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Foreword

(This Foreword is not a part of ANSLIEEE (37.90.1-1989, IEEE Standard Surge W

ithstand Capability {SWC) Testsfor -
Protective Relays and Relay Systems.) ] .

As the use of semiconductor devices in protective relays and communication egquipment
inereases, so does the need for standard surge tests. Assurance is needed that the relays and relay
systems will operate satisfactorily when installed in the harsh environment of a substation or
switchyard. Standard surge tests will provide assurance that the relays and relay systems will
withstand a specified surge level. The use of proper grounding and shielding technigues when
ingtalling the equipment, will assure that the actual surge level impinging on the equipment does
not exceed the level to which the equipment was tested.

The first standard document to specify a SWC Test was ANSI C37.90a-1974/IEEE Std 472-1974
(redesignated ANSI/IEEE ©37.90.1-1974), Guide for Surge Withstand Capability (SWC) Tests.

Experience with ANSI/IEEE C37.90.1-1974 was good, and in 1978 the Guide was incorporated as
Section 9 of ANSIVIEEE (37.90-1978, Relays and Relay Systems Associated with Electric Power

Apparatus. This meant that the pscillatory SWC Test was now a required test for relays and relay
systems containing semiconducting devices.

From the beginning, it was realized that the oscillatory SWC test had limitations and did not
identify all the problems, The need for a complementary test was recognized and the general type
of test required was identified. The problem then became one of 2 search for a circuit that would
produce a repeatable, controllable output. During the search, the 1EC “showering arc” tesi was
studied as well as a number of other tests proposed by various srganizations. These were- all
rejected because they were not repeatable or controliable.

The “fast transient” test using the typical test circuit shawn was selected, because it was found to
be very stable and easy to control. The test can therefore be performed in a minimum time and at a
reasonable cost. The typical test circuit has been tried by a number of organizations (relay
manufacturers, test equipment manufacturers, atilities, etc.), and found to give good results. In

fact, IEC is now trying a similar test circuit.
The addition of the “fast tremsient’ SWC test to the SWC test requirements should identify

preblems not identified by the oscillatory SWC test alone.

The members of the Digital Processing SWC Requirements Working Group which developed

this revision were:

J. W. Chadwick, Jr., Chairman

R. W. Beckwith E. A. Hauptmann E. A, Udren

H. J. Cathoun W. C. Kotheimer* 5. E. Zocholl

R. E. Dietrich* G. Manchur J. A Zulaski
A. G. Phadke ‘

Past Chairman®

The members of the Relay Electrical Environment Subcommittee which reviewed and approved
this revision were: '

J. A, Zulaski, Chairman H. J. Calhoun, Vice-Chairman/Secretary
J. W. Chadwick, Jr. E. A. Hauptman R. J. Moran
D. C. Dawson W. C, Kotheimer A. G. Phadke
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- An American National Standard

IEEE Standard Surge Withistand Capability (SWC)
Tests for Protective Relays and Relay Systems

1. Introduction

These SWC tests are design tests intended
for protective relays and relay systems, in-
cluding those incorporating digital proces-
sors. The application of SWC tests to equip-
ment other than protective relays and relay
systems is the responsibility of those specify-
ing the testing.

The oscillatory and fast transient SWC tests
are presented as disiinct tests in the following
section. However, it is not intended to prohibit
a combined test, provided all requirements of
the individual SWC tests are met.

2. Definition of Terms and
Test Wave Shapes

'2.1 Definition of Terms, Certain terms, de-
fined below, are used in strge testing and
to identify parts of a relay system. Other

werms nsed are defiaed dlrewhere, such s

ANSVIEEE Std 100-1988, IEEE Standard Dic
tionary of Electrical and Electronics Terms or
ANSI/IEEE (C37.100-1981, Definitions for
Power Switchgear.!

common-mode voltage. The voltage which, at
a given location, appears equally and in phase
from each signal conductor to ground.

current circuit. An input cireuit to which is
applied a voltage dr a current which is a
measure of primary current.

digital data circuit. Any circuit that transfers
data in a digitally encoded form which is es-

IANSUTEER publications are available from the IEEE

Service Center, The Ipstitute of Electrieal and Electronics
Engineers, 445 Hoes Lane, P.O, Box 1331, Piscataway, NJ
08855.1331; or from the Sales Department, American
Natiengal Standards Institute, 1430 Broadway, New York,
NY 10018.

sential for the proper operation of the relay
system.

