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ABB REL 356 Current Differential Protection

Introduction

The REL 356 numerical current differential protection provides high speed protection for long and
short lines. It is particularly suitable for lines too short to be effectively protected by distance relays
and for tapped load applications. The current-only measuring principle offers advantages such as
insensitivity to power swings, mutuals and problems associated with ccvt’s. Communication inter-
faces for 9600 bps audiotone or 64 kbps direct digital or fiber optic are available. The REL 356
protection system also provides digital fault recording, fault locating and extensive target records.

Features

numerical processing

proven sequence filter for current differential measurement

trip time 18 — 26 msec typical for digital communication

64/56 kbps digital communication for optical fiber or multiplexers

modem version for leased telephone lines, analog microwave or metallic pilot wires
automatic channel delay measurement

independent Direct Transfer Trip

directional or non-directional high set phase and ground independent trip

built-in optional distance back-up

REL356 Revision History
Main board

Version 1.21 (10/01/00)

Same as v 1.20 except an internal code modification due to new modem design.

Version 1.20 (05/01/00)

This version includes the following changes from v 1.15:

Added setting SOBT to allow longer reset time of the 52b contact.

Added setting for OPBR so that the selections are OPBR=IE/52B/BOTH/OUT.

Extended setting range for IPL and IGL

Improved 2nd harmonic filtering

Metering display of IT (composite current), OP (operating value) and RES (restraint value)
OP and RES are now set in rms value instead of peak value

Version 1.15 (11/01/99)

Same as v 1.14 except a setting range change of TDES, trip-desensitizing feature.

Version 1.13 (03/29/99)

Same as v 1.12 except that distance back-up can be enabled.
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Version 1.12 (03/23/99)

Same asv 1.11 and v 1.10 except

e Change of communication error display to FEPH (frame errors per hour).
e Added CDT, change detector supervision, of pilot trip.

e Added a 60 seconds trip limiting timer to prevent accidental overheating for standing relay trip.
Version 1.11 (10/20/98)

Same as v 1.10 but for digital communication versions.

Version 1.10 (08/27/98)

Same as v 1.00 with target display improvements. Modem version only.
Version 1.00 (08/12/97)

Initial release.

DCI, digital communication interface

Version 1.10 (10/20/98)

Improved noise immunity. Part number 1614C53G06.

Version 1.00 (08/12/97)

Initial release. Part number 1614C53G01.

CODEC, coder-decoder

Version 1.12 (10/20/98)
Improved noise immunity.

Version 1.10 (08/12/97)
Initial release.

Modem module

Version 1.10 (09/01/00)

New design due to obsolete Rockwell modem. Style number changed to “A” for channel selection.
Note that the style “A” modem is incompatible with the older style “T” modem. The modems have to
be of the same style in the two line ends.

Version 1.00 (08/12/97)

Initial release.
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Product Overview

Application

The REL 356 is a dual-microprocessor based, composite sequence filter, current differential protection system. The
REL 356 operates on the principles inherited from previous successful current differential systems (LCBII); but adapted
and improved using numerical techniques.

The REL 356 is a pilot system, utilizing a communication channel with wide choice of analog and digital communication
options.

The REL 356 is a high speed relaying system and is suitable for application to any voltage level. Its principle of operation
makes it ideal for short lines and tapped lines with a power transformer, where traditional distance protection are not
practical.

The REL 356 is a current-only system and provides all benefits associated with relaying systems not needing potential
transformers such as:

¢ Unaffected by CCVT transients
o Unaffected by power swings
o Not affected by mutuals on parallel lines

An optional distance relaying system has been included to provide back-up for loss of communication channel. This
back-up system consists of a two zone distance unit and logic for non-pilot relaying system. Phase and ground distance
units are included.

The current differential protection is inherently immune to system swings and the relay will block the tripping. However,
if power swing trip is desired, blinders have been provided for detecting this condition. OST (Out-of-Step Trip) is included
in the optional distance back-up system.

An overcurrent tripping function is also included in the relaying system. The high set overcurrent function activates
instantaneous trip when the phase (IPH) or the ground (IGH) threshold units detect currents above the settings. These
units may be supervised by the directional units. The phase units are supervised by FDOP (Forward Directional Overcurrent
Phase) and the ground unit is supervised by FDOG (Forward Directional Overcurrent Ground). Connection of external
voltage transformers is required to activate the directional units.

The REL 356 also requires the connection to voltage transformers for out-of-step trip, distance protection, fault location,
loss-of-potential and loss-of-current detection.

Because of the setting ranges available in the relaying system, it is possible to accommodate different ct ratios at the
two terminals of the transmission line.

The REL 356 relay has the capability, through its channel modem, to accurately measure the communication channel
delay. A continuous channel delay measurement with delay compensation is provided.

REL 356 System Operation

The basic operation of the REL 356 relay system performs a true differential comparison of line current flowing through
each terminal of the protected line. A pilot channel, either fiber optic or audio tone, is used to bring in the remote terminal
signals for comparison to the local signals. The unique methods used to represent the three phase current and securely
transmit the remote signal produce the application flexibility and fidelity of the REL 356.

Current only systems, like the REL 356, compare the currents measured at the terminals of the transmission line. In a
current differential system, the phasor relationship determines whether the condition is external or internal.
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For an internal fault, the currents are essentially in phase at the terminals of the transmission line. For an external fault,
the currents are 180° out of phase. Figure 1-1 illustrates the concept.

e

Internal Fault QU— QU,
External Fault |/ \ / A\

Figure 1-1. Fault Recognition

Standard Features

Current differential protection algorithm

Numerical processing

Multiple microprocessor design

Current change detectors and selectable voltage change detectors
Direct transfer trip

Channel independent high set phase and ground overcurrent units, directional or non-directional
Fault locator

High speed operation, typical 1'2 cycle

Close into fault detection

Open breaker and stub bus trip

Contact outputs for

e Breakertrip

General start

Breaker failure initiation

Reclose initiate and block

System failure alarm

Channel failure alarm

e Tripalarm

RS232C series communications port

Adaptive protection communication channel delay compensation
Digital fault recording

e 10 analog waveforms from local and remote measurements
e 64 digital channels

e 12 samples per cycle

Local HMI interface

19” rack mounting

Communication Channel Options

REL 356 is available with eight different communication interfaces:
9600 bps audiotone

British Telecom audiotone

56/64 kbps direct digital

56/64 kbps 820 nm multi-mode fiber

56/64 kbps 1300 nm single mode fiber, short reach

56/64 kbps 1300 nm single mode fiber, medium reach

56/64 kbps 1300 nm single mode fiber, long reach

56/64 kbps direct digital with G.703 interface

-
R
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Optional Features

Two zone distance back-up, phase and ground

Directional ground back-up

Loss of potential block

Loss of current supervision

Power swing block or trip

Extended contact output with selectable transfer trip contacts
Dual power supplies

RS232C series communication port with IRIG-B input port
Modbus PONI

Platform Overview

The REL 356 relay assembly consists of an outer-chassis and an inner-chassis which slides into the outer-chassis.
The REL 356 conforms to the following dimensions and weight:

Height 77 (requires 4 rack units @ 1.75” each); 177 mm
Width 19”; 483 mm

Depth 13.6”; 345 mm

Weight 38 Ibs; 17.5 kg

17.610 [447.29]
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BB ap Network Partner T o 7L 7%
nnnnn -
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@]
6.954 [176.63]
E j 4.000 [101.60)
@]
B
1.480 [37.60]
d |
0281 X 0.375 SLOT _1
[7.141 X [9.52) [~—0305 (7.75]
19.000 [482.60]
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All of the relay circuitry, with the exception of the input isolation transformers and first-line surge protection, are mounted
on the inner chassis, to which the front panel is attached. The outer chassis has a backplate, which is a receptacle for
all external connections, including the digital communication interface. Two optional FT-14 switches are mounted in the
two peripheral areas of the outer chassis. The FT-14 switches permit convenient and safe disconnection of trip, ac and
dc circuits, and provide for injection of test signals.

REL 356 Modules

The inner and outer chassis, together, contain standard modules, plus the optional relay output board. The backplane
module and digital communication interface (DCI) are connected to the backplate of the outer chassis. The remaining
modules are attached to the inner chassis:

Interconnect module

Relay output modules

Contact input module

Microprocessor module

Display module

Power supply module

Analog input module

Modem module for 9600 bps audio tone channel version

CODEC (coder-decoder) module for 56/64 kbps digital communication

Hardware Structure

The basic hardware consists of:

Input transformers for analog signals (currents only, or currents and voltages)

A front-end filter, multiplexer and A/D converter of those input signal

One CPU for analog input sampling, Fourier computations, operator interface and non-volative data storage
One CPU for protection functions, contact input interface, control output interface and communication interface
Status inputs for logic operations

Output contacts for control of external devices

EPROM for program storage

EEPROM for settings and fault-data storage

Modem or CODEC module for protection communication

14 Product Overview and Specifications
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Specifications
Ratings

Nominal ac voltage at 60 Hz
Nominal ac current (In)

Rated frequency

Maximum permissible ac voltage
Continuous
10 seconds

Maximum permissible ac current
Continuous
1 second
Operational

Thermal
dc battery voltages, nominal (range)

dc burdens
normal

tripping
ac burdens

volts per phase
current per phase

External connections

69.3V rms
1or5Arms

50 or 60 Hz

160 V rms (limited by maximum input to A/D converter)
240 V rms (limited by input transformer flux density)

3 x nominal current (limited by thermal characteristics)

160 Armsat5A, 32Armsat1 A
(limited by maximum input to the A/D converter)
100 x nominal current

60/48 Vdc (30 — 70 Vdc)
110/125 Vdc (88 - 140 Vdc)
220/250 Vdc (176 — 280 Vdc)

15W
40W

0.02 VA at 70 Vac
0.45VAat5A

Terminal blocks located on the rear of the chassis suitable for #14 square tongue lugs. Wiring to FT-14 switches suitable

for #12 wire lugs.

Contact data

Trip contacts
make and carry
1 second
continuous
break
resistive
L/R = 45 msec

Non-trip contacts
continuous
resistive interrupt

30 A
10A

50 W
25W

1A
0.1A

Contacts meet IEC255-6A, IEC255-12, IEC255-16, BS142-1982
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Binary (Voltage) Input Circuits

Jumper selectable
Drop-out threshold

48, 125 or 250 Vdc
67%

9600 bps Audio Tone Communication Interface

Operating speed
Standards compliance
Carrier frequency
Modulation

Transmit level
Receiver sensitivity
Channel requirement

56/64 kbps Digital Communication
Operating speed

Direct digital option
Electrical standard
Mechanical standard
Maximum distance

Fiber optic options
Connector
Wave length 820 nm
Cable

Transmitter output into 50/125 um cable

Receiver input
Reach, typical

Wave length 1300 nm
Cable

9600 bps

ITU V.29

1,700 Hz

QAM — Quadrature Amplitude Modulation
-1dBmto— 15 dBm in 2 dBm steps

- 33 dBm

4 wire, unconditioned

56 or 64 kbps, selectable

RS422/RS485
RS530
4000°/1300 m

ST

multi-mode
- 18 dBm minimum

- 28 dBm minimum
2 miles/3.3 km

single-mode

Transmitter output into 9/125 um cable

Short reach option
Reach, typical
Medium reach option
Reach, typical
Long reach option
Reach, typical
Receiverinput

- 20 dB minimum
7.5 miles/12 km

- 10 dB minimum
20 miles/32 km

0 dB minimum

32 miles/52 km

- 32 dBm minimum
- 20 dBm maximum’

* Receiver maximum input is determined by receiver saturation and should not be exceeded. An attenuator is
delivered to facilitate back-to back testing. The received level should be adjusted to — 26 dBm.

Optional G.703 Interface

The optional G.703 interface adapter complies with CCITT (ITU) G.703 co-directional, 64 kbps specification. For

details refer to IL 40-201.7
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Optional Computer/Network Interface

e RS232C PONI for single point computer communications

e RS232C PONI with IRIG-B  for modulated/de-modulated IRIG-B time synchronization

e Modbus PONI for DNP 3.0 network communications (requires an external MIPC card)
e INCOM PONI for local network communications using INCOM network

Chassis Dimensions and Weight

Height 77 (177.8 mm), 4 rack units
Width 19” (482.6 mm)

Depth including terminal blocks 14” (356 mm)

Weight 681b (17.5kg)

Environmental Data

Ambient temperature range
Operation -20°Cto +60°C
Storage - 40° Cto + 80°C

Insulation test voltage, ANSI C37.90, IEC 255-5 2.8 kV dc, 1 minute
3.2kV dc, 1 second

Open contacts 1400 V dc, continuous

Impulse voltage withstand, IEC 255-5 1.2/50 us, 0.5 Joule

Surge withstand voltage, ANSI C37.90.1, IEC 255-22-1 3 kV, 1 MHz
Fast transient voltage, ANSI C37.90.1, IEC 255-22-4 4 kV, 10/100 ns

EMI field strength withstand, ANSI C37.90.2 25MHz -1 GHz, 10 V/m

Emission tests, EN 50081-1, class A
Conducted emissions 150 kHz — 30 MHz
Radiated emissions 30 MHz - 1000 MHz

CT Requirements for REL356 Current Differential Protection

REL356 uses the operating principle of comparing an operating quantity OP with a restraint quantity RES. The operating
quantity is formed from:

OP = I_TR + I_TL

where ITR is the remote composite current and ITL is the local composite current. ITR and ITL are formed by local and
remote currents, respectively, in the following manner:

I, =-C,1, +C,I, +CO0l,
The restraint quantity is formed from:

RES = |l 1g| |1+ |
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Operation is obtained when OP - 0.7 RES > OTH

where

OTH = set operating threshold

The worst case to consider is an external fault with one CT non-saturated while the other saturates. (This is an unlikely

case since the CT’s will have the same current and with similar characteristic and burden, both will have similar satura-
tion.)

One end will then deliver the undistorted ITL. The other end will deliver some lower value of current, corresponding to x%
of a “true” ITR. As this is an external fault ITR and ITL are 180 degrees out of phase and the magnitude of the “true” ITR
is equal to the magnitude of ITL. Thus:

OP =1, +(-xl)

RES=1, +xlx

For operation OP> 0.7 RES + OTH

I +(—Xl)>0.7(l; +Xl)+OTH
I +(=XI;)>0.7(l; +xlI;)+OTH

. <030, ~OTH
170,

=0.176 as OTH <<I,

The example shows that for an external fault, operation will only take place if the saturated CT delivers less than 17.6%
current compared to true current. Even for the most severe saturation, a considerably higher amount current of funda-
mental frequency will be available.

The above example illustrates the high security of the REL 356 relay. It is difficult to derive an exact mathematical
formula due to the complexity in mathematically describing CT saturation as a factor of fault current and system dc
component. One important factor for the amount of saturation is the remanence presentin the CT and this can not easily
be taken into account in a theoretical study.

The formula we are giving for CT verification is based on experience. As it is impossible to test all types of CTs for all
cases of remanence a factor 2 has been introduced as a safety margin. This means that the relay will operate correctly
if the CT satisfies the requirement:

Vkmin = 2kaax(RCT + RL + R356)

where

V, .., = Minimum knee-point voltage required

kmi

| =secondary maximum through fault current, i.e. maximum current for an external fault

kmax

R.; = CT secondary resistance

R = CT secondary burden, i.e. the sum of the cable resistance and the resistance of any other devices connected to the
same CT core

R, = burden of REL 356; 0.06 ohms for 1A and 0.02 ohms for 5A rated current
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Catalog Information

Typical catalog number

Options

Cat.
#

MC 2 B 2 N A N R G

Output contacts
6 trip, 6 BFI, 4 RI, 2 RB
2 trip, 2 BFI, 4 RI, 2 RB

Current Rating
1A
5A

Battery Voltage
Single supply
48/60 Vdc
110/125 Vdc
220/250 Vdc

Dual supply
48/60 Vdc
110/125 Vdc
220/250 Vdc

Distance backup protection
Backup protection
None

Channel interface

9600 bps audiotone

British Telecom audiotone

56/64 kbps direct digital

56/64 kbps 820 nm multi-mode fiber

56/64 kbps 1300 nm single mode fiber,
short reach (12 dB)

56/64 kbps 1300 nm single mode fiber,
medium reach (22 dB)

56/64 kbps 1300 nm single mode fiber,
long reach (32 dB)

Test switches
FT — 14 test switches
No switches

Remote communication device
RS-232C PONI

INCOM® PONI

RS-232C with IRIG-B PONI
Modbus PONI

Digital fault recording
Accessories

FT-14 Test plug

Right side 1355D32G01
Left side 1355D32G03

mIOW> 270

<

2
Z

O ZwWoO3
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Installation, Operation and Maintenance

Introduction

The REL 356 relay assembly is a numerical (fully digital) current differential transmission line protection system, with
optional distance back-up protection and digital fault recording capability. The following communication options are
provided:

*9600 bps Audio tone
*56/64 kbps Digital communication

REL 356 Construction
The standard nomenclature for ABB relay protection equipment is as follows:
* Cabinet — contains fixed-racks, swing-racks, or open racks
* Rack — contains one or more chassis (e.g., the REL 356)
* Chassis — contains several modules (e.g., Microprocessor or Power Supply)
*Module — contains a number of functional circuits (on printed circuit board)
* Circuit —a complete function on a printed circuit board (e.g., analog-to-digital conversion)

* The REL 356 relay assembly consists of an outer-chassis and an inner-chassis which slides into the outer-
chassis. The REL 356 conforms to the following dimensions and weight:

*Height 7" (requires 4 rack units @ 1.75" each); 177 mm

e Width 19"; 483 mm

*Depth 13.6"; 345 mm

*Weight 38 Lbs; 17.5 kg
All of the relay circuitry, with the exception of the input isolation transformers and first-line surge protection, are mounted
on the inner chassis, to which the front panel is attached. The outer chassis has a Backplate, which is a receptacle for
all external connections, including Digital Communication Interface. Two optional FT-14 switches are mounted in the two

peripheral areas of the outer chassis. The FT-14 switches permit convenient and safe disconnection of trip, ac and dc
input circuits, and provide for injection of test signals.

REL 356 Modules

The inner and outer chassis, together, contain standard modules, plus the optional relay output. The Backplane module
and Digital Communication Interface (DCI) are connected to the Backplate (outer chassis). The remaining modules are
attached to the inner chassis:

e Interconnect module
*Relay Output module
e Contact Input module

*Microprocessor module
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Backplane Module

The Backplane Assembly includes three voltage transformers, three current transformers, four filter chokes and surge
protection capacitors.

The Backplane Module receives all external connections and connects directly to the Interconnect module, thru plug-in
connectors (J11, J12, J13); and to the Relay Output and Contact Input modules, mounted on the Interconnect module
(via connectors JA1, JA2, JA3, JA4), which provide the connections between the inner and outer chassis.

Backplane Module provides connection to DCI module used for 56/64 kbps Digital Communications. The INCOM/PONI®
is mounted on the Backplate of the outer chassis and is connected to the Backplane module (via connector J4).

0opoo O
el 1 1 1 o1 VA1
TRIP BFI RB-1 TRP ALM 5(221 O
BKR1 VB2
T T, T, T, 0 2
ves
3 3 (+) 3
TRIP BRI ° RE2 ° TRP ALM BKUP PROT VN4
BKR2 DISABLE
4 4 4 L. 0 4 IARS
77777 - 5
5~ TRiIP [TeA RI-T © FAILURE [ A6
TT ALARM o s
6————~— ---6 L 6 6 IBR7
,,,,, o +
7T IR [ A 7 RITZ 7 TA,(;(;EJ 188
RESET
8
B————— T —[, __.8 L 8 CHANNEL () 8 DCI
PR g o ALARM @ 9 DIGITAL COMMUNICATIONS INTERFACE ICR9
TRIP [eA RI2-1 9 orr 56/64 kB DIRECT DIGITAL INTFC
Ic10
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10-———— ———-10 10 GROUND 10
L —— -_———-11 11 ) 11 18P
TRIP BFI RI2-1 11
L AUDIO COMM STUB
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12— ———— T T 12 sz O 12
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BFIRECL J:S?EQT AUDIO COMM DIFF PROT 28P13
ENABLE RCVR IN DISABLE
14 J I " 14 o " REL356 2BN14
TB1 B2 B3 TB4 TBS © GND TB6
2FT-14 1FT-14

Figure 2-1. Backplane

There are two jumpers on the backplane, JMP1 and JMP2. These jumpers are factory set for the communication option
included in the relay. The settings are as follows:

Audiotone version Digital Communication
JMP1 TP1A TP1D
JMP2 TP2A TP2D

Interconnect Module

The Interconnect module becomes the floor of the REL 356 inner chassis; it provides electrical connections from and to
all other modules: from the Backplane (at the rear), to the Analog Input and Power Supply modules (at left and right,
respectively), to the Relay Output and Contact Input modules in the center, and to the Modem or CODEC, Microproces-
sor and Display modules at the front of the inner chassis.

The Interconnect module receives inputs V,,, V., V., 1, 15, | from the Backplane module and feeds them to the
Analog Input module.

There are two jumpers on the interconnect board, JMP1 and JMP2. These jumpers are factory set for the communica-
tion option included in the relay. The settings are as follows:

Audiotone version Digital Communication
JMP1 ouT IN
JMP2 ouT IN
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Relay Output Module

There are three versions of this module (they are installed on the Interconnect module):

Version Function Connector
Option 4 trip (form A), 4 BFI contacts (form A) JB1
Base 1 2 trip (form A), 2 BFI (form A), 2 RB (form A), 1 GS contacts (form A) JB2
Base 2 4 Rl (form A), 2 Trip Alarm (form A), 1 Failure Alarm (form B) JB3

The Channel Alarm output is provided on the Interconnect Module.

The Option version is used for extended contact output

Contact Input Module
This module provides an opto-isolated interface between:

* Contact inputs contaminated by external noise, and logic level inputs to the Microprocessor module

Voltage selection is made by jumper positions JM3 to JMP9:

Position Rated Voltage
(1-2) 48/60 Vdc
(3—4) 110/125 Vdc
(5-6) 220/250 Vdc

The inputs will de-assert at 67% of the higher rated voltage. For example, for jumper position (3 — 4), the input will

drop out when the voltage goes below 125 x 67% = 83.8 V.

Microprocessor Module

This module contains two processor systems (connected via the Dual Port RAM), which perform two main functions:
* Processor 1 samples the analog inputs and provides the operator interface

* Processor 2 is the protection processor

Each processor system (P1 and P2) contains the following elements:
* Microprocessor — 16 bit microcontroller (Intel 80C196) operating at 12 MHz.
* EPROM — an ultraviolet erasable read-only memory for program storage.

* RAM — a read-write, static, random access volatile memory for performing data storage.

Processor 1 (P1) has access to:

e EEPROM — electrically erasable, read-write non-volatile memory for settings and fault-data storage.

* Real-Time Clock — is accessed by Processor 1, to time-stamp the events.
The microprocessor module has a jumper for enabling contact output test, JM1. To enable test, set JM1 in position (1 —
2). To disable contact output test, set JM1 in position (2 — 3). After performing a contact output test, JM1 should be

returned to its original position, (2 — 3). This will prevent accidental contact operation when the TEST function is enabled
from the front panel.

The front panel has an automatic display saver feature. This feature is factory set to ENABLED by JM2 in position (2 —
3). The display saver feature can be turned off by setting JM2 in position (1 — 2).
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Display Module

The Display module interfaces with the Processor 1 system of the Microprocessor module. The Display module con-
tains:

* 2 blue-vacuum fluorescent alphanumeric displays or one LCD display for value and function fields (each field
has 4 characters)

7 LEDs (with 7 corresponding keys for selection purposes) provide function interpretation capabilities

The LEDs indicate:

* Relay In Service
* Settings

* V/I/Angle

e Last Fault

* Previous Fault

* Value Accepted
* Test

When the “Relay In Service” LED illuminates, the REL 356 relay is in service, there is dc power to the relay and the relay
has passed the self-check and self-test. The LED is turned OFF if the relay has at least one of the internal failures
shown in the TEST mode.

The “Value Accepted” LED flashes once to indicate that a value has been entered successfully.

The 7 push-button switches are used to activate the following functions on the front panel:

* Display Select (the LED’s, to the right of this push-button, indicate the selected function)
* Reset

* Function Raise (move to the following function)

* Function Lower (move to the previous function)

* Value Raise (move to the next higher value)

* Value Lower (move to the next lower value)

* Enter (recessed for security purposes)

Power Supply Module

Three different styles of power supply boards are required to accommodate the input voltage ranges listed below. The
REL 356 relay is capable of continued operation during a 200 msec voltage dip from the dc battery input; the magnitude
of this voltage dip is also shown in the table:

Nominal Input Voltage
Battery (Vdc) Range (Vdc) Dip (Vdc)
48/60 38-70 28
110/125 88-145 73
220/250 176-280 146
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As an option this module contains two independent power supplies, with diode-auctioneered outputs for reliability pur-
poses; both supplies are powered from a dc battery voltage. The switching power supply, operating at 25 kHz, generates
transformer-isolated voltages as follows:

System Lo . System N . System - .
Voltage Circuitry Supplied Voltage Circuitry Supplied Voltage Circuitry Supplied

Processor Board Channel Modem
8.5 Vdc -12 Vdc | Analog circuitry -24 Vdc | VF Display COPS

+5 Vdc Supply .

Chips
L Channel Modem, Vacuum Fluorescent

+12 Vdc | Analog Circuitry +24 Vdc PONI Module 6.5 Vac Display Filament

Analog Input Module

This module interfaces with the voltage and current transformers that are mounted on the Backplane module. These
transformers provide the following ac values: V,, V., V, |, I, | .. These values are applied to active third-order Butterworth
antialiasing filters, with a cut-off frequency determined by the Nyquist criterion and the system sampling rate. Values |,,
|, 1, are summed to produce 3l .

All 7 inputs (V,, V;, V., 1, |5, 15, 3l,) are connected to the multiplexer and to the A/D converter. The A/D converter is a
self-calibrating 12-bit (plus sign), with an internal track-and-hold amplifier. Additionally, the autoranging circuitry provides
16 bits of dynamic range needed to measure high fault current values.

Modem Module (9600 bps Audio Tone Option)

This module interconnects two REL 356 systems, located at each end of the protected line. A 4-wire communication
channel of sufficient quality to provide reliable data interchange is required. The modem, operating at a carrier frequency
of 1700 Hz, conforms to ITU V.29 standards, and provides a communication speed of 9600 bps.

The modem is under the control of an on-board digital signal processor and interfaces, via a parallel bus, with the
Microprocessor module.

The analog signals (transmit and receive levels), and digitally-encoded S/N ratio, are also available to the Microproces-
sor module. The modem transmit level is controlled by the Microprocessor module via the above-mentioned parallel bus.

Modem TXA and RXA are transmitter tone output and receiver tone input lines. TXA is 600 ohms and RXA is high
impedance. TXA will output + 5.0 Vdc for 0 dBm modem output. Modem receive input is amplified/rectified and will
output + 5.0 Vdc for a 0 dBm input. The dc output is approximately proportional to modem tone output voltage level
below 0 dBm.

There are two jumpers on the modem board, J1 and J2. These are factory set for REL356 in position (2 — 3). Position (1
—2) is for use with REL350.

CODEC (56/64 kbps Digital Communication Option)

This module interconnects two REL 356 systems, located at each end of the protected line.
CODEC (Coder/Decoder) provides digital communication capability at 56 or 64 kbps, selectable via setting.

The CODEC is under the control of an on-board digital signal processor and interfaces via a parallel bus with the
Microprocessor module.

The two signals, TX (transmit data) and RX (receive data) interface to the Digital Communication Interface module (DCI).
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Digital Communication Interface DCI (56/64 kbps Digital Communication Option)

This module converts 5V logic level serial input and output data lines to/from CODEC module into one of the optional
interfaces:

e Fiber optic option, 820 nm, ST connector, multi-mode cable

* 56/64 kbps direct digital option, electrical standard RS422/RS485, mechanical standard RS530. The connec-
tor is a male DB-25 plug as required for Data Terminal Equipment (DTE). TXA is on pin 2, RXA pin 3, TXB pin
14 and RXB on pin 16. No clock synchronization input is required. Clock synchronization bit is taken from the
received dataframe.

