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IEEE Standards documents are developed within the Technical Committees of the IEEE Societies and the Standards
Coordinating Committees of the IEEE Standards Board. Members of the committees serve voluntarily and without
compensation. They are not necessarily members of the Institute. The standards developed within IEEE represent a
consensus of the broad expertise on the subject within the Institute as well as those activities outside of IEEE that have
expressed an interest in participating in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE Standard does not imply that there are no other
ways to produce, test, measure, purchase, market, or provide other goods and services related to the scope of the IEEE
Standard. Furthermore, the viewpoint expressed at the time a standard is approved and issued is subject to change
brought about through developments in the state of the art and comments received from users of the standard. Every
IEEE Standard is 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.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation
with IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to
specific applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate
action to prepare appropriate responses. Since IEEE Standards represent a consensus of all concerned interests, it is
important to ensure that any interpretation has also received the concurrence of a balance of interests. For this reason
IEEE and the members of its technical committees are not able to provide an instant response to interpretation requests
except in those cases where the matter has previously received formal consideration.

Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331
USA

IEEE Standards documents are adopted by the Institute of Electrical and Electronics Engineers without regard to
whether their adoption may involve patents on articles, materials, or processes. Such adoption does npt assume
any liability to any patent owner, nor does it assume any obligation whatever to parties adopting the gtandards
documents.
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Foreword

(This Foreword is not a part of IEEE C57.21-1990, IEEE Standard Requirements, Terminology, and Test Shunt Reacton Reactors
Rated Over 500 kVA.)

The Standard Requirements, Terminology, and Test Code for Shunt Reactors Ra50COver 501 kVA, C57.21, was first
issued as a separate standard in 1971. The next revision was completed in 1981. The present revision was started in
1980 by the Standards Subcommittee, chaired by Leonard R. Smith, approved by the C57 Subcommittee in 1981, and
completed within the IEEE Transformer Committee. This included work on the dielectric tests by the Task Force on
Revisions of Dielectric Tests of Shunt Reactors, chaired by W. N. Kennedy, and the Task Force on Dry-Type Reactors
chaired by R. F. Dudley. The work was correlated by the Working Group on Shunt Reactors, chaired by J. W. McGill,
which reports to the Performance Characteristics Subcommittee.

The present standard represents the agreement of those involved in reactor design, construction testing, and usage
based on the present state-of-the-art for shunt reactors.

At the time this document was published, it was under consideration for approval as an American National Standard.
The Accredited Standards Committee on Transformers, Regulators, and Reactors, C57, had the following members at
the time this document was sent to letter ballot:

K. Linsley, Chair
C. H. White, Secretary

American National Standards INSHIULE ...........oueiiiiiiiii e ee e C. Zegers

Electric LIght and POWET GROUD .....ccciiurtieeiitit ettt ettt ettt e st bt e st e e e et e e s ameeeeaes e e e eannes W. Cole
G. Gunnels

P. E. Orehek
D. Soffrin (Alt)
J. Sullivan
A. Velazquez
Institute of Electrical and EIECtroniCS ENQINEEIS .......ouiiiiiiiiiiiiiiiiie et ee e e et ememommmmmmen e L. Savio
J. J. Bergeron
J. D. Borst
J. Davis
R. A. Veitch
National Electrical Manufacturers ASSOCIALION .........c.ueeiiiiiiiiiiiiii et e G..D. Coulter
P. Dewever(Alt)
J. D. Douglas
P. J. Hopkinson(Alt)
W. C. Kendall
K. R. Linsley
L. S. McCormick
J. R. Miller
R. P. Miller, Sr.
J. J. Nay (Alt)
H. Robin
H. D. Smith (Alt)
UNderwriters Laboratories, INC. .......oi ittt et e st e e s esesmmmneeeneee e en W. O'Grady
R. W. Seelbach
Tennessee Valley Authority
L. R. Smith

