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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 com-
mittees serve voluntarily and without compensation. They are not necessarily members of the Insti-
tute. 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 that have expressed an inter-
est 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 sub-
jected to review at least 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,
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.

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.

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 rep-
resent a consensus of all 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
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
445 Hoes Lane
P.O. Box 1331
Piscataway, NJ 08855-1331
USA

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;
(508) 750-8400. Permission to photocopy portions of any individual standard for educational class-
room use can also be obtained through the Copyright Clearance Center.

Note: 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 with respect to the existence or validity of any patent rights in
connection therewith. The IEEE shall not be responsible for identifying all 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.
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Introduction

 

(This introduction is not part of IEEE Std 48-1996, IEEE Standard Test Procedures and Requirements for Alternating-
Current Cable Terminations 2.5 kV Through 765 kV.)

 

This standard supersedes IEEE Std 48-1990, IEEE Standard Test Procedures and Requirements for High-
Voltage Alternating-Current Cable Terminations.

Several definitions have been added to reflect use of polymeric designs and to differentiate between various
environments encountered. To clarify test procedures, Class 1 terminations have been divided into three
classes: Class 1A for extruded dielectric cable, Class 1B for laminated dielectric cable, and Class 1C for
pressure-type systems.

Partial discharge requirements for laminated cable terminations have been replaced by ionization test
requirements, which are more applicable for laminated cable constructions. Retesting is not intended now as
the partial discharge is more difficult. Reflecting cable voltage trends, table 1 contains test requirements up
to 765 kV for laminated dielectric terminations and 230 kV for solid dielectric cable terminations.

Clause 9 has been expanded to include a pollution severity guide to assist the user to define a particular
environment and help determine type and creepage length needed. Effects of solar radiation are addressed
and test methods are recommended. The user is also advised to refer to the manufacturer for contamination
testing, particularly if difficult environments are encountered.

At the time this standard was approved, Working Group 10-40 of the Accessories Subcommittee 10 of the
Insulated Conductors Committee had the following membership:

 

Harold C. Hervig,

 

 Chair

 

Glenn J. Luzzi,

 

 

 

Vice Chair

 

The following persons were on the balloting committee:

Torben Aabo
Thomas Black
Michael Bayer
Paul Bloyed
Vincent J. Boliver
Thomas C. Champion
Peter Day
John P. DuPont
Henry Dresch

Engene Favrie
R. D. Fulcomer
Robert B. Gear
Wolfgang Haverkamp
Albert Kong
Raoul H. Leuteritz
Jeff Mackevich
John Makal
James Nation

Greg P. Rampley
Dean Redman
Matthew H. Spalding
Wendall T. Starr
Frank Stepniak
Duc B. Trinh
Richard Votoupal
Steven P. Walldorf
Harry Yaworski

Torben Aabo
T. J. Al-Hussaini
R. W. Allen
W. O. Andersen
Richard H. Arndt
Thomas P. Arnold
Theodore A. Balaska
Anthony Barlow
Earle C. Bascom
Michael Bayer
Chas. W. Blades
David T. Bogden
Vincent J. Boliver
Kenneth E. Bow
Harvey L. Bowles

John E. Bramfitt
Kent W. Brown
Michael D. Buckweitz
R. R. Burghardt
Paul S. Cardello
John L. Carlson
Thomas C. Champion
Paul L. Cinquemani
W. E. Cole
E. J. D’Aquanno
James M. Daly
Russ C. Dantzler
Joseph A. Di Costanzo
Claus Doench
John P. Dupont

George S. Eager
R. M. Eichhorn
John S. Engelhardt
Stephen Fitzhugh
Arthur R. Fitzpatrick
Robert E. Fleming
Eric O. Forster
S. Michael Foty
Ronald F. Frank
R. D. Fulcomer
John B. Gardner
Robert B. Gear
A. Godoshian
Joe H. Groeger
Laurence H. Gross
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When the IEEE Standards Board approved this standard on 2 May 1996, it had the following membership:

 

Donald C. Loughry,

 

 Chair

 

Richard J. Holleman,

 

 

 

Vice Chair

 

Andrew G. Salem,

 

 

 

Secretary

 

*Member Emeritus

 

Also included are the following nonvoting IEEE Standards Board liaisons:

 

Satish K. Aggarwal
Alan H. Cookson
Chester C. Taylor

Valerie E. Zelenty

 

IEEE Standards Project Editor
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1

 

IEEE Standard Test Procedures
and Requirements for Alternating-
Current Cable Terminations
2.5 kV Through 765 kV

 

1. Scope

 

This standard covers all indoor and outdoor cable terminations used on alternating-current cables having
laminated or extruded insulation rated 2.5 kV through 765 kV, except separable insulated connectors, which
are covered by IEEE Std 386-1995, IEEE Standard for Separable Insulated Connector Systems for Power
Distribution Systems Above 600 V [B16].

