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IEEE Standards

 

 documents are developed within the IEEE Societies and the Standards Coordinat-
ing Committees of the IEEE Standards Association (IEEE-SA) Standards Board. Members of the
committees serve voluntarily and without compensation. They are not necessarily members of the
Institute. The standards developed within IEEE represent a consensus of the broad expertise on the
subject within the Institute as well as those activities outside of IEEE that have expressed an inter-
est in participating in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE Standard does not imply
that there are no other ways to produce, test, measure, purchase, market, or provide other goods and
services related to the scope of the IEEE Standard. Furthermore, the viewpoint expressed at the
time a standard is approved and issued is subject to change brought about through developments in
the state of the art and comments received from users of the standard. Every IEEE Standard is sub-
jected to review at least every five years for revision or reaffirmation. When a document is more
than five years old and has not been reaffirmed, it is reasonable to conclude that its contents,
although still of some value, do not wholly reflect the present state of the art. Users are cautioned to
check to determine that they have the latest edition of any IEEE Standard.

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

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

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

Secretary, IEEE-SA Standards Board
445 Hoes Lane
P.O. Box 1331
Piscataway, NJ 08855-1331
USA

Authorization to photocopy portions of any individual standard for internal or personal use is
granted by the Institute of Electrical and Electronics Engineers, Inc., provided that the appropriate
fee is paid to Copyright Clearance Center. To arrange for payment of licensing fee, please contact
Copyright Clearance Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA;
(508) 750-8400. Permission to photocopy portions of any individual standard for educational class-
room use can also be obtained through the Copyright Clearance Center.

Note: Attention is called to the possibility that implementation of this standard may
require use of subject matter covered by patent rights. By publication of this standard,
no position is taken with respect to the existence or validity of any patent rights in
connection therewith. The IEEE shall not be responsible for identifying patents for
which a license may be required by an IEEE standard or for conducting inquiries into
the legal validity or scope of those patents that are brought to its attention.
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Introduction

 

(This introduction is not part of IEEE Std C57.18.10-1998, IEEE Standard Practices and Requirements for Semiconduc-
tor 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 devel-
oped 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,
such as ANSI C34.2

 

*

 

, that deal with semiconductor converters. This new standard is the result of the deci-
sion 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 wave-
forms 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 usu-
ally 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 wind-
ing 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 of 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 fun-
damental 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 ANSI C34.2 and ANSI C34.3 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 so as to avoid confusion. RMS
kVA is beneficial to users who utilize their primary metering on the transformer to monitor load. The funda-
mental kVA is related directly to the real power used by the rectifier or convertor. The rms kVA can be deter-
mined 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 in order to properly rate and design the trans-
former. 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 coordi-
nation with ANSI C34.2 and ANSI C34.3 working groups should give a final direction with regard to 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 exer-
cised in making the loss measurements for rectifier transformers with high reactance and low losses. Test tol-

 

*

 

A new working group has been formed to revise ANSI C34.2.
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erances 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. 

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 pre-
scribed.

Work should be done on future revisions to this standard to develop more detailed methods of interphase
transformer loss testing. More precise methods for determining losses for commercial guarantee purposes,
as well as thermal and magnetic capability, are needed. These were not attempted in this standard revision
due to lack of time. 

This standard was developed by a Working Group of the Subcommittee on Performance Characteristics of
the IEEE Transformer Committee. The Working Group had the following membership: 

 

Sheldon P. Kennedy,

 

 

 

Chair

Rajendra Ahuja
John Armstrong
Kal Atout
Jacques Aubin
Roy A. Bancroft
Alfons Bimbris
Jerry L. Corkran
John Crouse
John A. Ebert
Joseph Foldi 
Jerry Frank
John Grace
Roger Hayes

Philip J. Hopkinson
Mike H. Iman
Charles W. Johnson
Anthony J. Jonnatti
Ed Kalkstein
Eric Kauffman
Lawrence A. Kirchner
A. D. Kline
Allan Ludbrook
Rick Marek 
Michael J. Mitelman
Glenn Morrissey

B. K. Patel
Dhiru S. Patel
Charlie Pounds
Guy Pregent
Jeewan Puri
Subhas Sarkar
Ibrahim Shteyh
Anthony J. Siebert
Hyeong Jin Sim 
Kenneth R. Skinger
Vis Thenappan
Robert A. Veitch 
Kenneth Ziemann

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/ieee-c571810-1998-pdf/


 

Copyright © 1998 IEEE. All rights reserved.