US Department of Agriculturdlural Electrical ASSOCIAtION. ...........coviiiiiieiiii e J. Arnold, Sr.
US Department of Energyestern Area Power AdminiStration.............ocuvveeeniiiee e D. R. Torgerson
U.S. Department of the InteridBureau of Reclamation...............cooiiioriiin e F. Cook, Sr.
US Department of the NavZivil ENGINEENING COIPS.....ciiiiiuriiiaiiitieeniieiie e sttt ee st eeesiinneeens H. Stickley
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IEEE Standard Requirements,
Terminology, and Test Code for Shunt
Reactors Rated Over 500 kVA

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 does not apply to other devices such as

1) Shunt reactors, 500 kVA and smaller

2)  Current-limiting reactors (see ANSI C57.16-1958 [1]1)
3)  Arc-suppression coils

4)  Neutral-grounding devices (see IEEE Std 32-1972 [22])
5) Saturable reactors

6) Line-resonant reactors

7) Filter reactors

2. Terminology

All definitions, except as specifically covered in this standard, shall be in accordance with IEEE Std 100-1984 [23].

2.1 Shunt Reactor

2.1.1 Reactor

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

IThe numbers in brackets correspond to those of the references listed in Section 3.
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2.1.2 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 at light loads.

2.2 Rating of a Shunt Reactor

2.2.1 Rated kVA

The apparent power at rated voltage for which the shunt reactor is designed.
2.2.2 Rated Current

Derived from the rated voltage and rated kVA.

2.2.3 Rated Voltage

The voltage to which operating and performance characteristics are referred.

2.3 Insulation

2.3.1 Oil-immersed Shunt Reactor

One in which the coils and magnetic circuit are immersed in an insulating oil.
2.3.2 Dry-Type Shunt Reactor

One in which the coils are neither impregnated with an insulating fluid nor immersed in an insulating oil.

2.4 Losses and Impedance
2.4.1 Total Losses

For an oil-immersed shunt reactor, the sum of the conductor PR loss, magnetic circuit loss, shielding loss, and all other
stray losses in the shunt reactor.

For dry-type shunt reactors, the total losses shall be taken as the sum of the conductor I’R loss, the conductor eddy
loss, and the stray loss in the windings and manufacturer supplied framework, but not including stray (eddy) losses in
the user supplied support structure, surrounding structures (bus supports etc.), or mounting pad (rebar).

2.4.2 Impedance

The phasor sum of the reactance and effective resistance, expressed in ohms per phase. The impedance may be derived
from the rated kVA and rated voltage.

2.5 Construction
2.5.1 Indoor Shunt Reactor

One that, because of its construction, must be protected from the weather.
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2.5.2 Outdoor Shunt Reactor

One of weather-resistant construction.

2.6 Methods of Cooling

2.6.1 Dry-Type Self-Cooled Shunt Reactor (Class AA)

A dry-type shunt reactor that is cooled by the natural circulation of the cooling air.
2.6.2 Oil-lmmersed Self-Cooled Shunt Reactor (Class OA)

An oil-immersed shunt reactor that is cooled by natural circulation of the cooling air over the cooling surface.
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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

1) 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’?

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

3) 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 5% above rated 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.

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.

°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.
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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 may be affected. 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

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

2) Abnormal vibration, shocks, or tilting

3) Excessively high or low ambient temperatures

4)  Unusual transportation or storage conditions

5) Unusual space limitations

6) Unusual duty, frequency of operation, difficulty of maintenance, poor wave form, unbalanced voltage, special
insulation requirements, etc.

7) 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.)

8) Unusual operating requirements that might result from the absence of surge protection or the proximity to
magnetic material or structures'©

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 4-1978 [20] for use of a correction factor with sphere gaps.

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

Altitude Altitude Correction
Factor for Dielectric
(meters) (feet) 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.

101f 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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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

Unless otherwise specified, shunt reactors shall be designed for operation at a frequency of 60 Hz.

