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Abstract: Practices and requirements for semiconductor power rectifier transformers for dedicated
loads rated single-phase 100 kW and above and three-phase 100 kW and above are included.
Static precipitators, high-voltage converters for dc power transmission, and other nonlinear loads
are excluded. Service conditions, both usual and unusual, are specified, or other standards are
referenced as appropriate. Routine tests are specified, and an informative annex provides several
examples of load loss calculations for transformers when subjected to nonsinusoidal currents,
based on calculations provided in the standard.

Keywords: eddy current losses, harmonic load losses, IEEE C57.18.10™, single-phase
transformers, three-phase transformers, three-winding transformers, transformer load losses, two-
winding transformers
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers.
These notices and disclaimers, or a reference to this page (https:/standards.ieee.org/ipr/disclaimers.html),
appear in all standards and may be found under the heading “Important Notices and Disclaimers Concerning
IEEE Standards Documents.”

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

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE SA) Standards Board. IEEE develops its standards
through an accredited consensus development process, which brings together volunteers representing varied
viewpoints and interests to achieve the final product. IEEE Standards are documents developed by volunteers
with scientific, academic, and industry-based expertise in technical working groups. Volunteers are not
necessarily members of IEEE or IEEE SA, 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 does not warrant or represent the accuracy or completeness 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. In
addition, IEEE does not warrant or represent that the use of the material contained in its standards is free
from patent infringement. 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: THE
NEED TO PROCURE 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 IEEE standard is translated, only the English version published by IEEE is 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, nor 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 the presenter’s views should be considered the personal views of that individual rather than
the formal position of IEEE, IEEE SA, the Standards Committee, or the Working Group.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations,
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 evaluating comments or in revisions to an IEEE standard is welcome to join
the relevant IEEE working group. You can indicate interest in a working group using the Interests tab in the
Manage Profile & Interests area of the IEEE SA myProject system. An IEEE Account is needed to access
the application.

Comments on standards should be submitted using the Contact Us form.

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 constitute 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.

Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and data
ownership in the context of assessing and using the standards in compliance with applicable laws and
regulations.

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

Documents

4 Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 22:09:42 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C57.18.10-2021


https://development.standards.ieee.org/myproject-web/public/view.html#landing
https://standards.ieee.org/content/ieee-standards/en/about/contact/index.html
http://www.avadocuments.com/doc/ieee-c57-18-10-2021
http://www.avadocuments.com/doc/ieee-c57-18-10-2021

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.

Photocopies

Subject to payment of the appropriate licensing fees, 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;
https://www.copyright.com/. 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 or contact IEEE. For more
information about the IEEE SA or IEEE’s standards development process, visit the [EEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website. 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. Users are encouraged to
periodically check for errata.

Patents

IEEE Standards are developed in compliance with the IEEE SA Patent Policy.

IMPORTANT NOTICE

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. IEEE Standards development activities consider
research and information presented to the standards development group in developing any safety
recommendations. Other information about safety practices, changes in technology or technology
implementation, or impact by peripheral systems also may be pertinent to safety considerations during
implementation of the standard. 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.
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Introduction

This introduction is not part of IEEE Std C57.18.10-2021, IEEE Standard Practices and Requirements for Semiconductor
Power Rectifier Transformers.

Early editions of ANSI C57.18 were written for transformers used with pool cathode mercury arc rectifiers.
The last revision date for ANSI C57.18 was 1964. That standard did not reflect the practices that have
developed with the use of semiconductor rectifying or converting devices, nor did it reflect the latest
transformer technology. As a result, much of it is inconsistent with current practices and with other related
standards that deal with semiconductor converters. This new standard is the result of the decision to write a
new rectifier transformer standard instead of revising the old standard. Suggestions for improvement of these
practices will be welcomed.

Basic impulse level (BIL) ratings for windings connected to converters are not specified by this standard.
There are many practical reasons why windings connected to converters need not have a BIL test or rating.
These windings are often high-current, low-voltage windings that will not produce ANSI standard waveforms
when tested. Interleaved windings cannot be impulse tested easily. Usually the converter and the transformer
are close coupled in a throat connection and not subject to lightning strikes. The converter usually cannot
withstand normal transformer BIL ratings for the winding voltages to which they are connected. These
conditions aren’t always true, however. If a user wishes to have a BIL rating or test, this may be arranged
through commercial negotiations and technical specifications that may override this standard. This should
also be acknowledged by the transformer manufacturer during the bidding process.

Hottest-spot winding temperatures are referred to in this standard. These are not tested values. Hottest-spot
temperatures cannot be measured from a practical standpoint on production units. Therefore, average winding
temperatures plus a hottest-spot increment may be used. There is continuing work in other standards groups
on this matter.

