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IEEE Standards documents are developed within the Technical
Committees of the IEEE Societies and the Standards Coordinating .
Committees of the IEEE Standards Board, Members of the committees
serve voluntarily and without compensation, They are not necessar-
ily members of the Institute. The standards developed within IEEE
represent a consensus of the broad expertise on the subject within the |
Institute as well as those activities outside of IEEE which have 4
expressed an interest in participating in the development of the |
standard. |
Use of an IEEE Standard is wholly voluntary. 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 once every five years for revision or |
reaffirmation. When a document is more than five years old, and has
not been reaffirmed, it is reasonable to conclude that its contents, al-
though 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.
Comments for revision of IEEE Standards are welcome from any
interested party, regardless of membership affiliation with IEER,
Suggestions for changes in documents should be in the form of a pro-
posed change of text, together with appropriate supporting comments,
Interpretations: Occasionally questions may arise regarding the .
meaning of portions of standards as they relate to specific applica-
tions. When the need for interpretations is brought to the attention of |
IEEE, the Institute will initiate action to prepare appropriate re- |
sponses. Since IEEE Standards represent a consensus of all con- /
cerned 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 technical 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 on standards and requests for interpretations should be
addressed to:
Secretary, IEEE Standards Board
345 East 47th Street
New York, NY 10017
USA

IEEE Standards documents are adopted by the Institute of Electrical
and Electronics Engineers without regard to whether their adoption
may involve patents on articles, materials, or processes. Such adop-
tion does not assume any liability to any patent owner, nor does it
assume any obligation whatever to parties adopting the standards
documents.
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Foreword

(This Foreword is not a part of ANSI/IEEE C37.90-1989, IEEE Standard for Relays and Relay Systems Associated with
Electric Power Apparatus.)

This revision of ANSI/IEEE C37.90-1978 (Reaffirmed 1982), IEEE Standard for Relays and

Relay Systems Associated with Electric Power Apparatus contains significant changes in content

and organization as described below.

(1) The section on classification of relays, relay systems, and related terminology has been
substantially reduced on the basis that ANSI/IEEE C37.100-1981, IEEE Standard Definitions for
Power Switchgear, is now the principal reference source for definitions of relay terms in the power
switchgear field. Distance relay definitions have been revised and submitted for inclusion in
ANSI/IEEE C37.1.00.

(2) Significant changes and reorganization have been made in Section 6, Ratings, and
Section 8, Dielectric Tests.

(3) The detailed requirements and procedures for the Surge Withstand Capability Test, called
for in Section 9, have been moved to a separate document, ANSI/IEEE C37.90.1-1989, IEEE
Standard Surge Withstand Capability (SWC) Tests for Protective Relays and Relay Systems.

In preparing this standard, consideration has been given to the work of other committees, and
especially to international standards that have been published or that are under preparation by
Technical Committee 41 of the International Electrotechnical Commission (IEC).

Related ANSI/IEEE documents are listed below, and are available individually (see footnote at
bottom of page 7 for sources), or collected in IEEE Guides and Standards for Protective Relaying
Systems.

C37.90.1-1989, Standard Surge Withstand Capability (SWC) Tests for Protective Relays and Relay
Systems

C37.90.2-1988, Trial-Use Standard Withstand Capability of Relay Systems to Radiated
Electromagnetic Interference from Transceivers

C37.91-1985, Guide for Protective Relay Applications to Power Transformers

C37.93-1987, Guide for Power System Protective Relay Applications of Audio Tones Over
Telephone Channels

C37.95-1989, Guide for Protective Relaying of Utility-Consumer Interconnections

(C37.96-1988, Guide for AC Motor Protection

C37.97-1979, Guide for Protective Relay Applications to Power System Buses

C37.98-1987, Standard Seismic Testing of Relays

C37.99-1980, Guide for Protection of Shunt Capacitor Banks

(C37.101-1985, Guide for Generator Ground Protection

(37.102-1987, Guide for AC Generator Protection

(C37.105-1987, Standard for Qualifying Class 1E Protective Relays and Auxiliaries for Nuclear
Power Generating Stations

C37.106-1987, Guide for Abnormal-Frequency Protection for Power Generating Plants

C37.108-1989, Guide for the Protection of Network Transformersl

C37.109-1989, Guide for the Protection of Shunt Reactors!

