
IEEE Std C57.21™-2008
(Revision of 

IEEE Std C57.21-1990) 

IEEE Standard Requirements,
Terminology, and Test Code for
Shunt Reactors Rated Over 500 kVA

IEEE
3 Park Avenue 
New York, NY 10016-5997, USA

1 August 2008

IEEE Power Engineering Society
Sponsored by the
Transformers Committee

C5
7.

21
TM

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

ks565166
Redline

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


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


 
 

 

             

445 Hoes Lane, Piscataway, NJ 08854 USA | http://standards.ieee.org | Tel. +1 732-981-0060 Fax +1 732-562-1571 

 

 
 
 
 

 
This is a Redline Document produced by Techstreet, a business of 

Thomson Reuters. 

 

 

This document is intended to provide users with an indication of changes from one edition 

to the next. It includes a full-text version of the new document, plus an indication of 

changes from the previous version. 

 

Redlines are designed to save time and improve efficiencies by using the latest software 

technology to find and highlight document changes. More professionals are using valuable 

new technologies like redlines, to help improve outcomes in a fastpaced global business 

world. 

 

Because it may not be technically possible to capture all changes accurately, it is 

recommended that users consult previous editions as appropriate. In all cases, only the 

current base version of this publication is to be considered the official document.  

 
 
 
 
 
 
 

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


 

 

 

 

 

 

 

Redline Processing Notes: 

 

1. Red Text - Red strikethrough text denotes deletions. 

2. Blue Text - Blue underlined text denotes modifications and additions. 

 

 

 

 

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


IEEE Std C57.21™-2008 
(Revision of 

IEEE Std C57.21-1990) 

 

IEEE Standard Requirements, 
Terminology, and Test Code for  
Shunt Reactors Rated Over 500 kVA 

Sponsor 

Transformers Committee 
of the 
IEEE Power Engineering Society 

Approved 27 March 2008 

IEEE-SA Standards Board 
 
 

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


 

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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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. 

c) 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]).a 

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. 

 
 
   
a The numbers in brackets correspond to those of the bibliography in Annex D. 

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


 

v 
Copyright © 2008 IEEE. All rights reserved. 

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://ieeexplore.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.ieee.org. 

Errata 

Errata, if any, for this and all other standards can be accessed at the following URL:  
http://standards.ieee.org/reading/ieee/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 
Carlo Arpino 
Peter Balma 
Gene Blackburn 
Alvazo Cancino 
Joseph Cultrera 
Fred E. Elliott 
 

Derek Foster 
Ramon Garcia 
Ramsis Girgis 
Lars-Erik Juhlin 
Klaus Papp 
Christoph Ploetner 
Paulette A. Payne Powell 
Ulf Radbrandt 

Les Recksiedler 
Pierre Riffon 
Michael Sharp 
Subhash Tuli 
Tony Weekes 
Peter Zhao 
Waldemar Ziomek 
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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.ieee.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™-19961) 
 

c)      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. 
 
 
[2] ANSI C63.2-1987, American National Standard for Instrumentation— Electromagnetic Noise and Field 
Strength, 
10 kHz to 40 GHz—Specifications.3 

 
 [3] ANSI C84.1-1989, Voltage Ratings for Electric Power Systems and Equipment (60 Hz). [4]  

 
ANSI S1.4-1983 (Reaff 2006), American National Standard Specification for Sound Level Meters.2 

 
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, Specification for1999 (Reaff 2004), Standard Specification for Stainless  and Heat-Resisting 
Chromium- Nickel Steel Plate, Sheet, and Strip.43

 

 
[9] ASTM Dl17-89, Guide to Test Methods and Specifications for Electrical Insulating Oils of Petroleum Origin. 
 
