Communications: Appendix - B

Appendix B-Communications

The M-3425 Generator Protection Relay
incorporates three serial ports for intelligent, digital
communication with external devices. Equipment
such as RTU's, data concentrators, modems, or
computers can be interfaced for direct, on-line, real
time data acquisition and control. Generally, all
data available to the operator through the front
panel of the relay with the optional M-3931 Human-
Machine Interface module is accessible remotely
through the BECO 2200 or MODBUS data
exchange protocol. These protocol documents and
the database-specific protocol document are
available from the factory or from our website at
www.beckwithelectric.com.

The M-3820A IPSCom® Communication Software
package has been supplied for communication to
any IBM compatible computer running under
Microsoft® Windows 95 or higher.

The communcation protocols implement serial, byte
oriented, asynchronous communication and can
be used to fulfill the following communications
functions:

* Real time monitoring of line status.

* Interrogation and modification of setpoints.

e Downloading of recorded oscillograph
data.

* Reconfiguration of relay functions.

B NOTE: The following restrictions apply for
MODBUS protocol use:

1.  MODBUS protocol is not supported on
COM1.

2.  Parity is supported on COM2 and COMS;
valid selections are 8,N,2; 8,0,1 or 8,E,1.

3.  ASCIll mode is not supported (RTU only).

4, Standard baud rates from 300 to 9600
are supported.

5. Only the following MODBUS commands
are supported:

a. read holding register (function 03)
b. read input register (function 04)
c. force single coil (function 05)

d. preset single register (function 06)

For detailed information on IPScom
communications, refer to Chapter 4, Remote
Operation.

Communication Ports

The relay has both front and rear panel RS-232
ports and a rear RS-485 port. The front and rear
panel RS-232 ports are 9-pin (DB9S) connector
configured as DTE (Data Terminal Equipment) per
the EIA-232D standard. Signals are defined in Table
B-1, Communication Port Signals .

The 2-wire RS-485 port is assigned to the rear
panel terminal block pins 3 (=) and 4 (+).

Each communication port may be configured to
operate at any of the standard baud rates (300,
600, 1200, 2400, 4800, and 9600). The RS-485
port shares the same baud rate with COM 2 (for
COM1 see Section 5.4, Circuit Board Switches and
Jumpers).

While the digital communication ports do include
some ESD (Electrostatic Discharge) protection
circuitry, they are excluded from passing ANSI/
IEEE C37.90.1-1989. Beckwith Electric
recommends the use of RS-232/485 to fiber optic
converters to avoid any question of surge-withstand
capability or ground potential rise.

A null modem cable is also shown in Figure B-1,
Null Modem Cable: M-0423, if direct connection to
a PC (personal computer) is desired.
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COM2
Pin 2
Pin 3
Pin 7
Pin 8
Pin 4

Pin 1*
Pin 5

Pin 1*

Pmn 9*

Pmn 6*

- Circuit Signal COoM1
BB RX Receive Data Pin 2
BA TX Transmit Data Pin 3
CA RTS Request to Send Pin 7
CB CTS  Clear to Send
CD DTR Data Terminal Ready Pin 4
CF DCD  Data Carrier Detect
AB GND  Signal Ground Pin 5

+15V
-15V
TTL IRIG-B (+)
* Optional: See Section 5.4, Circuit Board Switches and Jumpers %15V
(£15%) @100 mA maximum.

Table B-1 Communication Port Signals

B NOTE: Also see Tables 5-1, 5-2 and Figure 5-7.

M-3425

COM1/COM2 PC
DB9P DB9S

1 — 1

RX 2 2
X 3 >< 3

4 4
SGND 5 5
6 — 6

RTS 7 7
CTS 8 >< 8
9 9

Figure B-1 Null Modem Cable: M-0423

DCD
RX
TX
DTR
SGND
DSR
RTS
CTS
RI
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PC Master
Echo Cancel On
,’/
-]
25 pin or
9-25 pin Straight-Through Cable
. . /
DYMEC Fiber Optic
Link / Repeater ! '
DCE
DTE
REP
OFF
T R
1 n FOC
=
| FOC i i
R * T R T R * T
DCE DCE DCE
DTE ¢ DTE DTE
REP REP REP
OFF OFF OFF
| I 1 [ |
Slave #1 Slave #2 Slave #3
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1

RS-232

1 1

RS-232

9-25 pin "Straight-Through" Cables

Figure B-2 RS-232 Fiber Optic Network

B-3
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RS-485 2-Wire Network
Slave #1 Slave #2 Slave #3
Address 6 Address 8 Address 1

NN L

e o0 .
" 77 | cee | _Daoa

e

RS-232 to RS-485 2-wire
converter or RS-485 PC Card

A CAUTION: Due to the possibility of ground potential difference between units, all units should be
mounted in the same rack. If this is not possible, fiber optics with the appropriate converters should be used
for isolation.

B NOTE: Each address on the network must be unique. Only the last physical slave on the network should
have the termination resistor installed. This may be completed externally or via a dip jumper
internal to the unit. See Section 5.4, Circuit Board Switches and Jumpers.

Figure B-3 RS-485 Network
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Communicaciones

El Relevador de Proteccion de Generador M-3425
incorpora tres puertos seriales para tener
comunicacion con dispositivos externos. Equipos
tales como RTU’s, concentradores de datos,
modems o computadoras pueden ser puestos en
interfase para adquisicion de datos y control directo,
en linea y tiempo real. Generalmente, todos los
datos disponibles al operador a través del panel
frontal del relevador con el médulo de interfase
hombre-maquina M-3931 son accesibles
remotamente a través de BECO 2200 o protocolo
de intercambio de datos MODBUS. Los documentos
de estos protocolos y el documento de la base de
datos especifica estan disponibles en fabrica o
desde nuestro sitio Web en
www.beckwithelectric.com.

El software de comunicacion IPSCom (r) M-3820A
ha sido suministrado para la comunicacion con
cualquier computadora compatible con IBM
corriendo bajo Microsoft (r) Windows 95 o superior.

