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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of the
IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus develop-
ment process, approved by the American National Standards Institute, which brings together volunteers representing varied
viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the Institute and serve with-
out compensation. While the IEEE administers the process and establishes rules to promote fairness in the consensus devel-
opment process, the IEEE does not independently evaluate, test, or verify the accuracy of any of the information contained
in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other dam-
age, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly resulting
from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly disclaims
any express or implied warranty, including any implied warranty of merchantability or fithess for a specific purpose, or that
the use of the material contained herein is free from patent infringement. IEEE Standards documents areAsipplied “

The existence of an IEEE Standard does not imply that there are no other ways to produce, test, measure, purchase, market,
or provide other goods and services related to the scope of the IEEE Standard. Furthermore, the viewpoint expressed at the
time a standard is approved and issued is subject to change brought about through developments in the state of the art and
comments received from users of the standard. Every IEEE Standard is subjected to review at least every five years for revi-
sion or reaffirmation. When a document is more than five years old and has not been reaffirmed, it is reasonable to conclude
that its contents, although still of some value, do not wholly reflect the present state of the art. Users are cautioned to check
to determine that they have the latest edition of any IEEE Standard.

In publishing and making this document available, the IEEE is not suggesting or rendering professional or other services
for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other person or
entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon the advice of a com-
petent professional in determining the exercise of reasonable care in any given circumstances.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to specific
applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate action to prepare
appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is important to ensure that any
interpretation has also received the concurrence of a balance of interests. For this reason, IEEE and the members of its soci-
eties and Standards Coordinating Committees are not able to provide an instant response to interpretation requests except in
those cases where the matter has previously received formal consideration.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation with
IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with appropriate
supporting comments. Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331

USA

Note: Attention is called to the possibility that implementation of this standard may require use of subjgct mat-
ter covered by patent rights. By publication of this standard, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying patents
for which a license may be required by an IEEE standard or for conducting inquiries into the legal validity or
scope of those patents that are brought to its attention.

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the Institute of
Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center. To
arrange for payment of licensing fee, please contact Copyright Clearance Center, Customer Service, 222 Rosewood Drive,
Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions of any individual standard for educational
classroom use can also be obtained through the Copyright Clearance Center.
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Introduction

(This introduction is not part of IEEE Std C37.90.1-2002, IEEE Standard for Surge Withstand Capability (SWC) Tests
for Relays and Relay Systems Associated with Electric Power Apparatus.)

Assurance is needed that electronic 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 installing the equipment will attenuate the actual surge level impinging on the equipment.
However, even with proper grounding and shielding, surges may reach the equipment that are above the test
levels specified in this standard. In such cases, the addition by the user of surge suppression devices external
to the relay system may be required.

The first standard document to specify an SWC test was ANSI/IEEE Std C31I9UHIEEE Std 472
1974 (redesignated ANSI/IEEE Std C37.90.1-1974), IEEE Guide for Surge Withstand Capability (SWC)
Tests.

Experience with ANSI/IEEE Std C37.90.1-1974 was good, and in 1978 the guide was incorporated as
section 9 of ANSI/IEEE Std C37.941978, IEEE Standard for Relays and Relay Systems Associated with
Electric Power Apparatus. This meant that the oscillatory SWC test became 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 adequately
represent all conducted transients that may be experienced in substation environments. The need for a
complementary test was recognized and the general type of test required was identified. The problem then
became one of a search for a circuit that would produce a repeatable, controllable output. During the search,
the IECshowering ardest was studied as well as a number of other tests proposed by various organizations.
These were not chosen because they were not repeatable or controllable.

The combination of the fast transient SWC test and the oscillatory SWC test ensure that relays and relay sys-
tems will function at a level of immunity in the presence of conducted transients that occur in substations.
The fast transient test was therefore incorporated into ANSI/IEEE Std C37.90.1-1989, because it is stable,
easy to control, and can be performed in a minimum time and at a reasonable cost.

A working group was later assembled to harmonize ANSI/IEEE Std C37.90.1-1989 with corresponding IEC
standards and to make the standard more understandable through clarifications and improvements to the
document. This working group made extensive revisions such that one set of tests are necessary to reach
closer harmonization with the corresponding IEC standards.