* Fiber optic option, 1300 nm, ST connector, single-mode cable, short reach (12dB budget)

* Fiber optic option, 1300 nm, ST connector, single-mode cable, medium reach (22dB budget)

* Fiber optic option, 1300 nm, ST connector, single-mode cable, long reach (32dB budget)

The DCI assemblies connect to the rear of the REL356 relay via a 4 pin header.

Self-Checking Software

a. Digital Front-end A/D Converter Check

REL 356 continually monitors its ac input subsystems using multiple A/D converter calibration-check inputs. Failures of
the converter trigger alarms.

b. Program Memory Check Sum

Immediately upon power-up, the relay does a complete ROM (EPROM) checksum of program memory.

c. Power Up RAM Check

Immediately upon power-up, the relay does a complete RAM memory read/write tests.

d. Nonvolatile RAM Check

All settings and targets are stored in nonvolatile RAM in three identical arrays. These arrays are continuously checked
by the program. If all three array copies disagree, a nonvolatile RAM failure is detected.

Unique Remote Communication (WRELCOM) Program
Three optional types of remote interface can be ordered.
* RS232C for single point computer communication. (See IL 40-603, RCP Remote Communication Program.)
* INCOM for local network communication.
* Modbus PONI (See IL 40-616, PONI-M Modbus RS485 User’s Guide.)
A special PC software (WRELCOM RCP and OSCAR) program are available for obtaining or sending the setting informa-
tion to the REL 356. The REL 356 front panel shows two fault events (last and previous faults), but the remote commu-
nication, 16 fault events and 3 records of oscillographic data can be obtained and stored. Each record of the oscillo-

graphic data contains 8-cycle information (1-prefault and 7-post-fault), with 7 analog inputs and 24 digital data (at the
sampling rate of 12 per cycle).
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Separating the Inner and Outerchassis

CAUTION: Itis recommended that the user of this equipment become acquainted with theinformation in these
instructions before energizing the REL 356 and associated assemblies. Failure to observe this precaution may
resultin damage to the equipment.

All integrated circuits used on the modules are sensitive to and can be damaged by the discharge of static
electricity. Electrostatic discharge precautions should be observed when operating or testing the REL 356.

CAUTION: Use the following procedure when separating the inner chassis from the outer chassis; failure to
observe this precaution can cause personal injury, or undesired tripping of outputs and component damage.

a. Unscrew the front panel screws.

b. Remove the (optional) FT-14 covers if supplied (one on each side of the REL 356).
c. Open all FT-14 switches.

Do Not Touch the outer contacts of any FT-14 switch; they may be energized.

d. Slide out the inner chassis.

e. Close all FT-14 switches.

f. Replace the FT-14 covers.

g. Reverse procedures above when replacing the inner chassis into the outer chassis.

Test Plugs and FT-14 Switches

* Test Plugs are available as accessories; they are inserted into the FT-14 switches for the purpose of System Function
Tests.

External Wiring

All external electrical connections pass thru the Backplate on the outer chassis. Seven DIN connectors (J11, J12, J13,
JA1, JA2, JA3, JA4) allow for the removal of the inner chassis from the outer chassis.

Electrical inputs to the Backplane module, which are routed either directly thru the Backplate or thru the FT-14 switch to
the Backplate include:

*V,, Vg, Voand V|

ol, Ny 1/ 1grs 1/1cm

e Power Supply (Battery) Inputs
Primary (IBP, IBN)

Backup (2BP, 2BN)

Analog input circuitry consists of three current transformers (l,, I, |.) three voltage transformers, (V,, V,and V), and
low-pass filters. The six transformers are located on the Backplane PC Board. The primary winding of all six transform-
ers are directly-connected to the input terminal TB6/1 thru 12; the secondary windings are connected thru the Intercon-
nect module to the Analog Input module.

As shown in Figure 2-1, dry contact outputs for breaker failure initiation (BFI), reclosing initiation (RI), reclosing block
(RB), failure alarm and trip alarm are located on the Backplane PC Board.

As shown in Figure 2-4, the power system ac quantities (V_, V,,V_,V , 11,1 ), as well as the dc sources are connected
to the left side 1FT-14 switch (front view). All the trip contact outputs are connected to the right-side 2FT-14 switch (front
view). Switches 13 and 14 on 2FT-14 may be used for disabling the Breaker Failure Initiation/Reclosing Initiation (BFI/
RI) control logic.

The INCOM/PONI communication box is mounted thru the Backplate of the outer chassis and connected to the Backplane
module. An RS-232C serial port is provided for remote transmission of target data. The serial port is also available for
networking, data communications, and remote settings.
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REL 356 FRONT PANEL DISPLAY
The front panel display consists of a vacuum fluorescent display set of seven LED indicators, seven key switches.

Vacuum Fluorescent Display

The vacuum fluorescent or LCD display contains 2X4 alphanumeric characters for the function field and the value field.
The display is blocked momentarily every minute for the purpose of self-check; this will not affect the relay protection
function. A “DISPLAY SAVER?’ feature turns-off the display if no key activity for 3 minutes is detected.

Indicators
There are 7 LED indicators on the front panel display:
* 1 “relay-in-service” indicator
* 1 “value accepted” indicator
* 5 display-select indicators
When the “Relay-in-Service” LED illuminates, the REL 356 Relay is in service, there is dc power to the relay and the

relay has passed the self-check and self-test. The LED is turned “OFF” if the Relay-in-service relay has at least one of
the internal failures shown in the “Test” mode.

The “Value Accepted” LED flashes only once, to indicate that a value has been entered successfully.

The 5 indicators used for the display selection are:
* Settings
* Volts/Amps/Angle
* LAST FAULT
* PREVIOUS FAULT

e Test

One of these indicators is always illuminated, indicating the mode selected.

Key Switches
The front panel contains 7 keys:

* Display Select

* Reset Targets

* Function Raise

* Function Lower

* Value Raise

*Value Lower

¢ Enter (recessed for security purposes)
The “Display Select” key is used to select one of the five display modes, which is indicated when the proper LED
illuminates. When a fault is detected, the “LAST FAULT” flashes once per second. If two faults are recorded, the “LAST
FAULT” flashes twice per second, and the prior fault will be moved from “LAST FAULT” to “PREVIOUS FAULT”". The

new fault data will be stored in the “LAST FAULT” register. By depressing the “Reset Targets” key, the flashing LED
indicators are cleared, and the LED will revert back to the Metering mode. The information in the “PREVIOUS FAULT”
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and “LAST FAULT” will not be reset from the front panel key switch, but will be reset from External Reset (TB5-7 and
TB5-8) and the remote reset through the Communication Interface.

The “Function Raise” and “Function Lower” keys are used to scroll thru the information for the selected display mode.
The “Value Raise” and “Value Lower” keys are used to scroll thru the different values available for each of the five
functions. The “Enter” key is used to enter (in memory) new value for settings.

Front Panel Operation

The front (operator) panel provides a convenient means of checking or changing settings, and for checking relay unit
operations after a fault. Information on fault location, trip types, phase, operating units, and breakers which tripped
become available by using the keys to step thru the information. Targets (fault data) from the last two faults are retained,
even if the relay is deenergized. The operator is notified that targets are available by red flashing LEDs on the front
panel; in addition, alarm output-relay contacts are provided for the external annunciators.

The operator can identify nonfault voltage, current and phase angle on the front panel display. Settings can be checked
easily, however, any change to the settings requires the use of the keys. When relay is in the normal operating mode, it
is good practice to set the LED on the Volts/Amps/Angle mode.

Settings Mode

In order to determine the REL 356 settings that have been entered into the system, continually depress the “DISPLAY
SELECT” key until the “SETTINGS” LED is illuminated. Then depress the “FUNCTION RAISE” or “FUNCTION LOWER”
key, in order to scroll thru the REL 356 SETTINGS functions. For each settings function displayed, depress the “VALUE
RAISE” or “VALUE LOWER? key in order to scroll thru the REL 356 values available for the particular function. (Each
value that appears, as each different function appears in the function field, is considered to be the “current value” used
for that particular function.)

In order to change the “current value” of a particular settings function, “RAISE” or “LOWER” the FUNCTION field until the
desired function appears (e.g., “RP”). Then “RAISE” or “LOWER?” the values in the VALUE field until the desired value
appears. If the “ENTER” key (recessed for security purposes) is depressed, the value which appears in the VALUE field
will replace the “current value” in memory; but only if the “VALUE ACCEPTED” LED flashes once to indicate that the
value has been successfully entered into the system.

For reasons of security, a plastic screw is used to cover the ENTER key. A wire can be used to lock the plastic screw
and to prevent any unauthorized personnel from changing the settings.

Metering (Volts/Amps/Angle) Mode

When the Volts/Amps/Angle LED is selected by the “Display Select” key, the phase A, B, C voltages, currents and
phase angles are available for on-line display during normal operation. All measured values can be shown by scrolling
the “Raise” or “Lower” key in the FUNCTION field. The values on the display are dependent on the settings of RP (read
primary); RP= YES for the primary side values and RP = NO for the secondary values. Conditions such as channel
receive, channel transmit and loss-of-potential can also be monitored.

NOTE: All displayed Phase Angles use V, as reference.

Target (LAST and PREVIOUS FAULT) Mode

The last two Fault records are assessable at the Front panel. The “LAST FAULT” information is of the most recent fault,
the “PREVIOUS FAULT” information is of the fault prior to the “LAST FAULT”. These displays contain the target
information along with the “Frozen” data at the time of trip. The “LAST FAULT” register shows one or two records stored
by flashing the LED once or twice per second, respectively.
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As soon as a fault event is detected, the most recent two sets of target data are available for display. The “LAST
FAULT” is the data associated with the most recent trip event. The “PREVIOUS FAULT” contains the data from the prior
trip event. If a single fault occurs, the “LAST FAULT” LED flashes. If a reclosing is applied and the system trips, the
original “LAST FAULT” information will be transferred to the “PREVIOUS FAULT” memory. The latest trip information will
be stored in the “LAST FAULT” memory, and its LED flashes twice per second. To reset the flashing LEDs, depress the
“Reset Targets” key once. The target information in “LAST FAULT” and “PREVIOUS FAULT”, will not be reset from the
front panel key switch.

There are 2 ways to reset the targets:
* Using the “Target Reset” Contact Input.

* With the INCOM command, using the communication channel.

Test Mode Function

The test display mode provides diagnostic and testing capabilities for REL 356. Relay status display, local delay time
computation, and relay testing are among the functions provided. The test mode functions are listed in Table 2-1.

Table 2-1. Test Mode Functions

Function Description

STAT Relay Self-Check Status

SRT Monitor Standing Relay Trip Signal
TRIP Relay Test: Trip Relays

BFI Relay Test: BFI Relays

SRI Relay Test: RI Relay (RI1)

3Rl Relay Test: RI Relay (RI2)

RB Relay Test: Reclose Block Relay
GS Relay Test: General Start Relay
FALM Relay Test: Failure Alarm Relay
TALM Relay Test: Trip Alarm Relay
CALM Relay Test: Channel Alarm Relay
OPTI Display Opto Input Status

Contact Input Test

The Contact Input module can be conveniently tested, using the Contact Input Test Function.

To activate this function, continually depress the DISPLAY key until the “TEST” LED is illuminated. Then depress the
“FUNCTION RAISE’ or “FUNCTION LOWER?” key until the word “OPTI” appears in the FUNCTION field.

The “VALUE” field will display the status of the contact inputs, using two hexadecimal digits, as explained below.

When the contacts close (voltage is applied across two input terminals), the corresponding bit is set to binary “1”; an
open set of contacts results in a binary “0”. The following correspondence exists:

FUNCTION BIT NUMBER
Direct Transfer Trip

Stub Bus

Differential Protection Disable
Target Reset

52b

Not Used

Not Used

Not Used

NOoO O~ WN-=2O
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For example, the functions listed below,

*DTT (closed)

« Differential Protection Disable (closed)

* Target Reset (closed)

* 52b contact (closed)

* Remaining contacts (open)
will result in the following binary pattern:

Bit Pattern 0001 1101

Bit Number 7654 3210

HEX “Value”

Field Display 1 D

For reference, refer to Table 2-2 for the binary-to-hexadecimal conversion.

Table 2-2. Binary-to-Hexadecimal Conversion

BIT NUMBER
3/7 | 2/6 | 1/5 | 0/4 HEX DIGIT
0 0 0 0 0
0 0 0 1 1
0 0 1 0 2
0 0 1 1 3
0 1 0 0 4
0 1 0 1 5
0 1 1 0 6
0 1 1 1 7
1 0 0 0 8
1 0 0 1 9
1 0 1 0 A
1 0 1 1 B
1 1 0 0 C
1 1 0 1 D
1 1 1 0 E
1 1 1 1 F

Relay Output Test
All relay outputs can be tested using the procedure described below:

(1) Open the FT switch, using the red handles of the breaker trip circuits, making sure that the following jumper
is not disturbed:

BFI/RECLOSE ENABLE
(2) Install jumper JMI in position 1-2 on the Microprocessor module.

(3) Continually depress the “DISPLAY” key until the “TEST” LED is illuminated; then depress the “FUNCTION
RAISE” or “FUNCTION LOWER?” key until the words “TRIP” and “RELY” appear in the FUNCTION and
VALUE fields, respectively.
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(4) Activate the “ENTER?” key for the desired duration of the output relays operation.

(5) Depress the “FUNCTION RAISE” key to select the following parameters, as desired:

FUNCTION VALUE
FIELD FIELD
TRIP RELY
* BF RELY
*RI (RI1-1,2) RELY
*RI (RI2-1,2) RELY
RB RELY
GS RELY
FALM RELY
TALM RELY
CALM RELY

DESCRIPTION

TRIP (A, B, C)

Breaker Failure Initiate
Single Pole Reclose Initiate
3 Pole Reclose Initiate
Recloser Blocking

General Start

Failure Alarm

Trip Alarm

Channel Alarm

Note: * These outputs are enabled only if aconnection is made from TB1-13to TB1-14.

(6) Activate the “ENTER” key to operate selected output relays.

(7) After completion of this test, restore the system to its operating state by moving JM1 to position 2-3 on the
Microprocessor module, and closing the FT switch red handles.

Self Check

The results of the system self-check routines are accessible using the following procedure:

a. Continually depress the “DISPLAY” key until the “TEST” LED is illuminated; then depress the “FUNCTION
RAISE” or “FUNCTION LOWER” key until the word “STAT” appears in the FUNCTION FIELD.

b. The VALUE FIELD will display the status of the relay in hexadecimal format:

RELAY STATUS

DESCRIPTION

External RAM Failure
EEPROM Failure

ROM Checksum Failure
Dual-Port RAM Failure

Analog Input Failure
Processor Failure

+ 12V P.S.Fail
Modem Failure

EEPROM Warning
Power Supply 1 Failure
Power Supply 2 Failure
Dual Port RAM

Com Status Warning

Failure Detected by Processor 1
Failure Detected by Processor 2
0
0

BIT NUMBER

0 Least Significant Right-Most Position

N~No ok~ W=

= O

0

11

12
13
14

15 Most Significant Left-Most Position
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A bit set to “1” signifies that the corresponding failure has been detected. For example, the following failures will result
in a bit pattern:

ROM CHECKSUM (Bit 2)
Analog Input (Bit 4)
Processor 1 (Bit 12)

The bit pattern which results is shown below:

Bit Pattern 0 0 01 0 000 0001 0100
Bit Number 15141312 111098 7654 3210
Hex “VALUE” 1 0 1 4
Display

For normal error-free system performance, the “VALUE" field display is “0”.

The status display is generated by “OR”ing, the self-test status from Processor 1 and Processor 2. A zero value
indicates that no self-test failure has occurred. A non-zero value in the low byte (bits 0 to 7) represents an REL 356
failure condition which enables the failure alarm, and disables tripping. A non-zero value in the third character from the
right (bits 8 to 11) indicate a self-test- warning which enables the failure alarm, but does not disable tripping. The left-
most character (bits 12 to 15) indicates which processor(s) detected the failure.

Test Enable

A digital fault record is triggered, when the ENTER key is depressed, while the TEST mode TEST function is selected
on the front panel.

Standing Relay Trip
A real-time status monitor of the Standing Relay Trip (SRT) logic signal is provided as a test mode function. The value
of the SRT function is YES if any of the trip relays is enabled, other-wise, the value is “NO”.

CAUTION: The user should verify that SRT =“NO” prior to putting the REL 356 in service after testing.

Network Interface
Three options are available for interfacing between REL 356 and a variety of local and remote communication devices.
* RS-232C/PONI - for single point computer communication
* INCOM/PONI - for local network communication
* PONI-M RS485 - for Modbus network communication
An IBM PC or compatible computer, with software provided (WRELCOM), can be used to monitor the settings, 16 fault
data records, 3 oscillographic records, and metering information. For a remote setting, SETR should be set to “YES”;
then the settings can be changed (remotely) with a user-defined password. If a user loses his assigned password, a new

password can be installed by turning the REL 356 relay’s dc power supply “OFF” and then “ON”. REL 356 allows a
change of password within the next 15 minutes, by using a default “PASSWORD”.
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The RS232 PONI allows communication speed from 300 baud to 19200 baud. The baud rate is selected by dip-switches
on the PONI:

Baud switch 1 switch 2 switch 3
300 0 0 0
1200 0 0 1
2400 0 1 0
4800 0 1 1
9600 1 0 0
19200 1 0 1

—_—
7
Rs P@NI RS232 PRODUCT OPERATED
NETWORK INTERFACE

TRANSMIT
TO

= PRODUCT
GND
DIP SWITCHES RIG /
BAUD J125 JAUTO ANST#5 | B .
300 [ 000 NONE [ 00

1200|001 4 RINGS |01
2400|010 8 RINGS |10

4800|011 [[12 RINGS |11 =
9600 || 100 0=0FF &
19200 | 101 1=0N %
INTELLIGENT mz\
FAMILY OF
RELAY RS232-DTE /
DO NOT CONNECT CONNECTOR

COMMUNICATION

PRODUCTS WITH PRODUCT

UNDER POWER
AL IDED

M IL-40-610 (

ASEA BROWN BOVERI MADE IN USA CAT-PONI B

Figure 2-2. RS232/PONI Communication Interface Device

When in the remote mode, the computer can disable the local setting by showing SET = REM (in the Metering mode).
Then, the setting cannot be changed locally. In this situation, the only way to change a setting locally would be to turn
the dc power “OFF” and then “ON”. The computer will allow for a local setting change within 15 minutes. Refer to the IL
40-603 (Remote Communication Program) for detailed information.

For REL 356 Modbus Communicaton, see IL 40-616, Poni-M RS485 Product Operated Network Interface User’s Guide.

Digital Fault Recording
Refer to ABB Publications:
*|L 40-603 Remote Communication Program

* |L 40-606 Oscillographic and Recording Program

REL 356 Settings

The REL 356 setting mnemonics and the appropriate setting information is in Table 3-1, i.e., setting name, format,
setting range (min, max, step), units and related notes.

Monitoring Functions

The REL 356 monitoring functions display on-line system information (see Table 2-3; monitoring values and conditions
are listed in Table 2-4). All angles are computed using VAG as the reference angle.
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Table 2-3. Monitoring Functions

Function Description Format Units
CHRX REL 356 channel receive status NORM/OPBR/DSBL/CHTB
CHTX REL 356 channel transmit status NORM/OPBR/DSBL
IA IA metered current magnitude XXX.X Amps
ZIA IA metered current angle XXXX deg
VAG VAG metered voltage magnitude XXX X volts
ZVAG VAG metered voltage angle XXXX deg
IB IB metered current magnitude XXX.X Amp
/1B IB metered current angle XXXX deg
VBG VBG metered voltage magnitude XXX.X volts
Z\VBG VBG metered voltage angle XXXX deg
IC IC metered current magnitude XXX.X Amps
ZIC IC metered current angle XXXX deg
VCG VCG metered voltage magnitude XXX.X volts
£LVCG VCG metered voltage angle XXXX deg
310 310 metered current magnitude XXX.X volts
310 310 metered current angle XXXX deg
DATE Date (month, day) MM.DD
TIME Time (hours, minutes) HH.MM
SET Setting access status BOTH/LOC/REM
LOP Loss-of-potential indication YES/NO
LOI Loss-of-current indication YES/NO
0SB Out-of-step blocking indication YES/NO
MLDT Measured local delay time from Modem/CODEC XXX.X/FAIL msec
*XMTR Channel transit level XXXX dBm
*RCVR Channel receive level XXXX dBm
*SNR Channel signal-to-noise ratio XXXX dB
**FEPH Channel Error Value/SYER/CTER/IDER
IT IT composite current magnitude XXX.X Amps
NOTE: All angles are computed using VAG as the reference angle.

* 9600 bps audio tone option
> 56/64 kbps digital communication option
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Table 2-4. Target (Fault Data) Information

Target Description Format Units

FTYP | Fault Type AB/BG/CG/AB/BC/CA/ABC

BKA1 breaker current flowed YES/NO

BK2 breaker current flowed YES/NO

BK3 breaker current flowed YES/NO

BK4 breaker current flowed YES/NO

BK5 breaker current flowed YES/NO

BK6 breaker current flowed YES/NO

IAH High set phase A fault YES/NO

IBH High set phase B fault YES/NO

ICH High set phase C fault YES/NO

IGH High set ground fault YES/NO

PLT Pilot Trip YES/NO

OP Operating current magnitude XXX. X Amps

RES Restraint current magnitude XXX.X Amps

DSBL | Differential protection disabled YES/NO

RIFT Reclose-into-fault trip YES/NO

SBT Stub-bus trip YES/NO

OBKT | Open breaker trip YES/NO

OST Out-of-step trip YES/NO

TG Time overcurrent ground trip YES/NO

Z2P Zone 2 phase fault YES/NO

Z22G Zone 2 ground fault YES/NO

Z3P Zone 3 phase fault YES/NO

TTRP | Direct Transfer Trip YES/NO

Z3G Zone 3 ground fault YES/NO

Z Fault impedance XX XX ohms

FANG | Fault impedance angle XXX.X deg

DMI Fault distance in miles XXX.X mi

Notes: The "YES/NO" targets are displayed only if they are "YES". The
impedance is dependent upon the CTYP setting. The internal
impedance values are for a 5A ct. The impedance value is multiplied
by 5ifa1 Actisused (CTYP =1). The angles are not displayed if the
magnitude of the value or the reference is less than 0.5 a or 0.7 rms.

* 9600 bps Audio Tone Channel

** 56/64 kbps Digital Communication

2-16
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Table 2-4. Target (Fault Data) Information Continued

Target Description Format Units
DKM Fault distance in kilometers XXX.X km
PFLC | Pre-fault load current XXX.X amps
PFLV Pre-fault voltage XXX. X volts
LP Pre-fault load angle XXX.X deg
VAG VAG fault voltage magnitude XXX.X volts
VAG fault voltage angle XXX.X deg
VBG VBG fault voltage magnitude XXX. X volts
VBG fault voltage angle XXX. X deg
VCG VCG fault voltage magnitude XXX.X volts
VCG fault voltage angle XXX.X deg
3V0 3V0 fault voltage magnitude XXX. X volts
3VO0 fault voltage angle XXX. X deg
1A IA fault voltage magnitude XXX X amps
IA fault voltage angle XXX.X deg
B IB fault voltage magnitude XXX.X volts
IB fault voltage angle XXX. X deg
IC IC fault voltage magnitude XXX.X amps
IC fault voltage angle XXX.X deg
310 310 fault voltage magnitude XXX.X volts
310 fault voltage angle XXX.X deg
DATE Date of fault (month.day) MM.DD
YEAR | Year of fault YYYY
TIME Time of fault (hours.minutes) HH.MM
SEC Time of fault (seconds) XXXX sec
MSEC | Time of fault (milliseconds) XXXX msec
LDT LDT used at the time of trip XXX. X msec
XMTR | Channel transmit level XXXX dBm
*RCVR | Channel receive level XXXX dBm
*SNR | Channel signal-to-noise ratio XXXX dB
**FEPH| Channel error XXXX/FAIL
Notes: The "YES/NO" targets are displayed only if they are "YES". The
impedance is dependent upon the CTYP setting. The internal
impedance values are for a 5A ct. The impedance value is multiplied
by 5ifa 1 Actisused (CTYP =1). The angles are not displayed if the
magnitude of the value or the reference is less than 0.5 a or 0.7 rms.
* 9600 bps Audio Tone Channel
> 56/64 kbps Digital Communication
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Target (Fault Data) Information

The REL 356 stores 16 sets of targets (fault data). All 16 sets are accessible through INCOM®, but only the two most
recent sets of data are accessible from the front panel (see Table 2-3).

The first part of the fault data contains “Yes/No” targets (see Table 2-4), which identify the cause of the trip and the
status of certain system inputs and outputs; the second part of the fault data contains values, including currents,
voltages, fault impedance, and distance to the fault.

Communication Channel Testing

Monitoring functions display the following communication channel information:

MLDT — Provides Communication Delay (in msec)

9600 bps Audio Tone Option Only
XMTR — provides transmitter output level (in dBm)
RCVR — provides receiver input level (in dBm)

SNR — provides signal-to-noise-ratio (in dB)

56/64 kbps Option Only

FEPH Bit Error

DISPLAY VALUE # of Frames in Error in the previous hour (NA will be dis-
played for the first 5 minutes after power up)

CHTB Channel Trouble

Communication Channel Interface

REL 356 processors and intelligent data communication equipment (Modem or CODEC) continuously monitor status of
communication channel interface used for current differential protection.

The communication between two relays is full-duplex i.e., each relay continuously transmits and receives serial data.
The status of receiver and transmitter are displayed in the monitoring function fields CHRX and CHTX respectively.

Receiver Status
CHRX has the following definitions:

NORM - Normal, error-free reception
CHTB - Channel trouble, CRC error, excessive noise, corrupted frame, etc.
DCER - Failure to communicate with local DCE (modem, codec)

NODM - Failure to measure communication delay time

IDER - Unit ID error

TTRP - Reception of direct transfer trip code from the remote end

DSBL - Reception of differential protection disable code from the far end
OPBR - Reception of open breaker information from the remote relay

Transmitter Status
The following definitions are used for CHTX:

NORM - Normal state transmission
TTRP - Transmission of direct transfer trip code to the far end
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DSBL - Transmission of differential protection disable tothe remote relay
OPBR - Transmission of open breaker information to the distant unit
DCER - Failure to communicate with the local DCE (Modem or CODEC)

Routine Visual Inspection

With the exception of Routine Visual Inspection, the REL 356 relay assembly should be maintenance-free. A program of
Routine Visual Inspection should include:

» Condition of cabinet or other housing

* Tightness of mounting hardware and fuses

* Proper seating of plug-in relays and subassemblies

* Condition of external wiring

* Appearance of printed circuit boards and components

* Signs of overheating in equipment

Acceptance Testing

The customer should perform the REL 356 Acceptance Tests on receipt of shipment.

Normal Precautions

Troubleshooting is not recommended due to the sophistication of the Microprocessor unit.

CAUTION: With the exception of checking to insure proper mating of connectors, or setting jumpers, the
following procedures are normally not recommended. (If there is a problem with the REL 356, it should be
returned to the factory.)

Disassembly Procedures

a. Remove the inner chassis from the outer chassis, by unscrewing the lockscrew (on the front panel), and unsnapping
the two covers from the FT-14 switches.

NOTE: Theinner-chassis (sub-assembly) slides in and out of the outer chassis from the front. Mating connec-
torsinside the case eliminate the need to disconnect external wiring when the inner chassis is removed.
b. Remove the FT-14 switches, mounted by two screws on the side walls.

c. Remove the front panel (with the Display module) from the inner chassis, by unscrewing four screws behind the front
panel.

d. Remove the Microprocessor module, by loosening six mounting screws, and unplugging the module from the Inter
connect module.

e. Remove the Modem, Relay Output and Contact Input modules by unscrewing 2 mounting screws from the brackets
and unplugging these modules from the Interconnect module.

f. Remove the Power Supply and Analog Input modules, by first removing the Microprocessor module and the support
cross bar.

g. Remove the Backplate, by unscrewing the mounting hardware from the rear of the Backplate.
System Diagrams

A typical system diagram for the REL 356 is show in DWG 2097D40 sheets 1-3, page 2-22.
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Settings and Applications

Introduction

REL 356 can be set through the front panel HMI or through remote communication by PC program or network.