Los protocolos de comunicacién implementan
comunicacion serial, orientada a byte, asincrona y
puede ser usada para cumplir las siguientes
funciones de comunicaciones:

e Monitoreo en tiempo real del estado del
generador.

e Interrogacion y modificaciéon de puntos
de ajustes.

* Descarga de datos de oscilografia
registrados.

* Reconfiguracién de funciones del
relevador.

B NOTA: Las siguientes restricciones aplican para
el uso del protocolo MODBUS:

1. Protocolo MODBUS no es soportado por
el COM1.

2. Paridad es soportada sobre COM2 y
COMBS; selecciones validas son 8,N,2;
8,0,1 6 8,E,1.

3. Modo ASCIl no es
(Unicamente RTU).

4. Tasas de Baud estandar de 300 a 9600
son soportadas.

soportado

5. Unicamente los siguientes comandos
MODBUS soportados:

a. Lectura de registros almacenados
(funcion 03)

b. Lecturas de registros de entrada
(funcion 04)

c. Forzar salidas sencillas (funcion 05)

d. Preajustar registros sencillos
(funcién 06)
Para informacion detallada sobre comunicaciones
IPScom Refiérase al Capitulo 4 Operacion
Remota.

Puertos de Comunicacion

El relevador tiene dos puertos RS-232, uno en el
frente y uno trasero, y un puerto RS-485 trasero.
Los puertos RS-232 son conectores de 9 pines
(DB9S) configurado como DTE (Data Terminal
Equipment) de acuerdo al estandar EIA-232D. Las
sefales estan definidas en la Tabla B-1.

El puerto RS-485 de 2-hilos esté asignado al bloque
de terminales en la parte trasera del panel, pines 3

() y 4 (+).

Cada puerto de comunicacion puede ser
configurado para operar en cualquiera de las tasas
de baud estandar (300, 600, 1200, 2400, 4800,
and 9600). El puerto RS-485 comparte la misma
tasa de baud con el COM 2 (para COM1 vea la
Seccién 5.4, Switches y Puentes de tarjetas.)

Aunque los puertos de comunicacion digital incluyen
algun circuito de proteccién ESD (Descarga
Electrostatica), ellos estan excluidos de pasar el
estandar ANSI/IEEE C37.90.1-1989. Beckwith
Electric recomienda el uso de RS-232/485 a
convertidores de fibra dptica para evitar cualquier
problema de sobretensién o de elevacion de
potencial de tierra.

Un cable null modem es también mostrado en la
Figura B-1 si desea tener una conexion directa a la
PC (computadora personal).
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Circuito Senal COM1 COM2
BB RX Recepcion de Datos Pin 2 Pin 2
BA X Transmision de Datos Pin 3 Pin 3
CA RTS Requerimiento de Envio Pin 7 Pin 7
CB CTS Limpio para Envio Pin 8
CD DTR  Listo para Terminal de Datos Pin 4 Pin 4
CF DCD Deteccion de Portador de Pin 1*
Datos
AB GND  Senal de Tierra Pin 5 Pin 5
+15V Pin 1*
-15V Pin 9%
TTL IRIG-B (+) Pin 6*
* Opcional: Ver la Seccion 5.4, Puentes Interruptores de Circuito de la
Targeta £15V (*+15%) a un maximo de 100 mA.

Tabla B-1 Seiiales del Puerto de Comunicacion

B NOTA: Vertambién Tablas 5-1, 5-2 y la Figura 5-7.

M-3425
COM1/COM2 PC
DB9P DB9S
1 — — 1 DCD
RX 2 > RX
X 3 X 3 TX
4 4 DTR
SGND 5 5 SGND
6 — __ 6 DSR
RTS 7 7 RTS
cTS 8 X 8 CTS
9 9 RI

Figure B-1 Cable Null Modem: M-0423
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PC Maestra
Cancel Echo Activado
Cable Recto de 25 pin o 9-25 pin
- - - /
Link/Repetidor de Fibra
Optica DYMEC I 1
DCE
DTE
{L ﬂr REP
OFF
T L R
I T FOC
<
=
| FOC il
R T R T R
DCE {4» DCE - DCE
DTE ¢ DTE DTE
REP {} REP {} REP
OFF OFF OFF ?
1 1 ] | I
Esclava #1 Esclava #2 Esclava #3
Direccion 1 Direccion 2 Direccion 3
RS-232 RS-232 L RS-232
- =

9-25 pin "Straight-Through" Cables

Figura B-2 Red de Fibra Optica RS-232
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RS-485 Red de 2-Hilos

Esclava #1 Esclava #2 Esclava #3
Direccion 6 Direccion 8 Direccién 1

- I

PC Maestra

80) D | Q02000

) S
™ \// / ° o

Doble Pair

Convertidor RS-232 a RS-485 dos
hilos o targeta de PC RS-485

A PRECAUCION: Debido a la posibilidad de la diferencia de potencial a tierra entre las unidades, todas
las unidades deberan ser montadas en el mismo gabinete. Si esto no es posible, se debe usar fibra éptica
con convertidores apropiados para asegurar el aislamiento.

B NOTA: Cada direccién de la red debe ser tnica. Unicamente la Gltima “esclava” fisica sobre la red debe
tener el resistor de terminacion instalado (200 W). Esto puede ser completado externamente o
via un puente interno a la unidad. Vea la Seccion 5.4, Switches y Puentes de Tarjetas.

