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Abstract: All oil-immersed or dry-type, single-phase or three-phase, outdoor or indoor shunt
reactors rated over 500 kVA are covered. Terminology and general requirements are stated, and
the basis for rating shunt reactors is set forth. Routine, design, and other tests are described, and
methods for performing them are given. Losses and impedance, temperature rise, dielectric tests,
and insulation levels are covered. Construction requirements for oil-immersed reactors and
construction and installation requirements for dry-type reactors are presented. This standard also
covers thyristor-controlled shunt reactors used in static var compensators.

Keywords: dielectric tests, dry-type shunt reactor, oil-immersed shunt reactor
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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 develops its standards through a consensus
development 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
Institute and serve without compensation. While the IEEE administers the process and establishes rules to promote
fairness in the consensus development process, the 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.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other
damage, 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, and expressly
disclaims any express or implied warranty, including any implied warranty of merchantability or fitness for a specific
purpose, or that the use of the material contained herein is free from patent infringement. IEEE Standards documents
are supplied “AS IS.”

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
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.

In publishing and making this document available, the IEEE is not suggesting or rendering 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
person or entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon his or
her 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.

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 represent a consensus of 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 societies and Standards Coordinating Committees are not able to provide an instant
response to interpretation requests except in those cases where the matter has previously received formal consideration.
A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board Operations Manual
shall not be considered the official position of IEEE or any of its committees and shall not be considered to be, nor be
relied upon as, a formal interpretation of the IEEE. At lectures, symposia, seminars, or educational courses, an
individual presenting information on IEEE standards shall make it clear that his or her views should be considered the
personal views of that individual rather than the formal position, explanation, or interpretation of the IEEE.

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. Comments on standards and requests for interpretations should be submitted to the
following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

Piscataway, NJ 08854

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; +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 C57.21-2008, IEEE Standard Requirements, Terminology, and Test Code for
Shunt Reactors Rated Over 500 kVA.

IEEE Std C57.21 was first published in 1971. It was subsequently revised in 1981 and 1990 and reaffirmed
in 1995 and 2004. The current revision process has focused on the following:

a) Annex A (normative) has been added to cover the specific requirements for dry-type air-core
thyristor-controlled shunt reactors, which are an important component of static var compensator
systems. Specific clauses, subclauses, tables, etc., in the main body of IEEE Std C57.21-2008 are
referenced regarding specification and test code. Other aspects of specification and test code are
covered in Annex A.

b) Annex B (informative) has been added to provide background information on dielectric stresses
imposed on shunt reactors during switching. The objective of Annex B is to provide guidance
regarding the application and design of shunt reactors, especially in consideration of the significant
switching duty and the associated repetitive dielectric stresses. As a consequence of the switching
stresses seen by shunt reactors, reduced BIL (basic lightning-impulse insulation levels), which is
common practice for power transformers, are no longer recommended and are not included in
Table 5. Formal input regarding the content of this annex was requested of the IEEE Switchgear
Committee and was provided. Input was also received from members of IEC MT32 on Inductive
Load Switching.

¢) Table 5A and Table 5B in the previous version (IEEE Std C57.21-1990) have been combined into
one table as Table 5 (insulation levels of shunt reactors). Separate tables for dry-type and oil-
immersed shunt reactors were not deemed necessary as test levels are network-dependent and are
independent of shunt reactor technology. Maximum system voltage is introduced to be consistent
with terminology in the IEC reactor standard (see IEC 60076-6:2007 [B18]).”

Notice to users

Laws and regulations

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

Copyrights

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

* The numbers in brackets correspond to those of the bibliography in Annex D.
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Updating of IEEE documents

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

For more information about the IEEE Standards Association or the IEEE standards development process,
visit the IEEE-SA Web site at http://standards.icee.org.

Errata

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

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/
index.html.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken with respect to the existence
or validity of any patent rights in connection therewith. 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.

Participants

At the time this standard was submitted to the IEEE-SA Standards Board for approval, the Revision of
C57.21 Working Group had the following membership:

Richard F. Dudley, Chair

Sten Andersson Derek Foster Les Recksiedler
Carlo Arpino Ramon Garcia Pierre Riffon
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Gene Blackburn Lars-Erik Juhlin Subhash Tuli
Alvazo Cancino Klaus Papp Tony Weekes
Joseph Cultrera Christoph Ploetner Peter Zhao
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Ulf Radbrandt
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IEEE Standard Requirements,
Terminology, and Test Code for
Shunt Reactors Rated Over 500 kVA

IMPORTANT NOTICE: This standard is not intended to assure safety, security, health, or
environmental protection_in_all circumstances. Implementers of the standard are responsible for
determining _appropriate _safety, security, environmental, and health practices or _regulatory

requirements.

This IEEE document is made available for use subject to important notices and legal disclaimers. These

notices and disclaimers appear in_all publications containing this document and may be found under the

heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Documents.”
They can_also be obtained on request from IEEE or viewed at http:/standards.iece.org/IPR/

disclaimers.html.

1. Overview

1.1 Scope

This standard applies to all oil-immersed or dry-type, single-phase or three-phase, outdoor or indoor shunt
reactors rated over 500 kVA. This standard also applies to thyristor-controlled shunt reactors used in static
var compensators (SVCs).

This standard does not apply to other devices such as the following:

a)  Shunt reactors, 500 kVA and smaller

b)  Current-limiting reactors (see IEEE Std C57.16™-1996")
¢)  Arc-suppression coils

d)  Neutral-grounding devices (see IEEE Std 32™-1972)

e)  Saturable reactors

f)  Line-resonant reactors

g)  Filter reactors

1 . .
Information on references can be found in Clause 2.
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1.2 Purpose

This standard specifies the requirements. terminology, and test code for oil-immersed and dry-type shunt
reactors rated over 500 kVA and for thyristor-controlled shunt reactors used in SVCs.

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.

ANSI S1.4-1983 (Reaff 2006). American National Standard Specification for Sound Level Meters.”

ANSI S1.11-2004, Specification for Octave-Band and Fractional-Octave-Band Analog and Digital Filters.
ANSI/ASME B1.20.1-1983 (Reaff 2001), Pipe Threads, General Purpose (Inch).
ANSI/CGA V-1-2005, Compressed Gas Cylinder Valve Outlet and Inlet Connections.

