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software technology to find and highlight document changes. More professionals
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fast paced global business world.

Because it may not be technically possible to capture all changes accurately, it is
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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 are discussed in this standard. This standard is intended for use as a supplement to
IEEE Std C57.13™-2016 and as a basis for performance and safety of equipment. Test sequences,
criteria, methods, and documentation for the test are also described.

Keywords: design test, high-voltage, IEEE C57.13.5™, instrument transformers, routine tests,
special tests, test criteria, test method, test requirements, test sequence
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These notices
and disclaimers, or a reference to this page, appear in all standards and may be found under the heading
“Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be obtained on
request from IEEE or viewed at http://standards.ieee.org/ipr/disclaimers.html.

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

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use,
are developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE SA”) Standards Board. IEEE (“the Institute”) develops its standards through a consensus
development process, approved by the American National Standards Institute (“ANSI”), which brings
together volunteers representing varied viewpoints and interests to achieve the final product. IEEE Standards
are documents developed through scientific, academic, and industry-based technical working groups.
Volunteers in IEEE working groups are not necessarily members of the Institute and participate without
compensation from IEEE. While IEEE administers the process and establishes rules to promote fairness in the
consensus development process, IEEE does not independently evaluate, test, or verify the accuracy of any of
the information or the soundness of any judgments contained in its standards.

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. Implementers and users of IEEE Standards
documents are responsible for determining and complying with all appropriate safety, security, environmental,
health, and interference protection practices and all applicable laws and regulations.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and
expressly disclaims all warranties (express, implied and statutory) not included in this or any other document
relating to the standard, including, but not limited to, the warranties of: merchantability; fitness for a particular
purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness of material. In
addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort. IEEE standards
documents are supplied “AS IS” and “WITH ALL FAULTS.”

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

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

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

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

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board Operations
Manual shall not be considered or inferred to be the official position of IEEE or any of its committees and shall
not be considered to be, or be relied upon as, a formal position of IEEE. At lectures, symposia, seminars, or
educational courses, an individual presenting information on IEEE standards shall make it clear that his or her
views should be considered the personal views of that individual rather than the formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless
of membership affiliation with IEEE. However, IEEE does not provide consulting information or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a
consensus of concerned interests, it is important that any responses to comments and questions also receive
the concurrence of a balance of interests. For this reason, IEEE and the members of its societies and Standards
Coordinating Committees are not able to provide an instant response to comments or questions except in
those cases where the matter has previously been addressed. For the same reason, IEEE does not respond to
interpretation requests. Any person who would like to participate in revisions to an IEEE standard is welcome
to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not 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

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws. They
are made available by IEEE and are adopted for a wide variety of both public and private uses. These include
both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the
promotion of engineering practices and methods. By making these documents available for use and adoption
by public authorities and private users, IEEE does not waive any rights in copyright to the documents.
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Photocopies

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

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

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

In order to determine whether a given document is the current edition and whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit IEEE Xplore at http://iecexplore.icee.org/ or
contact IEEE at the address listed previously. For more information about the IEEE SA or IEEE’s standards
development process, visit the IEEE SA Website at http://standards.ieee.org.

Errata

Errata, if any, for IEEE standards can be accessed via https://standards.ieee.org/standard/index.html. Search
for standard number and year of approval to access the web page of the published standard. Errata links are
located under the Additional Resources Details section. Errata are also available in IEEE Xplore: https://
ieeexplore.ieee.org/browse/standards/collection/ieee/. Users are encouraged to periodically check for errata.

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 by the IEEE with respect to the
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE
SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation
or under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair
discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible foridentifying Essential Patent Claims for which a license may be required, for conducting inquiries
into the legal validity or scope of Patents Claims, or determining whether any licensing terms or conditions
provided in connection with submission of a Letter of Assurance, if any, or in any licensing agreements are
reasonable or non-discriminatory. Users of this standard are expressly advised that determination of the
validity of any patent rights, and the risk of infringement of such rights, is entirely their own responsibility.
Further information may be obtained from the IEEE Standards Association.
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Introduction

This introduction is not part of IEEE Std C57.13.5-2019, IEEE Standard for Performance and Test Requirements for
Instrument Transformers of a Nominal System Voltage of 115 kV and Above.

The mission of C57.13.5™ Test Requirements for Instrument Transformers of a Nominal System Voltage of
115 kV and Above 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 second edition was published in 2009.