Figura B-3  Red RS-485
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Appendix C-Self-test Error Codes

Error Code Description

1

2 Battery backed RAM test fail

3 EEPROM write power-up fail

4 EEPROM read back power-up fail

5 Dual port RAM test fail

6 EEPROM write calibration checksum fail
7 EEPROM write setpoint checksum fail loss of power
8 EEPROM write setpoint checksum fail loss of battery backed RAM
9 DMA checksum/physical block fail

10 Oscillograph Memory Test fail

11 DSP external program RAM fail

12 DSP A/D convert fail

13 DSP ground channel fail

14 DSP reference channel fail

15 DSP PGA gain fail

16 DSP DSP<-> HOST interrupt 1 fail

17 DSP DSP -> HOST interrupt 2 set fail
18 DSP DSP -> HOST interrupt 2 reset fail
19 DSP program load fail

20 DSP not running run mode code

21 DSP not running secondary boot code
22 DSP DPRAM pattern test fail

23 EEPROM write verify error

24 BBRAM test error

25 Uninitialized EEPROM

Table C-1 Self-Test Error Codes
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Error Code Description

26 WARNING calibration checksum mismatch warning
27 WARNING setpoint checksum mismatch warning
28 WARNING low battery (BBRAM) warning
29 Supply/mux PGA running test fail

30 External DSP RAM test fail

31 Unrecognized INT1 code

32 Values update watchdog fail

33 Abort Error

34 Restart Error

35 Interrupt Error

36 Trap Error

37 Calibration running check fail

38

39

40 Interrupt noise INT2

41 Interrupt noise INT1

42

43

44 Oscillograph buffer overflow

45 Oscillograph buffer underflow

46 Failure of DSP to calculate calibration phasors
47 Unable to calibrate input (gain)

48 Unable to calibrate input (phase)

49

50 Stack Overflow

51 Setpoint Write Overflow

52 Field Ground Error

Table C-1 Self-Test Error Codes (continued)
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Error Code ' Description

Comm Channel Lock I;Ags?:;)errect pass word supplied to the control will result in this

Control in Local Mode This message 1nd1c_ate§ thf}t the control is being operated locally
and serial communication is suspended.

This error results if there are problems with the communication

Echo Timeout link or if the echo cancel function is used incorrectly.

Invalid Data This error results if incorrect or out-of-range data is entered.

Invalid ID This message is displayed when attempting to communicate with a
device other than the M-3425.

Invalid Number of This error r‘esults if an n}coplpatible version of IPScom soﬁware. is

Points used. This is a communication protocol error. Contact a Beckwith

Electric Co. factory representative.

This error results if an incompatible version of IPScom software is
Invalid Point Number used. This is a communication protocol error. Contact a Beckwith
Electric Co. factory representative.

This error results if there are problems with the communication

Read Invalid Checksum link or if the echo cancel function is used incorrectly.

This error results when communication with the control is lost

Read Packet Timeout while attempting to read data to the control

This error results when communication with the control is lost

Response Timeout while attempting to read data from the control.

Unknown System Error  This error could be caused by a malfunction of the control.

User Cancel This message displays when the escape (ESC) key is pressed.

This error results if there are problems with the communication

Write Invalid Checksum link or if the echo cancel function is used incorrectly.

This error results when communication with the control is lost

Write Packet Timeout while attempting to write data to the control

Table C-2  IPScom® Error Messages
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D Appendix D - Inverse Time Curves

This Appendix contains two sets of Inverse Time Curve Families. The first set is used for Volts per Hertz
functions (Figures D-1 through D-4), and the second set is for the M-3425 functions which utilize the Inverse
Time Overcurrent curves (Figures D-5 through D-12).

B NOTE: Table D-1A and D-1B on pages D-6 and D-7 contains a list of the data that characterizes Definite
Time, Inverse Time, Very Inverse Time, and Extremely Inverse Time Overcurrent Curves.
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Multiple of Tap Setting

1.65

1.70

1.75

1.80

1.85

1.90

2.20

2.30

2.40

2.50

2.60

4.00

4.20

4.40

4.60

0.69899

0.64862

0.60539

0.56803

0.53558

0.50725

0.48245

0.46068

0.44156

0.42477

0.41006

0.39721

0.38606

0.37648

0.36554

0.35293

0.34115

0.33018

0.31999

0.31057

0.30189

0.29392

0.28666

0.28007

0.27415

0.26889

0.26427

0.26030

0.25697

0.25429

0.25229

0.24975

0.24572

0.24197

0.23852

0.23541

Definite Time

Inverse Time

4.53954

4.15533

3.81903

3.52265

3.25987

3.02558

2.81566

2.62673

2.45599

2.30111

2.16013

2.03139

1.91348

1.80519

1.72257

1.54094

1.39104

1.26561

1.15945

1.06871

0.99049

0.92258

0.86325

0.81113

0.76514

0.72439

0.68818

0.65591

0.62710

0.60135

0.57832

0.53904

0.50641

0.47746

0.45176

0.42894

Very Inverse Time

3.46578

3.11203

2.81228

2.55654

2.33607

2.14431

1.97620

1.82779

1.69597

1.57823

1.47254

1.37723

1.29093

1.21249

1.12812

1.01626

0.92207

0.84190

0.77301

0.71334

0.66127

0.61554

0.57515

0.53930

0.50733

0.47870

0.45297

0.42977

0.40879

0.38977

0.37248

0.34102

0.31528

1 0.29332

0.27453

0.25841

Extremely Inverse Time

4.83520

4.28747

3.83562

3.45706

3.13573

2.85994

2.62094

2.41208

2.22822

2.06529

1.92006

1.78994

1.67278

1.56686

1.47820

1.32268

1.19250

1.08221

0.98780

0.90626

0.83527

0.77303

0.71811

0.66939

0.62593

0.58700

0.55196

0.52032

0.49163

0.46554

0.44175

0.40129

0.36564

0.33460

0.30741

0.28346

M NOTE: The above
times are in seconds
and are given for a
time dial of 1.0. For
other time dial values,
multiply the above by
the time dial value.