ASTM A167-90;Speeifieationfor1 999 (Reaff 2004), Standard Specification for Stainless and Heat-Resisting

Chromium-_ Nickel Steel Plate, Sheet, and Strip.4§

IEEE Std 1™-2000 (Reaff 2005), IEEE Recommended Practice—General Principles for

Temperature Limits in the Rating of Electric Equipment and for the Evaluation of Electrical
Insulation.* °

IEEE Std 4™-1995, IEEE Standard Techniques for High-Voltage Testing.

IEEE &57131978 (Reaf 1986Std 32™-1972 (Reaff 1990), IEEE Standard Requirements,

Terminology, and Test Procedures for-tnstrument-TFransformers{ANSH—H3HEEE-C57.98-1986,1EEE
Guide-for Transformertmpulse Tests (ANSDH: Neutral Grounding Devices.
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IEEE Std 315™-1975 (Reaff 1993). IEEE Standard Graphic Symbols for Electrical and Electronics

Diagrams (Including Reference Designation Letters).

IEEE Std 693™-2005, IEEE Recommended Practice for Seismic Design of Substations.

IEEE Std 1277™-2002. IEEE Standard General Requirements and Test Code for Dry-Type and Oil-
Immersed Smoothing Reactors for DC Power Transmission.

IEEE Std C37.015™-1993 (Reaff 2006), IEEE Application Guide for Shunt Reactor Switching. IEEE

Std C37.109™-2006. IEEE Guide for the Protection of Shunt Reactors.

IEEE Std C57.12.00™-2006, IEEE Standard for Standard General Requirements for Liquid-Immersed
Distribution, Power, and Regulating Transformers.

2 ANSI publications are available from the Sales Department, American National Standards Institute, 25 West 43rd Street, 4th Floor, New
York, NY 10036, USA (http://www.ansi.org/).

3 ASTM publications are available from the American Society for Testing and Materials, 100 Barr Harbor Drive, West

Conshohocken, PA 19428-2959, USA (http://www.astm.org/).

“EEE publications are available from the Institute of Electrical and Electronics Engineers, Serviee-Center-445 Hoes Lane, Piscataway, NJ
08854, USA (http://standards.ieee.org/).

iThe IEEE standards or products referred to in Clause 2 are trademarks owned by the Institute of Electrical and Electronics
Engineers, Incorporated.

IEEE Std C57.12.80™-2002, IEEE Standard Terminology for Power and Distribution Transformers.

IEEE Std C57.12.90™-2006, IEEE Standard Test Code for Liquid-Immersed Distribution, Power, and
Regulating Transformers.

IEEE Std C57.13™-1993 (Reaff 2003), IEEE Standard Requirements for Instrument Transformers.

IEEE Std C57.16™-1996 (Reaff 2001), IEEE Standard Requirements, Terminology and Test Code for Dry- Type
Air-Core Series-Connected Reactors.

IEEE Std C57.19.00™-2004, IEEE Standard General Requirements and Test Procedures for Power
Apparatus Bushings.

IEEE Std C57.19.01™-2000 (Reaff 2005), IEEE Standard Performance Characteristics and Dimensions for
Outdoor Apparatus Bushings.

IEEE Std C57.98™-1993 (Reaff 1999), IEEE Guide for Transformer Impulse Tests.

IEEE Std C57.106™-2006, IEEE Guide for Acceptance and Maintenance of Insulating Oil in Equipment.
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IEEE Std C57.113™-1991 (Reaff 2002), IEEE Guide for Partial Discharge Measurement in Liquid-Filled
Power Transformers and Shunt Reactors.

IEEE Std C62.11™-2005, IEEE Standard for Metal-Oxide Surge Arresters for AC Power Circuits (>1 kV). IEEE

Std C62.22™-1997, IEEE Guide for the Application of Gapped-Silicon-CarbideMetal-Oxide Surge Arresters for
Alternating-Current Systems.
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3. Definitions

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

Dictionary of IEEE Standards Terms [B19 % should be referenced for terms not defined in this clause.

3.1 Shunt reactor

3.1.1 reactor: A device used for introducing impedance into an electric circuit, the principal element
of which is inductive reactance.

3.1.2 shunt reactor: A reactor intended for connection in shunt to an electric system for the purpose
of drawing inductive current.

NOTE—The normal use for shunt reactors is to compensate for capacitive currents from transmission lines, cables,
or shunt capacitors. The need for shunt reactors is most apparent during light loads.”

©The numbers in brackets correspond to those of the bibliography in Annex D.
” Notes in text. tables, and figures of a standard are given for information only and do not contain requirements needed to

implement this standard.
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4. General requirements

4.1 Service conditions

4.1.1 Usual temperature and altitude service conditions

A shunt reactor conforming to this standard shall be suitable for operation at its rated kVA and voltage,
provided that

a) The temperature of the cooling air (ambient temperature) does not exceed 40 °C, and the average
temperature of the cooling air for any 24 h period does not exceed 30 °C.*
b) The altitude does not exceed 1000 m (3300 ft).

¢) The top liquid temperature of an oil-immersed shunt reactor (when operating) shall not be lower
than —20 °C. Starting temperatures below —20 °C are not considered as usual service conditions.

4.1.2 Usual voltage conditions

Shunt reactors conforming to this standard shall be capable of operating continuously at maximum
operating voltage (line-to-ground voltage associated with maximum system voltage), and with the increased
current due to this overvoltage, without exceeding the rated temperature rise.

4.1.3 Usual installation conditions

The installation arrangement for single-phase shunt reactors without magnetic-field shielding and connected
in three-phase banks shall be as specified by those responsible for the design and application of the shunt
reactors.

For reactors without magnetic field shielding, the spacing between reactors of a three-phase bank and
between reactor banks is one determinant of the mutual reactance between adjacent phases and banks, and
thus, also of the rated kVA.

4.1.4 Unusual temperature and altitude service conditions

A shunt reactor may be applied at higher ambient temperatures or at higher altitudes than specified in 4.1.1,
but its performance maywill be affected._Typically, if not taken into consideration in the design, unusual

service conditions can impact the ability of the shunt reactor to operate at nominal/rated and maximum
voltage. Special consideration should be given to these applications.

