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Abstract: Single-phase instrument transformers of a nominal system voltage of 115 kV and
above with capacitive insulation system for line-to-ground connection and for both indoor and
outdoor application is discussed in this standard. This standard is intended for use as a
supplement to IEEE Std C57.13™-2008 and as a basis for performance and safety of equipment.
It also describes test sequences, criteria, methods, and documentation for the test.

Keywords: design test, high-voltage, instrument transformers, routine tests, special tests, test
criteria, test method, test requirements, test sequence
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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, or every ten years for stabilization. When a document is more than five
years old and has not been reaffirmed, or more than ten years old and has not been stabilized, 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. Recommendations to change the status of a stabilized standard should include a
rationale as to why a revision or withdrawal is required. Comments and recommendations on standards, and requests
for interpretations should be addressed to:

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 C57.13.5-2009, IEEE Standard for Performance and Test Requirements for
Instrument Transformers of a Nominal System Voltage of 115 kV and Above.

The mission of the IEEE PC57.13.5 Working Group is to develop a comprehensive set of performance and
test requirements for instrument transformers of a nominal system voltage of 115 kV and above. The
objective is to improve the performance and safety of the instrument transformers in response to the
concern indicated in the publication EPRI Workshop on Failed High Voltage Instrument Transformers,
held in September 1990.

The first edition was published in 2003.

The main changes introduced in this revision are:

— Update of references

— Addition of temperature rise limits of terminals

— Additional requirements concerning the use of non-corrosive oil
— Revision of mechanical requirements

— Addition of a new annex related to current transformers used for the detection of unbalance current
of capacitor banks

— Addition of a new annex related to current transformers having transient performance requirements

— Addition of a new informative annex giving additional information regarding the Electrical
endurance test

Suggestions for improvement gained in the use of this standard will be welcome. They should be sent to the
IEEE Standards Department.

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.
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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.iece.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
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IEEE Standard for Performance
andTest Requirements for Instrument
Transformers of a Nominal System

Voltage of 115 kV and Above

IMPORTANT NOTICE: This standard is not intended to ensure 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 rew-single-phase instrument transformers of a nominal system voltage of 115 kV and
above with capacitive insulation system for line-to-ground connection and for both indoor and outdoor
application.

This standard is intended for use as a supplement to IEEE Std C57.13™-2008" and as a basis for performance
and safety of equipment. It also describes test sequences, criteria, methods and documentation for the test.

1.1 Purpose

The intended—purpose of this standard is to supplement the IEEE Std C57.13-2008, with specific
requirements

a)-Up-to-date of performance—characteristies—and—test—for—to single-phase instrument transformers of a

nominal system voltage of 115 kV and above, with capacitive insulation system for line-ground connection
and for both indoor and_outdoor applications.

" Information on reference can be found in Clause 2.
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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.

n—coniunetion 1th the follg
O O W OHOW
5

ASTM D1275-06, Standard Test Method for Corrosive Sulfur in Electrical Insulating Oils.>

IEC 60270: 2000 , High-Voltage Test Techniques— Partial discharge measurements.”

EC 6118 093-06).1 nsulation Material Licati  Dissolved-G hsis (DG

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

Franstormers:

IEEE Std 693™-2005, IEEE Recommended Practices for Seismic Design for Substations.
IEEE Std C57.13-2008, IEEE Standard Requirements for Instrument Transformers.

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

IEEE Std C57.106™-2006, IEEE Guide for Acceptance and Maintenance of Insulating Oil in Equipment.
IEEE Std C62.11™-2005, IEEE Standard for Metal-Oxide Surge Arresters for AC Power circuits (>1 kV).

NEMA Standards Publication No 107-1987R-1993), Methods of Measurement of Radio Influence Voltage
(RIV) of High Voltage Apparatus.’
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3. Definitions

For the purposes of this document, the following terms and definitions apply. The Authoritative IEEE Standards
Dictionary: Glossary of Terms & Definitions should be referenced for terms not defined in this clause.®

capacitive insulation system: An arrangement of internal insulation and electrodes to distribute both the
alternating and impulse voltages along the bushing of the instrument transformer with capacitive dielectric
layers and/or electrode(s) to achieve an improved co-ordination between the internal and external insulation for
the purpose of increasing the over-voltage withstand capability.

Internal arc protection class I: A special transformer design with a feature that, during an internal line--to-
ground arc test with the arc taking place at a location, which is technically the most probable, the debris of the
transformer will be confined to a circle, centered at the transformer. The diameter of this circle is equal to the
sum of twice the height of the transformer and the diameter of the transformer.

