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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 develomsdarsis 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 Instituteveitit se

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 ofeamfarhtation contained

in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for arsppel 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, alyddésglegss
any express or implied warranty, including any implied warranty of merchantability or fitness for a specifie poirplost
the use of the material contained herein is free from patent infringement. IEEE Standards docersapfdiad AS 1S.”

The existence of an IEEE Standard does not imply that there are no other ways to produce stest, poeehase, market,

or provide other goods and services related to the scope of the IEEE Standard. Furthermore, the vievgssiad extpghe

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 diveeyears f

sion or reaffirmation. When a document is more than five years old and has not been reaffirmed, it is reasonahlddo co

that its contents, although still of some value, do not wholly reflect the present state of the art. Users are cautiahed to che

to determine that they have the latest edition of any IEEE Standard.

In publishing and making this document available, the IEEE is not suggestimglering 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 pet&gpmicor en
another. Any person utilizing this, and any other IEEE Standards document, should reflgaupdvice of a competent pro-
fessional 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 acticaréo prep
appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is imporathiatoaeysur
interpretation has also received the concurrence of a balance of interests. For this reason, IEEE and the rntesdgfs of

eties and Standards Coordinating Committees are not able to provide an instant resptarpediaiion 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, regardersdefship affiliation with
IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, togetpeoprittieap
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 sabject m
ter covered by patent rights. By publication of this standard, no position is taken with respect to the exigtence o
validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying patent
for which a license may be required by an IEEE standard or for conducting inquiries into the legal vaidity o
scope of those patents that are brought to its attention.

Authorization to photocopy portions of any individual standardiriternal or personal use is granted by the Institute of
Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearancd cCenter
arrange for payment of licensing fee, please contact Copyright Clearance Center, Customer ServicevaaaiRrive,
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 1613-2003, IEEE Standard Environmental aimgTRsquirements for
Communications Networking Devices in Electric Power Substations.)

This standard has been compiled from the relevant clauses of IEEE Std '@3R89 [B6f, IEEE
Std C37.90.1M-2002 [B7], IEEE Std C37.90"2-1995 [B8], and IEEE Std C37.90*32001 [B9]. In addi-
tion, it establishes more stringent requirements that exthese IEEE or relevant IEC standards in the fol-
lowing areas:

— Clause 4 requires the operation of the device wihfans or forced ventilation. It also requires
startup after soaking at the temperature extrgmatsrequired in IEEE Std C37.90-1989 [B6] or in
IEC 60255-6:1988 [B1]).

— Clause 7, Clause 8, and Clause 9 define the communications required during tests and two perfor-
mance classes. Class 1 allows communications esrangerruption during the defined transient, but
requires automatic recovery. Class 2 requires comzation without errors or interruption. (Neither
are presently defined in IEEE or IEC).

— Clause 8 requires testing at a field strength level of 35 V/m, as defined in IEEE Std C37.90.2-1995
[B8] and reflecting North American experience. This is more severe than IEC 60255-22-3:2000 [B2]
that requires only 10 V/m maximum. The test method is the one defined by #56-80-3:2000.

— Clause 9 requires testing at voltage levels corresponding to a relative humidityate35%h, identi-
cal to IEEE Std C37.90.3-2001 [B9] (not required by IEC 61000-4-2:2001 [B3]).

The protection of metallic communications circuits into electric power substations is not covéned in
standard, but is the specific topic of IEEE Std"™#82000 [B10]. The following excerpt is Clause 1 from
IEEE Std 487-2000:

“1. Overview

“Wire-line telecommunication facilities serving electric supply locations often require special high voltage
protection against the effects of fault-produced ground potential rise or induced voltages, Sobatof

the telecommunication services areedigor control and protective relaying purposes and may be called
upon to perform critical operations at times of posystem faults. This presents a major challenge in the
design and protection of the telecommunication systecalse power system faults can result in the intro-
duction of interfering voltages and currents intotdlecommunication circuit dhe very time when the cir-

cuit is most urgently required to perform its funaoti&Even when critical sersés are not involved, special
high-voltage protection may be required for both personnel safety and plant protection af fioesro
system faults. Effective protection of any wire-liséecommunication circuit requires coordinated protec-
tion on all circuits provided over the same telecommunication cable.”

