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| EEE Standards documents are developed within fhechnical 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 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 which
have expressed an interest in participating in the development of the standard.

Use of an IEEE Standard is wholly voluntaFhe 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. Futhermore, 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 subjected to review at least once 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 interestgdegatdless 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 represent 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 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
345 East 47th Street

New York, NY 10017

USA

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 posijtion is
taken with respect to the existence or validity of any patent rights in connection therewith.
The IEEE shall not be responsible for identifying all patents for which a license may he
required by an IEEE standard or for conducting inquiries into the legal validity or scope of
those patents that are brought to its attention.

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 Cente
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 classroom use can also be obtained through the Copyright Clearance Cente
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Introduction

(This introduction is not part of IEEE Std 857-1996, IEEE Recommended PractitestaProcedures for Highieltage Direct-
Current ThyristoiValves.)

This recommended practice was prepared by\beking Group |1, Power Electronic Equipment of the IEEE High-
Voltage Power Electronics Stations Subcommiti®erking Group 11 was established in 1994 with the goal of
reaffirming or revising IEEE Std 857-1990 to conform with the five-year review cycle mandated by Article 1.4 of the
IEEE Standards Board BylawBo keep up with the advance of technology in the high-voltage direct-current (HVDC)
industry and to attempt harmonization with an IEC standard (IEC700-1 ) that was under prepsmaiong Group

I1 decided that IEEE Std 857-1990 , should be revised from a guide to a recommended practice.

This revised document achieved the goal of keeping up with the technology but only partially succeeded in the
harmonization effort. While there were close communications and cooperation with the Chair of the IEC 22-F
Working Group 06, IEC procedures prevent any IEEE input to or discussion of the revision of IEC T@@keE .

extent supported by technical justifications, this revised IEEE standard incorporated many changes proposed by IEC
members. At the time this document was reviewed and approved, the IEC revision was still under preparation. Further
harmonization with the IEC 700-1 will be attempted by sewdf@king Group 11 members through their respective
representatives on the IEC National Committee.

As stated in the original IEEE Std 857-1990 , the purpose of this document is to complement other IEEE standards on
HVDC power transmission systems and give guidance to the industry on how to treat the important subject of testing
a thyristor valve that is a complex device. The tests recommended in this document cover only the principal electrical
tests on the thyristor valves. This 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. Further, material flammability tests were not included.

Working Group 11, which prepared this revision, had the following membership at the time it was approved:

Michael H. Baker
Don Christie

Chris Coccio
Jeffrey Donahue

P. C. S. Krishnayya

C. Tim Wu, Chair

John J. Vithayathil, Vice Chair

H. Peter Lips
Al J. Molnar
Niclas Ottosson
Carlos Peixoto

The following persons were on the balloting committee:

William J. Ackerman
S. J. Arnot

Michael H. Baker
Lars A. Bergstrom
Donald M. Christie
D. J. Christofersen
Ben L. Damsky
Frank A. Denbrock
Bruce W. Dietzman

Gary R. Engmann
Gerhard W. Juette
Lawrence M. Laskowski
Alfred A. Leibold

H. Peter Lips

John D. McDonald

A. P. Sakis Meliopoulos
Al J. Molnar

Mohamed Rashwan
Mark Reynolds
Shigeru Tanabe
Duane R. Torgerson
Gene Wolf

Philip R. Nannery
Shashi G. Patel

R. J. Piwko

Jakob Sabath

Bodo Sojka

Rao Thallam

Duane R. Torgerson
John J. Vithayathil
C. Tim Wu
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When the IEEE Standards Board approved this recommended practice on 10 December 1996, it had the following

membership:
Donald C. Loughry, Chair
Richard J. Holleman, Vice Chair
Andrew G. Salem, Secretary
Gilles A. Baril E. G. “Al” Kiener Jose R. Ramos
Clyde R. Camp Joseph L. Koepfinger* Arthur K. Reilly
Joseph A. Cannatelli Stephen R. Lambert Ronald H. Reimer
Stephen L. Diamond Lawrence V. McCall Gary S. Robinson
Harold E. Epstein L. Bruce McClung Ingo Risch
Donald C. Fleckenstein Marco W. Migliaro John S. Ryan
Jay Forster* Mary Lou Padgett Chee Kiow Tan
Donald N. Heirman John W. Pope Leonard L. Tripp
Ben C. Johnson Howard L. Wolfman

*Member Emeritus
Also included are the following nonvoting IEEE Standards Board liaisons:

Satish K. Aggarwal Alan H. Cookson Chester C. Taylor

Susan K. TatinelEEE Standards Project Editor
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IEEE Recommended Practice for Test
Procedures for High- Voltage Direct-
Current T hyristor Valves

1. Scope

This recommended practice contains information and recommendations for the type testing of thyristor 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 this recommended practice. Furthermore, the tests given here cover the principal tests on the valves
only and do not include tests of auxiliary equipment associated with the valves, such as cooling system components.