Participants

At the time this standard was approved, the working group had the following membership:
Jeffrey G. Gilbert, Chair

Jim Teague,Vice Chair

Jeff Burnworth Jerry Johnson Mario M. Ranieri
Jack Chadwick, Jr. William C. Kotheimer Mark S. Simon
Clifford Downs John McConnell Veselin Skendzic
William Higinbotham Robert D. Pettigrew John T. Tengdin
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The following members of the balloting committee voted on this standard. Balloters may have voted for

approval, disapproval, or abstention.
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When the IEEE-SA Standards Board approved this standard on 21 March 2002, it had the following

membership:
James T. Carlo,Chair
James H. Gurney,Vice Chair
Judith Gorman, Secretary
Sid Bennett Toshio Fukuda Nader Mehravari
H. Stephen Berger Arnold M. Greenspan Daleep C. Mohla
Clyde R. Camp Raymond Hapeman Willaim J. Moylan
Richard DeBlasio Donald M. Heirman Malcolm V. Thaden
Harold E. Epstein Richard H. Hulett Geoffrey O. Thompson
Julian Forster* Lowell G. Johnson Howard L. Wolfman
Howard M. Frazier Joseph L. Koepfinger* Don Wright

Peter H. Lips
*Member Emeritus

Also included is the following nonvoting IEEE-SA Standards Board liaison:

Alan CooksonNIST Representative
Satish K. AggarwalNRC Representative

Noelle D. Humenick
IEEE Standards Project Editor
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IEEE Standard for Surge Withstand
Capability (SWC) Tests for Relays and
Relay Systems Associated with
Electric Power Apparatus

1. Overview

1.1 Scope

This standard specifies design tests for relays and relay systems that relate to the immunity of this equipment
to repetitive electrical transients. Two types of tests are specified. The oscillatory and fast transient SWC
tests are defined as distinct tests. However, it is not intended to prohibit a combined test, provided all
requirements of the individual SWC tests are met.

The application of SWC tests to equipment other than relays and relay systems is the responsibility of those
specifying the testing.

1.2 Purpose

The purpose of this standard is to establish a common and reproducible basis for evaluating the performance
of relays and relay systems when subjected to repetitive transients on supply, signal, control, and communi-
cation lines or connections. This standard is to establish that an evaluation is performed during both normal
(non-tripped) and abnormal (tripped) relay operating conditions.

2. References

This standard shall be used in conjunction with the following publications. If the following publications are
superseded by an approved revision, the revision shall apply.

ANSI C93.5-1997, American National Standard Requirements for Single Function Power-Line Carrier
Transmitter/Receiver Equipmeht.

1ANSI publications are available from the Sales Department, American National Standards Institute, 25 West 43rd Street, 4th Floo
New York, NY 10036, USA (http://www.ansi.org/).
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IEEE Std C37.100-1992 (Reaff 2001), IEEE Standard Definitions for Power Switcf?gear.

3. Definitions

Certain terms, defined below, are used in surge testing and to identify parts of a relay system. Other terms
used are defined elsewhere, for exampl€ha Authoritative Dictionary of IEEE Standards Teri@sventh
Edition [B4] or IEEE Std C37.100-19$2.

3.1 calibration: The adjustment of a device to have the designed operating characteristics, and the
subsequent marking of the positions of the adjusting means, or the making of adjustments necessary to bring
operating characteristics into substantial agreement with standardized scales or marking.

3.2 common (longitudinal)-mode voltageThe voltage common to all conductors of a group as measured
between that group at a given location and an arbitrary reference (usually earth).

3.3 communications interface equipment:A portion of a relay system that transmits or receives
information from a communications system; e.g., audio tone equipment or carrier transmitter-receiver
included as an integral part of the relay system.

3.4 communications systemAny system that transfers protection or other data to or from the relay
interface to or from another location.

3.5 current circuit: An input circuit to which is applied a voltage or a current that is a measure of primary
current. Current inputs less than 100 mA shall be treated as a signal cgeeisignal circuit)

3.6 digital data circuit: Any circuit that transfers data in a digitally encoded form that is essential for the
proper operation of the relay system.