Participants

This standard was prepared by the C2 TF1 Task Force of the Substations Committee of the IEEE Power
Engineering Society. At the timeiststandard was approved, the tésice had the following membership:

John T. Tengdin, Chair

W. Ackerman S. Dalyai D. MacArthur
R. Baron M. Dood J. Newbury
D. Bell J. Evans M. Pozzuoli
J. Benach J. Gardner P. Raschio
R. Beresh W. Higinbotham M. Swanson
L. J. Castelli M. Lacroix M. Thesing
M. Clark R. Landman A. West

8The numbers in brackets corespond to the numbers in the bibliographpéx B.

Documents

Copyright © 2003 IEEE. All rights reserved. Docuniignt Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on March 05,2026 at 16:29:20 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1613-2003


http://www.avadocuments.com/doc/ieee-1613-2003
http://www.avadocuments.com/doc/ieee-1613-2003

The following members of the balloting committee voted on this standard. Balloters may heddovot
approval, disapproval, or abstention.

William Ackerman
Mark Adamiak

Steve Alexanderson

Robert Baron
George Bartok
Robert Beresh

Michael Joseph Bio
Alexander Bonnyman

Stuart Borlase
Stuart Bouchey
Gustavo Brunello
James Carlo
Castro Carlos

Lawrence J. Castelli

Mason Clark
Ken Cooley
Tommy Cooper
Robert Corlew
Ronald Daubert
Em Delahostria

Frank A. Denbrock

Santpal Dhillon
Guru Dutt Dhingra
Michael Dood
Marcia Eblen
Gary Engmann
James Evans

Dennis Falkenheim

Ron Farquharson
Kenneth Fodero
Erich Gunther

William Higinbotham
Denis Holstein
Edward Horgan Jr.
James D. Huddleston, llI
Bob Hughes
Christopher Huntley
David Jackson
Rene Jonker
James Jung
Hermann Koch
Joseph L. Koepfinger
William Kotheimer
Terry Krummrey
Marc Lacroix
Robert Landman
Pi-Cheng Law
Albert Livshitz
Gregory Luri

Don MacArthur
Jesus Martinez
John McDonald
Michael McDonald
Jeff McElray

Ben Mehraban

A. P. Meliopoulos
Bryan Melville

Gary Michel

Dean Miller

Daleep C. Mohla
Bill Moncrief

Bruce Muschlitz
Arun Narang

Michael Newman
Charles Ngethe
Gary L. Nissen
Daniel Nordell
Chris Osterloh
Paul Pillitteri
Percy Pool
Marzio Pozzuoli
Peter Raschio
James Recchia
Charles Rogers
James Ruggieri
Mohindar S. Sachdev
Carlos Samitier
Miriam Sanders
Holger Schubert
Samuel Sciacca
Jordan Shikoski
H. Jin Sim

Mark Simon

H. Lee Smith
Robert Sodergren
Charles Sufana
Malcolm Swanson
John T. Tengdin
Michael Thesing
Michael Toney
Jim Wardin
James Wilson
Peter Wong
Murty Yalla

When the IEEE-SA Standards Board approved this revised standard on 20 March 2003, it had the following

membership:

H. Stephen Berger
Joseph A. Bruder
Bob Davis

Richard DeBlasio
Julian Forster*
Toshio Fukuda

Arnold M. Greenspan
Raymond Hapeman

*Member Emeritus

Also included are the following nonvogrEEE-SA Standards Board liaisons:

iv

Full document details: IEEE 1613-2003

Don Wright, Chair

Howard M. Frazier, Vice Chair

Judith Gorman, Secretary

Donald N. Heirman
Laura Hitchcock
Richard H. Hulett
Anant Kumar Jain
Lowell G. Johnson
Joseph L. Koepfinger*
Thomas J. McGean
Steve M. Mills

Alan CooksonNIST Representative
Satish K. AggarwalNRC Representative

Savoula Amanatidis

IEEE Standards Managing Editor

Daleep C. Mohla
William J. Moylan

Paul Nikolich

Gary S. Robinson
Malcolm V. Thaden
Geoffrey O. Thompson
Doug Topping

Howard L. Wolfman

Documents

Copyright © 2003 ILEE. All nght&tesenwednt Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on March 05,2026 at 16:29:20 UTC from IEEE Xplore. Restrictions apply.


