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Abstract: This guide, covering three-phase ac systems from 1 kV to 800 kV, provides recommended
electrical operating, safety clearances, and insulation levels in air-insulated electric supply
substations; addresses insulation coordination procedures; provides design procedures for the
selection and coordination of the insulation levels within the station as they relate to substation
clearances; and addresses how reduced clearances in high-voltage ac substations will allow for
compact bus arrangements and substation voltage uprating applications.

Keywords: basic lightning impulse insulation level (BIL), basic switching impulse insulation level
(BSL), clearances, IEEE 1427™ insulation coordination, insulation levels, substation
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers.
These notices and disclaimers, or a reference to this page (https://standards.ieee.org/ipr/disclaimers.html),
appear in all standards and may be found under the heading “Important Notices and Disclaimers Concerning
IEEE Standards Documents.”

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE SA) Standards Board. IEEE develops its standards
through an accredited consensus development process, which brings together volunteers representing varied
viewpoints and interests to achieve the final product. IEEE Standards are documents developed by volunteers
with scientific, academic, and industry-based expertise in technical working groups. Volunteers are not
necessarily members of IEEE or IEEE SA, and participate without compensation from IEEE. While IEEE
administers the process and establishes rules to promote fairness in the consensus development process, IEEE
does not independently evaluate, test, or verify the accuracy of any of the information or the soundness of any
judgments contained in its standards.

IEEE makes no warranties or representations concerning its standards, and expressly disclaims all warranties,
express or implied, concerning this standard, including but not limited to the warranties of merchantability,
fitness for a particular purpose and non-infringement. In addition, IEEE does not warrant or represent that the
use of the material contained in its standards is free from patent infringement. IEEE standards documents are
supplied “AS IS” and “WITH ALL FAULTS.”

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.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity, nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his or
her own independent judgment in the exercise of reasonable care in any given circumstances or, as appropriate,
seek the advice of a competent professional in determining the appropriateness of a given IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: THE
NEED TO PROCURE SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Translations

The IEEE consensus development process involves the review of documents in English only. In the event that
an [EEE standard is translated, only the English version published by IEEE is the approved IEEE standard.
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Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board Operations
Manual shall not be considered or inferred to be the official position of IEEE or any of its committees and shall
not be considered to be, nor be relied upon as, a formal position of IEEE. At lectures, symposia, seminars,
or educational courses, an individual presenting information on IEEE standards shall make it clear that the
presenter’s views should be considered the personal views of that individual rather than the formal position of
IEEE, IEEE SA, the Standards Committee, or the Working Group.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations, consulting
information, or advice pertaining to IEEE Standards documents.

Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments. Since IEEE standards represent a consensus of concerned interests, it is
important that any responses to comments and questions also receive the concurrence of a balance of interests.
For this reason, IEEE and the members of its Societies and Standards Coordinating Committees are not able to
provide an instant response to comments, or questions except in those cases where the matter has previously
been addressed. For the same reason, IEEE does not respond to interpretation requests. Any person who would
like to participate in evaluating comments or in revisions to an IEEE standard is welcome to join the relevant
IEEE working group. You can indicate interest in a working group using the Interests tab in the Manage Profile
and Interests area of the [IEEE SA myProject system. An IEEE Account is needed to access the application.

Comments on standards should be submitted using the Contact Us form.

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 constitute 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.

Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and
data ownership in the context of assessing and using the standards in compliance with applicable laws and
regulations.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws. They
are made available by IEEE and are adopted 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 these documents available for use and adoption
by public authorities and private users, IEEE does not waive any rights in copyright to the documents.
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Photocopies

Subject to payment of the appropriate licensing fees, IEEE will grant users a limited, non-exclusive license to
photocopy portions of any individual standard for company or organizational internal use or individual, non-
commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance Center,
Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400; https://www.copyright
.com/. Permission to photocopy portions of any individual standard for educational classroom use can also be
obtained through the Copyright Clearance Center.

Updating of IEEE Standards 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.

