IEC TS 63336:2024-07(en)

IEC TS 63336

TECHNICAL
SPECIFICATION

Edition 1.0 2024-07



https://iecnorm.com/api/?name=1545984fbd1194e50c1b4515ca3e108b

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2024 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or

IEC Secretariat

your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11

3, rue de Varembé info@iec.ch
CH-1211 Geneva 20 www.iec.ch
Switzerland

About thg IEC

The Intefnational Electrotechnical Commission (IEC) is the leading global organization that prepares and*“publishes

Internatignal Standards for all electrical, electronic and related technologies.

About IHC publications

The techhical content of IEC publications is kept under constant review by the IEC. Please make Sure’' that you|have the

latest edition, a corrigendum or an amendment might have been published.

IEC publ|cations search - webstore.iec.ch/advsearchform
The advgnced search enables to find IEC publications by a
variety ¢f criteria (reference number, text, technical
committeg, ...). It also gives information on projects, replaced
and withdrawn publications.

IEC Just|Published - webstore.iec.ch/justpublished

Stay up fo date on all new IEC publications. Just Published
details alljnew publications released. Available online and once
a month by email.

If you wish to give us your feedback on this publication or need
further apsistance, please contact the Customer Service
Centre: sples@iec.ch.

IEC CustEmer Service Centre - webstore.iec.ch/csc

IEC Products & Services Portal - products.iec.ch
Discover our powerful search”engine and read fregly all the
publications previews, graphical symbols and the|glossary.
With a subscription youd will always have access to yip to date
content tailored to your needs.

Electropedia - www.electropedia.org
The world's{leading online dictionary on electrotechnology,
containing more than 22 500 terminological entries [n English
and French; with equivalent terms in 25 additional Ignguages.
Also known as the International Electrotechnical Vpcabulary
(IEV)\online.



mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
https://products.iec.ch/
http://www.electropedia.org/
https://iecnorm.com/api/?name=1545984fbd1194e50c1b4515ca3e108b

IEC TS 63336

Edition 1.0 2024-07

TECHNICAL
SPECIFICATION

Commissioning of VSC HVDC systems

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 29.200; 29.240.01 ISBN 978-2-8322-8923-5

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

® Registered trademark of the International Electrotechnical Commission


https://iecnorm.com/api/?name=1545984fbd1194e50c1b4515ca3e108b

-2 - IEC TS 63336:2024 © IEC 2024

CONTENTS

FOREWORD ...ttt ettt et et et et ettt e et e et e et e et e et a e anns 7
1 S oo o 1= Y S 9
2 NOrmMative referENCES ... e 9
3 Terms and definitions ... 9
3.1 Test classification terMS ... 9
3.2 L@ 1§ 7= o (=Y o o2 10

4  Stages, sequence and objectives of commissioning of VSC HVDC systems .................. 11
4.1 Process of commissioningof VSC HVDC sYStemMS ey . 11
4.2 Pre-CommisSSIONING ..o S 12
4.2.1 Factory system tests of HVDC control and protection systems.....a0.0 ] ...... 12
4.2.2 On-site equipment tests.......cccoovviiiiiiiiiii e 12

4.3 COMMISSIONING ouitiitii e e f e 12
4.8.1 Subsystem tests ... T 12
4.8.2 System testS ..o e 13
4.8.3 Operating states of VSC HVDC transmission ........{ e b 16

4.4 Trial operation ........cooviiiii e NS e e 17

5  Sybsystem tests ... ) e 17
5.1 GENETAL. .. N e 17
5.2 Power, control and communication cabling Systems ..........c..ccooviiiiniiniincin e, 17
5.2.1 T eSSt PUIPOSE o T et e e e 17
5.2.2 Test preconditions .......coooeiiii e b 18
5.2.3 Test ProCeAUIES ... e f e 18
5.2.4 Test acceptance Criteria. ... e b 18

5.3 Main circuit equipment ... o e e 18
5.8.1 LT o 10T oo 1= Y RPN P 18
5.8.2 Test preconditions . .. o b 19
5.8.3 LT A o e Lo =Y [0 == RPN P 19
5.8.4 Test acceptance Criteria........cooiuiiiii e b 19

54 AC protections and interloCKing.........coiviiiiiiii e b 19
5.4.1 LT R o 10 oo 1= YRR PR 19
5.4.2 TeStPreconditions ... ..o e b 19
5.4.3 =] A o e Yo7 =Y [0 == RPN P 19
5.4.4 Test acceptance Criteria........cooovuviiii i b 20

5.5 Remote SCADA interface.... ..o e 20
5.5.1 LI S o 10T oo 1= PP 20
5.5.2 Test precoNditioNS .. ... e 20
5.5.3 LI A o e Yo7 =Y o [0 == PP 20
5.5.4 Test acceptance Criteria. ... ... 20

5.6 AUXIHAIY SYSTEIMS L.t e e 21
5.6.1 Valve COOlING SYSTEM ... e 21
5.6.2 AUXITAIY POWET ..ottt e e 21
5.6.3 Fire protection SysStemsS. ..o 22
5.6.4 Air handling and conditioning SYyStems ..........coiiiiiiiiii 23
5.6.5 HVDC transmission line monitoring systems ...........ccocooiiiiii i, 23
5.6.6 Earth electrode and earth electrode line monitoring system ........................... 24

5.7 Final trip 1e S oo e 24

5.7.1 LI S o 10T oo 1= PP 24


https://iecnorm.com/api/?name=1545984fbd1194e50c1b4515ca3e108b

IEC TS 63336:2024 © IEC 2024 -3 -

5.7.2 Test PreCoONAitiONS .....oeiii e 25
5.7.3 T eSSt PrOCEAUIES ..o e e 25
5.7.4 Test acceptance Criteria..... ..o 25
6 High voltage energisation ... 25
6.1 LT a1 =Y PP 25
6.2 AC switchyard energisation ....... ..o 25
6.2.1 =TS A o 10 oo 1= = 25
6.2.2 Test PreCoNAitiONS ..o 26
6.2.3 T eSSt PrOCEAUIES ..o e e 26
6.2.4 Test acceptance criteria........ueueeuieuieeiieiiiisieie it 26
6.3 AC filter energisation (if applicable) ... D 26
6.8.1 TeSt PUMPOSE . oeeiieeee e 26
6.8.2 Test preconditions .......ooiiiiiii e e e b 26
6.8.3 Test procedures. ... e b 26
6.8.4 Test acceptance criteria........c.cooveeiiiiiiiiiiceee e e b 27
6.4 Interface transformer energisation .........cooooiiiiiiiin S b 27
6.4.1 LI o 10T oo 1= Y S PPRUPRPIN PR 27
6.4.2 Test preconditions ........cooveiiiiiiiiiiii e S b 27
6.4.3 TSt PrOCEAUIES ..o e et e e e e e b 27
6.4.4 Test acceptance criteria........c.cooveveiii S b 28
6.5 Blocked converter energisation ............cco... Mo 28
6.5.1 LT o 10T oo 1= Y RPN P 28
6.9.2 Test preconditions ... ..o e b 28
6.5.3 Test procedures. ... 5 e b 28
6.5.4 Test acceptance criteria..... it b 28
6.6 Energisation from DC side (if.applicable) ..., 29
6.6.1 TeSt PUIPOSE oo b 29
6.6.2 Test preconditioNS z . e b 29
6.6.3 LI E A o e Lo =Y [0 = RPN P 29
6.6.4 Test acceptance Criteria........coovviiiii i b 29
7 Canverter station testS . ..o e e 30
7.1 General. . e f 30
7.2 First debloCK ... e e 30
7.2.1 =1 A 10 L o Yo 1T = R PPSPRPRI SRS 30
7.2.2 Test preconditions ... b 30
7.2.3 BLICE A o e Yo7 =Y [0 == RPN P 30
71.24 T€ST @aCCEPTANCE CIITBTIA . .. oo ii i eiensmaanamnaamn oo smn s ne e eeeenees 31
7.3 Protective aCtioNs ... 31
7.3.1 LI S o 10T oo 1= PP 31
7.3.2 Test precoNditioNS .. ... e 31
7.3.3 LI A o e Yo7 =Y o [0 == PP 32
7.3.4 Test acceptance Criteria.... ... 32
7.4 Reactive POWEE CONTIOl ..o e e e 32
7.4.1 =TS A o 10 oo 1= = 32
7.4.2 Test precoNditioNsS .. ... e 32
7.4.3 LI A o e Yo7 =Y o [0 == P 32
7.4.4 Test acceptance Criteria.... ... 33
7.5 Change of RPC control MOAES ......ouieiiiiiie e 33

