IEC TR 63500

Edition 1.0 2024-10

TECHNICAL
REPORT

colour
inside
Unified power flow controller (UPFC) installations — System tests
INTERNATIONAL
ELECTROTECHNICAL
COMMISSION
ICS 29.240.99 ISBN 978-2-8322-9828-2

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission



-2- IEC TR 63500:2024 © IEC 2024

CONTENTS

O T T 1 I PP 5
LN I 2 1 1 L O 1 PN 7
1 1T o 1= S 8
2 NOrMative referENCES .. o 8
3 Terms and definitioNs ... 8
4 Objectives Of SYStemM 1SS .. vt 9
4.1 P U PO e e 9
4.2 = T T o T [ 1 0] =3 9
4.3 [tems Of SYStem eSS ..ot 10

5 Preconditions of System teStS ..o 15
5.1 BasiC CONAItIONS ... e 15
5.2 Preconditions of system tests for the UPFC installation....................ccooiiiin 15
5.3 Preconditions of system tests for the AC grid...........coiiiiiiiiii e, 15

6  Converter UNit teStS .. 16
6.1 I o L= S 16
6.1.1 PUIPOSE Of 1St .eeieii i 16
6.1.2 Test precoNditioNS .. ... e 16
6.1.3 T eSSt PrOCEAUIE . 16
6.1.4 Evaluation of test reSuUlts . ..o 17

6.2 Energizing test of the shunt transformer............coo e, 17
6.2.1 PUIPOSE Of 1St . eeieiiii e 17
6.2.2 Test precoNditioNS .. ... e 17
6.2.3 LI S o e Yo7 =Y o [ o = PP 17
6.2.4 Evaluation of test resSult ... ..o 17

6.3 Energizing test of the series transformer...........coo 17
6.3.1 PUIPOSE Of 1St e 17
6.3.2 Test precoNditioNsS .. ... e 18
6.3.3 LI S o e Yo7 =Y o [ o = PP 18
6.3.4 Evaluation of test results .. ... 19

6.4 Energizing test of the shunt converter...........oo 19
6.4.1 PUIPOSE Of 1St .ee i 19
6.4.2 Test precoNditioNS .. ... e 20
6.4.3 LI S o e Yo7 =Y o [ o = P 20
6.4.4 Evaluation of test results .. ... 20

6.5 Energizing test of the series converter ... 20
6.5.1 PUIPOSE Of 1St e 20
6.5.2 Test precoNditioNsS .. ... e 20
6.5.3 LI S o e Yo7 =Y o [ o = PP 21
6.5.4 Evaluation of test results .. ... 21

6.6 Output phase sequence verification test of the shunt converter............................. 21
6.6.1 PUIPOSE Of 1St .ee i 21
6.6.2 Test precoNditioNS .. ... e 21
6.6.3 LI S o e Yo7 =Y o [ o = PP 22
6.6.4 Evaluation of test results .. ... 23

6.7 Output phase sequence verification test of the series converter............................ 23

6.7.1 PUIPOSE Of 1St oo 23



IEC TR 63500:2024 © IEC 2024 -3-

6.7.2 Test PreCONAitiONS ... 23
6.7.3 T eSSt PrOCEAUIE .o 23
6.7.4 Evaluation of test results .. ... 24
7  System function and performance tests ..o 24
7.1 INitial Operation tEStS. ... i 24
7.1.1 PUIPOSE Of 1St o 24
7.1.2 Test precoNditioNS .. ... e 25
7.1.3 LI S o e Yo7 =Y o [ o = PP 25
7.1.4 Evaluation of test results .. ... 26
7.2 Steady-state performance teStS......oooiiiiiii i 26
7.2.1 PUrPOSE Of 1St oo 26
7.2.2 Test precoNditioNS .. ... e 27
7.2.3 LI S o e Yo7 =Y o [ o = P 27
7.2.4 Evaluation of test results .. ... 28
7.3 Dynamic performancCe 1SS ... ...ii i 28
7.3.1 PUrPOSE Of 1St oo 28
7.3.2 Test PreCoONAitiONS ..o 28
7.3.3 BT S o e Yo=Y o [ o = PP 29
7.3.4 Evaluation of test results .. ... 30
7.4 Fault switching tests of control system ..o 30
7.4.1 PUrPOSE Of 1St oo 30
7.4.2 Test PreCONAitiONS .....oe i 30
7.4.3 T eSSt PrOCEAUIE .o 30
7.4.4 Evaluation of test results .. ... 31
7.5 Transfer tests of auxiliary System ... 31
7.5.1 PUIPOSE Of 1St o 31
7.5.2 Test PreCONAitiONS ..o 32
7.5.3 TSt PrOCEAUIE .o 32
7.5.4 Evaluation of test reSuUlts ........oiiiiiii 32
7.6 Grid control function tests (optional) ........ccooeiiii i 32
7.6.1 PUrPOSE Of 1St oo 32
7.6.2 Test PreCONAitiONS ..o 33
7.6.3 T eSSt PrOCEAUIE . 33
7.6.4 Evaluation of test reSUlts ........oiiiiii 34
7.7 Other operation Mode 1SS .. ... 34
7.71 LT o= = | P 34
7.7.2 STATCOM MOAE tESES .uuiiiiiii e e e 34
7.7.3 SSSC MOAE eSS et e 35
7.8 Heavy load and overload testS ... 36
7.8.1 PUIPOSE Of 1St o 36
7.8.2 Test precoNditioNsS .. ... e 36
7.8.3 LI S o e Yo7 =Y o [ o = PP 37
7.8.4 Special measurements during the test ... 37
7.9 Artificial short circuit test on AC grid (optional)........cccooviiiiiiii e, 37
7.9.1 PUrPOSE Of 1St oo 37
7.9.2 Test PreCONAitiONS ..o 37
7.9.3 LI S o e Yo7 =Y o [ o = PP 38
7.9.4 Evaluation of test results .. ... 38