Table D-1A  M-3425 Inverse Time Overcurrent Relay Characteristic Curves (1 of 2)
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5.00
5.20
5.40
5.60
5.80
6.00
6.20
6.40
6.60
6.80
7.00
7.20
7.40
7.60
7.80
8.00
8.20
8.40
8.60
8.80
9.00
9.50
10.00
10.50
11.00
11.50
12.00
12.50
13.00
13.50
14.00
14.50
15.00
15.50
16.00
16.50
17.00
17.50
18.00
18.50
19.00
19.50

20.00

Definite Time

0.23266
0.23029
0.22834
0.22684
0.22583
0.22534
0.22526
0.22492
0.22360
0.22230
0.22102
0.21977
0.21855
0.21736
0.21621
0.21510
0.21403
0.21300
0.21203
0.21111
0.21025
0.20813
0.20740
0.20667
0.20594
0.20521
0.20449
0.20378
0.20310
0.20243
0.20179
0.20119
0.20062
0.20009
0.19961
0.19918
0.19881
0.19851
0.19827
0.19811
0.19803
0.19803
0.19803

0.40871
0.39078
0.37495
0.36102
0.34884
0.33828
0.32771
0.31939
0.31150
0.30402
0.29695
0.29027
0.28398
0.27807
0.27253
0.26734
0.26251
0.25803
0.25388
0.25007
0.24660
0.23935
0.23422
0.22923
0.22442
0.21979
0.21536
0.21115
0.20716
0.20341
0.19991
0.19666
0.19367
0.19095
0.18851
0.18635
0.18449
0.18294
0.18171
0.18082
0.18029
0.18014
0.18014

0.24456
0.23269
0.22254
0.21394
0.20673
0.20081
0.19511
0.19044
0.18602
0.18187
0.17797
0.17431
0.17090
0.16773
0.16479
0.16209
0.15961
0.15736
0.15534
0.15354
0.15197
0.14770
0.14473
0.14180
0.13894
0.13615
0.13345
0.13084
0.12833
0.12593
0.12364
0.12146
0.11941
0.11747
0.11566
0.11398
0.11243
0.11102
0.10974
0.10861
0.10762
0.10679
0.10611

Inverse Time Curves: Appendix- D

Inverse Time Very Inverse Time  Extremely Inverse Time

0.26227
0.24343
0.22660
0.21151
0.19793
0.18567
0.17531
0.16586
0.15731
0.14957
0.14253
0.13611
0.13027
0.12492
0.12003
0.11555
0.11144
0.10768
0.10422
0.10105
0.09814
0.09070
0.08474
0.07943
0.07469
0.07046
0.06667
0.06329
0.06026
0.05755
0.05513
0.05297
0.05104
0.04934
0.04784
0.04652
0.04539
0.04442
0.04362
0.04298
0.04250
0.04219
0.04205

W NOTE: The above
times are in seconds
and are given for a
time dial of 1.0. For
other time dial values,
multiply the above by
the time dial value.

Table D-1B  M-3425 Inverse Time Overcurrent Relay Characteristic Curves (2 of 2)
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Introduction
1.1 Instruction Book Contents ........ccueueiiiriiieiiieicrccr e 1-1
1.2  M-3425 Generator Protection Relay ........ccccveeeeiiiecciiieeeeee e 12

1.3 Accessories ................

1.1 Instruction Book Contents

This instruction book has six chapters and four
Appendices.

Chapter 1: Introduction

Chapter One summarizes relay capabilities,
introduces the instruction book contents, and
describes accessories.

Chapter 2: Application

Chapter Two is designed for the person or group
responsible for the application of the M-3425
Generator Protection Relay. It includes functional
and connection diagrams for a typical application of
the relay; and describes the configuration process
for the unit (choosing active functions), output
contact assignment and input blocking designation.
It also illustrates the definition of system quantities
and equipment characteristics required by the
protective relay, and describes the individual function
settings.

Chapter 3: Operation

Chapter Three is designed for the person(s)
responsible for the operation, direct setting, and
configuration of the relay. Chapter Three provides
information on the operation and interpretation of
the unit's front panel controls and indicators,
including operation of the optional M-3931 HMI
and M-3925 Target modules. It further describes
the procedures for entering all required data to
the relay. Included in this chapter is a description
of the process necessary for review of setpoints
and timing, monitoring function status and metering
quantities, viewing the target history, and setup
of the oscillograph recorder.

1-1
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Chapter 4: Remote Operation

This chapter is designed for the person or group
responsible for the remote operation and setting of
the relay using the M-3820A IPScom®
Communications Software package or other means.

Chapter 5: Installation

The person or group responsible for the installation
of the relay will find herein all mechanical information
required for physical installation, equipment ratings,
and all external connections in this chapter. For
reference, the Three-Line Connection Diagram is
repeated from Chapter 2, Application. Further, a
commissioning checkout procedure is outlined using
the HMI option to check the external CT and VT
connections. Additional tests which may be desirable
at the time of installation are described in Chapter
6, Testing.

Chapter 6: Testing

This chapter provides step-by-step test procedures
for each function, as well as diagnostic mode and
autocalibration procedures for HMI-equipped units.

Appendix A: Configuration Record Forms

This Appendix supplies a set of forms to record and
document the settings required for the proper
operation of the relay.

Appendix B: Communications

This Appendix describes port signals, protocols,
and various topologies, and equipment required for
remote communication.

Appendix C: Self-Test Error Codes

This Appendix lists all the error codes and their
definitions.

Appendix D: Inverse Time Curves

This Appendix contains a graph of the four families
of Inverse Time Curves for V/Hz applications, the
Inverse Time Overcurrent Curves, and the IEC
curves.

1.2 M-3425 Generator Protection
Relay

The M-3425 Generator Protection Relay is a
microprocessor-based unit that uses digital signal
processing technology to provide up to twenty-six
protective relaying functions for generator protection.
The relay can protect a generator from internal
winding faults, system faults, and other abnormal
conditions.

The available internal functions of the relay are
listed in Table 1-1. The nomenclature follows the
standards of ANSI/IEEE Std. C37.2-1991, Standard
Electric Power Systems Device Function Numbers.

Six input contacts can be programmed to block any
relay function and/or to trigger the oscillograph
recorder. Any of the functions or the input contacts
can be individually programmed to activate any one
or more of the eight programmable output contacts.

With the optional M-3931 HMI (Human-Machine
Interface) Module, all functions can be set or
examined via a local, menu-driven, 2 line by 24
character alphanumeric display. The module allows
local metering of various quantities, including phase,
neutral, and sequence voltages and currents, real
and reactive power, power factor, and positive
sequence impedance measurements.