4.1.5 Other unusual service conditions

Where unusual conditions other than those discussed in 4.1.4 exist, they should be brought to the attention
of those responsible for the design and application of the shunt reactor. Examples of some of these
conditions are as follows:

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

b) Abnormal vibration, shocks, tilting_or seismic conditions (see 10.10 regarding seismic performance

verification)
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8 .. . . . . . .
It is recommended that the average temperature of the cooling air be calculated by averaging 24 consecutive hourly readings. When
the outdoor air is the cooling medium, the average of the maximum and minimum daily temperature may be used.

¢) Excessively high or low ambient temperatures
d) Unusual transportation or storage conditions
e) Unusual space limitations

f) Unusual duty, frequency of operation, difficulty of maintenance, poor waveform, unbalanced voltage,
special insulation requirements, etc.

¢) Unusual voltage conditions that may exist during periods of light system loading or unterminated or
open transmission lines during which time significant voltage rises may occur. (See 4.1.2 for usual
voltage conditions.)

h) Unusual operating requirements that might result from the absence of surge protection or the
proximity to magnetic material or structures.’

4.1.6 Environmental aspects

The environmental conditions shall be stated clearly in the inquiry, e.g. degree of salt contamination or
humidity, location of site if in the tropics or close to the sea, installation in desert areas or in heavy

pollution areas such as steel mills. The environmental aspects shall be considered in the design, for
example, in selecting materials and dimensioning of surface and turn-to-turn stresses of dry-type air-core
shunt reactors, to ensure safe operation during the expected lifetime of the reactor. IEC/TR 60815:1986
(see supporting published material [1] of A.9) is a useful reference document as it contains a table listing
ESDD (equivalent salt deposition density) levels versus site descriptors.

In addition, other environmental conditions such as actual maximum and average ambient temperatures at
the site (versus standard weather bureau data), seismic requirements, wind loads, etc., should be included in
the reactor specification. IEEE Std 693-2005 provides information regarding seismic design/qualification

requirements.

4.2 Effect of air density on flashover voltage

4.2.1 General

The effect of decreased air density due to high altitude is to decrease the flashover voltage for a given
distance. See IEEE Std 4- 1995 for use of a correction factor with sphere gaps.
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4.2.2 Insulation

The dielectric strength of a shunt reactor that depends in whole or in part upon air for its insulation
decreases as the altitude increases. The insulation level at 1000 m (3300 ft) multiplied by the correction
factor from Table 1 shall be not less than the required insulation level at the required altitude.

4.3 Frequency

The reference system frequency used in this standard for shunt reactors is 60 Hz.

NOTE—As this standard is used outside North America, 50 Hz may be the system operating frequency. In this case
calculations may have to be modified accordingly.

If a shunt reactor is not shielded magnetically, to minimize heating effects due to stray fields. consideration should be given to its
location relative to other apparatus and metallic structures, including reinforced concrete.
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Table 1—Dielectric strength correction factors for altitudes

greater than 1000 m (3300 ft)

Altitude

Altitude correction factor
for dielectric strength

(m) ()

<1000 <3 300 1.00
1200 4 000 0.98
1500 5000 0.95
1800 6 000 0.92
2100 7 000 0.89
2400 8 000 0.86
2700 9 000 0.83
3000 10 000 0.80
3600 12 000 0.75
4200 14 000 0.70
4500 15 000 0.67

NOTE—An altitude of 4500 m (15 000 ft) is considered a maximum

for reactors conforming to this standard.

4.4 Effect of altitude on temperature rise

4.4.1 General

The effect of decreased air density due to high altitude is to increase the temperature rise of a shunt reactor
that is dependent upon air for the dissipation of its heat losses.

4.4.2 Operation at rated kVA

A shunt reactor can be operated at rated kVA at altitudes greater than 1000 m (3300 ft) without exceeding
temperature limits, provided that the average temperature of the cooling air does not exceed the values of

Table 2 for the respective altitudes.

4.5 Classesof Shunt Reactors
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Table 2—Maximum allowable 24 h average temperature of
cooling air for carrying rated kVA

Altitude
Method of cooling
apparatus <1000 m 2000 m 3000 m 4000 m
(3300 ft) (6600 ft) (9900 ft) (13 200 ft)

Oil-immersed, self-cooled 30 °C 28 °C 25°C 23 °C
Dry-type, self-cooled

55 °C rise 30 °C 27 °C 24 °C 21 °C

80 °C rise 30 °C 26 °C 22 °C 18 °C

100 °C rise 30 °C 24 °C 18 °C 12 °C

125 °C rise 30°C 23 °C 16 °C 9°C

150 °C rise 30 °C 22 °C 15 °C 7°C
NOTE—Recommended calculation of average temperature is described in 4.1.1.

4.5 Electrical properties of insulating oil

The oil used in new shunt reactors shall meet or exceed the requirements listed in IEEE Std C57.106-2006,
including the dielectric strength of a sample of insulating oil taken from a new shunt reactor, which shall
not be less than the minimum kV values listed in Table 2 or Table 3 er4-inHEEE-C57106-1977 H4jof that
standard.

4.6 Magnetic characteristics

Shunt reactors may be identified, with regard to their magnetic characteristics, as linear, non-linear, or
saturated. Most oil-immersed shunt reactors have a nonlinear magnetic characteristic where the normal
operation is in the unsaturated portion of the curve. (See Figure 1.)
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o2 = slope angle of the characteristic in saturated area
k = saturation knee point, intersection of two straight Yinesaand b

NOTE—If the magnetic characteristic curve cannot be extended into the saturation region to determine the knee of the

curve at rated frequency, then conventional coordinates, which are rms voltage and current measurements, are adequate

(see 10.9).

Figure 1—Nonlinear magnetic characteristics for shunt reactors

5. Basis for rating shunt reactors

See Clause 11 and Clause 12 for other requirements that may be specified for some applications.