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.4, 5

 

 
[10] IEC 722 (1982), Guide to the Lightning Impulse and Switching-Impulse Testing of Power Transformers 
and 
Reactors, Appendix A, “Principles for Wave Shape Control”.5 

 
[11] IEEE C57.12.80-1978 (Reaf 1986), IEEE Standard Terminology for Power and Distribution 
Transformers (ANSI).6 [12]  

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

 
IEEE C57.13-1978 (Reaf 1986Std 32™-1972 (Reaff 1990), IEEE Standard Requirements, 
Terminology, and Test Procedures for Instrument Transformers (ANSI). [13] IEEE C57.98-1986, IEEE 
Guide for Transformer Impulse Tests (ANSI). Neutral Grounding Devices. 
 

2This standard has been withdrawn by ANSI. Copies can be obtained from the Sales Department, American National Standards Institute, 
1430 Broadway, New York, NY 10018, USA. 
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3ANSI publications are available from ANSI. 
4ASTM publications are available from the American Society for Testing and Materials, 1916 Race Street, Philadelphia, PA 19103-1187, USA. 
5 IEC publications are available from the International Electrotechnical Commission, 3 rue de Varembé, Case Postale 131, CH 1211, Genève 
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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]6 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.7

 

 
 
 
 
 
 
 
 
 

6 The numbers in brackets correspond to those of the bibliography in Annex D. 
7 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.8
 

 

b)   The altitude does not exceed 1000 m (3300 ft). 
 

c)   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. 

 

 
9It 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. 

 
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. 
 
 

c)   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. 

 

g)   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.9 

 
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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Table 1—Dielectric Strength Correction Factors for Altitudes Greater than 1000 m (3300 
ft) 

 

 
 

(meters)

Altitude  
 

(feet) 

Altitude Correction 
Factor for Dielectric 

Strength 
1000 3300 1.00 
1200  4000 0.98 
1500  5000 0.95 
1800  6000 0.92 
2100  7000 0.89 
2400  8000 0.86 
2700  9000 0.83 
3000  10000 0.80 
3600  12000 0.75 
4200  14000 0.70 
4500  15000 0.67 

NOTE — An altitude of 4500 m is considered a 
maximum for reactors conforming to this standard. 

 
10If 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. 

 

 
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. 
 
Unless otherwise specified, shunt reactors shall be designed for operation at a frequency of 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. 

 

 
9 

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 
 

(m) 
 

(ft) 

 
Altitude correction factor 

for dielectric strength 

≤1000 ≤3 300 1.00 
1200 4 000 0.98 
1500 5 000 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 Classes of Shunt Reactors 

 
4.5.1 Dry-Type Air Cooled 

 
Dry-type, self-cooled (class AA). 

 
4.5.2 Oil-Immersed Air Cooled 

 
Oil-immersed, self-cooled (class OA). 

 
 
4.6 Dielectric Strength of Oil 
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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 
(3300 ft) 

2000 m 
(6600 ft) 

3000 m 
(9900 ft) 

4000 m 
(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 or 4 in IEEE C57.106-1977 [14]of 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.) 

 
 
5. Basis for Rating Shunt Reactors 

 
 

(See Section 12 for other requirements which may be specified for some applications). 
 
 
5. kVA Ratings 
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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 105% of rated voltagemaximum operating 
voltage (line-to- ground voltage associated with maximum system voltage) without exceeding the 
temperature-rise limits specified in Table 3. 

 
 
5.2 Terms in Which Rating is Expressed 
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Table 3 —Limits of temperature rise for continuously rated shunt reactors 
 

 
 

Item 

 

 
Type of shunt 

reactor 

 
Insulation 

temperature 
class 

Average winding 
temperature rise 

by resistance 
(°C) 

Hottest-spot 
winding 

temperature rise 
(°C) 

Oil-immersed — 65 80 
105 55 65 
130 80 90 
155 100 115 
180 125 140 

1 
Dry-type 

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 An 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 
 

c)   Rated kVA 
 

d)   Rated current 
 

e)   Rated frequency 
 

f)    Basic lightning-impulse insulation level (BIL) 
 

g)   Number of phases 
 

h)   Oil and/or winding-temperature rise 
 

i)    Method of cooling 
 

j) Delta or star connection (three-phase shunt reactor) 
 
Table 2—Maximum Allowable 24 h Average Temperature of Cooling Air for Carrying Rated 
kVA 
 

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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Table 3—Limits of Temperature Rise for Continuously-Rated Shunt Reactors 
 

 

 
 
 

Item 

 

 
 
 

Type of Shunt Reactor 

 
Insulation 

Temperature 
Class 

 
Average Winding 

Temperature Rise by 
Resistance  

Hottest-Spot 
Winding 

Temperature 
Rise, C 

1 Oil-immersed — 65 80 
 Dry-type 105 55 65 

  130 80 90 

  155 100 115 

  180 125 140 

  220 150 180 

2Metallic 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         An 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. 