7.5.1 =TS A o 10 oo 1= = 33


https://iecnorm.com/api/?name=1545984fbd1194e50c1b4515ca3e108b

-4 - IEC TS 63336:2024 © IEC 2024

7.5.2 Test PreCONAitiONS ... 33
7.5.3 T eSSt PrOCEAUIES ..o e e 33
7.5.4 Test acceptance Criteria..... ..o 34
7.6 Y (=Y oI =YY oo ) o T =Y P, 34
7.6.1 =TS A o 10 oo 1= = 34
7.6.2 Test PreCONAitiONS ..o 34
7.6.3 T eSSt PrOCEAUIES .. e e 34
7.6.4 Test acceptancCe Criteria.... ..o i 35
T AN SMISSION 1S S . e it 35
8.1 LT ALY -1 I P PP UP T PTPP 35
8.2 Energisation of HVDC transmission line ...........ccooiiiiiiiiiiininee 6 e 36
8.2.1 TeSt PUMPOSE . oeeiieeee e 36
8.2.2 Test preconditions .......ooiiiiiii e e e b 36
8.2.3 Test procedures. ... e b 36
8.2.4 Test acceptance criteria........c.cooveeiiiiiiiiiii e e e b 36
8.3 First power transmission ............cooooiiiiiiiiiiiiiie D 36
8.8.1 LI o 10T oo 1= Y S PPRUPRPIN PR 36
8.8.2 Test preconditions ........cooveiiiiiiiiiiii e S b 37
8.8.3 TSt PrOCEAUIES ..o e et e e e e e b 37
8.83.4 Test acceptance criteria........c.cooveveiii S b 37
8.4 Protective actions ... O e 37
8.4.1 LT o 10T oo 1= Y RPN P 37
8.4.2 Test preconditions ... ..o e b 37
8.4.3 Test procedures. ... 5 e b 38
8.4.4 Test acceptance criteria..... it b 38
8.5 Active power control ... A e f e 38
8.5.1 TeSt PUIPOSE oo b 38
8.5.2 Test preconditioNS z . e b 38
8.5.3 LI E A o e Lo =Y [0 = RPN P 38
8.5.4 Test acceptance Criteria........coovviiiii i b 39
8.6 Reactive pOWETCONEIOl . ... e e e 39
8.6.1 LI E 8 o1 T oo 1= PRI PR 39
8.6.2 Testipreconditions ... ..o b 39
8.6.3 L1 o e 17 =Y [0 = RPN P 39
8.6.4 Test acceptance Criteria........coooviiii i b 39
8.7 POWeEr reversal. ... e 40
8.7 TSt U oS T e 40
8.7.2 Test precoNditioNsS .. ... e 40
8.7.3 LI A o e Yo7 =Y o [0 == P 40
8.7.4 Test acceptance Criteria..... ..o 40
8.8 ] (=Y oI =T=] o o T =Y S 40
8.8.1 LI S o 10T oo 1= PP 40
8.8.2 Test precoNditioNS .. ... e 41
8.8.3 LI A o e Yo7 =Y o [0 == P 41
8.8.4 Test acceptance Criteria.... ... 41
8.9 High pOWer transSmMiSSION ... . 41
8.9.1 LI S o 10T oo 1= PP 41
8.9.2 Test precoNditioNsS .. ... e 42

8.9.3 LI A o e Yo7 =Y o [0 == P 42


https://iecnorm.com/api/?name=1545984fbd1194e50c1b4515ca3e108b

IEC TS 63336:2024 © IEC 2024 -5 -

8.9.4 Test acceptancCe Criteria.........ociii i e 42
8.10 Changes of DC configuration in bipole scheme ..o, 42
8.10.1 =TS A o 10 oo 1= = 42
8.10.2 Test PreCONAitiONS ... 43
8.10.3 T eSSt PrOCEAUIES ..o e e 43
8.10.4 Test acceptancCe Criteria.... ..o i 43
8.11  Heat run test (including overload) ..o 43
8.11.1 LI S o 10T oo 1= PP 43
8.11.2 Test PreCONAitiONS ..o 44
8.11.3 TSt PrOCEAUIES ... 44
8.11.4 Test acceptance criteria..........cooveeiiiiiiiiiieeeee e BN b 45
8.14 Control system changeovers .........c.ccoiviiiiiiiiiiiiiieeeee e 45
8.12.1 TSt PUIPOSE e b 45
8.12.2 Test preconditionS ..o T e b 45
8.12.3 Test pProcedUIes. ..o e e f e 46
8.12.4 Test acceptance criteria..........cooveveiiiiiiiiiiiiiieee G b 46
8.13 Change of control location ..o e e 46
8.13.1 TeSt PUIMPOSE e e b 46
8.13.2 Test preconditions ... e b 46
8.13.3 Test procedures......ooooveveeiiiiiiieie Lt b 47
8.13.4 Test acceptance criteria........ccoouveii i @3N e b 47
8.14 Loss of auxiliary power supplies. ... ... S e e 48
8.14.1 TSt PUIPOSE e e b 48
8.14.2 Test preconditions ... NN e b 48
8.14.3 LT o] e L7 =Y [0 =T RPN P 48
8.14.4 Test acceptance Criteria. . . . b 49
8.1 Loss of telecommunication . ..o e 49
8.15.1 LT o 10T oo 1T S RPN P 49
8.15.2 Test preconditions .. .. ..o e b 49
8.15.3 BLICT A o e Yo7 =Y [ ] == RPN P 49
8.15.4 Test acceptance criteria....... .o 49
8.1 Black start (ifyapplicable)... ..o e b, 50
8.16.1 LI 1 08 [ oo 1= PRSPPI P 50
8.16.2 TE€st preconditions ... ... b 50
8.16.3 TSt PrOCEAUIES .ot f e 50
8.164 Test acceptance criteria.........oooioi b 51
9 Powergqualityrandinterferepnsetests—rrrrrrrrmmm—m—m—m—m—m—m—m—m—m—m—m—0—o0o0o0200 ... 51
9.1 L= o= ¥ S 51
9.2 AC and DC harmoniC MeasuUremMeNntS. ... ... i e 51
9.2.1 =TS A o 10 oo 1= = 51
9.2.2 Test precoNditioNsS .. ... e 51
9.2.3 LI A o e Yo7 =Y o [0 == P 52
9.2.4 Test acceptance Criteria..... ..o 52
9.3 AUAIDIE NOISE .. 53
9.3.1 =TS A o 10 oo 1= = 53
9.3.2 Test PreCONAitiONS ..o 53
9.3.3 LI A o e Yo7 =Y o [0 == P 53
9.3.4 Test acceptance Criteria.... ... 54