 

v

The following persons were on the balloting committee:

When the IEEE-SA Standards Board approved this standard on 19 March 1998, it had the following
membership:

 

Richard J. Holleman,

 

 Chair

 

Donald N. Heirman,

 

 

 

Vice Chair

 

Judith Gorman,

 

 

 

Secretary

 

†Member Emeritus

Kristin M. Dittmann

 

IEEE Standards Project Editor

R. K. Ahuja
George Allen
Jim Antweiler
J. Arteaga
Roy A. Bancroft
E. Betancourt
Wallace B. Binder
Joe V. Bonucchi
Max A. Cambre
Don Chu
Peter W. Clarke
Jerry L. Corkran
Robert C. Degeneff
Dieter Dohnal
J. C. Duart
John A. Ebert
Gary R. Engmann
D. J. Fallon
Joseph Foldi
Michael A. Franchek
Juergen Gerth
Saurabh Ghosh
Richard D. Graham
Robert L. Grubb
Robert L. Grunert
Michael E. Haas
Patrick Hanan
Ernst Hanique
N. Wayne Hansen
R. R. Hayes

Peter J. Hoefler
T. L. Holdway
Philip J. Hopkinson
Richard Huber
A. F. Hueston
John S. Hurst
Charles W. Johnson
Anthony J. Jonnatti
Lars-Erik Juhlin
Sheldon P. Kennedy
L. Koga
Barin Kumar
John G. Lackey
Larry A. Lowdermilk
Joe D. MacDonald
William A. Maguire
K. T. Massouda
John W. Matthews
L. Bruce McClung
Jack W. McGill
Nigel P. McQuin
C. Patrick McShane
Daleep C. Mohla
Chuck R. Murray
William H. Mutschler, Jr.
Gerald A. Paiva
B. K. Patel
Dhiru S. Patel
Paulette A. Payne
Carlos Peixoto
Dan D. Perco

Mark D. Perkins
Linden W. Pierce
George J. Reitter
J. C. Riboud
Hazairin Samaulah
Leo J. Savio
William E. Saxon
Wes W. Schwartz
Pat Scully
Anthony J. Siebert
Mark Siehling
Hyeong Jin Sim
Kenneth R. Skinger
J. Ed Smith
James E. Smith
Ronald J. Stahara
James E. Stephens
Peter G. Stewart
Ron W. Stoner
John C. Sullivan
Vis Thenappan
James A. Thompson
Thomas P. Traub
Edger R. Trummer
John Vandermaar
Robert A. Veitch
Loren B. Wagenaar
Barry H. Ward
Richard F. Weddleton
William G. Wimmer

Satish K. Aggarwal
Clyde R. Camp
James T. Carlo
Gary R. Engmann
Harold E. Epstein
Jay Forster†
Thomas F. Garrity
Ruben D. Garzon

James H. Gurney
Jim D. Isaak
Lowell G. Johnson
Robert Kennelly
E. G. “Al” Kiener
Joseph L. Koepfinger†
Stephen R. Lambert
Jim Logothetis
Donald C. Loughry

L. Bruce McClung
Louis-François Pau
Ronald C. Petersen
Gerald H. Peterson
John B. Posey
Gary S. Robinson
Hans E. Weinrich
Donald W. Zipse

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/ieee-c571810-1998-pdf/


 

vi

 

Copyright © 1998 IEEE. All rights reserved.Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/ieee-c571810-1998-pdf/


 

Copyright © 1998 IEEE. All rights reserved.

