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Abstract: Two types of design tests for relays and relay systems that relate to the immunity of
this equipment to repetitive electrical transients are specified. Test generator characteristics, test
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Notice to users

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not imply compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not
in compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

This document is copyrighted by the IEEE. It is made available for a wide variety of both public and
private uses. These include both use, by reference, in laws and regulations, and use in private self-
regulation, standardization, and the promotion of engineering practices and methods. By making this
document available for use and adoption by public authorities and private users, the IEEE does not waive
any rights in copyright to this document.

Updating of IEEE documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect. In order to determine whether
a given document is the current edition and whether it has been amended through the issuance of
amendments, corrigenda, or errata, visit the IEEE-SA Website at http://standards.ieee.org/index.html or
contact the IEEE at the address listed previously. For more information about the IEEE Standards
Association or the IEEE standards development process, visit IEEE-SA  Website at
http://standards.ieee.org/index.html.

Errata

Errata, if any, for this and all other standards can be accessed at the following URL:
http://standards.icee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata
periodically.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the
IEEE-SA Website at http://standards.iece.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of
any unfair discrimination to applicants desiring to obtain such licenses.
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Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely
their own responsibility. Further information may be obtained from the IEEE Standards Association.
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Introduction

This introduction is not part of IEEE Std C37.90.1-2012, 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
techniques 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 C37.90a" -1974/IEEE Std 472"'-
1974 (redesignated ANSI/IEEE Std C37.90.1-1974), 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 Clause 9
of ANSI/IEEE Std C37.90™-1978, 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 IEC showering arc test 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 original oscillatory SWC test and the fast transient SWC test ensure that relays and
relay systems 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.
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IEEE Standard for Surge Withstand Capability (SWC) Tests for Relays

and Relay Systems Associated with Electric Power Apparatus

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, health,

or _environmental protection, or ensure against interference with or from other devices or

networks. Implementers of IEEE Standards documents are responsible for determining and

complying with all appropriate safety, security, environmental, health, and interference

protection practices and all applicable laws and regulations.

This IEEE document is made available for use subject to important mnotices and legal

disclaimers. These notices and disclaimers appear in all publications containing this document

and may be found under the heading “Important Notice” or “Important Notices and Disclaimers

Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at

http://standards.ieee.org/IPR/disclaimers.html.

1. Overview

1.7 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.
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1.2 Purpose

Thepurpese-of-thisThis standard is—+te-establishestablishes a common and reproducible basis for
evaluating the performance of relays and relay systems when subjected to repetitive transients on
supply, signal, control, and communication lines or connections. This standard is—te
establishestablishes that an evaluation is performed during both normal (non-tripped) and

abnormal (tripped) relay operating conditions.

2. References Normative references

The following referenced documents are indispensable for the application of this document (i.e.,

they must be understood and used, so each referenced document is cited in text and its relationship

to this document is explained). For dated references, only the edition cited applies. For undated

references, the latest edition of the referenced document (including any amendments or corrigenda)

applies.
IEEE Std C37.90™, IEEE Standard Relays and Relay Systems Associated with Electric Power

Apparatus.1, 2

1 The TIEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers, Inc.
2 IEEE publications are available from The Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854,
USA (http://standards.ieee.org/).

3 IEEE Standards Dictionary Online subscription is available at

http://www.ieee.org/portal/innovate/products/standard/standards_dictionary.html
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3. Definitions

For the purposes of this document, the following terms and definitions apply. The IEEE Standards

Dictionary Online should be consulted for terms not defined in this clause.?

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 voltage: The 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-which 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 system: Any system that-which 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 velage-or-a-current thatof greater than or

equal to 100 mA, which is a measure of primary current.-Currentinputsliess-than100-mA-shall-be
i ional cireuit{(See: signal circuit
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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. Zinput 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 minus” variation. Tolerances may be general or specific to a given application.

3-30-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.

331-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 light- emitting diodes (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.

1—The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers,
Inc.

2 [EEE publications are available from The Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854,

USA (http://standards.ieee.org/).

3 IEEE Standards Dictionary Online subscription is available at

http://www.ieee.org/portal/innovate/products/standard/standards dictionary.html.
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312-power supply circuit: An input circuit to a relay system that supplies power for the

functioning of the relay system.

313-relay interface equipment: An 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.

334-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.

3d5-relay 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.

336-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.

347-surge ground: The point of external connection to the relay system reference or common bus

for surge protection.

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

given location.

3-19-voltage circuit: An input circuit to which is applied a voltage greater than or a-eurrentequal

to 50 V, that is a measure of primary voltage.—Voklage-inputstess—than-50-V-—shall-be-treated-as
ool cireuits (See sional cire
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4. Test wave shapes

4.1 Oscillatory test waveform characteristics (see Figure 1)

The test voltagcewaveform parameters for an open circuit generator condition at the generator

terminals shall be as follows:

a)— Waveform envelope: A damped oscillatory wave, with the envelope decaying to 50% of the

peak 1 value (Pkl) between the third—Peak 5 (Pk5) and Peak 10_(Pk10) points of the

waveform.

€)— Frequency: 1 MHz (tolerance +10%)
— Rise time of first peak: 75 ns (tolerance +-20%), as measured between 10% and 90% of the

peak value.