5.1 kVA ratings

The kVA or MVA rating for shunt reactors is the apparent power for which the shunt reactors are designed,
and is based on rated voltage_(line-to-ground voltage associated with nominal system voltage). Shunt
reactors shall also have the capability of continuous operation at +85%-efrated-veltagemaximum operating
voltage (line-to- ground voltage associated with maximum system voltage) without exceeding the
temperature-rise limits specified in Table 3.

50T in Which Ratin is.E '
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Table 3—Limits of temperature rise for continuously rated shunt reactors

. Average winding Hottest-spot
Insulation . T
Ttem Type of shunt ¢ me temgera-ture rise winding )
a— reactor _Lclass by resistance temperature rise
— (6] cO)
1 Oil-immersed — 65 80
Dry-type 105 S5 65
130 80 90
155 100 115
180 125 140
220 150 180
2 Metallic parts in contact with, or adjacent to, the insulation shall not attain a temperature in excess of
that allowed for the hottest spot of the windings adjacent to that insulation.
3 [Metallic parts other than those covered in Item 2 shall not attain excessive temperature rises.
4 IAn oil-immersed shunt reactor shall have an oil-preservation system. The temperature rise of the
insulating liquid in such a shunt reactor should not exceed 65 °C when measured near the top of the
tank.

NOTE 1— A shunt reactor with specified temperature rise shall have an insulation temperature index that
has been proven by experience or testing.

NOTE 2— The insulation temperature class in this table is supplied as a reference, and is based on the
“preferred temperature index” for insulation materials as defined in IEEE Std 1-2000.

NOTE 3— The maximum hot-spot temperature rise limits in this table are based on continuous operation
in a 30 °C daily average ambient with a 40 °C maximum.

If the actual average annual ambient temperature is lower, or the equipment sees cyclical loading (such as
the case for thyristor-controlled reactors), or the service duty is short term or seasonal, then consideration
can be given to increasing the allowable hottest-spot winding-temperature rise limit.

5.2 Terms in which rating is expressed

The rating of a shunt reactor shall be expressed in the following terms:
a) Rated voltage
b) Maximum operating voltage
¢) Rated kVA
d) Rated current
e) Rated frequency
f) Basic lightning-impulse insulation level (BIL)
¢) Number of phases
h) Oil and/or winding-temperature rise

i) Method of cooling

) Delta or star connection (three-phase shunt reactor)

NOTE—Magnetic characteristics are not deemed to be a basis for rating. However, magnetic linearity for oil-immersed
shunt reactors employing a magnetic circuit may be important regarding switching considerations. However, it is

beyond the scope of this standard to define desired magnetic characteristics. The end user should define such
characteristics in their specification as required.
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6. Tests

6.1 General

Unless otherwise specified, the tests described in 6.2 shall be made prior to delivery.

6.2 Types of tests

6.2.1 Routine, design, and other tests for shunt reactors

Types of tests for oil-immersed shunt reactors are listed in Table 4.A. Types of tests for dry-type shunt
reactors are listed in Table 4.B. Definitions of these various tests are included in IEEE Std C57.12.80-
2002. The listing of tests shown in Table 4.A and Table 4.B does not necessarily indicate the sequence in
which the tests shall be made. All tests are defined and shall be made in accordance with Clause 10.
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6.2.1.1 Routine tests for shunt reactors

Routine tests shall be made on all shunt reactors as-Hsted-in accordance with the requirements of Table
4.A and Table 4.B, as applicable.

6.2.1.2 Design tests for shunt reactors

Design tests shall be made on shunt reactors in accordance with the requirements of Table 4.A and
Table 4.B.

6.2.1.3 Other tests for shunt reactors

When specified (as individual tests), other tests shall be made on shunt reactors as listed in Table 4.A and
Table 4.B. “Other” tests may be routine or design, as required or specified.

7. Losses and impedance

7.1 Total losses

7.1.1 Loss measurement conditions

The total losses of a shunt reactor shall be determined at rated voltage and rated frequency. If available test
power is insufficient for testing at rated voltage, then the manufacturer shall demonstrate to the user that
reduced-voltage testing produces sufficiently accurate results when extrapolated to the rated voltage level.

The manufacturer shall notify the user of reduced-voltage testing during the proposal stages.

7.1.2 Tolerance on losses

A tolerance on losses is utilized for two purposes: first, for commercial evaluation, and second, to provide
the basis of a quality check.
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Table 4.A—Routine, design, and other tests for oil-immersed shunt reactors

Test classification
Tests
Routine Design Other

ReSIStance MEASUIEIMENLS..........cc.eeueeuieuieireieieetetenie sttt sttt ee e see e e X

The dc resistance measurements shall be made on the full winding.
[MPEdance MEASUTCIMENLS .........ccueruirtireertieteeteeteeeeeieet et eeee e seeseesteseeenesneseeenene X

The impedance measurements shall be made on the assembled shunt reactor.
Total 10SS MEASUICINENLS ...c.vvenetiieiiteieetit ettt ettt ettt et eneneenesnes X
[TEMPETATULE TESES ....eeuriiitiiitie ettt ettt ettt et e st e st e e ebe e ebeeennaeenaee X

Temperature test or tests shall be made on one unit when one or more units of a

given rating are produced by one manufacturer at the same time. These tests

may be omitted, however, when a record of a temperature test, made in

accordance with this standard, on a duplicate or essentially duplicate unit is

available.
[nsulation POWET FACLOT tESES ......c..euvetetiietit ettt X
APPLIEA-VOItAZE LESS ....eeuvieniieiieiiieiie ettt ettt st X

The applied-voltage tests shall be determined by the BIL of the neutral end of

the Y-connected shunt reactor.
LOW-frequency OVErvVOItage tESTS ....ecuueruiereeeieiieieeereeteeieeieeteeteeieeereeeeeeeeaeeanenee X
Lightning-impulse tests:

Nominal system voltage of 115 KV 01 above .......cccceecuerienieneiniinieneeceienne X

Nominal system voltage below 115 kV (only when specified) ..........cccveneenee. X

Neutrals of reactors for nominal system voltage above 115 kV (only when

R 11 04 16 ) P SRR PR X
Switching impulse tests:

Nominal system voltage of 345 kV 0r above .........cccceveieiiniieniiieeececeee X

Nominal system voltage below 345 kV (only when specified) .........ccccoenennen. X
[Audible-sound tests:

Shunt reactors rated 50 MVA, three-phase (16.67 MV A, single-phase) or above,

or nominal system voltage of 115 kV or above (routine test performed with the

unit cold and design test performed with the unit at close to operating

temperature) X X

Shunt reactors rated below 50 MVA, three-phase (16.67 MV A, single-phase), or|

nominal system voltage below 115 kV (only when specified) .........cccccoueuneen. X
Vibration tests:

Shunt reactors rated 50 MVA, three-phase (16.67 MV A, single-phase) or above,

or nominal system voltage of 115 kV or above.........cccoeoveeeieieneneneneeieeee X
Determination of magnetic characteristics (linearity):

Shunt reactors rated below 50 MV A, three-phase (16.67 MV A, single-phase), or

nominal system voltage below 115 kV (only when specified)...........cccoeenee X

Shunt reactors rated 50 MVA, three-phase (16.67 MVA, single phase) or above,

or nominal system voltage of 115 kV or above. X
MEChANICAL tESTS ... eoueiuteuieiiietertcrtcet ettt sttt

Mechanical tests shall be made to verify the pressure requirements for

maximum operating pressures and full vacuum filling. X
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Table 4.B—Routine, design, and other tests for dry-type shunt reactors

Test classification

Tests
Routine Design Other
ReSIStance MEaSUICIMENLS. ........eveuerrerererrererieteietestrteeeteseeeeeteeetessenesrennenesaeneenenees X
The dc resistance measurements shall be made on the full winding.
IMPEdance MEASUICIMENLS .........evueertierieeieriienttente et eee et e st et et esbeebeestesaeeeaes X
The impedance measurements shall be made on the full winding.
T0tal [0SS MEASUTEIMENLS .......eviiuiiiiiiiertentieteete ettt ettt s st X

When specified, a total loss test may be performed on one unit of an order of
identical units to measure total losses at rated voltage or at maximum voltage
levels attainable with laboratory facilities.

[TEMPETATUIE TESES ....eeiriiiiiiiiie ettt ettt ettt ettt st e st e st e b e eieeennaeenaee X
Temperature test or tests shall be made on one unit when one or more units of a
given rating are produced by one manufacturer at the same time. These tests
may be omitted, however, when a record of a temperature test, made in
accordance with this standard, on a duplicate or essentially duplicate unit is
available.

[APPIICA-VOItAZE LESS ...vvevierieiieieeieseestieie et e et et e beebe e e seeesseesseenseessesseesaeenns X
The applied-voltage tests shall be made only on support insulators when
specified.

TUIN-tO-tUITL TEST ...t X
This test is performed for nominal system voltages of 34.5 kV and below.

Lightning-impulse tests:

Nominal system voltage greater than 34.5 KV.......cccoccvvvieiinienienieeceeieene X
Nominal system voltage at or below 34.5 kV (only when specified) .. X
SWItChING IMPUISE tESTS. ....cueeueeiieiieiieieiee ettt X

Switching surge tests shall be made on shunt reactors rated 115 kV or
above (only when specified).

AUAIDIE-SOUNT TESES. ...c..eveiieiiriiiiiiieiietet et X
The audible-sound-level test is a design test for dry-type shunt reactors only
when a maximum noise limit is specified.

[VIDTALION EESES ... eeevetenitineeitciietie ettt ettt ettt X

7.1.2.1 Tolerance on losses for commercial evaluation

As energy costs increase, losses become a more significant component of total operating cost, and, as such,
may be evaluated by the purchaser. Therefore, compliance to guaranteed losses becomes part of the

commercial contract. A tolerance on losses, to account, for instance, for measurement tolerances, etc., may
be part of the contractual agreement. Additionally, the contract may specify such guarantee criteria as
maximum loss per unit, average loss for all units, total “package” losses, etc. In any case, this is purely a
commercial matter between the purchaser and the manufacturer.

commercial implications (which are a matter between the manufacturer and the purchaser), it is essential to
demonstrate that temperature rise limits for the insulation system employed are not exceeded.

7.1.2.2 Tolerance on losses as a basis of a quality check

Unless otherwise specified the total losses of a shunt reactor, demonstrated by tests and corrected to the
rated MVA base, shall not exceed the specified total losses by more than 6%. Failure to meet this loss
tolerance shall not warrant immediate rejection but shall lead to consultation between purchaser and
manufacturer. The manufacturer shall initiate an investigation in order to determine the cause of this
deviation. In order for acceptance to be considered, the manufacturer shall demonstrate to the purchaser, by
either calculation and/or test, that the deviation will not impair the ability of the unit to meet the other
requirements of this standard, including the temperature rise limits.
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7.1.3 Stray losses

In the application of dry-type shunt reactors, due to the presence of an external magnetic field, there will be
losses in any adjacent metallic structures. The magnitude of these losses is a function of the proximity, type

of material, and geometric considerations.

7.2 Impedance

7.2.1 Tolerance

The tolerance for shunt reactor impedance at rated voltage shall be within £2.5% of the specified value.

NOTE—In the case of nonlinear shunt reactors, for conditions above rated voltage, it may be necessary to define
impedance characteristics to prevent resonant overvoltages. Such characteristics should be specified by the user.

7.2.2 Tolerance between phases

In the case of a three-phase shunt reactor or a bank made of three single-phase shunt reactors, the maximum

deviation of impedance in any one phase shall be within +2% of the average impedance of the three
10

phases.

7.2.3 Zero-sequence impedance

When specified, the zero-sequence impedance of oil-immersed iron-core shunt reactors shall be determined
at rated frequency as measured between the line terminals connected together and its neutral terminal. It is
expressed in ohms per phase. For three-phase shunt reactors, the zero-sequence impedance is three times
the impedance measured as indicated. The applied voltage should not exceed one-third of rated line-to-
neutral voltage, nor should the neutral current exceed the rated phase current.

8. Temperature rise

8.1 Life of insulating materials

The life of insulating materials commonly used in shunt reactors depends largely upon the temperatures to
which they are subjected and the duration of such temperatures.