This section will follow the sequence of settings displayed in the front panel display when the relay system is in the
settings mode.

Reference will be made to current levels based on 5 A secondary ct’s. For 1 A ct’s, multiply the current levels by 0.2.

Table 3-1. Setting Table

Setting Name Format Min Max Step Units | Notes

VERS Software Version XX.XX 0.01 99.99

FREQ Rated frequency setting selection 50/60 Hz

RP Enable readouts in primary values YES/NO

CTYP Current transformer type: 1A or 5A ct XXXX 1 5 4 A CTYP=In

CTR Current transformer ratio XX XX 30 5000 5

VTR Voltage transformer ratio XXXX 300 7000 10

0osC Triggering for storing oscillographic data TRIP/ITRG/AVAI

FDAT Triggering for storing fault target data TRIP/ITRG

TRGG Ground current pickup level trigger for OSC and XX XX 0.5 10.0 0.5 A 1
FDAT

TRGP Phase current pickup level trigger for OSC and XX XX 0.5 10.0 0.5 A 1
FDAT

CD Change detector option AV AL

DDTT Dedicated direct transfer trip XXXX 0 4 2 7

ILTS IL Trip supervision IN/OUT

RBEN Reclose block enable NORB/ALRB

SOBT Stub/open breaker timer XXXX 8 150 msec

OPBR Open breaker selection IE/52B/BOTH/OUT

IE Very low set phase current pickup value in amps X XXX 0.20 0.50 0.01 1

IPL Low set phase current pickup value in amps XX XX 0.5 20.0 0.1 1

IPH High set phase trip current pickup setting in amps | XX.XX 4.0 80.0 0.1 1,3

IGL Low set ground current pickup value in amps XX XX 0.5 20.0 0.1 1

IGH High set ground trip current pickup setting in amps | XX.XX 4.0 80.0 0.1 1,3

Note 1: For 5 A relay. Setting and step are a factor of 5 lower for 1 A relay.

Note 2: These settings have a "BLK" option for disabling a corresponding function.

Note 3: These settings have a "OUT" option for disabling a corresponding function.

Note 4: The impedance setting. The setting ranges shown are for 5 A ct. The displayed setting range is multiplied by 5ifa 1 A ctis
used (CTYP =1).

Note 5: 9600 bps Audio Tone option.

Note 6: 56/64 kbps Digital Communication option.

Note 7: Only if optional extended output is included.

Note 8: Only if optional backup system is included.
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Table 3-1. Setting Table Continued

Setting Name Format Min Max Step Units | Notes
TDES Trip Desensitizing X XXX 1.1 XP.U. | 10XP.U. | 0.1 XP.U.
OTH Operating threshold X XXX 0.000 3.950 0.05 A
Co Zero sequence coefficient X XXX 0.000 5.000 0.05
C1 Positive sequence coefficient X XXX 0.000 5.000 0.05
c2 Negative sequence coefficient X XXX 0.000 5.000 0.05
ALDT Enable automatic LDT compensation YES/NO
LDFL Select LDT leader/follower mode LEAD/FOLO
LDT Local delay time setting XXX.X 0.0 32.0 0.1 msec
UNID Unit ID XXXX 0 15 1
KBPS Communication speed (56 or 64 kbps) 64/56 6
TTRP Transfer trip IN/OUT
XCLK Source of Transmit Clock INT/EXT 6
LPBK Loopback Test YES/NO
XMTR Modem transmitter level setting XXXX -15 -1 2 dBm 5
RLSD Receiver level signal detect setting -43/-33/-26/-16 dBm 5
XPUD Primary Ohms per unit X XXX 0.100 1.500 0.001 ohms
DTYP Selection of distance units for XPUD setting MI/KM
PANG Positive sequence line impedance angle XXXX 10 90 1 deg
GANG Zero sequence line impedance angle XXXX 10 90 1 deg
ZR Line impedance ratio (ZOL/Z1L) XXX.X 0.1 10.0 0.1
BKUP Backup Protection Enable IN/OUT 8
LOPB Loss-of-potential blocking selection YES/NO 8
FDOP Directional Overcurrent Phase IN/OUT
FDOG Directional Overcurrent Ground IN/OUT
DIRU Directional Unit Selection ZSEQ/NSEQ
IOM Medium set ground current pickup value in amps | XX.XX 0.5 10.0 0.1 1,8
TOG Timer for Ground Overcurrent Unit XX XX 0.10 9.99 0.01 sec 2,8
Z2P Zone 2 phase distance setting in ohms XX. XX 0.01 50.00 0.01 ohms 4,8
T2P Zone 2 phase time delay in seconds XX.XX 0.00 2.99 0.01 sec 2,8
Note 1: For 5 A relay. Setting and step are a factor of 5 lower for 1 A relay.
Note 2: These settings have a "BLK" option for disabling a corresponding function.
Note 3: These settings have a "OUT" option for disabling a corresponding function.
Note 4: The impedance setting. The setting ranges shown are for 5 A ct. The displayed setting range is multiplied by 5ifa 1 A ctis
used (CTYP =1).
Note 5: 9600 bps Audio Tone option.
Note 6: 56/64 kbps Digital Communication option.
Note 7: Only if optional extended output is included.
Note 8: Only if optional backup system is included.
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Table 3-1. Setting Table Continued

Setting Name Format Min Max | Step Units | Notes
Z2GF Zone 2 ground forward distance setting in ohms XX XX 0.01 50.00 0.01 ohms 4,8
Z2GR Zone 2 ground reverse distance setting in ohms XX. XX 0.01 50.00 0.01 ohms 4,8
T2G Zone 2 ground time delay in seconds XX XX 0.00 2.99 0.01 sec 2,8
Z3P Zone 3 phase distance setting in ohms XX. XX 0.01 50.00 0.01 ohms 4,8
T3P Zone 3 phase time delay in seconds XX XX 0.10 2.99 0.01 sec 2,8
Z3GF Zone 3 ground forward distance setting in ohms XX XX 0.01 50.00 0.01 ohms 4,8
Z3GR Zone 3 ground reverse distance setting in ohms XX XX 0.01 50.00 0.01 ohms 4,8
T3G Zone 3 ground time delay in seconds XX XX 0.10 2.99 0.01 sec 2,8
OST Out-of-step trip enable NO/WAYI/WAYO 8
0SB Enable out-of-step blocking for backup protection | NONE/Z2/Z3/BOTH 8
RT Inside blinder setting in ohms XX XX 1.00 15.00 0.10 ohms 4,8
RU Outside blinder setting in ohms XX XX 3.00 15.00 0.10 ohms 4,8
OST1 Out-of-step block timer XX.XX 0.50 5.0 0.05 cycles 8
0OSsT2 Out-of-step trip-on-the-way-in timer XX XX 0.50 | 4.00 0.05 cycles 8
OST3 Out-of-step trip-on-the-way-out timer XX XX 0.50 5.0 0.05 cycles 8
OSOoT Out-of-step override timer in milliseconds XX.XX 24 240 1 cycles 3,8
SETR Enable INCOM remote setting feature YES/NO
TIME Enable setting of real time clock YES/NO
YEAR RTC setting year XXXX 1980 | 2079 1 year
MNTH RTC setting month XX 1 12 1 month
DAY RTC setting day XX 1 31 1 day
WDAY RTC setting day of week SUN/MON/TUES/WED/THUR/FRI/SAT
HOUR RTC setting hours XX 0 23 1 hour
MIN RTC setting minutes XX 0 59 1 minute
Note 1: For 5 A relay. Setting and step are a factor of 5 lower for 1 A relay.

Note 2: These settings have a "BLK" option for disabling a corresponding function.

Note 3: These settings have a "OUT" option for disabling a corresponding function.

Note 4: The impedance setting. The setting ranges shown are for 5 A ct. The displayed setting range is multiplied by 5ifa 1 Actis
used (CTYP =1).

Note 5: 9600 bps Audio Tone option.

Note 6: 56/64 kbps Digital Communication option.

Note 7: Only if optional extended output is included.

Note 8: Only if optional backup system is included.
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Relay System Setup

Firmware Version (VERS)

Indicates the firmware version in the REL 356. This instruction book is for v 1.21 and earlier.

System Frequency (FREQ)
Select either 50 or 60 Hz.

Readout in Primary Values (RP)

A YES setting enables the REL 356 system to display all the monitored voltages and currents in primary kA and kV,
based on the current transformer ratio (CTR) and voltage transformer ratio (VTR) entered.

Current Transformer Type (CTYP)
Select either 1 or 5 A, depending on the secondary current rating of the line ct.
For example: Enter CTYP =5 if a 1200/5 ct is being used.

Current Transformer Ratio (CTR)

This setting is used for load current monitoring, if it is selected to be displayed in primary KA. It has no effect on the
protective relaying system. Note that the metering accuracy for currents is 5% or 0.1 A secondary. The 0.1 A step will
be multiplied with CTR, why the error will appear larger on a primary basis.

For example: Set CTR = 240 if a 1200/5 ct is being used.

Voltage Transformer Ratio (VTR)

This setting is used for the system voltage monitoring, if it is selected to be displayed in primary kV. It has no effect on
the protective system.

For example: Set VTR = 575 if 69,000 V to 120 V vt’s are being used.

Digital Fault Recording Information

Trigger for Storing Oscillographic Data (OSC)

Indicates trigger for oscillographic data gathering. The user can select to trigger oscillographic data when:

e TRIP The REL356 system tripped
ITRG The REL356 system detected the operation of either the TRGP (phase) or TRGG (ground) overcurrent
elements (see below)
o AVAI The voltage and/or current change detectors operated

The change detectors (CD) pick up when the current or voltage change between the corresponding data samples,
spaced one cycle apart, exceeds 12.5%, minimum 0.5 Aor7 V.

The use of CD as a trigger of oscillographic data is of little practical value when a relay is connected to the power
system. Numerous changes due to sudden load changes, remote switching, distant faults, etc. make the resulting
oscillographic records difficult to relate to events of importance. During testing however, it can sometimes be useful to
use this setting to capture records for external faults.
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Trigger for Storing Fault Records (FDAT)

Indicates trigger for fault record gathering. The user can select to trigger fault records when:

e TRIP The REL 356 system tripped

o |ITRG The REL 356 system detected the operation of either the TRGP (phase) or TRGG (ground) overcurrent
elements (see below)

Ground Trigger Pick Up Level (TRGG)

This setting controls the level of current magnitude on the ground current, which when exceeded triggers oscillographic
data and/or fault records, depending on the settings above.

In case OSC and/or FDAT are not set to ITRG, this setting is ignored by the system.

Phase Trigger Pick Up Level (TRGP)

This setting controls the level of current magnitude on the phase currents, which when exceeded triggers oscillographic
data and/or fault records, depending on the settings above.

In case OSC and/or FDAT are not set to ITRG, this setting is ignored by the system.

Protection System Settings

Change Detector (CD)

The change detector CD is used for supervision of the differential trip function. All relay current inputs (I, 1., | and |,
and voltage inputs (V,, V;, and V) are sampled and converted to numbers 12 times per cycle. The present samples are
compared to the corresponding samples taken one cycle earlier.

The change detector is asserted if the absolute difference of present and old sample exceeds 12.5% of the old sample
and the difference is larger than 0.1 p.u. for current and 7 V for voltage.

The CD can be generated either by using the current change detectors (Al) or the current and voltage change detectors
(AVAI). The AVAI setting is recommended when the system has voltage inputs and the relay will be used in a weak feed
application where the change in current might not be sufficient to trigger the change detector.

Dedicated Direct Transfer Trip (DDTT)

When the extended output board with additional trip contacts is not included, no DDTT setting is available and a received
transfer trip signal will always result in closure of the two main trip contacts, TRIP—-1 and TRIP-2.

When the extended output board is included, the following setting options are available:

DDTT=0
All trips, trips from the local relay as well as received direct transfer trip, result in closing of all six trip and all six BFI
contacts; TRIP-1, TRIP-2, TRIP-3, TRIP-4, TRIP-5, TRIP-6, BFI-1, BFI-2, BFI-3, BFI-4, BFI-5 and BFI-6.

DDTT=2
Trips from the local relay will result in closing of trip and BFI contacts TRIP-1, TRIP-2, TRIP-3, TRIP-4, BFI-1, BFI-2,
BFI-3 and BFI-4. Received transfer trip will close contacts TRIP-5, TRIP-6, BFI-5 and BFI-6.

DDTT=4
Trips from the local relay will result in closing of trip and BFI contacts TRIP-1, TRIP-2, BFI-1 and BFI-2. Received
transfer trip will close contacts TRIP-3, TRIP-4, TRIP-5, TRIP-6, BFI-3, BFI-4, BFI-5 and BFI-6.
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The settings are summarized in the table below where TRIP is trip from the local relay (differential or back-up trip) and

TTRP is received transfer trip from the remote end:

DDTT | TRIP-1/BFI-1 | TRIP-2/BFI-2 | TRIP-3/BFI-3 | TRIP-4/BFI-4 | TRIP-5/BFI-5 | TRIP-6/BFI-6
0 TRIP/TTRP | TRIP/TTRP | TRIP/TTRP | TRIP/TTRP | TRIP/TTRP | TRIP/TTRP
2 TRIP TRIP TRIP TRIP TTRP TTRP
4 TRIP TRIP TTRP TTRP TTRP TTRP

Low Set Current Supervision (ILTS)

The user can select to supervise differential trip but the low set current elements, IPL and IGL. With ILTS = IN, higher
security is achieved. However, for weak feed applications when the local fault current may not exceed the set IPL or IGL
current levels, ILTS should be set to OUT in order to allow the weak terminal to trip on current differential operation.

Reclose Block Enable (RBEN)

The following settings are provided for system flexibility:

NORB Normal Reclose Block. The RB contacts will close for the following trips:
o Reclose into fault
. Trip from the back-up system
. Out-of-step trip
. High set overcurrent trip
. Transfer trip
ALRB All Reclose Block. The RB contacts will close for all trips.

Stub/Open Breaker Timer (SOBT)

The SOBT timer provides a time delay for the stub bus and open breaker trip functions. When using 52b inputs for the
open breaker detection, the reset time of the breaker contacts should be carefully considered. If the contact reset time
is greater than the set SOBT time, reclosing will be unsuccessful. The reason is as follows: after a trip, with both
breakers open, one end closes back into the line successfully. The second end closes in but has slow resetting 52b
contacts why OPBR (open breaker) code is still being received by the remote end at the time load current starts to flow.
The remote end will then trip from the low set IPL elements if OPBK function is used. The SOBT timer thus needs to be
set longer than the 52b contact reset time plus channel delay plus 8 msec margin.

The 52b contact reset time is generally close to zero when the breaker contacts are used directly but might be much
longer when connected to the relay via an external auxiliary relay.

For example: Set SOBT = 20 msec for a digital channel with 1.3 msec channel delay and 52b auxiliary contact reset
time of 10 msec.

Open Breaker (OPBR)

The following settings are available for open breaker keying:

e |E Keying is initiated when the line current is lower than the |IE setting. Note that the line charging current
must exceed this setting, which limits the use of this option on short lines.

e 52B Keying is initiated when the 52b contact at the local end is closed.

e BOTH Keying is initiated either when the load current is lower than the IE setting or when 52b is closed.
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o OUT No open breaker keying. Note that this will disable the Open Breaker function in the remote end as no
open breaker code will be received there.

Very Low Set Phase Current Unit (IE)

This unit is used with the open breaker keying logic (OPBR). It should be set sensitive enough to pick up when the local
breaker is closed.

Note that the minimum setting is 0.04 x In (0.2 A for a 5 A ct). The charging current of a very short line might be
insufficient to operate this element why open breaker condition would be given even when the breaker is closed. In that
case, the 52b contact should be used.

Note that there is £ 20% hysteresis associated with this setting. Open breaker keying will start when the current drops
below 0.8 x IE and will remain so until it increases above 1.2 x IE.

In case OPBK is set to 52B or OUT, this setting is ignored by the system.

Low Set Phase Unit (IPL)

The low set overcurrent units supervise differential trip when ILTS is set IN.

The low set units are also used for tripping during stub bus and open breaker conditions, if these functions are used. To
prevent trip from the stub bus logic during line energizing, the phase IPL unit should be set at 1.5 times the net line
charging current, but must be at least 0.5 A.

Net line charging current is defined as: the steady state net single end line charging phase current, as measured under
balanced conditions (all local poles closed and all remote poles open). Net line charging current indicates the distributed
capacitive current minus any line side shunt reactor current.

High Set Phase Overcurrent Unit (IPH)

This unit is provided in the REL356 system to supplement the current differential protection by providing a non-pilot
direct trip capability for high current faults. The IPH unit should be set above the maximum expected external fault
current with a security margin.

The IPH unit should be set for 1.25 times the maximum through current for an external three phase fault.

The high set overcurrent units can be made directional when FDOP, the phase directional unit, is set to IN, and three
phase voltage is applied to the relay. IPH is then supervised by FDOP.

Low Set Ground Unit (IGL)

The low set ground overcurrent unit supervises differential trip when ILTS is set IN. The low set units are also used for
tripping during stub bus and open breaker conditions, if these functions are used.

Since the effect of charging current is minimum for the ground subsystem, the setting should only allow for inherent
unbalance under normal operation. A minimum setting of 0.5 A is recommended.

High Set Ground Overcurrent Unit (IGH)

The high set ground unit should follow the same guidelines as the high set phase units.

The high set ground overcurrent unit can be made directional when FDOG, the ground directional unit, is set to IN, and
three phase voltage is applied to the relay. IGH is then supervised by FDOG.
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Current Differential System Settings

Trip Desensitizing (TDES)

This setting temporarily desensitizes the differential protection by increasing the operating threshold, OTH, for 30 cycles
after closing the line breaker (de-energization of the 52b input). This setting can be used to prevent false tripping on large
inrush currents that may be produces by a tapped transformer in the protected zone.

The setting is a multiple of the nominal operating threshold, OTH, and has a range of 1 to 10 times nominal pickup. It can
also be setto OUT and no desensitizing on 52b de-energization will occur.

The trip desensitizing characteristic is a linear ramp which multiplies the tripping threshold immediately on de-energization
of the 52b input to the value to the TDES setting and then slowly over a time period of 30 cycles lowers the trip threshold
back to its nominal value.

Trip desensitizing is not recommended when the transformers are external to the protected zone. In this case the inrush
current will be seen as an external fault and the REL356 relays will remain stable.

Operating Threshold (OTH)
The operating threshold determines the differential current required for operation according to the formula:
OP-0.7[RES > OTH

where

OP = IT +ITl

and

RES = IT | + T
IT=-C1l1 + COI0 + C2I2

For internal three phase faults, IT =-C111, ZIT = ZIT,

A 20% margin is recommended, i.e.
OTH <0.80 (OP__ —RES_ )=0.80 (IIT I+ /IT.l)x0.3
For single end infeed conditions, only one current is present, IT, or IT... The equations then turn into:

OP = IT|
RES =IIT,|

With the recommended 20% margin, OTH should then be set to:
OTH < 0.80 (OP_, —RES ) =0.80xITLx0.3=0.80xC1I1x0.3

min)

Different CT ratios can be used in the two line ends by adjusting the operating threshold, OTH, so that the same level is
achieved on a primary basis. For example, if one end has a ratio of 240 and OTH is setto 0.5 A, the other end with ratio
120 should have an OTH setting of 1.0 A. Note that the sequence filter settings, C1, C2 and CO, should always be the
same at the two line ends.

Note that for versions 1.15 and earlier, OTH is set in peak value why the above setting recommendations should be
adjusted with a factor\/f. This means that the recommended setting for double end infeed is:

OTH <2 [0.8{OP,. - RES..)
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and for single end infeed:

OTH <2 .8(OP,, - RES,,,) =2 0.8 OTL 0.3 =2 0.80[T,|, (0.3

Sequence Coefficients (CO, C1, C2)

REL 356 uses sequence filters to obtain positive, negative and zero sequence currents. These currents are then com-
bined into one quantity:

IT=C000,-C10, +C20,
where
l,,1, and |, are the zero sequence, the positive sequence and the negative sequence currents.

In order to minimize the influence of load, C1 should be set to a relatively low value. We recommend to use C1 =0.1.
CO0 and C2 will both multiply fault currents. Setting recommendations C1 and C2 for three cases are made:
Case 1) Minimum fault current for a ground fault Iq)Gmin > 50% of minimum fault current for a three phase fault, ISq)min'

Case 2) Minimum fault current for a ground fault | < 50% of minimum fault current for a three phase fault, |

@DGmin 3¢@min°

Case 3) Minimum fault current for a ground fault Iq)Gmin < 12.5% of minimum fault current for a three phase fault, Isq)mm.
Casel

Either C2 or CO can be used for fault detection of any unsymmetrical fault. The use of negative sequence, C2, is
preferable as the negative sequence currents are more consistent at the two line terminals. We therefore recommend to

set CO =0.

A high value of C2 would increase the sensitivity but in order not to make the relay responding to system unbalances a
“moderate” setting is recommended. Good sensitivity with high security is achieved with setting C2 = 0.7.

The recommended settings

C1=0.1
C2=0.7
C0=0.0

gives the following sensitivity for different faults:

Three phase faults

IT,, =-Cl0

=-0.10

3@min 3@min
Phase-phase faults

_| _ _oag3 _
I T,| = E(—(:1 +C2&*H0,,.,1=0380,,. =038 B Dagmn =033 Wi,
Single phase to ground faults
IT.. = %(—Cl +C2+CO)0 5, =020 5,0
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Case?2

When the minimum ground fault current is substantially smaller than the minimum three phase fault current, CO can be
given a value to increase the sensitivity for ground fault.

The recommended settings
C1=0.1
C2=07
CO0 = according to Figure 3-1
gives the following sensitivity for different faults:

Three phase faults

IT,. =-Ci0,, . =-0.10

3@min 3@min

Phase-phase faults

1 - 3
—_ _ + 60 —_ _ —_
||Tmin - ﬁ( CI+C2G3 ) D(P(Pmin _0'38D¢7(Pmin _0'3813?D3¢7min _0'33D3¢min
Single phase to ground faults
The value of CO is determined from Figure 3-1. Calculate the ratio I, . /I - . . and find this number on the vertical axis.

Find the CO for the calculated current ratio based on the curve corresponding to the least sensitive fault type.

Selecting CO is this way results in the same sensitivity for minimum ground fault current as for minimum three phase
fault current.

" ' ! ! !

Ratio
O 1 1 1 1
0 0.5 1.0 1.5 2.0 24
Coefficient CO
Figure 3-1. Ratio of | /l vs.C0(C1=0.1,C2=0.7)

S(Dmin (DGmin
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Case 3
When the minimum ground fault current is less than 12.5% of minimum three phase fault current CO should be set to 2.5.

The recommended settings

C1=0.1
C2=0.7
Co=25

gives the following sensitivity for different faults:

Three phase faults

IT,. =-Ci0,, . =-0.10

3@min 3@min

Phase-phase faults

NG

— 1 +j60° — — —
I T,| = E(—(:1 +C20&7")0,,,,[=0.380,,,, =0.38 E—I? O3 =0.33050,
Single phase to ground faults

_1 _
IT,., = 5(—C1 +C2+C0)0 Gmin 1.00 G min

Automatic Channel Delay Measurement (ALDT)

The relay logic continuously performs a communication channel delay measurement. To use this feature, set ALDT to
YES. If fixed channel delay, as set by LDT, is to be used, set ALDT to NO.

Lead/Follow Mode (LDFL)

The LDFL is used for automatic channel delay measurement. One terminal should always be set to LEAD and the other
to FOLO.

Local Delay Timer (LDT)

REL 356 uses the LDT setting when no automatic channel delay measurement is being used (ALDT = NO). If fixed
channel delay is used, LDT should be set to the channel delay displayed in MLDT function of the monitoring functions.

The LDT setting is used for loop-back testing, when automatic delay measurement cannot be performed. Then, set LDT
= 1.3 for digital versions and 19.3 for audiotone version. (NOTE: The 19.3 msec delay is valid for modem version A, i.e.
cat.# MCxxxxAxxx. For modem version T, LDT should be set to 10.8 msec.)

When ALDT = YES, the LDT setting is ignored by the system.

Unit Identification (UNID)

This setting eliminates the possibility of connecting two wrong units to each other due to cross connection in the
communication channel matrix.

The UNID numbers in the two units should be adjacent, i.e.

Oinone and 1 in the other
2inone and 3in the other
10inone and 11 in the other

The lower value of the pair should always be an even number.
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Communication Speed Selection (KBPS) — 56/64 kbps versions only

This setting allows 56 kbps or 64 kbps communication speed selection. This setting should be coordinated with any
external communication multiplexer used in the system. A vast majority of applications are 64 kbps.

Transfer Trip (TTRP)

The transfer trip function as initiated by a contact closure (TB5 9 to 10) can be enabled or disabled (IN or OUT).

When enabled (TTRP = IN), contact closure will result in transmission of transfer trip code to the remote end. When
received at the remote unit for at least 10 msec, tripping will take place. The remote REL356 will close either its basic trip
contacts, and/or contacts on the extended output board as determined by the setting DDTT.

Transmit clock source (XCLK) — 56/64 kbps versions only

This setting establishes the source of the transmit data clock. If XCLK = EXT, the transmit data clock is extracted from
the received data stream. If XCLK = INT, the clock originates from the internal crystal clock oscillator.

For systems using external multiplexers (T1 or E1 type) the setting should be XCLK = EXT. Note that the data clock is
extracted from the received data stream so that no connection to any “clock” output on the multiplexer is needed.

For systems using dedicated fiber (850 nm or 1300 nm) the setting should be XCLK = INT.

Loopback (LPBK)

This setting should be LPBK = NO during normal operation.

The LPBK setting is only set to YES for testing when the relay is connected in loopback mode, i.e. the communication

wires are cross connected so that the relay communicates with itself. Loopback mode disables the automatic channel
delay measurement and unit ID check as these can no be performed during loopback condition.

Transmitter Level (XMTR) — Audiotone version only

This setting defines the output power from the unit’s transmitter in —dBm. It should be set in accordance with specifica-
tions for the channel used. For metallic pilot wire applications, the maximum setting is recommended, i.e. —1 dBm.

Receiver Level Signal Detector (RLSD) — Audiotone version only

This setting defines the minimum threshold for declaring channel trouble (CHTB) in —dBm.

Fault Locator and Distance System Common Settings

Ohms per Unit Distance (XPUD)

This setting is used by the fault locator algorithm to estimate a calculated distance to the fault. The units of XPUD will
be in primary ohms per mile or kilometer, depending on the setting of DTYP.

For example: Set XPUD = 0.8 if DTYP = Ml and the line reactance is 0.8 primary ohms/mile.

Distance Unit Type (DTYP)

Either miles (MI) or kilometers (km) can be selected. This setting should match the units used in XPUD.
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Positive Sequence Impedance Angle (PANG)

This setting relates directly to the positive sequence angle of the line. It defines the Zone 2 and Zone 3 phase impedance
unit maximum torque angle in degrees. This setting is also used for defining the slope of the blinders for OST and OSB
an for the fault locator algorithm.

Zero Sequence Impedance Angle (GANG)

This setting defines the impedance angle of the zero sequence (Z10) impedance of the line. Zone 2 and Zone 3 ground
impedance units use this angle for their operation.

Zero Sequence to Positive Sequence Impedance Ratio (ZR)

This setting is used for all ground fault measurements. It reflects the magnitude ratio of the zero sequence impedance
to the positive sequence impedance of the line and is determined as ZR = ZL0/ZL1.

For example: If ZLO = 15 ohms @ 60°and ZL1 =3 ohms @ 75° set ZR = 15/3=5.0

Backup System Settings — Versions with Distance Option only

Backup System Enable (BKUP)

This setting determines if and when the distance backup system will be activated. There are three possible BKUP
settings:

BKUP = NONE The backup distance system, even though included, will be deactivated at all times and will not
trip.
BKUP =CT The backup distance system will be activated 150 msec after a CT (channel trouble) condition

occurs. It will stay enabled until the channel comes back into service when it will automatically
be switched out.