http://www.avadocuments.com/doc/ieee-1613-2003
http://www.avadocuments.com/doc/ieee-1613-2003

Contents

N © 1Y = = PRSP RPP 1
N R ot o] o PP PP PPPPTTRPPPPPPTN 1
L2 PUIMPOSE. ..ottt ettt et e e e e et e e e e e e e e e e e e e e 1
2 L C] (=] (] [T TSP 2
3. Definitions and WOIT USAQGE .......uuviieiiiiiiiiiiit ittt ettt e s b e e s e bt e s e b e e e e snbb et e e e e nreeeeeaneeee 2
3oL DEFiNMILIONS .ottt e e e e e e e s e e e e e e e e e e —— 2
G072 VLY o] o T =Y Vo = 20 SRS 2
A, SEIVICE CONAILIONS ... uuiiiiiiiiiiiie ittt ettt s et e e s ettt e e s e st e e e s neb bt e e e e as b et s sm— 1 3
4.1 USUAI SEIVICE CONAILIONS ..eiiiiuiiiiiee ittt ettt e et ee sttt e e e sttt e e e e s sbbe e e e s s sbbeeeeeentbbeeeesabeeeeesanbbeeaeans 3
A @ o 1= o oo oo 11T L PP 4
5. Electrical ratings of CONtrol POWEBTPULS .........uuiiiiiiiiiiee ettt rnee e e e 4
5.1 DC rated CONrol POWET INPULS......coeiiiriiieeiitiiiie et e ettt e st e e st e e e st e ee s s ssneeeeeneens 5.
5.2 Allowable ac component in dc control VOItage SUPPIY .....cccvvveieiiiiiiieeiiieee e 5
5.3 AC rated CONtrol POWET INPULS ........uiiiieiiiieie ettt e e s 5.....
L T | EST U] F= a0 = £ PP ROPRPRT 5
6.1 GeENEral FEQUITEMENES ... .uiiiiiiiiiieee e e e s cet e e e e e e e s e e s e e e e eaeeeess s s s teetareeeeeeeessess s mmmm—— 6.
6.2 Dielectric power freqUENCY tESE........cuuuiiiiiiiie et e e s s r e e e e e e e e s ee e oo 6.....
6.3 IMPUISE VOIAGE tEST...iiiiiiii it e e e e s s e s e e e e e e e eeeeeeeeennnns 7
RS YL O (=2] £ T TSP 9
% S ToT o] oL PP PPPPTPPPP 9
T.2 PUIMPOSE. ..ttt ettt ettt e e e e e e s ottt t e e e e e et e e s e e et e e e e e n s raene s 9
RS T =TS Y= 1Y (o] 0 RSP 9
7.4 Test generator CharaCteriStiCS......uuiiiiiiiiiiiiiieiie e ce e e e s rr e e e e e e e s nrenneees 11..
7.5 Verification of test generator CharaCteristiCs ........ccuvuiiiieeieiiiiiee e A 1
7.6 Equipment to be tested
0 A 1= A oo 1
7.8 APPIICALION OF EST WAVE .....eiiiiiiiiii ettt e e sbb e e e st e e e e eanes 13
7.9 COoNAItIONS OF TESES ...ttt e e e e e s st e e e e e e e s e s e 14
7.10 Coupling t0 tESE GENETALON ... iiiiiee ittt e st e e st e e e smemeanans 15.
0 =T ] (0T =Y o [ = 18
7.12 DeVice PErfOrMANCE CIASSES.. .. uuiiiiiieee e it ii i ittt e e e e e e e s e s e e e e e e e e s ae st e e e e e e e e e e s annnnnreaneaeees 20
7.13 Conditions to be met (acCeptance CrtErA) ......ccvvvruierieiee e e e e e e e O.oeee. 2
A R =S o o (o PRSI 21
8. Radio frequency (RF) SUSCEPLIDIlItY tESIS ... ..uviiiiiiiiiieiiiiiie e 21...
8.1 ElectromagnetiC @NVIFONIMENT .......iuuiiiiiiiiiit ettt ettt e e sebb e e s aer e e e e s nnneeeas 22
8.2 TESE CONILIONS ....eeeiiiieeei ettt e e et e e e e e e e e e et e e e e e e+« s— 22
8.3 TESTIBVEIS ...ttt e e e et s—_ 23
Documents
Copyright © 2003 IEEE. All rights reserved. Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on March 05,2026 at 16:29:20 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1613-2003


http://www.avadocuments.com/doc/ieee-1613-2003
http://www.avadocuments.com/doc/ieee-1613-2003

