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IEEE Standards documents are developed within the Technical 
Committees of the IEEE Societies and the Standards Coordinating 
Committees of the IEEE Standards Board. Members of the committees 
serve voluntarily and without compensation. They are not necessar- 
ily members of the Institute. The standards developed within IEEE 
represent a consensus of the broad expertise on the subject within the 
Institute a s  well a s  those activities outside of IEEE which have 
expressed an interest 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 t o  produce, 
test, measure, purchase, market, or  provide other goods and services 
related to  the scope of the IEEE Standard. Furthermore, the viewpoint 
expressed a t  the time a standard is approved and issued is subject to 
change brought about through developments in the state of the ar t  and 
comments received from users of the standard. Every IEEE Standard 
is subjected to review a t  least every five years for revision or reaffir- 
mation. When a document is more than five years old, and has  not 
been reaffirmed, i t  is reasonable to conclude that  its contents, al- 
though 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 pro- 
posed change of text, together with appropriate supporting comments. 

Interpretations: Occasionally questions may arise regarding the 
meaning of portions of standards a s  they relate to  specific applica- 
tions. When the need for interpretations is brought to  the attention of 
IEEE, the Institute will initiate action to prepare appropriate re- 
sponses. Since IEEE Standards represent a consensus of all con- 
cerned interests, i t  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 technical 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 Standards Board 
445 Hoes Lane 
P.O. Box 1331 
Piscataway, N J  08855-1331 
USA 

IEEE Standards documents are adopted by the Institute of Electrical 
and Electronics Engineers without regard to whether their adoption 
may involve patents on articles, materials, or processes. Such adop- 
tion does not assume any liability to any patent owner, nor does i t  
assume any obligation whatever to parties adopting the standards 
documents. 
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Foreword 

(This Foreword is not a part of IEEE Std 857-1990, IEEE Guide for Test Procedures for HVDC Thyristor Valves.) 

This guide was prepared by the Task Force on Test Procedures for HVDC Thyristor Valves set 
up by the DC Transmission Subcommittee of the IEEE Transmission and Distribution Committee 
and the DC Converter Stations Subcommittee of the IEEE Substations Committee, both of the IEEE 
Power Engineering Society. 

(HVDC) power transmission systems and give guidance t o  the industry on how to treat the 
important subject of testing a thyristor valve that is a complex device. This guide contains 
information and recommendations for type testing of thyristor valves for HVDC power 
transmission systems. The tests in this guide cover only the principal tests on the valves. This 
guide is not intended to be a comprehensive guide on valve testing because it does not have within 
its scope other valve tests, i.e., development tests, production sample tests, routine tests, loss 
determination tests, commissioning tests, site tests. 

guide were as follows: 

The purpose of this guide is to complement other IEEE Standards on high-voltage, direct-current 

The members of the IEEE DC Transmission Subcommittee that  reviewed and approved this 

S. L. Nilsson, Chair R. J. Piwko, Secretary 

M. P. Bahrman 
M. Baker 
L. Bateman 
L. Bergstrom 
R. B. Biggs 
J. P. Bowles 
G. D. Breuer 
C. C. Diemond 
J. J. Dougherty 
C. E. Grund 
R. E. Harrison 
D. P. Hartmann 

*Past Chairman 

N. G. Hingorani 
G. Karady 
A. E. Kilgour 
P. C. S .  Krishnayya 
C. M. Lane, Jr. 
R. H. Lasseter 
R. Lee 
T. H. Lee 
H. P. Lips 
W. F. Long 
M. F. McGranaghan 

H. Martensson 
E. A. Neal, Jr. 
R. V. Pohl 
D. T. Poznaniak 
F. S .  Prabhakara 
J. Reeve* 
J. Slapp 
E. C. Starr 
M. Z. Tarnawecky 
A. B. Turner 
J. J. Vithayathil 
D. A. Woodford 

The members of the IEEE DC Converter Stations Subcommittee that reviewed and approved this 
guide were as  follows: 

M. L. Holm, Chair Clifford C. Diemond, Secretary 

M. P. Bahrman 
L. Bergstrom 
J. P. Bowles 
G. D. Breuer 
J. A. Buchsbaum 
A. F. Buelow 
T. U. Cheng 
R. E. Harrison 
N. G. Hingorani* 

G. Karady 
A. E. Kilgour 
E. Kolodziej 
W. 0. Kramer 
P. C. S .  Krishnayya 
A. A. Leibold 
H. P. Lips 
W. F. Long 
D. Mukhedkar 
P. H. Nannery 

J. Nelson 
J. Paolozzi 
J. Reeve 
J. Sabath 
J. Slapp 
K. 0. Sommer 
C. F. Troesch 
I. Vancers 
T. W. Williams 

*Past Chairman 

The Task Force that prepared this guide has  the following membership a t  the time it  was ap- 
proved: 

P.C. S. Krishnayya, Chair 

L. Eklund 
s. s. Low 

W. 0. Kramer 
I. K. Tasinga 

H. P. Lips 
J. J. Vithayathil 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 07:17:56 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 857-1990

http://www.avadocuments.com/doc/ieee-857-1990
http://www.avadocuments.com/doc/ieee-857-1990