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years old
and has not undergone a revision process, it is reasonable to conclude that its contents, although still of some
value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that they have
the latest edition of any IEEE standard.

In 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 [IEEE Xplore or contact IEEE. For more information
about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website. Search for standard number and
year of approval to access the web page of the published standard. Errata links are located under the Additional
Resources Details section. Errata are also available in IEEE Xplore. Users are encouraged to periodically
check for errata.

Patents
IEEE Standards are developed in compliance with the IEEE SA Patent Policy.

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 https://standards.ieee.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.

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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IMPORTANT NOTICE

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure against
interference with or from other devices or networks. IEEE Standards development activities consider research
and information presented to the standards development group in developing any safety recommendations.
Other information about safety practices, changes in technology or technology implementation, or impact
by peripheral systems also may be pertinent to safety considerations during implementation of the standard.
Implementers and users 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.
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Introduction

This introduction is not part of 1427-2020, IEEE Guide for Recommended Electrical Clearances and Insulation Levels
in Air Insulated Electrical Power Substations.

This guide was revised by members of Working Group D1 of the Substations Committee and is under the
sponsorship of the Power and Energy Society.

Acknowlegment

The Working Group would like to thank Hamid Sharifnia for his work in putting this revision of the standard
together.
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IEEE Guide for Recommended Electrical Clearances and Insulation Levels

in Air Insulated Electrical Power Substations
1. Overview

1.1 Scope

This guide, covering three-phase ac systems from 1 kV to 800 kV, provides recommended electrical
operating, and safety clearances, and insulation levels in air-insulated electric supply substations;
addresses insulation coordination procedures; provides design procedures for the selection and
coordination of the insulation levels within the station as they relate to substation clearances; and
addresses how reduced clearances in high- voltage ac substations will allow for compact bus
arrangements and substation voltage uprating applications. This guide addresses insulation
coordination procedures, including the choice of insulation levels and arrester specification, in
limited detail and only as relevant to clearance requirements. Detailed and expanded coverage of
insulation coordination procedures is provided in other ANSI and IEEE guides and standards (see
Clause 2). This guide focuses on open-air bus assemblies and configurations and excludes apparatus
clearances (i.e., bushing clearances for transformers, and breakers). Detailed coverage of apparatus

clearances is provided in other applicable guides and standards.
1.2 Purpose

Proper electrical clearances are necessary for the design, construction, and operation of electric
supply substations. This document develops guidelines for the application of recommended
electrical clearances and insulation levels in air-insulated substations. The recommended clearances

incorporate both design/operating clearances and safety clearances.
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1.3 Word usage

The word shall indicates mandatory requirements strictly to be followed in order to conform to the

standard and from which no deviation is permitted (shall equals is required to).1,2

The word should indicates that among several possibilities one is recommended as particularly

suitable, without mentioning or excluding others; or that a certain course of action is preferred but

not necessarily required (should equals is recommended that).

The word may is used to indicate a course of action permissible within the limits of the standard

(may equals is permitted to).

The word can is used for statements of possibility and capability, whether material, physical, or

causal (can equals is able to).

2. 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 1313.2TM1999, IEEE Guide for the Application of Insulation Coordination34.

IThe use of the word must is deprecated and cannot be used when stating mandatory requirements, must is used only to describe

unavoidable situations.

2The use of will is deprecated and cannot be used when stating mandatory requirements, will is only used in statements of fact.

3IEEE publications are available from the Institute of Electrical and Electronics Engineers, Iae; 445 Hoes Lane, Piscataway, NJ
08854, USA (http://www.standards.ieee.org/).