T 1 BT Vi Tot 7o Lo 11T 23

8.5 TESL ENVIFONMMIEBNT ...uiiiii ittt ettt e e e e sttt e e s s e e e e e sabbeee e e s sbbeeee s s eeemmmnnnens 23

ST 1= TS A =T 11 o] 13T | SRR 24

ST 1= TS A o] o o7 =T 11| S 25

8.8 DeViCe PErfOrmManCE ClASSES.......c.cciiiiuiiiiiiiiie e s e e e e s e e e e e e e e s s eeeens 26......

8.9 Conditions to be met (aCCEPtanCe CrHLEMIA) .......ccevicvviiiiiieiie e e e e e e e e e e nenes 26

SO =TS T o 0] (o [ PSSR 27

9. Electrostatic discharge (ESD) tESES.........ccccuiiiiiiiie e ss e e e e e ennnnes 27

9.1 ESD diStUrDANCE tESES ...iiiiiiiiiiiie ittt et meee s 28.

9.2 DeViCe PErfOrMAaNnCE ClASSES.......ccciiiieiiieiieiieee e e e e e e e s e e e e e e e e s eeeens 34......

9.3 Conditions to be met (aCCEPtanCe CrHLEMIA) ......ccciiicviiiiiiieiie e e e e e e e e s neees 34
10, ViIDration @nd SNOCK .........oo it e et e ——— 35
Annex A (normative) Verification of test generator characteristiCS..........ccccoevviiiieiiiic e 36........
Annex B (informative) Bibliography ...........oceeeiiiiiiiiiii e e 40

Documents

Vi Copyright © 2003 ILEE. All nght&resgweent Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on March 05,2026 at 16:29:20 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1613-2003


http://www.avadocuments.com/doc/ieee-1613-2003
http://www.avadocuments.com/doc/ieee-1613-2003

IEEE Standard for E nvironmental and
Testing Requirements for
Communications Networking Devices
In Electric Power Substations

1. Overview

Communications networking devices are being ingtailfeelectric power substations. Examples include
radios, encryption devices, port switches, autodialers, modems, Ethernet hubs and switches, routers, gate-
ways, and firewalls. This standard establishes a common reproducible basis for designing and evaluating
communications networking devices for this harsh environment. It does nateredmmunications facili-

ties and equipment integral to protective relaying applications.

1.1 Scope

This document specifies standard service conditions, standard ratings, environmental performance require-
ments, and testing requirements for communications networking devices installed in electric power substa-
tions. It does not cover such equipment designedoferation in other environments, such as office
locations. It does not cover such equipment used in protective relaying applications, for which IEEE Std
C37.90™-1989 [B6), IEEE Std C37.90.1™-2002 [B7], IEEE Std C37.90.2™-1995 [B8], and IEEE Std
C37.90.3™-2001 [B9] apply.

1.2 Purpose

The purpose of this standard is to define the environmental conditions present in edeericpbstations

and to establish a common reproducible basis for designing and evaluating communications networking
devices to be installed in those substations. It is a freestanding document, withe@nlyrmative reference

to another standard.

The numbers in brackets correspond to the numbers of the bibliographpéx B.
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2. References

This standard shall be used in conjunction with the following publication. When the followihcgagtiob is
superseded by an approved revision, the revision shall apply.

IEEE Std C37.100™-1992 (Reaff 2001), IEEE Definitions for Power Switclg@ar.

3. Definitions and word usage

For this standard, the following terms and definitions apply. IEEEM,0Che Authoritative Dictionary of
IEEE Standards TermSgventh Edition [B4], should be referenced for terms not defined in this clause.