The relay stores time-tagged target information for
the twenty-four most recent events. For units
equipped with the optional M-3925 Target Module,
LEDs are used to provide a detailed visual indication
of function operation for the most recent event.

The unit retains up to 170 cycles of oscillograph
waveform data. This data can be downloaded and
analyzed using the M-3801A IPSplot® Oscillograph
Analysis Software package.

The unit is powered from a wide input range switch
mode power supply. An optional redundant power
supply is available.

The relay includes self-test, auto calibration, and
diagnostic capabilities, in addition to IRIG-B time-
sync capability for accurate time-tagging of events.



FUNCTION .. . DESCRIPTION

Standard Protective Functions

21
24
27

27TN
32
40
46
50

SOBF

SODT

50N

50127

SIN

S51v

59
59N
60FL
78
81
81R
87
87GD
Ext

Phase Distance

Volts/Hz (Inverse & Definite Time)
RMS Undervoltage

Third Harmonic Undervoltage, Neutral
Directional Power

Loss-of-Field

Negative Sequence Overcurrent
Instantaneous Overcurrent
Breaker Failure

Definite Time Overcurrent
Instantaneous Overcurrent, Neutral
Inadvertant Energizing

Inverse Time Neutral Overcurrent

Inverse Time Overcurrent, with Voltage
ControV/Restraint

RMS Overvoltage

RMS Overvoltage, Neutral

VT Fuse-Loss Detection
Out-of-Step

Frequency

Rate of Change of Frequency
Phase Differential

Ground (zero sequence) Differential

External Functions

Optional Protective Functions

SIT

64F/64B

Inverse Time Positive Sequence
Overcurrent for Stator Thermal
Protection

Field Ground Protection/
Brush Lift-Off Detection

Table 1-1 M-3425 Device Functions

Introduction - 1

Three communication ports are provided. COM1
and COM2 are standard 9-pin RS-232 DTE-
configured communications ports. The front-panel
port, COM1, is used to locally set and interrogate
the relay via a portable computer. The second
RS-232 port, COM2, is provided at the rear of the
unit. An RS-485 communications port, COM3, is
also available at the rear terminal block of the relay.
Either rear-panel port, COM2 or COMS3, can be used
to remotely set and interrogate the relay via hard-
wired serial connection or modem.

M-3820A IPScom Communications Software

IPScom®is shipped standard with every relay. This
software runs on a PC-compatible computer operating
under Microsoft Windows® 95/98 or later. When
properly connected via either direct serial connection
or modem, IPScom can provide the following
functions:

¢ Setpointinterrogation and modification
* Line status real-time monitoring
» Recorded oscillograph data downloading
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1.3 Accessories

M-3925 Target Module

The optional target module, shown below, includes
24 individually labelled TARGET LEDs to indicate
operation of the functions on the front panel. Eight
individually labelled OUTPUT LEDs will be lit as
long as the corresponding output contact is picked

up.

TARGETS
Ol 24 VOLTS/HZ | [PHASE_OVERCURRENT 50 |O
Ol 27 PHASE UNDERVOLTAGE | [PHASE OVERCURRENT s1v O
Q[ 59 PHASE OVERVOLTAGE | [NEUTRAL OVERCURRENT 50N |
(O 27TN/64S_ 100% STATOR GND | [NEUTRAL OVERCURRENT 51N |
([ 59N NEUTRAL OVERVOLTAGE | [SPLIT PHASE DIFF 5007 |O
Ols2 DIRECTIONAL POWER | [POS SEQ OVERCURRENT 51T |0
Ol 21 PHASE DISTANCE | [NEG SEQ OVERCURRENT 46 |0
Ol40 LOSS OF FIELD | [FIELD GND/BRUSH LIFT 64F/B |0
Ol 78 OUT OF STEP | [FREQUENCY/ROCOF 81/81R |0
Ol 508F BREAKER FAILURE | [PHASE DIFF CURRENT 87 |0
(O[50/27___ INADVERTENT ENRGNG | [GND DIFF_CURRENT 876D ]
QL 6oFL V.T. FUSE LOSS | [EXTERNAL ext |O
OUTPUTS
ouT10O 0oUT3 QO ouUT50 OUT7QO
out20  out40O outeO 0outsO

Figure 1-1 M-3925 Target Module

M-3933/M-0423 Serial Communication Cables

The M-3933 cable is a 10-foot RS-232 cable for use
between the relay’s rear panel (COM2) port and a
modem. This cable has a DB25 (25-pin) connector
(modem) and a DB9 (9-pin) at the relay end.

The M-0423 cable is a 10-foot null-modem RS-232
cable for direct connection between a PC and the
relay’s front panel COM1 port, or the rear COM2
port. This cable has a DB9 (9-pin) connector at
each end.

M-3931 HMI (Human-Machine Interface) Module

The optional HMI module provides the means to
interrogate the relay and to input settings, access
data, etc. directly from the front of the relay. Its
operation is described in detail in Section 3.1, Front
Panel Controls.

O O

BECKWITH ELECTRIC CO.

iy
al =

EXIT ENTER

o) ©)

Figure 1-2 M-3931 Human-Machine
Interface (HMI) Module

M-3801A IPSplot® Oscillograph Analysis
Software Package

The IPSplot Oscillograph Analysis Software runs in
conjunction with the IPScom® software package on
any IBM PC-compatible computer, enabling the
plotting, printing, and analysis of waveform data
downloaded from the M-3425 Generator Protection
Relay.
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Application

2.1 Configuration..........ccc.......
2.2 System Diagrams ............
2.3 Setpoints and Time Settings

Chapter Two is designed for the person or group
responsible for the application of the M-3425
Generator Protection Relay. It includes functional
and connection diagrams for a typical application of
the relay; and describes the configuration process
for the unit (choosing active functions), output
contact assignment and input blocking designation.
It also illustrates the definition of system quantities
and equipment characteristics required by the
protective relay, and describes the individual function
settings.