G T N 4 =Y o 1= =1 o o S 38



-4 - IEC TR 63500:2024 © IEC 2024

8.1 PUIPOSE Of 1St oo 38
8.2 Test PreCONditiONS ... 38
8.3 =53 Qo e Y7o LU 1 o/ TS 39
8.4 Evaluation of teSt reSUIS . .....ovii i 39
Annex A (informative) Artificial short circuit test example of a UPFC installation .................. 40
A1 PUIPOSE Of 1St oo e 40
A.2 Test PreCONditiONS ... 40
A.2.1 Components and placement of artificial single-phase-to-earth fault
GENErAtiNG GEVICE ..ot 40
A.2.2 Instalment of artificial single-phase-to-earth fault generating device .............. 41
A.3 LI A o e Yo=Y o 11 o - S 42
A.3.1 Testing fire of the artificial transmitting device ............coooiiiiiiii i, 42
A.3.2 Official testing ProCeAUIe .. ... ciui i 42
71 0] [T Yo = o 2 V28 43
Figure 1 — Structure diagram of the UPFC installation............ccoooiii 10
Figure 2 — Energizing test of the shunt transformer ... 12
Figure 3 — Energizing test of the series transformer ..., 12
Figure 4 — Energizing test of the shunt converter.............ooooii i, 13
Figure 5 — Energizing test of the series converter ... 13
Figure 6 — Output phase sequence verification test of the shunt converter............................ 13
Figure 7 — Output phase sequence verification test of the series converter........................... 13
Figure 8 — System function and performance tests of UPFC...........ccooiiiiiiiiiii e, 14
Figure 9 — Other operation mode tests — STATCOM MoOde ........cciiiiiiiiiiiiiiiiii e 14
Figure 10 — Other operation mode tests — SSSC mMode .........cciiiiiiiiiii 14
Figure 11 — Trial Operation .. ..o e e e e aaeaas 14
Figure 12 — Test procedure diagram of series transformer energizing test ..........................lL 19
Figure 13 — Test procedure diagram of output phase sequence verification test of the
£ 10 gL o0 0 V=Y o (= S 22
Figure 14 — Test procedure diagram of output phase sequence verification test of the
LT =T oo g V=Y o =T PPN 24
Figure A.1 — The artificial single-phase-to-earth fault generating device...............c......cool. 41

Table 1 — Test stage, item and configuration of system tests ..., 11



IEC TR 63500:2024 © IEC 2024 -5-

1)

2)

3)

4)

5)

6)

7)

8)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

UNIFIED POWER FLOW CONTROLLER (UPFC) INSTALLATIONS -
SYSTEM TESTS

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which
may be required to implement this document. However, implementers are cautioned that this may not represent
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC
shall not be held responsible for identifying any or all such patent rights.

IEC TR 63500 has been prepared by subcommittee 22F: Power electronics for electrical
transmission and distribution systems, of IEC technical committee 22: Power electronic systems
and equipment. It is a Technical Report.

The text of this Technical Report is based on the following documents:

Draft Report on voting

22F/781/DTR 22F/795/RVDTR

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this Technical Report is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn, or

e revised.

IMPORTANT - The "colour inside” logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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https://www.iec.ch/publications
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INTRODUCTION

IEC TR 63262:2019 introduces the importance of the system tests of unified power flow
controller (UPFC) installations and gives the test items of the system tests. However, the details
of the system tests of UPFC installations, including test methods and test procedures, are not
given. For the commercial use of UPFC installations, this document provides the details of the
system tests of UPFC installations for reference. The system tests are to verify the quality of
UPFC after on-site installation and integration, the coordination between a UPFC installation
and the grid, the fault ride-through performance of the UPFC installation and so on, which make
the commercial operation of the UPFC installation more efficient and safer.

This document summarizes the system test experience of the existing UPFC projects, and the
content has been verified by several years of stable operation of the UPFC projects.
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UNIFIED POWER FLOW CONTROLLER (UPFC) INSTALLATIONS -
SYSTEM TESTS

1 Scope

This document provides the general information, items, conditions, and evaluation of test results
for on-site system tests of unified power flow controller (UPFC) installations based on modular
multi-level converter (MMC) technology. For special functions or performances that are claimed
by specific projects, some extra test items not included in this document can be added according
to the technical specification.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC TR 63262:2019, Performance of unified power flow controller (UPFC) in electric power
systems


https://www.electropedia.org/
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