3.1 Definitions

3.1.1 autodialer: A device hat canopen a telghone line and initiate a call by transmitting a gored tele-
phone number. This functionality could be built into a modem or it may be a starddaiane.

3.1.2 communications neworking device: An intelligent electonic device (IED) that is an element of a

communicaions nework. Exanples of such IEDs include modens, Ethemet hubs and switches, routers,
bridges, autodialers, firewalls, and port switches.

3.1.3firewall: A device orcombination of hardware and software wsed to @force conmunicationseaurity
by blocking unauthorized accessa local area network (LAN).

3.1.4 port switch: A serial comnunicationdevicethat allows a user to comectto one ofseveral communi-
cation ports through a single interface.

3.1.5shielded enclosure: Screen or slid metal housing designed expessly for the pupose of isolating the
internal equipment frorthe external electromagnetic environment.

3.2 Word usage
3.2.1 Shall

The wordshall, equivalent to “is required to,” is used to indicate mandatory requirements, strictly te be fo
lowed in order to conform to the standard and from which no deviation is permitted.

3.2.2 Recommended
The wordrecommendets used to indicate flexibility of choice with a strong preference alternative.

3.2.3 Must

The use of the wordustis deprecated and shall not be use@nvktating mandatory requirements. The
word mustis used only to describe unavoidable situations.

2The IEEE standards or products referred to in Clause 2 are trademarks owned by the Institutécal BfettElectronics Engaers,
Incorporated.

SIEEE publications are available from the Institute of Electrical and fBleics Engineers, Inc., 445 Hoes Lane, P.O. Box 1B&tat-
away, NJ 08855-1331, USA (http://standards.ieee.org/).
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3.2.4 Should
The wordshould,equivalent to “is recommended tha"used to indicate the following:

— Among several possibilities, one is recommended as particularly suitable, without nmgntoni
excluding others.

— That a certain course of action is preferred but not required.

— That (in the negative form) a certain course of action is deprecated but not prohibited.

3.2.5 May

The wordmay,equivalent to “is permitted,” is used to indicate a course of action permissible within the lim-
its of this standard.

3.2.6 Can

The wordcan, equivalent to “is able to,” is used to indicate possibility and capability, whether material or
physical.

4. Service conditions

(This clause is adapted from the IEEE Std C37.90-1989 [B6] revision that was in progress when IEEE
Std 1613-2003 was approved.)

Service conditions include operational and nonoperational temperature and relative huoiditifions
outside the scope of this standard are listed in 4.2.

4.1 Usual service conditions

Communications networking devices conforming to this standard shall be suitable faioopanaer the
conditions outlined in 4.1.1 through 4.1.3.

4.1.1 Operational temperature range

Operational temperature is the temperature of still air (i.e., no fans or forced-air movexaasiyed 30 cm
from the surface of the unit (i.e., communications mekimg device) enclosure while in operation. For a
specified temperature range (e.g., —20 °C to +55 °Qijtashall be able to start up and continue its opera-
tion at the specified minimum temperature (i.e., —20W@in 5 min after having been de-energized for a
sufficient time so that its internal components have cooled to that temperature withousatindeA unit
shall also be able to start up and continue itsaijfwer within 5 min at the specified maximum temperature
(i.e., +55 °C) after having been de-energized for agefft time so that its inteahcomponents have heated
to that temperature.

The manufacturer shall declare one of the followingges of ambient temperature for which the unit is to
be rated:

a) —-40°Cto+70°C

b) -30°Cto +65 °C

c) —20°Cto +55 °C (the default range if no other range is specified)
d) Range defined by the manufacturer

Copyright © 2003 IEEE. All rights reserved. DOCBI mentS
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4.1.2 Nonoperational temperature range

Nonoperational temperature is the air temperaturedaditions of transport, storage, and installation, so
that the unit will not experience damage due to indefinite exposure to such temperatures.

The manufacturer shall declare one of the followintgess of ambient temperature for which the unit is to
be rated:

a) -50°Cto+85°C
b) —-40°Cto+75°C
c) -30°Cto+65°C
d) Range defined by the manufacturer

If a nonoperational temperature range is not speciffeddefault nonoperational temperature range shall be
the same as the operational temperature range.