The following persons were on the Balloting Committee tha t  approved this document for 
submission to the IEEE Standards Board: 

Standards Subcommittee of the IEEE Transmission and Distribution Committee 
L. A. Belfore J. G. Kappenman D. L. Nickel 
J. J. Burke J. Lapp S. L. Nilsson 
V. L. Chartier J. H. Mallory F. F. Oettinger 
W. H. Cole T. J. McDermott T. A. Pinkham 
C.C. Diemond D. T. Michael L. L. Smith 
G. V. Fantozzi F. D. Myers J.  M. Van Name 
I. S. Grant 

Additional Coordination 

Power Semiconductor Committee of the IAS 
Mr. Frank F. Oettinger 
National Bureau of Standards 
Division 27 
Washington, DC 20234 

EIA JEDEC-22 Committee on Rectifier Diodes and Thyristors 
Mr. David W. Borst 
International Rectifier Corporation 
233 Kansas Street 
El Segundo, CA 90245 

Substations Committee of the IEEE Power Engineering Society 
Dr. N. G. Hingorani 
Electric Power Research Institute 
Palo Alto, CA 94303 

IEC Subcommittee 22 F (Converters for High-Voltage DC Power Transmission) 
Dr. N. G. Hingorani 
Electric Power Research Institute 
Palo Alto, CA 94303 

Surge Protective Devices Committee 
Mr. D. J. Melvold 
Department of Water and Power 
PO Box 111, Room 732 
Los Angeles, CA 90051 

When the IEEE Standards Board approved this standard on February 15, 1990, i t  had the fol- 
lowing membership: 

Marco W. Migliaro, Chair James M. Daly, Vice Chair 
Andrew G. Salem, Secretary 

Dennis Bodson 
Paul L. Borrill 
Fletcher J. Buckley 
Allen L. Clapp 
Stephen R. Dillon 
Donald C. Fleckenstein 
Jay Forster* 

Thomas L. Hannan 
Kenneth D. Hendrix 
John W. Horch 
Joseph L. Koepfinger* 
Michael A. Lawler 
Donald J. Loughry 
John E. May, Jr. 
Lawrence V. McCall 

L. Bruce McClung 
Donald T. Michael* 
Stig Nilsson 
Roy T. Oishi 
Gary S. Robinson 
Terrance R. Whittemore 
Donald W. Zipse 

*Member Emeritus 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 07:17:56 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 857-1990

http://www.avadocuments.com/doc/ieee-857-1990
http://www.avadocuments.com/doc/ieee-857-1990


contents 

SECTION PAGE 

1 . Scope ...................................................................................................... 7 

2 . Purpose ................................................................................................... 7 

3 . References ............................................................................................... 7 

4 . Definitions .............................................................................................. 8 

5 . Classification of Tests ................................................................................ 8 

6 . General Requirements ............................................................................... 9 

7 . Criteria for Successful Type Testing ............................................................ 10 

8 . Test P r o g r a m  .......................................................................................... 12 

9 . Presentation of Test Results .......................................................................... 20 

10 . Bibl iography ........................................................................................... 21 

FIGURE 

Valve Voltage Waveforms for Various Firing Angles ............................................... 17 

APPENDIX 

R e d u n d a n c y  ................................................................................................. 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 07:17:56 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 857-1990

http://www.avadocuments.com/doc/ieee-857-1990
http://www.avadocuments.com/doc/ieee-857-1990


IEEE Guide for Test Procedures for HVDC 
Thyristor Valves 

L b P e  

This guide contains information and ret- 

valves for high-voltage direct-current  
(HVDC) power transmission systems. Other 
equipment tests, such as development tests, 
production sample tests, routine tests, tests for 
the determination of losses, commissioning 
tests, and site tests are not within the scope of 

familiar with their characteristics. Therefore, 
the purpose of this guide is to provide some 
guidance to the industry on how t o  treat the im- 

ommendations for the type testing of thyristor portant subject of testing this complex device. 

3. References 

This guide shall be used in conjunction with 
the publications: 

I - -  
sociated with the valves, such as  cooling sys- rules*' 
tem components. 

in its 
scope to allow for future developments in tech- 

This guide is designed to be [21 IEC 71-2 (1976), Insulation co-ordination 
Part 2: guide* 

nology and economy of testing, I t  is also neu- 
tral regarding different designs of thyristor 
valves and availability of test facilities. 

This guide applies to any type of thyristor 
valve used in converters for HVDC power 

[31 IEC 146 (19731, Semiconductor convertors. 

[4l IEC 633 (1978), Terminology for high- 
voltage direct current transmission. 

transmission systems but does not apply t o  
other types of semiconductor devices tha t  
might be used for HVDC transmission sys- 
tems in the future. 

An HVDC thyristor valve consists of nu- 
merous, possibly hundreds, of interconnected 
electronic components, and various types of 
insulation and cooling facilities, which are  
arranged in an intricate structure t o  perform a 
specified function as a single device. Because 
i t  is a comparatively new device, valve de- 
signs are rapidly changing as improved tech- 
nology becomes available. The complex na- 
ture of the valve combined with rapid design 
changes pose a difficult problem in defining 
tests to demonstrate the valve's capabilities. 