The main changes introduced in this revision are:

— Update of references

— New definitions have been added for gas-filled instrument transformers

—  Wind speed has been decreased from 160 km/h to 40 m/s (144 km/h)

— Partial discharge levels (type test vs routine test) have been combined in a single table

— Requirements of for density monitoring for gas-filled instrument transformers have been added

— Pressure routine and type tests have been added for enclosures used on gas-filled instrument
transformers

— Addition of a rated arc proof current

— Reference to R10 series has been added for the arc proof current

— Additional identification for current transformers having an anti-remanence gap in the magnetic circuit
— Addition of a remanence factor test

— RIV performance have been restricted to rated voltages equal to or higher than 245 kV

—  RIV test levels have been adjusted to I,1 Um/\3

— Allowable gas leakage rates at low temperature have been reduced

— Maximum acetylene concentration has been decreased to non-detectable

— Ambient air temperature range during testing has been clarified

— Cumulative test methodology is now prescribed instead of sniffing for gas leakage measurement

— Correction of the equation in the assumption for Figure 5 for the accuracy and excitation current
measurements

—  Clarifications added to the short-time mechanical test for current transformers and voltage transformers
— Clarifications added for the internal arc test

— Clarification added for the electrical endurance test

— Revision of the temperature rise test methodology

— Additional requirements regarding the number of reduced lightning impulse

— Clarifications have been added regarding chopped lightning impulse tests

— Addition of an Annex D regarding gas tightness measurement
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IEEE Standard for Performance and Test Requirements for Instrument

Transformers of a Nominal System Voltage of 115 kV and Above

1. Overview

1.1 Scope

This standard is intended for use as a supplement to IEEE Std C57.13™-2016 8* and as a basis for

performance and safety of equipmerlt.l It also describes test sequences, criteria, methods, and
documentation for tests. This standard applies to 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.
1.2 Purpose

The purpose of this standard is to supplement the IEEE Std C57.13-2016 2008; with specific
requirements to 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 applications.

IInformation on references reference can be found in Clause 2.
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1.3 Word usage

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

standard and from which no deviation is permitted (shall equals is required to).zf 3

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

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

not necessarily required (should equals is recommended that).

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

(may equals is permitted to).

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

causal (can equals is able to).

2. Normative references

The following referenced documents are indispensable for the application of this document (i.e.,
they must be understood and used, so each referenced document is cited in text and its relationship
to this document is explained). For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments or corrigenda)

applies.

ASCE 7, Minimum Design Loads and Associated Criteria for Buildings and Other Structures.4

ASTM D1275-06, Standard Test Method for Corrosive Sulfur in Electrical Insulating Liguids.5 Oils2

2The use of the word must is deprecated and shall not be used when stating mandatory requirements, must is used only to describe

unavoidable situations.

3The use of will is deprecated and shall not be used when stating mandatory requirements, will is only used in statements of fact.

4 ASCE publications are available from the American Society of Civil Engineers (http://www.asce.or

3 2ASTM publications are available from the American Society for Testing and Materials ASTM-CustemerServices100-Barr Harbor
Drive PO Box-C700,- West ConshohockenPA19428 2959 USA (http://www.astm.org/).
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IEC 60270:2000, High-Voltage Test Techniques—Partial discharge measurements.8 %

IEC 61869-2:2012, Instrument Transformers—Part 2: Additional Requirements for Current

Transformers.

IEEE Std C57.13™-2016 2008, IEEE Standard Requirements for Instrument Transformers.Z: 8

IEEE Std C57.106™-2015 2006, IEEE Guide for Acceptance and Maintenance of Insulating Mineral

Oil in Equipment.

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

IEEE Std 4™-2013 1995, IEEE Standard Fechniques for High-Voltage Testing Technigues.4
IEEE Std 693™ 2065, IEEE Recommended Practices for Seismic Design of fex Substations.

NEMA StandardsPublicationNo-107-1987, Methods of Measurement of Radio Influence Voltage

(RIV) of High Voltage Appara‘rus.2 5

63 IEC publications are available from the Saies—DepaPtment—ef—the International Electrotechnical Commission; €ase
Postale 1313 rue-de VarembeCH- 1211 Geneve 20 Switzerland/Suisse; (https://www.iec.ch) and the

American National Standards Institute (https://www.ansi.org/).

’The IEEE standards or products referred to in Clause 2 are trademarks owned by The Institute of Electrical and Electronics

Engineers, Incorporated.

8 “1EEE publications are available from The SalesDepartment-the-Institute of Electrical and Electronics Engineers;445-HoesLane;
P-O-Box1331Piscataway NJ-08855-1331-USA-(http://standards ieee.org/).

9 5NEMA publications are available from the SalesDepartment—National Electrical Manufacturers Association,4300-Nerth17 th
Street-Suite 1847 ResshynVA22200 USA_(http://www.nema.org/).