Since the actual temperature is the sum of the ambient temperature and the winding-temperature rise, it is
apparent that the ambient temperature very largely influences the life of insulating materials used in shunt
reactors.
Other factors upon which the life of insulating materials depend are as follows:

a) Dielectric stress and associated effects

b) Vibration or varying mechanical stress

¢) Repeated expansions and contractions

d) Exposure to air, moisture, etc.

10 For dry-type shunt reactors without magnetic-field shielding, this tolerance applies only when units are arranged in an equilateral
triangle configuration and isolated from any external magnetic influences.
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8.2 Conditions under which temperature limits apply

Temperature limits shall not be exceeded when a shunt reactor is operated at 105%—ef-the—ratedmaximum
operating voltage.

8.3 Limits of temperature rise for continuous ratings

8.3.1 Limits of observable temperature rise"

The temperature rise above the ambient temperature of shunt reactors and parts in contact with the insulation or
encapsulation material, when operated at +05%efratedmaximum operating voltage, shall not exceed the values
given in Table 3. For procedures for determining temperature rise, see 10.5.

8.3.2 Limits of hottest-spot temperature rise

Shunt reactors shall be designed so that the hottest-spot conductor temperature rise above the ambient
temperature, when operated at +05%-ef+ratedmaximum operating voltage, will not exceed the values given in Table
3.

9. Dielectric tests and insulation levels

9.1 Dielectric tests

9.1.1 General

In this current revision, a number of significant changes were made to dielectric tests and includes the
following:

a) In this revision, Table 5.A and Table 5.B of IEEE Std C57.21-1990 have been merged into one table,
Table 5, for shunt reactors used in effectively grounded systems. Test levels are network- dependent and

thus should be applicable to all technologies, e.g., dry-type or oil-immersed. Higher insulation levels may
be required for shunt reactors used in non-effectively grounded systems. In such cases, specific
standardized levels cannot be given because the required insulation levels depend on surge arrester
protective levels and protection strategy. For such applications, the rated insulation levels shall be
determined by system studies.
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¢) In Table 5, BIL values are based on the highest values associated with each nominal/maximum system

voltage. For shunt reactor applications. the highest BIL values are used since shunt reactors are frequently

(several times a day) switched on and off. This change essentially precludes the use of reduced BIL levels
for shunt reactors. Annex B (informative) provides background information on the dielectric stresses
imposed on shunt reactors during switching and is a basis for the elimination of reduced BILs.

d) For oil-immersed shunt reactors, low-frequency tests shall consist of an applied-voltage test and a low-
frequency overvoltage test. For dry-type shunt reactors, an applied-voltage test is carried out on the
support insulators only and only when specified. A high-frequency overvoltage test or turn- to-turn test is a

routine test for dry-type shunt reactors; nominal system voltage 34.5 kV and lower.

e) Impulse tests, if performed, shall be made on each line terminal.

1 See 4.4 for the effect of altitudes on temperature rise.

) _The impulse test on the neutral of a shunt reactor shall be made only when specified for oil- immersed

units. If the insulation level of the neutral bushing is different from that of the neutral end of the winding,
the impulse-test voltage shall be for whichever insulation level is lower.

g) Switching impulse tests shall be performed in accordance with Table 5.

h) Insulation power factor tests are only required for oil-immersed shunt reactors. Insulation power factor tests
on dry-type air-core shunt reactors would be very difficult to measure and interpret, since the insulation
between the windings and ground is provided by the support insulators and insulation resistance is
essentially the surface resistance of the support insulators.

i) _Consideration can be given to performing the dielectric tests for oil-immersed shunt reactors in the following
order: switching impulse test, lightning impulse test, overvoltage test with partial discharge. However, it is

most important to perform the overvoltage test with partial discharge measurement as the last dielectric
test.

9.1.2 Applied-voltage test

9.1.2.1 Oil-immersed shunt reactors

For oil-immersed shunt reactors, the applied voltage test is a test of the insulation to ground and the applied voltage
is in accordance with Table 5, Column 10.
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9.1.2.2 Reduced insulation at the neutral

For an oil-immersed shunt reactor with reduced insulation at the neutral, the applied-voltage test shall be in
accordance with Table 5, based upon the insulation level of the neutral end.

9.1.3 Overvoltage tests

9.1.3.1 Low-frequency overvoltage test for oil-immersed shunt reactors

The low-frequency overvoltage test for oil-immersed shunt reactors is based on the maximum system voltage
as follows:

a) The low-frequency overvoltage test for oil-immersed shunt reactors of maximum system voltage of

48.3 kV and less shall consist of a 7200 cycle overvoltage test from Table 5, Column 7. This voltage
shall be applied across the winding with the neutral solidly grounded. No partial discharge measurements

are required.

b) The low-frequency overvoltage test for oil-immersed shunt reactors of maximum system voltage of 72.5

kV and higher shall consist of an enhancement test level from Table 5, Column 9, for
7200 cycles without partial discharge measurement directly followed, without reducing the applied voltage

below the 1 h test level, by a 1 h low-frequency test from Table 5, Column 8. This voltage
shall be applied across the winding with the neutral solidly grounded. Partial discharge
measurements shall be made during the 1 h test.

9.1.3.2 Overvoltage tests for dry-type shunt reactors

a) Applied-voltage test. The applied-voltage test is a high-voltage test of the support insulators only.

b) Turn-to-turn overvoltage test. The turn-to-turn test for dry-type shunt reactors (nominal system voltage
34.5 kV and below) shall be made by applying between the terminals of each winding a train of high-
frequency, exponentially decaying, sinusoidal voltages with a first-peak voltage at least equal to the
values as specified in Table 5, Column 11.

NOTE—The rationale for performing the turn-to-turn test in lieu of the impulse test as a routine test on dry-type air- core shunt

reactors is that the rise time to the first peak is the same order of magnitude as the front time for the impulse test. Also, the test
duration is longer (1 min/7200 overvoltages) and failure detection is simpler.

9.1.4 Lightning-impulse test

The lightning-impulse test shall include reduced full-wave, chopped-wave, and full-wave tests. Front-of- wave tests
may also be included when specified.

9.1.5 Insulation power factor test

Insulation power factor is the ratio of the power dissipated in the insulation, in watts, to the product of the effective
voltage and current, in voltamperes, when tested under a sinusoidal voltage and prescribed conditions. It is
recorded during factory tests to permit a comparison with the power factor measured in the field.