Internal arc protection class II: A special transformer design with a feature that, during an internal line- to-
ground arc test with the arc taking place at a location, which is technically the most probable, will not fracture
the insulator or housing of the transformer.

2 ASTM publications are available from the ASTM Customer Services. 100 Barr Harbor Drive. PO Box C700, West Conshohocken, PA,
19428-2959 USA, (http://www.astm.org/).

* IEC publications are available from the Sales Department of the International Electrotechnical Commission, Case Postale 131, 3 rue de
Varembe, CH-1211, Geneve 20, Switzerland/Suisse, (http://www.iec.ch/).

*1EEE publications are available from the Sales Department, the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O.
Box 1331, Piscataway, NJ 08855-1331, USA (http:/standards.ieee.org/).

> NEMA publications are available from the Sales Department, National Electrical Manufacturers Association, 1300 North 17" Street, Suite
1847, Rosslyn, VA, 22209, USA, (http:/www.nema.org/).

® The IEEE Standards Dictionary: Glossary of Terms & Definitions is available at http://shop.ieee.org/.

NOTE—The above definitions regarding—the—elassifieation— Internal arc protection class I and Internal arc protection
Class 1II regarding the classification of internal arc protection apply only to the test conditions specified in this standard.
The instrument transformers may have different performance during an in-service internal arc fault. Refer to Annex D for
more information regarding the interpretation of internal arc protection. The performance does not apply to any internal
pressure relief device (e.g., rupture disc) provided with the transformers.’

prescribed extinction voltage: The lowest line-to-ground voltage required for the transformer at which the
partial discharge is determined to exist if the reference intensity is met when the voltage applied to the
transformer is gradually decreased without interruption from the power frequency withstand voltage or pre-
stress voltage value during the partial discharge test. The reference partial discharge intensity for the
transformers covered in this standard is 10 pC.

rated voltage factor: A multiplier applied to the rated (primary) voltage to derive the maximum voltage at
which a transformer must comply with the relevant thermal-requirements for a specified time and with the
relevant accuracy requirements.

NOTE—Refer to Annex F for additional information.
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terminals: Conductive element belonging to the instrument transformer provided for connecting that

instrument transformer to one or more external conductors. Terminals are normally connected to one or
more conductors by means of connectors that are generally not considered to be part of the instrument

transformer itself.

thermal current rating factor: A multiplier applied to the rated primary and secondary current to derive the

maximum current that can be carried continuously without exceeding either the limiting temperature rises or the
accuracy class limitation.

4. General

For the performance and safety, the instrument transformers shall comply with IEEE Std C57.13-2008,
supplemented with the requirements provided in this clause. If any conflicts or inconsistencies exist between
IEEE Std C57.13-2008 and this standard, the clauses in this standard shall take precedence.

4.1 Insulation requirements

4.1.1 Voltage ratings, dielectric test levels, and prescribed extinction voltages

The voltage ratings, dielectric test levels, and prescribed extinction voltages for instrument transformers are
given in Table 1.

?The numbers-in brackets-correspond-to-those-in-the bibliography-in-Annex-G-

NOTE 1—For nominal system voltage 230 kV, 345 kV, and 500 kV, a good service experiences with instrument
transformers of reduction insulation levels have been reported. The users should review their own records and decide
accordingly. This standard recommends the use of the standard insulation voltage levels which are higher values for
each system voltage.

NOTE 2—The dielectric levels and prescribed extinction voltages are applicable to instrument transformers used in
grounded or effectively grounded neutral systems.

" Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement the standard.
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4.1.2 Capacitance and dissipation factor requirements

The capacitance and dissipation factor of the transformer shall be measured at power frequency at maximum
the following test voltages:

—10 kv m3

— Maximum rated voltage

The test shall be performed before and after the dielectric tests. The increase of capacitance measured after
compared with that measured before the dielectric tests shall be less than the value produced by the
breakdown of one capacitive element.

The dissipation factor shall be in accordance with the following requirements.

a) For oil-immersed transformers

1) The dissipation factor shall be 0.5% maximum at a reference ambient temperature of 20 °C

2) The absolute increase of the dissipation factor value measured after compared with the value
measured before the dielectric tests shall be less than 0.1%

b) For gas-filled transformers’
1) The dissipation factor shall be 0.15% maximum at a reference ambient temperature of 20 °C

2) The absolute increase of the dissipation factor value measured after compared with the value
measured before the dielectric tests shall be less than 0.03%

4.1.3 Creepage distance requirements

The ratio of minimum creepage distance on the external surface of the porcelain insulator to the nominal line-
to- ground voltage shall be in accordance with IEEE Std C57.19.01-2000. The ratios for light and heavy
pollution levels shall be 28 mm/kV and 44 mm/kV respectively. Table 2 provides minimum creepage distances
as a function of nominal system voltage and level of pollution.