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 21:13:54 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C57.13.5-2019


https://www.ansi.org/
http://standards.ieee.org/
http://www.avadocuments.com/doc/ieee-c57-13-5-2019
http://www.avadocuments.com/doc/ieee-c57-13-5-2019

3. Definitions

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

Dictionary Online—Glessariy—of—TFerms—&—Definitions should be consulted refereneed for terms not

defined in this clause.10 6

alarm pressure (or density) for gas-filled instrument transformers: Pressure (Pa), referred to the

standard atmospheric air conditions of +20 °C and 101.3 kPPa (or density), which may be expressed in

relative or absolute terms, at which a monitoring signal is provided.

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 coordination between the

internal and external insulation for the purpose of increasing the overvoltage withstand capability.

class I instrument transformer: An instrument transformer that is constructed and tested in

accordance with IEEE Std C57.13-2016.

class II instrument transformer: An instrument transformer rated 115 kV and above, with capacitive

insulation, and which is constructed and tested in accordance with IEEE Std C57.13.5 supplemented

with requirements of IEEE Std C57.13-2016.

design pressure (of a pressurized gas enclosure): Pressure used to determine the thickness of an

enclosure. It is, at least, the upper limit of the gas pressure reached within the enclosure when the

instrument transformer is subjected to the maximum ambient air temperature increased by the gas

temperature rise due to the flow of rated current and the losses caused by the rated voltage.

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.

106 ¢ [EEE Standards Dictionary Online~Glessary-ofFerins-&-Definitions is available at: http://dictionary shep.ieee.orgf.
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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.

NOTE—The above definitionsInternal-are—protection—elassT-andInternal-areprotectionClass

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 G B 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 and protective cover, if applicable) provided with the transformer.!! transformers.”

minimum functional pressure (or density) for gas-filled instrument transformers: Pressure (Pa),

referred to the standard atmospheric air conditions of +20 °C and 101.3 kPa (or density), which may

be expressed in relative or absolute terms, at which and above which rated characteristics of the

instrument transformer are maintained.

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 level 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 level intensity for the transformers covered in this standard is 10 pC.

rated arc proof current: Maximum current for which the internal arc classification applies.

rated filling pressure (or density) for gas-filled instrument transformers: Pressure (in Pa), referred

to the standard atmospheric air conditions of +20 °C and 101.3 kPa (or density), which may be

expressed in relative or absolute terms, to which the instrument transformer is filled before being

put into service.

17

22 "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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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 H E for additional information.

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, which #kat 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, class 2 the instrument transformers shall comply with IEEE Std
(C57.13-2016 2008, supplemented with the requirements provided in this clause. If any conflicts or
inconsistencies exist between IEEE Std C57.13-2016 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.
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NOTE1—For nominal system voltages of weltage 230 kV, 345 kV, and 500 kV, a-good service
experiences with instrument transformers of reduced redwetion 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_of higher values for each system voltage.

NOTE2—The dielectric_test levels and prescribed extinction voltages are applicable to instrument

transformers used in grounded or effectively grounded neutral systems.

Table 1—Voltage ratings and dielectric test levels

Nominal system Maximum Lightning impulse Switching Power frequency
voltage system voltage voltage impulse voltage | withstand voltage®
(rms) {rms) {peak) {peak) (rms)
(line-to- (line-to-line) (V) (V) (line-to-ground)
line) (kV) (V) (&V)
Full wave Chopped wave® Dry Wet
115 123 550 630 — 230 230
138 145 650 750 — 275 275
161 170 750 865 — 325 325
230 245 200 1035 — 305 305
1050 1210 — 460 460
345 362 1175 1350 930 510 —
1300 1500 a7s 375 —
500 350 1550 1785 1175 680 —
1800 2070 1300 830 —
765 800 2100 2420 1550 975 —
New

aThe minimum time to chopping shall be 3 us.

bThe duration for the power frequency voltage withstand test shall be in accordance with 4.1.8 for

both dry and wet test conditions.

4.1.2 Capacitance and dissipation factor requirements

The capacitance and dissipation factor of the transformer shall be measured at power frequency at

the following test voltages:
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— 10 kVrmey2®

— Maximum rated voltage

The test shall be performed before and after the dielectric tests. The increase of capacitance
measured after dielectric tests 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 and solid-insulation 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 dielectric tests into

compared-with the value measured before the dielectric tests shall be less than 0.1%.

139

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 dielectric tests to

compared-with the value measured before the dielectric tests shall be less than 0.03%.

12 8The measurement at 10 kV is optional as the values are useful as a reference for commissioning.