Screens shown in the following examples are as
they would appear on units equipped with the M-3931
HMI Module. The same setting may be entered
remotely via M-3820A IPScom® Communications
Software (see Chapter 4, Remote Operation).

2.1 Configuration

Functions

Configuration of the relay consists of enabling the
functions for use in a particular application,
designating the output contacts each function will
operate, and which status inputs will block the
function. The choices include eight programmable
output contacts (OUT1-OUT8) and six status inputs
(IN1-INB), plus a block choice for fuse loss logic
operation (see Section 2.3, Setpoint and Time
Settings, 60FL Fuse Loss subsection for details).

The blocking status inputs and output contact
assignments must be chosen before entering the
settings for the individual functions. Both may be
recorded on the Relay Configuration Table in
Appendix A, Configuration Record Forms.

2-1



M-3425 Instruction Book

Status input IN1 is preassigned to be the 52b
breaker status contact. If a multiple breaker scheme
is used, the input IN1 must be the series
combination of the “52b” breaker contacts. Additional
user-chosen status inputs may initiate actions such
as breaker failure, initiate external fuse loss
detection, or trigger the oscillograph recorder.

(“»” denotes standard protective functions and “+”
denotes optional protective functions.)

¢ 21 Phase Distance, #1, #2
e 24 Volts/Hz: Def Time #1, #2, Inv Time
e 27 RMS Undervoltage, 3-Phase #1, #2

¢ 27TN Third-Harmonic Undervoltage,
Neutral, #1, #2

e 32 Directional Power, 3-Phase #1, #2
e 40 Loss of Field #1, #2

* 46 Negative Sequence Overcurrent:
Def Time, Inv Time

* 50 Instantaneous Phase Overcurrent

* 50BF Breaker Failure

e 50DT Definite Time Overcurrent, #1, #2
* 50N Instantaneous Neutral Overcurrent
* 50/27 Inadvertent Energization

* 51N Inverse Time Neutral Overcurrent

(60FL V.T. FUSE LOSS )

kdlsable ENABLE )

(60FL BLOCK INPUT )
f1 i6 i5 i4 i3 i2 If
_ Y,

-
60FL RELAY OUTPUT
\03 07 06 05 04 03 02 QL

enabled.

+ 51T Inverse Time Positive Sequence
Overcurrent for Stator Thermal Protection

¢ 51V Inverse Time Phase Overcurrent with
Voltage Control/ Restraint

* 59 RMS Overvoltage, 3-Phase #1, #2
* 59N RMS Overvoltage, Neutral #1, #2
* B60FL Fuse Loss Detection

64B Brush Lift-Off Detection

64F Field Ground Protection, #1, #2

e 78 Out-of-Step

* 81 Frequency #1, #2, #3, #4

* 81R Rate of Change of Frequency, #1,#2
* 87 Phase Differential

* 87GD Ground Differential

e External #1, #2

The relay allows the user to designate up to two
external functions which perform similarly to internal
relay functions. These external functions may be
enabled or disabled, and output contacts and
blocking inputs are chosen the same as for the
internal functions. The external functions are
described in further detail in Section 2.3, Setpoint
and Time Settings, External Functions subsection.

This designation is required for each relay function. After enabling
the function, the user is presented with the two following screens:

This assigns the blocking designations (up to six) for the enabled
function. “OR” logic is used if more than one input is selected.

This screen assigns the output contacts (up to eight) for the particular
relay function. If no output contacts are assigned, the function will
not generate any output or targets even though the function is

B NOTE: Uppercase text indicates selection.



Relay System Setup

The system setup consists of defining all pertinent
information regarding the system quantities. Setup
screens shown here may be accessed through the
SYSTEM SETUP menu. Regardless of the functions
enabled or disabled, all information shown is

Application - 2

required. Several functions require proper setting of
these values for correct operation. The Nominal
Voltage and Nominal Current settings are needed
for proper normalization of per unit quantities. CT
and VT ratios are used only in monitoring and

(NOMINAL VOLTAGE )
L Volts D
(NOMINAL CURRENT )
9 Amps )

N

QT CONFIGURATION
line-1line line-ground-

«line-gnd_to_line-line

\§ J

(DELTA-Y TRANSFORM
\disable enable

Y,
(PHASE ROTATION )
e-c-b a-b-c )

(59/27 MAGNITUDE SELECT )

rms dft
\ J

displaying system primary quantities.

The secondary VT voltage when primary voltage is equal to the
rated generator voltage. (V gen rated + VT ratio)

The secondary CT current of the phase CT’s with rated generator
current. (I gen rated + CT ratio)

Indicates VT connection. (See Figure 2-3, Three-Line Connection
Diagram.) When line-ground voltages are used, functions 24, 27,
and 59 may operate for line-ground faults. If this is not desired, the
line-gnd-to-line-line selection should be used to prevent operation
of these functions for line-ground faults.

When line-gnd-to-line-line is selected, the relay internally calculates
line-line voltages from line-ground voltages for all voltage-sensitive
functions. This line-gnd-to-line-line selection should be used only
for a VT nominal secondary voltage of 69V (not for 120 V). For this
selection, the nominal voltage setting entered should be line-line
nominal voltage, which is V3 times line-ground nominal voltage.

By enabling the Delta-Y Transform, the relay will internally consider the
30° phase shift through the delta-wye unit transformer for 51V and 21
functions.

This screen allows the user to select the phase rotation of the M-3425
to match the generator.

This screen allows selection of RMS or DFT for the 59 and 27
functions. The magnitude can be selected as the RMS of the total
waveform (including harmonics) or the RMS of the 60/50 Hz
fundamental component of the waveform using the Discrete Fourier
Transform (DFT). When the RMS option is selected, the magnitude
calculation is accurate over a wide frequency range (10 to 80 Hz)
and the accuracy of the time delay is +20 cycles. When the DFT
option is selected, the magnitude calculation is accurate near 50 or
60 Hz and the timer accuracy is =1 cycle. When a wider frequency
response is needed, select RMS. For generator protection applications,
it is recommended to use the RMS selection. RMS is the default
when shipped from the factory.
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50DT SPLIT-PHASE OPERAT
disable enable

PULSE RELAY h

08 07 06 05 04 03 02 01

RELAY SEAL-IN TIME OUT)
______ Gycles

6 i5 i4 i3 i2 it

(\CTIVE INPUT OPEN/close )
I

(/.T. PHASE RATIO )
- :

(.T. NEUTRAL RATIO )
Q 1 Y,
p

C.T. PHASE RATIO

\_ P y,
C.T. NEUTRAL RATIO )
. P 1 y

If the 50DT function is to be used for split-phase differential pro-
tection, this selection should be enabled. If the 50DT function is to
be used as a definite time overcurrent function, this selection should
be disabled.