C57.13.1-1981, Guide for Field Testing of Relaying Current Transformers

C57.13.2-1986, American National Standard for Conformance Test Procedures for Instrument
Transformers!

C57.13.3-1983, Guide for the Grounding of Instrument Transformer Secondary Circuits and Cases

1This document is not in the collection, IEEE Guides and Standards for Protective Relaying Systems.
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An American National Standard

IEEE Standard for Relays and Relay Systems
Associated with Electric Power Apparatus

1. Scope

This standard applies only to relays and
relay systems used to protect and control power
apparatus. It does not cover relays designed
primarily for industrial control, for switching
communication or other low-level signals, or
any other equipment not intended for the
control of power apparatus.

2. Purpose

The purpose of this standard is to specify
standard service conditions, standard rat-
ings, performance requirements, and re-
quirements for testing of relays and relay
systems associated with power apparatus.

3. Definition of a Relay

A relay is an electric device designed to re-
spond to input conditions in a preseribed man-
ner and, after specified conditions are met, to
cause contact operation or similar abrupt
change in associated electric control circuits.

NOTES: 1) Inputs are usually electrical but may be me-
chanical, thermal, or other quantities, or a combination of
quantities. Limit switches and similar simple devices are
not relays,

2) A relay may consist of several relay units, each
responsive to a specified input, with the combination
of units providing the desired overall performance char-
acteristic of the relay.

4, Relay Terms and Terminology and
Classification by Function

Definitions of relay terms are not included
in this standard. Refer to ANSI/IEEE C37.100-
1981, Definitions for Power Switchgear, for
definitions of relay terms. These terms are
also included in ANSVIEEE Std 100-1988,

08:26:18

IEEE Standard Dictionary of Electrical and
Electronics Terms.2

Relay terminology covers a wide area
from the detailed relay structural principles
through complex power system relay applica-
tions.

The following basic areas of power system
relay applications provide a convenient
method of classification by function:

Protective Monitoring Regulating Auxiliary

5. Service Conditions

5.1 Usual Service Conditions. Relays and
relaying devices conforming to this standard
shall be suitable for operation under the fol-
lowing conditions:

5.1.1 Ambient Temperature. This is the tem-
perature of the air measured 30 ¢m from the
outside surface of enclosures or covers of relay
equipment. This temperature shall be within
the limits of -20 °C to 55 °C.

5.1.2 Relative Humidity. The average rela-
tive humidity may be up to 55% outside of en-
closures or covers for temperatures up to 40 °C,
with excursions up to 95% for a maximum of
96 h, without internal condensation.

5.1.3 Altitude. The usual condition of
altitude shall be less than 1500 m.

5.2 Unusual Service Conditions. The use of re-
lays and relaying devices at conditions other
than specified in 5.1 shall be considered as
unusual conditions.
5.2.1 Altitude Derating

5.2.1.1 Air Insulation. Air insulation is to
be derated when the relay is applied or tested at
altitudes in excess of 1500 m (see Table 1).

2ANSI/IEEE publications are available from the IEEE
Service Center, 4456 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331; and from the Sales Department, American
National Standards Institute, 1430 Broadway, New York,
NY 10018.
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Table 1
Derating Factors for the
Effect of Altitude on Diclectric Strength and
Maximum Ambient Temperature
Altitude Dielectric Maximum
Above Strength Ambient
Sca Lovel (m) ___ Dorating Factor __Tomporature (°C)
1600 1.00 b5
2000 06 53
3000 84 48
4000 16 43
G000 47 3
! G000 .59 - a3
Table 2
Standard Current and Voltage Ratings for
Relays -
Volt C t
Vi i
Alternating Alternating
Current Direct Current
{rms) . Current (rms)
12 p.’ 1
210 48 i
49 1%
Table 3
Maximum Design Voltage for DC Control
Power