The methods of rating the transformer kVA and currents in previous editions of ANSI C57.18 were based on
the rms equivalent of a rectangular current wave shape based on the dc rated load commutated with zero
commutating angle. This is the rms kVA and current method. All the tables in Clause 10 are based on this
traditional method. A new approach is to base the transformer kVA and currents on the rms value of the
fundamental current and kVA. This is the fundamental kVA and current method. The fundamental kVA
method is in use in IEC standards. This approach needs to be reflected in other IEEE standards as well as in
this standard. The traditional tables are retained in Clause 10 to maintain its method. Both kV A values will
be shown on the nameplate to accommodate either method. Specifying engineers should clearly define
whether they are specifying the traditional rms kVA or the fundamental kVA to avoid confusion. RMS kVA
is beneficial to users who utilize their primary metering on the transformer to monitor load. The fundamental
kVA is related directly to the real power used by the rectifier or convertor. The rms kVA can be determined
when the fundamental kVA is given along with the harmonic spectrum for the load. The specifying engineer
is always obligated to supply the harmonic spectrum to properly rate and design the transformer. The
specifying engineer has overall system responsibility; definition of the harmonic spectrum is not the
transformer manufacturer’s responsibility. The difference between the two methods should result in only a
small percentage error in kVA sizing, but, in some cases, it may be determined to be critical. Future
coordination with other IEEE standards working groups should give a final direction regarding the kVA
rating method.

Two cautionary notes are in order regarding testing.

First, errors may result when measuring losses on transformers with low power factors. Care must be
exercised in making the loss measurements for rectifier transformers with high reactance and low losses. Test
tolerances should be held to 3% throughout the ranges of reactance and losses so as to accurately measure
stray losses for the harmonic calculations. There is ongoing work on this subject within the Loss
Measurement Working Group of the Performance Characteristics Subcommittee.
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Second, other errors regarding resistance readings for losses or temperature rise tests are possible on low-
voltage, high-current windings having very low resistance, often with bolted joints. Connection losses may
alter normal resistance measurements. Work on this topic should be undertaken in the future. The exact
methodology for temperature rise testing using service losses enhanced with harmonics needs to be more
fully developed. After this standard has been in use, it is expected that manufacturers and users will develop
more detailed preferred methods. Experience will also provide insight as to whether there are any serious
shortcomings in these methods. It is hoped that they will be found to be safely conservative. It is believed
that some development time is necessary with the new approach before exact methods are prescribed.

This revision includes more details of the following: methods of interphase transformer testing, phase shifted
windings for harmonic cancellation, electrostatic ground shields, and more precise methods of determining
losses for thermal and magnetic capability using finite element analysis (more work is needed regarding
FEA).
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IEEE Standard Practices and Requirements for Semiconductor Power

Rectifier Transformers
1. Overview

1.1 Scope

This standard includes transformers for semiconductor power rectifiers, inverters, furnaces, and

adjustable speed drives rectifier transformers for dedicated loads rated

— Single-phase 100 368 kW and above

— Three-phase 100 560 kW and above

The scope of this standard excludes

— Static precipitators

— High-voltage converters for dc power transmission

— Mixed loads of more than 10% non-converter fundamental frequency power content

— Other nonlinear loads

1.2 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).1, 2

1 The use of the word must is deprecated and cannot be used when stating mandatory requirements, must is used only to describe

unavoidable situations.

2 The use of will is deprecated and cannot be used when stating mandatory requirements, will is only used in statements of fact.
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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.

ANSI C57.12.10-1988, American National Standard for Transformers—230 kV and Below 833/948

through 8333/10 417 kVA, Single-Phase, and 750/862 Through 60 000/80 000/100 000 kVA with Load

Tap Changing —Safety Requirements.3

3 ANSI publications are available from the American National Standards Institute (https://www.ansi.org/).
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IEEE Std 519™ 1992, [EEE Recommended Practices and Requirements for Harmonic Control in

4,5

Electric Power Systems.

IEEE Std 1653.1™, IEEE Standard for Traction Power Rectifier Transformers for Substation

Applications up to 1500 V DC Nominal Output.

IEEE Std 1653.2™ TEEE Standard for Uncontrolled Traction Power Rectifiers for Substation

Applications up to 1500 V DC Nominal Output.

IEEE Std 60076-16™, IEC/IEEE International Standard —Power transformers—Part 16: Transformers

for wind turbine applications.

IEEE Std (C57.12.00™14993, IEEE Standard_for General Requirements for Liquid-Immersed

Distribution, Power, and Regulating Transformers.

IEEE Std C57.12.01™-1989, IEEE Standard for General Requirements for Dry-Type Distribution and

Power Transformersin

IEEE Std C57.12.90™ 1993, IEEE Standard Test Code for Liquid-Immersed Distribution, Power, and
Regulating Transformers and IEEE Guide for Short-Circuit Testing of Distribution and Power

Transformers.

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

Engineers, Incorporated.

5 2[EEE publications are available from The Institute of Electrical and Electronics Engineers_(https://standards.ieee.org/) ~445-Hees
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IEEE Std C57.12.91™ 1995, IEEE Standard Test Code for Dry-Type Distribution and Power

Transformers.

IEEE Std C57.91™1995, IEEE Guide for Loading Mineral-Oil-Immersed Transformers.

IEEE Std C57.96™ 1989, IEEE Guide for Loading Dry-Type Distribution and Power Transformers.

IEEE Std C57.110™-1986—(Reatf—1992), IEEE Recommended Practice Guide for Establishing

Transformer Capability When Supplying Nonsinusoidal Load Currents.

IEEE Std C57.142™, TEEE Guide to Describe the Occurrence and Mitigation of Switching Transients

Induced by Transformers, Switching Device, and System Interaction.

IEEE Std C57.154™ JEEE Standard for the Design, Testing, and Application of Liquid-Immersed

Distribution, Power, and Regulating Transformers Using High-Temperature Insulation Systems and

Operating at Elevated Temperatures.