13 A5 the inherent capacitance of gas-filled instrument transformers is very low (in the range of 100 pF to 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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4.1.3 Creepage distance requirements

The following minimum creep values shown in Table 2 are based on the voltage across the

insulating distance. For the instrument transformers rated 115 kV and above, the voltage shall be the

nominal line-to-ground kV rating. These values may need to be adjusted for factors such as shape,

number of sheds, and bushing inclination.

Table 2—creepage distances as a function of nominal phase-to-ground

system voltage distanece
Contamination Creep distance
Light 28 mmEkV
Medium 35 mmEkV
Heavy 44 mm/EV
Extra heavy 54 mm/kV or greater

— Minimum creepage distance =7
3 Maximum system mm
volrage voltage
{l'mg Nm:) (Light W/ (Heavy pollution)

KV kV

115 I~ 860 2020

138 145 > 2235 3510

161 16— TN2605 4000

230 242 370~ 5845

45 A 362 5580 SN 38765

500~ 550 8085 N2 705

165 800 12370 104
= o~
Hoeleseds
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NOTE4—The definitions of contamination lght-and-heavypolution levels are provided in IEEE

C57.19.100™ [B16].14

NOTE2—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.

Table 3 provides examples of creepage distances as a function of nominal system voltage and level

of contamination.

Table 3—Examples of creepage distances

Nominal system Maximum system Minimum creepage distance
voltage voltage (mm)
((I]L"T:? ?RE}} Light contamination Heavy contamination
115 123 1860 2020
138 145 2235 3510
161 170 2605 4090
230 245 3720 5845
345 362 5580 8765
500 550 8085 12705
765 800 12370 10435
New

NOTE—For medium and extra heavy contamination levels, additional information regarding

creepage distances can also be found in IEEE C57.19.100 [B16].

4.1.4 External radio influence voltage (RIV) requirements

The maximum external radie—influence—voltage(RIV) of the instrument transformer shall be in
accordance with Table 4 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 parts part of the

transformer, shall not be used for the test.

14The numbers in brackets correspond to those of the bibliography in Annex K.
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Table 4 3—External radie-influence-veltage(RIV)

Nominal system Maximun system Radio influence test Maximum radio influence
voltage voltage voltage voltage
(line-to-line) (line-to-line) (line-to-ground) (uvy

(rms) (rms) (rms)

(kV) (&V) (kV)
230 245 156 250
345 362 230 250
500 550 340 350
765 800 508 500

New

Maximum system Radio influence test
voltage voltage
(line-to-line) (line-to-ground)

(rms) (rms)
\d' KV A
1’21\ y

138 143 \% 84 200
161 169 /’ w 200
230 }J/ 142 \ 250
345 362 200 250
//
S{JV 550 303 w
/)ﬁs 800 462 5{}0\
N

a0 The background noise level shall not be higher than half the maximum radio influence voltage

(RIV).
4.1.5 Reutine-partial discharge test

The partial discharge level intensity measured at the voltage corresponding to the prescribed
extinction voltage level as provided in Table 5 4 shall be less than or equal to the reference level

intensity of 10 pC. The measuring method shall be in accordance with IEC 60270:-2606.
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The partial discharge test shall be carried out subsequent'H' to the power frequency voltage

withstand test as described in 7.7 (routine test) or in 10.7 (type test).E

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

voltage provided in Table 5 4 before the partial discharge is measured.

Table 5— Reutine Partial discharge test voltages testsveltage

Type test levels Routine test levels
Nominal Maximum Pre-stress Prescribed Pre-stress Prescribed
system svstem voltage | voltage (rms) extincrion voltage voltage extinction voltage
voltage (rms) (rms) (line-to- (rms) (rms) (rms)
(line-to-line) (line-to-line) ground) (line-to-ground) (line-to- (line-to-ground)
&) &) &V) V) ground) ®&V)
&V)
115 123 230 123 185 123
138 145 275 145 220 145
161 170 325 170 260 170
- 305 . 315
230 245 245 245
460 370
345 362 oL 362 e 300¢
575 T 460
- e 680s 545
500 550 550 4350
830 665
765 800 975 800 780 665"

New

AThe values shown are for the reduced insulation levels in reference to Table 1.

bThe standard recognizes the difficulties of partial discharge measurement at these voltage levels in

the industrial environments with high level of background noise. The problem is aggravated if the

test laboratories are undersized. Sometimes extra-high-voltage test services with specialized

capabilities are required. For the transformers of these voltage ratings, therefore, the prescribed

extinction voltages are reduced to 1.5 times the nominal system voltages in order to allow the test to

be performed in manufacturers’ laboratories. The reduced voltage levels are considered still

acceptable since the ground fault factor for a system with a grounded or effectively grounded

neutral does not exceed 1.4.