) : . —

Rated Volts _ e Maximum Design Volts
24 2
43 6
125 140
Table 4
Limits of Temperature Rise for Coils

.I;imit-s of Olgservabl_o Temperature

Meathod of

Temperaturo —JnsulationClass
Determination 106 130 1%
Thermometer 40 65 115
Applicd Thermocouple 45 0 120
Reaistance Method i W 1%

0.2.1.2 Ambient Temperature, Maximum
cooling air temperature for equipment that is
applied or tested at an altitude greater than
1500 meters is indicated by Table 1.

B 805702 oo3usuy o |
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5.2,2 Other Conditions, Other conditions
may require special construction, treatment,
or operation, and these shall be brought to the
attention of those responsible for the applica-
tion, manufacture, and operation of relays
and relaying devices. Among such conditions
are exposure to:

(1) Damaging fumes or vapors

(2) Moisture or dripping water

(3) Dust, (abrasive, magnetic, conductive,
ete.)

(4) Explosive mixtures of dust or gases

(5) Steam

(6) Salt air

(7) Shock, vibration, and seismic distur-
bances

(8) Transportation or storage conditions

(9) Extreme temperature or sudden change
in temperature

(10) Extreme variations of supply voltage

(11) Excessive electrical wave distortion

(12) Excessive electrical noise

(13) Electromagnetic radiation

(14) Nuclear radiation

6. Electrical Ratings

6.1 Standard Current and Voltage Ratings for
Relays. The standard current and voltage
ratings for relays shall be as shown in
Table 2.

6.2 Maximum Design Voltage and Current for
Relays

6.2,1 Maximum design voltage is the
highest rms alternating voltage or direct
voltage at which apparatus is designed to be
energized continuously,

6.2.2 Maximum design current is the
highest rms alternating current or direct
current at which apparatus is designed to be
energized continuously.

6.3 Allowable Variation from Rated Voltage
for Voltage Operated Auxiliary Relays

6.3.1 DC Auxiliary Relays. Direct current
auxiliary relays that may be continuously
energized for indefinite periods shall be able
to withstand the maximum design voltage
shown in Table 3 without exceeding the
temperature rises shown in Table 4. These
relays shall operate over a range from 80% of
rated voltage to the maximum design voltage.

COPYRIGHT 1999 Institute of Electrical and Electronics Engineers, Inc.
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NOTE: Typically, electromechanical auxiliary relays
that pick up at 80% or less of rated voltage when hot will
pick up at 72% or less of rated voltage when cold.

6.3.2 AC Auxiliary Relays. Alternating
current auxiliary relays that may be
continuously energized for indefinite periods
should be able to withstand 110% of rated
voltage without exceeding the temperature
rises shown in Table 4. These relays shall
operate over a range of 85-110% of rated
voltage.

6.3.3 Test for Operation at Minimum
Voltage—Auxiliary Relays. For successful
operation at the minimum voltage for
continuous duty, the auxiliary relay coil
should be subjected to the normal line voltage
until constant temperature is reached, and
then tested for successful operation at the
minimum voltage.

Relays may be tested cold with proper
allowance for the increase in impedance due
to temperature rise as established by tempera-
ture tests on duplicate relays.

6.4 Allowable Variation from Rated Voltage
and Current for Protective Relays
6.4.1 Measuring Input. The maximum

design voltage or current for protective relays
shall be equal to or greater than the rated
voltage or current of the relay.

6.4.1.1 Measuring Input with AC Voltage
Rating. Protective relays that are designed to
be energized with ac voltage shall operate
without damage at rated frequency with
voltage not more than 10% above the rated
voltage, but not necessarily in accordance
with the temperature rise limits established for
operation at rated voltage in Section 7.