9.4 High frequency interference measurements ..........cccoooiiiiiiiiiiiii i 54


https://iecnorm.com/api/?name=1545984fbd1194e50c1b4515ca3e108b

-6 — IEC TS 63336:2024 © IEC 2024

9.4.1 LI S o 10T oo 1= PP
9.4.2 Test precoNditioNS .. ... e
9.4.3 T eSSt PrOCEAUIES ..o e
9.4.4 Test acceptancCe Criteria.........ociii i e
10 AC/DC network interaction teSts ......ooo i

10.1
10.2
10.3
10.4
10.5

LT B o 10T o Yo 1-T= PPN
PreCONditiONS ... s
Transmission network switching and staged faults ................coooiiiiiin .
Special protection SChEmMES ...
Test of AC network and control interactions ........o.coeveeieeiieiiiiiieieiieiieiiieeeeann,

10.6
11 Cq
11.
11.
11.
11.
11
11
11.
11.

o MRSl o, NS, B R S N O T

Bibliogf

Figure
Figure
Figure

Table 1
Table 2
Table 3

Interactions with other HVDC systems or FACTS devices .........ccovveveenen it} ennen.
mmissioning plan and documentation of on-site tests ............co.oo AN

General. .
Commissioning planning .........cooeviiiiiiiiiiieiiceeeeeeee e 8
Sitetestoutline.........cooiii T
Test Plan. .o b
Test schedule ... e b
Test procedures ... A e b
TSt FECOIAS . et O e et f e

1 — Overview diagram of commissioning_process of VSC HVDC systems ............} ......
P — VSC HVDC systems and designations............cocooeeiiiiiiiiiiiiiicicieeceeeeeeeee e,
3 — Scope of system tests ...l

— Structure of system tests . ..o b
— Subsystem tests of main circuit equipment...........cccooiiiii e
— Control location €omMbinations...........ooiuiiiiiii e b



https://iecnorm.com/api/?name=1545984fbd1194e50c1b4515ca3e108b

IEC TS 63336:2024 © IEC 2024 -7 -

1

2)

3)

4)

5)

6)

7)

8)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

COMMISSIONING OF VSC HVDC SYSTEMS

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
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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.
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COMMISSIONING OF VSC HVDC SYSTEMS

1 Scope

This document, which is a technical specification, applies to the commissioning of voltage-
sourced converter (VSC) high voltage direct current (HVDC) systems which consist of two
converter stations and the connecting HVDC transmission line.

The tedts are generally applied to all HYDC configurations and could require addition or deletion
to matgh the given solution.

This document provides guidance on the planning of commissioning,\@ctivities. The
commigsioning described in this document is implemented through on-site tésting on thg whole
system| functionality, including testing on the subsystem and system. This.document pfovides
the scqpe, procedures and acceptance criteria of the tests.

Factory system tests, on-site equipment tests, electrode tests,\anhd trial operation are not
includeld in this document.

2 Ndrmative references

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

IEC 60p33:2019, High-voltage direct eurrent (HVDC) transmission — Vocabulary

IEC 62f47:2014, Terminology for’voltage-sourced converters (VSC) for high-voltagq direct
currenf (HVDC) systems
IEC 62f47:2014/AMD1:2019

3 Terms and definitions

For the[purposés)of this document, the terms and definitions given in IEC 62747 and IEC; 60633
as welllas thefollowing apply.

3.1 Test classification terms

3.11

factory system tests

FST

tests which are performed in a factory of HVDC control and protection equipment to verify the
main functions and performances as well as the interface with VSC valve, optical measuring
devices, etc.

Note 1 to entry: It is also referred to as a functional/dynamic performance test (FPT/DPT).

3.1.2

on-site equipment tests

electrical and mechanical tests which are performed on-site on a single equipment to verify that
no equipment damage has occurred during transport and site assembly, and that installation
has been correctly performed


https://iecnorm.com/api/?name=1545984fbd1194e50c1b4515ca3e108b

- 10 - IEC TS 63336:2024 © IEC 2024

3.1.3

subsystem tests

tests which are performed on-site to prove the correct interconnection and functioning of all
individual items of equipment within a functional group (or subsystem) and that these items
operate and interact correctly

3.1.4

system tests

tests verifying functions and performances of HVDC system as a whole as well as the interaction
with adjacent AC systems on-site

3.1.5
converter station tests
tests verifying functions and performances of the converter unit disconnected from thel HVDC
transm|ssion line on-site

Note 1 tg entry: These are also referred to as STATCOM mode tests.

3.1.6
transnjission tests
tests verifying functions and performances of HVDC system whentransmitting power between
both cgnverter stations on-site

Note 1 t¢ entry: These are also referred to as end-to-end tests.

3.1.7
point gf common coupling
PCC
point of interconnection of the HVDC converter.station to the adjacent AC system

[SOURECE: IEC 62747:2014, 9.25]

3.2 Other terms

3.2.1
PQ characteristic
capability of active and reactive power of a VSC HVDC converter unit, which is normally a
closed pnd irregular region‘with active and reactive power in a two-axis graphical represgntation

3.2.2
Qac cqntrol
reactive powercontrol mode of VSC converter to control the exchange of reactive power to a
specified value

3.2.3
Uac control
reactive power control mode of VSC converter to control the AC bus voltage to a specified value

3.24

dynamic performance study

DPS

off-line investigation of the dynamic behaviour of various fault scenarios within the specified
boundaries of AC system

Note 1 to entry: The result of the DPS should be the optimum set of control and protection parameters to achieve
the best overall dynamic behaviour for the specific HVDC.
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3.3

human machine interface

HMI

interface for a human operator to operate, monitor and maintain an HVDC locally at site or from
the remote

Note 1 to entry: An HMI typically consists of a monitor, a keyboard and a mouse.
4 Stages, sequence and objectives of commissioning of VSC HVDC systems

4.1 Process of commissioning of VSC HVDC systems

During [the commissioning and testing of an HVDC project, the HVDC equipment is_vefified in
groups|and in conjunction with the control and protection systems. Usually, this preecess|can be
divided into four major parts: factory tests, on-site equipment tests, subsystem tests'and system
tests ag shown in Figure 1.