8The measurement at 10 kV is optional as the values are useful as a reference for commissioning.
9

As the inherent capacitance of gas-filled instrument transformers is very low (in the range of 100-300 pF), the laboratory should take the

necessary precautions to reduce the stray effects of the neighboring equipment on the capacitance measurement, and also the effects of the
leakage current over the insulator surface on the dissipation factor measurement.
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Table 2—Creepage distance

Minimum creepage distance
Nominal system Maximum system mm
voltage voltage
(rms) (rms) (Light pollution) (Heavy pollution)

kV kV

115 123121 1860 2920
138 145 22302235 3510
161 170169 2-6002605 4090
230 245242 3720 5-8505845
345 362 5580 87708765
500 550 8-06868085 12 760705
765 800 12 466370 19 460435

NOTE 1—The definitions of light and heavy pollution levels are provided in IEEE Std C57.19.00™-1995 [B17]. For

medium and extra heavy pollution levels, additional information regarding creepage distances can also be found in IEEE Std
C57.100™-1995.

NOTE 2—The creepage distance for composite insulator with silicone rubber sheds has not been established. This
standard recommends the use of the same creepage distance as that for the porcelain insulator.

4.1.4 External radio influence voltage (RIV) requirements

The maximum external radio influence voltage (RIV) of the instrument transformer shall be in
accordance with Table 3 when the test voltage is applied to the primary terminal. The transformer shall be
assembled as in service for the test. Any external electrodes, if not part of the transformer, shall not be used for
the test.

Table 3—External radio influence voltage (RIV)

Nominal system Maximum system Radio influence test Maximum radio influence
voltage voltage voltage voltage!®
(line-to-line) (line-to-line) (line-to-ground)

(rms) (rms) (rms) pv
EV EV EV
113 121 7 200
138 43 84 200
161 169 98 200
230 242 42 250
343 362 209 250
500 550 303 350
763 800 42 500

' The background noise level shall not be higher than half the maximum RIV.
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4.1.5 Routine partial discharge test

The partial discharge intensity measured at the voltage corresponding to the prescribed extinction voltage level
as provided in Table 4 shall be less than or equal to the reference intensity of 10 pC. The measuring method
shall be in accordance with IEC 60270: 2000 .

g . g Glled-ins " . low £100-300-pE laboratery-should-take the necessary
B e T e eI e
current-over-the-insulatorsurface-on-the-dis q‘p,iti on-factor-measurement

The partial discharge test shall be carried out subsequent'' to the power frequency voltage withstand test as
described in 7.7.

The transformer shall withstand, for an appropriate duration in accordance with 4.1.8, the pre-stress voltage

provided in Table 4 before the partial discharge is measured. Insulationresistancerequirements

Table 4—Routine partial discharge tests voltage

Nominal system Maximum system Pre-stress voltage Prescribed extinction
voltage (rms) voltage (rms) (rms) voltage
(rms)
(line-to-line) (line-to-line) {line-to-ground)
= (line-to-ground)
kV EV EV
EV
3 2 183 121
38 45 220 43
6 6a 260 64
313
230 242 370 242
410¢ I00°
343 362 460
545
500 550 563 135°
763 800 780 6637

“Tha values shown are for the reduced nsilation levels in refarancs to Table 1.

*The standard recoguizes the difficulties of partial discharge measurement at these voltage levels M the industial
emvironmeants with high level of background ncise. The problem iz aggravated 1if the test labotatones are
undersized. Sometimes extra-high-voltage test services with specialized capabibities are requared For the
trzmsfonmers of thase voltage ratings, thevefore, the presenbed extmction voltazes are reduced to 1.5 times the ratad
viltages m order to allow the test to be parformed m memifactorers’ laboratodes. The reduced voltage levels are
considered still acceptable smee the pround fault factor for a svstem with a grounded or effectively zroundsd
nentral doss not exceed 1.4
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4.1.6 Insulation resistance requirements

The insulation resistances between individual winding and ground and between windings shall be
measured at a voltage not less than 1.0 kV (dc). The values shall not be less than 200 MQ.

' An exception case is under the situation of repeating the partial discharge test after the sealing test during which dry air is in contact with
the oil of the transformer.

4.1.7 Power frequency voltage withstand test

The power frequency withstand voltage shall be in accordance with the value provided in Table 1.

For current transformers, the voltage shall be applied to the primary winding.