6.4.1.2 Measuring Input with Current
Rating. The manufacturer shall state the
highest rms value that the relay can carry
continuously while satisfying the temperature
rise requirements of Section 7.

6.4.2 Protective Relay Control Power Inputs

6.4.2.1 DC Rated Control Power Inputs. DC
power supplies and auxiliary circuits with de
voltage rating shall be able to continuously
withstand the maximum design voltage
shown in Table 3. They shall be capable of op-
erating successfully over a range from 80% of
rated voltage to the maximum design voltage.

64.2.2 AC Rated Control Power Inputs. AC
power supplies and auxiliary circuits with ac
voltage rating shall be capable of operating

COPYRIGHT 1999 Institute of Electrical and Electronics Engineers, Inc.
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successfully over a range of 85-110% of rated
voltage.

6.5 Allowable AC Component in DC Control
Voltage Supply. An alternating component
(ripple) of 5% peak or less in the dc control
voltage supply to protective or auxiliary relays
shall be permitted, provided the minimum
instantaneous voltage is not less than 80% of
rated voltage. The ripple content of a de supply
expressed as a percentage is defined as
follows:

(peak value — dc component)
(de component)

x100

NOTE: The above refers to low frequency ripple as might
typically be introduced on the dc control power bus by a
battery charger. Higher frequency effects, such as might
be introduced by a dc/dc converter within the relay itself,
are not sufficiently defined at this time to be included in
this standard.

6.6 Short Time Thermal Withstand. The
limiting short time thermal withstand is the
highest value of an energizing quantity that
the relay can withstand for a specified time
without permanent degradation of its oper-
ating characteristics, but possibly with some
loss of life.

6.6.1 Relays designed to be energized con-
tinuously shall withstand the application of the
limiting short time thermal withstand stated
by the manufacturer for the following times:

Current, relays: one second
Voltage relays: ten seconds

6.6.2 Relays designed for intermittent duty
shall withstand the application of the limiting
short time thermal withstand value. The
manufacturer shall state this value and also
the duration,

6.7 Make and Carry Ratings for Tripping
Output Circuits. A tripping output consists of
relay contacts or a relay output circuit de-
signed for the purpose of energizing power
circuit breaker trip coils.

8.7.1 Tripping Output Performance Re-
quirements. Tripping output circuits shall
meet the following specification for perfor-
mance: The contacts or output circuit shall
make and carry 30 A for at least 2000 opera-
tions in a duty cycle as described below. The
load shall be resistive for both d¢ and ac and
the current shall be interrupted by independent

Information Handling Services,
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means. The voltage value applied will be one
of the standard voltage ratings. Design tests to
prove this rating shall be made at room ambi.
ent temperature (not less than 20 °C) with the
relay in its case and with its cover (f any) in
position. One duty cycle shall consist of the
following sequence: 200 ms on, 18 s off.
(Current is interrupted by independent means
at the end of each “on” interval.)

6.7.2 Holding Current. If a tripping output
requires a certain value of holding current to
remain conducting, as is generally the case
with thyristor circuits, the manufacturer shall
stato this requirement,

6.8 Make and Carry Ratings for OQutput
Circuits Not Rated for Tripping. For output
circuits not rated for tripping, the manufac-
turer shall state their capability.

6.9 Published Data for Auxiliary Relays.
Tables &, 6, and 7 show the performance infor-
mation concerning contact ratings, operating
time, pickup and dropout values, ete., which
shall be provided by the manufacturer in
" literature deseribing these relays. The format
shown in these tables shall be used as a guide
when publishing this information. Manufac-
turers of solid-state auxiliary relays shall
provide similar data as is appropriate to their
devices.

7. Heating-Limits of Temperature Rise
for Coils

The temperature rise of relay coils as
inatalled in a relay case or other enclosure
and tested at the maximum design voltage or
current per usual service conditions (see 5.1)
shall not exeeed the value given in Table 4,

8. Dielectric Tests

8.1 Diclectric Tests at the Point of Man-
ufacture. Diolectric tests between circuits, and
dielectric tests between circuits and relay
frame or ground reference terminal shall be
considered as routine tests, and shall be made
at the point of manufacture in accordance with
this standard.