3. Definitions

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

Dictionary Online should be consulted for terms not defined in this clause.®

OIEEE Standards Dictionary Online is available at: http://dictionary.ieee.org. An IEEE Account is required for access to the dictionary,

and one can be created at no charge on the dictionary sign-in page.

Snformation-onreferencescan befound-in Clause 2.
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commutating impedance (rectifier transformer): The impedance that opposes the transfer of current

between two secondary winding terminals of a commutating group, or a set of commutating groups.

percent impedance (rectifier transformer): The percent of rated primary winding voltage required

to circulate current equivalent to rated kilo voltamperes in the primary winding with all secondary

winding terminals short-circuited.

4. Symbols

Dx

Ed

Edo

EL

En

Er

Es

Ex

f

FHL - OSL
FHL - WE
h

Commutating reactance transformation constant (applies only to the first mode of

operation after the light load transition)

Average dc voltage under load

Theoretical dc voltage (average dc voltage at no load or light transition load assuming

no overlap, no phase control, and zero forward voltage drop)

Alternating-current system line-to-line voltage (rms)

Alternating-current system line-to-neutral voltage (rms)

Direct voltage drop caused by resistance losses in transformer equipment

Transformer secondary winding line-to-neutral, open-circuit no-load voltage (rms)

Direct voltage drop caused by commutating reactance

AC line-to-neutral voltage corresponding to the voltage in the primary winding

Frequency of ac power system
Other stray loss harmonic loss factor
Winding eddy current harmonic loss factor-

Order of harmonic
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Ip

IpL

Is

IT

PA/PB/PC

PEC

PEC-p

PEC -s

PEC-T

POSL

POSL - p

POSL -s

POSL-T

Harmonic component of current of the order indicated by the subscript h
Alternating line current (rms)
Equivalent thermal test current on primary windings

Alternating line current corresponding to the current in the primary winding during

load loss test

Equivalent thermal test current on secondary windings
Equivalent thermal test current on tertiary windings
Rated current for the primary windings

Rated current for the secondary windings

Rated current for tertiary windings

Variable intermediate measured power loss values specifically defined as necessary for

each circuit in the test procedures

Total winding eddy current and circulating current loss under test conditions
Primary winding eddy current and circulating current loss under test conditions
Secondary winding eddy current and circulating current loss under test conditions-
Tertiary winding eddy current and circulating current loss under test conditions
Total other stray loss under test conditions

Primary winding other stray loss under test conditions

Secondary winding other stray loss under test conditions

Tertiary winding other stray loss under test conditions
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Pr

P’OSL

P'OSL - p

P'OSL - s

P'OSL-T

P'EC

P'EC-p

P'EC-s

PEC-T

PU

Rc

Ren

Rs

RT

Transformer load losses in watts (including resistance and eddy current losses)

Total other stray loss expected at rectifier operation

Primary winding other stray loss expected at rectifier operation

Secondary winding other stray loss expected at rectifier operation

Tertiary winding other stray loss expected at rectifier operation

Total eddy current and circulating current loss expected at rectifier operation

Primary winding eddy current and circulating loss expected at rectifier operation

Secondary winding eddy current and circulating loss expected at rectifier operation
Tertiary winding eddy current and circulating loss expected at rectifier operation

Per unit of some defined base

Pulse number of rectifier or number of rectifier phases

Line-to-neutral commutating resistance in ohms for a set of commutating groups

Equivalent line-to-neutral commutating resistance in ohms for a set of commutating

groups, referred to the primary winding of a rectifier transformer
Total ohmic resistance of primary windings at Ts

Total ohmic resistance of secondary windings at Ts

Total ohmic resistance of the tertiary winding at Ts

Turns ratio (primary to secondary)

Rated winding temperature rise plus 20 °C

Line-to-neutral commutating reactance in ohms for a set of commutating groups
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Xcen Equivalent line-to-neutral commutating reactance in ohms for a set of commutating

groups referred to the primary winding of a rectifier transformer (Xcn = DxXc)
Zc Line-to-neutral commutating impedance in ohms for a set of commutating groups

Zcn Equivalent line-to-neutral commutating impedance in ohms for a set of commutating

groups referred to the primary winding of a rectifier transformer

Zg Line-to-neutral commutating impedance in ohms for a single commutating group

5. Service conditions

5.1 Usual service conditions

5.1.1 General

Usual service conditions shall be as defined in IEEE Std C57.12.00™ 3993 for liquid-immersed

rectifier transformers and in IEEE Std C57.12.01™ 3989 for dry-type distribution and power reetifier

transformers, except where clearly not applicable to rectifier transformers or where otherwise

specified herein.
5.1.2 Operation above or below rated voltage or frequency

Rectifier transformers shall be capable of:

a) Operating continuously above rated voltage or below rated frequency, at maximum rated
kVA for any tap, without exceeding the limits of observable temperature rise in accordance
with 6.3 32 when both the secondary voltage and volts per hertz do not exceed 105% of rated

values and the operating frequency is at least 95% of rated value.

b) Operating continuously above rated voltage or below rated frequency, on any tap at no load,
without exceeding limits of observable temperature rise in accordance with 6.13 12 when

neither the voltage nor volts per hertz exceeds 110% of rated values.
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5.1.3 Voltage harmonics

Rectifier transformers shall be capable of operating under load with voltage harmonics present, but

within the limits established by IEEE Std 519™ 1992,

Transformers that are covered by this standard may experience more switching operations when

compared to other applications and could be vulnerable to high-frequency transients when fast-

acting switching technology is used in the electrical system. The high-frequency nature of these

transients can produce harmful localized voltage stresses within the transformer windings leading

to premature insulation breakdown. Refer to IEEE Std C57.142™ for aid in assessing risk due to

switching transients and recommended mitigation technigues. Performing a thorough system study

is the best way to determine whether a particular transformer installation requires additional

switching transient mitigation devices like snubbers.

