Important:   After the records are transferred to your pc,  you must re-initialize the waveform capture
function by going into the waveform capture settings and re-sending the settings to the unit again.

In the New-Acquistion or Continuous mode, new events are recorded as triggering events occur, and when the
memory is filled, the oldest event will be lost as the new event is recorded.  In the Continuous mode, the storage
capability is one less than in the single-shot mode,  due to the need to record pre-trigger data which is being
stored continuously for the “next” event.

Digital Data Capture and Triggering Details

The digital data being stored along with the analog data is stored every quarter cycle.  The pickup status of each
of the protective functions is stored.  The operation of any of the protective functions is stored.  And the operation
of the Master Trip output, the 52a input,  and the Blown Fuse alarm output are recorded.

Once a trigger is received,  further triggers are ignored until the complete record has been stored.

Triggers occuring before the pre-trigger buffer is filled are ignored. Triggers are “edge-triggered”; therefore, any
event that causes a trigger must be de-asserted and then re-asserted to obtain a second trigger.

Waveform Capture Settings Changes

In order to make a settings change you must go to the Stop/Start Data Accumulation menu item and issue the
stop command.

When a new set of waveform capture settings are chosen, the unit takes several seconds to reconfigure, and no
events can be captured during this period.  Also, no additional change in the waveform capture settings can be
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made until the reconfiguration has been completed for the initial change.   All previous waveform  records retained
in the memory are lost when the waveform capture settings are changed,  therefore they should be downloaded to
files on your pc prior to making any changes.

After the new settings are accepted by the unit you must go to the Stop/Start Data Accumulation menu item and
issue a start command.

Stop/Start Data Accumulation

The Waveform menu item Start/Stop Data Accum allows the user to enable or disable the waveform capture
function. When Stop Data Accumulation is selected, the records already in the memory are retained and no
additional records will be taken until the Start Data Accumulation command is initiated.

Important:  after making a settings change,  or after re-loading your single-shot settings to re-initialize the capture
memory, you must re-start the data accumulation.

Transferring a Captured Waveform Record

First,  under theWaveform menu item,  select the Stop/Start Data Accumulation menu item ,  and press the Stop
Waveform Capture button.    Then, select the menu item Waveform Records.  Select the desired record in the
listing shown and then press the Save-Data-Points-to-File button.   You will be prompted to enter the desired
filename and path.

Comtrade Format

The captured data is in the COMTRADE standard format, therefore the data files that are downloaded to your pc
can be displayed by any analysis program that will accept files in this format.

ABB Anaylsis Program

Details on this program are not available at time of publication.  Please contact factory, 1-800-634-6005.
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Communications Ports

The GPU-2000R has a standard 9-pin RS-232C interface on the front for serial port communications. Connect a 9-pin
RS-232C cable and 9-pin null modem adaptor from this port to your personal computer to have direct point-to-point
communications through the ECP.  Refer to the External Communications section of this manual, for the proper
communications parameters.

As an option, a serial port termination can be provided at the rear of the GPU-2000R. This rear port, called the
Auxiliary Communications port, can be a 9-pin RS-232C, 3-wire RS-485, 2-wire INCOM, IRIG-B  or SCADA Interface
Unit (SIU) connection. Because the hardware termination for all these options is on every GPU-2000R, you must refer
to the catalog number on the front of the unit or to the software communications menu to know which rear port option
is implemented. The front or rear RS-232C ports can interface with a modem using a straight through cable and a
remotely connected computer.  The RS-232C ports can also interface directly to a PC with the use of a null modem
cable.  The RS-232C ports are configured as data terminal equipment.

The GPU-2000R supports various byte-oriented protocols. The command message structure and substructures for
these protocols are available upon request. Contact the nearest ABB sales office or ABB at its Allentown, PA factory for
information about the emulation of SCADA protocols via the rear Auxiliary Communications port (SIU).   The following
protocols are available in the GPU-2000R relay:

• STANDARD—ABB 2000 series-specific ASCII oriented 10 byte communication protocol available through all
ports

• INCOM®—a two-wire communications system and protocol

• Modbus®—a protocol available through the Auxiliary Communications port

• Modbus Plus™—a token ring network capable of high speed communication (1 Mb/sec)

Pin Connections

The pin connections for the various communications ports are shown in Tables 12-1, 12-2 and 12-3.