B wa0s702 oosesee T
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8.2 Dielectric Tests by Users

8.2.1. Dielectric tests, in accordance with this
standard, may be made by the user only on new
relays to determine whether specifications are
fulfilled. New relays, for the purpose of this
test, are defined as those which have not been
in service, which are not more than one year
old from the date of shipment, and which have
been suitably stored to prevent deterioration,

8.2.2, Additional dielectric tests may be
made, using 76% of the test voltage determined
in accordance with 8.4.1, at the point of
ingtallation to determine the practicality of
placing or continuing equipment in service,

8.3 Dielectric Tests Across Open Contacts,
Dielectric tests across open contacts shall be
considered as design tests, Dielectric tests are
not required across contacts with surge-sup-
pression components, nor across solid-state
output circuits; when these are used, the Surge
Withstand Capability (SWC) test (Section 9)
should be substituted for the dielectric test.

8.4 Dielectric Test Methods

8.4.1 Standard Test Voltages. Relays rated
600 V and below shall withstand a low-
frequency test of the following values:

(1) Insulation to ground and between
circuits: twice rated voltage plus 1000 Vrms,
with a minimum of 1600 Vrms,

(2) Across open contacts rated for tripping:
twice rated voltage plus 1000 Vrms with a
minimum of 1600 Vrms.

(8) Across open contacts not rated for
tripping: 1000 Vrms, minimum,

The test source shall be substantially sinu-
soidal and at a frequency between 46 and 656 Hz.

Dielectric tests may be conducted using a de
gource, For de testing, the test voltages shall be
1.41 times the values given for ac tests.

8.4.2 Points of Application of Test Voltage.
The test voltage for insulation to ground and
between circuits shall be applied successively
between each electric circuit and all other
electric circuits, and between each electric cir-
cuit and the metal frame of the relay, All the
terminals of a given circuit shall be connected
together, The test voltage across open contacts
shall be applied to the relay terminals that
connect to the contacts. For relays with ad-
justable contact gap, the contact spacing shall
be not less than that recommended by the
manufacturer,

10
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Table 5
Contact Rating for All Auxiliary Relays
— Internupting Rating (A) (1)
Contact Registive Inductive (2)
Circuit Single Double (3) Single Double (8) Contact Ratin, 4
(V) Contact Contacts Contact Contacts Short Time (1 min) Continuous
de
%
48
125
250
60 Hz
120
240
480
Table6
Operating Data for Continuously Rated Auxiliary Relays
Coil Circuit Typical Operating Time Operatin 6)(7X10
Coil Circuit Resistance (Q) (mg) (6X6) Must Must
Voltage (10) DC 25 °C Pickup Dropout Pickup Dropout
de
%4
48
125
260
60 Hz (Q) (8)
Armature Armature
— 60Hz QOpen Closed
120
240
480
Table 7
Operating Data for Auxiliary Relays with Intermittent Ratings
DC Coil Coil Series
Circuit Rated Resistance Resistor Operating
(V) (V) (Q) 25 °C (if used) Withstand (s) (9) Time (ms) (9)

COPYRIGHT 1999 Institute of Electrical and Electronics Engineers,

NOTES TO TABLES 5, 6, AND 7: (1) Interrupting
rating should be based on at least 100 operations at rated
value, with no significant burning of contacts, using
suddenly applied (or removed) rated voltage on coil.

(2) Inductive rating should be based on tests using an
impedance with IL/R = 0.04 for dc and power factor equals
0.4 for ac.

(8) “Double Contacts” means two contacts in series.

(4) Short-time and continuous ratings are based on
temperature rise in contact members and supporting
parts. Limiting temperatures are to be determined by the
manufacturer.

(5) All operating times are measured with rated voltage
suddenly applied or removed.