BKUP =CTDD The backup distance system will be activated 150 msec after a CT (channel trouble) condition
occurs or a differential protection disable condition occurs. Differential protection disable can
be activated by a energizing a local or remote input. The backup system will stay enabled until
the channel comes back into service or the disable condition resets and will then automatically
be switched out.

Loss of Potential Block (LOPB)

This setting enables the loss of potential logic (VO and notl0) to block all Zone 2 and Zone 3 impedance units if the logic
is satisfied.

The loss of potential logic does not affect the differential protection which uses currents only.
Directional Units Settings

Forward Directional Phase Unit (FDOP)

If the system has voltage inputs, then the high set phase overcurrent units (IPH) can be made directional if FDOP is set
to IN.

Forward Directional Ground Unit (FDOG)

If the system has voltage inputs, then the high set ground overcurrent unit (IPG) can be made directional if FDOG is set
to IN.
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Ground Directional Unit Polarization (DIRU)

The ground directional unit can be zero sequence or negative sequence polarized. When zero sequence polarized, it
uses all zero sequence quantities to determine the power flow direction and is sensitive to zero sequence mutuals
between parallel lines. When negative sequence polarized it uses all neagtive sequence quantities to determine the
power flow direction and its operation is not influence by mutual effects. Set DIRU = ZSEQ if mutuals are not a
consideration and DIRU = NSEQ if strong zero sequence mutuals are present for the transmission line.

Ground Backup Unit Settings — Versions with Distance Option only

Medium Set Ground Overcurrent Unit (IOM)

This overcurrent unit supervises the trips of the ground units in the impedance backup system. If TOG is set, it is also
used for tripping after a time delay. The IOM unit measures 310 and should be set above maximum unbalance during
load conditions.

The recommended setting is IOM = 0.5 A.

Ground Overcurrent Timer (TOG)

This timer starts timing after IOM has operated. The relay system will trip when the timer has operated. It is used as
complement to the ground distance units for high resistive ground faults. This unit needs to be coordinated with down-
stream devices.

As with the distance units, the ground time overcurrent function is only enabled during channel failure or when the
differential protection is blocked, as selected by the BKUP setting.

Zone 2 and Zone 3 Settings - Versions with Distance Option only

Settings for Zone 2 and Zone 3 protective systems are similar. Application of the distance units follow the standard
application for a conventional step distance, non-pilot relaying system.

Even though they are called Zone 2 and Zone 3, functionally they can serve as one underreaching instantaneous zone
and one overreaching time delayed zone as a conventional Zone 1 and Zone 2 stepped system.

If used as an instantaneous underreaching zone, Zone 2 should be set to never overreach the remote end. Recom-
mended setting is 80% of the line impedance. Zone 3 should be set to underreach any Zone 1 covering the adjacent lines
coming out of the remote terminal. Zone 3 should also cover at least 100% of the protected line plus 20% of the shortest
adjacent line under all conditions.

Zone 3timers, for phase and ground, should be set to coordinate with the forward and reverse adjacent high speed trips.
The timer should include the breaking time of the slowest adjacent breaker plus a tolerance of two to three cycles.

The characteristic of the distance measuring elements are determined by the settings PANG, GANG, ZR specified
above and the reach settings ZGF, ZGR, and ZP.

Ground units in both zones are self polarized and have a forward reach (ZGF) and a reverse reach (ZGR). The FDOG
(forward ground directional unit) is used to supervise the forward direction while the reverse reach is used to define the
overall size of the characteristic and thus the reach along the R-axis.

The phase to phase and three phase units in REL 356 have only a forward reach, ZP. These units are inherently
directional.
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Zone 2 Phase Reach (Z2P)

This setting coordinates the Zone 2 reach for phase to phase faults and three phase faults. The setting is in secondary
ohms.

Zone 2 Phase Timer (T2P)

Selects the time delay for Zone 2 phase fault detection. When set to zero, Zone 2 should be set underreaching. The
setting is in seconds.

Zone 2 Forward Ground Reach (Z2GF)

This setting controls the forward reach of the Zone 2 ground unit. The setting is in secondary ohms.

Zone 2 Reverse Ground Reach (Z2GR)

This setting controls the reverse reach of the Zone 2 ground unit. The setting is in secondary ohms. The Z2GR setting
is determined by the desired reach along the R-axis.

Zone 2 Ground Timer (T2G)

Selects the time delay for Zone 2 phase fault detection. When set to zero, Zone 2 should be set underreaching. The
setting is in seconds.

Zone 3 Phase Reach (Z3P)

This setting coordinates the Zone 3 reach for phase to phase faults and three phase faults. The setting is in secondary
ohms.

Zone 3 Phase Timer (T3P)

Selects the time delay for Zone 3 phase fault detection. The setting is in seconds.

Zone 3 Forward Ground Reach (Z3GF)

This setting controls the forward reach of the Zone 3 ground unit. The setting is in secondary ohms.

Zone 3 Reverse Ground Reach (Z3GR)

This setting controls the reverse reach of the Zone 3 ground unit. The setting is in secondary ohms.

Zone 3 Ground Timer (T3G)

Selects the time delay for Zone 3 phase fault detection. The setting is in seconds.

Out of Step Settings — Versions with Distance Option only

Current differential protection is immune to power swings. When voltage inputs are part of the REL 356, blinders are
provided for power swing detection. The out of step trip and block logic is provided as part of the distance option. Out of
step block is only enabled when the distance backup protection is switched due to channel trouble or differential block
as determined by the setting BKUP. Out of step trip, when selected, is always active regardless of the BKUP setting.

Settings and Application 3-15



ABB REL 356 Current Differential Protection

Out of Step Trip (OST)

This setting enables the out of step trip logic. The setting options are:

ouT No OST trip
WAYI Trip on the way into the operating characteristic of the relay
WAYO Trip on the way out of the operating characteristic of the relay

Out of Step Block (OSB)

This setting enables the out of step block logic that blocks the Zone 2 and/or Zone 3 distance units for out of step
conditions. The setting options are:

ouT No OSB used

22 Out of step logic blocks Zone 2 impedance elements only

Z3 Out of step logic blocks Zone 3 impedance elements only

BOTH Out of step logic blocks Zone 2 and Zone 3 impedance elements
Inner Blinder (RT)

This setting is the offset in the perpendicular direction to the line impedance on the R-X diagram in secondary ohms.
Apart from its function in the OSB and OST logic, it also performs load restriction of the three phase impedance units.

The resistance RT must have a setting sufficiently low (in ohms) to avoid operation on the minimum stable swing ohms
expected. Similarly it must have a setting sufficiently high to accommodate the maximum fault resistance that is likely
to be encountered for three phase faults on the protected line. Operation of the three phase distance function for all
zones can be avoided for swing angles (between the two equivalent sources) as great as 120° if the inner blinder is given
aresistance setting of 0.288 Z_ or less, where Z_. is the protected line positive sequence impedance plus the sum of the
lowest positive sequence impedance at each end of the line. The minimum setting should accommodate a three phase
fault resistance value of at least 0.1 Z_ohms based on an arc voltage of 400 volts per foot (primary) and typical phase
separation.

Using the average of these two conservative figures a reasonable value to use for the inner blinder resistance is 0.2 Z...

Outer Blinder (RU)

This setting is the offset in the perpendicular direction to the line impedance on the R-X diagram in secondary ohms.

The outer blinder resistance setting must be chosen to assure proper distinction between faults and swing conditions.
Sustained load must not be allowed to operate the outer blinder. The recommended setting is 3 times the inner blinder
setting but not more than 80% of minimum load impedance.

Out of Step Detection Timer (OST1)

This timer is started when the outer blinder, RU, has operated but the inner blinder, RT, has not operated. If the timer
times out, an out of step condition has been detected and OSB is active. The recommended setting is 3 cycles.

Out of Step Trip Way In Timer (OST2)

This timer is started when the an out of step condition has been detected and the two blinders have operated. Once it
times out, a trip signal is issued for OST. The recommended setting is 2 cycles.

Out of Step Trip Way Out Timer (OST3)

This timer is started when the out of step condition has been detected and the OST2 timer has timed out and both
blinders are not operated. This permits controlling the time that the breaker opens. The recommended setting is 0.5
cycles.
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Out of Step Trip Override Timer (OSOT)

This timer is started once an out of step condition is identified (output of OST1). A trip signal is generated if OSOT
times out and the apparent impedance seen by the relay is inside Zone 2 or Zone 3 reach and inside the RT blinder.
The recommended setting is 100 cycles.

Remote Setting and Time Settings

Remote Setting (SETR)
Set SETR = YES if remote setting via RCP is allowed.

Time Settings (TIME, YEAR, MONTH, DAY, WDAY, HOUR, MIN)

To set the clock in the relay, set TIME = YES and enter correct values as appropriate.

Settings for Tapped Load Applications

Introduction

The REL 356 relay may be used where the line is protected as a two-terminal line but has a load tap in the zone of
protection. In order to apply and set the relay properly in this environment, there must be a transformer at the load tap.
If a transformer is not present, the relays can not be set to limit the zone of protection, and the power line must be treated
as a three-terminal line.

An example of a load tapped two-terminal line is shown in Figure 3-2. Careful consideration must be given to the settings
that are applied to the relay to assure that all faults, up to and into the transformer, are recognized and all faults beyond
the transformer are ignored. In Figure 3-2, a delta-wye transformer is shown with the wye on the load side and with a
grounded neutral. This is the most common application. The ZT in Figure 3-2 is the transformer impedance, and Z is the
total equivalent impedance looking back into the system from the high voltage terminals of the transformer. What must
be considered are the relay energy levels for faults on the line side of the transformer vs. that for faults on the load side.

The relay energy is affected by two things; the sequence network settings and the type of fault. The internal faults that
produce the lowest network filter output current and the external faults which produces the highest filter output current
must regulate the settings.

If the relay is set to have a negative sequence response, the type of internal phase fault that will produce the lowest
sequence network current will be a CA or AB fault. This minimum internal fault is assumed to occur at the transformer
high terminals (F1). If the relay is set to have no negative sequence response (C2 = 0), then all combinations of phase-
to-phase faults produce a low energy level in the relay. For this phase-to-phase fault, the positive sequence portion of
the current is all that will affect the filter output response, and that current level is equal to V| (2R,) where V  is the line
to neutral voltage and R, is the current transformer ratio.

The type of external faults that produce the highest sequence network output for faults on the load side of the trans-
former must be considered. Ground faults do not produce any zero sequence current in the relays because of the
presence of the transformer delta, and therefore, only the positive and negative sequence response need to be consid-
ered. If the relay is set for no negative sequence response, it is clearly seen that a three-phase fault on the load side will
produce the highest network current output at the relay location. The fault current, in this case, will be V  /[(Z+ZT)R_].

The case where the relay is set to have a negative sequence response (C2+#0), presents a more difficult analysis. Due
to the fact that the positive sequence constant (C1) is opposite in sign to the negative sequence constant (C2), and
considering the fact that the high side positive sequence current will lead the low side current by 30 degrees, and the
high side negative sequence current will lag the low side current by 30 degrees for a standard transformer, it can be
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shown that a phase B-to-C fault or a phase C-to-A fault will produce the highest sequence output of all the low voltage
phase faults. A C-to-G fault will produce the highest filter output current for phase-to-ground faults on the low voltage
side of the transformer. It depends on the values of Zand ZT as to whether the phase-to-phase or phase-to-ground fault
produces the larger output. Therefore both must be considered.

Settings for OTH, CO, C1 and C2 for Tapped Load Applications

The relay setting OTH and the sequence filter constants, C1, C2 and CO, should be first selected according to normal
conditions following the recommendations on page 3-9. Then, the relay setting and the selected constants need to be
checked to make sure they satisfy the special requirements for tap load applications:

it C, =0

VLN

0.3[C, w>OTH >0.3[T, %7
207| R, Z+Z;|R, (1)

it C, #0

o.3[|c +C, el

where

3 VLN
202 +Z;| (R @

[—)7““ >OTH >03[[C, +C,e/™"

20| R,

VN is the line-to-neutral voltage,

Rc is the CT ratio,
Z isthe total equivalent system impedance looking back into the system from the transformer bank; in high side ohms

Z+is the transformer impedance, in high side ohms

[ L
+— -] (At

REL35E REL35E

Figure 3-2. Tapped Load Application
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Setting Example — General Case

Line Data
For current differential measurement

CT ratio = 1200/5 = 240
Line charging current 120 A primary, 0.5 A secondary

From local terminal, L:
Minimum fault current for internal three phase fault 3600 A primary, 15 A secondary
Minimum fault current for internal phase to ground fault 2400 A primary = 67% of three phase fault current

From remote terminal, R:
Minimum fault current for internal three phase fault 2160 A primary, 9 A secondary
Minimum fault current for internal phase to ground fault 1440 A primary = 67% of three phase fault current

Maximum through current for an external three phase and ground fault 12000 A primary, 50 A secondary
Maximum through current for an external ground fault 12000 A primary, 50 A secondary

Communication media : dedicated fiber, 1.3 msec total channel delay

For fault locating and fault recording

VT ratio = 138000/115 = 1200
Line length = 20 miles
Line impedance per mile 0.971 ohms/mile, primary

For distance backup protection

Zsec = Zprim x CTratio/VTratio = Zprim x 0.2

Z1L =4.855@79° = 0.952 +j 4.761 ohms primary = 0.190 + j 4.761 ohms secondary
Z0L =9.710@79° = 1.904 + j 9.522 ohms primary = 0.381 + j 1.904 ohms secondary
Z1SLmin =2.56 @88° ohms primary (local terminal)

Z1SRmin = 4.22@87° ohms primary (remote terminal)

Minimum load impedance (0.8 x 138000)/(1 200x\/3) primary = 10.6 ohms secondary

Relay System Setup
Firmware Version (VERS) VERS =1.21

Indicates the firmware version in the REL 356. This instruction book is for v 1.21 and earlier.

System Frequency (FREQ) FREQ =60 Hz
Select either 50 or 60 Hz.

Readout in Primary Values (RP) RP = YES

A YES setting enables the REL 356 system to display all the monitored voltages and currents in primary kA and kV,
based on the current transformer ratio (CTR) and voltage transformer ratio (VTR) entered.

Current Transformer Type (CTYP) CTYP=5A

Select either 1 or 5 A, depending on the secondary current rating of the line ct.
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Current Transformer Ratio (CTR) CTR =240

This setting is used for load current monitoring, if it is selected to be displayed in primary KA. It has no effect on the
protective relaying system. Note that the metering accuracy for currents is 5% or 0.1 A secondary. The 0.1 A step will
be multiplied with CTR, why the error will appear larger on a primary basis.

Different CT ratios can be used in the two line ends by adjusting the operating threshold, OTH, so that the same level is
achieved on a primary basis. For example, if one end has a ratio of 240 and OTH is sett0 0.5 A, the other end with ratio
120 should have an OTH setting of 1.0 A. Note that the sequence filter settings, C1, C2 and CO, should always be the
same at the two line ends.

Voltage Transformer Ratio (VTR) VTR = 1200

This setting is used for the system voltage monitoring, if it is selected to be displayed in primary kV. It has no effect on
the protective system.

Digital Fault Recording Information

Trigger for Storing Oscillographic Data (OSC) OSC =TRIP
Indicates trigger for oscillographic data gathering. The user can select to trigger oscillographic data when:
e TRIP The REL 356 system tripped
ITRG The REL 356 system detected the operation of either the TRGP (phase) or TRGG (ground) overcurrent
elements (see below)
o AVAI The voltage and/or current change detectors operated

The change detectors (CD) pick up when the current or voltage change between the corresponding data samples,
spaced one cycle apart, exceeds 12.5%, minimum 0.5 Aor7 V.

The use of CD as a trigger of oscillographic data is of little practical value when a relay is connected to the power
system. Numerous changes due to sudden load changes, remote switching, distant faults, etc. make the resulting
oscillographic records difficult to relate to events of importance. During testing however, | can sometimes be useful to
use this setting to capture records for external faults.

Trigger for Storing Fault Records (FDAT) FDAT = TRIP

Indicates trigger for fault record gathering. The user can select to trigger fault records when:

e TRIP The REL 356 system tripped

e ITRG The REL 356 system detected the operation of either the TRGP (phase) or TRGG (ground) overcurrent

elements (see below)

Ground Trigger Pick Up Level (TRGG) TRGG=05A

This setting controls the level of current magnitude on the ground current, which when exceeded triggers oscillographic
data and/or fault records, depending on the settings above.

In case OSC and/or FDAT are not set to ITRG, this setting is ignored by the system.

ITRG level not used
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Phase Trigger Pick Up Level (TRGP) TRGP=55A

This setting controls the level of current magnitude on the phase currents, which when exceeded triggers oscillographic
data and/or fault records, depending on the settings above.

In case OSC and/or FDAT are not set to ITRG, this setting is ignored by the system.

ITRG level not used

Protection System Settings
Change Detector (CD) CD = AvAl

The change detector CD is used for supervision of the differential trip function. All relay current inputs (I, 1., | and |,
and voltage inputs (V,, V;, and V) are sampled and converted to numbers 12 times per cycle. The present samples are
compared to the corresponding samples taken one cycle earlier.

The change detector is asserted if the absolute difference of present and old sample exceeds 12.5% of the old sample
and the difference is larger than 0.1 p.u. for current and 7 V for voltage.

The CD can be generated either by using the current change detectors (Al) or the current and voltage change detectors
(AVAI). The AVAI setting is recommended when the system has voltage inputs and the relay will be used in a weak feed
application where the change in current might not be sufficient to trigger the change detector.

Dedicated Direct Transfer Trip (DDTT) DDTT =0

When the extended output board with additional trip contacts is not included, no DDTT setting is available and a received
transfer trip signal will always result in closure of the two main trip contacts, TRIP—-1 and TRIP-2.

When the extended output board is included, the following setting options are available:

DDTT=0
All trips, trips from the local relay as well as received direct transfer trip, result in closing of all six trip and all six BFI
contacts; TRIP-1, TRIP-2, TRIP-3, TRIP-4, TRIP-5, TRIP-6, BFI-1, BFI-2, BFI-3, BFI-4, BFI-5 and BFI-6.

DDTT=2
Trips from the local relay will result in closing of trip and BFI contacts TRIP-1, TRIP-2, TRIP-3, TRIP-4, BFI-1, BFI-2,
BFI-3 and BFI-4. Received transfer trip will close contacts TRIP-5, TRIP-6, BFI-5 and BFI-6.

DDTT =4
Trips from the local relay will result in closing of trip and BFI contacts TRIP—1, TRIP-2, BFI-1 and BFI-2. Received
transfer trip will close contacts TRIP-3, TRIP-4, TRIP-5, TRIP-6, BFI-3, BFI-4, BFI-5 and BFI-6.

The settings are summarized in the table below where TRIP is trip from the local relay (differential or back-up trip) and
TTRP is received transfer trip from the remote end:

DDTT | TRIP-1/BFI-1 | TRIP-2/BFI-2 | TRIP-3/BFI-3 | TRIP-4/BFI-4 | TRIP-5/BFI-5 | TRIP-6/BFI-6
0 TRIP/TTRP TRIP/TTRP TRIP/TTRP TRIP/TTRP TRIP/TTRP TRIP/TTRP
2 TRIP TRIP TRIP TRIP TTRP TTRP
4 TRIP TRIP TTRP TTRP TTRP TTRP
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Low Set Current Supervision (ILTS) ILTS =IN

The user can select to supervise differential trip but the low set current elements, IPL and IGL. With ILTS = IN, higher
security is achieved. However, for weak feed applications when the local fault current may not exceed the set IPL or IGL
current levels, ILTS should be set to OUT in order to allow the weak terminal to trip on current differential operation.

Weak feed condition not present = ILTS=IN

Reclose Block Enable (RBEN) RBEN = NORB
The following settings are provided for system flexibility:
NORB Normal Reclose Block. The RB contacts will close for the following trips:
o Reclose into fault
. Trip from the back-up system
. Out-of-step trip
. High set overcurrent trip
. Transfer trip
ALRB All Reclose Block. The RB contacts will close for all trips.
Stub/Open Breaker Timer (SOBT) SOBT =10 msec

The SOBT timer provides a time delay for the stub bus and open breaker trip functions. When using 52b inputs for the
open breaker detection, the reset time of the breaker contacts should be carefully considered. If the contact reset time
is greater than the set SOBT time, reclosing will be unsuccessful. The reason is as follows: after a trip, with both
breakers open, one end closes back into the line successfully. The second end closes in but has slow resetting 52b
contacts why OPBR (open breaker) code is still being received by the remote end at the time load current starts to flow.
The remote end will then trip from the low set IPL elements if OPBK function is used. The SOBT timer thus needs to be
set longer than the 52b contact reset time plus channel delay plus 8 msec margin.

52b contact used directly, digital channel delay 1.3 msec = SOBT > 1.3 + 8 msec

The 52b contact reset time is generally close to zero when the breaker contacts are used directly but might be much
longer when connected to the relay via an external auxiliary relay.

Open Breaker (OPBR) OPBR = 52B
The following settings are available for open breaker keying:

e |E Keying is initiated when the line current is lower than the IE setting. Note that the line charging current
must exceed this setting, which limits the use of this option on short lines.

e 52B Keying is initiated when the 52b contact at the local end is closed.
e BOTH Keying is initiated either when the load current is lower than the IE setting or when 52b is closed.
o OUT No open breaker keying. Note that this will disable the Open Breaker function in the remote end as no

open breaker code will be received there.
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Very Low Set Phase Current Unit (IE) IE=0.2A

This unit is used with the open breaker keying logic (OPBR). It should be set sensitive enough to pick up when the local
breaker is closed.

Note that the minimum setting is 0.04 x In (0.2 A for a 5 A ct). The charging current of a very short line might be
insufficient to operate this element why open breaker condition would be given even when the breaker is closed. In that
case, the 52b contact should be used.

Note that there is £ 20% hysteresis associated with this setting. Open breaker keying will start when the current drops
below 0.8 x IE and will remain so until it increases above 1.2 x IE.

In case OPBK is set to 52B or OUT, this setting is ignored by the system.
OPBK set to 52B why IE setting not used
Low Set Phase Unit (IPL) IPL=1.0A

The low set overcurrent units supervise differential trip when ILTS is set IN.

The low set units are also used for tripping during stub bus and open breaker conditions, if these functions are used. To
prevent trip from the stub bus logic during line energizing, the phase IPL unit should be set at 1.5 times the net line
charging current, but must be at least 0.5 A.

IPL > 1.5 x charging current =1.5x0.5=0.75=IPL=1.0A

Net line charging current is defined as: the steady state net single end line charging phase current, as measured under
balanced conditions (all local poles closed and all remote poles open). Net line charging current indicates the distributed
capacitive current minus any line side shunt reactor current.

High Set Phase Overcurrent Unit (IPH) IPH=62.5A

This unit is provided in the REL 356 system to supplement the current differential protection by providing a non-pilot
direct trip capability for high current faults. The IPH unit should be set above the maximum expected external fault
current with a security margin.

The IPH unit should be set for 1.25 times the maximum through current for an external three phase fault.
IPH=1.25x50A =625A

The high set overcurrent units can be made directional when FDOP, the phase directional unit, is set to IN, and three
phase voltage is applied to the relay. IPH is then supervised by FDOP.

Low Set Ground Unit (IGL) IGL=05A

The low set ground overcurrent unit supervises differential trip when ILTS is set IN.
The low set units are also used for tripping during stub bus and open breaker conditions, if these functions are used.

Since the effect of charging current is minimum for the ground subsystem, the setting should only allow for inherent
unbalance under normal operation. A minimum setting of 0.5 A is recommended.
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High Set Ground Overcurrent Unit (IGH) IGH=62.5A

The high set ground unit should follow the same guidelines as the high set phase units.
IGH=125x50A=625A

The high set ground overcurrent unit can be made directional when FDOG, the ground directional unit, is set to IN, and
three phase voltage is applied to the relay. IGH is then supervised by FDOG.

Current Differential System Settings

Trip Desensitizing (TDES) TDES = OUT

This setting temporarily desensitizes the differential protection by increasing the operating threshold, OTH, for 30 cycles
after closing the line breaker (de-energization of the 52b input). This setting can be used to prevent false tripping on large
inrush currents that may be produces by a tapped transformer in the protected zone.

The setting is a multiple of the nominal operating threshold, OTH, and has a range of 1 to 10 times nominal pickup. It can
also be setto OUT and no desensitizing on 52b de-energization will occur.

The trip desensitizing characteristic is a linear ramp which multiplies the tripping threshold immediately on de-energization
of the 52b input to the value to the TDES setting and then slowly over a time period of 30 cycles lowers the trip threshold
back to its nominal value.

Trip desensitizing is not recommended when the transformers are external to the protected zone. In this case the inrush
current will be seen as an external fault and the REL 356 relays will remain stable.

Operating Threshold (OTH) OTH=0.56
The operating threshold determines the differential current required for operation according to the formula:

OP -0.7[RES = OTH

where

OP = IT + Tl

and

RES = IT | + T
IT=-C1l1 + COI0 + C2I2

For internal three phase faults, IT =-C111, ZIT = ZIT_
A 20% margin is recommended, i.e.

OTH<0.80 (OP_, —RES_ )=0.80 (IIT|+1IT.)x0.3
OP =|IT, +IT ] = (15 + 9)x 0.1 = 2.4

RES = |IT |+ |IT, /= (15+9)x 0.1 = 2.4

OTH < 0.8 (OP —0.7RES) = 0.8(2.4 — 0.7 x 2.4) = 0.576
Select OTH=0.56

For single end infeed conditions, only one current is present, IT, or IT... The equations then turn into:

OP = IT,|
RES =IIT |
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With the recommended 20% margin, OTH should then be set to:
OTH < 0.80 (OP_, —RES ) =0.80xITLx0.3=0.80xC1I1x0.3

Different CT ratios can be used in the two line ends by adjusting the operating threshold, OTH, so that the same level
is achieved on a primary basis. For example, if one end has a ratio of 240 and OTH is set to 0.5 A, the other end with
ratio 120 should have an OTH setting of 1.0 A. Note that the sequence filter settings, C1, C2 and CO, should always
be the same at the two line ends.

Note that for versions 1.15 and earlier, OTH is set in peak value why the above setting recommendations should be
adjusted with a factor :/2 This means that the recommended setting for double end infeed is:

OTH <2 .8 {OP,, - RES,, )

and for single end infeed:

OTH <+/2 .8(OP,,, - RES,, ) =2 0.8 OTL 0.3 =+/2 [0.80[C, |, (0.3

Sequence Coefficients (CO, C1, C2) C0=0.0C1=01,C2=0.7

REL 356 uses sequence filters to obtain positive, negative and zero sequence currents. These currents are then
combined into one quantity:

IT=C00,-C10, +C20,
where

l,, 1, and |, are the zero sequence, the positive sequence and the negative sequence currents.

The sequence filter settings, C1, C2 and CO, should always be the same at the two line ends.

In order to minimize the influence of load, C1 should be set to a relatively low value. We recommend to use C1 =0.1.
CO0 and C2 will both multiply fault currents. Setting recommendations C1 and C2 for three cases are made:

Case 1) Minimum fault current for a ground fault | pemin > 50% of minimum fault current for a three phase fault, Isq)mm.

Minimum fault current for internal phase to ground fault 2400 A primary = 67% of three phase fault current =
use settings according to Case 1

Case 2) Minimum fault current for a ground fault lpemn < 50% of minimum fault current for a three phase fault, I@mm.

Case 3) Minimum fault current for a ground fault | pomn < 12.5% of minimum fault current for a three phase fault,
ISCI)min'
Casel

Either C2 or CO can be used for fault detection of any unsymmetrical fault. The use of negative sequence, C2, is
preferable as the negative sequence currents are more consistent at the two line terminals. We therefore recommend to
set CO = 0.

A high value of C2 would increase the sensitivity but in order not to make the relay responding to system unbalances a
“moderate” setting is recommended. Good sensitivity with high security is achieved with setting C2 = 0.7.
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The recommended settings

C1=0.1
C2=0.7
C0=0.0

gives the following sensitivity for different faults:
Three phase faults

-0.10

3gmin . 3@min

IT. =-Cl0

Phase-phase faults

NG

-|L =0.38[—I?EI

NE

Single phase to ground faults

T,

min

=0.330

(-Cl+C2&*)0,,..[=0.380,

@min @min 3@min 3@min

T :é(—c1+cz+00) 0, =020

@G min ¢G min

Case?2

When the minimum ground fault current is substantially smaller than the minimum three phase fault current, CO can be
given a value to increase the sensitivity for ground fault.