5.2 Unusual service conditions

5.2.1 General

Conditions other than those described in 5.1 are considered unusual service conditions and, when
prevalent, should be brought to the attention of those who are responsible for the design and

application of the transformer.

5.2.2 Loading at other than rated load

5.22.1 Liquid-immersed rectifier transformers

IEEE Std C57.12.004993 and IEEE Std C57.91™ 1995 define loading for other than rated load

conditions for liquid-immersed rectifier transformers.
5.2.2.2 Dry-type rectifier transformers

IEEE Std C57.12.01-1989 and IEEE Std C57.96™ -1989 define loading for other than rated load

conditions for dry-type distribution and power reetitier transformers.
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5.2.3 Unusual temperature and altitude conditions

Rectifier transformers may be used at a higher or lower ambient temperature or at higher altitudes
than those specified in 5.1, but special consideration must be given to these applications. For

unusual temperatures, the appropriate guides referenced in IEEE Std C57. 91 $2:06-1993 and IEEE

Std C57.96 $2:04-1989 apply—FeraltitudeFable 1 Table 2and Table 3-in-Clause 10-mayserveasa
gttide.

5.2.4 Other unusual service conditions

Other unusual service conditions include the following;:

a) Damaging fumes or vapors, excessive or abrasive dust, explosive dust or gases, steam, salt

spray, excessive moisture or dripping water, etc.
b) Abnormal vibration, shocks, or tilting-
¢) Unusual transportation or storage conditions-
d) Unusual space limitations:

e) Unusual operating duty, frequency of operation, difficulty of maintenance, poor wave form,

unbalanced voltage, special insulation requirements, high source impedance, etc.

f) The presence of any dc current in transformer windings either from load or supply side-
5.2.5 Transformers energized from a converter eenvertor/inverter

Transformers energized from a converter eenverter/inverter are often subject to considerably
distorted voltages. Generally, voltage harmonics are low enough eensidered to be negligible in low
with-regard-to loss correction and-regligible-in thermal design considerations. If voltage distortions
are known to be above the specified limits in IEEE Std 519-1992, information shall be given in the

specification with details of the service conditions.
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Variable frequency applications are generally considered to be constant volts per hertz, unless noted
otherwise. If the volts per hertz is variable, the degree of variation shall be given in the specification.
The amplitude of the flux density in the core is the most important factor, not the maximum value of

the nonsinusoidal voltage.

See Annex H for examples of inverter transformer voltage harmonics. Wind power generation and

solar power generation applications have these conditions. More specific requirements for wind

power inverter transformers are found in IEEE Std 60076-16™. More specific requirement for solar

power inverter transformers are found in IEEE Std C57.159™ [B16].

5.2.6 Short-circuit considerations

Short-circuit current magnitudes are generally calculated using normal impedance limiting type

calculations consisting of transformer impedance and system impedance. However, in the case of

rectifier and inverter transformers, it is possible to have much greater short-circuit currents in the

event of rectifier failure where a rectifier loses its semiconducting properties forming a physical

connection and continues to conduct. Also, should the grid control protection fail, greater short-

circuit currents may be experienced. These types of issues are discussed in IEEE Std 551™ (IEEE

Violet Book™) [B10].

There are also issues with multi-pulse transformers where a short-circuit may occur on one

secondary winding. First, this may create a dramatic unbalance in the axial forces and leakage fields.

Also, if not monitored for this condition, a fault on one secondary winding out of many phase

shifted secondary windings may not reliably signal or trip the circuit if the monitoring is on the

primary side of the transformer. The secondary winding may be experiencing full fault current

levels, but the primary monitoring may only detect the relative portion of the fault current. The

result can be that the secondary winding will fail due to overloading and overheating since the fault

may be left online too long.
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6. Rating data

6.1 General

The kVA rating of a rectifier transformer shall be the kVA drawn from the line.
6.2 Taps on rectifier transformers

If taps are provided, they shall-be-considered—+to be, unless otherwise specified, only a means of
adjusting for sustained departures in alternating supply voltage. These shall be rated kVA primary

taps.

When taps are provided in the rectifier transformer for adjusting the output voltage, the taps
providing output voltages above rated voltage shall be rated kVA taps, and the output current shall
be reduced in proportion to the increase in output voltage, thereby maintaining rated kilowatt
output. The taps providing output voltages below rated voltage shall be reduced kVA taps, the

output currents shall not exceed the current specified, and voltage variation shall not exceed +10%.
6.3 Cooling classes of transformers

Use—“Cooling classes are defined efFransfermers” in IEEE Std C57.12.00-4993 and “limits of
temperature rise are defined” in IEEE Std C57.12.01-1989.