Pre-commissioning

Factory tests | Factory tests on individual items of equigment

Factory system tests of HVYDC
control and protection equipment

Y

On-site equipment tests

Y

Commissioning Subsystem tests

Y

High voltage energisation

Systemtests

Y

Converter station tests

Rower quality and
interference tests

Y

<3 Transmission tests

AC/DC network
interaction tests

IEC

The structure and sequence of the VSC commissioning process require an understanding of
the overall VSC HVDC system structure and a definition of various components within this
structure. Figure 2 shows an example of two parallel VSC HVDC systems along with graphical
designations used in this document.
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Converter station HVDC system

Converter unit PCC-DC VSC unit AC yard

Interface
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transformer
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transmission line
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L L AC
—T —system

HVDC pole

Figure 2 — VSC HVDC systems and designations

Pre-commissioning
Factory system tests of HVDC control and protection systems

system tests cover the verification of internal econnections within and in betws
cabinets and the functional verification of the software and are performed in the
the control and protection equipment being $sent to site.

the factory system tests, the complete~control and protection systems are

other external interfaces are present, the tests should be performed as complsg
e, to determine with as much confidence as is practical that the control and prd
s will operate correctly in term$§_of the expected input and output signals. Such &
es include auxiliary power systems, converter cooling systems, fire protection sy

and correcting hardware and software errors in the control and protection sys
brtant function of factory system tests. Such faults are easier to find and rectify
than during oh-site commissioning. Correcting such faults reduces the proba
ng the powernsystem during the commissioning tests.

On-site’equipment tests

edquipment tests are electrical and mechanical tests on a single installed

IEC
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le, that

no equipment damage has occurred during transport and site assembly, and that the installation
has been correctly performed.

The equipment supplier may in some cases specify particular checks and inspections that can
help verify the equipment integrity.

4.3 Commissioning

4.3.1

Subsystem tests

A subsystem includes groups of main circuit equipment, associated measurement systems,

control

and protection systems, and/or auxiliary systems.
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The objective of this stage is to validate the correct integration of subsystem components. This
is done by verifying the signals and readings, control functions such as switching sequences
and interlocking functions. Those parts which are completely tested in FST do not need to be
verified again.

Subsystem tests are generally performed per functional group and consequently all equipment
and elements within that functional group must be ready for test before that particular
subsystem test can commence. All subsystem tests shall be completed before the system tests
commence for any individual pole within a converter station.

Subsystems to be tested for a VSC converter station comprise the following key elements:

a) Power, control and communication cabling systems.

b) Mai
c) AC

d) Remote SCADA interface.
e) Audiliary systems.

f) Fin

4.3.2

Systen] tests cover the start-up and test of the complete HVDC System in operation.
tests are required to prove that the functions and perfermmances of the HVDC systern
technidal requirements when connected to the AC network. The structure of the syste

will fol
operati

Systen] tests are comprised of the following commissioning and testing activities:

a) Hig

b) Converter station tests.

c) Tra

d) Power quality and interference tests.
e) AC/DC network interaction tests.

The fir
during
tests.

The sc

n circuit equipment.

protections and interlocking.

| trip tests.

System tests

ow the structure of the HVDC system, starting from the smallest, least cg
bnal unit, and end with the total system in éperation.

h voltage energisation.

nsmission tests.

5t three elements are undertaken sequentially. The last two elements are sch

bpe @nd flow of system tests are shown in Figure 3.

Bystem
n meet
n tests
mplex,

eduled

Appropriatedimes during the performance of the converter station tests and transinission

Before sysftem tests commence with the energisalion tesis at the converter unit level, the
following preconditions shall be satisfied:

f) All equipment tests are completed and passed.

g) All subsystem tests are completed and passed.

h) The results and outcomes of the factory tests are reviewed and accepted.

i) All necessary control and protection systems and auxiliary systems are verified, operational
and confirmed to be in-service, including both active and standby systems.

i) Allrequired high voltage measurement and safety tools and equipment are available, tested
and calibrated.

k) All monitoring and test equipment that is required to be connected is confirmed to be
connected and ready for service.

I) Final trip tests are completed and passed.
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m) All high voltage, and to be energized, areas within the converter unit are fully inspected to
ensure all tools, equipment and debris is removed.

n) All high voltage equipment, VSC valves and high voltage areas are thoroughly cleaned.
o) All surge arrester counter readings are recorded.

p) All conditions for a “ready for energisation” state within the control and protection systems,
i.e. circuit-breakers and disconnectors are in the correct positions to permit energisation
and no alarms with main equipment and control and protections, are satisfied.

q) The triggering of any transient fault recorder is set to settings to capture the conditions

under test.
SystenTtests
High yoltage Converter station Transmission Power quality and ‘AC/DC nefwork
energ|sation tests tests interference tests interaction tests
[ | f 1 I I
; isati (I~ Transmigsion
AC sWitchyard ) Energisation of Control system AC-and DO \
enordisation First deblock HVDC transmission changeo}cers harmoni¢/~ -~ network switching
b line measur,em_enté and staged |faults
I | | | [ |
A( filter : : First power Change of control A f Special profection
enerdisation Protective action transmission location 2z Audible noise schemps
N/
| | [ | I |
Intgrface ; Loss of auxiliar "~ Highfrequency Testing of AC
trangformer Reactive power Protective actions power supp“esy interference network and control
energisation control measurements interactigns
[ | [ I I
Blocked|converter Change of RPC Active power Loss of lntoetfecrtilc-)inst)vgth
energisation control modes control teleeommunication system or FACTS
| [ [ [ devicep
E isption f Reacti
neg&igg rom Step responses eagol:’lfrglower Black start

Powér yeversal

Test done in transmission tests, |
and can also be done in converter »
station tests . Step responses

High power
transmission

Changes of DC
configuration in
bipole scheme

Heatruntest
(including overload)

High power

IEC
Figure 3 — Scope of system tests

Table 1 provides an overview of the components of system tests for an HVDC system, including
the test groups which make up the system tests. These test groups will be typically performed
in the order as shown in Table 1. The sequence would start at the local level with tests within
each converter unit performed and completed before moving on to the remote converter station,
the complete HVDC transmission system and any interfaces such as SCADA and remote control
systems.
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Converter station tests start with the energisation of the converter unit. Converter station tests
are performed at each converter unit, with the converter unit being connected to the adjacent
AC network but disconnected from the HVDC transmission line. The converter station tests will
verify the majority of control and protection modes and functions for the HVDC converter and
successful operation of the converter unit in STATCOM mode.

The transmission tests start when both converter units of the HVDC pole have completed their
converter station tests. These start with the energisation of the HVDC transmission line and
move on to the first active power transmission and operation in various combinations of control
modes at various power levels. If the HVDC system is a bipolar system, the transmission tests
should be performed on a monopolar basis first and then move on to bipolar operation. The
transmission tests conclude with full power transmission at various operating positions on the
PQ Characteristic and a final heat run test if supported by the grid.

With thie complete system verified as running correctly, the performance of the HV/DC system
in steddy state operation is verified. With normal operating ramp settingscand aujomatic
switching sequences in place, the operation, network interaction, power quality, interference
and digturbance tests can be performed. In some cases, the transient performange and
behavipur during faults should be verified. Some disturbance tests, such-as staged fauts, are
dependent on approval from regulatory bodies, other impacted utilities and the suitability of the
AC network to accommodate such tests as it is not always practical to perform [on-site
demonstration of real fault performance.

If maximum active power or reactive power levels cannotbe achieved, perform the tes} at the
highes{ power levels possible, according to the AC systém and agreed by all parties.