4The IEEE standards or products referred to in his Clause 2 are trademarks owned by ef the Institute of Electrical and Electronics

Engineers, Inc.
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IEEE Std C62.82.1 l%l—B».—lTM—l—QQé, IEEE Standard for Insulation Coordination—Definitions,

Principles, and Rules. >

3. Definitions

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

Autheritative—Dietionaryy—of IEEE Standards Dictionary Online %%—968}4 should be consulted

referenced for terms not defined in this clause. E

air-insulated substation: An assembly of structural struetures supporting equipment and buses

exposed to atmospheric conditions that uses air as the external insulating medium.

ambient air temperature: The temperature of the surrounding air that comes in contact with the

substation.

atmospheric correction factor: A factor applied to account for the difference between the

atmospheric conditions in service and the standard atmospheric conditions.

NOTE —In terms of this guide, it applies to external insulation only. 65

basic lightning impulse insulation level (BIL): The electrical strength of insulation expressed in
terms of the crest value of a standard lightning impulse under standard atmospheric conditions. BIL

may be expressed as either statistical or conventional.

basic switching impulse insulation level (BSL): The electrical strength of insulation expressed in
terms of the crest value of a standard switching impulse. BSL may be expressed as either statistical

or conventional.

SIEEE Standards Dictionary Online is available at: http://dictionary.ieee.org.

65Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement the

standard.
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bus support: An insulating support for a bus. It includes one or more insulator units with fittings for

connection to the support structure and for receiving the bus.

clearance, center-to-center phase spacing: The distance between centerlines of the energized parts

of adjacent phases of bus.

NOTE—Cautionary differentiation should be made between surface-to-surface clearance and bus-

to-bus centerline distance.

clearance, minimum phase-to-ground: The shortest distance between any energized part(s) and the

adjacent grounded part(s).

clearance, minimum phase-to-phase: The shortest distance between any energized parts where the

parts are of different phases, including phases of different voltages.

conventional withstand voltage: The voltage that an insulation is capable of withstanding without

failure or disruptive discharge under specified test conditions.
energized parts: Those parts that are designed to operate at voltage different from that of the earth.

external insulation: The distances between electrodes in open air and across the surfaces of the solid
insulation of equipment in contact with open air that are subjected to dielectric stresses and to the

effects of atmospheric and other external conditions, such as contamination, animals, etc.

insulation configuration: The complete geometric configuration of the insulation, including all
elements (insulating and conducting) that influence its dielectric behavior. The following insulation

configurations are identified:

— Phase-to-ground: An insulation configuration between an energized part and the

neutral or ground.

— Phase-to-phase: An insulation configuration between two phases of energized

conductors or parts.
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— Longitudinal: An insulation configuration between energized conductors or parts
belonging to the same phase, which are temporarily separated into two

independently, energized parts (e.g., open switching device).

insulation coordination: The process of bringing the insulation strengths of electrical equipment
and buses into the proper relationship with expected overvoltages and with the characteristics of the

insulating media and surge protective devices to obtain an acceptable risk of failure.

lightning overvoltage: A fast front voltage produced by lightning. Such overvoltages are usually

unidirectional and of very short duration.

maximum system voltage (Vm): The highest root mean square (rms) phase-to-phase power
frequency voltage that occurs on the system under normal operating conditions for which
equipment and other system components are designed for continuous operation without derating of

any kind.

nominal system voltage: The root mean square (rms) phase-to-phase power frequency voltage
below the maximum system voltage by which the system is designated and to which certain

operating characteristics are related.

non-self-restoring insulation: An insulation that loses its insulating properties or does not recover
completely after a disruptive discharge. This type of insulation is generally, but not necessarily,

internal insulation.

overvoltage: Any time-dependent voltage between one phase and ground or between phases having
a value exceeding the maximum system voltage. Unless otherwise indicated, such as for surge

arresters, overvoltages are expressed in per unit with reference to \/2)7 //3} (maximum system
m

crest voltage). Overvoltages are classified by their shape and duration. See also: temporary

overvoltage; transient overvoltage.

protective margin (PM): The protective ratio (PR) minus one, expressed as a percentage. PM = (PR -

1) x 100.
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protective ratio (PR): The ratio of the insulation strength of the protected equipment to the

overvoltages appearing across the insulation.