6.4 Frequency

The frequency of rectifier transformers covered by this standard shall be 60 Hz unless otherwise

specified.
6.5 Phases

See Figure 8 Fable9 for selection of number of primary and secondary phases.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 22:09:42 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C57.18.10-2021


http://www.avadocuments.com/doc/ieee-c57-18-10-2021
http://www.avadocuments.com/doc/ieee-c57-18-10-2021

6.6 Rated kVA

6.6.1 Line kVA rating

The line kVA rating of a rectifier transformer shall be the kVA assigned to it by the specifier
corresponding to the kVA drawn from the ac system at rated ac voltage and rated dc volts and dc

amperes on the rectifier, not including auxiliary power.
6.6.2 RMS kVA rating

The traditional rms kVA ratings are shown in the tables and figures in Clause 10. These values are
based on the rms equivalent of a rectangular current wave shape based on the dc rated load
commutated with zero commutating angle. The rms kVA can also be calculated by calculating the
rms value of the sum of the fundamental line current plus all of the associated harmonic line

currents. The equivalent thermal test current will be used for testing thermal capability.
6.6.3 Fundamental kVA rating

The fundamental kVA rating is based on the rms value of the fundamental current and the
fundamental line-to-line voltage. The fundamental kVA rating and line current shall be used for

commercial loss guarantees.

6.6.4 Auxiliary KVA rating

The auxiliary kVA rating is the kVA supplied by the transformer to all loads other than the rectifier.

This kVA may be supplied either by a separate, auxiliary, winding, or by the main rectifier winding.

6.7 Compensation on rectifier transformers

The specifier shall take the following aspects into account while arriving at the specification. In order
to obtain rated direct output voltage at rated current on the rectifier unit, the winding turns ratio of

the rectifier transformer may be changed to compensate for either or both of the following:
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a) Momentary reduction in alternating supply voltage or prolonged operation at reduced

alternating voltage without a tap change.

b) Voltage drop resulting from ac system impedance. When compensation is required, the

following shall be specified:

1) Minimum alternating supply voltage at which the rectifier unit shall deliver rated direct

voltage and current with the transformer on a specified voltage tap.

2) Maximum system impedance for which compensation is required. The impedance shall
be given in ohms or in terms of short-circuit kVA or amperes available at the terminals of
the primary winding of the rectifier transformer. The total number, capacities, and
transformer connections of all rectifiers to be supplied by the same ac system shall also

be specified.

NOTE—A rectifier transformer that is compensated by decreasing the winding turns ratio

has an increased kVA rating. 7

It is the responsibility of the specifying engineer to provide the transformer manufacturer with the
proper compensations. The specifying engineer must provide the values of Es, transformer kVA,

and transformer impedance.

6.8 Rated current

6.8.1 General

The rated current of the transformer shall be determined by either the rms rated current method or

fundamental current method, based on whether the transformer is specified as a fundamental kVA

or an rms kVA.

7 Notes in text tables, and figures of a standard are given for information only and do not contain requirements needed to

implement this standard.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 22:09:42 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C57.18.10-2021


http://www.avadocuments.com/doc/ieee-c57-18-10-2021
http://www.avadocuments.com/doc/ieee-c57-18-10-2021

6.8.2 RMS rated current method

The rated current of a rectifier transformer is the rms equivalent of a rectangular current wave shape

based on the dc rated load commutated with zero commutating angle.

6.7.2 Fundamental current method

The rated current of a rectifier transformer is the rms equivalent of the fundamental component of

the line current.

6.9 Connections

6.9.1 General

Rectifier transformer connections may be selected from Figure 8 Table-9 of Clause 10 as required.

6.9.2 Phase shifts

Phase shifts in windings may be used to help cancel harmonics generated by the rectifier. Multiple

phase shifts of windings or transformers can increase the degree of cancellation. The harmonic

composition law gives the harmonics that are available in a system.

m__is the harmonic order

n__is any integer

q__is the pulse number
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Thus, the first order of harmonics available on a 6-pulse system is the 5th and 7th harmonic. The

second order of harmonics available on a 6-pulse system is the 11th and 13th harmonic, and so on. If

the system is a 12-pulse system, the first order of harmonics available is the 11th and 13th harmonic.

The second order of harmonics available is the 23rd and 25th harmonics, and so on.

To determine the required phase shift angles of the windings to achieve the harmonic cancellation

desired, divide 360 degrees by the pulse number.

Phase shift angle = 360°/q

With this a 6-pulse system requires a 60-degree phase shift between pulse firings. Either a standard

wye- or delta-connected transformer can produce this. To achieve a 12-pulse system, it is required to

have a 30° phase shift between pulse firings. This is typically achieved by a circuit 31 (refer to Figure

5) transformer with a delta and wye secondary whose windings are phase shifted by 30° from one

another. But it can also be achieved by other winding combinations, such as zigzag, extended delta,

or polygon-connected windings. Similarly, an 18-pulse system is required to have 20° phase shifts

between firings. Winding configurations to achieve these shifts can be zigzag, extended delta, or

polygon-connected windings.

6.10 Polarity, angular displacement, and lead markings

6.10.1 Polarity of single-phase rectifier transformers
All single-phase rectifier transformers shall have subtractive polarity.