Table 1 — Structure of system tests

Test Equipment under test

High vpltage energisation tests

1) AC|switchyard energisation

2) AC|filter energisation

3) Intgrface transformer energisation
4) Blocked converter energisation

5) Engrgisation from DC side. ’_b—{j—@—% %_ _% #—@AD—q_‘
Converter station tests — — IEC
1) Firgt deblock
2) P

dtective actions

=

3) Regctive power control

4) Change 'of RPC control modes

5) St presponses
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Test Equipment under test

1)
2)
3)
4)
5)
6)
7)
8)
9)

Transmission tests

10) Hegt run test

11) Coptrol system changeovers O
12) Ch@nge of control location H]_D_@)_# v @ v %_@_D_EH
13) Logs of auxiliary power supplies - ,(C) —

14) Logs of telecommunication
15) Black start

Energisation of HVYDC transmission line
First power transmission

Protective actions

Active power control

Reactive power control

Power reversal

Step responses

High power transmission

Chéinges of DC configuration in bipole
schlleme

1)
2)
3)

Power |quality and interference tests

ACland DC harmonic measurements
Audlible noise

High frequency interference measurements

1)

2)
3)
4)

AC/DC|network interaction tests

Transmission network switching and staged
faults

Spegcial protection schemes
Tegts of AC network and control interactions

Intgractions with other HVYDC systems or
FACTS devices

For|this test the test range.iStextended up to HVDC transmission line and the other converter station

4.3.3 Operating:states of VSC HVDC transmission

The V§C HVDEAransmission system may be capable of operating in any or all the following

distinctl and mutually exclusive states:

a)
b)

c)

d)

Earthed: Pole/converter is isolated and earthed on the AC and DC sides, normally used for
safe maintenance work. The converter is not operational.

Stopped/lsolated: Converter is isolated on both AC and DC sides, with all earthing switches
open.

Standby/De-energised: Converter is not transmitting power. Sufficient auxiliary power
circuits and secondary systems are operational to allow energisation. The converter is not
yet receiving control commands, and there is no high voltage feed from either the AC or DC
side.

Blocked/energised: Pole/converter is fully energised from either the AC or the DC side, and
the converter is not yet receiving control commands.

Deblocked: Converter is energised from either the AC side or the DC side and receives
control commands to enable the VSC valves to be switched to allow where appropriate
control of the AC and DC voltages of the converter.
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f) STATCOM mode: The converter is deblocked and fully energised from the AC side, but the
DC side is either isolated or configured such that no active power is transmitted. The
reactive power can be controlled at the converter’s AC side and the DC bus voltage can be
controlled.

g) Islanded/DC connected mode: The converter at one end is connected via the DC system to
another converter which is connected to an AC network. The converter connected to the
islanded network is able to control its AC voltage and frequency.

h) Transmission mode: The converters at both ends are deblocked and fully energised from
the AC side and is joined to one or more other converters via DC interconnections. The

act

4.4

ive and reactive power and AC and DC voltages can be controlled.

For VSIC HVDC systems, it is typical for a period of trial operation following the cemplé¢tion of

the co

agreed|between the owner and the supplier and are usually defined in the caonfract doc

or the

The trial operation period provides the opportunity for:

a) Verjfication of operation of the complete HVDC system by opeftating for an extended

of t

b) Dermnonstration of key availability and reliability requiréments defined in the te
spegcifications.

c) Completion of converter station tests or transmission téests which are not possible du
stryctured commissioning program due to the inability to achieve high active and r
power levels.

5 Subsystem tests

5.1 General

Subsygqtem tests prove the correettinterconnection and functioning of all individual it

equipment within a functional greup (or subsystem) and that these items operate and i
correctly.
Before|subsystem tests.commence, besides the preconditions listed in each subcladl

following preconditigns-shall be satisfied:

a) Insfallation or@ssembly of all equipment within the subsystem is completed.
b) Eqyipmenttests of all individual equipment within the subsystem are completed.

c) All

missioning. The duration, purpose and requirements of the trial operation period

chnical specifications.

me.

necessary test and measurement equipment are in service.

are as
Lments

period
chnical

ing the
pactive

ems of
nteract

se the

Subsystem tests conclude with final trip tests which guarantee the reliable trip of the AC circuit-
breaker.

5.2

5.2.1

Power, control and communication cabling systems

Test purpose

The purpose of this test is to verify the correctness of each power, control and communication
cable installed at site within the converter station. The subsystem test of cabling systems
involves the point-to-point test.
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Before this subsystem test, the following minimum preconditions should be fulfilled:

All cabling installation, termination and insulation tests are completed.

5.2.3 Test procedures

The test procedures should include the following steps:

Identify each cable in either a plant circuit schematic diagram or cable schedule, and then mark
each cahle on these documents after the cable is confirmed to originate and terminate at the

correct|position.

5.2.4 Test acceptance criteria

The tegt acceptance criteria should include the following:

All cablles shall originate and terminate as per the plant circuit schematic diagram of cable

scheddle.

5.3 Main circuit equipment

5.3.1 Test purpose

The pufpose of this test is to verify the measurements and the signals between the mair circuit
equipment and the control and protections are correct, and to verify the switchgear carn act as
per the|design. The areas covered by these subsystem tests include the interface transformers,

VSC valves, AC and DC yards. Subsystem tests‘for these areas are provided in Table 2.

Table 2 —

Subsystem tests of main circuit equipment

Area

Subsystem tests

a)
b)
c)
d)

Interfage transformers

e)

Verification of alarms and trips from transformer protections.
Polarity and loop resistance measurements for transformer CTs.
Secondary injection testing from transformer CTs.

Verification of control signals to and from the transformer cooling systgm and
tap changer.

Checking of signals and indications up to the HMI display.

a)

Circuit-breakers, disconnectors and earth switches:

1) Check local and remote operation?.
2) Trip circuit checks.

AC and DC yards b)

c)
d)

e)

o) IMEeriocKing cnecks.

Primary and secondary injection testing of measurement devices where
required.

Tuning of filters.

Pressure measurement and alarms for gas filled equipment such as wall
bushings and voltage dividers.

Checking of signals and indications up to the HMI display.

a)
VSC valves b)
c)

Fiber optic system checks.
Control and communication tests.
Supplier and project specific tests.

a

Remote operation: to operate from the HVDC control room at the station.
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5.3.2

Before

The su

5.3.3

Test preconditions

this subsystem test, the following minimum preconditions should be fulfilled:
bsystem test of cabling systems (5.2) is completed.

Test procedures

The test procedures should include the following steps:

For each subsystem of interface transformers, VSC valves, AC and DC yards, perform the

correspanding test items in Table 2

5.3.4

The tegt acceptance criteria should include the following:

a) Swi
the

b) For

injection tests.

c) Sig

d) Correct alarms and events shall be received in the sequence of events recorder.

5.4 AC protections and interlocking

5.4.1

The pu
(conne
relays
subsys
the fun

For intg¢rlocking, test arrangemehts and plans should be agreed by related parties. Ha

interlod
factory
interlod
unless

5.4.2

Before

Test acceptance criteria

itchgears shall be closed and opened by local and remote controt,..and verificati
interlocking functions shall be correct.

each measuring point, the values in relevant control and protections shall be co

hals between the main circuit equipment and the controkand protections shall be

Test purpose

Fpose of this test is to test any AC protection relays at the interfaces to the AC 1
ction points), any interlocking at thei'connection points as well as any other d
used throughout the HVDC system, such as interface transformer protectio
fem test of these AC protections and interlocking involves the point-to-point te
ctional tests for AC protection relays.

ks shall be tested invfull, whereas computerized interlock schemes are fully teste

However, all individual inputs to the control system need to be verified th
ks that are inside-the control and protection system should not be necessary to
under specific. circumstances.