self-restoring insulation: Insulation that completely recovers its insulating properties after a

disruptive discharge. This type of insulation is generally, but not necessarily, external insulation.

statistical withstand voltage: The voltage that an insulation is capable of withstanding with a given

probability of failure, corresponding to a specified probability of failure (e.g., 10% and 0.1%).

switching overvoltage: A slow front, short duration, unidirectional or oscillatory, highly damped

voltage. These overvoltages are usually generated by switching or faults.

temporary overvoltage: An oscillatory overvoltage that is of relatively long duration and undamped
or only slightly damped. Temporary overvoltages usually originate from switching operations or
faults (for example, load rejection and single-phase faults), nonlinearities (ferro-resonance effect and
harmonics), or both. Load rejection overvoltages may arise in the substation mainly due to a fault in
the distant substation. Depending on the protection scheme, either all parts, or the parts between

circuit breaker and transformer will be stressed.

transient overvoltage: A short-duration highly damped, oscillatory or non-oscillatory overvoltage,
having a duration of few milliseconds or less. See also: lightning overvoltage; switching

overvoltage; very fast front overvoltage.

very fast front overvoltage: A transient overvoltage with a very fast rise time, usually of short

duration, and unidirectional voltage (often by gas insulated switchgear GIS disconnect switch

operation or when switching motors). High-frequency oscillations are often superimposed on the

unidirectional wave.

withstand voltage: The voltage that the insulation is capable of withstanding with a given

probability of failure. See also: conventional withstand voltage; statistical withstand voltage.
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4. Criteria

The proper electrical clearance levels for each user can be based on several criteria. Although initial
clearance levels will probably be based on insulation coordination studies (see Clause 5), additional
factors can influence the final levels selected, such as the latest regulatory requirements, added
clearance for worker safety, animals/birds on conductors or structures, and an unacceptable level of
clearance-related outages at existing installations. Acceptable minimum clearances will incorporate
even greater concerns. Typical criteria may incorporate regulatory requirements, corporate policy,
frequency and duration of outages, cost of each occurrence, safety issues, severity of damage,
applicable equipment standards, potential impact on nearby customers, substation location, and
quality-of-service requirements. The following criteria outlined in 4.1 through 4.6 should be

considered when evaluating the minimum clearance requirements-

4.1 Safety codes and regulations

Due to the nature of the National Electrical Safety Code® (NESC®) (Accredited Standards
Committee C2) [B1] and other governmental regulations, some clearance levels determined through
the use of this guide could come into conflict with governmental regulations or overlapping
jurisdictions. Determination of the acceptable operating and safety clearances should include the

application of applicable laws and regulations, such as the NESC.
4.2 Basic lightning impulse insulation level criteria

The performance criterion upon which the insulation strength or withstand voltages and clearances
are selected is based on an acceptable probability of insulation failure and is determined by the
consequence of failure, required level of reliability, expected life of equipment, economics, and
operational requirements. The criterion is usually expressed in terms of an acceptable failure rate
(number of failures per year, years between failures, risk of failure, etc.) of the insulation

configuration.
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4.3 Radio interference voltage and corona criteria

As phase-to-ground and phase-to-phase clearances in substations are reduced, the higher electric
gradients surrounding conductors, especially at bus hardware and irregular-shaped equipment
parts, may initiate corona generation and corresponding radio interference voltage (RIV). Audible
and visible (at night) corona, as well as RIV, may be environmentally objectionable to the

community or nearby residents. In general, buses should be designed in accordance with IEEE Std

605™ 1998 [B52 69]Z to limit electric gradients below corona/RIV onset. If specific problems develop
at fittings or irregular parts due to reduced (minimum) substation clearances, bolt covers or corona

rings/shields can be installed.
4.4 Operating history

If an unacceptable level of clearance-related outages has been identified, the specific causes need to
be determined. Outage records, maintenance reports, and routine inspections of facilities will afford
information as to the cause and extent of the problem. Typical information found in these reports
includes facility name, date, time, equipment affected, outage cause and duration, and the number

of customers affected.
4.5 Economic aspects

Economic aspects can be considered when determining which alternative design to employ, and

severe cost constraints may result in the use of a less-effective design.
4.6 Community acceptance

Community acceptance of the potential increased noise levels when reduced clearances are used
should also be considered, as reduced clearances (i.e., compact designs) can result in increased
corona-related audible or RIV noise. The acceptability of certain levels of noise is intangible and may
be dictated by company policies, community acceptance, customer relations, and so on. The impact

on adjacent property owners should be addressed. See IEEE Std 1127™-2004 [B53 72].