The recommended settings

C1=0.1

C2=07

CO0 = according to Figure 1

gives the following sensitivity for different faults:

Three phase faults

ITmin = _Cl D 3@min = _01 D 3@min

Phase-phase faults

T [ =l (—c1+Cca@ ™) 0 =0.380 —038@/—5[] =0.330

| min| E( ) @gmin | — Y+ @@min — V* 2 3gmin ~ V* 3@min

Single phase to ground faults

The value of CO is determined from Figure 1. Calculate the ratio IS(Dmm/I(DGmin and find this number on the vertical axis.
Find the CO for the calculated current ratio based on the curve corresponding to the least sensitive fault type.

Selecting CO is this way results in the same sensitivity for minimum ground fault current as for minimum three phase
fault current.
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Ratio
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Coefficient C0

Figure 1. Ratio of |4, . /I _vs.C0(C1=0.1,C2=0.7)
Sq)mln (DGmln

Case3

When the minimum ground fault current is less than 12.5% of minimum three phase fault current CO should be set to 2.5.

The recommended settings

C1=0.1

C2=07

co=25

gives the following sensitivity for different faults:

Three phase faults

IT. =-Cl0,,  =-0.10

3gmin . 3¢@min
Phase-phase faults

|
3

Single phase to ground faults

(-C1+C2@" YO |=0.380 :0.38E-|*/2—§D

Pgmin Pgmin

| I Tmin

=0.330

3@min 3@min

T, = %(—01 +C2+C0) 0 g, =1.00 4,0
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Automatic Channel Delay Measurement (ALDT) ALDT = YES

The relay logic continuously performs a communication channel delay measurement. To use this feature, set ALDT to
YES. If fixed channel delay, as set by LDT, is to be used, set ALDT to NO.

ALDT is generally always used.

Lead/Follow Mode (LDFL) LDFL = LEAD

The LDFL is used for automatic channel delay measurement. One terminal should always be set to LEAD and the other
to FOLO.

If LDFL = LEAD in this end set LDFL = FOLO in the remote end.

Local Delay Timer (LDT) LDT =1.3msec

REL 356 uses the LDT setting when no automatic channel delay measurement is being used (ALDT = NO). If fixed
channel delay is used, LDT should be set to the channel delay displayed in MLDT function of the monitoring functions.

The LDT setting is used for loop-back testing, when automatic delay measurement can not be performed. Then, set LDT
= 1.3 for digital versions and 18.3 for audiotone version.

When ALDT = YES, the DLT setting is ignored by the system.

Set LDT to actual channel delay as measured by the relay in metering mode, MLDT, even though LDT is only
used when ALDT=NO, e.g. during testing.

Unit Identification (UNID) UNID =0

This setting eliminates the possibility of connecting two wrong units to each other due to cross connection in the
communication channel matrix.

The UNID numbers in the two units should be adjacent, i.e.

Oinone and 1 in the other
2inone and 3in the other
10inone and 11 in the other

The lower value of the pair should always be an even number.
If UNID = 0in this end, set UNID =1 in the remote end.

Communication Speed Selection (KBPS) — 56/64 kbps versions only KBPS = 64kbps

This setting allows 56 kbps or 64 kbps communication speed selection. This setting should be coordinated with any
external communication multiplexer used in the system. A vast majority of applications are 64 kbps.

Transfer Trip (TTRP) TTRP = IN

The transfer trip function as initiated by a contact closure (TB5 9 to 10) can be enabled or disabled (IN or OUT).

When enabled (TTRP = IN), contact closure will result in transmission of transfer trip code to the remote end. When
received at the remote unit for at least 10 msec, tripping will take place. The remote REL 356 will close either its basic
trip contacts, and/or contacts on the extended output board as determined by the setting DDTT.

Transmit Clock Source (XCLK) — 56/64 kbps versions only XCLK = IN

This setting establishes the source of the transmit data clock. If XCLK = EXT, the transmit data clock is extracted from
the received data stream. If XCLK = INT, the clock originates from the internal crystal clock oscillator.
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For systems using external multiplexers (T1 or E1 type) the setting should be XCLK = EXT. Note that the data clock is
extracted from the received data stream so that no connection to any “clock” output on the multiplexer is needed.

For systems using dedicated fiber (850 nm or 1300 nm) the setting should be XCLK = INT.
Dedicated fiber = XCLK = INT.

Loopback (LPBK) LPBK = NO
This setting should be LPBK = NO during normal operation.

The LPBK setting is only set to YES for testing when the relay is connected in loopback mode, i.e. the communication
wires are cross connected so that the relay communicates with itself. Loopback mode disables the automatic channel
delay measurement and unit ID check as these can no be performed during loopback condition.

LPBK = YES is only used during testing. Set LPBK = NO for normal service.

Transmitter Level (XMTR) — Audiotone version only

This setting defines the output power from the unit’s transmitter in —dBm. It should be set in accordance with specifica-
tions for the channel used. For metallic pilot wire applications, the maximum setting is recommended, i.e. —1 dBm.

Receiver Level Signal Detector (RLSD) — Audiotone version only

This setting defines the minimum threshold for declaring channel trouble (CHTB) in —dBm.

Fault Locator and Distance System Common Settings

Ohms Per Unit Distance (XPUD) XPUD =0.971

This setting is used by the fault locator algorithm to estimate a calculated distance to the fault. The units of XPUD will
be in primary ohms per mile or kilometer, depending on the setting of DTYP.
Line impedance per mile 0.971 ohms/mile, primary

Distance Unit Type (DTYP) DTYP =MI

Either miles (MI) or kilometers (km) can be selected. This setting should match the units used in XPUD.

Positive Sequence Impedance Angle (PANG) PANG =79

This setting relates directly to the positive sequence angle of the line. It defines the Zone 2 and Zone 3 phase impedance
unit maximum torque angle in degrees. This setting is also used for defining the slope of the blinders for OST and OSB
an for the fault locator algorithm.

Z1L = 4.855@79° = PANG =79

Zero Sequence Impedance Angle (GANG) GANG =79

This setting defines the impedance angle of the zero sequence (Z10) impedance of the line. Zone 2 and Zone 3 ground
impedance units use this angle for their operation.

Z0L =9.710@79° = GANG =79

Zero Sequence to Positive Sequence Impedance Ratio (ZR) ZR=2.0

This setting is used for all ground fault measurements. It reflects the magnitude ratio of the zero sequence impedance
to the positive sequence impedance of the line and is determined as ZR = ZL0/ZL1.
ZR =Z0L/Z1L =9.710/4.855 =2
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Backup System Settings — Versions with Distance Option only

Backup System Enable (BKUP) BKUP =CT

This setting determines if and when the distance backup system will be activated. There are three possible BKUP
settings:

BKUP = NONE The backup distance system, even though included, will be deactivated at all times and will not
trip.
BKUP =CT The backup distance system will be activated 150 msec after a CT (channel trouble) condition

occurs. It will stay enabled until the channel comes back into service when it will automatically
be switched out.

BKUP =CTDD The backup distance system will be activated 150 msec after a CT (channel trouble) condition
occurs or a differential protection disable condition occurs. Differential protection disable can
be activated by a energizing a local or remote input. The backup system will stay enabled until
the channel comes back into service or the disable condition resets and will then automatically
be switched out.

Loss of Potential Block (LOPB) LOPB =NO

This setting enables the loss of potential logic (VO and notl0) to block all Zone 2 and Zone 3 impedance units if the logic
is satisfied.

The loss of potential logic does not affect the differential protection which uses currents only.

Directional Units Settings

Forward Directional Phase Unit (FDOP) FDOP = IN

If the system has voltage inputs, then the high set phase overcurrent units (IPH) can be made directional if FDOP is set
to IN.

Forward Directional Ground Unit (FDOG) FDOG =IN

If the system has voltage inputs, then the high set ground overcurrent unit (IPG) can be made directional if FDOG is set
to IN.

Ground Directional Unit Polarization (DIRU) DIRU = ZSEQ

The ground directional unit can be zero sequence or negative sequence polarized. When zero sequence polarized, it
uses all zero sequence quantities to determine the power flow direction and is sensitive to zero sequence mutuals
between parallel lines. When negative sequence polarized it uses all neagtive sequence quantities to determine the
power flow direction and its operation is not influence by mutual effects. Set DIRU = ZSEQ if mutuals are not a
consideration and DIRU = NSEQ if strong zero sequence mutuals are present for the transmission line.

Ground Backup Unit Settings — Versions with Distance Option only

Medium Set Ground Overcurrent Unit (IOM) IOM=05A

This overcurrent unit supervises the trips of the ground units in the impedance backup system. If TOG is set, it is also
used for tripping after a time delay. The IOM unit measures 310 and should be set above maximum unbalance during
load conditions.

The recommended setting is IOM = 0.5 A.
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Ground Overcurrent Timer (TOG) TOG =BLK

This timer starts timing after IOM has operated. The relay system will trip when the timer has operated. It is used as
complement to the ground distance units for high resistive ground faults. This unit needs to be coordinated with down-
stream devices.

As with the distance units, the ground time overcurrent function is only enabled during channel failure or when the
differential protection is blocked, as selected by the BKUP setting.

Zone 2 and Zone 3 Settings - Versions with Distance Option only

Settings for Zone 2 and Zone 3 protective systems are similar. Application of the distance units follow the standard
application for a conventional step distance, non-pilot relaying system.

Even though they are called Zone 2 and Zone 3, functionally they can serve as one underreaching instantaneous zone
and one overreaching time delayed zone as a conventional Zone 1 and Zone 2 stepped system.

If used as an instantaneous underreaching zone, Zone 2 should be set to never overreach the remote end. Recom-
mended setting is 80% of the line impedance. Zone 3 should be set to underreach any Zone 1 covering the adjacent lines
coming out of the remote terminal. Zone 3 should also cover at least 100% of the protected line plus 20% of the shortest
adjacent line under all conditions.

Zone 3 timers, for phase and ground, should be set to coordinate with the forward and reverse adjacent high speed trips.
The timer should include the breaking time of the slowest adjacent breaker plus a tolerance of two to three cycles.

The characteristic of the distance measuring elements are determined by the settings PANG, GANG, ZR specified
above and the reach settings ZGF, ZGR, and ZP.

Ground units in both zones are self polarized and have a forward reach (ZGF) and a reverse reach (ZGR). The FDOG
(forward ground directional unit) is used to supervise the forward direction while the reverse reach is used to define the
overall size of the characteristic and thus the reach along the R-axis.

The phase to phase and three phase units in REL 356 have only a forward reach, ZP. These units are inherently
directional.

Zone 2 Phase Reach (Z2P) Z2P =0.78 ohms

This setting coordinates the Zone 2 reach for phase to phase faults and three phase faults. The setting is in secondary
ohms.
When using Z2 as an underreaching, instantaneous zone, set Z2P =80% Z1L (secondary) = 0.8 x 4.855 (primary)

x 0.2 =0.78 secondary = Z2P = 0.78 ohms

Zone 2 Phase Timer (T2P) T2P = 0.00 sec

Selects the time delay for Zone 2 phase fault detection. When set to zero, Zone 2 should be set underreaching. The
setting is in seconds.

Zone 2 Forward Ground Reach (Z2GF) Z2GF =0.78 ohms

This setting controls the forward reach of the Zone 2 ground unit. The setting is in secondary ohms.
When using Z2 as an underreaching, instantaneous zone, set Z2GF = 80% Z1L (secondary) = 0.8 x 4.855 (pri-

mary) x 0.2 = 0.78 secondary = Z2GF = 0.78 ohms
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Zone 2 Reverse Ground Reach (Z2GR) Z2GR =0.20 ohms

This setting controls the reverse reach of the Zone 2 ground unit. The setting is in secondary ohms. The Z2GR setting
is determined by the desired reach along the R-axis.

Assume 25% of the forward reach gives desired fault resistance coverage = Z2GR =0.25x 0.78 = 0.20 ohms

Zone 2 Ground Timer (T2G) T2G =0.00 sec

Selects the time delay for Zone 2 phase fault detection. When set to zero, Zone 2 should be set underreaching. The
setting is in seconds.

Zone 3 Phase Reach (Z3P) Z3P =1.17 ohms

This setting coordinates the Zone 3 reach for phase to phase faults and three phase faults. The setting is in secondary
ohms.

Z3is used overreaching. Minimum recommended setting is 1.2 x ZL1 = Z3P =1.2x 4.885x 0.2 =1.17 ohms
secondary

Zone 3 Phase Timer (T3P) T3P =0.30 sec

Selects the time delay for Zone 3 phase fault detection. The setting is in seconds.

Zone 3 Forward Ground Reach (Z3GF) Z3GF =1.17 ohms

This setting controls the forward reach of the Zone 3 ground unit. The setting is in secondary ohms.

Z3is used overreaching. Minimum recommended setting is 1.2 x ZL1 = Z3GF=1.2x 4.885x 0.2 =1.17 ohms
secondary

Zone 3 Reverse Ground Reach (Z3GR) Z3GR =0.29 ohms

This setting controls the reverse reach of the Zone 3 ground unit. The setting is in secondary ohms.
Using the same relation as for Z2 = Z3GR =0.25 x Z3GF =0.25 x 1.17 = 0.29 secondary ohms

Zone 3 Ground Timer (T3G) T3G =0.30 sec

Selects the time delay for Zone 3 phase fault detection. The setting is in seconds.
Out of Step Settings - Versions with Distance Option only

Current differential protection is immune to power swings. When voltage inputs are part of the REL 356, blinders are
provided for power swing detection. The out of step trip and block logic is provided as part of the distance option. Out of
step block is only enabled when the distance backup protection is switched due to channel trouble or differential block
as determined by the setting BKUP. Out of step trip, when selected, is always active regardless of the BKUP setting.

Out of Step Trip (OST) OST =NO

This setting enables the out of step trip logic. The setting options are:

NO No OST trip
WAYI Trip on the way into the operating characteristic of the relay
WAYO Trip on the way out of the operating characteristic of the relay
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Out of Step Block (OSB) OSB =BOTH

This setting enables the out of step block logic that blocks the Zone 2 and/or Zone 3 distance units for out of step
conditions. The setting options are:

NONE No OSB used

22 Out of step logic blocks Zone 2 impedance elements only

Z3 Out of step logic blocks Zone 3 impedance elements only

BOTH Out of step logic blocks Zone 2 and Zone 3 impedance elements

Inner Blinder (RT) RT =1.150hms

This setting is the offset in the perpendicular direction to the line impedance on the R-X diagram in secondary ohms.
Apart from its function in the OSB and OST logic, it also performs load restriction of the three phase impedance units.

The resistance RT must have a setting sufficiently low (in ohms) to avoid operation on the minimum stable swing ohms
expected. Similarly it must have a setting sufficiently high to accommodate the maximum fault resistance that is likely
to be encountered for three phase faults on the protected line. Operation of the three phase distance function for all
zones can be avoided for swing angles (between the two equivalent sources) as great as 120° if the inner blinder is given
aresistance setting of 0.288 Z_ or less, where Z_ is the protected line positive sequence impedance plus the sum of the
lowest positive sequence impedance at each end of the line. The minimum setting should accommodate a three phase
fault resistance value of at least 0.1 Z, ohms based on an arc voltage of 400 volts per foot (primary) and typical phase
separation.

Using the average of these two conservative figures a reasonable value to use for the inner blinder resistance is 0.2 Z...
RT=02x2Z,=0.2(Z1SA + Z1SB + ZL1) = 0.2( 2.56 + 2.22 + 4.86) primary = 5.752 x 0.2 secondary = 1.15 ohms
secondary

Outer Blinder (RU) RU = 3.45 ohms

This setting is the offset in the perpendicular direction to the line impedance on the R-X diagram in secondary ohms.

The outer blinder resistance setting must be chosen to assure proper distinction between faults and swing conditions.
Sustained load must not be allowed to operate the outer blinder. The recommended setting is 3 times the inner blinder
setting but not more than 80% of minimum load impedance.

RU =3 x RT=3x 1.15=3.45 ohms < 80% of the minimum load impedance (10.6 ohms)

Out of Step Detection Timer (OST1) OST1 =5.00cycles

This timer is started when the outer blinder, RU, has operated but the inner blinder, RT, has not operated. If the timer
times out, an out of step condition has been detected and OSB is active. The recommended setting is 3 cycles.
Out-of-step trip not used

Out of Step Trip Way In Timer (OST2) OST2 =5.00cycles

This timer is started when the an out of step condition has been detected and the two blinders have operated. Once it
times out, a trip signal is issued for OST. The recommended setting is 2 cycles.
Out-of-step trip not used

Out of Step Trip Way Out Timer (OST3) OST3=5.00cycles

This timer is started when the an out of step condition has been detected and the OST2 timer has timed out and both
blinders are not operated. This permits controlling the time that the breaker opens. The recommended setting is 0.5
cycles.

Out-of-step trip not used
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Out of Step Trip Override Timer (OSOT) OSOT =100 cycles

This timer is started once an out of step condition is identified (output of OST1). A trip signal is generated if OSOT times
out and the apparent impedance seen by the relay is inside Zone 2 or Zone 3 reach and inside the RT blinder. The
recommended setting is 100 cycles.

Remote Setting and Time Settings

Remote Setting (SETR) SETR = YES

Set SETR = YES if remote setting via RCP is allowed.

Time Settings (TIME, YEAR, MONTH, DAY, WDAY, HOUR, MIN)

To set the clock in the relay, set TIME = YES and enter correct values as appropriate.

Setting Example - Tapped Load Application

[ Ly
B CHY

REL356 I> REL35E
F1 33

Ul

C%ﬁ

LOAD

I

3

Figure 3-3. Setting Example-Tapped Load Application

Line and Transformer Data

Line data as for the general case:
CT ratio = 1200/5 = 240
VT ratio = 138000/115 = 1200

Z =4.08 ohms, primary
ZT =7% on a 20 MVA base

2 2
ZT (ohms) = ZT (pu) Gkv— =0.07 Dlﬁ =66.65
MVA 20
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Settings for OTH, CO, C1 and C2 for Tapped Load Applications

The relay setting OTH and the sequence filter constants, C1, C2 and CO, should be first selected according to normal
conditions following the recommendations. Then, the relay setting and the selected constants need to be checked to
make sure they satisfy the special requirements for tap load applications:

Following the procedure for the general case, the following settings were determined:

Ci=0.1

C2=07

co=0

OTH=0.56 A
i.e.use criterion (2)

. |fC2—0 v
0.3[C, w>OTH >0.3L[C, LN

27| R Z+Z;|[R, (1)
e ifC,#0

3 VLN
202 +Z,| (R @

0.3 E.Itl +C, el

% >OTH >0.3 E.]Cl +C,el’

20| R,

where
V| is the line-to-neutral voltage, in primary Volts

R. is the CT ratio,
Zis the total equivalent system impedance looking back into the system from the transformer bank, in high side ohms

Z; is the transformer impedance, in high side ohms
{1900 V
[—)ﬁ >OTH >0.3 [.g +C,e g

60°
o.3[.]c +C,e’! 2[[]Z+ZT|ERCD
138000

0.300.1+0.7e7'%| 3 =0.3[0.76[40.41=9.21> OTH
EID ‘ 2[%.082403/3

0.3 EID.l + 0.76“200‘ E 138000 =0.3[0.66[2.34 =0.46 <OTH

2 [14.08 + 66.65) 240 3/3

Thus the settings established for the general case will be valid also for this tapped load application example.
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Measuring Elements and Operational Logic

Composite Sequence Filter

The REL 356 combines the phase currents (IA, IB and IC) measured at the protective relaying terminal into a single
quantity. This quantity, IT, is an output of a symmetrical component filter that is proportional to the weighted sum of
the sequence components. The quantity IT is defined as:

IT=-C|l,+C,1,+C,l,

The quantity IT is a sine wave that is proportional to the fault current. The C1 (positive sequence coefficient), C2

(negative sequence coefficient) and CO (zero sequence coefficient) are system settings that control the sensitivity of the
relaying system.

An example of a single phase to ground, AG, fault with the corresponding IT quantity is shown in Figure 4-1. The first
graph shows the three phase currents and the second the IT filter output for settings C1 = 0.1, C2 =0.7 and C0 = 0.0.

L& i ||I |I L

e e o | | 1 : | RS \ I| i I| i | _I a
e ] I"\_ ." -II1 .II '-ll--;:-' 1|I.__fn'l ! [ \ ;I' Vo
I |_|I IJ'. I'I-|'| "_'l l_llI I '-FI'I 'IJ.I |_|
[ | |I I| |I l| |I | |I | |I I| [
VAN A AR AR R R AR RN
' I Vol | A T I R R
o ! I|I i lll |II Vo II| | llll lll 1 |II II|
L L AN Y. WY -
-1 ] LY L | %) ¥ |'_II U i W \

Figure 4-1. IT Filter Output for an A-G Fault

Current Differential Algorithm

For the comparison process, two quantities are generated from the local and remote IT waveforms. The operate quantity
is derived by vector addition of the local and remote quantities. The restraint (bias) quantity is obtained by adding the
local and remote quantities on a magnitude basis. The resultant output is opposite in polarity to the operate quantity. The
operate and restraint quantities are combined and the result fed to a level detector which produces a trip signal.

The quantity IT is converted into the phasor quantity ITL using discrete Fourier transform (DFT) cosine filter (see Figure
4-2). The quantity ITL is applied to

. Communication transmitter and sent to the remote receiver where it is received as ITR. Note that
due to channel propagation delay, ITR is delayed with respect to ITL.
. Current differential protection algorithm after compensation for the channel propagation delay, LDT.
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IA
Im(ITL) to transmitter
A/D | DFT cosine o
B T filter =
— "
IC

U OP =IITL + ITRI
RES = IITLI + ITRI

LDT

IF [OP - 0.7RES] > OTH L
THEN trip PLT (trip command)

Im(IRL) from receiver

OTH

Figure 4-2. Current Differential Logic

Operate quantity

OP =|ITL +1TR| = y[re(ITL) + re(ITR)|* +[im(ITL) +im(ITR)’

Restraint quantity

RES = |ITL +1TR = y[re(1 TL)]* +[im(1ITL)]* +/[re TR)* +[im(ITR)

Trip decision

IF [(OP - 0.7RES) > OTH] THEN TRIP
Where

ITL = local quantity

ITR = remote quantity
OTH = set operating threshold

4-2 Measuring Elements and Operational Logic



ABB REL 356 Current Differential Protection

lop=11 gl
operation

restraint

lres=[1L [+

Figure 4-3. Operating Characteristic

External fault

For an external fault, the currents will be 180° out of phase and of equal magnitude:

ITR=ITLO180°
OP =[ITL+ITR =[ITL+ITLO180° =0
RES =|ITL|+[ITR/ = [ITL| +|ITL| = 2 (I TL|
OP-0.7RES=0-14=-14

which, of course, is less than OTH which is a positive value (settable 0.00 — 3.98).

Internal fault

For an internal fault, the currents will be practically in phase:

UITROOITL

OP =|ITL+ITR =|ITL| +|ITR

RES =|ITL|+|ITR

OP - 0.7RES = |ITL| +[ITR - 0.7(I1TL| +I TR}) = 0.3(I TL| + I TR]) > OTH
where OTH should be selected so that minimum internal fault current will produce trip.

Communication Channel Options

REL356 is available with eight different communication interfaces:
9600 bps audiotone

British Telecom audiotone

56/64 kbps direct digital

56/64 kbps 820 nm multi-mode fiber

56/64 kbps 1300 nm single mode fiber, short reach

56/64 kbps 1300 nm single mode fiber, medium reach

56/64 kbps 1300 nm single mode fiber, long reach

56/64 kbps direct digital with G.703 interface

Measuring Elements and Operational Logic
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Data Communication

The REL 356 sampling rate is 12 samples per cycle. After A/D conversion, the phase currents are converted into the
composite current IT and sent over to the remote end. A data frame is sent 4 times per cycle and the differential
evaluation is performed with the same frequency. The data frame consists of 32 bits organized as follows:

0 0 0 0 0

l CRC

Fault data 2 x 6 +1 bit

00 normal
01 open bkr
10DTT Delay
11 disable

Figure 4-4. Data Frame

The significance of the bits is as follows:

Bit 0 sync

Bit 1-2 special code (normal, open breaker, Direct Transfer Trip, Disable)
Bit 1-6 automatic time delay measurement performed every 64 msec

Bit 3-6 unit ID

Bit 7-22 fault data

Bit 23-31 CRC, Cyclic Redundancy Check

9600 bps Audiotone Interface

The audiotone interface has a built-in modem that enables the REL 356 to be connected directly to an analog channel
such as leased phone line, microwave or metallic pilot wire. The modem operates at 9600 bps using Quadrature Ampli-
tude Modulation (QAM) at a carrier frequency of 1,700 Hz. The transmit level is settable between — 1 dBm and —15 dBm.
Maximum receiver sensitivity is —43 dBm.

56/64 kbps Digital Communication Interfaces

The digital communication interfaces allow communication via 850 nm multi-mode or 1300 nm single-mode dedicated
fiber. The direct digital interface allows connection to a multiplexer (MUX). Settings for selection of 56 or 64 kbps and
internal or external clock synchronization are provided. Applications with dedicated fiber use internal clock (INT) and
applications with multiplexers use external clock (EXT) as this signal is provided by the MUX.

Adaptive Communication Channel Delay Measurement

The REL 356 continuously measures and updates the channel delay. A measurement is performed every 64 msec,
independently from each line end. This loop delay is then divided by two and entered into the differential algorithm to
compensate for the actual channel delay.
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Relay Functions

Direct Transfer Trip

The REL 356 data frame provides for an independent transfer trip command to be sent to the remote relay by activating
an opto-isolated dc voltage input, DTT KEY. When the remote relay receives the Direct Transfer Trip command for > 10
msec, a trip command is issued and the trip output contacts are closed.

When REL 356 is supplied with the optional output board, transfer trip can be selected to trip all 6 contacts, 4 additional
contacts, or 2 of the additional contacts.

Change Detector Supervision

The REL 356 has sensitive change detectors, forming the signal CD. The current change detectors will operate for a
12.5% change of the sample value in any phase or ground as compared to the same sample one cycle earlier. The
voltage change detectors will operate for a 12.5% change of the sample value in any phase as compared to the same
sample one cycle earlier. The change detector operation, CD, can be selected to use current only (CD = Al) or current
OR voltage (CD = AIAV).

The change detector CD supervises differential trip and is used for triggering DFR records. Current sensing only is
suitable for most applications. For weak feed conditions, however, the AIAV setting may be preferable.

Open Breaker Function

REL 356 will sense a local open breaker condition by either the 52b contact or by a current sensing element IE or both.
Note that the minimum setting of IE is 0.04 x In (0.2 A for a 5 A relay) why this setting option can not be used on short
lines. As an Open Breaker logic condition will be set when the current is below the IE setting, the line charging current
has to be larger than this setting.

When the local REL 356 detects an open breaker condition, it sends this information to the remote end. If there is a fault
on the line, the remote end REL 356 will then trip from the low set phase and ground overcurrent elements, IPL and IGL,
after a set time delay, SOBT.

The relay at the end with the open breaker will not trip as the differential trip is supervised by the change detector, CD.

The Open Breaker function can be disabled by setting OPBK = OUT. Note that this will disable the Open Breaker
function in the remote end as no open breaker code will be received there.

IL
<+

—- X H

Figure 4-5. Open Breaker Trip

Stub Bus Trip

The stub bus trip is using the same logic as the Open Breaker function. When a binary input senses that the line
disconnect is open, the local and remote relay will be enabled to trip from the low set overcurrent elements, IPL and IGL.

The relay at the non-faulted section of the line will not trip as the differential trip is supervised by the change detector,
CD.