Testpreconditions

this 'subsystem test, the following minimum preconditions should be fulfilled:

on that

rrect in

orrect,

etwork
iscrete
n. The
5ts and

dwired
d in the
en the
repeat

a) The subsystem tests of cabling systems (5.2) and the associated measuring circuits (5.3)

are

completed.

b) All required communication systems between relays are in service.

5.4.3

Test procedures

The test procedures should include the following steps:

a) Perform tests of AC protection relays and their interconnection to the HVDC system in

acc

ordance with the supplier’'s recommendations.

b) Test the functionality of the hardwired electrical interlocking system including all input and
output signals.
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5.4.4 Test acceptance criteria
The test acceptance criteria should include the following:

a) The AC protection relays shall act as per the protection design, settings and the supplier’
s recommendations.

b) All switchgear or functions that are a part of the interlocking system shall be either allowed
to operate or to be prevented from doing so in accordance with the interlocking design.

5.5 Remote SCADA interface

5.5.1 Test purpose

The pufpose of this test is to verify the correct connection and functioning of the remote operator
workstation, including the remote control and operation of the converter unit and the\feceipt of
alarms|and status indications.

In someg cases, signals are transmitted via a SCADA system from the converfer station to either
anothef control room or an external party, such as a system or market operator. These slystems
shall b¢ tested to ensure the integrity of the signals being transmittedtothese SCADA systems,
from thle converter control and protection system to the final destination. If signals havie been
checkeld with the aid of a SCADA emulator in the factory tests, asfeduced sample test of gignals
may beg carried out at site.

It may pot be possible to verify some SCADA functionality‘during subsystem tests, partjcularly
functiops that are only available while the converter{s“énergised and in operation, such as
power |evel and direction. Planning for complementary SCADA test during the system fests is
therefore recommended if it is not possible to provide the signals by other means|during
subsysfem tests.

5.5.2 Test preconditions
Beforethis subsystem test, the following minimum preconditions should be fulfilled:

a) Thdg subsystem test of cabling(systems (5.2) is completed.

b) Thqg telecommunication between converter station and the remote location is in servjice.
5.5.3 Test procedures
The tegt proceduresyshould include the following steps:

a) Chegck the measurements, status of switchgears and HVDC operation modes in the remote
location.

b) Send.orders from the remote location to operate the equipment in the converter stgtion as
per|the‘design.

5.5.4 Test acceptance criteria
The test acceptance criteria should include the following:

a) The measurements, status of switchgears and HVDC operation modes displayed in the
remote location shall be correct.

b) Orders from the remote location to operate the equipment in the converter station shall be
received and where possible demonstrated to be correctly enacted.
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5.6 Auxiliary systems
5.6.1 Valve cooling system
5.6.1.1 Test purpose

The purpose of this test is to verify the completeness and correctness of the overall system
installation with the aid of checklists, diagrams, drawings and instructions.

5.6.1.2 Test preconditions

Before this subsystem test, the following minimum preconditions should be fulfilled:

The supsystem test of cabling systems (5.2) is completed.

5.6.1.3 Test procedures
The tegt procedures should include the following steps:

a) Chgck all measurement signals, status signals and alarm signals from flow meters,
conductivity meters, pressure transducers and temperature transducers back to the [control
and protection system.

b) Start and stop valve cooling system from the control and protection system.

c) Changeover from active to standby pumps from the control and protection system.
d) Start and stop each cooling fan from the control an@ protection system.

e) Operate all controlled coolant flow valves.

f)  Whegre practical simulate AC power supply interruption.
5.6.1.4 Test acceptance criteria

The tegt acceptance criteria should include the following:

a) All measurement signals, status. signals and alarm signals displayed in the contfol and
profection system shall be cerrect.

b) Valye cooling system shall be started and stopped from the control and protection system.

c) Act|ve pump shall be-switched to standby state from the control and protection systgdm, and
meanwhile, the standby pump shall be switched to active state automatically.

d) Eagh cooling fan\shall be started and stopped from the control and protection system.
e) Al
f) Corfrectalarms and events shall be received in the sequence of events recorder.

controlledycoolant flow valves shall operate as intended.

5.6.2 Auxiliary power

5.6.2.1 Test purpose

The purpose of this test is to verify the function and behaviour of auxiliary power system.
Depending on the power sources, parts of this test may only be carried out when the converter
is energised.

5.6.2.2 Test preconditions

Before this subsystem test, the following minimum preconditions should be fulfilled:

The subsystem test of cabling systems (5.2) is completed.
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Test procedures

The test procedures should include the following steps:

a) Ver

ify correct start-up procedures for applicable auxiliary power sources.

b) Switch between multiple auxiliary power sources, without, where specified, any interruption
to converter operation.

c) Check the voltage at power distribution boards and sub-boards throughout the converter
units and in the AC and DC yards.

d) Check the voltage of all AC and DC power supplies within the control and protection system.

e) Verification of correct operation of all battery systems and uninterruptible power supplies

(UR
5.6.2.4
The tes
a) Tra

be
b) Vol

c) Vol
with

d) Corn
e) Cor
inte
5.6.3
5.6.3.1

The pu
detecti

verificgtion of alarming and contral,actions within the converter control and protection s

5.6.3.2

Before

The su

5.6.3.3

S).
Test acceptance criteria
t acceptance criteria should include the following:

hsition from the primary auxiliary power supply to and from any standby supplig
successful and the switchover time shall be within design rangé:

age at power distribution boards and sub-boards shall be within design range.

age of all AC and DC power supplies within the controlhand protection system s
in design range.

rect operation of all battery systems and uninterruptible power supplies.

rect start-up of generators and changeover between backup power sources with
rruption to converter operation.

Fire protection systems
Test purpose

rpose of this test is to verify the correct operation of the individual subsystemg
bn systems and fire suppression systems, and the interaction between them, as

Test preconditions

this subsystem-test, the following minimum preconditions should be fulfilled:
pbsystem test of cabling systems (5.2) is completed.

Test procedures

s shall

hall be

but any

of fire

well as
ystem.

The tes

t procedures should include the following steps:

Generate controlled fire or smoke near the fire detection probes, or simulate the fire signals,
and check the alarms in operator’s workstation and the actions of the fire suppression systems..

5.6.3.4

Test acceptance criteria

The test acceptance criteria should include the following:

a) Alarm events shall be received in the sequence of events recorder.

b) The fire system shall generate the appropriate alarm and trip signals as per the design.

c) The fire suppression system shall be appropriately triggered.
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5.6.4
5.6.4.1

Air handling and conditioning systems

Test purpose

The purpose of this test is to verify the correct operation of air handling and conditioning, and
the interaction and interface to the HVDC control and protection system of any of the following

system

S:

a) Converter reactor cooling systems (if applicable).

b) Valve hall air conditioning and handling systems.

c) Air conditioners in control rooms.

d) Del
e) Air
f) Air

5.6.4.2

Before
The su

5.6.4.3
The teq
a) Chg

WOTl

b) Trig
han

c) Set
con
5.6.4.4
The teq
a) Ths
and

b) The
con,

c) Thg
hun

L
urrmmuiITnicro.

filtration systems.
pvacuation systems.

Test preconditions

this subsystem test, the following minimum preconditions should be fulfilled:
psystem test of cabling systems (5.2) is completed.