6.10.2 Angular displacement between voltages for polyphase

transformers

Figure Figures 1, Figure 2, and_Figure 3 show angular displacements for circuits 46, 45, and 53,

respectively. These examples may be expanded to include all circuit configurations.
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6.10.3 Connection and marking of terminals for rectifier transformers

Rectifier transformer terminal markings shall be as follows:

a) The terminals of the primary windings of rectifier transformer equipment shall be marked

“H” with subscripts.

b) The terminals of the secondary windings of rectifier transformer equipment shall be marked
“R” with subscripts. If there is more than one group of secondary windings in the same
phase position, successive groups shall be marked “S,” “T,” “U,” “V,” and “W” and
auxiliary windings shall be “A.” The corresponding phases shall have the same numerical
subscripts. The neutral terminals of secondary windings shall be marked “N” with

subscripts.

6.11 Impedance

6.11.1 Percent impedance of a rectifier transformer

See Clause 32 and 8.9.1.

6.11.2 Commutating impedance

See Clause 3+ and 8:8.9.2 1.

This value is defined as one-half the total impedance in the commutating circuit expressed in ohms
referred to the total secondary winding. For wye, star, and multiple wye circuits, this is the same
value as derived in ohms on a phase-to-neutral voltage basis; while with diametric and zig-zag
circuits it must be expressed as one-half the total due to both halves being mutually coupled on the

same core leg or phase.
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6.12 Losses

Use Losses are defined deseribed in IEEE Std C57.12.00-4993 for liquid-immersed rectifier
transformers and in IEEE Std C57.12.01-1989 for dry-type distribution and power reetifier

transformers.
6.13 Temperature rise and insulation system capability

For liquid-immersed transformers the insulation system classification and thermal limits shall be per

IEEE Std C57.12.00 for mineral oil/thermally upgraded Kraft, and per IEEE Std C57.154™ for all

other high-temperature systems. For dry-type transformers the insulation system classification and

thermal limits shall be per IEEE Std C57.12.01.

CAUTION

The application of some types of hottest-spot temperature measuring equipment to a rectifier
transformer is complicated by the effect of residual dc magnetomotive forces due to various
abnormal operating conditions of the rectifier. When hottest-spot temperature measuring equipment

is provided, it is subject to inherent error due to abnormal operating conditions.

6.14 Nameplates

6.14.1 General

A nameplate shall be attached to each rectifier transformer. It shall be made of corrosion-resistant

material with permanent, easily visible, engraved or stamped lettering.
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6.14.2 Nameplate information

The minimum information shown on the nameplate shall be as specified below:
a) Serial number.

NOTE—The height of letters and numerals showing the serial number shall be a minimum
of 4.0 mm (5/32 in). The height of other letters and numerals shall be at the manufacturer’s

discretion.

b) Cooling class. In some cases, it may be desirable to include the type or form, or both, in

addition to the cooling class.
¢) Number of primary winding phases.

d) Frequency.

e) kVA (line rating including any auxiliary windings). Both the rms kVA rating and the

fundamental kV A rating shall »il be shown.

1) The height of letters and numerals showing kVA shall be 4.0 mm (5/32 in). The height of

other letters and numerals shall be at the manufacturer’s discretion.

2) Where the cooling class of a transformer involves more than one kVA rating, such as
forced-cooled class or future forced-cooling class, the kVA rating shall shewld be the line
kVA corresponding to rated kW of rectifier. Supplemental rectifier transformer ratings, if

specified, should be indicated by a note on the nameplate.
f) Voltage ratings.

1) The height of letters and numerals showing voltage ratings shall be a minimum of 4.0
mm (5/32 in), whether engraved or stamped. The height of other letters and numerals

shall be at the manufacturer’s discretion.
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2) The primary winding voltage rating shall be the primary line voltage and circuit
connection, and the secondary winding voltage rating shall be the voltage anode to
neutral or line-to-line with reference to the circuit employed. Example: 13 800 Y-745

anode to neutral, double Y.
g) Tap voltages.

1) The tap voltage of a winding shall be designated by listing the winding voltage of each
tap separated by a slant, or it shall be in tabular form. The rated voltage of each tap shall

be shown in volts.

2) The rated rms currents of all windings at rms kVA corresponding to the rated dc

amperes of the rectifier shall be shown.
h) Temperature rise, °C.
i) Polarity (single phase) or phasor diagram (polyphase).
j) Percent impedance at line kVA rating.

k) Commutating reactance in ohms, phase-to-neutral referred to total dc winding.

1) The following statement: “For use with a phase_8 6, kw,
volts, dc, single, or double way, rectifier for service”
(electrochemical, industrial, light traction, mining, or heavy traction, extra heavy traction)

Circuit #

m) Approximate mass in kilograms (weight weights—The-approximate—weights in pounds—er
kilegrams) shall be shown as follows:

Coreand coils ....oovvvvviiiiniiinnnnnnn.

Tank and fittings .....................o (liguid-immersed only)

86 Refers to secondary winding phases. (Quantity g in the list of symbols; see Clause 4.)
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Untanking weight(heaviest piece) ............ (liquid-immersed only)

n) Connection diagram.

All leads brought outside the tank and all windings shall be identified on the nameplate or
connection diagram. (Show connections as viewed facing the transformer from the side on

which the nameplate is attached or as otherwise described.)