15+ A 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.
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Nominal system Maximum system Pre-stress voltage Prescribed extinctio

voltage (rms) (1ms) voltage

(line-to-line) (line-to-ground)
L EV EV

115 \\ 121 183 / 121
138 NI 2 A o
161 IBS\ 260 / 169

\ 3.1/9/
230 242 N /?o 242

4107 300°
V
/| \160:'

%
200 5/ 665 N\ 435"
TN

345 362

e difficulties of partial discharge measurement at these v
#h level of background noise. The problem 1s aggravated if
5 exira-high-voltage fest services with specialized capabilities

test laboratomes are
required. For the
5 times the rated

environments with Iy
undersized. Somej

still acceptable since the ground fault factor for a system with a grounded or effectivelR grounded

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.
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.
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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 pre-stress voltage for partial discharge measurement, the duration of the test may be reduced

as given shews in Equation (1):

2
Time(s) =$ @
TestFrequency(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.m 2 1t shall be in accordance with 4.2-e£IEEE Std
(C57.106™-2015-2006. The characteristics of the new processed oil shall be in accordance with 4.1,

4.1.1,4.1.2, 3 and 4.1.3 4 of that standard FEEE-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.

16 PNew insulating oil processed with the latest technology may be commercially available from the refinery. The user should

check with the manufacturer for more information.
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4.3 Requirements for accuracy and accuracy calibration systems

Requirement for accuracy measuring systems and accuracy system calibration shall comply with

8.1.1 of IEEE Std C57.13-2016.

NOTE —The maximum calibration interval shall be five years for non-electronic equipment and one

year 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 4.4.1 and 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 C57.13-2016 2008.
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4.4.1.1 Oil-immersed instrument transformers

The manufacturers shall review the typical examples of sealing tests outlined in Table 6 5 and adopt

the one most suitable for their transformers. Other test methods could also be fully acceptable.

Table 6 5—Typical examples of sealing test for oil-immersed instrument

transformers
Average oil .
: Internal pressure Time
Test mml;f;: ;mm (kPa) (W)
1y} 50 35 24
(I 50 103 12
(WL 85 0 12
awv 25 35 60
V) 25 103 24
New
\ /
\ Average oil Internal pressure /ime/
Test temperature
\C kPa h
i 5:\ 35 24
(ITy 50 /\ 103 12

@~ s N 12
(V) -

(]
LA
(Y]
(%]
(=]
=]

|
/

a13 standard recommends this procedure for transformers equipped with oil expansion diaphragms
or bellows. Other procedures, as shown in the table 5, with application of pressure, for example,
fe-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 acceptabley.
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4.4.1.2 Gas-filled instrument transformers

The construction of the tank shall be in accordance with the national s’candards'l'4 on enclosures for

gas-filled electrical equipment.E The manufacturer shall submit the certificate of the tank to the

user for approval before the routine tests.

The tightness characteristic of a gas-filled instrument transformer shall be consistent with a

minimum maintenance and inspection philosophy.

The tightness of closed pressure systems for gas is specified by the relative leakage rate Fﬂ of the

gas-filled instrument transformer.

Standardized value in ambient temperature prevailing in factories (10 °C to 40 °C) is 0.5% per vear,

for SFg and SF-N2 mixtures.

Lower leakage rates can be specified according to national regulations and regional practice. An

increased leakage rate at extreme temperatures is acceptable, provided that this rate resets to a value

not higher than the maximum permissible value at normal ambient air temperature prevailing in

factories. The increased temporary leakage rate shall not exceed the following values (where T7 is

the lower limit of the ambient temperature range-):

a) For low ambient temperature (T7, = -5, -10, -15, —25 and —40 °C): 1.5%/year

b) For ultra-low ambient temperature (17, = —50 °C): 3 6.0%/year

17 * 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 K .
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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 mechanical stresses:
a) Static terminal loads according to load values shown in Table 7. 6

b) Winds of 40 m/s. The determination of the force due to the wind shall be in accordance with

ASCE 7. 168kamth

NOTE—Wind speed higher than 40 m/s may be specified.

c) Resulting mechanical stresses produced by an ice coating of 20 mm.

d) For Herizental seismic

lew-qualification, see lewelin 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 their its own weight.