measuring upit. Any analog or digital device
which znalyzes input currents or veltages or
both to produce an output to the relay logie.

output eircuit. A circuit from a relay system
which exercises direct or indirect control of
power apparatus such as tripping or closing of
a power cirguit breaxer.

power supply cireuit. An input circuit to a
relay system whick supplies power for the
functioning of the relay system.

relay logic. A logic network which coordi-
nates the output of measuring units and other
inputs to energize output circuits when
prescribed conditions and seguences have
been met,

relay system, An assembly usually consist-
ng ol current and s liage cirveits, measur
units, logic, and pewer supplies to provide
specific relay scheme such as line, trans-
former, bus, or generator protection. A relay
system may include interfaces with other
systems such as data logging, alarm, tele-
communications, or other relay systems,

roo
g
a

signal circuit. Any circuit other than an input
voltage circuit, input current circuit, power
supply circuit, or an output circuit.

surge ground. The point of external connsc-
tion to the relay system reference or CoTmon
bus for surge protection.

telecommunications interface equipment, A
portion of a relay system which transmits or
receives information from a telecommunica-
tions system; eg, audio tone equipment or
carrier transmitter-receiver included as an
integral part of the relay system,
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telecommunications system. Any of the
telecommunication media; eg, . microwave,
power-line carrier, wire line, :

transverse- (differential-) mode voltage. The
voltage between two conductors of a circuit at a
given location. :

voltage circuit. An input circuit to which is
applied a voltage or & current which is a
measure of primary valtage.

2.2 The Oscillatory (SWC) Test Wave Shape
and Characteristics. The oscillatory SWC test
wave is an oscillatory wave, frequency range
of 1.0 MHz to 1.5 MHz, voltage range of 2.5 kV
to 3.0 kV crest value of first peak, envelope
decaying to 50% of the crest value of the first
peak in not less than 6 us from the start of the
wave. The source impedance shall be from 250
to 200 Q. The test wave is to be applied to a test
specimen at a repetition rate of not less than 50
tests per second for a period of not less than
2.0 seconds. (All voltage and time values refer
to the open circuit condition of the generator.}
NOTE: The relative phase of the test wave and the BOWET-
system frequency may be a factor to be considered in the
application of the test wave when the repetition rate is
synchrozous ta the power-system frequency.

2.3 Fast Transient SWC Test Wave Shape and
Characteristics, The fast transient SWQ test
wave is a unidirectional wave. [ts rise time,
from 10 to 90%, shail be 10 n= maximun, The
erest duration above 90% shall be at least 50 ns.
The decay time, from crest to 50% of crest
value, shall be 150 ns + 50 ns. The crest voltage
is between 4 kV and 5 kV, open circuit. The
source impedance during the initial rise time
is 80 Q or less. The test wave is applied for not
less than 2 seconds at a repetition rate of not
less than 50 pulses per second. Pulses of both
polarities are to be applied. (All voltage and
time values refer to the open circuit condition
of the generator.)

NOTE: The relative phase of the test wave and the pawer-
syatem {requency may be a factor to be copsidered i the

application of the test wave when the repetition rate ig
synchronous to the power-system frequency.

3. Equipment to Be Tested

3.1 Test Intent. The tests described herein are
design tests to be applied to a complete relay
- System under simulated operating conditions,

IEEE STANDARD SURGE WITHSTAND CAPABILITY (SWC)

It is not the intent to test an isolated subassem-
bly of the relay system. K

3.2 System. The composition of a relay system
will vary from a single relay mounted on a
panel te several equipments integrated ints a
single relay system. A relay system may also
include telecommunications interface equip-
ment such as a carrier transmitter/receiver or
audio tone equipment. The user and the man-
ufacturer must agree an what constitutes the
relay system to be tested,

3.3 Application, These tests are design tests
not intended to be applied to production relay
systems unless specified by the user or as part
of general testing by the manufacturer. It is
the intent of these tests to prove that a given
relay system can cperate satisfactorily without
component failure and withou! miscperating
when subjected to transients encountered in
control wiring.

3.4 Telecommunications, When telecommu-
mications systems are involved, the points of
connection between the relay system and the
telecommunications system must be deter-
mined. Once determined, the relay system
side of the connections to the telecommunica.
tions system shail be tested.

3.5 Test Points. With the relay system
defined, a1 paines of connection hetweon ob

relay system and external circuits shall be

tested,

4. Application of Test Wave

4.1 Conditions of the Test. The tests shall be
made under usual service conditions in ac-
cordance with ANSVIEEE C37.90-1978, Relays
and Relay Systems Associated with Electric
Power Apparatuas.