If pulse relay operation is selected, output will dropout after the
seal-in delay expires, even if the condition which caused the relay
to pick up is still out of band.

Minimum time the output contact will remain picked up to ensure
proper seal-in, regardless of the subsequent state of the initiating
function. Individual Seal-In settings are available for all outputs.

This designates the “active” state for the individual status input.
Programming uppercase (see 16) causes the “active” or “operated”
condition to be initiated by the external contact opening. Other-
wise, external contact closure will activate the input.

Ratio of the phase VTs.

Ratio of the neutral VT.

Ratio of phase CTs.

Ratio of transformer neutral CT.



Application - 2

2.2 System Diagrams

Utility System
M-3425 Typical This function is available as a
Connection Diagram standard protective function.
. S . 52
This function is available as a Unit
optional protective function.

This function provides control for
the function to which it points. VA w——}—]_
Y'Y

M-3425

50 CT —
Bngh DT

Gen

55655 1

T QY

cT D
D
W
M-3425 M-3425
vT
f**éﬁ BS@ @
High-impedance Grounding with Third Low-impedance Grounding with
Harmonic 100% Ground Fault Protection Overcurrent Stator Ground Fault Protection

Figure 2-1 One-Line Functional Diagram
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Utility System

M-3425 Typical This function is available as a

Connection Diagram
(Configured for Split-Phase Differential) O

standard protective function.

This function is available as a
optional protective function.

This function provides control for
the function to which it points.

M-3425

52
Unit

Y, :]—___

52

POOOE

50
©)

M-3921

L

cT D
i D)
Lo
M-3425 M-3425
vT
= )6 :
High-impedance Grounding with Third Low-impedance Grounding with
Harmonic 100% Ground Fault Protection Overcurrent Stator Ground Fault Protection

Figure 2-2 Alternative One-Line Functional Diagram
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Figure 2-3 Three-Line Connection Diagram
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2.3 Setpoints and Time Settings

The individual protective functions, along with their
magnitude and timing settings are described in the
following pages. Settings for disabled functions do
not apply. Some menu and setting screens do not

purchased. Screens shown in the following examples

appear for functions that are disabled or not Software.

21 Phase DiStanCe .........cooiiiiierieccce sttt 2-9
24 VORSIHZ ..ttt e e e e e s 2-12
27 RMS Undervoltage, 3Phase .......c.cccvvvviiiiiieee s seiee et 2-15
27TN Third Harmonic Undervoltage, Neutral .........c.ccccceveiereieercciee e, 2-16
32 Directional Power, 3 Phase ..........cccoviiiiiriieiircs et 2-18
40 LoSS Of Filld ......evieiiiiiiie e e 2-20
46 Negative Sequence OVErCUIrent ...........ccveeereeeieerereeerer et eer e e e 2-23
50/50N Instantaneous Overcurrent, Phase and Neutral Circuits ...................... 2-25
50BF Breaker Failure/HV Breaker Flashover ............cccccccvveriiiiivinscciensceeeeee, 2-26
50DT Definite Time Overcurrent for split-phase differential .............cccccuueen.... 2-28
51N Inverse Time Neutral OVercurrent ..........cccccccvvveervveeisiieessciensecee e 2-29
51T Inverse Time Positive Sequence Overcurrent for

Stator Thermal Protection ..........cccceeiiicieeiiiiiiiiiiee et 2-30
51V Inverse Time Phase Overcurrent

with Voltage Control/Restraint ...........cocceremrienie it 2-32
50/27 Inadvertent ENergization ............ccccveeviieieiiieeecesieie e 2-34
59 RMS Overvoltage, 3Phase .........ccocvveeriiiiniiciiece et 2-36
59N RMS Overvoltage, Neutral Circuit or Zero Sequence ..........cccccceereueennen. 2-37
(18] o I DTS o= 2-38
64B Brush Lift-Off DEteCHON .......ccoviviiriiireeence et 2-39
64F Field Ground Protection ...........cocceeeeriiiiensce et 2-41
78 OUL Of STEP 1ottt e e e e e e e e e e e e e e e enree s eanreeeean 243
N I o (=T 0= ooy TR 2-45
81R Rate of Change of FrequencCy ........cccccovevrveiiniin st 2-47
87GD Ground Differential ...........cccueeireiieiieieercce e 2-48
87 Phase Differential ..........ccceir et 249
EXT External FUNCLIONS .....coooiiiiiiiiics e e 2-50

are as they would appear on units equipped with the
M-3931 HMI. The same setting may be entered
remotely via M-3820A IPScom® Communications



21 Phase Distance

The phase distance function (21) is designed for
system phase fault backup protection and is
implemented as a two-zone mho characteristic.
Three separate distance elements are used to detect
AB, BC, and CA fault types. The ranges and
increments are shown in Table 2-1. The diameter,
offset, system impedance angle (relay characteristic
angle), and definite time delay need to be selected
for each zone for coordination with the system
relaying in the specific application.

When the generator is connected to the system
through a delta/wye transformer, proper voltages
and currents (equivalent to the high side of the
transformer) must be used in order for the relay to
see correct impedances for system faults. By
enabling the Delta-Y Transform feature (see Section
2.1, Configuration, Relay System Setup), the relay
can internally consider the 30° phase shift through
the delta/wye transformer, saving auxiliary VTs.