This recommended practice applies to any type of line-commutated indoor thyristor valve, with metal-oxide surge

arresters connected between the valve terminals, used in converters for HYDC power transmission systems. Any
modifications to these tests and/or additional tests required for outdoor valves are to be considereg.separatel

2. References

This recommended practice shall be used in conjunction with the following publications:

|IEEE Std 4-1995, IEEE Standafeéchniques for HightoltageTesting (ANSI)!

IEEE Std 100-1996, IEEE Standard Dictionary of Electrical and Electrdpitss.

IEC 60060-1 (1989-11), High-voltage test techniques—Part 1: General definitions and test requ?rements.
IEC60060-2 (1994-11), High-voltage test techniques—Part 2: Measuring systems.

IEC 60071-1 (1993-11), Insulation co-ordination—Part 1: Definitions, principles and rules.

LEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 138@hyPN3dd8855-
1331, USA.

2EC publications are available from IEC Sales Department, Case Postale 131, 3, rue de Varembé, CH-1211, Geneve 20, Sudteerl&@l/S
publications are also available in the United States from the Sales Department, American National Standards Institute2rid Strestt 413th
Floor, New York, NY 10036, USA.
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IEC 60071-2 (1996-12), Insulation co-ordination—Part 2: Application guide.
IEC 60099-4 (1991-11), Surge arrestors—Part 1: Metal oxide surge arresters without gaps for a.c. systems.

IEC 60146-1-1 (1991-04), General requirements and line commutated convertors—Part 1-1: Specifications of basic
requirements.

IEC 60146-1-2 (1991-04), General requirements and line commutated convertors—Part 1-2: Application guide.

IEC 60146-1-3 (1991-04), General requirements and line commutated convertors—Part 1-3: Transformers and
reactors.

IEC 60146-2 (1974-01), Semiconductor convertors—Part 2: Semiconductor self-commutated convertors.

IEC 60146-3 (1977-01), Semiconductor convertors—Part 3: Semiconductor direct d.c. convertors (d.c. chopper
convertors).

IEC 60146-4 (1986-09), Semiconductor convertors—Part 4: Method of specifying the performance and test
requirements of uninterruptible power systems.

IEC 60146-5 (1988-11), Semiconductor convertors—Part 5: Switches for uninterruptible power systems (UPS
switches).

IEC 60146-6 (1992-12), Semiconductor convertors—Part 6: Application guide for the protection of semiconductor
convertors against overcurrent by fuses.

IEC 60633 (1978-01)lerminology for high-voltage direct current transmission.

IEC 60700 (1981-01)esting of semiconductor valves for high-voltage d.c. power transmission.

IEC 60747-1 (1983-01), Semiconductor devices—Discrete devices—Part 1: General.

IEC 60747-5 (1992-05), Semiconductor devices—Discrete devices—Part 5: Optoelectronic devices.

IEC 60747-6 (1983-01), Semiconductor devices—Discrete devices—Part 6: Thyristors.

3. Definitions

Definitions given in this recommended practice apply specifically to the testing of HVDC thyristor valves.

3.1 failure of thyristor level: A thyristor level is deemed to have failed if it becomes short-circuited or in any other
way has degraded to the extent to make it functionally inoperative.

3.2 multiple-valve unit (MVU): A single structure comprising more than one valve.

3.3 redundancy factor: The ratio of the total number of series thyristor levels in the valyep the same number
minus the total number of redundant series thyristor levels in the M&lvEhe redundancy factai, is defined by

@)
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FOR HIGH-VOLTAGE DIRECT-CURRENT THYRISTOR VALVES IEEE Std 857-1996

3.4 redundant thyristor levels: The maximum number of levels in the series string of thyristors in a valve that may

be short-circuited externally or internally during service without affecting the safe operation of the valve as
demonstrated by type tests, and which, if and when exceeded, would require shutdown of the valve to replace the failed
thyristors or acceptance of increased risk of failure of the valve.

3.5 single-valve unit: A single structure comprising only one valve.