For voltage transformers, the test voltage shall be either impressed between the primary and neutral terminals
or induced from the secondary winding with the primary winding open-circuit. The neutral terminal shall be

grounded during the test.

The voltage shall be maintained for 60 s. The time may be reduced in accordance with 4.1.8 if the frequency is
higher than 120 Hz.

NOTE—This test can also be called induced voltage withstand test for voltage transformers.

4.1.8 Duration of power frequency voltage withstand test for test frequency higher than
120 Hz

If the test frequency of higher than 120 Hz is used for the power frequency voltage withstand test or for the
prestress voltage for partial discharge measurement, the duration of the test may be reduced as shown in
Equation (1).

T200 (1)

Time(s)=
© Test Freguency (Hz)

The duration shall not be less than 18 s and the test frequency shall not be greater than 400 Hz.

4.2 Mineral oil requirements

The mineral oil used for oil-immersed instrument transformers shall be processed from the naphthenic base
crude oil or its equivalent.'* It shall be in accordance with 4.2 of IEEE Std C57.106-2006. The characteristics
of the new processed oil shall be in accordance with 4.3 and 4.4 of IEEE Std C57.106-2006.

In addition it shall be demonstrated the oil is non corrosive in accordance with the extended ASTM D1275
Method B test. For the extreme cold climate, the manufacturers and users have to agree on the mineral oil
specification.
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4.3 Requirements for accuracy and accuracy calibration systems

The accuracy performance shall be in accordance with the requirements of IEEE Std C57.13-2008.

Accuracy performance for all transformers with—aceuraey—ratings—of-03—or0-6-shall be determined using
calibration techniques and methods that—shall—give—adequate—results—within—01%—ef having an inherent

accuracy of at least 4 times better than the maximum guarantied accuracy for the ratio and +2 minutes for phase
angle. seembemen s dthneenme satnes o0 Lo sl LB denpin e pedne enlibee e ee oo b atha e
that shall-give-adequate results-within-0.3% of the-ratio-and-6-minutes-of-phase-angle: The test burdens shall be
in accordance with Table 9 and Table 15 of IEEE Std C57.13-2008 for current transformers and voltage
transformers respectively.

12 New insulating oil processed with the latest technology may be commercially available from the refinery. The user should check with
the manufacturer for more information.

The equipment used for accuracy tests shall be traceable to the national standards. Records of accuracy
verification for the calibration systems by an independent laboratory shall be regularly maintained.

The maximum interval shall be five years for non-electronic equipment and twe-one years for electronic
devices, unless specified otherwise by the measuring equipment manufacturer.

4.4 Mechanical performance requirements

All instrument transformers shall comply with the following mechanical performance requirements described in
4.4.1and 4.4.2.

4.4.1 Sealing tests

All instrument transformers shall be sealed against leakage of insulating fluid for the normal service conditions
stated in IEEE Std C57.13-2008.

4.4.1.1 Oil-immersed instrument transformers

For oil-immersed transformers, The manufacturers shall review the typical examples sealing tests outlined in
Table 5 and adopt the one most suitable for their transformers. Other test methods could also be fully

acceptable.

Table 5—Sealing—Typical examples of sealing test for oil-immersed instrument

transformers
Average oil temperature| Internal Time

Test °C pressure
kPa h
@ 50 35 24
an 50 103 12
am® 85 0 12
av) 25 35 60
%) 25 103 24
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4.4.1.2 Gas-filled instrument transformers

The construction of the tank shall be in accordance with the national standards'éon enclosures for gas-
filled electrical equipment. The manufacturer shall submit the certificate of the tank to the user for approval
before the routine tests.

The maximum leakage-rates of transformers designed for various ranges of ambient temperature shall be as
follows:

13 This standard recommends this procedure for transformers equipped with oil expansion diaphragms or bellows. Other procedures as
shown in Table 5, with application of pressure, (e.g., by clamping the oil expansion diaphragms or bellows, instead of raising the average oil
temperature of the transformer to 85 °C should also be considered acceptable).

4 Additional informative documentation (Canadian and European Standards) about pressure vessels used in electrical equipment not
containing corrosive gas such as oxygen and/or water are listed in Annex J.

a) For average ambient temperature (20 °C): 0.5% / year
b) For low ambient temperature (T, =-5, —10, —15 or —25 °C): 1.5% / year
c) For extra low ambient temperature (T, =—40 °C): 3.0% / year
d) For ultra low ambient temperature (T, =—-50 °C): 6.0% / year

Ty is the lower limit of the ambient temperature range.

The manufacturer shall submit the routine sealing test procedure and acceptance criteria to the user for
approval.