 

1

 

Cable terminations and component parts shall be capable of withstanding the tests specified in this standard.

 

2. References

 

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

IEC 270-1981, Partial Discharge Measurements.

 

2

 

IEEE Std 4-1995, IEEE Standard Techniques for High-Voltage Testing (ANSI).

 

3

 

IEEE Std 82-1994, IEEE Standard Test Procedure for Impulse Voltage Tests on Insulated Conductors
(ANSI).

IEEE Std 835-1994, IEEE Standard Power Cable Ampacity Tables (ANSI).

 

1

 

The numbers in brackets correspond to those of the bibliography in clause 10.

 

2

 

IEC publications are available from IEC Sales Department, Case Postale 131, 3, rue de Varembé, CH-1211, Genève 20, Switzerland/
Suisse. IEC publications are also available in the United States from the Sales Department, American National Standards Institute, 11
West 42nd Street, 13th Floor, New York, NY 10036, USA.

 

3

 

IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA.
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3. Definitions

 

The definitions and terminology used herein apply specifically to cable terminations treated in this standard.
For additional definitions, see [Bl5].

 

3.1 apparatus termination:

 

 A termination designed for use in sealed enclosures where the external
dielectric strength is dependent upon liquid or special gaseous dielectric and where the ambient temperature
of the medium immediately surrounding the termination may reach 55

 

 °

 

C.

 

3.2 breakdown: 

 

A disruptive discharge occurring through a dielectric.

 

3.3 chalking: 

 

The powdered surface on the polymeric insulator consisting of particles of filler resulting

 

 

 

from
ultraviolet exposure or leakage current activity.

 

3.4 cracking: 

 

Rupture of the polymeric insulator material to depths equal to or greater than 0.1 mm.

 

3.5 crazing: 

 

Surface microfractures of the insulator material to depths less than 0.1 mm resulting from
ultraviolet exposure.

 

3.6 design tests: 

 

Tests made by the manufacturer to obtain data for design or application, or to obtain
information on the performance of each type of high-voltage cable termination.

 

3.7 external connector (aerial lug): 

 

A connector that joins the external conductor to the current-carrying
parts of a cable termination.

 

3.8 field tests: 

 

Tests that may be made on a cable system (including the high-voltage cable terminations) by
the user after installation, as an acceptance or proof test.

 

3.9 flashover: 

 

A disruptive discharge around or over the surface of an insulating member, between parts of
different potential or polarity, produced by the application of voltage wherein the breakdown path becomes
sufficiently ionized to maintain an electric arc.

 

3.10 high-voltage cable termination: 

 

A device used for terminating alternating-current power cables
having laminated or extruded insulation rated 2.5 kV and above, which are classified according to the
following:

a) Class 1 termination:

 

 

 

Provides electric stress control for the cable insulation shield terminus;
provides complete external leakage insulation between the cable conductor(s) and ground; and
provides a seal to the end of the cable against the entrance of the external environment and maintains
the operating design pressure, if any, of the cable system. This class is divided into three types:

—  Class 1A: For use on extruded dielectric cable
—  Class 1B: For use on laminated dielectric cable
—  Class 1C: Expressly for pressure-type cable systems

b) Class 2 termination:

 

 

 

Provides electric stress control for the cable insulation shield terminus, and
provides complete external leakage insulation between the cable conductor(s) and ground.

c) Class 3 termination:

 

 

 

Provides electric stress control for the cable insulation shield terminus.

 

NOTE—Some cables below 15 kV do not have an insulation shield. Terminations for such cables would not be required
to provide electric stress control. In such cases, this provision would not be part of the definition.

 

3.11 indoor termination–dry: 

 

A termination intended for use where it is protected from solar radiation and
precipitation and not subject to periodic condensation, or other excessive humidity (90% RH or more). May
be installed in air conditioned or heated areas.
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3.12 indoor termination–wet: 

 

A termination intended for use where it is protected from direct exposure to
both solar radiation and precipitation, but is subjected to climatic conditions that can cause condensation
onto the termination surfaces.