Table 7 6—Static terminal loads

Maximum system voltage Static terminal load
&) ™)
Voltage transformers Current ransformers
=170 1000 2000
24510362 1250 2500
=550 1500 4000

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

specified terminal load.
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NOTE 2—In some sws 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 temperature rise in instrument transformers when tested in accordance with

their ratings shall be as given in Table 4 and Table 5 of IEEE Std C57.13-2016 2608.

For use at altitudes higher than 1000 m, see 4.4. of IEEE Std C57.13-2016.

Performamce—— Bare copper or bare Tin-plated terminals |_—&itver-plated terminals
alumi i
Maxmmum operating 3 115
temperae LSe—"] [
L —_— |
foelaleds

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.
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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.

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

table 8.

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

instrument transformers

Component Maximum concentration Minimum sensitivity
(p-p-m.) (p.p-m.)
Hydrogen (H,, 15.0 20
Carbon monoxide (CO) 40.0 5.0
Carbon Dioxide (CO,) 200.0 10.0
Methane (CH,) 5.0 0.1
Ethylene (C,H,) 20 0.1
Ethane (CH,) 30 0.1
Acetylene (C.H,) Not detectable 0.1
Water (H,O) 10.0 30
New
. _—
Maximum Concentration Minimum Sensitiyi&
Compoi (p.p.m.) (]
Hydrogen H, \\ 15.0 / 3.0
Carbon monoxide CO No.a 50
Methane CH, 5. 0.1
Ethane C,H, 20 0.1
Ethylene C;Hs 30 0.1
Acetylene /Gﬁf // 050° \\01\
;w/m/ H:0 10.0 30 \

Full document details: IEEE C57.13.5-2019
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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 withstand 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 | L.

NOTE—To verify_if the transformer design will comply with the requirement, the user should

specify the endurance chopped wave test (see 12.1).
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.

The classification applies at a current level not exceeding the rated arc proof current. For example,

the rated arc proof current for a current transformer is a current equal to or lower than its rated

short-time current.

The arc proof current shall be selected from the R10 series. The R10 series comprises the numbers 1 —

1.25-1.6 -2 -2.5-3.15-4-5-6.3 — 8 and their products by 10" (where n = 3 to 5 for the scope of
this standard).

The rated arc proof current shall be indicated on the nameplate.

NOTE—A lower value than the rated short-circuit current (for current transformers) may be

appropriate when the user’s calculation indicates that the rated short-time current is higher than

actual short-circuit current.

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.
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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.ane

b) The primary winding shall also be capable of withstanding both the thermal and
mechanical effects resulting from the 1 s short circuit applied simultaneously to all

secondary windings with rated voltage being maintained on the primary winding.

NOTE —Maximum temperature limits are given in 7.7 of IEEE Std C57.13-2016 2008.

4.12 Relaying current transformers having an anti-remanence gap

Some protection relaying schemes require an anti-remanence gap in the magnetic circuit in order to

reduce the core remanence to a value close to zero. Normally, such an anti-remanence gap is

decreasing the core remanence to a value less than 10% of the saturation flux.

Presence of an anti-remanence gap shall be indicated on the nameplate. An “R” letter shall be added

within the relaying class, for example, CR400.

4.13 Gas filling pressure and gas monitoring for gas-filled instrument

transformers

The gas pressure (or density) shall be assigned by the manufacturer. The pressure (or density) of gas

is referred to atmospheric conditions of 20 °C at which the gas-filled instrument transformer is filled

before being put into service.

In addition to the filling level, the following values have to be assigned by the manufacturer:

— Alarm pressure (or density)
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— Minimum functional pressure (or density)

Gas-insulated instrument transformers shall be equipped with a gas density monitoring device. This

device shall comprise at least two monitoring contacts, one set to the assigned alarm pressure level

and one set to the assigned minimum functional pressure. Additional contacts may be required by

the user. For digital gas density monitoring devices, other specific requirements may be applicable.

5. Test conditions

Unless specified otherwise for particular tests, the following test conditions shall apply:

a) The ambient temperature range for tests should generally shal be from 10 6 °C through +40

°C with +20 °C as the reference temperature. Some tests may sometimes be performed in

outdoor conditions such as the short-circuit and internal arc test.

b) The transformer shall be in-new _and in a; clean; and dry condition.cenditions

c) The transformer shall be mounted in a vertical position on the floor or on a structure, the

height of which shall be no greater than that of the structure used in service.

d) For gas-filled instrument transformers, the gas pressure shall be set, for all electrical tests,
unless otherwise stated, at the minimum functional value, which corresponds to the

equivalent gas density at 20 °C for which the second alarm level is set.

6. Classification of tests fest

Tests listed in this standard are classified as routine, 18 ¥ type, and special tests, which are necessary

to verify ensure that the design and construction of the transformer are adequate to comply with the

requirements of Clause4-ane-IEEE Std C57.13-2016 and Clause 4 of this standard 2008.