4.1.3 Relative humidity

Communications networking devices shall be capable of withstanding an average relative humidity up to
55% outside of the device or communication networldggtem’s enclosure or cover for a temperature
within the defined operational and nonoperational ranges, with excursions up to 95% withoat oue-
densation for a maximum of 96 h.

4.2 Other conditions

Other conditions not covered by this standard may require special construction, treatment, @naperati
considerations. These conditions shall be brought to the attention of the people réspaomtiib applica-

tion, manufacture, and operation of communications networking devices. Among such conditions are expo-
sure to the following:

a) Damaging smoke, fumes, or vapors

b)  Moisture or dripping water

c) Dust (abrasive, magnetic, conductive, obstructive, etc.)
d) Explosive mixtures of dust and gases

e) Steam

f) Saltair

g) Shock and vibration (see Clause 10)

h)  Seismic disturbances

i)  Transportation or storage conditions

i)  Extreme temperature or sudden change in temperature
k) Extreme variations of supply voltage

[)  Excessive electrical wave distortion

m) Excessive electrical noise

n) Electromagnetic radiation other than the radiation specified in Clause 8
0) Nuclear radiation

5. Electrical ratings of control power inputs

(This clause has been adapted from IEEE Std C37.90-1989 [B6].)

This clause defines the ratings of dc and ac control power inputs and allowable ripple orids.supp
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5.1 DC rated control power inputs

DC power supplies and auxiliary circuits with dc voltage rating shall be able to continuousitandtithe
maximum design voltage shown in Table 1. They shaltapable of operating successfully over a range
from 80% of rated voltage to the maximum design voltage. Power supplies with a wide dc voltage range
(i.e., 12 V to 250 V) are encouraged.

Table 1—Maximum design voltage for dc control power

Rated voltage | Maximum design voltage
V) )
12 14
24 28
48 56
110 123
125 140
220 246
250 280

5.2 Allowable ac component in dc control voltage supply

Communications networking devices shall operate properly with an alternating component (ie3. ofippl
5% peak or less in the dc control voltage supply, provided the minimum instantaneous voltadess n
than 80% of rated voltage. The ripple content of dc supply expressed as percentage is defined as

(peak value- dccomponent)

x 100 (1)
(dccomponent)

NOTE—Equation (1) refers to low-frequency ripple as might typically be introduced on thetdal gower bus by a
battery charger. Higher frequency effects, such as might be introduced by a dc-dc converter wighiitehar dquip-
ment itself, are not sufficiently defined at this time to be included in this standard.

5.3 AC rated control power inputs

AC power supplies and auxiliary circuits with ac voltage ratings shall be capable of operating successfully
over a minimum range of 85% to 110% of rated voltage and frequency. The ac voltagshatibg 120 V
60 Hz, 240 V 50 Hz, or 120-240 V 50-60 Hz.

6. Insulation tests
(This clause is adapted from IEEE Std C37.90-1989 [B6].)

Insulation tests include dielectric power frequencystestd impulse tests. These tests and their application
to the device under test are identical to the testsapplications specified in IEEE Std C37.90-1989 [B6].
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6.1 General requirements
Atmospheric conditions for insulation tests shall be within the following ranges:
— Ambient air temperature: 15 °C to 35 °C

— Relative humidity: 45% to 75%
— Air pressure: 86 kPa to 106 KPa

6.2 Dielectric power frequency test

The dielectric power frequency test consists of applgisgecified voltage to the insulation systems of the
device under test to prove that the insulation @doordance with the rated insulation voltage stated by the
manufacturer.

6.2.1 Test voltage and waveform

The test voltages and wave form shall be as shown in Table 2.

Table 2—Dielectric test voltage

Product Test voltage
rated voltage root mean square (rms)
50 and belo@ 500
51 to 250 2000

8Generally utilized for communications or low-level input/
output.

The test source shall be substantially sinusoidal with a frequency between 45 Hz and 65 Hz.
The source voltage shall be verifieith an accuracy better than 5%.

The test voltage source shall be such that, wheryiagpthe specified value to the device under test, the
voltage drop observed is less than 10%.