4.1.1 Partial Simulation. Since the SWC
tests are design tests of the relay system, it is
important to duplicate as nearly as is feasible
the actual in-service conditions. Where
portions of the relay system are manufactured
by someone other than the relay manufacturer
and assembled by the user, those portions may
be simulated for the relay gystem test. In this
case, the user shall be responsible for any
additional tests on the complete relay system.

o
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Fig1
General Makeup of a Relay System with
Communications Interface Showing Points to
Be Bubjected to SWC Tests

4,12 Circuit Groups. All external connee-
tions to the relay system shall be considered in
one of the following six groups:

Current circuits
Digital data circuits
Output cireuits
Power supply circuits
Signal circuits
Voltage circuits

4.1.3 Voliage and Current Values. It is the
intent of this test to duplicate as nearly as pos-
sible in-service conditions with the relay in its
normal non-transitional state. Where appro-
priate, the relay system shall be enérgized
with rated voltage and with current equal to
75% of the nominal CT rating. The relay set-
tings should be chosen such that the relay is as
close as possible to its transitional state, but not
closer than the recommended margins for its
application furction. Input voltage to power
supply circuits must be within specified
Hmits.

4.2 Point of Application of SWC Tests. Figures
1 and 2 show specific points of application as
related to the relay system configuration.
Tests at these points of application are consid-
ered the minimum requirements for equip-
ment used in relay systems.
Details of the recommended method of ap-
plying the common mode and transverse

ANSIIEEE

€37.90.1-1989
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General Makeup of a Relay System without
Communications Interface Shoewing Points to
Be Bubjected to SWC Tests

mode tests are shown in Figs 3 and 4, respee-
tively, and are discussed in 4.3

4.3 Connection Groups. Each of the six groups
1s tested with system conditions as specified
in 4.1,
4.3.1 Signal Circuit Tests. Signal circuits

shall be tested as follows:

4.3.1.1 Common-Mode Test, The common
mode test is required. One terminal of the test
generator shali te cofiiigio. o vk Congive.
tion, or logical group of connections, as shown
in Fig 3. The other terminal of the test gener-
ator shall be connected to the surge ground of
the system.

4.3.1.2 Transverse {Differential) Mode
Test. The transverse test is required unless
the reason for its exclusion is stated in writing
by the manufacturer. The terminals of the test

generator shall be connected to the terminals

of a signal circuit as shown in Fig 4.

4.3.2 Current Circuit Tests. The common
mode test is required. Current circuits of a
like group (ie, phase 1, phase 2, phase 3) should
be connected via suitable eoupling to one ter-
minal of the test generator as shown in Fig 3.
The other terminal of the test generator shall
be connected to the surge ground of the system.
If the current circuit has provision for the cir-
cuit residual enrrent to pass through an elec-
trically separate circuit of the relay, then these
connections shall also be tested as a part of this
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Application of Common Mode Tests
and Typical Component Values

current group. In a similar manner, each
group of current circuits, sueh as polarizing
cirenits, shall be tested.

4.3.3 Voltage Circuit Tests, The common
mode test is required. Voitage circuits of a like
group (ie, phase 1, phase 2, phase 3) should be
connected via suitable coupling to one termi-
nal of the test generator. The other terminal of
the test generator shall be connected to the
surge ground of the system. In a similar
manner, each group of voltage circuits, such
as polarizing circuits, shall be tested.

4.3.4 Power Supply Tests. Each pawer supply
circuit shall be surge tested as a unit.

4.3.4.1 Common-Mode Tests. Connections
for these tests shalil be as shown in Fig 3.

4.3.4.2 Transverse-Mode Tests. Connec-
tions for these tests shall be as shown in
Fig 4. :

4.3.5 Tests on Output Circuits. Output cir-
cuits shall be tested as follows:

NOTE: Some cutput eircuits (eg, relay contacts) may not
réquire surge protection; however, they shail be tested even
theugh their only link to the system is through coupling to
adjacent wiring and components.

4,3.5.1 Common-Mode Test. One termi-
nal of the test generator shall be connected to
each output connection, or logical group of
connections. The other terminal of the test
generator shall be connected fo the surge
ground of the system.