3.7 input circuit: Circuits with the primary intended function of sensing logical state data, such as circuit
breaker position or interlocking commands between relays.

3.8 measuring unit:Any analog or digital device that analyzes input currents or voltages or both to produce
an output to the relay logic.

3.9 normal tolerance:Accuracy of the equipment, specified by the manufacturer as a numeric or percentage
plus or minusvariation. Tolerances may be general or specific to a given application.

3.10 output circuit: A circuit from a relay system that exercises direct or indirect control of power apparatus
such as tripping or closing of a power circuit breaker.

3.11 output: Outputs convey a state of the equipment under test. They may include: electrical outputs such
as contacts or trip pulses, mechanical outputs such as targets, visual outputs such as indicating lights or
LEDs, audio outputs such as bells or buzzers, message outputs in digital or analog form, protective
communication signals, and data communication signals in analog or digital form.

3.12 power supply circuit:An input circuit to a relay system that supplies power for the functioning of the
relay system.

2IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 18®8&yPisca
NJ 08855-1331, USA (http://standards.ieee.org/).

3The numbers in brackets correspond to those of the bibliography in Annex F.
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3.13 relay interface equipmentAn assembly that connects a relay system to other equipment, i.e., carrier
equipment or instrument transformers. This assembly does not need to be located in the vicinity of the rest of
the relay system.

3.14 relay logic:A logic network that coordinates the output of measuring units and other inputs to energize
output circuits when prescribed conditions and sequences have been met.

3.15relay system: An assembly usually consisting of current and voltage circuits, measuring units, logic,
and power supplies to provide a specific relay scheme, such as line, transformer, bus, or generator protection.
A relay system may include connections to other systems, such as data logging, alarm, communications, or
other relay systems.

3.16 signal circuit: Any circuit other than a power supply circuit or an output circuit whose maximum
voltage is less than 50 V and maximum current is less than 100 mA.

3.17 surge ground:The point of external connection to the relay system reference or common bus for surge
protection.

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

3.19 voltage circuit:An input circuit to which is applied a voltage or a current that is a measure of primary
voltage. Voltage inputs less than 50 V shall be treated as signal cirSe#ssignal circuit)

4. Test wave shapes

4.1 Oscillatory waveform (see Figure 1)
The test voltage parameters for an open circuit generator condition at the generator terminals shall be
a) Waveform envelope:A damped oscillatory wave, with the envelope decaying to 50% of peak value
between the third and sixth periods.
b) Frequency:1 MHz (tolerance + 10%)

c) Rise time of first peak: 75 ns (tolerance + 20%), as measured between 10% and 90% of the peak
value.

d) Test voltage magnitudenitial crest of 2.5 kV for common mode tests and for transverse tests (tol-
erance + 0/ — 10%).

e) Repetition rate: 6-10 bursts per period of the power system frequency. Bursts shall be nonsynchro-
nous with the power system frequency.

f)  Duration: 2 seconds (tolerance + 10% / — 0%). For relays with an operating time greater than 2 sec-
onds, it is recommended that the test be carried out with a minimum time setting. In such cases, the
period of application of the test signal shall be at least as long as the operating time of the relay
under test.

g) Source impedance200Q resistive at 1 MHz (tolerance + 20%).
4.2 Fast transient test waveform (see Figure 2)
The test voltage parameters for an open circuit generator condition at the generator terminals shall be
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a) Waveform polarity: Positive and negative
b) Rise time:5 ns (tolerance + 30%)
c) Magnitude: 4 kV crest value (tolerance £ 10%)
d) Pulse duration: 50 ns (tolerance + 30%) (50% value)
e) Repetition rate: The waveform consists of bursts of pulses that repeat periodically.
1) Burst duration:15 ms (tolerance + 20%)
2) Repetition rate during burst2.5 kHz (tolerance + 20%)
3) Burst period:300 ms (tolerance * 20%)
f)  Duration: Not less than 1 minute, each polarity

g) Source impedance50Q (tolerance + 20%) between 1 MHz and 100 MHz
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Figur e 1—Oscillatory test waveform
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