These dielectric tests may be conducted using a dc source. For dc testing, the test voltages shall be 1.4 times
the values given for ac tests.

6.2.2 Test requirements

Dielectric power frequency tests are considered to Hetlpe tests and production tests to be performed by
the manufacturer.

Dielectric tests, in accordance with this standard, may be performed once by the user on new devices to
determine whether specifications are fulfilled. New devices, for this test, are defined as devices that

— Have not been in service,
— Are not more than one year old from the date of shipment, and
— Have been suitably stored prevent deterioration.

4860 mbar to 1060 mbar.
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Additional dielectric tests may be a®using 75% of the test voltadetermined in accordance with Table 2
at the point of installation to determine the practicality of placing or continuing the equipnsentice.

6.2.3 Points to be tested
Dielectric tests shall be performed

a) Between each independent circuit and the ground circuit. The terminals of each independent circuit
may be connected together. For devices with sml@ting enclosure, the ground circuit shall be rep-
resented by a metal foil covering the entire esgie except the terminals around which a suitable
gap shall be left to avoid flashover to the terminals. Insulation testsinggthis metal foil shall be
performed as design tests only.

b) Between independent circuit groups, with thenieals of each independent circuit in the group
being connected together. Independent circuit groups are to be defined by the manufacturer.

c) Between the terminals of open contacts—only as a design test. Dielectric tests are not required
across contacts with surge-suppression componentsacross solid-state output circuits. If a
dielectric test is not performed, the surge withstand capability (SWC) test (see Clause 3¢ is
substituted for the dielectric test.

6.2.4 Test method

During the testing, no input or auxiliary energizing quantity shall be applied to the device.

Test voltage shall be applied directly to the device terminals.

The open-circuit voltage of the testing equipment is initially set to not more than 50& gpfecified volt-

age. It is then applied to the device under test. From this initial value, the test voltage shall be raésed to th
specified value, in such a manner that no appreciablgi¢rgs occur, and then m&imed for 1 min. It shall

then be reduced smoothly to zero as rapidly as possible.

As an alternate, to be usatithe point of manufacture only, it is permissible to test any device for 1 s at a
value 20% higher than the standard 1 min test voltage.

6.2.5 Criteria for acceptance

During the dielectric test, no breakdown or flashover slealur and no components shall be damaged. After
the test, the device shall still comply with all relevant performance requirements.

6.3 Impulse voltage test

The impulse voltage test consists of applying a specified impulse voltage to the insulation togedik th
ity of the device to withstand, without damage, overvoltages of very high values and very short duration.
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6.3.1 Impulse test voltage and waveform

The impulse test wave form shall be in acordance with Figure 1 and its explanatory notes.

Per-Unit
Voltage
1.0
0.9
0.5
4! F—1.2 ysec. 30% '
01 44— !
7 n : -
| Tima
- 50 psec. +20% -
NOTES
a) Waveform polarityPositive and negative
b) Risetimel.2 us =+ 30%
c) Magnitude:5 kV +0/~10%
d) Time to half value50us + 20%
e) Source impedancé&00Q + 10%
f)  Output energy0.5 J + 10%

Figure 1—Impulse voltage waveform

6.3.2 Impulse test requirements

Impulse voltage tests are considered design tests.

Impulse tests, in accordance with this standard, mageated once by the user only on new devices, to
determine whether specifications are fulfilled. New devices, for this test, are definedcas deat have not
been in service, that are not more than one yeafrartd the date of shipment, and that have been suitably
stored to prevent deterioration.

Additional impulse tests may be made using 75% of the test voltage given (see 6.3.1) at thenstaiteof i
tion to determine the practicality of placing or continuing the equipment in service.

6.3.3 Points to be impulse tested

Impulse voltage tests shall be applied

a)

b)

Between each independent circuit and the ground circuit. The terminals of each independent circuit
may be connected together. For devices with sml@ing enclosure, the ground circuit shall be rep-
resented by a metal foil covering the entire esgie except the terminals around which a suitable
gap shall be left to avoid flashover to the terminals.

Between independent circuit groups, with thenieals of each independent circuit in the group
being connected together. Independent circuit groups are to be defined by the manufacturer.
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