é)— Test voltage magnitude: Initial crest of 2.5 kV for common mode tests and for

transverse tests(tolerance +0 / -10%).

e}— Repetition rate: 6-10 bursts per period of the power system frequency. Bursts shall be

non- synchronous with the power system frequency.

ff—Puration—  Test duration: 2 seeends (tolerance + 10% / -0%). For relays with an

operating time greater than 2 see—ends, 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.

= Polarity of the first half-period: Positive and negative.

— Source impedance: 200 Q resistive at 1 MHz (tolerance +20%).
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NOTE 1—0Oscillation frequency is defined as the reciprocal of the period between the first and third zero

crossings after the initial peak. This period is shown as T in Figure 1.4

NOTE 2—OQutput impedance is calculated as open circuit voltage PK1 divided by short circuit current PK1.

v
Ph, [*+—T=1ps —=
100%—
B0%
Pk, ) .
Pie,>50%-,
L]
sov-HH--4H-———— -

Pk,

B-10 bursts per period of the power system frequency

Time

I 1

2 seconds +1050% -

Figure 1—0Oscillatory test waveform
(Reprinted with permission from IEC
Copyright © 2011 IEC Geneva, Switzerland.www.iec.ch)
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Figure 1—Oscillatory test waveform
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4.2 Fast transient test waveform (see Figure 2)

The test generator waveform parameters at the generator terminals shall be as follows:

a) Waveform polarity: Positive and negative

b) Output type: Coaxial, 50 Q.

c) Repetition rate: The waveform consists of bursts of pulses that repeat periodically.

d) Burst duration: 15 ms (tolerance + 20%)

e) Repetition rate during bursts: 5 kHz 2-54dH=(tolerance +20%)
f)  Burst period: 300 ms (tolerance +20%)

g) Test duration: Not less than 1 min, each polarity

h) Wave shape of the pulse

1) into 50 Qload

i)  rise time (10% to 90%) =5 ns + 30%

ii) duration (above 50%) =50 ns + 30%

iii) peak voltage =2 kV + 10%

4 Notes in text, tables, and figures of a standard are given for information only and do not contain requirements

needed to implement this standard.
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2) into 50 Q load

i) rise time (10% to 90%) =5 ns + 30%

ii) duration (above 50%) = 50 ns with a tolerance of -15 ns to + 100 ns

iii) peak voltage =4 kV + 20%

NOTE —Test resistive load impedances are 50 Q) + 2% and 1000 Q + 2%, non-inductive, in parallel with < 6 pF. The

resistance _measurement is made at dc and the capacitance measurement is performed using a commercially

available capacitance meter.
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Figure 2—Fast transient test waveform characteristics

(Reprinted with permission from IEC

Copyright © 2011 IEC Geneva, Switzerland.www.iec.ch)
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Figure 2—Fast transient burst waveform
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5. Test generator characteristics

5.1 Oscillatory SWC test

5.1.1 Generator output

The test generator shall be capable of producing the output test voltage waveform as described in

4.1. It shall also meet the requirements of 4.1 regarding frequency, rise time, magnitude, repetition

rate, test burst-dura—tienduration, polarity, and source impedance.

5.1.2 Additional requirements

The generator shall also meet the requirements listed in 5.3.

5.2 Fast transient SWC test

5.2.1 Generator output

The test generator shall be capable of producing the output test voltage waveform as described in
4.2. It shall also meet the requirements of 4.2 regarding polarities, pulse rise time, magnitadepulse

duration, pulse peak voltage, repetition rate, test-burst duration, and seurece—impedanecetest

duration.

5.2.2 Additional requirements

The generator shall also meet the requirements listed in 5.3.
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5.2.3 Low frequency and dc blocking

The test generator shall have an internal blocking capacitor of 0.01 1F to allow application of the

test to live relay input and output circuits without shorting or overloading the relay ac signal

source or dc supply source during SWC testing.

5.3 Common characteristics for all SWC test generators

5.3.1 Couplingldecoupling network

A suitable network shall be included external to the test generator to couple the test voltage to the

relay and to prevent the SWC test voltage being propagated back into the relay ac signal source.

5.3.32 Safety ground

The test generator shall have a dedicated safety ground connector terminal.

5.3.43 Test mode capability

The generator shall be capable of providing a common mode output voltage with one output
terminal grounded and a balanced transverse mode output voltage where both output terminals

are floating.
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5.4 Verification of test generator characteristics

5.4.1. General

It is necessary to establish a simple test procedure intended to verify and document the SWC

generator performance prior to its use for these tests. Two verification tests shall be defined:

a) SWC waveform validity tests

b) SWC test generator performance verification

The detailed test description is given in Annex A-B.

5.4.12 Waveform validity tests

The waveform validity tests shall be performed before and after each SWC test sessienper

Clause 8, with the results recorded and included with the SWC test report. The tests described in

AB.2: are intended to verify that there is no major insulation breakdown, damage, or test system
component failure that may have occurred during the physical test setup, test application, or

prolonged instrument storage. The waveform validity tests shall include:

a) Measuring system feedthrough test

b) Oscillatory SWC test generator open circuit voltage waveform test

c) Fast transient SWC test generator open circuit voltage waveform test

d) Measurement methods different from those described in the Annex AB are acceptable, as

long as the same level of precision, and the same parameters are used to document the
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