Table 12-1. RS-232 Pin Connections

Pin Number

2

3

5

Signal

Receive data–Relay receives data through this pin.

Transmit data–Relay transmit data through this pin.

Signal ground–Front port has signal ground tied to
the chasis; rear port signal ground is fully isolated.
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Table 12-2. RS-485, INCOM, SIU and IRIG-B Pin Connections

RS-485 Port

For all communications hardware options with a single RS-485 port, that port is provided at terminals 55(+), 56 (-), and
57 (com).   See Table 13-3.

For communications hardware option #8, dual RS485 ports, terminals 55, 56, and 57 are designated RS485 Rear Port
#2, and pins 1(+), 2 (-), and 7(com) of the COM3 DB-9 connector represent RS485 Rear Port #1.

Jumper Links

The RS485 port on the GPU-2000R has three associated resistors and jumper links that allow insertion or removal of
these resistors, depending on the location of the relay in the network.  Jumper link J6 on the communications card is
for the termination resistor.  A termination resistor should be inserted at the first and last devices on the network.
Typically J6 would be set for “IN” for the last relay on the RS485 network; and, J6 would be set in the “OUT” position
for all other relays in the loop.  The first unit on the network, typically an ABB 245X series convertor, has the terminating
resistor built-in.  For communication hardware option “8,”  dual RS485 ports, J6 is for Port #2 and a similar jumper, J16
is provided for RS485 Port #1.

Cable

Jumper links J7 and J8 insert or remove “pull-up” resistors.  These resistors establish a known voltage level on the
RS485 bus when no units are transmitting, in order to reduce noise.  These jumpers should be set to the “IN” position
on only one relay at either end of the RS485 loop.  If an ABB communications convertor, catalog series 245X, is used
on the network, it has these resistors built-in, and all relays can have J7 and J8 in the out position.  For communications
hardware option “8”, dual RS485 ports, J7 and J8 are for Port #2, and J17 and J18 are for Port #1.

The RS485 cable should be shielded 3 conductor twisted cable.  The shield should be grounded at one end of the
communications circuit, preferably where the RS485 circuit begins; eg:  at the convertor unit.  A typical RS485 connection
diagram, drawing 604765, is available on request from the factory.

Recommended cables are Alpha #58902, Belden #9729, #9842, #9829 and Carol #58902.

Communications Settings

Change communications settings via the man-machine interface (MMI) on the front of the GPU-2000R or through the
ECP.  When you use the MMI, the communications ports are blocked from downloading settings but can still retrieve
data. Similarly, when a communications port is downloading new settings, the MMI and other communications ports
are blocked from changing or downloading settings but not from retrieving data.

Pin Number

64

63

62

61

60

59

58

57

56

55

Pin Number

IRIG-B Minus

IRIG-B Positive

INCOM

INCOM

+5 VDC at 100 milliamperes

Direction minus

Direction positive

RS-485 common/VDC return

RS-485 minus or SIU minus (aux. comm. port)

RS-485 positive or SIU positive (aux. comm. port)
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Communication Port Configurations

The 2000R platform provides several variations of communication ports, such as a 9-pin RS-232, RS-485,  INCOM™

and Modbus Plus™.  Also available is a list of factory supported common communication  protocols for networking the
unit.

RS-232 ports are available in two different configurations, Isolated and Non-Isolated.  Isolated ports provide isolation
between the communication port and the rest of the relay.

COM 1 port is configured as a non-isolated port only.  Units having an MMI display use the RS-232 port on the front
panel as COM 1, thereby permanently disabling the RS-232 port marked COM 1 on the rear of the unit.  Units not
having an MMI Display permit the user to select, via jumper setting, either the front or rear (labeled COM 1) RS-232
connectors to act as COM 1.

COM 2 port is a non-isolated configuration and COM 3 port is an isolated configuration.  Refer to the following list of
options to select the most suitable configuration.

The 2000R series also features ABB’s innovative RS-485 isolated communications capability available when the
optional Auxiliary Communication  board is installed.   This isolated RS-485 configuration provides superior
communication quality recommended for applications in areas of high electrical noise or that require connecting
cables longer than 10 feet (3m).

Figure 12-1:  Rear Terminal Blocks and Communication Ports

Use the MMI to change all communications settings, such as baud rate, data bits, parity and stop bits. You can change
settings locally or remotely. If you use a computer or modem to change the settings, be certain that the communications
settings on your equipment  match those of the GPU-2000R.