Test procedures
t procedures should include the following steps:
ck the temperature at all air-in and air-out points and humidity in the control p

kstation of air handling and conditioning systems.

ger or simulate alarm signals and check in the control panel or workstation
dling and conditioning systems.

settings of temperature or humidity from control panel or workstation of air handl
ditioning systems, if not already)done.
Test acceptance critéria
t acceptance criteria should include the following:
displayed temperature and humidity in the control panel or workstation of air h
conditioning, systems shall be correct.

alarm signals shall be displayed in the control panel or workstation of air handl
ditioning systems.

airchandling and conditioning systems shall operate at the settings of tempera
nidity:

anel or
of air

ng and

andling
ng and

ture or

5.6.5
5.6.5.1

HVDC transmission line monitoring systems

Test purpose

Some VSC HVDC systems may have fault location systems or cable temperature measurement
systems installed. In some cases, these systems trigger operations within the converter
station’s control and protection systems, including run backs, blocking or tripping of the HVDC
system. Note that the accuracy of fault location can in most cases only be demonstrated during
operation of the HVDC scheme. The purpose of this test is to verify the interfaces and
functionality as far as practical.
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Before

The su

5.6.5.3
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Test preconditions

this subsystem test, the following minimum preconditions should be fulfilled:
bsystem test of cabling systems (5.2) is completed.

Test procedures

The test procedures should include the following steps:

a) Check the measurement signals as per the supplier’s recommendations.

b) Check the signals sent to the HVDC control and protection system

5.6.5.4

Test acceptance criteria

The tegt acceptance criteria should include the following:

a) Measurement signals shall be correct.

b) Sig
c) Ala

5.6.6
5.6.6.1

nals sent to the HVDC control and protection system shall be received.

'm events shall be received in the sequence of events recorder-
Earth electrode and earth electrode line monitoring.system

Test purpose

An eafth electrode and earth electrode line monitering system may be installed

asymm|
in mon

The su

5.6.6.2

Before

The su

5.6.6.3

letrical monopolar HVDC system or a bipolar HV/DC system which is capable of op

Test preconditions

this subsystem test, the foHowing minimum preconditions should be fulfilled:
psystem test of cabling, systems (5.2) is completed.

Test procedures

The tegt procedures: should include the following steps:

a) Check the-measurement signals as per the supplier’s recommendations.

b) Chgck the signals sent to the HVDC control and protection system.

5.6.6.4

for an
erating

ppolar mode. The purpose of this test is to verify the correct measurement and opgration.

bsystem test should be completed in.accordance with the supplier’s recommendations.

Test acceptance criteria

The test acceptance criteria should include the following:

a) Measurement signals shall be correct.

b) Signals sent to the HVDC control and protection system shall be received.

c) Alarm events shall be received in the sequence of events recorder.

5.7 Final trip tests

5.7.1

Test purpose

The purpose of this test is to verify the AC circuit-breakers can be tripped successfully by
operators or HVDC control and protections before energisation. Final trip tests shall be carried
out after all other subsystem tests are completed.
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5.7.2
Before
a) All

5.7.3

Test preconditions
this subsystem test, the following minimum preconditions should be fulfilled:
other subsystem tests (5.2, 5.3, 5.4, 5.5 and 5.6) are completed.

Test procedures

The test procedures should include the following steps:

a) Push the emergency stop button in the control room to trip the AC circuit-breaker.

b) Trigger a trip order from the HVDC control and protection system.

c) Tridger a trip from an AT protection relay 1t applicable.

5.7.4

The tegt acceptance criteria should include the following:

a) Thg AC circuit-breaker shall be tripped successfully
b) Evgnts shall be received in the sequence of events recorder.

6 Hi

6.1
Energi

a) AC
b) AC

c) Intgrface transformer energisation.

d) Co
e) Co

In real

high voltage disconnectors andCircuit-breakers within the HVDC converter circuit. For eX
if therd is no disconnector or circuit-breaker between the AC switchyard and the in
transfoymer, both areas will normally be energised at the same time. In these instanc
respeclive test purpose, preconditions, procedures and acceptance criteria should be co

The pr

test prpcedures”to ensure that their correct operation is verified. This would inclu
monitofing(and verification of the correct switching and controls to manage the re
temperptute constraints, as well as noting any limitations this system may have

Test acceptance criteria

gh voltage energisation

General

switchyard energisation.
filter energisation.

nverter energisation in the blocked state.
nverter energisation from DC, side.

g¢ation of the AC and DC equipment prior to deblocking of the converters includes:

ity, the total number of stages during initial energisation will depend on the location of

ample,
terface
es, the
mbined.

sence ofany pre-insertion resistors should be taken into account in the development of

de the
sistor’s
on re-

energisation throughout the test:

Besides the special test preconditions under each sub-clause, all preconditions as outlined in
4.3.2 should be fulfilled.

6.2
6.2.1

AC switchyard energisation

Test purpose

The purpose of this test is to verify that the AC switchyard up to the interface transformer
disconnector can withstand the AC supply voltage and that all voltage measurements are
correct. If the AC switchyard is isolated in sections, the test should be carried out in stages to

individ

ually check each section of the yard.
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Test preconditions

Before energising the AC switchyard, the following minimum preconditions should be fulfilled:

a) Final visual inspection of the high voltage equipment is completed.

b) Any AC switchyard disconnectors or AC circuit-breakers required to segregate the section
under test from other sections of the AC switchyard, filters or the interface transformers, are
open.

6.2.3

Test procedures

The test procedures should include the following steps:

a) Ene

b) Kee
sec

c) On
all

6.2.4
The tes

a) No

Nois
b) No
c) Par

desligned range.

d) No
swi

6.3 4
6.3.1

rgise each section of the yard in turn by closing the relevant AC circuit-breakep:

p each section energised until all measurements and inspections of the)en
tion are completed before proceeding to the next section.

completion of the test, arrange safe access to the high voltage equipment and
AC equipment within the AC switchyard.

Test acceptance criteria
t acceptance criteria should include the following:

btypical noise shall be emitted by high voltage componénts. Partial discharge and
be shall be within the expected limits.

protection operation.
ameters such as the AC voltage on any swifehyard voltage transformer shall bg

damage, anomaly or evidence of arcing shall be observed after inspection of
chyard equipment.

A\C filter energisation (if applicable)

Test purpose

brgised

nspect

corona

b in the

the AC

The purpose of this test is to verify that the AC filter can withstand the AC supply voltage and

that all

the behaviour of any paint on wave switching. This test is only required where AC filt

include

6.3.2

Before

fulfilled:

voltage and currentimeasurements are correct, no inappropriate protection acti

d as a part of the design of the HVDC scheme.

Test preconditions

energising any available AC filters, the following minimum preconditions shg

on and
ers are

uld be

a) Final visual inspections of the high voltage equipment are completed.

b) All disconnectors are in correct position.

c) If the adjacent AC network is weak, it may be necessary to reduce the voltage prior to AC

filte

6.3.3

r energisation.

Test procedures

The test procedures should include the following steps:

a) Energise the AC filter.
b) Measure the bus voltage and verify voltage level.

c) Measure the branch current and verify current level.

d) Keep the AC filter energised for an agreed period of time.
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e)

f)

Measure and verify the protective values related to the AC filter, such as unbalance
protections.

On completion of the test, arrange safe access to the high voltage equipment for visual
inspection.