4.8.5.2 Transverse-Mode Test, One ter-
minal of the test generator shall be connected
to one output connection of a pair or logical
group and the other terminal of the test gener-

10
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Application of Transverse Mode Tests
and Typical Component Values

ator shall be connected to another output corn-
nection of a pair or logical group. The test
shall be repeated for other pairs until each pair
has been tested.

4.3.6 Digital Data Circuit Tests. Becauss
digital data circuits are affected by the pres-
ence of the coupling capacitor and isolating
reactor, the tests and method of testing these
circuits shall be agreed upon by the user and
manufacturer,

5. Acceptance, Equipment Changes, Test
Data, and Application Notes

5.1 Acceptance. A test is suceessful when no
arronesus output is present, no cemponent
failure occurs, and there is no change in
calibration exceeding normal tolerances, An
erroneous output is false information such as
target lights, trip pulses, or loss of digital pulse
synchronization (when it affects externally-
observed relay or relay system behavior).

5.2 Equipment Changes. SWC tests shall be
required following significant equipment
(hardware or software) design changes.

5.3 Test Data. A copy of open circuit voltage
waveform, short-circuit current waveform,
details of the surge generator circuit, and a
description of the tests conducted, including
relay settings used and operating condi-
tions or applied inputs, shall be supplied on
request.

¢
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5.4 Application Notes

5.4.1 User/Manufacturer Responsibilities.
It must be emphasized that the user and the
manufacturer both have g responsibility in
the control of surges in protection and control
circuits. The user has a responsibility to keep
the surges presented to the protective relays
and relay systems to no more than the surge
withstand test values. The user does this by
the use of proper installation practices that
provide adequate shielding and grounding.
The manufacturer has g responsibility to

11
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design, manufacture, and test the equipment
to meet all the requirements of the surge
withstand tests.

54.2 Burge Ground/Station Ground Con-
nection. When the relay system is installed
in the station, the connection of the surge
ground to the station ground must be of
sufficient surface area and follow a direct
path. This connection must be a low im-
pedance path for high-frequeney currents
which tend to travel on the surface of the
conductor.

y 2 f ox
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- ' Appendix B
Typical Test Circuits
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L 0.75uH, 3 TURNS OF 3 [ 8 INCH DIAMETER SoF . R3 & R4, EACH 300 0 25 w
CoPBER TUBING ON 21 1 3 e DIAMETER FOPRM.

NON-INDUCTIVE WIREWOUND,
YPE.
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DIAMETER, Ch Q015 uF, 10 kY, Mica
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IF THE SPHERES ARE ILLUMINATED &Y ULTRA- . C2, 0. uF, 2kV, CERAMIE.
YIOLET LIGHT, SUITABLE SMALL LY ©MPS (TO BLOCK POWER FEEDBACK.)
BRE AVAILABLE)
FigB1

Typical Oscillatory SWC Test Circuit
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FigB2
Typical Fast Transient SWC Test Circuit
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Appendix €
Typical Test Waves
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Typical Oscillatory SWC Test Wave (Open Circuit)
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FigC2

Typical Fast Transient SWC Test Wave (Open Cireuit)
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Appendix D

Fast Transient Repetition Rate

The coil of an auxiliary relay, tightly
wound with many thousands of turns of wire,
can have inductance of tens of henries as well
as equivalent shunt capacitance of 500 to 1000

picofarads. When the contacts of a controlling

circuit open to de-energize such a eoil, the ini-
tial interruption produces a fast-rising recov-
ery voltage which breaks down the dielectric of
the contact gap once again. The resalting
flashover collapses the recovery voltage s that
interruption occurs once again. As the con.
tacts part, a series of restrikes and interrup-
tions occur, with Increasing recovery voltage
each time, until the gap finally withstands the
maxirmum recovery voltage which the coil can
produce.

Each time the recovery voltage builds up, the
stray capacitance across the coil is charged.
When the following restrike occurs, the stored
energy is discharged inte the connected

centrol circuit and produces a fast transient
voltage which is readily coupled to other
nearby circuits. Protective relays connected 1o
such circuits must withstand the rate of rise for
the last and largest of these voltage transients
without misaperation or damage.

The number and frequency of these
impulses depends on specific factors at each
instzllation. Each fast-transient test impulse,
as specified in this decument, simulates onlv
the single largest expected impulse, not the
entire series of impulses, ’

The minimum repetition rate and test durs.
tion have been selected to subject the relay un-

der test to a series of pulses in earh direction,

This simulates the fast voltage transients
generated by a number of relay eeils which are
interrupted in rapid succession, such as might
occur for a fault which leads to & complex
series of control actions.






