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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.ieece.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
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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 kVA 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).

9
Conveight © 2029 IWn:nr]

This is a preview. Click here to purchase the full publication.



https://www.elecenghub.com/IEEE/182644743/IEEE-C57.18.10?src=spdf

	Front cover
	IEEE Std C57.18.10™-2021 Title page
	Notice and Disclaimer of Liability Concerning the Use of IEEE Standards Documents
	Translations
	Official statements
	Comments on standards
	Laws and regulations
	Data privacy
	Copyrights
	Photocopies
	Updating of IEEE Standards documents
	Errata
	Patents
	IMPORTANT NOTICE
	Participants
	Introduction
	Contents