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-lmmersed Air Cooled

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

4.6 Dielectric Strength of Oil

The dielectric strength of a sample of insulating oil taken from a new shunt reactor shall not be less than the minimum
kV values listed on Table 3 or 4 in IEEE C57.106-1977 [14].

4.7 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 non-linear magnetic characteristic where the normal operation is in the unsaturated
portion of the curve. (See Fig 1.)

5. Basis for Rating Shunt Reactors

(See Section 12 for other requirements which may be specified for some applications).
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The kVA rating for shunt reactors is the apparent power for which the shunt reactors are designed, and is based on rated
voltage. Shunt reactors shall also have the capability of continuous operation at 105% of rated voltage without

exceeding the temperature-rise limits specified in Table 3.

5.2 Terms in Which Rating is Expressed

The rating of a shunt reactor shall be expressed in the following terms:

1y
2)
3)
4)
5)
6)
7)
8)

Rated voltage
Rated kVA
Rated current
Rated frequency

Basic lightning-impulse insulation level

Number of phases
Oil and/or winding-temperature rise
Method of cooling

Table 2—Maximum Allowable 24 h Average Temperature of Cooling Air for Carrying Rated kVA

Method of Cooling Altitude
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 °Crrise 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 °Crise 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.
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Table 3—Limits of Temperature Rise for Continuously-Rated Shunt Reactors
Hottest-Spot

Insulation Average Winding Winding
Temperature Temperature Rise by Temperature
Item Type of Shunt Reactor Class Resistance ° C Rise, °C
1 Oil-immersed — 65 80
Dry-type 105 55 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 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 [19].

3 — The maximum hot spot temperature rise limits in Table 3 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.
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Figure 1—Nonlinear Magnetic Characteristics for Shunt Reactors

6. Tests

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

6.1 Types of Tests
6.1.1 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 C57.12.80-1978 [11].

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

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

6.1.1.3

When specified (as individual tests), other tests shall be made on shunt reactors as listed in Table 4.A and 4.B.

6.1.1.4

The listing of tests shown on Table 4.A and 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 Section 10.
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Table 4.A—Routine, Design, and Other Tests for Oil-lmmersed Shunt Reactors

Test Classification

Tests Routine Design Other

Resistance MEaSUIEMENLS..........cc.c.eeueueeuirieuieieieieieieeteeeeeeeieeie et X
The dc resistance measurements shall be made on the full winding.
Impedance MeasuremMeNts. .......c..eeuerueeieieierienienienteeie ettt X
The impedance measurements shall be made on the assembled shunt reactor.
Total LoSS MEASUIEIMENLS..........ccueuieuiieiiieiieiiteiieieeeieeeeieeeee e X
TemMPErature TESES.......eviiriiriieiieeeeeete ettt ettt 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
shall 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.

Insulation POwer Factor TeSES........ccvviiiiiiiiiieeiieciie et
APPLIEd-Voltage TeStS......ccueriiriririiieiceeeereert e

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

Low-Frequency Overvoltage Tests..........cccouvirieinieirenieinieineeeeeeeeiceee e X
Lightning-Impulse Tests:
Nominal system voltage of 115 KV or above.........cccoccevevienecinincincincneeee X
Nominal system voltage below 115 kV (only when specified)..........cccoceeveuenee X

Neutrals of reactors for nominal system voltage above 115 kV (only when
SPECITICA) ...ttt

Switching-Impulse Tests:

Nominal system voltage of 345 kV or above.........cccoeveveneneneniiiieiccee, X

Nominal system voltage below 345 kV (only when specified)........cccceerenenne. X
Front-of-Wave Test (only when specified).........coceeiiiinininininininieieicicieniene X
Audible Sound Tests:

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

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

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..........ccceeeeeririeicnicncnencncncee

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

MeChaniCal TeSES....ccvvieiiiiiiieciie ettt ettt e e tee e eteeeebeeeaaeeeaaeesnseaennes X

Mechanical tests shall be made to verify the pressure requirements for
maximum operating pressures and full vacuum filling.
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Table 4.B—Routine, Design, and Other Tests for Dry-Type Shunt Reactors

Test Classification

Tests Routine Design Other

Resistance MEaSUIEIMENLS..........c..c.eeuiureuirieiieieieiiteieeieeeieeeeie et as X
The dc resistance measurements shall be made on the full winding.