Measuring Elements and Operational Logic 4-5



ABB REL 356 Current Differential Protection

Figure 4-6. Stub Bus Trip

Weak Feed Trip

As seen from the operation algorithm, both relays will measure the same quantities. It is therefore sufficient with fault
current infeed from one end only for both relays to trip. Trip is supervised by a sensitive change detector, CD. CD will
operate for any current change in any phase or ground larger than 12.5% based on a sample compared to the same
sample one cycle earlier. Note that also a phase shift or a drop in current will thus cause the change detector to operate.

In case there is very little pre-fault load, the current change detector might not operate. It is then recommended to use
the setting CD = AIAV which enables CD for change in voltage as well. Potential transformers then need to be con-
nected to the relay.

Reclose Initiate Logic

REL 356 provides four reclose initiate (RI) contact outputs to be used with an external recloser. Two reclose block (RB)
contacts are also provided, in case the recloser requires this input instead of RI.

The RI contacts will close for the following trips:
e Pilot trip from the differential function

e  Stub bus trip

e Open breaker trip

When Reclose Block Enable (RBEN) is set to Normal Reclose Block (NORB) the RB contacts will close for the following
trips:

¢ Reclose into fault

Trip from the back-up system

Out-of-step trip

High set overcurrent trip

Transfer trip

When RBEN is set to All Reclose Block (ALRB) the RB contacts will close for all trips.

A pilot trip within 500 msec after closing the breaker is interpreted as having reclosed into the same fault, and further
reclosing is blocked.

High Set Overcurrent Elements

REL 356 includes four channel independent overcurrent elements, IAH, IBH, ICH and IGH, for faster tripping for close in
faults. When potentials are connected to the relay, these units can be made directional, by setting FDOP and FDOG to
IN.

The phase directional unit FDOP is based on the angular relationship of a single-phase current and the corresponding
pre-fault phase-to-phase voltage phasors. The forward direction is identified if the current phasor leads the voltage

phasor. The pair of current and voltage phasors that are compared are |, and V,,, Il;and V, I .and V, ..

BA’ cB?
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The ground unit can be selected to be either zero sequence voltage polarized or negative sequence voltage polarized.
Negative sequence polarization is recommended for parallel lines with mutual coupling.

Zero sequence polarization utilizes the zero sequence components of the currents and voltages into the relay, and the
unit operates when 3l leads 3V by more than 30° or lags by more than 150°. For the operation of these units, it is
required that 31,>0.5 Aand 3V, >1V.

Negative sequence polarization utilizes the negative sequence components of the currents and voltages into the relay
and the unit has its maximum torque line when |, leads V2 by 98° with the current 3l,>0.5Aand 3V,>3V.

Fault Locator

The REL 356 fault locator feature computes the magnitude and phase angle of the fault impedance and the distance to
the fault in both miles and kilometers. The fault impedance is calculated from the voltage and current phasors of the
faulted phase(s). Thus, proper faulted phase selection is essential for good fault locator results. The distance to the fault
is computed by multiplying the imaginary part of the fault impedance times the voltage and current transformer ratios
(VTR/CTR) and dividing by the distance multiplier setting (XPUD). The impedance calculations for the various fault
types are:

= Ve
o, +k0,

for single line to ground faults,

Ve =V,
Z, = XG_ YG

IX IY

for line to line faults, and

Z ABC

Va
I A

for three phase faults
where X, Y =any A, B, C phase.

Faulted Phase Selector

The REL 356 includes a phase selector for indication of the faulted phase(s). The phase selector is current-only based
why connection of voltages is not needed for correct operation. As the REL 356 is intended for three pole trip only, the
phase selector is not used in the trip logic but for indication and for fault location calculation.

Note that the phase selector algorithm is based on comparing pre-fault and fault currents why, during secondary injection
testing, a sudden change between the pre-fault and fault condition is required for correct indication.
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AG BG CG _AB BC CA ABG BCG CAG
IAlal > 1.5 * |algl X X X
IAlal > 1.5 * |alcl X X X
Alsl > 1.5 * |Alal X X X
Alsl > 1.5 * |alcl X X X
Alcl > 1.5 * |alal X X X
Ialcl > 1.5 * |alsl X X X
none = ABC

Figure 4-7. Phase Selector

The fault type is identified by any two comparisons being true as shown in Figure 4-7. If no single phase to ground, two
phase or two phase to ground fault is identified, the fault is determined to be three phase.

Differential Protection Disable

An opto-isolated input has been provided in the relaying system to disable Local and Remote differential protection when
the input is energized by a dc voltage. This input has not effect on the optional distance backup system except where
the setting BKUP is set to CTDD, then it will enable the distance protection. See backup distance protection below.

Optional Backup Functions

Distance Protection

The distance units in the REL 356 system are only operative when the communication channel is unsound, with excep-
tion of the out of step trip logic that is always active, if OST is set to WAYI or WAYO.

The backup distance relaying system includes two zones of a conventional non-pilot distance protection.

Line measurements techniques applies to each zone include:
Single phase to ground fault detection

e Three phase fault detection

e Phase to phase fault detection

¢ Phase to phase to ground fault detection

Zone 2 and Zone 3 Distance Relaying

The optional backup system consists of two zones of distance protection for both phase and ground faults. Each zone
consists of four distance units that are able to detect all fault types. The impedance units are three phase to ground units
(AG, BG and CG) and a phase to phase unit.

The phase to ground units detect all single phase to ground faults (SLGF), three phase faults and some phase to phase
to ground faults within its operating characteristic. The ZGF and ZFG (forward and reverse) settings apply to ground
faults and the ZP (forward phase reach) settings apply to three phase faults.

The phase to phase unit detects all phase to phase faults and some phase to phase to ground faults. Since this unit is
inherently directional only the forward reach, ZP, is used.

All phase to phase to ground faults are detected by the phase to ground units and/or the phase to phase units.
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For indication of a phase distance trip the following conditions have to occur:

e For a three phase fault, the RT (inner) blinder and no OSB (out of step block) and the 3®F output of the phase
selector and any of the phase ground units have to have operated.

e For aphase to phase fault, only the phase to phase unit needs to operate.

e Foraphase to phase to ground fault, either the phase to phase unit or the phase to ground units have to operate.

e Forasingle phase to ground fault, any of the phase to ground units has to operate.

The phase fault detection is supervised by | , the low set phase overcurrent unit.

The phase to ground fault detection is supervised by |
directional unit FDOG.

ow the medium set ground overcurrent unit and the ground

The three phase fault detection is supervised by the phase directional units FDOP and the load restriction blinder, RT.

Each zone has its own timer to coordinate with relays further away for step distance relaying. Separate phase and
ground timers are provided.
Single Phase to Ground

Single phase to ground fault detection is accomplished by 3 non-directional phase units, A, B and C. The operating and
reference quantities are:

OP =V,; - a X +MDOE}1FG
[l n O

1l - U
REF = Ve +Ex +ﬁﬂo E:ZRGD

0 I |
Vie = Vo0 Ve O Vg
ly =1, lgorl,
l = zero sequence relay current
Z ,Z, =positive and zero sequence line impedance
Z, = forward zone reach setting in secondary ohms
Z. = reverse reach setting in secondary ohms

The unit will produce an output when the operating quantity leads the reference quantity.
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jX

ZGF

FDOG
Figure 4-8. Mho Characteristic for Phase to Ground Faults

Three Phase

Three phase fault detection is accomplished by the logic operation of one of the three ground units plus the 3®F output
from the phase selector. However, for a three phase fault condition, the computation of the distance units will be:

OP=V, -LZ,

REF =V,

Where

V, =V, for phase A

V,; for phase B
V,, for phase C

Vi = Ve Voo O Voo
ly =1, lgorl, o
Z, = zone reach setting in secondary ohms
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Figure 4-9. Mho Characteristic for Three Phase Faults

Phaseto Phase

The phase to phase unit responds to all forward phase to phase faults, and some phase to phase to ground faults. The
operating and reference quantities are:

OP=(V, —1_7)

AB AB™P

REF = (V, - 1,5Z,)

CB™P

z RADIUS = 1 (Zg + 7y |©

B‘V//BRLHNCE POINT X

H
0 e R
. RADIUS
OFFSET
1
—E*ZS ??__—~——-CENTEQ
= 1lr_
Z OFFSET = ) [-Zg+ Z(2 ‘VK/% Zc
Zs5 K Z¢
Zg = SOURCE IMPEDANCE
Zc = RELRY SETTING

Zg » Z¢

Figure 4-10. Mho Characteristic for Phase to Phase Faults
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Backup Protection Disable

An opto isolated dc voltage input has been provided on the rear panel of the relay system to disable the distance backup
system. This input has no effect on the primary current differential protection scheme.

Sensitive Directional Ground Overcurrent Unit

FDOG might be used for detecting high fround resistance faults that may not be detected by the ground distance units.
The timer, TOG, may be blocked (no FDOG trip) or given a definite time delay for operation once FDOG has operated
and IOM has picked up.

Out of Step Trip and Out of Step Block Logic

Out of step detection in REL 356 is achieved by the use of blinders. A two blinder scheme is used. The two blinders are
called BO (outer blinder, setting RU) and BI (inner blinder, setting RT) and are parallel to the line impedance setting, i.e.
they are tilted by the PANG (phase angle) setting.

Z3

z2

RT

RU

BO Bl BI BO

Figure 4-11. Blinders for the Out of Step Logic

The RU and RT settings are the distance perpendicular to the line positive sequence impedance that the blinders are
displaced from the latter. The RT setting is also for load restriction and if any three phase fault occurs, the inner blinder,
Bl has to pickup for tripping in addition to the impedance Zone 2 or 3.

The duration of time it takes Bl to operate after BO operates is the indication of an out of step condition. Timer OST1
controls this time. When the timer times out, and out of step condition has been detected. And OSB signal is immedi-
ately sent to block the operation of Zone 2 and/or Zone 3 distance units, as determined by the OSB setting (NONE/Z2/
Z3/BOTH).

Timer OST2 timer the trip after an OST condition has been detected. When OST2 times out, a trip signal is sent if OST
is set to trip on the way in, WAYI.
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Timer OST3 starts timing after the inner blinder operates. If the timer has timed out, then tripping will be allowed
immediately (with a 20 msec time delay) once the outer blinder resets and OST is set to trip on the way out, WAYO.
Otherwise, OST has to time out first.

The OSOT timer is an out of step override timer that bypasses OSB after it has timed out and lets the relay trip.

Loss of Potential (LOPB)

Loss of potential logic is used to supervise the distance measurements in the distance backup system. When this
condition exists, all impedance measuring units well have their output blocked.

The [VO x notl0] logic will detect one or two blown fuses, but will fail to detect the unlikely simultaneous failure of all three
phase fuses. The operating threshold are 3V0 > 7 V and 310 < 0.5 A.

Loss of Current Monitoring

The loss of current logic will indicate loss of one or two current inputs.
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Testing

Introduction
An acceptance test of the relay verifies the operation of four subsystems.
* Analog Input
* Contact Input
* Relay Output
*Communication

Additionally, Phase Comparison functional tests (simulating internal faults) are performed.

Equipment Needed

Qty. Description
1 REL 356 Relay
1 Doble, Multi-amp or equivalent 3-Phase Test System
Test Setup

Current and Voltage Inputs
Connect the Relay Test System to REL 356 Relay.

Do not leave fault currents with trip relays energized for long periods of time.

Power

Connect the primary and secondary dc power. Consult the relay name-plate for rated voltage.

NOTE: Before turning on dc power check jumper positions on the Contact Input and Microprocessor modules.

Analog Input and Front Panel Metering Test
STEP 1

Turn on the primary and optional secondary dc input power if used. Make sure that the FREQ setting matches the line
frequency, and the RP setting is set to “NO” (Readout in secondary values). The “Relay in Service” LED on the front
panel should be lit.

STEP 2

NOTE: All ac voltage & current phase angles in this document are referenced to VA-G voltage (0 degrees). Positive
angles LEAD VA-G, negative angles LAG VA-G.

Fault impedance angles (FANG) are displayed as positive for inductive faults and negative for capacitive.

Apply the following ac quantities to the relay:
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V (volts) /' Angle | | (amps)/ Angle
V, = 70Z£0° I, = 10 £-45°
Vp, = 70£-120° lb, = 10Z£-165°
Ve 70 £+120° | I 10 £+75°

Using the procedure described in Section 2 “Metering Mode”, read the following parameters:

VAG
ZVAG
VBG
ZVBG
VCG
ZVCG
A
ZIA
B
/1B

IC
ZIC

=70
=0
=70
=-120
70
=+120
=10.0
=-45
=10.0
=-165
=10.0
=475

(VOLTS)
(DEG.)
(VOLTS)
(DEG.)
(VOLTS)
(DEG.)
(AMPS)
(DEG.)
(AMPS)
(DEG.)
(AMPS)
(DEG.)

Verify all metered values to be + 5% on magnitude and + 2 degrees on phase angle.

The metering accuracy is +5 % or 0.1 A secondary current, whichever is the greatest. When reading off currents in

primary values, the 0.1 A step error is multiplied by the CT ratio, CTR.

Contact Input Subsystem Test

Make sure that the input voltage selection jumpers on the contact input module correspond to the desired contact
“wetting” voltage, as specified in Section 2 “Contact Input Module”.

Apply the rated voltage across the terminals shown in the table below:

Terminal Terminal HEX
Description Block + - Digit

DTT Key TB5 9 10 1
STUB BUS TB5 11 12 2
Diff Protection Disable TB5 13 14 4
Target RESET TB5 7 8 8
52b TB5 1 2 10
TB5 3 4 20

TB5 5 6 40

Using procedure described in Section 2 “Contact Input Test”,
verify proper response of the front panel display to contact input status changes.
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Relay Output Subsystem Test

Using the procedure described in Section 2 “Relay Output Test”, verify operation of relay output subsystem. The relay
contact wiring is shown on Block Diagram. Please note that the Failure Alarm Relay (TB4, 5-6) has a normally closed
contact.

Communication Subsystem Test
9600 bps Audio Tone Option
Make the following test connection on the rear of the relay:

TB4-11to TB4-13
TB4-12to TB4-14

This connects the Communication XMT pair to RCV pair.

STEP 1

Make sure that 52b contact input (TB-5 terminals 1-2) is de-energized.

Change the “OPBR” setting to “52B” to disable the open breaker code transmission. Change the “ALDT” setting to “NO”
since automatic delay time measurement is not possible with communication channel in a “Loopback” configuration.
Turn the dc supply connected to the REL 356’s dc (Battery) inputs “off” for 1 second & then back “on” again to re-initialize
the modem’s “ALDT” setting on power-up sequence.

Change the “XMTR?” setting to “-1” dBm. Press the “DISPLAY SELECT” key on REL 356 front panel several times to
select the “VOLTS/AMPS/ANGLE” mode. Use the FUNCTION RAISE/LOWER keys to display the “XMTR” monitoring
function. The transmitter output level is measured via the “XMTR” monitoring function should read between +2 an -5
dBm.

Change the “XMTR” setting to “-11” dBm. The transmitter output level as measured via the “XMTR” monitoring function
should read between -8 and -15 dBm.

Change the “XMTR?” setting back to “-1” dBm. Use the “CHRX” monitoring function for indication of the Channel receiver
line status, “CHRX” should read “NORM”.

STEP 2
Temporarily disconnect the XMT to RCV jumper TB4-11 to TB4-13. The display CHRX should change to CHTB (Channel
Trouble).

STEP 3
Reconnect TB4-11 to TB4-13. The display CHRX should return to NORM after a short time delay.

56/64 KPBS Digital Communication Option

Make following Loopback connections on digital Communication Interface on the rear of the relay.

¢ Fiber Optic Version (820 nm)

Using 50/100 mm or larger Multi Mode Cable with ST connectors at each end, connect Fiber Optic Transmitt-
er to Fiber Optic Receiver.

* Fiber Optic Version (1300 nm)
Using 9/125 mm, Single Mode Cable with ST connectors at each end, connect Fiber Optic Transmitter to Fiber
Optic Receiver.
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NOTE: For Medium and Long Reach Options (DCIl assemblies G07 and G08) the Optical Power Attenuator must
be used to limit the Receiver Input Power to maximum of -11 dBm to prevent receiver saturation.

* Direct Digital Version (RS422/RS530)
Connect Pin 2 to Pin 3 (TXA to RXA)
Connect Pin 14 to Pin 16 (TXB to RXB)

Pin placement on DB-25 connector used is as follows:

STEP 1

Set: UNID =0
KBPS = 64
XCLK = INT
LPBK = YES

Make sure that 52b contact input (TB-5 terminals 1-2) is de-energized.
Change the “OPBR” setting to “52B” to disable the open breaker code transmission. Change the “ALDT” setting to “NO”
since automatic delay time measurement is not possible with communication channel in a “Loopback” configuration.

Turn the dc supply connected to the REL 350’s dc (Battery) inputs “off” for 1 second & then back “on” again to re-initialize
the modem’s “ALDT” setting on power-up sequence.

The Monitoring Function CHRX (Received Line Status) should read NORM.

STEP 2
Disconnect above described Loopback Connections. The display CHRX should read CHTB (Channel Trouble).

STEP 3
Reconnect the Loopback Connection. The display CHRX should return to NORM after a short time delay.
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Functional Tests - Current Differential System

The following section documents all the various types of test that can be done to verify operating characteristics of the
REL 356 relay. If a simple single unit test needs to be performed, the “Singe Unit Loopback Test” will be adequeate for
verification purposes. “Dual Units Back to Back Test” are included for lab type back to back verification tests and are

not necessary for field installation type testing.

Single Unit Loopback Test - Internal Faults

STEP 1

Enter the following settings:

Freq
RP
CTYP
CTR
VTR
0SC
FDAT
TRGG
TRGP
CD
DDTT
ILTS
RBEN
SOBT
OPBR
IE
IPL
IPH
IGL
IGH
TDES
OTH
Co
C1

C2

60
NO
5
5000
7000
TRIP
TRIP
0.5
0.5
DI

0
ouT
NORD
16
52b
0.50
0.50
ouT
0.50
ouT
5.0
0.50
0.0
0.10

0.70

ALDT
LDFL
LDT
UNID
KBPS
TTRP
XCLK
LPBK
XMTR
RLSD
XPUD
DTYP
PANG
GANG
/R
BKUP
LOPB
FDOP
FDOG
DIRU
IOM
TOG
2P
T2P
Z2GF

NO
LEAD
*note*
0

64
ouT
INT
YES

1.500
KM
75
75
3.0
ouTt
NO
IN

IN
ZSEQ
0.5
BLK
4.0
0.1
4.0

Z2GR
Z2GF
/2GR
T2G
/3P
T3P
Z3GF
Z3GR
T3G
OST
0SB
RT
RU
OST1
OST2
OST3
OSOT
SETR
TIME
YEAR
MNTH
DAY
HOUR
MIN

2.0

4.0

2.0

0.1

7.0

1.0

7.0

3.5

1.0
WAYO
BOTH

2.0

4.0

2

3

3

100

YES
CURRENT
CURRENT
CURRENT
CURRENT
CURRENT
CURRENT

*NOTE* Set the LDT time to 10.8 msec. for 9600 bps communication channel option A, to 19.3 ms for 9600 bps

communication channel option T or 1.3 msec. for 56/64 kbs communication channel.

Modem version A or T is shown in the style number.

STEP 2

Power down the unit.

STEP 3

Make the connections on the reat of the REL 356 that correspond to the type of communication channel that you have

as specified in “Communication Subsystem Test” above.
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STEP 4

Remove the inner chassis.

a) Note factory settings of jumpers on the Opto-isolated Input module.

b) Make sure that the jumpers are set for the desired battery voltage.

STEP 5
Insert and secure the inner chassis. Power the unit up.
STEP 6

Verify relays response to all types of relay faults by applying the test quantities per the following table. Note: apply all
of the fault currents suddenly. Adjust value up or down to find the point where relay just trips. Three different cases are
presented, only one needs to be performed.

REL 356 Test Tables V 1.20

The measuring error is 10% of calculated pick-up value or 0.250 A, whichever is greater.
Test Conditions: Case 1-C0=0, C1=0.1, C2=0.7, OTH=0.50 (OTH=0.70 for V1.15 or lower)
Test Table1

I Calculated Current
Fault Type Amps £ Angle Pickup Value Pickup range
AG la= 417£ 0 417A 3.15-4.59A
le= 0 £ -120
lc= 0 £ -240
BG la=0 Z£0 3.31A 2.98 — 3.64A
lg= 3.31£ -120
lc= 0 £ -240
CG lh=0 Z0 3.31A 2.98 — 3.64A
le= 0 Z£ -120
lc= 3.31£ -240
AB la= 2.20£ 0 2.20A 1.95 - 2.45A
lg= 2.20£ -180
lc=0 £ -240
BC lh=0 Z0 1.80A 1.55 - 2.05A
lg= 1.80£ -120
lc= 1.80£ -300
CA la= 2.20Z -60 2.20A 1.95 - 2.45A
le= 0 Z£ -120
lc= 2.20£ -240
ABC l,= 8.334 0 8.33A 7.50-9.16
lg= 8.33 < -120
lc= 8.33 £ -240
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Test Conditions: Case 2 - C0=0, C1=0.1, C2=0.7, OTH=0.50 (OTH=0.70 for V1.15 or lower)

Test Table 2

Fault Type

|
Amps Z  Angle

Calculated
Pickup Value

Current
Pickup range

AG

Ia= 1.56£ 0
lg= 0 £ -120
lc= 0 £ -240

1.56A

1.31-1.81A

BG

Ih=0 Z£0
lg= 2.54Z -120
lc= 0 £ -240

2.54A

2.28 -2.79A

CG

IA: 0 4 0
lge= 0 £ -120
lc= 2.54Z -240

2.54A

2.28-2.79A

AB

Ia= 2.20£ 0
lg= 2.20£ -180
lc= 0 £ -240

2.20A

1.95 - 2.45A

BC

IA: 0 4 0
lg= 1.80£ -120
lc= 1.80£ -300

1.80A

1.55 - 2.05A

CA

Ia= 2.20£ -60
lg= 0 £ -120
lc= 2.20£ -240

2.20A

1.95 - 2.45A

ABC

Ia=8.33Z£ 0
lg= 8.33 £ -120
lc= 8.33 £ -240

8.83A

7.50 — 9.16A

Test Conditions: Case 3 - C0=2.5, C1=0.1, C2=0.7, OTH=0.50 (OTH=0.70 for V1.15 or lower)

Test Table 3
| Calculated Current
Fault Type Amps Z£ Angle Pickup Value Pickup range
AG Ia= 0.81Z£ 0 0.81A 0.56 — 1.06A
Ige= 0 <£ -120
lc= 0 £ -240
BG Ia=0 £ 0 1.08A 0.83 - 1.33A
lg= 1.08£ -120
lc= 0 Z£ -240
CG Ih=0 Z£0 1.08A 0.83 - 1.33A
lge= 0 £ -120
lc= 1.08£ -240
AB Ia= 2.20£ 0 2.20A 1.95 - 2.45A
lg= 2.20£ -180
Ilc= 0 Z -240
BC Iha=0 Z£ 0 1.80A 1.55 - 2.05A
lg= 1.80£ -120
lc= 1.80£ -300
CA Ia= 2.20Z£ -60 2.20A 1.95 - 2.45A
Ige= 0 £ -120
lc= 2.20£ -240
ABC la= 8.33£Z 0 8.33A 7.50 — 9.16A
lge= 8.33<£ -120
lc= 8.33 £ -240

Testing
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Single Unit Loopback Test - External Faults

No external fault testing is possible with a single unit since there is no way to invert the signal coming into the
receiver to simulate an external fault or load current.

Dual Unit Back to Back Test - External Faults

STEP 1

To test the relays back to back several connections need to be made that are dependent on the communication channel
used. Make the connections shown for your option.

9600 Audio Tone Option

56/64 kbps Direct Digital Option

The Direct Digital option requires a DB-25 to DB-25 cable hooked between Unit #1’s DCI assembly and Unit #2’s DCI.
Connectors on the DCI are male gender so the cable needs to be female gender on both ends. Connections are as
follows:

Pin2tppin3 (TXAto RXA) Pin 3 to pin 2 (RXA to TXA)
Pin 14 to pin 16 (TXB to RXB) Pin 16 to pin 14 (RXB to TXB)

56/64 kbps Fiber Optic Option

The Fiber optic option requires a fiber optic cable with an in-line attenuator be placed between the XMIT connector of Unit
#1’s DCI to the RCVR connector of Unit #2’s DCI. The same connection needs to be made from Unit #2 to Unit #1. Set
the in-line attenuators for a received level of -26dbm.

With any one fo the three communciations options chosen a few settings need to be changed before back to back
testing can be performed.

Both Units Unit #1 Unit #2
LPBK = NO UNID =0 UNID =1
ALDT = YES
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External Fault(s) - Current connections

Unit #1 REL356

STEP 2

1A TB6-6
IAR TB6-5
B TB6-8
IBR TB6-7
IC TB6-10
ICR TB6-9

Unit #2 REL356
TB6-6 1A
TB6-5 IAR
TB6-8 B
TB6-7 IBR
TB6-10 (@
TB6-9 ICR

30 Current Test Set

Apply fault currents greater than those shown in Tables 5-1, 5-2 & 5-3 and verify that the relay does not trip on external

faults.

Dual Unit Back to Back Test - Internal Faults

To simulate an internal fault, reverse the CT polarity on unit number 2. Test the relay per Tables 5-1, 5-2 & 5-3 by
applying faults and verifying that the relay trips.

Internal Fault(s) - Current connections

1A TB6-6
IAR TB6-5
B TB6-8
IBR TB6-7
IC TB6-10
ICR TB6-9

TB6-6
TB6-5
TB6-8
TB6-7
TB6-10
TB6-9

1A
IAR

IBR
(@
ICR

3 Current Test Set

Testing
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Functional Tests — Optional Backup System

For units that include the stepped distance backup system the following tests will functionally test all the distance units
provided.

Disconnect the loopback connections as described in step 2 on page 5-3, and make sure the front panel display shows
CHTB as the signal received. A channel trouble enables the optional backup distance system to operate.

The following inital settings should be used:

PANG = 75 Z2P = 45
GANG = 75 T2P = 0.1
ZR = 30 Z2GF = 45
BKUP = IN Z2GR = 0.01
LOPB = NO T2G = 0.1
FDOP = IN Z3P = 7.0
FDOG = IN T3P = BLK
DIRU = ZSEQ | Z3GF = 7.0
IOM = 05 Z3GR = 0.01
TOG = BLK T3G = BLK

Phase to Ground Units

To calculate the faultimpedance seen by the relay system the following formula applies:
VXg
| 2 + ZROGANG-PANG
Xg 3

Z fault =

Where x is either phase a,b, or c.

The above formula is rigorous and general. However, if a quick approximation of the minimum trip current required at
different angles () is desired, the following formula applies:

VXG
Z2GF* cos(PANG - 0) [1 + (ZR - 1)/3]

Ixg =

where x is either phase a, b, or c.