 

3.13 outdoor termination: 

 

A termination intended for use where it is not protected from direct exposure to
either solar radiation or precipitation. These are Class 1A, 1B, or 1C terminations. Class 2 terminations may
also qualify.

 

3.14 outdoor termination–polluted: 

 

A termination intended for use where it is not protected from direct
exposure to either solar radiation or precipitation, and is exposed to nonstandard (unusual) service
conditions such as extreme seacoast salt deposits, solid precipitates, etc. Often requires extra maintenance
such as washing or extra creepage length.

 

3.15 partial discharge (corona) extinction voltage: 

 

The voltage at which partial discharge (corona) is no
longer detectable on instrumentation adjusted to a specified sensitivity, following the application of a
specified higher voltage.

 

3.16 pressure-type termination: 

 

A Class 1C termination intended for use on positive pressure cable
systems.

— Single pressure zone termination: A pressure-type termination intended to operate with one pressure
zone.

—  Multipressure zone termination: A pressure-type termination intended to operate with two or more
pressure zones.

 

3.17 radio influence voltage (RIV): 

 

The radio noise appearing on conductors of electric equipment or
circuits, as measured using a radio-noise meter as a two-terminal voltmeter in accordance with specified
methods.

 

3.18 routine tests: 

 

Tests made on each high-voltage cable termination or upon a representative number of
devices, or parts thereof, during production for purposes of quality control.

 

3.19 termination insulator: 

 

An insulator used to protect each cable conductor passing through the device
and provide complete external leakage insulation between the cable conductor(s) and ground.

 

3.20 weathersheds: 

 

The external part of the termination insulator that protects the core and provides the wet
electrical strength and leakage distance.

 

3.21 withstand test voltage: 

 

The voltage that the device must withstand without flashover, disruptive
discharge, puncture, or other electrical failure when voltage is applied under specified conditions.

 

NOTE—For power frequency voltages, the values specified are RMS values and for a specified time. For lightning or
switching impulse voltages, the values specified are crest values of a specified wave. For direct voltages, the values spec-
ified are average values and for a specified time.

 

4. Service conditions

 

4.1 Standard service conditions

 

Devices conforming to this standard shall be capable of successful operation under the following service
conditions. Refer to [Bl4] for more information.
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4.1.1 Physical conditions

 

a) Temperature

1) The temperature of the medium in direct contact with the termination shall not be less than
–30

 

 °

 

C, nor more than +40

 

 °

 

C.

2) For apparatus terminations, the temperature of the medium in direct contact with the
termination (ambient inside enclosure) shall not exceed 55

 

 °

 

C. The devices designed for this
service will be connected to the equipment bus which may, at full load, reach a maximum
temperature of 85

 

 °

 

C.

b) The altitude shall not exceed 1000 m (3300 ft) where atmospheric air is part of the thermal or
dielectric system or both.

 

4.1.2 System conditions

 

The nominal power system frequency is not less than 48 Hz nor more than 62 Hz.

 

4.2 Nonstandard service conditions

 

The following service conditions may require special consideration in design or application of the cable
terminations, and should be called to the attention of the manufacturer.

 

4.2.1 Physical conditions

 

a) Temperature of the surrounding medium (ambient temperature) less than –30

 

 °

 

C and more than
+40

 

 °

 

C

b) Altitude exceeding 1000 m (3300 ft) where atmospheric air is part of the thermal or dielectric
system or both (see clause 9)

c) Damaging fumes or vapors, excessive or abrasive dust, explosive mixtures of dust or gases, steam,
salt spray, excessive moisture or dripping water, salt on roadways, etc.

d) Unusual mechanical conditions such as vibration, shock, cantilever loading, wind loading, icing, etc.

e) Unusual transportation or storage conditions

f) Unusual space limitations

g) Unusual internal pressures

h) Unusual maintenance difficulties

 

4.2.2 Electrical conditions

 

— Power frequencies less than 48 Hz or greater than 62 Hz

 

5. Rating

 

The rating of a high-voltage cable termination shall include the following items, where applicable:

a)

 

BIL (basic lightning impulse insulation level).

 

 The crest value of a lightning impulse voltage of a
specified wave shape, which the high-voltage cable termination is required to withstand under
specified conditions.
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