 
NOTES: 
1 — A shunt reactor with specified temperature rise shall have an insulation temperature index that has been 

proven by experience or testing. 
 

2 — The insulation temperature index in Table 3 is supplied as a reference, and is based on the “Preferred 
Temperature 

Index” for insulation materials as defined in IEEE Std 1-1986  
 
 

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. 

 
6.1.1.1 

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

 
6.1.1.2 
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Design tests shall be made on shunt reactors in accordance with the requirements of Tables 4.A and 4.B. 
 

6.2.1.1 Routine tests for shunt reactors 
 

Routine tests shall be made on all shunt reactors as listed 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 measurements....................................................................................... 

The dc resistance measurements shall be made on the full winding. 
X   

Impedance measurements ...................................................................................... 
The impedance measurements shall be made on the assembled shunt reactor. 

X   

Total loss measurements ........................................................................................ X 
Temperature tests ................................................................................................... 

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. 

 X  

Insulation power factor tests .................................................................................. X 
Applied-voltage tests ............................................................................................. 

The applied-voltage tests shall be determined by the BIL of the neutral end of 
the Y-connected shunt reactor. 

X   

Low-frequency overvoltage tests ........................................................................... X 
Lightning-impulse tests: 

Nominal system voltage of 115 kV or above .................................................... 
Nominal system voltage below 115 kV (only when specified) ......................... 
Neutrals of reactors for nominal system voltage above 115 kV (only when 
specified) ........................................................................................................... 

 
X 

  

X 

X 
Switching impulse tests: 

Nominal system voltage of 345 kV or above .................................................... 
Nominal system voltage below 345 kV (only when specified) ......................... 

 
X 

  
 

X 
Audible-sound tests: 

Shunt reactors rated 50 MVA, three-phase (16.67 MVA, 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) 
Shunt reactors rated below 50 MVA, three-phase (16.67 MVA, single-phase), or 
nominal system voltage below 115 kV (only when specified) .......................... 

 
 
 
 

X 

 
 
 
 

X 

 
 
 
 
 
 

X 
Vibration tests: 

Shunt reactors rated 50 MVA, three-phase (16.67 MVA, single-phase) or above, 
or nominal system voltage of 115 kV or above ................................................. 

   
 

X 
Determination of magnetic characteristics (linearity): 

Shunt reactors rated below 50 MVA, three-phase (16.67 MVA, single-phase), or 
nominal system voltage below 115 kV (only when specified) .......................... 
Shunt reactors rated 50 MVA, three-phase (16.67 MVA, single phase) or above,
or nominal system voltage of 115 kV or above. 

  
 
 
 

X 

 
 

X 

Mechanical tests..................................................................................................... 
Mechanical tests shall be made to verify the pressure requirements for 
maximum operating pressures and full vacuum filling. 

  
 

X 

 

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 4.B—Routine, design, and other tests for dry-type shunt reactors 
 

Test classification  
Tests 

Routine Design Other 
Resistance measurements....................................................................................... 

The dc resistance measurements shall be made on the full winding. 
X   

Impedance measurements ...................................................................................... 
The impedance measurements shall be made on the full winding. 

X   

Total loss measurements ........................................................................................ 
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. 

X   

Temperature tests ................................................................................................... 
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. 

 X  

Applied-voltage tests ............................................................................................. 
The applied-voltage tests shall be made only on support insulators when 
specified. 

  X 

Turn-to-turn test ..................................................................................................... 
This test is performed for nominal system voltages of 34.5 kV and below. 