4.4.2 Mechanical strength of the transformer

All instrument transformers intended for pedestal mounting shall be capable of withstanding the following non-

simultaneous eantHeverforces-equivalentto-theseproduced-and-the-mechanical stresses:

— Static terminal loads according to load values shown in Table 6
— Winds of 160 km/h

— Resulting mechanical stresses produced by an ice coating of 20 mm

—Horizontal seismic force resulting from a zero-period acceleration of 0.1 g_as defined as low
qualification level in IEEE Std 693-2005

All instrument transformers intended for suspension mounting shall be capable of withstanding a tension
equal to 13 kN in addition to its own weight.
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Table 6—Static terminal loads

Maximum system Static terminal load
voltage
kV) ™
Voltage transformers Current transformers
<170 1000 2000
245 to 362 1250 2500
> 550 1500 4500

NOTE 1—The sum of loads acting in routinely operating conditions should not exceed 50% of the specified terminal load.

NOTE 2—In sum applications, instrument transformers with through current terminals, should withstand rarely occurring
extreme dynamic load conditions such as short-circuits not exceeding 1.4 times the static terminal load.

NOTE 3—For some applications, it may be necessary to establish the resistance to rotation of the primary terminals. The
moment to be applied during tests has to be agreed between the manufacturer and purchaser

4.5 Thermal performance requirements

The limits of observable shal-net-exeeed- temperature rise in instrument transformers when tested in
accordance with their ratings shall be as given in Table 4 of IEEE Std C57.13-2008.

Terminals for use in air shall be designed so that their maximum operating temperature when tested with their
ratings do not exceed the values provided in Table 7.

Table 7—Maximum operating temperature of power terminals intended for bolted connection in

air
Performance Bare copper or bare Tin-plated terminals Silver-plated terminals
aluminum terminals
Maximum operating 90 105 11
temperature (°C)

4.6 Ground shield requirements

The instrument transformers shall be provided with a ground shield between the primary winding and the
secondary windings.

NOTE—The ground shield provides some degree of protection in the secondary circuit against an insulation failure
between the primary and secondary windings.

4.7 Dissolved gas and water content requirements for new oil-immersed transformers

For new oil-immersed transformers, the maximum concentration of the dissolved gas and water content in the
oil, after the test program, shall be in accordance with the values in Table 8.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 21:12:43 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C57.13.5-2009


http://www.avadocuments.com/doc/ieee-c57-13-5-2009
http://www.avadocuments.com/doc/ieee-c57-13-5-2009

The minimum sensitivity of gas spectrum analyzer shall be in accordance with the last column of Table 8.

Table 8—Dissolved gas and water content for new oil-immersed instrument transformers

Maximum Concentration Minimum Sensitivity
Component (p. p-m.) (p .p-m.)
Hydrogen H, 15.0 3.0
Carbon monoxide CO 40.0 5.0
Methane CHy 5.0 0.1
Ethane C,H, 2.0 0.1
Ethylene C,Hg 3.0 0.1
Acetylene C,H, 0.5° 0.1
Water H,0 10.0 3.0

NOTE—The values are in reference to Table A-1 of Annex A of IEC 61181: 2007 [B16] with the exception of the
concentration for acetylene.

'3 An acceptable transformer is indicated with the absence of acetylene. However, this standard has made allowances for the residual
acetylene present in the oil even after the oil processing.

4.8 Endurance capability for fast high voltage transient

All instrument transformers of a nominal system voltage of 345 kV and above shall be suitably designed to
endure the fast high voltage transient stress induced during the operation of the line disconnect switch located in
its vicinity. For more information see Annex I.

NOTE—To verify the transformer design will comply with the requirement, the user should specify the endurance chopped
wave test 12.1).

12 The acecleration value corresponds to-the conventional 0.2g in seismic terminology.
4.9 Performance of internal arc protection

The transformer design with the safety features of limiting hazardous effects of an internal arc shall conform,
during the test, with the requirements defined for their classes as provided in Clause 3.

The special features of internal arc protection for instrument transformers shall be specified at the enquiry.

4.10 Identification of test sample in the type test report

For the purpose of traceability, the test sample used for the type tests shall be uniquely identified. Information
related to the design and construction of the sample shall form part of the type test report.

4.11 Secondary short-circuit capability for voltage transformers

The voltage transformer shall be designed and constructed to have the following withstand capabilities:

a) With rated voltage maintained on the primary winding, each secondary winding including the tapped portion
shall be capable of withstanding both the thermal and mechanical effects resulting from the secondary short
circuit for duration of 1 s, and
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