Set the communications settings (baud rate, [parity, data bits, stop bits]) for the front and rear ports as follows:

• Front port: 300, 1200, 2400, 4800 or 9600 [n, 8, 1 or n, 8, 2]

• Rear port: 300, 1200, 2400, 4800, 9600 or 19,200 [n, 8, 1 or n, 8, 2 or e, 8, 1 or odd, 8, 1 or  e, 7, 1 or n, 7, 2 or odd,
7, 1].
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NOTE:  Non-isolated RS-232 ports are susceptible to electrical noise.  For that reason it is  recommended that
connecting cables be no longer than 10 feet (3m) when connecting to a non-isolated port.  Devices
connected to non-isolated ports must have the same ground return as the 2000R unit.

Refer to the Select Communication Options Table when making option selections.

In addition to the standard front or rear non-isolated RS-232 port (COM 1),  the following rear communication port
options are available:

Option  0

This option provides RS-232 communication via the  non-isolated COM 2 port and is suitable only in applications
where communication to the unit is local through a direct connection to a PC or remote through an external isolating
communication device , such as an RS-232 to fiber optic converter, which is connected to the relay using a short
cable.

Options 1 through  8 are provided on an independent communication card installed in the unit.

Option 1

This option provides RS-232 communication via the isolated COM 3 port for transient immunity and isolation and must
be used where communication cable lengths are greater than 10 feet (3m) or a common ground is not guaranteed.  In
general, RS-232 communication is limited to a maximum distance of 50 feet (15m).  Aux Com and COM 2 ports are
disabled in this configuration.

Option 2

This option provides RS-232 communication via isolated COM 3 port and RS-485 communication via the isolated Aux
Com ports.  The auxiliary port is an isolated RS-485 configuration that supports several communication protocols (See
Communication Protocol Category On Ordering Sheet).

Option 3

This option provides INCOM™  availability, via the Aux Com port,  in applications where either the Westinghouse
INCOM™,  or ABB WRELCOM™, network is used.

Option 4

This option provides RS-485 communication and INCOM™  availability, via the isolated Aux Com port.    In this
configuration, the INCOM™  port provides the same functionality as option 3.

Option 5

This option provides RS-485 communication via the isolated Aux Com port, and is highly recommended for applications
requiring communication over distances of up to 300 feet (100m). This option has an advantage over RS-232 by
allowing networking of multiple relays via a simple 3 wire connection.

An RS-485 to RS-232 converter (Catalog Number 245X2000) is available to connect the network to an external device
such as a modem or a personal computer.
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Option 6

This option provides a Modbus Plus™ interface, via the COM 3 port, and RS-232 communication via the non-isolated
COM 2 port.

Option 7

This option provides a Modbus Plus™ interface via the COM 3 and RS-485 communication via the isolated Aux Com
port.

Option 8

This option provides RS-485 communication via the isolated COM 3 (DB-9) and Aux Com ports.

The pinout for the DB9 port for option 8 is as follows:

Pin Signal
1 RS485 (+)
2 RS485 (–)
3 Direction (+) RTSA
4 Direction (–) RTSB
7 RS485 COMMON
8 +5VDC at 100ma

Communication Protocols

The Select Options Table shows the communication protocols and the respective hardware port assignments that are
currently available.

The "Standard" Protocol

The "Standard" protocol referenced throughout this publication refers to an ABB 2000 series-specific 10 byte ASCII
oriented communication protocol.  This protocol is standard for COM 1 and is selectable for other rear ports as per the
Select Options Table.  The 2000 series External Communication Program (ECP) is provided at no charge with the
relay.

Product specific protocol documents are available from the factory upon request.

Table 12-3
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Ordering Instructions

The 2000R series of relays have a structured catalog number ordering system.  The unit's  catalog number is built up
from 13 customer-selectable characters.  Each character identifies features or functions that can be incorporated
into the relay.

How To Order

Using the Ordering Selection sheet,  select those special features or options that are required to adapt the 2000R to
your specific application.  Create the catalog number, as shown above,  by selecting the associated number or letter
that refers to the desired feature or option from each category.