Zone 2 Phase-Ground Element Without Reverse Reach

1. Forward Internal Faults

For forward Zone 2 Phase-Ground Internal Faults use Table 5-1 of voltages and currents. In each case apply the 3-
phase voltage to the relay system first then suddenly apply the currents listed. Compare the relay system trip target
data to the applied fault values. The target data should be within +/- 10% on magnitude and +/- 3 degrees on phase. Trip
time should fall within 100-132 milliseconds.
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Table 5-1. Zone 2 Phase-Ground Forward Internal Faults: Z2GF = 4.5 Ohms Z2GR = 0.01 Ohms

I Fault Z Relay System
Volts £ Angle Amps £ Angle Ohms Z Angle | Operation
AG at MTA 90% of reach fault

Va=30 £ 0 la=44 £ -75(285) |4.05 £ 15 Z2T Trip
Vb=69 £ -120(240) | Ib=0 Fault type AG
Vc=69 « -240(120) |Ic=0 Z2G Unit

Trip time 100-132 ms

AG at MTA —45°90% of reach fault

Va=30 £ 0 la=6.23 < -30(330) |2.86 Z 30 Z2T Trip
Vb=69 ~ -120(240) | Ib=0 Fault type AG
V=69 ~ -240(120) |lc=0 Z2G Unit

Trip time 100-132 ms

AG at MTA +45° 90% of reach fault

Va=30 « 0 la=6.23 ~ -120(240) [2.86  « 120 Z2T Trip
Vb=69 ~ -120(240) | Ib=0 Fault type AG
Ve=69 £ -240(120) | Ic=0 Z2G Unit

Trip time 100-132 ms

BG at MTA 90% of reach fault

Va=69 2 0 la=0 4.05 /75 Z2T Trip
Vb=30 £ -120(240) | lb=4.4 .~ -195 (165) Fault type BG
Vc=69 ~ -240(120) | Ic=0 Z2G Unit

Trip time 100-132 ms

BG at MTA —45° 90% of reach fault

Va=69 £ 0 la=0 2.86 Z 30 Z2T Trip
Vb=30 £ -120(240) | 1b=6.23 ~« -150 (210) Fault type BG
Vc=69 £ -240(120) |Ic=0 Z2G Unit

Trip time 100-132 ms

BG at MTA +45° 90% of reach fault

Va=69 £ 0 la=0 2.86 Z 120 Z2T Trip
Vb=30 £ -120(240) | Ib=6.23 £ -240(120) Fault type BG
Vc=69 « -240(120) |Ic=0 Z2G Unit

Trip time 100-132 ms

CG at MTA 90% of reach fault

Va=69 £ 0 la=0 4.05 Z 75 Z2T Trip
Vb=69 £ -120(240) | Ib=0 Fault type CG
Vc=30 £ -240(120) |lc=4.4 £ -315(45) Z2G Unit

Trip time 100-132 ms

CG at MTA —45° 90% of reach fault

Va=69 £ 0 la=0 2.86 Z 30 Z2T Trip
Vb=69 £ -120(240) | Ib=0 Fault type CG
Vc=30 £ -240(120) |Ilc=6.23 ~« -270(90) Z2G Unit

Trip time 100-132 ms

CG at MTA +45° 90% of reach fault

Va=69 £ 0 la=0 2.86 £ 120 Z2T Trip
Vb=69 £ -120(240) | Ib=0 Fault type CG
Vc=30 £ -240(120) |Ic=6.23 <« O Z2G Unit

Trip time 100-132 ms
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2.

Forward External Faults

For forward Zone 2 Phase-Ground External faults use the Table 5-2 of voltages and currents. In each case apply the 3-
phase voltage to the relay system first then suddenly apply the currents listed. In each case the relay system should

not trip as these faults are beyond the reach of the Zone 2 ground units.

Table 5-2. Zone 2 Phase-Ground Forward External Faults: Z2GF = 4.5 Ohms Z2GR = 0.01 Ohms

I Fault Z Relay System
Volts £ Angle Amps V4 Angle Ohms < Angle | Operation
AG at MTA 110% of reach fault
Va=30 £ 0 la=3.6 <« -75(285) | 4.95 Z 75 No Trips
Vb=69 ~« -120(240) |Ib=0
Vc=69 ~Z -240(120) |lc=0
AG at MTA —45° 110% of reach fault
Va=30 £ 0 la=509 ~« -30(330) |35 Z 30 No Trips
Vb=69 « -120(240) |Ib=0
Vc=69 ~ -240(120) |lc=0
AG at MTA +45° 110% of reach fault
Va=30 £ 0 la=5.09 ~« -120(240) | 3.5 Z 120 No Trips
Vb=69 ~« -120(240) |Ib=0
Vc=69 ~« -240(120) | Ilc=0
BG at MTA 110% of reach fault
Va=69 2 0 la=0 4.95 Z 75 No Trips
Vb=30 « -120(240) | Ib=5.09 ~« -195(165)
Vc=69 ~/ -240(120) |Ic=0
BG at MTA —45° 110% of reach fault
Va=69 £ 0 la=0 3.5 Z 30 No Trips
Vb=30 « -120(240) | Ib=5.09 ~« -150(210)
Vc=69 ~/ -240(120) | Ic=0
BG at MTA +45° 110% of reach fault
Va=69 « 0 la=0 3.5 Z 120 No Trips
Vb=30 £ -120(240) | Ib=5.09 <« -240(120)
Ve=69 £ -240(120) |lc=0
CG at MTA 110% of reach fault
Va=69 £ 0 la=0 4.95 £ 75 No Trips
Vb=69 ~« -120(240) |Ib=0
Vc=30 £ -240(120) |lc=36 £ -315(45)
CG at MTA —45° 110% of reach fault
Va=69 « 0 la=0 3.5 Z 30 No Trips
Vb=69 £ -120(240) |Ib=0
Ve=30 £ -240(120) | lc=5.09 ~« -270(90)
CG at MTA +45° 110% of reach fault
Va=69 2 0 la=0 3.5 Z 120 No Trips
Vb=69 ~« -120(240) |Ib=0
Vc=30 £ -240(120) |lc=5.09 £ 0
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3. Reverse External Faults

For reverse Zone 2 Phase-Ground External faults use the Table 5-3 of voltages and currents. In each case apply the 3-
phase voltage to the relay system first then suddenly apply the currents listed. In each case the relay system should
not trip as these faults are reverse direction fron the GANG setting.

Table 5-3. Zone 2 Phase-Ground Reverse External Faults: Z2GF = 4.5 Ohms Z2GR = 0.01 Ohms

I Fault Z Relay System
Volts 0 Angle Amps 0 Angle Ohms [0 Angle | Operation
AG at MTA -180° 50% of reach fault
Va=30 O 0 la=8 O -255(105) | 2.25 O -105 No trips
Vb=69 0O -120(240) |Ib=0
Vc=69 0O -240(120) |Ic=0
BG at MTA —180° 50% of reach fault
Va=69 O O la=0 2.25 g -105 No trips
Vb=30 O -120(240) |Ib=8 0 -15(345)
Vc=69 0O -240(120) |Ic=0
CG at MTA —180° 50% of reach fault
Va=69 O O la=0 2.25 0 -105 No trips
Vb=69 0O -120(240) |Ib=0
Vc=30 0 -240(120) |Ic=8 0 -135(225)

Zone 2 Phase-Ground Element With Reverse Reach

NOTE: Change the “Z2GR” distance setting to 4.5 ohms before applying the following faults in Tables 5-4, 5-5, and

5-6 to the relay system.

4, Forward Internal Faults

For forward Zone 2 Phase-Ground Internal faults use the following Table 5-4 of voltages and currents. In each case apply
the 3-phase voltage to the relay system first then suddenly apply the currents listed. Compare the relay system trip
target data to the applied fault values. The target data should be within +/- 10% on magnitude and +/- 3 degrees on
phase. Trip time should fall within 100-132 milliseconds.
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Table 5-4. Zone 2 Phase-Ground Forward Internal Faults: Z2GF = 4.5 Ohms Z2GR = 4.5 Ohms

I Fault Z Relay System
Volts O Angle Amps O Angle Ohms O Angle | Operation

AG at MTA 90% of reach fault

Va=30 O O la=44 0O -75(285) |4.05 O 75 Z2T Trip
Vb=69 0O -120(240) |Ib=0 Fault type AG
Ve=69 0O -240(120) |lc=0 Z2G Unit

Trip time 100-132 ms

AG at MTA —45° 90% of reach fault

va=30 O 0 la=44 O -30(330) |4.05 0 30 Z2T Trip
Vb=69 O -120(240) | Ib=0 Fault type BG
Vc=69 O -240(120) | lc=0 Z2G Unit

Trip time 100-132 ms

AG at MTA +45° 90% of reach fault

Va=30 O O la=4.4 O -120(240) | 4.05 0 120 Z2T Trip
Vb=69 O -120(240) | Ib=0 Fault type CG
Vc=69 0 -240(120) |Ic=0 Z2G Unit

Trip time 100-132 ms

BG at MTA 90% of reach fault

Va=69 O 0 la=0 4.05 0o 75 Z2T Trip
Vb=30 O -120(240) [Ib=44 0O -195(165) Fault type BG
Vc=69 O -240(120) | lc=0 Z2G Unit

Trip time 100-132 ms

BG at MTA —45° 90% of reach fault

Va=69 O 0 la=0 4.05 0 30 Z2T Trip
Vb=30 O -120(240) |Ib=4.4 O -150(210) Fault type BG
Vc=69 O -240(120) | lc=0 Z2G Unit

Trip time 100-132 ms

BG at MTA +45° 90% of reach fault

Va=69 O 0 la=0 4.05 O 120 Z2T Trip
Vb=30 0O -120(240) |Ib=4.4 0O -240(120) Fault type BG
Vce=69 O -240(120) |Ilc=0 Z2G Unit

Trip time 100-132 ms

CG at MTA 90% of reach fault

Va=69 0 0 la=0 4.05 0 75 Z2T Trip
Vb=69 O -120(240) | Ib=0 Fault type CG
Ve=30 O -240(120) |lc=4.4 [0 -315(45) Z2G Unit

Trip time 100-132 ms

CG at MTA —45°90% of reach fault

va=69 O 0 la=0 4.05 0 30 Z2T Trip
Vb=69 O -120(240) | Ib=0 Fault type CG
Vc=30 O -240(120) |Ilc=4.4 O -270(90) Z2G Unit

Trip time 100-132 ms

CG at MTA +45° 90% of reach fault

Va=69 0O O la=0 4.05 0 120 Z2T Trip
Vb=69 O -120(240) |Ib=0 Fault type CG
Vc=30 0O -240(120) |Ic=44 0O O Z2G Unit

Trip time 100-132 ms
The Zone 2 Ground unit (Z2G) should operate on all faults listed above. Trip time should be within
times shown.
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5. Forward External Faults

For forward Zone 2 Phase-Ground External faults use the Table 5-5 of voltages and currents. In each case apply the 3-
phase voltage to the relay system first then suddenly apply the currents listed. The relay system should not trip as
these faults are beyond the reach of the Zone 2 ground units.

Table 5-5. Zone 2 Phase-Ground Forward External Faults: Z2GF = 4.5 Ohms Z2GR = 4.5 Ohms

I Fault Z Relay System
Volts O Angle Amps 0 Angle Ohms O Angle | Operation

AG at MTA 110% of reach fault
Va=30 O O la=36 0O -75(285) | 4.95 0 75 No trips
Vb=69 0O -120(240) | Ib=0
Vc=69 0 -240(120) |Ilc=0

AG at MTA —45° 110% of reach fault
Va=30 O O la=36 O -30(330) |4.95 0O 30 No trips
Vb=69 0O -120(240) | Ib=0
Vc=69 0 -240(120) |Ilc=0

AG at MTA +45° 110% of reach fault
Va=30 O 0 la=3.6 0O -120(240) | 4.95 0 120 No trips
Vb=69 0O -120(240) | Ib=0
Ve=69 0O -240(120) |Ilc=0
BG at MTA 110% of reach fault
Va=69 0O O la=0 4.95 O 75 No trips
Vb=30 0O -120(240) |Ib=3.6 0O -195(165)
Vc=69 0 -240(120) |Ilc=0

BG at MTA —45° 110% of reach fault

Va=69 0O O la=0 4.95 0O 30 No trips
Vb=30 0O -120(240) |Ib=3.6 0O -150(210)
Vc=69 [0 -240(120) |Ic=0

BG at MTA +45° 110% of reach fault

Va=69 0O 0 la=0 4.95 O 120 No trips
Vb=30 O -120(240) | Ib=3.6 O -240(120)
Ve=69 0O -240(120) |Ilc=0

CG at MTA 110% of reach fault

Va=69 0O O la=0 4.95 0 75 No trips
Vb=69 0O -120(240) |Ib=0

Vc=30 O -240(120) |lc=36 O -315(45)
CG at MTA —45° 110% of reach fault

Va=69 0O O la=0 4.95 0 30 No trips
Vb=69 0O -120(240) | Ib=0

Ve=30 0 -240(120) |lc=3.6 O -270(90)
CG at MTA +45° 110% of reach fault

Va=69 0O O la=0 4.95 0O 120 No trips
Vb=69 0O -120(240) |Ib=0

Vc=30 0 -240(120) |Ic=36 O 0
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6. Reverse External Faults

For reverse Zone 2 Phase-Ground External faults use the Table 5-6 of voltages and currents. In each case apply the 3-
phase voltage to the relay system first then suddenly apply the currents listed. In each case the relay system should
not trip as these faults are reverse direction from the GANG setting.

Table 5-6. Zone 2 Phase-Ground Reverse External Faults: Z2GF = 4.5 Ohms Z2GR = 4.5 Ohms

I Fault Z Relay System
Volts O Angle Amps 0 Angle Ohms [0 Angle | Operation
AG at MTA -180° 50% of reach fault
Va=30 O 0 la=8 0 -255(105) | 2.25 O -105 No trips
Vb=69 O -120(240) | Ib=0
Ve=69 0 -240(120) |Ic=0
BG at MTA —180° 50% of reach fault
Va=69 O O la=0 2.25 0 -105 No trips
Vb=30 O -120(240) | Ib=38 0 -15(345)
Ve=69 0O -240(120) |Ic=0
CG at MTA —-180° 50% of reach fault
Va=69 0O O la=0 2.25 O -105 No trips
Vb=69 O -120(240) |Ib=0
Vc=30 0 -240(120) |lc=8 0 -135(225)

Zone 3 Phase-Ground Element Without Reverse Reach

NOTE: Change the “T3G” timer setting to 1.0 seconds before applying the faults in Tables 5-7, 5-8, and 5-9.

7. Forward Internal Faults

For forward Zone 3 Phase-Ground Internal faults use the Table 5-7 of voltages and currents. In each case apply the 3-
phase voltage to the relay system first then suddenly apply the currents listed. Compare the relay system trip target
data to the applied fault values. The target data should be within +/- 10% magnitude and +/- 3 degrees on phase. Trip

time should fall within 1.00 - 1.05 seconds.

Table 5-7. Zone 3 Phase-Ground Forward Internal Faults: Z2GF = 7.0 Ohms Z2GR = 0.01 Ohms

I Fault Z Relay System

Volts O Angle Amps O Angle Ohms 0 Angle | Operation
AG at MTA 90% of reach fault
Va=25 0 0 la=2.38 O -75(285) |6.3 O 75 Z3T Trip
Vb=69 O -120(240) |Ib=0 Fault trip AG
Vc=69 [0 -240(120) |lc=0 Z3G Unit

Trip time 1.0-1.05 S
BG at MTA 90% of reach fault
Va=69 O 0 la=0 6.3 0O 75 Z3T Trip
Vb=25 0 -120(240) | Ib=2.38 0O -195(165) Fault trip BG
Ve=69 0O -240(120) |Ilc=0 Z3G Unit

Trip time 1.0-1.05 S
CG at MTA 90% of reach fault
Va=69 0O O la=0 6.3 O 75 Z3T Trip
Vb=69 O -120(240) |Ib=0 Fault trip CG
Ve=25 [0 -240(120) | lc=2.38 0O -315(45) Z3G Unit

Trip time 1.0-1.05 S
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8. Forward External Faults

For forward Zone 2 Phase-Ground External faults use the Table 5-8 of voltages and currents. In each case apply the 3-
phase voltage to the relay system first then suddenly apply the currents listed. In each case the relay system should
not trip as these faults are beyond the reach of the Zone 3 ground units.

Table 5-8. Zone 3 Phase-Ground Forward External Faults: Z2GF = 7.0 Ohms Z2GR = 0.01 Ohms

I Fault Z Relay System
Volts O Angle Amps O Angle Ohms O Angle | Operation

AG at MTA 110% of reach fault
Va=25 0 0 la=195 0O -75(285) |7.7 O 75 No trips
Vb=69 0O -120(240) | Ib=0
Vc=69 0O -240(120) |Ic=0
BG at MTA 110% of reach fault
Va=69 0O 0 la=0 7.7 0O 75 No trips
Vb=25 [0 -120(240) | Ib=1.95 O -195(165)
Vc=69 0O -240(120) |Ic=0

CG at MTA 110% of reach fault

Va=69 O 0 la=0 7.7 O 75 No trips
Vb=69 0O -120(240) | Ib=0

Vc=25 0 -240(120) |Ic=1.95 0O -315(45)

9. Reverse External Faults

For reverse Zone 3 Phase-Ground External faults use the Table 5-9 of voltages and currents. In each case apply the 3-
phase voltage to the relay system first then suddenly apply the currents listed. In each case the relay system should
not trip as these faults are reverse direction fron the GANG setting.

Table 5-9. Zone 3 Phase-Ground Reverse External Faults: Z2GF = 7.0 Ohms Z2GR = 0.01 Ohms

I Fault Z Relay System
Volts 0 Angle Amps 0 Angle Ohms O Angle | Operation

AG at MTA -180° 50% of reach fault
Va=25 0 0 la=4.29 [ -255(105) | 3.5 0 -105 No trips
Vb=69 0O -120(240) [ Ib=0
Vc=69 0 -240(120) | lc=0

BG at MTA —180° 50% of reach fault
Va=69 O O la=0 3.5 0O -105 No trips
Vb=25 0O -120(240) | Ib=4.29 0O -15(345)
Ve=69 0O -240(120) |Ic=0

CG at MTA —180° 50% of reach fault

Va=69 O O la=0 3.5 0O -105 No trips
Vb=69 0O -120(240) [ Ib=0

Vce=25 0 -240(120) |Ic=4.29 0O -135(225)
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Phase to Phase Units
To calculate the fault impedance seen by the relay system the following formula applies:

Z fault = _Vxy_
Ix—1ly

where x is either phase a, b, or c and y is the next lagging phase.

The above formula is rigorous and general. However, if a quick approximation of the minimum trip current required at
different angles (0) is desired, the following formula applies:

Ixg = Vxc
~ Z2P (cos (PANG - 0))

where X is either phase a, b, or c and y is the next lagging phase.

Zone 2 Phase-Phase Element

10. Forward Internal Faults

For forward Zone 2 Phase-Phase Internal faults use the Table 5-10 of voltages and currents. In each case apply the 3-
phase voltage to the relay system first then suddenly apply the currents listed. Compare the relay system trip target
data to the applied fault values. The target data should be within +/- 10% on magnitude and +/- 3 degrees on phase. Trip
time should fall within 100-132 milliseconds.

Table 5-10. Zone 2 Phase-Phase Forward Internal Faults: Z2P = 4.5 Ohms

| Fault Z Relay System
Volts O Angle Amps O Angle Ohms O Angle | Operation
AB at MTA 90% of reach fault
Va=173 0O O la=37 O -75(285) | 4.05 O 75 Z2T Trip
Vb=173 0O -120(240) | Ib=3.7 0O -225(135) Fault trip AB
Vc =69 0 -240(120) | Ilc=0 Z2G Unit
Trip time 100-132 mS
BC at MTA 90% of reach fault
Va=69 0O O la=0 4.05 O 75 Z2T Trip
Vb=173 O -120(240) |Ib=3.7 0O -165(195) Fault trip BC
Ve=1.73 0 -240(120) |Ilc=3.7 O -345(15) Z2G Unit
Trip time 100-132 mS
CA at MTA 90% of reach fault
Va=173 0O 0 la=37 O -105(255) | 4.05 O 75 Z2T Trip
Vb=69 O -120(240) |Ib=0 Fault trip CA
Vc=17.3 O -240(120) |lc=3.7 O -285(75) Z2G Unit
Trip time 100-132 mS
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11. Forward External Faults

For forward Zone 2 Phase-Phase External faults use the Table 5-11 of voltages and currents. In each case apply the
3-phase voltage to the relay system first then suddenly apply the currents listed. In each case the relay system should
not trip as these faults are beyond the reach of the Zone 2 ground units.

Table 5-11. Zone 2 Phase-Phase Forward External Faults: Z2P = 4.5 Ohms

I Fault Z Relay System

Volts O Angle Amps O Angle Ohms O Angle | Operation
AB at MTA 110% of reach fault
Va=1730 0 la=3.03 O -45(315) | 4.95 O 75 No Trips
Vb=17.3 0 -120(240) | Ib=3.08 [ -225 (135)
Vc=69 [ -240(120) |Ilc=0
BC at MTA 110% of reach fault
Va=69 0O 0 la=0 4.95 0 75 No Trips
Vb=1.73 0 -120(240) | Ib=3.03 [ -165(195)
Ve=1.73 0 -240(120) | lc=3.03 0O -345(15)
CA at MTA 110% of reach fault
Va=1730 0 la=3.03 O -105(255) | 4.95 0O 75 No Trips
Vb=69 O -120(240) |Ib=0
Ve=17.30 -240(120) | lc=3.03 0O -285(75)

12. Reverse External Faults

For reverse Zone 2 Phase-Phase External faults use the Table 5-12 of voltages and currents. In each case apply the 3-
phase voltage to the relay system first then suddenly apply the currents listed. In each case the relay system should
not trip as these faults are reverse direction from the PANG setting.

Table 5-12. Zone 2 Phase-Phase Reverse External Faults: Z2P = 4.5 Ohms

I Fault Z Relay System
Volts O Angle Amps O Angle Ohms O Angle | Operation
AB at MTA -180° 50% of reach fault
Va=173 0O 0 la=6.66 0O -225(135) | 2.25 0O -105 No Trips
Vb=173 0O -120(240) | Ib=6.66 O -45(315)
Ve =69 0 -240(120) |lc=0
BC at MTA -180°  50% of reach fault
Va =69 O o la=0 2.25 0 -105 No Trips
Vb=1.73 0O -120(240) |Ib=6.66 0O -345(15)
Ve=1.73 0O -240(120) |lc=6.66 [0 -165(195)
CA at MTA -180° 50% of reach fault
Va=173 0O 0 la=6.66 0O -285(75) |2.25 0O -105 No Trips
Vb =69 0 -120(240) | Ib=0
Vc=17.3 0O -240(120) |lc=6.66 O -105(255)
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Zone 3 Phase-Phase Element

NOTE: Change the “T3P” timer setting to 1.0 seconds before applying the faults in Tables 5-13, 5-14, and 5-15.

13. Forward Internal Faults

For forward Zone 3 Phase-Ground Internal faults use the Table 5-13 of voltages and currents. In each case apply the
3-phase voltage to the relay system first then suddenly apply the currents listed. Compare the relay system trip target
data to the applied fault values. The target data should be within +/- 10% magnitude and +/- 3 degrees on phase. Trip
time should fall within 1.00 - 1.05 seconds.

Table 5-13. Zone 3 Phase-Phase Forward Internal Faults: Z3P = 7.0 Ohms

[ Fault Z Relay System
Volts O Angle Amps O Angle Ohms Angle | Operation
AB at MTA 90% of reach fault
Va=173 0O O la=238 O -45(315) |6.3 75 Z3T Trip
Vb=173 [0 -120(240) |1b=2.38 0O -225(135) Fault type AB
Vc =69 0 -240(120) | Ilc=0 Z3P Unit
Trip time 1.0-1.05 mS
BC at MTA 90% of reach fault
Va =69 oo la=0 6.3 75 Z3T Trip
Vb=173 0O -120(240) | 1b=2.38 0O -165(195) Fault type BC
Vc=1.73 [0 -240(120) |Ic=2.38 O -345(15) Z3P Unit
Trip time 1.0-1.05 mS
CA at MTA 90% of reach fault
Va=173 0O O la=238 O -105(255) | 6.3 75 Z3T Trip
Vb =69 0 -120(240) | Ib=0 Fault type CA
Ve=17.3 0O -240(120) |Ilc=2.38 O -285(75) Z3P Unit
Trip time 1.0-1.05 mS
14. Forward External Faults

For forward Zone 3 Phase-Phase External faults use the Table 5-14 of voltages and currents. In each case apply the 3-
phase voltage to the relay system first then suddenly apply the currents listed. The relay system should not trip as
these faults are beyond the reach of the Zone 3 Phase units.

Table 5-14. Zone 3 Phase-Phase Forward External Faults: Z3P = 7.0 Ohms

I Fault Z Relay System
Volts O Angle Amps O Angle Ohms Angle | Operation
AB at MTA 110% of reach fault
Va=173 0O 0 la=195 0O -45(315) |7.7 75 No Trips
Vb=173 0O -120(240) | Ib=1.95 0O -225(135)
Vc =69 0 -240(120) | Ilc=0
BC at MTA 110% of reach fault
Va =69 O o la=0 7.7 75 No Trips
Vb=173 0O -120(240) [ Ib=1.95 O -165(195)
Vc=173 0O -240(120) |Ic=1.95 0O -345(15)
CA at MTA 110% of reach fault
Va=173 0O 0 la=1.95 0O -105(255) | 7.7 75 No Trips
Vb =69 0 -120(240) | Ib=0
Ve=173 [0 -240(120) |Ilc=1.95 0O -285(75)
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15. Reverse External Faults

For reverse Zone 3 Phase-Phase External faults use the Table 5-15 of voltages and currents. In each case apply the 3-
phase voltage to the relay system first then suddenly apply the currents listed. In each case the relay system should
not trip as these faults are reverse direction from the PANG setting.

Table 5-15. Zone 3 Phase-Phase Reverse External Faults: Z3P = 7.0 Ohms

I Fault Z Relay System
Volts O Angle Amps 0 Angle Ohms O Angle | Operation
AB at MTA -180° 50% of reach fault
Va=173 O 0 la=4.28 [0 -225(135) |35 0 -105 No Trips

Vb=17.3 O -120(240) | Ib=4.28 [0 -45(315)
Vc=69 [0 -240(120) | Ic=0

BC at MTA -180° 50% of reach fault

Va =69 o o la=0 3.5 O -105 No Trips
Vb=173 0O -120(240) | Ib=4.28 -345 (15)
Ve=173 0O -240(120) | Ilc=4.28 [0 -165(195)
CA at MTA -180° 50% of reach fault

va=173 0O 0 la=4.28 O -285(75) |3.55 0 -105 | No Trips
Vb=69 O -120(240) |Ib=0

Vc=17.3 O -240(120) | Ic=4.28 O -105 (255)

[}

3-Phase Units

To calculate the faultimpedance seen by the relay system the following formula applies:

Z fault = —2X9
Ixg

where x is either phase a, b, and ¢ phases.

The above formula is rigorous and general. However, if a quick approximation of the minimum trip current required at
different angles (0) is desired, the following formula applies:

Ixg = Vxa
= Z2P (cos (PANG - 0))

where x is either phase a, b, and ¢ phases.
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Zone 2 3-Phase Units
NOTE: Setthe “T3P” timer setting to “BLK” before applying the faults in Tables 5-16, 5-17, and 5-18.

16. Forward Internal Faults

For forward Zone 2 Three-Phase Internal faults use the Table 5-16 of voltages and currents. In each case apply the 3-
phase voltage to the relay system first then suddenly apply the currents listed. Compare the relay system trip target
data to the applied fault values. The target data should be within +/- 10% magnitude and +/- 3 degrees on phase. Trip
time should fall within 100 - 132 milliseconds.

Table 5-16. Zone 2 Three-Phase Forward Internal Faults: Z2P = 4.5 Ohms

I Fault Z Relay System
Volts 0 Angle Amps 0 Angle Ohms O Angle | Operation

BC at MTA 90% of reach fault

Va=20 O 0 la=493 0 -75(85) |405 0O 75 Z2T Trip
Vb=20 O -120(240) |1b=4.93 O -195(165) Fault type ABC
Ve=20 O -240(120) |Ic=4.93 O -315(45) Z2P Unit

Trip time 100-132 mS

17. Forward External Faults

For forward Zone 2 Three-Phase External faults use the Table 5-17 of voltages and currents. In each case apply the 3-
phase voltage to the relay system first then suddenly apply the currents listed. The relay system should not trip as
these faults are beyond the reach of the Zone 2 Three-Phase units.

Table 5-17. Zone 2 Three-Phase Forward External Faults: Z2P = 4.5 Ohms

[ Fault Z Relay System
Volts 0 Angle Amps 0  Angle Ohms 0O Angle | Operation

BC at MTA 110% of reach fault
Va=20 O 0 la=4.04 0O -75(285) |4.95 a 75 No Trips
Vb=20 0O -120(240) | Ib=4.04 0O -195(165)
Vc=20 0O -240(120) |Ilc=4.04 O -315(45)

18. Reverse External Faults

For reverse Zone 2 Three-Phase External faults use the Table 5-18 of voltages and currents. In each case apply the 3-
phase voltage to the relay system first then suddenly apply the currents listed. In each case the relay system should
not trip as these faults are reverse direction from the PANG setting.