7 4The numbers in brackets correspond to those of i the bibliography in Annex A.
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5. Substation insulation coordination

Electrical clearances in air-insulated substations, from an operational viewpoint, are closely tied to
the insulation levels in the station. For example, the strike distance across a station post insulator can
be directly correlated to its BIL. Establishment of recommended operating clearances necessitates an
understanding of the insulation coordination process and the selected insulation levels for a given

system voltage.

Insulation coordination is a method for providing an adequate protective margin between the
insulation withstand levels of the equipment, bus, and insulators, and the voltage stresses that can
arise in the substation. At a basic level, insulation coordination becomes a selection of the BIL and
BSL withstand ratings for various pieces of major equipment and substation bus/insulator
assemblies that will provide the desired protective margin(s). The protective margin for a given
BIL/BSL withstand voltage is usually tied closely to the rating of the surge arrester employed. A
lower arrester rating provides a greater protective margin or (at the user’s discretion) allows for the

use of lower BIL/BSL levels. Lower BIL and BSL levels can translate into reduced capital costs.

The complete methodology is exceptionally xery complex and probabilistic in nature, and often
involves analog studies or computer simulations of the proposed system. It involves a number of
many detailed steps, many of which are beyond the scope of this guide. For a detailed description of
the methods available, the user is encouraged to study IEEE Std C62.82 4343.1-4996 ™ and IEEE Std

1313.274-1999.8 &
Substation insulation coordination comprises the following activities:

— Selection of the arrester maximum continuous operating voltage (MCOV) rating and

establishment of the minimum protective margin requirements.
— Selection of BIL/BSL levels that provide the required protective margin.
— Establishment of electrical clearances based on BIL/BSL levels.

8 6Information on references can be found in Clause 2.
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5.1 Protective margins and arrester maximum continuous operating

voltage

Historically, the minimum protective margins have been set at 15% for the BSL and 20% for the BIL.
However, with the application of modern metal oxide surge arresters, protective margins of 50% or
greater are common. The quantity and location of arresters within the substation is also important,
and the BIL/BSL selection should take into account the voltage level, the separation distance
between the arresters, and the protected equipment/assemblies. For large separations, it may be

necessary to increase the protective margins.

In the simplest of terms, selection of the surge arrester MCOV rating for any given system voltage is
based on the lowest rating possible for which the arrester will survive the expected system
overvoltages. Arrester energy dissipation capabilities for lightning and switching surge conditions
may govern the MCOV rating at higher voltages (230 kV and above). However, it is the capability of
the surge arrester to handle long- term sinusoidal temporary overvoltages (temporary system
overvoltages for metal-oxide arresters and unfaulted phase overvoltages during faults for silicon
carbide arresters), which will usually establish the minimum MCOV rating at which the arrester can

survive. See IEEE Std C62.-1997 22™ [B57 77] for proper application.

5.2 Selection of basic lightning impulse insulation level and basic switch

impulse insulation level

5.2.1 Statistical insulation levels

Statistical methods are used to classify and analyze insulation withstand levels and various over-
voltages, as described in 5.2.2. These methods are generally applied when first establishing the
insulation levels for a given system and later at specific substations where unusual conditions or

proposed modifications warrant detailed study.

The basic lightning impulse insulation level may be either a conventional BIL or a statistical BIL,

classified as follows:
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— Conventional BIL: The crest value of a standard lightning impulse for which the
insulation shall not exhibit disruptive discharge when subjected to a specific number
of applications of this impulse under specified conditions, which is applicable

specifically to non-self-restoring insulations.