Sample Catalog Number

Software Options
Communications Protocol

Frequency
Rear Communications Port

Current Range

Configuration

MMI Display and Communication Port

Control Voltage

589 V  0 4 1 1 - 6 1 0 1 0



 ABB Generator Protection Unit 2000R

12-7Communications and Ordering Information

The table below illustrates all possible hardware configurations for the communication ports and the supported
protocols.  The Catalog Number Select Option columns list every communication option for which  the relays can
be configured.

The different protocol variations are outlined under the corresponding communication ports that support them.
Select the row containing the protocol combination that best suits your communications requirements and use the
corresponding catalog number options to fill in the brackets [  ] of the catalog number.

The auxiliary port labelled IRIG-B receives a demodulated IRIG-B signal for 2000R clock synchronization
purposes.

Select other characteristics of the relay from the following pages.

Select Communication Options Table

An empty selection box indicates communication port is either not provided or is disabled.

Consult factory for availability. *  Main board jumper selectable front or rear.
# Protocol selectable in settings process, all 4 combinations possible.

Standard

589V041[  ] - 6101[  ]   

2 4 Standard

Catalog Number

0

1

2

0

0

0

Standard Standard

Standard

Standard

Standard

Standard Standard

Select Option

3

4

6

7

8

8

0

0

4

4

0

4

Standard

Standard

Standard

Standard

Standard

Standard Standard (RS-485)

INCOM

INCOMStandard

Standard

5 0 Standard Standard

Standard

IRIG-B

IRIG-B

IRIG-B

IRIG-B

IRIG-B

IRIG-B

Modbus
® (Modbus Plus™)

 or  Standard Modbus®

See Note #
 or  Standard Modbus

See Note #

 or  Standard Modbus®

(RS-485)     See Note #
 or  Standard Modbus®

See Note #

COM 3COM 2COM 1

REAR PORT ASSIGNMENTS

IRI G- B

57

56

55

58 60

59

AUX.
PORTS

61

62 64

63

 RS-4 8 5
ISOL A TED

    NON
ISOL A TED
 RS-2 3 2

    NON
ISOL A TED
 RS-2 3 2

 INCOM
ISOL A TED

ISOL A TED
RS-232
 unless
  noted

With
Display

Without
Display*

Modbus
® (Modbus Plus™)

®
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5 8 9  V  0  4 1  1 – 6   1    0    1    0Catalog Number Selection

Configuration
   
   

T
V

Ordering Selections

Standard
With Differential Function
With Differential and Distance Functions W

Frequency
50 Hertz 5
60 Hertz 6

No Load Profile       0
Load Profile       1

Communications Protocol
Standard (10-Byte protocol) 0
Modbus  /Modbus Plus™® 4

Rear Communications Port
(Front RS-232 port is standard equipment on all units)
RS-232 (non-isolated) 0
RS-232 (isolated) 1
Auxiliary Port & RS-232 (isolated) 2
INCOM™ (isolated) 3
Auxiliary Port & INCOM™ (isolated) 4
RS-485 (isolated) 5
Modbus Plus™ & RS-232 (non-isolated) 6
Modbus Plus™ & RS-485 (isolated) 7
Dual RS-485 Ports (isolated) 8

  
- 

   

0
1
2

AA2.0 - 8  
0.4 - 1.6    A

Current Range
Phase Ground

2.0 - 8  

0.4 - 1.6 A 0.4 1.6 A

Std. ANSI Curves/No User Programmable Curves 0
Std. ANSI Curves and User Programmable Curves 1

Software Options
No Oscillographics 0
Oscillographics

  
1

3
4

Control Voltage
38 — 58 Vdc
70 — 280 Vdc
19 — 29 Vdc 9

Man-Machine Interface
Horizontal/No Man Machine Interface 0
Horizontal/Man Machine Interface 1
Vertical/No Man Machine Interface
Vertical/Man Machine Interface

5
6

A2.0 - 8  

User
Selections


	GPU 2000R
	Table of Contents
	Precautions
	Introduction
	Quick Start
	Index to Section 1
	Section 1
	Protective Functions

	Section 2
	Configuration Settings

	Section 3
	Internal Design

	Section 4
	Interfacing with the Relay

	Section 5
	Mounting & Connections

	Section 6
	Programmable Inputs & Outputs

	Section 7
	Metering

	Section 8
	Records Menu

	Section 9
	Test Menu

	Section 10
	Maintenance & Testing

	Section 11
	Optional Features

	Section 12
	Communictions Ports