3.6 test withstand voltage: The maximum value of a test voltage at which a new valve, with unimpaired iptegrit
does not show any disruptive discharge, nor suffer component failures above permissible levels, when subjected to a
specified number of applications of the test voltage, under specified conditions.

3.7 thyristor level: A single thyristor, or thyristors if the valve has parallel connected thyristors, and associated
components for control, voltage grading, protection, and monitoring that constitute a single voltage level within the
valve.

3.8 valve: A converter arm in a three-phase, 6-pulse bridge converter connection.
3.9 valve base: The assembly that mechanically 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 designs of valves. A
valve base could be a separate platform insulated from ground by post-type insulators that carries a live-tank valve unit,
or a steel framework insulated from ground by post-type insulators on which the various modules of an MVU are
mounted, or a raised platform of insulating material that is integral to the valve structure and forms the base.

3.10 valve module: The smallest assemblcomprising a number of thyristors and their immediate auxiliaries for
firing and protection, voltage-dividing components, and distributed or lumped valve reactors, from which the valve is
built up and which exhibits the same electrical properties as the complete valve but can withstand only a portion of the
full voltage-blocking capability of the valve.

3.11 valve section: An electrical assembly comprising a number of thyristor levels and other components that exhibits
prorated electrical properties of a complete valve.

4. Classification of tests

The type tests described in this recommended practice are classified under two major categories: dielectric tests and
operational tests.

4.1 Dielectric tests

These tests are intended to verify withstand and voltage-related characteristics of the valve under various overvoltage
conditions. The following tests fall under this category:

a) Dielectric tests on valve base
1) DC voltage test
2) AC voltage test
3) Switching impulse test
4) Lightning impulse test
5) Steep-front impulse test
b) Dielectric tests on an MVU
1) DC voltage test
2) Switching impulse test
3) Lightning impulse test
4) Steep-front impulse test
c) Dielectric tests on a valve
1) DC voltage test (dry and wet)
2) AC voltage test
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3) Switching impulse voltage test (dry and wet)
4) Lightning impulse voltage test

5) Steep-front impulse voltage test

6) Nonperiodic firing test

7) Turn-on stress test

4.2 Operational tests

These tests are intended to demonstrate the correct operation and capabilities of the valve under various operating
conditions, including the worst-case fault condition. The following tests fall under this category:

a) Load test, including periodic firing and extinction test
b) Current-sharing test

¢) Minimum alternating voltage test

d) Intermittent dc test

e) Recovery period forward impulse withstand test

f)  Short-circuit current with subsequent blocking test

g) Short-circuit current without subsequent blocking test

5. Test requirements

5.1 General

Thyristor valves are usually of modular construction with identical modules connected in series to obtain the required
valve voltage rating. This type of construction lends itself to simplifying the tests and the test equipment required.
Great economy can be obtained when valve sections instead of whole valves are used for type tests. However, certain
dielectric tests must be performed on complete valves, as these tests relate to characteristics that are defined only after
a valve is completely built. All operational tests are carried out on valve sections. Simultaneous full-scale voltage and
current tests are not considered essential for thyristor valves.

If a type test is conducted on valve sections rather than the whole valve, the minimum number of valve sections so
tested should be equal to those in one complete valve. The preferred approach is for the valve section to be made up of
single or integer multiples of valve modules. If this is difficult because of limitations in the ratings of the available test
circuit, valve sections made up of thyristor levels fewer than those in complete module(s) may be used. The test valve
sections should have a minimum of five series-connected thyristor levels. This minimum number of thyristor levels is
recommended to ensure that the performance of the valve section reasonably reflects the performance of the complete
valve as affected by the design tolerances in the characteristics of different thyristors in a complete valve. If the valve
section under test has less than the recommended number of levels, it may be necessary to include an additional safety
factor. The need for and value of this additional test safety factor will be design-dependent and should be agreed upon,
in advance, between the purchaser and the suapplie

The choice of valve section should also take into consideration the representation of the valve reactors within the valve.
The number of series-connected levels in the test valve section should preferably avoid test arrangements that require
fractional reactors, which may have to be specifically fabricated and which may not therefore be fully representative
of the actual valve reactors.

Sometimes operational tests may have to be performed at a power frequency that is different from the service
frequency (e.g., 50 Hz instead of 60 Hz). Thyristor switching losses, snubber circuit lossiés oaustiort-circuit

current are affected by the actual frequency during tests. When this situation occurs, the test conditions and valve
characteristics should be reviewed and appropriate changes made to ensure that the valve stresses are at least as severe
as they would be if the tests were performed at the service frgquenc
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