1846 por reducing the routine test burden to the manufacturer, some tests are performed based on selected samples.
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6.1 Routine tests and test sequences

6.1.1 Routine tests applicable to instrument transformers

The manufacturer shall perform the following routine tests on each instrument transformer:

a)

b)

f)

8)

h)

k)

1)

Verification of terminal markings and polarity (see 7.1)

Capacitance and dissipation factor test (before and after the dielectric tests) (see 7.2)

Applied voltage test on secondary windings (see 7.3)

Insulation resistance test on windings (see 7.4)

Lightning impulse voltage test on the primary winding (see 7.5)

Power frequency voltage withstand test (see 7.6)

Partial discharge test (see 7.7)

Dissolved gas and water content analysis tests for oil-immersed transformers (of a nominal

system voltage of 345 kV and above) (see 7 10.8)

Sealing test (see 7.9)

Ground shield check (see 7.10)

Tests on mineral oil (see 7.11)

Inspection and routine pressure test on enclosures for gas-filled instrument transformers (see

6.1.2

7.12)

Additional routine tests Reutine—test applicable to current

transformers

The manufacturer shall perform the following routine tests on each current transformer:
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a) Inter-turn over-voltage test (see 8.1)
b) Accuracy test for metering rated current transformers (see 8.2)
c) Resistance measurement of relaying rated secondary windings (see 8.3)

d) Performance characteristics for relaying rated current transformers (see 8.4)

6.1.3 Additional routine tests Reutine—test applicable to voltage
transformers
The manufacturer shall perform the following routine tests on each voltage transformer:

a) Applied voltage test on the neutral terminal (see 9.1)

b) Accuracy test (see 9.2)

c) Excitation characteristics with respect to rated voltage factor (see 9.3)

d) Resistance measurement of windings (see 9.4)
6.1.4 Sequence of the routine tests

The routine tests should test-shall be performed following i the recommended sequence as outlined

in Figure 1 and Figure 219

19+ The numbers next to the boxes are the pertinent clause references.
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S

7.10 | Ground shield check |
¥
71 | Verification of terminal markings and polarity |
+
7.4 | Insulation resistance test on windings |
+
7.2 | Capacltance and dissipation factor test (Before diglectric tests) |
']
73 | Appliad voltage test on secondary windings |
¥
a1 | Applied voltage test on the neutral terminal |

Yes

|5 the

7.5 transformer of a nominal system vollage 75751
abowve 230 kWY
Lightning impulse voltage test 76 Sample lightning impulse voliage test
on the primary winding : on the primary winding

l—l Power frequency voltage withstand test l—i

]

7.7 | Partial discharge test |
]

93 |Excitation characteristics with respect to rated voltage factorl

7.2 | Capacitance and dissipation factor test (Afler dielectic tests) |

9.4 I Resistance measurament of windings J
+
9.2 | Accuracy tast |

Yes transformer of a nominal system voltage 345 kW M
7.8 Dissolved gas and water content analysis |
+
79 | Sealing test I—
Was air in
Yes contact with the il during the No
sealing test?
7T Partial discharge test |
End

New

NOTE 1—The mineral oil tests (7.11) are regularly performed irrespective of the test sequence.

NOTE 2 —Sealing test may be performed at any time.
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Start
" Hesling test may be pefo
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Ground shreld check

)
Verification of bermnmal mackings and polarity |

Inathticon readance tedt on windings |

I

| Capacitance and dissipation factor test (Before dislectric tests) ‘

!

Appliedroltape test on saoatdary windings

/

21

phedtrolbagetat o the nevtral bermingl

Yes
1%
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1 e prirnacsy winding

157351
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Powé@qumqw&]tage wfhstand fest

l%

77

03

Fﬁh\ﬂischyétest |
AV'4

| Excitation mmda'lstjcsyﬁEspect b rebed maltags factor |

T2

Capacitance and dls% on factor %}k&a‘ drelectrie test=) |

/ i

A
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Tes

! \\ |

Aoouracy best
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—

_and aboyd?
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Truszalved gas and water coatent analysiz
!
Zealing e’

_,——'—'__'_l_‘_‘—‘——\__
T . .
— Wasalrin cantact with tee oil

T dunng thesaling tat)

Partial discharge test

——
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>

(Peleted)

Figure 1—Flowchart of routine tests on voltage transformers

17
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7.10 | Ground shield check |
¥
71 | Verification of terminal markings and polarity |
*
7.4 | Insulation resistance test on windings |

7.2 | Capacitance and dissipation factor test (Before dielectric tests) |

73 | Applied voltage test on secondary windings |
*
8.1 | Inter-turn over-voltage test |

Yes Mo

Is the
transformer of a nominal system voltage
above 230 k\V?