9.2 Dielectric tests for line terminals

9.2.1 Line terminal BIL

The BIL chosen for each line terminal shall be such that the lightning-impulse, chopped-wave-impulse, and
switching impulse insulation levels include a suitable margin in excess of the dielectric stresses to which the

terminal will be subjected in actual service. For information on surge arrester characteristics and application, refer
to IEEE Std C62.11-2005 and IEEE Std C62.22-1997.
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9.2.2 BIL and insulation test levels

The basic impulse insulation levels and insulation test levels are given in Table 5 for oil-immersed shunt reactors
and for dry-type shunt reactors.

9.2.3 Y-connected shunt reactors

Oil-immersed and dry-type shunt reactors designed for Y connection only shall be assigned insulation levels
for both line and neutral terminals.

9.2.4 Switching impulse test

When required, as indicated in Table 4.A and Table 4.B, switching impulse tests shall be performed on oil-
immersed and dry-type shunt reactors. A switching impulse test may be desired to demonstrate the switching-surge
insulation strength at the line terminals of the shunt reactor. A switching impulse test consists of applying to each
phase, from the line terminal to ground, a switching-impulse voltage transient defined in Clause 10. The transients
shall have a minimum crest value in accordance with Table 5.

NOTE—The required standard wave shape across the winding (e.g., > 100 us /> 200 us /> 1000 ps) can be difficult to achieve,

especially the time to the first zero crossing. A shorter wave shape may be accepted if the optimum impulse generator
configuration is used (use of parallel stages). The manufacturer should state at the bid stage if a deviation in required wave

shape is expected.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 22:21:48 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C57.21-2008


http://www.avadocuments.com/doc/ieee-c57-21-2008
http://www.avadocuments.com/doc/ieee-c57-21-2008

Table 5—Insulation levels for shunt reactors (for use on effectively grounded systems)

Low-frequency
avervoltage test
Maxizonm Nominal Chopped- | Mimfmum | oo bine (phase-to- Applied
system system BIL wave r_une fo impulze level ?Md) Low-frequency overvoliage test voltage test Tu_rn-tu—rurn
" " - voltage 7200 eycles (phase-to-ground) o overvoltage
‘ult_:nge N olt_ng\e . (See Note 3) Iﬂ.-d chopping [BS_L} - without partial (See Note T) (See Note §) (See Note 9)
(See Note 1) (See Note ) (See Note 4) (See Note 11) (See Note ) discharge
measurement
(See Note &)
Enhancement
Ome-hour level for
level with 7200 eyeles
partial without
discharge partial
measurement discharge
measurement
KV rms KV rms KV erest IV crest s KV crest EV rms EV rms KV rms EV rms EV peak
Column 1 Column 2 Column 3 Column 4 Column £ Column 6 Column Column § Column & Column 10 Column 11
3 2 45 30 125 — 1.7 — — 0 11
2 2. 60 66 13 — 43 — — 15 34
2 5.0 73 83 1.6 — g0 — — 19 [
2.1 3.7 a3 105 1.8 — 13 — — 2 26
15.8 5 110 120 20 — 18 — — 3 29
26.3 25 150 165 3.0 — 30 — — 50 135
36.2 45 200 220 3.0 — 44 — — 70 180
483 46 250 2735 30 — 36 — — as —
72.3 69 350 3835 30 — — 43 7 140 —
121 113 330 6035 3.0 460 — 105 112 230 —
145 132 650 715 30 540 — 125 142 27 —
169 161 750 ) 3.0 620 — 145 165 325 —
242 230 a00 3.0 743 — 210 249 3035 —
362 345 75 3.0 973 — 315 355 520 —
330 300 0 3.0 290 — 475 340 — —
200 763 0 3.0 1550 — 750 — — —
200 765 0 30 1700 — 750 — — —
NOTE |—The maxinnum system voltage values given in Colunm 1 are the voltages for which shimt reactors can be continnously operated without exceading the allowable
average and hot-spot temperature rise limits and audible scumd lmit. For terfiary-connected shunt reactors at 69 KV and below, the maximum tertiary veltage (Column 1) is
103% of nominal rated unless stherwise specified.
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Table 5—Insulation levels for shunt reactors (for use on effectively grounded systems) (continued)

NOTE 2—The nominal system voltage values given in Column 2 are used merely as reference mmmbers and do not necessarily mply a relation to operating voltages.

NOTE 3—Because shunt reactors may be frequently (several times a day) switched on and off, the use of reduced BIL levels is not recommended. For dry-type reactors having
2 maximum system voltage less than 48.3 kV, the preferred method for testing the insulation between terminals is the tum-to-tum test. See Colunn 11.

NOTE 4—Chopped-wave test levels (Colurm 4) are 1.10 = BIL.

WOTE 5—Unless otherwise indicated, BSL values (Colummn &) are equal to 0.83 x BIL. Because shunt reactors may be frequently (several times a day) switched on and off, the
use of reduced BSL levels 1s not recommended. This 15 a change from IEEE Std C57.21-1990.

NOTE 6—The low-frequency overvoltage test (phase-to-ground) 15 applicable only to oil-immersed shunt reactors having a maximum system veltage less than 72.5 k'V. The
test voltage (Column 7) is approximately equal to 2.0 times the maxinmm system phase-to-ground voltage.

NOTE 7—The low-frequency overvoltage test 15 applicable only to oill-immersed shunt reactors having a maximum system voltage of 72.5 kV and above. Unless otherwise
indicated, the 1 h test voltage 15 equal to 1.5 times and the enhancement test voltage (Colunm 2 or Column 9) is equal to 1.7 times the maximum system phase-to-ground
veltage. The enhancement test 15 camied out dirsctly prior the 1 h test. If the enhancement test level cannot be achieved in the manufacturer’s test facility because the power
demand is too high, this limitation/exception has to be stated by the manufacturer at bid stage. In this case, the test should be camed out at as high a level of enhancement as
possible or the enhancement test may be cmitted by agreement between purchaser and manufacturer at the time of order.