A schematic view shall be included to show the relative location of external and internal
terminals. In general, the schematic view should be arranged to show the secondary winding
at the bottom and the H1 primary winding terminal at the top left. (The arrangement may be
modified in partieslar-cases, such as multiwinding transformers equipped with terminal
chambers, potheads, or having terminal locations not conforming to the suggested

arrangement if the modification is explained.)

All internal leads and terminals that are not permanently connected shall be designated
designed or marked with numbers or letters in a manner which will permit convenient

reference and will obviate confusion with terminal and polarity markings.
0) Patent numbers (at the manufacturer’s discretion).
pr—Name-ofmanufacturer:
q) Reference to instruction book or sheet.
r) The words “rectifier transformer” and “dry-type” or “liquid-immersed.”
s) Type of liquid if liquid-immersed or class of insulation if dry-type.
t) Number of liters (gallons) of liquid. The number of liters (gallons) of insulating liquid shall

be shown for the main tank and for each liquid-immersed compartment.
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u) Basic impulse level (BIL). BIL rating in kV of line terminals of windings shall be designated

as the following example:

Primary winding .........cccccceueuennas 110 kV BIL

Secondary winding ..........cccccceu.. 45 kV BIL

v) Conductor material.

w) Name and location (city and country) of manufacturer.

x) Date of manufacture.

6.14.3 Additional information

In addition to the information specified in 6.14.2, 33+ the following shall be included on the

nameplate, when applicable:

a) Indication of provision for future forced-cooling equipment.

b) Indication of potential transformers, potential devices, current transformers, winding

temperature devices, etc.

c) Polarity and location identification of current transformers to be shown if used for metering,
relaying, or line-drop compensation. (Polarity need not be shown if current transformers are

used for winding temperature equipment or fan control.)

d) Maximum operating pressures of liquid preservation system, kPa (or lbf/inz)
positive and kPa (or lbf/inz) negative.
e) Tank designed for Pa (cm/ {inches) mercury) vacuum.

f)  On non-conservator units only —Liquid level below top surface of the highest point of the

highest manhole flange at 25 °C, cm (inches). Liquid level changes

cm (inches) per 10 °C in liquid temperature.
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g) Core and coils braced for times normal load current.

¢) Electrostatic ground shield (if used).

7. Construction

7.1 General

Use IEEE Std (C57.12.004993 for construction specifications for liquid-immersed rectifier

transformers, and IEEE Std C57.12.01-3989 for dry-type distribution and power reetifier

transformers in this standard except as follows.

7.2 Mounting and location

7.2.1 Portable mining-type rectifier transformer

A portable mining-type rectifier transformer shall be suitable for transporting on skids or wheels in

the restrictive areas of mines.
7.2.2 Lifting, jacking, and/or skidding

Rectifier transformers shall be supplied with lifting, jacking, and/or skidding attachments. Special

requirements for handling must be specified.

7.3 Tanks

7.3.1 Finish

The finish normally furnished by a manufacturer shall be supplied except as required by this
subclause or as specified. Metallic flake paints, such as aluminum and zinc, etc., have properties
which increase the temperature rise of the transformers except in direct sunlight. Temperature limits

and tests are based upon the use of a pigment paint finish.
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7.3.2 Bracing

Transformers shall be braced sufficiently to withstand normal forces experienced in shipping,

maintaining, and operating.

7.4 Method of coolant preservation

Refer to IEEE Std ANSE C57.12.10-1988 for approved methods of coolant preservation.
7.5 Grounding

Grounding of case and core on liquid-immersed rectifier transformers shall be done as described in
IEEE Std C57.12.00-#993. For dry-type rectifier transformers, grounding of case and core shall be
done as described in IEEE Std C57.12.01-1989.

7.6 Connections for shipping

Unless otherwise specified, connection specifications in IEEE Std C57.12.00-4993 for liquid-
immersed and IEEE Std C57.12.01 1989 for dry-type distribution and power reetifier transformers

shall apply.

7.7 Accessories

7.71 General

Accessories may include any or all ef-the following:
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7.7.2 Liquid-immersed transformers

Liquid level gauge with alarm contact; cooling medium temperature gauge with one- or two-point
alarm contacts; sudden pressure relay; gas-fault relay; pressure relief device with alarm; liquid flow
switch with alarm; pressure-vacuum gauge with high and low alarm and bleeder; nozzles with
valves for filling, draining, sampling, and liquid filtering; pump; manholes; weather-protected
covers for controls and wiring terminal compartments; heat exchangers; radiators; and others ethex.

These shall be specified as required.
7.7.3 Dry-type transformers

Temperature detection device; fan and fan control circuit; space heater; ground protection relays;

etc. These shall be specified by users.

7.8 Electrostatic ground shield

In certain applications, it may be desirable to have an electrostatic ground shield between the

primary and secondary windings of a rectifier transformer. Generally, the winding connected to the

rectifier circuit is ungrounded. The primary and secondary windings may then be capacitively

coupled. The electrostatic ground shield capacitively decouples the primary and secondary

windings. The main advantage is that the electrostatic ground shield minimizes the high-frequency

disturbances that the rectifier system creates from transferring to the primary winding and the

primary power system. The other advantage of the electrostatic ground shield is to reduce the

transfer of high-voltage transients to the secondary windings and the rectifier system connected to

the secondary winding. Without the presence of the electrostatic ground shield, a very high

percentage of the high-voltage transients on the primary system may transfer to the secondary side

of the transformer.