151 IEC 700 (1981), Testing of semi-conductor 
valves for high voltage d.c. power transmis- 
sion. 

163 IEEE Std 4-1978, Techniques for High Volt- 
age Testing (ANSI).2 

171 IEEE Std 100-1988, IEEE Standard Diction- 
ary of Electrical and Electronics Terms. 

181 IEEE Std 223-1966, Definitions of Terms for 
Thyristors.. 

'IEC Standards are available in the US from the Sales 
Department, American National Standards Institute, 1430 
Broadway, New York, NY 10018, USA. 

'IEEE Standards are available from the Sales Depart- 
ment, IEEE Service Center, 445 Hoes Lane, Piscataway, 
NJ 08855-1331. USA. 

I t  is recognized that  thyristor valves are a 
special type of electrical apparatus for power 

'This standard has been withdrawn. Archival copies 
are available through the IEEE Standards Department, 445 
Hoes Lane, P.O. Box 1331, Piscataway, NJ  08855-1331, 

systems, and that  much of the industry is un- USA. 
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Std 857-1990 IEEE GUIDE FOR TEST PROCEDURES FOR HVDC THYRISTOR VALVES 

191 IEEE Std 289-1968, Letter Symbols for Quan- 
tities Associated with Thyristors.* 

[lo] IEEE Std 332-1972, Techniques for Switch- 
ing Impulse Testing (ANSI).' 

4. Definitions 

Definitions given in this guide apply specif- 
ically to  the testing of HVDC thyristor valves. 

4.1 failure of thyristor-level. A thyristor-level 
is deemed to have failed if i t  becomes short cir- 
cuited or in any other way has degraded to the 
extent to make i t  functionally inoperative. 

4.2 multiple-valve unit (MVU). A single 
structure comprising more than one valve. 
(See IEC 633 (1978) C41.3) 

4.3 redundancy factor. The ratio of the total 
number of series thyristor-levels in the valve 
to the same number minus the total number of 
redundant series thyristor-levels in the valve. 
(See IEC 700 (1981) L53.1 

The redundancy factor, f,, is defined by: 

where: 
Nt = Total number of series thyristor-levels 

in the valve. 

Nr = Total number of redundant series 
thyristor-levels in the valve. 

4.4 redundant thyristor-levels. The maxi- 
mum number of levels in the series string of 
thyristors in a valve tha t  may be short cir- 
cuited externally or internally during service 
without affecting the safe operation of the 
valve, and which, if and when exceeded, 
would require shut down of the valve within a 
reasonable time to replace the failed thyristors 
or acceptance of increased risk of failure of the 
valve. (See the appendix of this guide.) 

'This standard has been withdrawn. Archival copies 
are available through the IEEE Standards Department, 445 
Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331, 
USA. 

3The numbers in brackets correspond to those in Sec- 
tion 3. 

4.5 single-valve unit. A single structure com- 
prising only one valve. (See IEC 633 (1978) l41.1 

4.6 test withstand voltage. The maximum 
value of a test voltage a t  which a new valve, 
with unimpaired integrity, does not show any 
disruptive discharge, nor suffer excessive 
component failure, when subjected t o  a speci- 
fied number of applications of the test voltage, 
under specified conditions. IEC 700 (1981) [51 
defines test withstand voltage as  the p e a k  
value of a nonrepetitive test voltage. 

4.7 thyristor-level. A single thyristor, or thy- 
ristors if the valve has  parallel connected thy- 
ristors, and the associated components for con- 
trol, voltage grading, protection and moni- 
toring which constitute a single voltage level 
within the valve. 

4.8 valve. A converter arm in a three-phase, 
six-pulse bridge converter connection. (See 
IEC 633 (1978) 141.) 

4.9 valve base. That assembly which mechan- 
ically supports, and electrically insulates the 
valves from ground. 
NOTE: A part of a valve that is clearly identifiable in a 
discrete form to be a valve base may not exist in all dc- 
signs of valves. 

A valve base could be a separate platform 
insulated from ground by post-type insulators 
which carries a live-tank valve unit, or a steel 
framework insulated from ground by post-type 
insulators on which the various modules of a 
multiple valve unit are mounted, or a raised 
platform of insulating material which is in- 
tegral to the valve structure and forms the 
base. 

4.10 valve module. The smallest assembly, 
comprising a number of thyristors and their 
immediate auxiliaries for firing and protec- 
tion, voltage dividing components, and dis- 
tributed valve reactors, from which the valve 
is built up and which exhibits the same electri- 
cal properties a s  the complete valve but can 
withstand only a portion of the full voltage 
blocking capability of the valve. (See IEC 700 
(1981) L51.1 

5. Classification of Tests 

The type tests described in this guide are 

8 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 07:17:56 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 857-1990

http://www.avadocuments.com/doc/ieee-857-1990
http://www.avadocuments.com/doc/ieee-857-1990