IWNOTE 8—The applied voltage test as performed on dry-type air-core shunt reactors is a high-voltage test of the support insulators. The test level should be chosen according to
the BIL level specified for the reactor termunal having the lowest BIL. The applied voltage test levels for dry-type shunt reactors are the same as for oil-immersed shunt
reactors since they are applied interchangeably.

NOTE 9—The tum-to-tum test is not applicable for reactors having a nominal system veltage greater than 34.3 k. For dry-type reactors having a nominal system voltage
equal to or lower than 34.5 kV, the tum-to-tum test 15 the prefemred method for testing the imsulation across the winding. The voltages are expressed i terms of peak voltage
because it is more applicable to the type of wave shape (decaying simuscidal wave shape). All veltages are equal to 0.9 » BIL value since this is a test performed in lieu of the
lightning impulse. Because the wave shape is i between switching surge and lightming impulse, a de-rating factor of 0.9 is appropnate. See Colunmn 9. A hightning impulse test
according to Column 3 may be performed as an altemative.

NOTE 10— For systems having a non-effectively grounded neutral (isclated or srovunded through a high impedance value). the rated msulation levels should be determmed by
using classic insulation coordination studies and depends on the protective level of the surge amresters installed across the shunt reactor. Insulation and test values should be
agreed upon between manufacturer and user.

NOTE 11— Spark zaps and other suitable means for voltage chopping may be usad to camry out a chopped-wave impulse.
NOTE 12— Front-of-wave levels have not been listed in the revision of this standard since very few end users request this test.

NOTE 13— Historically, some of the BIL and BSL walues included in previous editions of standards. such as IEEE Std C57.21-1990, were very high, especially for 763 kV
reactors. Instead of 2050 kW (BIL) and 1700 EV (BSL). 1930 kV (BIL) and 1330 (BSL) are recommended and mcluded. The low-frequency overvoltage test with partial
discharge measurement for 765 kV reactors has been changed to 750 kV rms for 1 h. This change 15 based on the very good service expenience of shumt reactors tested m this

manner. For instance. using 1950 kW BIL, 1324 kV (BSL), and 630 kV rms, for the 1 b test level, service experience was. in some cases, unsatisfactory.

Table 5—Insulation levels for shunt reactors (for use on effectively grounded systems) (continued)

NOTE 14— If an end user is employing shunt reactors at 2 maximum systam
voltage and nominal system veoltage. This applies to directly connected and tertiar
using extrapelation from values hsted in this table.

age not inclnded in this table, then the end user should specify both the maximum svstem
comnected shunt reactors. The various test voltage levels should also be specified; possibly

NOTE 15— In IEEE 5td C57.21-1990, shunt reactors were required to be able to operate at voltages 3% higher than the nominal system voltage without exceeding the
temperature rise limits. If the end wser wishes to utilize this rating practice, he should so stipulate in the specification that maximm operating voltage is based on 105% of
nominal system voltages.

NOTE 16— In the application of shunt reacters at voltages 69 kV and below, they are usually connected to a transformer tertiary. Transformer tertiary voltages, as such, do not
have to necessarily conform to typical distribution voltage standard values. Therefore, care must be taken in specifying maximum operating voltage levels corresponding to
nominal system veltage values. The maximum voltage on a transformer tertiary 1s impacted by the maxinmm voltage on the primary (ransmussion voltage) and by ransformer
characteristics. Tertiary voltages do not necessarily follow fypical values for distribution systems. Tertiary-connected shunt reactors may operate at distribution voltage levels
but they are part of the transmission system and defining parameters must be selected accordingly.

NOTE 17— One test level is listed for the overvoltage test on 800 kV shunt reactors. The service experience of some ufilities with 200 'V shunt reacters showed that an
overvoltage test at 1.5 p.u. was not enough to verify the msulation system: the number of service failures was way too high. At a test level of 750 kV. service experience was
far better and failurs rates were similar to those for lower rated voltages.

NOTE 18— The Working Group decided not to include an enhancement level for 800 kW reactors since very faw labs are able to perform the test at the required voltage level
since about 30% mors reactive power compensation is required. For mstance one of Hydro Quelbac’s normal 200 kW reactor ratings is 110 MVA (single-phase) and even IREQ
cannot perform the test at the required voltage level. Past experience with 800 kW shunt reactors showed good service experience when tested without enhancement. If the test
was camed out, an enhancement voltage of 850 kV (as i3 done for 800 k'V power transformers) should be specified. However, purchasers should be aware that this new
reguirament will reguire substantial changes for test laboratories and primarily mnvelves the addition of substantial power factor compensation capacitor banks.
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9.3 Basic lightning-impulse insulation levels and insulation test levels for neutral
terminals

The neutral terminal of a winding that is designed for Y connection only may have an insulation level lower
than that for the line terminal(s) in accordance with 9.3.1, 9.3.2, and 9.3.3.

9.3.1 Specified BIL

When specified, the neutral shall be designed for a specific BIL in addition to the low-frequency test.

Table5.B—Insulation Test Levels for Dry-Type-Shunt Reactors

9.3.2 Y-connected oil-immersed shunt reactors

Oil-immersed shunt reactors designed for Y connection only, with the neutral brought out and solidly
grounded directly or through a current transformer, shall have an insulation level at the neutral not less than
110 kV BIL.

9.3.3 Insulation level of neutral end of winding

The insulation level of the neutral end of the winding may differ from the insulation level of the neutral bushing
for which provision is made in the shunt reactor tank. In this case, the dielectric tests on the neutral shall be
determined by the insulation level of the neutral end of the winding, or the insulation level of the neutral bushing,
whichever is lower. Neutral BIL shall not, in any case, be lower than 110 kV.

The windings of single-phase or three-phase shunt reactors designed for Y operation shall be capable of withstanding
the applied-voltage test corresponding to the insulation test level of the line end for those cases where the neutral is
insulated to withstand the low-frequency test voltage assigned to the line terminal(s). The windings (or insulators, in
the case of dry-type shunt reactors) shall also be capable of withstanding a low- frequency overvoltage test at a
voltage in accordance with the low-frequency test values, specified in Table 5 for the nominal system voltage of the
line end. The line end shall be capable of withstanding full-wave, chopped-wave, and, if specified, front-of-wave
impulse tests corresponding to its nominal system voltage.
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