Impedance MeasUIEMENLS. ........c.ueuerieriererirerieeieetetetent ettt te e s see e sieene X
The impedance measurements shall be made on the full winding.

Total LoSS MEASUIEIMENLS........c.coueuiuiiiiiieiieieieieieieeieeeieeeeie e 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.

TeMPEIAtUIE TESES...ccueeiiririieiieeiieeiteet ettt et sttt te et ebeene e 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
shall 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.

APPLIEd-VOItage TeSES.....ccuveuiiieierierierierieeieetee et X

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

Turn-to-Turn TeSt......c.ociiiiiiiiiii e 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 .......cocoininininnininininininceee, X
Nominal system voltage at or below 34.5 kV (only when specified)..................
Switching-ImpPulSe TeSS....c.ceviiiiiriiriirinirireet e

Switching surge tests shall be made on shunt reactors rated 115 kV or above

(only when specified).

AUdible-Sound TESES......c.ccveuerieiriiieierieieteeeereet ettt X
(Only when specified)

ViIDIation T@SES.....cveuiriiieiiieiieiceer ettt e X

7. Losses and Impedance

7.1 Total Losses
7.1.1

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 must 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.

12 Copyright © 1991 IEL.E All Q@%ﬂments

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 22:19:36 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C57.21-1990


http://www.avadocuments.com/doc/ieee-c57-21-1990
http://www.avadocuments.com/doc/ieee-c57-21-1990

ITEST CODE FOR SHUNT REACTORS RATED OVER 500 kVA IEEE Std C57.21-1990

7.1.2

The total losses of one shunt reactor, demonstrated by tests and corrected to the rated current base, shall not exceed the
specified losses by more than 6%. On multiple-unit orders, the average value shall be used for guarantee purposes,
unless otherwise specified by the user. In this case, the average total losses shall be equal to or less than the specified
loss.

713
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
The tolerance for shunt reactor impedance at rated voltage shall be within = 5% of the specified value.

NOTE — In the case of non-linear 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

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.11

7.2.3

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

1) Dielectric stress and associated effects

UEor 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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2) Vibration or varying mechanical stress
3) Repeated expansions and contractions
4) Exposure to air, moisture, etc.

8.2 Conditions Under Which Temperature Limits Apply

Temperature limits shall not be exceeded when a shunt reactor is operated at 105% of the rated 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 105% of rated 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 rated voltage, will not exceed the values given in Table 3.

9. Dielectric Tests and Insulation Levels

9.1 Dielectric Tests
9.1.1 General

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.

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

9.1.2 Applied-Voltage Test
9.1.2.1

For a shunt reactor with reduced insulation at the neutral, the applied-voltage test shall be in accordance with Table 5.A
or Table 5.B, based upon the insulation level of the neutral end.

12S¢e 4.4 for the effect of altitudes on temperature rise.
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9.1.3 Overvoltage Tests
9.1.3.1 Low-Frequency Overvoltage Test for Oil-lmmersed Shunt Reactors

1) 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 should be taken to avoid
overheating three-leg reactors or reactors without a magnetic-return path during single-phase overvoltage
tests. Note 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

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

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 /2 times the rms values as specified in Table 5.B, columns 3 or
4.

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
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

9.2.1

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].

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.

9.2.3

Oil-immersed and dry-type shunt reactors designed for Y connection only shall be assigned insulation levels for both
line and neutral terminals.
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9.24

When required, as indicated in Table 4.A and 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 Section 10. The transients shall have a
minimum crest value in accordance with Tables 5.A and 5.B.

9.2.5

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

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

9.3.1

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 the following sections.

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