Care must be taken in the design and manufacturing of the electrostatic ground shield so as not to

create a harmonic heating problem. Care must also be taken in insulating the electrostatic ground

shield from the windings.
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When an electrostatic ground shield is present in the transformer, it shall be shown on the

nameplate by a dashed line and ground symbol. It may be noted by text, as well.

When an electrostatic ground shield is present in the transformer, the insulation power factor test

results will be higher than if the electrostatic ground shield is not present. The higher capacitance in

the windings tends to increase the insulation power factor, and the dielectric frequency response,

but this is not necessarily an indication of an insulation problem.

7.9 Interphase transformers

7.9.1 General

Interphase transformers (IPTs) help to combine multiple rectifier outputs such as circuit 31, 31A, 35,

35A, 41, 42, 45, 46, 47, 48, 50, 50A, 51, 51A, 52, 53, 53A, 54, 55, 56, and 57. They may be external or

internal to the rectifier transformer. For circuit 31 transformers, the IPT is typically external. For

single way transformers the IPT is typically internal. The interphase transformer supports ac voltage

differences between the rectifier outputs. They cannot balance steady-state differences in dc voltage

since they only provide support for ac voltage differences. The interphase-transformer windings

carry both ac and dc currents. The windings are in opposition to allow dc current to flow, but this

causes opposing ampere-turns on the core. The core usually has a non-magnetic gap to prevent core

saturation caused by the expected dc current unbalances and to be able to support the expected

magnetizing current from the ripple voltage. The design should address any dc current imbalance in

the transformer. Excellent references that describe the application of IPT sources on this are Schaefer

(1965 [B24]) and Paice (1996 [B22], 2001 [B21]).

An IPT is used in the conventional 12-pulse diode rectifier with parallel bridges connections (e.g.,

circuit 31) for two reasons: reducing no-load voltage and reducing transformer and semiconductor

losses, especially in case of a closely coupled rectifier transformer; the closely coupled transformer

allows for reducing short-circuit current.
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Interphase transformers permit circuit 31 rectifier units to operate as two independent 6-pulse

bridges at a 120° current conduction angle, resulting in more favorable electrical characteristics.

Under ideal conditions of perfectly balanced phase currents and voltages, the design of interphase

transformers is relatively straightforward. Such conditions, however, are purely theoretical,

particularly with type 31 rectifier circuits, which have an inherent voltage imbalance between delta

and wye transformer secondary windings. Pre-existing harmonic voltages, outside the limits of IEEE

Std 519, in the ac supply to the rectifier unit will also create imbalances that will impact interphase

transformer operation negatively; this information shall be provided to the rectifier unit supplier.

Unbalanced input current biases the iron core of an IPT toward saturation unless it has been

designed to accommodate the levels of unbalance to which it is exposed. High current unbalance

could saturate the core iron at the peak current, which produces increased harmonics resulting in

higher losses and heating in the transformer secondary windings. It is the responsibility of the

rectifier unit supplier to coordinate the design of the IPT with the rectifier and rectifier transformer

designs to ensure that the IPT will function acceptably under the expected levels of unbalance for

the specified service conditions. Because most of the IPT parameters do not affect input or output, an

evaluation of the effects of parameters such as saturation shall be based on their impact on the

transformer rectifier unit characteristics, such as efficiency and voltage regulation.

7.9.2 Submittal information for internal interphase transformers

The specification for an interphase transformer shall contain the following information as a

minimum; information shall be provided by the system designer or rectifier manufacturer as

appropriate:

a) Rectifier open-circuit voltage, Edo

b) Rectifier rated output current

c) Redctifier service (overload) rating

d) Incoming line frequency and circuit number

e) Maximum IPT temperature rise in °C at 100% rated current
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f) Rectifier transformer voltage unbalance or turns ratio

¢) Rectifier transformer reactance unbalance

h) Dielectric test strength of the interphase transformer shall refer to Annex I.

1) Required audible sound level of stand-alone IPT

1) Excitation current at light transition load at specified IPT terminal to terminal voltage

k) Maximum allowable ac flux density of iron core

7.9.3 Submittal information for external interphase transformers

The external type interphase transformer manufacturer shall provide the following design

information to the purchaser during the shop drawing review phase as a minimum. This

information shall be recorded on the rectifier nameplate:

a) Excitation current and core loss at rated frequency, at specified IPT light transition load

average voltage and at 100% load average voltage, respectively

b) Calculated load loss at the load levels specified for the rectifier-transformer unit

¢) Rated reactance in ohms and inductance in Henries, at specified light transition load and at

100% load with specified current unbalance

d) Calculated IPT temperature rise, °C, at 100% rated current

e) Maximum allowable unbalance current

f) Audible sound level

For the controlled rectifier, an IPT is generally not recommended because both the no-load voltage

and short-circuit current are reduced by regulating firing angle. An IPT might be necessary if a

closely coupled transformer is selected for other reasons.

For more information see Schaefer (1965 [B24]) and Paice (1996 [B22], 2001 [B21]) and IEEE Std

1653.2™.,
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