X   

Lightning-impulse tests: 
Nominal system voltage greater than 34.5 kV................................................... 
Nominal system voltage at or below 34.5 kV (only when specified) ................ 

 
X 

  
 

X 
Switching impulse tests.......................................................................................... 

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

  X 

Audible-sound tests................................................................................................ 
The audible-sound-level test is a design test for dry-type shunt reactors only 
when a maximum noise limit is specified. 

  X 

Vibration tests ........................................................................................................ 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. 

 
The only warning that should be stressed is that if a unit exceeds guaranteed loss, aside from the 
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 
phases.10

 

 
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  

c)   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% of the ratedmaximum 
operating voltage. 

 
 
8.3 Limits of temperature rise for continuous ratings 
 
8.3.1 Limits of observable temperature rise11

 

 
The temperature rise above the ambient temperature of shunt reactors and parts in contact with the insulation or 
encapsulation material, when operated at 105% of ratedmaximum 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 105% of 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: 
 

 
1)  For oil-immersed shunt reactors, low-frequency tests shall consist of an applied-voltage test and a one-hour 

low-frequency overvoltage test. For dry-type shunt reactors, tests shall consist of an applied-voltage test, a 
turn-to-turn over-voltage test, or both. 

2)  Impulse tests, if performed, shall be made on each line terminal. 
3)  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. 

4)  Switching-impulse tests shall be performed in accordance with Table 4.A or Table 4.B. 
   

 
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. 

 
The low-frequency overvoltage test for shunt reactors shall consist of a one-hour low-frequency test from 
Table 5.A, column 5. This voltage shall be applied across the winding with the neutral solidly grounded. 
Partial discharge measurements shall be made during the one-hour test. 

2)  Three single-phase one-hour tests may be substituted for a three-phase test. Care taken to avoid overheating 
three-leg reactors or reactors without a magnetic-return path during single-phase overvoltage tests. Note 
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that, under these conditions, it is generally impractical to verify internal phase-to-phase insulation with-
stand strength during a three-phase test. It is therefore recommended that the manufacturer shall 
demonstrate the adequacy of the phase-to-phase insulation structure by achieving a minimum of 1.5 times 
line-to-neutral test voltage between line terminals during the one-hour test 

 

9.1.3.2 Overvoltage Tests for Dry-Type Shunt Reactors 
 
b)   In Table 5, the nominal system voltage and maximum system voltage are included. 

 

1)  Applied-Voltage Test. The applied-voltage test is a high-voltage test for the support insulators only 
 
c)   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. 
 
 
 
 

11 
See 4.4 for the effect of altitudes on temperature rise. 

 
 

f)    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 μs / > 200 μs / > 1000 μs) 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. 

 
When specified, oil-immersed shunt reactors shall be designed to withstand the front-of-wave impulse 
insulation levels given in Table 5.A. 
 

2)  Turn-to-Turn Overvoltage Test. The turn-to-turn test for dry-type shunt reactors 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 
4. 

 
9.1.4 Lightning-Impulse Test 

2 times the rms values as specified in Table 5.B, columns 3 or 
 
The lightning-impulse test shall include reduced full-wave, chopped-wave, and full-wave tests. Front-of-wave tests 
shall 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 

 
 
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 C62.11- 
1987 [18] and IEEE C62.2-1987 [17]. 
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9.2.2 
 
The basic impulse insulation levels and insulation test levels are given in Table 5.A for oil-immersed shunt 
reactors, and in Table 5.B for dry-type shunt reactors. 

 
 
9.3 Basic Lightning-Impulse Insulation Levels and Insulation Test Levels for Neutral 

Terminal 
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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. 

 

 
NOTES: 
1 — The nominal system-voltage values given above are used merely as reference numbers and do not necessarily imply 

a relation to operating voltages. 
 

2 — The low-frequency test on dry-type shunt reactors is essentially a high-voltage test on the insulators. 
 

3 — For system voltages greater than 34.5 kV, the turn-to-turn test is not applicable, and a full-wave impulse test is to 
be performed as a routine test. 

 
 
 

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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