— Statistical BIL: The crest values of a standard lightning impulse for which the
insulation exhibits a 90% probability of withstand (or a 10% probability of failure)
under specified conditions, which is applicable specifically to self-restoring

insulations.

The basic switching impulse level may be either a conventional BSL or a statistical BSL, classified as

follows:

— Conventional BSL: The crest value of a standard switching impulse for which the
insulation does not exhibit disruptive discharge when subjected to a specific number
of impulses under specified conditions, which is applicable to non-self-restoring

insulations.

— Statistical BSL: The crest value of a standard switching impulse for which the
insulation exhibits a 90% probability of withstand (or a 10% probability of failure);

under specified_conditions, which is applicable to self-restoring insulations.

Switching impulses often represent the more severe air insulation withstand condition at system

voltages 362 kV and higher evez.
5.2.2 Standard insulation levels

Based on many years of historically successful operating experience, standard BIL and BSL have
been established for given maximum system voltage levels. Table 1 and Table 2 {from IEEE Std
C62.82 1313.1-1996) —2014 show several possible withstand voltages for a given maximum rated
voltage. The withstand voltage selected should be based on the results of the user’s insulation

coordination analysis.
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For example, in Table 1, 650 kV BIL has been established as the historical, conservative insulation

level at 145 kV. With improvements in surge protection, and for other reasons, 145 kV system’s
successful operation is possible; at a BIL of 550 kV or 450 kV depending on user criteria and the
desired protective margin. When other considerations are incorporated (see Clause 8), even further

reductions in BIL may be possible.

The withstand voltages in Table 1 and Table 2 are phase-to-ground voltages. To establish the phase-
to- phase withstand voltage, and associated clearances, it is necessary to continue the insulation
coordination analysis. With some equipment, the phase-to-phase withstand voltage (based on test
voltages) can be the same as the phase-to-ground withstand voltage (for example, three-phase
transformers). With other equipment, the phase- to-phase insulation level is undefined (for example,
support insulators) and the withstand voltage is dictated by the design of the assembly (i.e., air

clearances between phases and from phase-to-ground).

Table 1 —Standard withstand voltage for 1 kV < Vm <242 kVa

Mazximum system voltage Low-frequency, short-duration BIL
(phase-to-phase) withstand (phase-to-ground)
Va voltage® (phase-to-ground)
EV, rms EV, rms EV, crest
12 — 30
45
5 — 60
75
15 34 a5
110
26.2 40 125
50
50 150
36.2 50 150
70 200
483 a5 250
72.5 95 250
140 350
121 140 350
185 450
230 550
145 185 450
230 550
275 650
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Maximum system
voltage

Low-frequency,
short-duration withstand

BIL
(phase-to-ground)

hase-to-phase) 1'o]mgeh
3y (phase-to-round)
EV. Was EV, rms EYAr
12 \ 30
45
5 60
~N s
15 34 95
/ 110
26.2 N\ 50 / 150
36.2 N\ 70 / 200
483 N\ s 250
725 );i 250
350
121 / 140 \ 350
185 450
230 550
145 185 450
/ 230 \ 550
275 650
169 230 550
275 650
325 750
2 275 S\
325 750
360 825
395 900
480 975
1050

(Peleted)

Table 1—Standard withstand voltage for 1 kV < Vim < 242 kV@ (continued)

Maximum system voltage

Low-frequency, short-duration

BIL

(phase-to-phase) withstand (phase-to-ground)
- voltage® (phase-to-ground)
EV, rms EV, rms kV, crest
169 230 550
275 650
325 750
242 275 650
325 750
360 825
395 900
430 975
1050

New

aFrom p—+-ef IEEE Std C62.82 1313.1-2014 1996, except for the 1.2 kV and 5 kV values.

bsee relevant apparatus standards for specific equipment values.
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