(6) Operating time values and pickup/dropout values in
Table 6 are measured with relay “hot” (i.e., energized at

08:26:18

Inc.

rated voltage until thermal equilibrium has been reached
at room ambient temperature (2025 °C)).

(7) Operating voltage data columns in Table 6 have the
following meanings: (a) “Must Pickup” means that actual
pickup is less than the value given, and applied voltage
should be greater than this value for reliable operation;
and (b) “Must Dropout” means that actual dropout is
greater than value given, and applied voltage should be
less than this value for reliable dropout.

(8) Impedance data for ac relays should include ohms
and power factor,

(9) Operating time and withstand values in Table 7 are
measured with relay “cold” (i.e., coil at room ambient
temperature (20-256 °C) before measurement is made).

(10) For current operated auxiliary relays, substitute
amperes for volts in the tables.

Information Handling Services,
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8.4.3 Duration and Method of Application of
Test Voltage. The open circuit voltage of the
testing equipment is initially set to not more
than 50% of the specified voltage. It is then
applied to the relay under test. From this
initial value, the test voltage shall be raised to
the specified value, in such a manner that no
appreciable transients occur, and then main-
tained for one minute. It shall then be reduced
smoothly to zero as rapidly as possible,

As an alternate, to be used at the point of
manufacture only, it is permissible to test any
relay for one second at a value 20% higher
than the standard 60 s test voltage.

8.4.4 Accuracy of Test Voltage. The source
voltage shall be verified with an error of no
more than 5%.

8.4.6 Temperature at Which Dielectric Tests
Are to be Made. Dielectric tests shall be made
at the temperature assumed under normal
operation or at the temperature attained under
the condition of commercial testing.

B ve05702 o03eses 3
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8.4.6 Requirements for Conformance.
During the dielectric test, no breakdown or
flashover shall occur.

9, Surge Withstand Capability Tests

9.1 General. Surge withstand tests are design
tests for protective relays and relay systems.
Standardized test waveforms that are repre-
sentative of surges observed and measured in
actual installations are applied to the termi-
nals of the system. The relay or relay system
must be able to withstand the applied surges
without damage to components and without
operating incorrectly.

9.2 Surge Tests, Surge tests shall be conducted
in accordance with ANSI/IEEE C87.90.1-1989,
Surge Withstand Capability (SWC) Tests for
Protective Relays and Relay Systems,

08:26:18
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|IEEE Power Engineering Training Programs

The IEEE sponsors training programs on the Color Books and other power engineering
standards throughout the year.

Our training programs include:

*Protection of Co-Generation Plants Paralleled with Utility Transmission Systems
*Health Care Facilities Power Systems

*Planning, Design, Protection, Maintenance, and Operation of Industrial and Commercial
Power Systems

*Electric Power Supply Systems for Nuclear Power Generating Stations

«Large Storage Batteries — Nickel-Cadmium and Lead

Special team discounts are available, IEEE-sponsored training programs
may also be brought to your plant. For details, write to the IEEE Manager
of Standards Training Programs, 445 Hoes Lane, PO Box 1331,
Piscataway, NJ 08855-1331 USA. Or call us Toll Free at 1-800-678-1IEEE
and ask for Standards Training Programs.

IEEE Training Programs on the NESC

The new 1990 NESC was published by the IEEE ... and if you're a utility engineer,
manager, or consultant, you'll need to know what the new Code covers. We offer two
intensive training programs to help you:

*A thoroughly updated 3-day training program that covers

the development and application of the Code.

*A new 4-day training program that covers the same material

as our 3-day program ... plus a special section on work rules.

Special team discounts are available. IEEE-sponsored training programs
may also be brought to your plant. For details, write to the IEEE Manager
of Standards Training Programs, 445 Hoes Lane, PO Box 1331,
Piscataway, NJ 08855-1331 USA. Or call us Toll Free at 1-800-678-IEEE
and ask for Standards Training Programs.’
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