Application - 2

Impedance calculations for various VT connections
are shown in Table 2-2. Allimpedance settings are
secondary relay quantities and can be derived from
the following formula:

Z c=Zpu x(Rg+R)

where Z__. = secondary reflected impedance, Z,, =

primary impedance, R, = current transformer ratio,
and R, = voltage transformer ratio.

The minimum current sensitivity depends on the
programmed reach (diameter and offset). If the
current is below the minimum sensitivity current,
the impedance calculated will saturate, and not be
accurate. This will not cause any relay misoperation.

‘ . FUNCTION SETPOINT RANGE INCREMENT
Phase Distance (21)

. ; 0.1 to 100.0
Circle Diameter #1, #2 (0.5 to 500.0 Q) 0.1Q

-100.0 to 100.0 Q

Offset #1, #2 (-500.0 t0 500.0 Q ) 010
Impedance Angle #1, #2 0° to 90° 1°
Time Delay #1, #2 1 to 8160 Cycles 1 Cycle

Table 2-1 Phase Distance (21) Setpoint Ranges

Direct-Connected

Delta/Wye Transformer Connected

VT Connection VT Connection
L-Lor L-G to L-L I L-G L-LorL-GtoL-L I L-G
Vig Va-Vs Vec—Vs ViV
I.-k I—h (€)1 b
Vac Va—Ve Vea-Vac VeVo
Tv-I¢ Ip-I¢ (3)Ic L
L-L I.-L (€)) L
Table 2-2 Impedance Calculation
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#1
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#1
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#1

DELAY
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#2

OFFSET
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J o

#2
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#2

DELAY
Cycles

\_
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Typically the first zone of protection is set to an impedance value
enough in excess of the first external protective section (typically
the unit transformer) to assure operation for faults within that pro-
tective zone. (See Figure 2-4, Phase Distance (21) Coverage.)

A negative or positive offset can be specified to offset the mho
circle from the origin. This offset is usually set at zero. (See Figure
2-5, Phase Distance (21) Function Applied For System Backup.)

The impedance angle should be set as closely as possible to the
actual impedance angle of the zone being protected.

The time delays are set to coordinate with the primary protection of
those overreached zones and, when applicable, with the breaker
failure schemes associated with those protective zones.

The 21 #2 zone settings can be set for the second external section
of protection on the system (typically transmission Zone 1 distance
relays) plus adequate overreach.
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Figure 2-5 Phase Distance (21) Function Applied for System Backup
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24 \Volts/Hz

The Volts-Per-Hertz function (24) provides
overexcitation protection for the generator and unit-
connected transformers. This function incorporates
two definite time elements which can be used to
realize traditional two-step overexcitation protection.
In addition, the relay includes an inverse time
element that provides superior protection by closely
approximating the combined generator/unit
transformer overexcitation curve. Industry standard
inverse curves may be selected along with a linear
reset rate which may be programmed to match
specific machine cooling characteristics. The
percent pickup is based on the Nominal Voltage
setting and the based frequency. The V/Hz function
provides reliable measurements of V/Hz up to 200%
for a frequency range of 2-80 Hz. The ranges and
increments are presented in Table 2-3.

- FUNCTION

SETPOINT RANGE

Setting this relay function involves determining the
desired protection levels and operating times. The
first step is to plot the combined generator and
associated unit transformer overexcitation capability
limits. This data is typically available from the
manufacturer and should be plotted on the same
voltage base. Depending on the resulting
characteristic, one of the four families of inverse
time curves (as shown in Appendix D, Inverse
Time Curves) can be matched to provide the
protection. The two definite time elements can be
used to further shape the protection curve or provide
an alarm.

INCREMENT

Volts-Per-Hertz (24)

Definite Time

Pickup #1, #2 100 to 180% 1%
Time Delay #1, #2 30 to 8160 Cycles 1 Cycle
Inverse Time

Pickup 100 to 200% 1%
Characteristic Curves Inverse Time #1 — #4 -
Time Dial Setting:

Curve 1 1-100 1
Curves 2 to 4 0-9 0.1
Reset Rate 1 to 999 Sec 1 Sec

(from threshold of trip)

system frequency settings.

The percent pickup is based on nominal VT secondary voltage and nominal

Table 2-3 Volts-per-Hertz (24) Setpoint Ranges
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Figure 2-6 illustrates a composite graph of generator After any V/Hz excursion, cooling time must also
and transformer limits, a chosen inverse time curve be taken into account. If the unit should again be
and pickup, and a definite time pickup and delay. subjected to high V/Hz before it has cooled to

N o normal operating levels, damage could be caused
Be aware that all V/Hz inverse timing curves saturate before the V/Hz trip point is reached. For this
at 150%, above which timing will be constant. If reason, a linear reset characteristic, adjustable to
definite time element #1 or #2 is to be used for fixed take into account the cooling rate of the unit, is
time trip operation in conjunction with the inverse provided. If a subsequent V/Hz excursion occurs
time element, definite time pickup must be before the reset characteristic has timed out, the
programmed above the inverse time pickup. Also, time delay will pick up from the equivalent point (as
Fhe time delay qt thlg pickup should be less than the a %) on the curve. The Reset Rate setting entered
inverse operating time at that same level to be should be time needed for the unit to cool to normal

effective. operating temperature if the V/Hz excursion time

was just under the trip point.

1000
Generator Limit Curve |
100 H
Transformer Limit Curved
on Generator Base [
-| Inverse Square Curve [
10 ol K=5 I
2 RS g
2 . \: D Combined Protection []
= C:‘ S Curve H
C S, H
‘D NN
[] o %Y
E 1 PN
= Definite Time Delay o
: <34=h
bl 1~ o e o e o el e T o e e e e e o e e B D PR
A2 T
0.1 ini i e
7 Definite Time Piokup ESRESS
| I N N N O O A O B
B RS e A e Y|
Inverse Time Pickupl] | ?
T
1 N, |
ve
[T

100 105 110 115 120 125 130 135 140 145 150

Percentage Volts/Hz

Figure 2-6 Example of Capability and Protection Curves (24)
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\_ ° J
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\ y,
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