 

vii

 

Contents

 

1. Overview.............................................................................................................................................. 1

1.1 Scope............................................................................................................................................ 1
1.2 Mandatory requirements .............................................................................................................. 1

2. References............................................................................................................................................ 1

3. Definitions............................................................................................................................................ 2

4. Symbols ............................................................................................................................................... 3

5. Service conditions................................................................................................................................ 4

5.1 Usual service conditions .............................................................................................................. 4
5.2 Unusual service conditions .......................................................................................................... 4

6. Rating data ........................................................................................................................................... 5

6.1 Taps on rectifier transformers...................................................................................................... 6
6.2 Cooling classes of transformers ................................................................................................... 6
6.3 Frequency..................................................................................................................................... 6
6.4 Phases........................................................................................................................................... 6
6.5 Rated kVA ................................................................................................................................... 6
6.6 Compensation on rectifier transformers....................................................................................... 6
6.7 Rated current................................................................................................................................ 7
6.8 Connections.................................................................................................................................. 7
6.9 Polarity, angular displacement, and lead markings ..................................................................... 7
6.10 Impedance .................................................................................................................................... 8
6.11 Losses........................................................................................................................................... 8
6.12 Temperature rise and insulation system capability...................................................................... 8
6.13 Nameplates................................................................................................................................... 8

7. Construction....................................................................................................................................... 11

7.1 Mounting and location ............................................................................................................... 11
7.2 Tanks.......................................................................................................................................... 11
7.3 Method of coolant preservation ................................................................................................. 11
7.4 Grounding .................................................................................................................................. 11
7.5 Connections for shipping ........................................................................................................... 11
7.6 Accessories ................................................................................................................................ 11

8. Testing and calculations..................................................................................................................... 12

8.1 Routine tests............................................................................................................................... 12
8.2 Symbols used in tests ................................................................................................................. 13
8.3 Resistance measurement ............................................................................................................ 13
8.4 Dielectric tests............................................................................................................................ 13
8.5 Excitation losses......................................................................................................................... 13
8.6 Load losses................................................................................................................................. 13
8.7 Losses in interphase transformers.............................................................................................. 19
8.8 Impedance tests.......................................................................................................................... 19

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/ieee-c571810-1998-pdf/


 

viii

 

Copyright © 1998 IEEE. All rights reserved.

 

8.9 Ratio tests................................................................................................................................... 20
8.10 Temperature rise test.................................................................................................................. 20
8.11 Short-circuit tests ....................................................................................................................... 22
8.12 Polarity and phase relation......................................................................................................... 22

9. Tolerances .......................................................................................................................................... 23

9.1 Tolerances for ratio .................................................................................................................... 23
9.2 Tolerances for impedance .......................................................................................................... 23
9.3 Tolerances for losses.................................................................................................................. 23

Annex A (informative) Harmonic loss calculation examples........................................................................ 49

Annex B (informative) Bibliography............................................................................................................. 61

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/ieee-c571810-1998-pdf/


 

Copyright © 1998 IEEE. All rights reserved.

 

1

 

IEEE Standard Practices and 
Requirements for Semiconductor 
Power Rectifier Transformers

 

1. Overview 

 

1.1 Scope

 

This standard includes semiconductor power rectifier transformers for dedicated loads rated

— Single-phase 300 kW and above
— Three-phase 500 kW and above

The scope of this standard excludes

— Static precipitators
— High-voltage converters for dc power transmission
— Other nonlinear loads

 

1.2 Mandatory requirements 

 

When this standard is used on a mandatory basis, the words “shall” and “must” indicate mandatory require-
ments, and the words “should” and “may” refer to matters that are recommended and permitted, respec-
tively, but not mandatory.

 

2. References 

 

When the following standards and guides referred to in this standard are superseded by an approved revision,
the latest revision shall apply.

ANSI C34.3-1973 (IEEE Std 444-1973), IEEE Standard Practices and Requirements for Thyristor Convert-
ers for Motor Drives.

 

1

 

1

 

This standard has been withdrawn; however, copies can be obtained from Global Engineering, 15 Inverness Way East, Englewood, CO
80112-5704, USA, tel. (303) 792-2181.

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/ieee-c571810-1998-pdf/