76 Sample lightning impulse voltage test
! on the primary winding

Power frequency voltage withstand test I—l

75 7.5,7.51

Lightning impulse voltage test
on the primary winding

¥
77 | Partial discharge test I

¥

7.2 I Capacitance and dissipation factor test {After dielectric lests) J

8.2 [ Accuracy test for metering rated current transformers |

¥

8.3 | Resistance measurement of relaying rated secondary windings J
¥

8.4 | Performance characteristics for relaying current transformers J

Yas transformer of & nominal system voltage 345 kV Mo
FE:) Dissolved gas and water content analysis |
*
7.9 | Sealing test |—
as air in
Yes contact with the oil during the Mo
ealing test?
7.7 Partial discharge test |
End

New

NOTE1—The mineral oil tests (7.11) are regularly performed irrespective of the test sequence.

NOTE 2 —Sealing test may be performed at any time.
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NOTE—The mineral oil tests (T.11) j

—— vegularly performed  irrespective ol

| Start
Y

s

Lesk sequence.
Y Sealing test may be perform

rime,
- .
Lo | Ground shield check |
1
7.1 | Verification of terminnl markings and polarity ‘
T4 | Insulation resistance test on windings ‘
j‘.
| Capacitance and dissipation factor test | Before dieleciric tesis)
I
aq Applied veltage fest on secondary windings
N\, ) /
2 | \ Tnter-turn over-volimge st / ‘
. Mo
Yes I
B e
75 —_—— T ransformer of a nominal system volag T I 75,751

¥
Sample lighteing impulse voltage
test an the p\’im;!l"v W inc'.'nt'_
the primary winding
.

e _ahove TIORVT

1—( Power f'éwnm‘.‘ mlu%ths‘.and test

17 ‘ Parial LM‘:II’_L’I: lest
Capacitance and nluW

Lightning impulse voltage test an
the primary winding

7.2 rmk(ram: diglecric tesis) l
i
. | Accuracy tespflor metering rated curreN\transformers ‘
7 I AN .
LR Rcsi%mn\:cﬁlsur\:ﬂunl of relaying rated secondat\ windings |
/ [
L2

]’Erﬁ’!%tf characteristics for relaying rated current trafgformers |

~ ~ Tsthe —— —
sfarmer of a nominal svstem woltape 145 kY _:__
—— _andabove -

Ny

Dissolved gas and water content analysis
I
Sealing test’

!

=" Wyas air in comact with the o1l —
__ during the sealing test?

Partial discharge 1est ‘

L
(kna )
AN

e

Figure 2—Flowchart of routine tests test on current transformers
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For oil-immersed transformers, if drv air or nitrogen is in contact with the oil during the sealing test,

a partial discharge test in accordance with 7.7 shall be repeated after the sealing test.

The tests on the mineral oil do not apply to gas-filled transformers.

6.2 Type tests and test sequences

Type tests are intended to verify whether the characteristics and performance of the instrument

transformer design comply with the requirements of Clause4-and-IEEE Std-C57.13-2016 and Clause

4 of this standard 2008.

6.2.1 Type tests applicable to instrument transformers

The manufacturer shall perform the following type tests on each instrument transformer design:

a)

b)

f)

8)

h)

j)

k)

Dissolved gas and water content analysis (see-10.1)

Mechanical test (see-10.2)

Lightning impulse voltage test on the primary winding (see-10.3)

Switching impulse voltage test on the primary winding - wet (see-10.4)

Radio influence voltage (RIV) test (see-10.5)

Power frequency voltage withstand test - wet (see-10.6)

Power frequency voltage withstand/partial discharge test - dry (see-10.7)

Temperature rise test (see-10.8)

Short-time mechanical and thermal rating test (10.9)

Accuracy performance test (see-10.10)

Creepage distance measurement (see-10.11)
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1) Leakage Sealingsystem test at low temperature for gas-filled instrument transformers (see

10.12)

m) Burst test on enclosure for gas-filled instrument transformers (10.13)

6.2.2 Type test applicable to current transformers

The following type test shall be performed on each current transformer design:

Secondary open-circuit voltage withstand test (see-11.1)-
6.2.3 Sequence of the type tests

The type tests should shalt be performed for each transformer design following #: the recommended

sequence as outlined in Figure 3 and Figure 420

20The numbers next to the boxes are the pertinent clause references.
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