Table 5-18. Zone 2 Three-Phase Reverse External Faults: Z2P = 4.5 Ohms

I Fault Z Relay System
Volts 0 Angle Amps 0 Angle Ohms O Angle | Operation
Va=20 0O O la=8.89 O -255(105) | 2.25 0 -105 No Trips

Vb=20 [0 -120(240) | Ib=8.89 [ -15(345)
Ve=20 O -240(120) | lc=8.89 O -135(225)
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Zone 3 3-Phase Units
NOTE: Set the “T3P” timer setting to 1.0 seconds before applying the faults in Tables 5-19, 5-20, and 5-21.

19. Forward Internal Faults

For forward Zone 3 Threehase Internal faults use the Table 5-19 of voltages and currents. In each case apply the 3-
phase voltage to the relay system first then suddenly apply the currents listed. Compare the relay system trip target
data to the applied fault values. The target data should be within +/- 10% magnitude and +/- 3 degrees on phase. Trip
time should fall within 1.00 - 1.05 seconds.

Table 5-19. Zone 3 Three-Phase Forward Internal Faults: Z3P = 7.0 Ohms

I Fault Z Relay System
Volts 0 Angle Amps 0 Angle Ohms [0 Angle | Operation
BC at MTA 90% of reach fault
Va=20 0O 0 la=3.17 O -75(285) |6.3 0o 75 Z3T Trip
Vb=20 O -120(240) |Ib=3.17 O -195(165) Fault type ABC
Ve=20 0O -240(120) |lc=3.17 0O -315(45) Z3P Unit
Trip time 1.0-1.05 mS
20. Forward External Faults

For forward Zone 3 Three-Phase External faults use the Table 5-20 of voltages and currents. In each case apply the 3-
phase voltage to the relay system first then suddenly apply the currents listed. The relay system should not trip as
these faults are beyond the reach of the Zone 3 Three-Phase units.

Table 5-20. Zone 3 Three-Phase Forward External Faults: Z3P = 7.0 Ohms

I Fault Z Relay System
Volts 0 Angle Amps 0 Angle Ohms O Angle | Operation
BC at MTA 110% of reach fault
Va=20 0O 0 la=26 0O -75(285) |7.7 0o 75 No Trips
Vb=20 0O -120(240) |Ib=26 O -195(165)
Vc=20 0O -240(120) |lc=2.6 O -315(45)
21. Reverse External Faults

For reverse Zone 3 Three-Phase External faults use the Table 5-21 of voltages and currents. In each case apply the 3-
phase voltage to the relay system first then suddenly apply the currents listed. In each case the relay system should
not trip as these faults are reverse direction from the PANG setting.

Table 5-21. Zone 3 Three-Phase Reverse External Faults: Z3P = 7.0 Ohms

I Fault Z Relay System
Volts 0 Angle Amps 0 Angle Ohms O Angle | Operation
ABC at MTA -180" 50% of reach fault
Va=20 0O 0 la=571 O -255(105) | 3.5 0 -105 | No Trips
Vb=20 0O -120(240) | Ib=5.71 O -15(345)
Ve=20 0O -240(120) |lc=5.71 O -135(225)

WARNING: The user should verify that Standing Relay Trip SRT =NO in the Test Mode Function prior to putting
the REL 356 in service.
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Out Of Step System Functional Tests

For systems equipped with OST logic the following settings may be used to check the OST logic in REL 356:

PANG = 65 T2G = 0.1
GANG = 65 Z3P = 11.0
ZR = 3.0 T3P = .2
BKUP = OUT Z3GF = 11.0
LOPB = NO Z3GR = 0.01
FDOP = IN T3G = 2
FDOG = IN OST = WAYO
DIRU = ZSEQ OSB = BOTH
IOM =05 RT =20
TOG = BLK RU = 4.0
Z2P =85 OST1 =2
T2P = 0.1 OST2 =3
Z2GF = 6.5 OST3 =3
Z2GR = 0.01 OSOT = 100

NOTE: These tests are optional and require programing Computer Aided, Multi-amp or Doble test equipment.

In the R-X diagram, the positions shown correspond to the following quantities:
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V (Volts) | (Amps)
Va =69 £0 la=5 45
Vb =69 £-120 Ib =52-125
1 Vc =69 £Z+120 Ic=52£+115
Va =20 £0 la=4.5 225
Vb =20 £-120 Ib=4.5/-145
2 Ve =20 £+120 Ic =4.52495
Va =20 £0 la=6 £-65
Vb =20 £-120 Ib=62+175
3 Vc =20 £+120 Ic =6£+55
Va =20 £0 la=4 2-100
Vb =20 £-120 Ib =4/+140
4 Vc =20 £+120 lc =4/+20
Va =69 £0 la=6.52-105
Vb =69 £-120 Ib=6.52+135
5 Ve =69 £+120 Ic=6.5£+15

The apparent impedances seen by the relay in each of the above positions and the expected operation of the inner (21
Bl) and outer (21 BO) blinders are the following:

POS Z app 21 Bl 41 BO
1 13.8 05 No No
2 4.47 025 No Yes
3 3.33 065 Yes Yes
4 5.00 0100 No Yes
5 10.6 0105 No No

Test #1 indicates the sequence of positions in the RX diagram to be applied and the time in cycles to hold the
position and the action of the relay.

The fault impedance measured should be 10.6 £ 105 ohms.

TEST #1
Trip OST on the Way Out
Pos | Time Trip Action
A
1 60
2 5
3 20
4 5
5 60 50-67 ms after 2

Testing
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In-Service Checks

This section will guide you through the In-Service checks that should be performed to insure that the relay is connected
properly to the system and phasing is correct at both ends of the protected line. The first section verifies the proper
connection of the CT & PT circuits along with their respective ratio. This section is dependent on connections to the PT
circuits. The second section deals with phasing of the overall relay system.

Potential and Current Circuits:

STEP 1

Before putting the relay into service, first recheck all the settings to the setting sheet and verify all values are correct.
STEP 2

Open all trip circuits via the built in FT switches or block the trips coming from this relay at any convenient point. Leave
the trip circuits intact for any backup system that is being used.

STEP 3
Close the breaker at one end of the line only and heat up the line.
STEP 4

Verify that the voltages and angles displayed in the metering display correspond to what exists on the system. The
voltages displayed are Line to Neutral voltage so a multiplication factor of 1.73 must be used to determine the Line to
Line voltage. AJ Voltage will always have a phase reference of 0°. BY will appear as -120° and CS will appear as
+120°. Looking at the metering menu in the RCP ( Remote Communication Program), all of the potential should appear
as Positive Sequence or V1. Small quantities of V2 & V0 are acceptable and are a result of small phase unbalalnces in
the system and or variations in the PT’s themselves. Verify at both ends and record the data.

STEP 5
Close the breaker in at the remote end.
STEP 6

Verify that the current levels and angles displayed in the metering display correspond to what is actually flowing in the
system. This is more easily done in the metering menu of RCP. Verify with the Load dispatcher current levels and
power flow. Verify that the relay sees the same direction and same relative value of power flow as the Load Dispatcher.
If not the Ct's may be hooked up backwards or the CT ratio entered in the settings is incorrect. Whenpower is flowing out
of Station “A”, it will appear as (+) watts in the metering menu. Station “B” will see this same power flow coming in, and
it will appear as (-) watts. The current angles at Station “B” wil also be 180° out of phase with the angles at Station “A”.

STEP 7

Record and compe the current levels and angles with the levels and angles at the other end of the line. Verify that the
angles in all three phase are 180° different from one end to the other. Also verify in the RCP metering menu that the
Current appears as mainly |11 or positive sequence current. This will verify that the phase rotation is correct at both ends.

STEP 8

After all checks of Voltage & Current are completed and everything corresponds with what the Load Dispatcher is
reporting, you are ready to move on to the current differential section of the test. If problems exist, they must be
corrected before moving on to the current differential checks.
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Current Differential Checks

The current differential checks will utilize load current to verify proper phase relationship at both ends of the line. The
OSCAR and RCP programs should be used to process and view the oscillographic records.

STEP 1

Use the actual settings or

C1=0.1
C2=0.7
C0=0.0

Make sure that LPBK = NO and ALDT = YES and that the relay displays CHRX = NORM.
STEP 2

Use the Display Select button to scroll down the Test Menu on the front of the REL 356. Use the RAISE button to scroll
to move through the functions until TEST appears in the window. With the tip of a pen, trigger an oscillographic record by
depressing the ENTER key on the front of the relay. Make sure you get a green VALUE ACCEPTED led indication.

STEP 3

In the RCP relay menu, go to Oscillographic Data <enter>. Select Analog and Digital data <enter>. Select record 0 (most
recent) <enter>. Wait for the program to download the record and save it to a file in a subdirectory of your choice.

STEP 4

Open the OSCAR program. Select Osc Data File <enter>. Select REL 356 <enter>. Find the .0s6 file you saved in step
3 <enter>. Wait for the OSCAR program to calculate the analog and digital data in the saved file. Select Graph Osc Data
<enters.

STEP 5

Now you will see the analog and digital data associated with this record.

Press F1 ANA MENU.

Press F3 SELECT MOVE DN.

Press F8 REMOVE TRACE and repeat until OP and RES are the two top traces on the screen.
Press F9 RETURN

Press F9 MAIN MENU

STEP 6

Repeat Step 4.

Read off the magnitudes for OP and RES displayed on the right side of the traces. OP should be close to zero while RES
should be two times the load current multiplied by the C1 setting.

(RES=IILI +IIRI=2x]1_.,x C1)

If the load current is low, this test can be performed with a temporarily higher C1 setting so that the RES waveform will
show in OSCAR, e.g. set C1 = 1.0 when taking the oscillographic record.

STEP 7

Verify at both line ends.

STEP 8

If the C1 setting was changed, return it back to actual setting.

STEP 9

Scroll the TEST menu on the front of the REL 356. Next scroll through the functions until the SRT function is displayed.
Verify that SRT = NO. This function stands for standing relay trip. If this is YES, it means that as soon as you close the
trip circuits, you will trip the breaker.
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Computer Communications
Communication Port(s) Use

Introduction

REL 356 can be communicated with for target data, settings, etc., through the man-machine interface (MMI), The relay
can also be communicated with via the communication (comm) ports. Comm port communications, provides the user
with more information than is available with the MMI. For example, all 16 targets are available and a more friendly user
interface for settings can be accessed (all settings are displayed on a single screen on the user’s PC). This section will
provide the details of the comm port options, personal computer requirements, connecting cables and all information
necessary to communicate with and extract data from the relay. Additional communications details are contained in IL
40-603, (RCP) Remote Communication Program.

Communication Port Options

REL 356 is supplied with a rear communications port. If the network interface is not specified, a RS-232C (hardware
standard) communications port is supplied. Network interface comm port option allows the connection of the relay with
many other devices to a 2-wire network. A detailed discussion of networking capabilities can be found in AD 40-600,
Substation Control and Communications Application Guide.

RS-232C, rear comm port is of the removable, Product Operated Network Interface (PONI) type and is available in three
styles. One is identified by a 25 pin (DB-25S) female connector, it is usually black and has a single data comm. rate of
1200 bps. The second style is identified by a 9 pin (DB-9P) male connector and externally accessible dip switches (next
to the connector) for setting the communication data rate. This port option is always black in color, can be set for speeds
of 300, 1200, 2400, 4800, 9600, or 19200 bps and offers an option for IRIG-B time clock, synchronization input.

The third style is a PONI-M Modbus RS485 Product Operated Network Interface for connecting the REL 356 system to
a Modbus Host. Communication details for this option are given in IL 40-616.

Personal Computer Requirements

Communication with the relay requires the use of Remote Communication Program (RCP) regardless of the comm port
option. RCP is supplied by ABB Relay Division and is run on a personal computer (PC).

To run the program requires an IBM AT, PC/2 PC or true compatible with a minimum of 640 kilobytes of RAM, 1 hard
disk drive, a RS-232C comm port and a video graphics adapter card. The PC must be running Version 3.3, or higher, MS-
DOS.

Connecting Cables

With each comm port option the connecting cable requirement can be different. Also, connecting directly to a PC or
connecting to a modem, for remote communication, affects the connecting cable requirements. Table 6-1, provides a
summary of a plug pin assignments, pins required and cable connectors.

Some terminology will be defined to aid the user in understanding cable requirements in Table 6-1. Reference, is often
made to the “RS-232C” standard, for data communication. The RS-232C standard describes mechanical, electrical, and
functional characteristics. This standard is published by the Electronics Industry Association (EIA) and use of the
standard is voluntary but widely accepted for electronic data transfer. ABB relay communications follows the RS-232C
standard for non-network data communication.

Although the RS-232C standard does not specify a connector shape, the most commonly used is the “D” shape connec-
tor. As stated in Section 1, all ABB relay communication connectors are of the “D” shape (such as DB-25S).
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Data communication devices are categorized as either Data Terminal Equipment (DTE) or Data Communication Equip-
ment (DCE). A DTE is any digital device that transmits and/or receives data and uses communications equipment for
the data transfer. DCE’s are connected to a communication line (usually a telephone line) for the purpose of transferring
data from one point to another. In addition to transferring the data, DCE devices are designed to establish, maintain, and
terminate the connection. As examples, a computer is a DTE device and a modem is a DCE device.

By definition the connector of a DCE is always female (usually DB-9S or 25S). Similarly, DTEs are always male (usually
DB-9P or 25P). These definitions apply to the equipment being con-nected and to the connectors on the interconnecting
cables.

One additional piece of hardware that is required, in some applications, is a “null” modem. Null modem’s function is to
connect the transmit line (TXD), pin 2 by RS-232C standard, to the receive line (RXD), pin 3. A null modem is required
when connecting like devices. That is DTE to DTE or DCE to DCE. A DCE to DCE, example, where a null modem is
required, is the connection of a 25 pin, PONI to a modem.

A null modem function can be accomplished in the connecting cable or by separate null modem package. That is, by
using a conventional RS-232C cable plus a null modem. One type of null modem, available from electronics suppliers,
is B & B Electronics Type 232MFNM.

Modem Communications

The REL 356 system can be connected to its configuration software, RCP, using a dial up configuration. The Applica-
tion Note in Section 8 “Modem Communication to ABB Relays” provides a step-by-step guide for the remote communi-
cations setup.

Setting Change Permission and Relay Password

To gain access to certain communication port functions, the REL 356 must have the remote setting capability permis-
sion SETR set to YES and knowledge of the relay password is required. All communications port functions listed below
require SETR set to YES before the actions can be performed:

Update/Change Settings

Enable Local Settings (capability)

Disable Local Settings (capability)

Activate Output Relays (contact testing function)

Access control, both setting permission and password knowledge is required for all communication port options.

Before attempting any of the above functions, the setting of SETR must be verified via the front panel MMI. Using the
setting change procedure in Section 2, “Front Panel Operation”, verify or change SETR such that it is set to YES.

Using comm. port communications, the ability to change settings from the MMI can be disabled. The RCP, Password
Menu Choice “Disable Local Settings” when selected, will block setting changes via the MMI. Blocking the front panel
setting changes, may be useful for situations in which the access to the relay cannot be secured from tampering by
unauthorized persons.

Password:

When the REL 356 is received from the factory or if the user loses the relay password, a new password can be assigned
with the following procedure:

Turn off the relay dc supply voltage for a few seconds, Restore the dc supply voltage and wait for the relay to complete
the self check/start-up routine, Using RCP, perform the Password Menu choice “Set Relay Password”, Use the word
“password” when prompted for the “current relay password” and then enter a new password.

Password setting change procedure must be completed within 15 minutes of energizing relay or “password” will not be
accepted as the “current” password.
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Troubleshooting

In the event the communication remains unsuccessful, first make sure that the relay is powered, proper communication
cable is used (Table 6-1), and the connection is good.

For further testing, check that the bit rate (Baud) on the RS-PONI (Table 6-2) is set to correspond to the one displayed

at the bottom right of the RCP display.

If after these verifications the problem remains, try to remove the power from the relay and apply it again. If the

communication still fails (several attempts), the communication equipment needs to be serviced.

Sixteen Fault Target Data

The REL 356 saves the latest 16 fault records, but only the latest two fault records can be accessed from the front panel.

For complete 16 fault data, the computer communication is necessary.

Digital Fault Recording

Three digital fault records are stored in REL 356. Each set includes seven analog traces (Va, Vb, Vc, la, Ib, Icand In),
with one cycle pre-fault and 7-cycle fault information, and 64 digital signals based on 12 samples per cycle.

NOTE: IF POWER IS INTERRUPTED TO RELAY ALL “OSCILLOGRAPHIC DATA” WILL BE LOST.

Table 6-1. Communications Cable Requirements

Connection Type

Cable
(Straight = no
null modem)

Pins Req'd
(All pins
not required)

Cable Connectors

Data Rate

To port: 25 pin DTE

To Modem: 25 pin DTE

DB-25S, RS-232C connected to PC Straight 2,3,7 To PC: 9 or 25 pin DCE 1200 bps only
) ) To port: 25 pin DTE
DB-25S, RS-232C connected to modem Null Modem 2,3,7 to Modem: 25 pin DTE 1200 bps only
. To port: 9 pin DCE See Table 6-2
DB-9P, RS-232C connected to PC Null Modem 2,3,5 To PC: 9 or 25 pin DCE | For settings
DB-9P, RS-232C connected to modem* Straight 2,3,5 To port: 9 pin DCE See Table 6-2

For settings

Computer Communications
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Table 6-2. RS-PONI Dip Switch Settings

Port Data
Dip Switch Pole Rate
1 2 3 bps
0 0 0 300
0 0 1 1200
0 1 0 2400
0 1 1 4800
1 0 0 9600
1 0 1 19200
1 1 0 1200
1 1 1 1200
Dip Switch Pole Auto Answer
4 5 | Rings
0 0 none
0 1 4
1 0 8
1 1 12
NOTE: Turn the power OFF and ON, anytime
Dip Switch changes are made.

Fault Record Data Definitions

The Oscillographic and Recording Program (OSCAR) under selection: “Load Screen Layout File” of the main menu offers
the following display files for REL 356.

Analog Signals

The following signals are displayed on the main OSCAR screen following a download of both analog and digital signals
from the REL 356 relay:

la
Ib
Ic
-310
Vag
Vbg
Vcg
It
\%ils

These additional analog signals are displayed by F1 - ANA MENU:

phase A current

phase B current

phase C current

zero sequence current (note the negative sing)
phase A to ground voltage

phase B to ground voltage

phase C to ground votlage

local current after sequence filter

real part of local It current

Vil imaginary part of local It current

Virr*  real part of remote It current

Vfri*  imaginary part of remote It current

Op operating value

Res restraint value
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*Note that only every third sample is sent from the remote end. The local received value, Virr, and the computed, Vfri,
are “padded” in OSCAR by repeating the same sample value three times. This results in a “stepped” waveform. This is
of no concern for the measurement as only every third, true, sample is used for diifferential measurement. The display
Vfrr and Vfri are delayed by the local delay time, LDT plus 3 frames values, i.e. LDT + 3x 1.39 msec =LDT + 4.17 msec.
The delay is due to data transfer time between the protection processor and the oscillographic processor and is of no
importance for the protection function. For testing, however, it should be noted that when Vfri lags the local quantity, Vfli
by 90 degrees + LDT they are actually in phase, i.e. an internal fault. When Vfri leads Vfli by LDT - 90 degrees they are
actually 180 degrees out of phase, i.e. an external fault.

Digital Signals

A total of 64 digital signals are displayed in OSCAR. These signals are easiest identified by finding them in the
SYSTEM LOGIC diagrams, at the back of this IL.

The first 20 digital signals are display in the OSCAR main screen after downloading the file from the REL 356 relay. The
command F8 - DIG MENU displays 20 additional signals and the command F1 - SCROLL DIGI UP displays the remain-
ing 24 signals, one by one.

Main Screen

PLT pilot trip

SBT  stub bus trip

OBKT open breaker trip

ROBR remote open breaker

CT channel trouble

RDPD remote differential protection disabled
RNRM receive in normal mode

RDTT receive direct transfer trip

SCTB soft channel trouble (no delay measurement)
CHOK channel OK

TDIS transmit disable

TRNM transmitin normal mode

OBKR open breaker

LDTT local direct transfer trip input
LDPD differential protection disable input
DEMM DCE echo mismatch

DNOR DCE no response

DRST DCE inreset

DMMM DCE modem mismatch

BK1S breaker 1 trip contact seal

Extended Digital Screen
BK3S breaker 3 trip seal
BK4S breaker 4 trip seal
BK5S breaker 5 trip seal
BL6S breaker 6 trip seal
JMP7  jumper?7

TTRP direct transfer trip
STBB stub bus

DISA disableinput
ERST external resetinput
52B 52b contact input
TP12 triprelay 1 and 2
TL34 triprelay 3and 4
TP56 trip relay 5 and 6
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BFIA
BFIB
BFIC
RI1
RI2
RB
GS

breaker failure initiate A output
breaker failure initiate B output
breaker failure initiate C output
reclose initiate 1

reclose initiate 2

reclose block

general start

Ad(ditional Signals When Scrolling Up

ALMF
ALMT
ALMC
SEBR
RIFT
PT
PTG
TG
zoP

failure alarm

trip alarm

channel alarm

enable backup system
reclose into fault

na

na

FDOG timer

zone 2 phase distance

Z2G  zone 2 ground distance

Z3P zone 3 phase distance

Z3G  zone 3 ground distance

ECHO na

IOM  medium set ground overcurrent element
LOP loss of potential block

LOI loss of current

21Bl  innerblinder

OSB  out of step block

TGTP time delayed ground trip

T2P zone 2 phase timer

T2G  zone 2 ground timer

T3P zone 3 phase timer

T3G  zone 3 ground timer

BK2S breaker 2 trip seal
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Z310 Zero sequence current angle 2-15
Al Current change detector 3-5

AIAV Current and voltage change detectors 3-4

ZIA Phase A current angle 2-15
ZIB Phase B current angle 2-15
ZIC Phase C current angle 2-15
ZVAG Phase A voltage angle 2-15
Z\VBG Phase B voltage angle 2-15
ZNCG Phase C voltage angle 2-15
21BI Inner blinder 5-25
21BO Outer blinder 5-25
310 Zero sequence current 2-15
3V0 Zero sequence voltage 2-17
AB Fault type A-B 2-16
ABC Fault type ABC 2-16
AG Fault type A-G 4-1

ALDT Automatic delay compensation 3-11
ALRB Reclose block setting 3-22
BC Fault type B-C 2-16
BFI Breaker failure initiate 2-7

BG Fault type B-G 2-16
BK1 Breaker current flowed 2-16
BK2 Breaker current flowed 2-16
BK3 Breaker current flowed 2-16
BK4 Breaker current flowed 2-16
BK5 Breaker current flowed 2-16
BK6 Breaker current flowed 2-16
BKUP Back up setting 3-13
Co Zero sequence setting parameter 3-9

C1 Positive sequence setting parameter 3-9

Cc2 Negative sequence setting parameter 3-9

CA Fault type C-A 2-16
CD Change detector 3-5

CG Fault type C-G 2-16
CHRX Channel receive status 2-15
CHTB Channel trouble 2-18
CHTX Transmitter status 2-15
CODEC Coder/Decoder 2-5

CT Current transformer 1-7

CTDD Back up system setting 3-13
CTR Current transformer ratio 3-4

CTYP Current transformer type, 1A or 5A 3-4

DCER Communication error 2-18
DCI Digital communication interface 2-6

DFT Discrete fourier transform 4-1

DIRU Ground directional unit polarization 3-14
DKM Fault distance in kilometers 2-17
DMI Fault distance in miles 2-16
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DSBL Disable 2-16
DTT Direct transfer trip 4-5
DTYP Distance unit type 3-12
EEPROM | Electrically erasable, read-write non-volatile memory 2-3
EPROM Ultraviolet erasable, read-only memory 2-3
FANG Fault impedance angle 2-16
FDAT Trigger for storing fault target data 3-5
FDOG Ground directional unit 3-13
FDOP Phase directional unit 3-13
FEPH Bit error 2-15
FOLO Follower mode 3-11
FREQ Rated frequency 3-4
FTYP Fault type 2-16
GANG Line zero sequence impedance angle 3-13
10 Zero sequence current component 4-9
1A Phase A current 2-15
IAH High set current phase A 2-16
IB Phase B current 2-15
IBH High set current phase B 2-16
IC Phase C current 2-15
ICH High set current phase C 2-16
IDER Unit ID error 2-18
IE Very low set overcurrent unit 3-7
IGH High set ground overcurrent 3-7
IGL Low set ground overcurrent unit 3-7
ILTS IL trip supervision 3-6
IOM Medium set ground overcurrent unit 3-14
IPH High set phase overcurrent 3-7
IPL Low set phase overcurrent unit 3-7
IT Composite current 1-7
ITL Local, filtered composite current 1-7
ITR Remote composite current 1-7
KBPS Communication speed 3-12
LDFL Lead/follower mode 3-11
LDT Local delay timer 3-11
LEAD Lead mode 3-11
LED Light emitting diode 2-4
LOC Local 2-15
LOI Loss of current 2-15
LOPB Loss of potential block 3-13
LP Pre-fault load angle 2-17
LPBK Loopback 3-12
MLDT Measured communication channel delay 2-15
NODM No delay measurement 2-18
NORB No reclose block 3-22
NORM Normal, error free channel operation 2-18
OBKT Open breaker trip 2-16
OP Operate quantity 6-4
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OPBR Open breaker 3-6
OSB Qut of step block 2-15
OSC Trigger for storing oscillographic data 3-4
OSCAR Oscillographic and recording program 2-6
0OSsOoT Out of step override timer 3-16
OST QOut of step trip 3-16
OST1 Out of step detection timer 3-16
0OST2 Out of step trip timer 3-16
OST3 Out of step timer, way out trip 3-16
OTH Set operating threshold 3-8
PANG Line positive sequence angle 3-13
PFLC Pre-fault load current 2-17
PFLV Pre-fault voltage 2-17
PLT Pilot trip 2-16
PONI Computer/network interface 2-13
RAM Read-write random access volatile memory 2-3
RB Reclose block contact 2-7
RBEN Reclose block enable 3-6
RCP Remote communication program 2-6
REM Remote 2-15
RES Restraint quantity 1-7
RIFT Reclose into fault 2-16
RLSD Receiver level signal detector 3-12
ROM Read-only memory 2-3
RP Enable readouts in primary values 3-4
RT Inner blinder setting, load restriction 3-16
RU Outer blinder setting 3-16
S/N ratio Signal to noise ratio 2-17
SET Setting access status 2-15
SETR Remote setting 3-16
SLGF Single line to ground fault 4-8
SNR Signal to noise ratio 2-17
T2G Zone 2 ground timer 3-15
T2P Zone 2 phase timer 3-15
T3G Zone 3 ground timer 3-15
T3P Zone 3 phase timer 3-15
TDES Trip desensitizing 3-8
TG Time overcurrent ground trip 2-16
TOG Ground overcurrent unit timer 3-14
TRGG Ground current pickup timer 3-5
TRGP Phase current pickup level 3-5
TTRP Direct transfer trip 3-12
UNID Unit ID 3-11
VAG Phase A to ground voltage 6-4
VBG Phase B to ground voltage 6-4
VCG Phase C to ground voltage 6-4
VERS Software version 3-4
VTR Voltage transformer ratio 3-4

Glossary



ABB REL 356 Current Differential Protection

WAYI Out of step trip, way in 3-16
WAYO Out of step trip, way out 3-16
XCLK Transmit clock source 3-12
XMTR Transmitter output level 3-12
XPUD Distance multiplier setting 3-12
Z Fault impedance 2-16
Z0L Zero sequence line impedance 4-9

Z1L Positive sequence line impedance 4-9

Z2GF Zone 2 ground forward 3-15
Z2GR Zone 2 ground reverse 3-15
Z2P Zone 2 phase 3-15
Z3G Zone 3 ground 3-15
Z3GF Zone 3 ground forward 3-15
Z3GR Zone 3 ground reverse 3-15
Z3P Zone 3 phase 3-15
ZFG Forward zone reach setting 4-8

ZGF Forward ground impedance reach 4-8

ZGR Reverse ground impedance reach 3-14
ZP Forward phase impedance setting 4-8

ZR Zero sequence to positive sequence impedance ratio 3-13
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