It is important to be aware that in most cases it may not be permitted to have an AC filter for a
higher harmonic connected and one for a lower harmonic disconnected due to resonance.
Therefore, if the HVDC scheme has more than one AC filter, it is advisable to begin with the
lowest harmonic, and keep the lower harmonic AC filter connected when performing the
energisation sequence of the higher harmonic. In general, it is recommended to operate two
filters in parallel for a certain duration if more than one filter is available.

6.3.4 Test acceptance criteria

The tegt acceptance criteria should include the following:

a)

b)
c)

d)

e)

6.4

6.4.1 Test purpose

No ptypical noise shall be emitted by high voltage components. Partial discharge and|corona
noige shall be within the expected limits.

No ftriggering of unbalance protection or other protective settings.

Parpmeters such as voltage transformer as well as current transformer/transducer jgsignals
to the converter control system shall be in the designed range’before and after energ|sation.

Inrdsh current shall be within designed limits.
No |damage, anomaly or evidence of arcing shall be ©bserved after inspection of the AC
filter equipment.

Interface transformer energisation

The pufrpose of this test is to verify that the-interface transformer can withstand the AC|supply

voltagqg at no load and that all voltage and current measurements are correct.

6.4.2 Test preconditions

Before|energising the interface/transformer, the following minimum preconditions shguld be

fulfilled:

a)

b)

6.4.3 Test procedures

Thg AC switchyard-energisation test (6.2) is completed to the extent necessary for controlled
engrgization.

Final visual <nspection of the transformer and associated high voltage equipment is
completed.

The test procedures should include the following steps:

a)
b)
c)

d)
e)

Ensure that the interface transformer tap changer is set to provide the lowest converter side
voltage.

Energise the interface transformer from the AC circuit-breaker. Multiple energisations are
necessary to verify the protection settings, inrush current and inrush current limiting devices.
The temperature rise of pre-insertion resistor (PIR) should be taken into consideration.

Monitor the interface transformer for abnormal sounds and discharge.
Record AC voltage and currents by transient fault recorder.

On completion of the test, arrange safe access to the high voltage equipment and inspect
all AC equipment and the interface transformers.
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6.4.4 Test acceptance criteria

The test acceptance criteria should include the following:

a)

b)
c)

d)

e)

6.5

6.5.1 Test purpose

No atypical noise shall be emitted by high voltage components. Partial discharge and corona
noise shall be within the expected limits.

No protection operation.

Parameters such as voltage transformer as well as current transformer signals to the
converter control system shall be of the expected magnitudes and correct polarity.

Inrush current shall be within designed limits.

No damage, anomaly or evidence of arcing shall be observed after inspection of the
transformer.

Blocked converter energisation

The purpose of this test is to verify that at the first energisation, the converter can withstand

the AC|supply voltage and that all voltage and current measurements ‘are correct.

6.5.2 Test preconditions

Before fenergising the blocked converter, the following minimum preconditions should be fulfilled:

a)

b)
c)

6.5.3 Test procedures

The tegt procedures should include th€)following steps:

a)

b)
c)

d)

e)

Thg AC switchyard energisation (6.2) and interface\{ransformer energisation tests|(6.4) if
appropriate are completed.

Thd required DC side disconnect switches are*open.
Final visual inspection of the high voltage gquipment is completed.

Engure that the interface transformer tap changer is set to provide the lowest converfer side
voltage.

Engrgise converter for a.time coordinated with the converter design.

Regord AC voltages_and currents and inspect the equipment for abnormal sounds and
dis¢harge.

Verjfy the correct DC side voltage is measured.

On[completion of the test, arrange safe access to the high voltage equipment and |jnspect
aIIgTquipment inside the buildings and valve halls, interface transformers, reactors and wall

bushings-

6.5.4 Test acceptance criteria

The test acceptance criteria should include the following:

a)

b)
c)

d)

e)

No atypical noise shall be emitted by high voltage components. Partial discharge and corona
noise shall be within the expected limits.

No protection operation.

Voltage and current measurements to the HVDC control and protection system shall be of
the expected magnitudes and correct polarity.

Correct operation of energisation sequence.

Correct reporting back from the VSC valves to the HVDC control and protection system.
1) Voltages within the valves shall be in the designed range and balanced.

2) The VSC valves shall be healthy and in the blocked state.
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f) No damage, anomaly or evidence of arcing shall be observed after inspection of all
equipment inside the buildings and valve halls, interface transformers, reactors and wall
bushings.

6.6 Energisation from DC side (if applicable)
6.6.1 Test purpose

The purpose of this test is to verify that the converter unit and AC switchyard up to the main AC
circuit-breaker can withstand the AC supply voltage when energised from the DC side and that
all voltage and current measurements are correct. This test is required in scenarios where high
voltage AC supply is available at only one end, such as offshore platforms or wind farms.

6.6.2 Test preconditions

Before|energising the converter unit from the DC side, the following minimum/préconditions
should|be fulfilled:

a) Thdg other converter unit connected to the AC grids (AC supply conyetrter unit) completes
the[AC switchyard, interface transformer and blocked converter energisation tests.

b) Thq two converter units are connected to each other via the HVDC transmission line. The
DC|side disconnect switches are closed in both stations.

c) Thg HVDC transmission line is completed and commissioned according to 8.2.
6.6.3 Test procedures

The tegt should be carried out in stages to individually check each area of the converter unit
progresgsively.

For converter units that can only be energised\from the DC side, the following test prodedures
or sequence should be followed:

a) Engrgise the auxiliary power system of the remote converter unit via the medium Yyoltage
netyork or the diesel generator in'the case of offshore applications. The appropriate pctions
should be taken to ensure that'the process of energising the converter unit will not result in
a clhangeover of auxiliary power supply.

b) Engrgise and deblock the AC supply end converter unit and energise the HVDC transinission
linel and the remote PCiyard and converter unit.

c) On|completion of the test, arrange safe access to the high voltage equipment and |jnspect
aIISTquipment inside the buildings and valve halls, interface transformers, reactors and wall
bushhings.

6.6.4 Test.acceptance criteria

The tegt acceptance criteria should include the following:

a) No atypical noise shall be emitted by high voltage components. Partial discharge and corona
noise shall be within the expected limits.

b) Correct operation of energisation sequence. The remote converter unit and the interface
transformer shall be energised in accordance with the design.

c) No protection operation.

d) Voltage and current measurements to the HVDC control and protection system shall be of
the expected magnitudes and correct polarity.

e) Correctreporting back from the VSC valves to the HVYDC control and protection system, and
Voltages within the valves shall be in the designed range and balanced.

f) No damage, anomaly or evidence of arcing shall be observed after inspection of all
equipment inside the buildings and valve halls, interface transformers, reactors and wall
bushings.
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7 Converter station tests

7.1 General

The converter station tests are comprised of a set of verifications of deblocking and blocking
sequences, the protective actions and reactive power control in Uac control and Qac control
when the converter unit is connected to the adjacent AC network.

Each test described in this clause is defined as a stand-alone test, however they may be
combined as appropriate depending on AC network limitations and project time schedules. The
combining of tests is preferable in cases where there is limited time available for test or to

reduce

the necessity of shutdown in between individual tests

Converter station tests also allow high reactive power levels to be tested and for thelco

to be p
active
constrg
added
equipm

Where
forab
adjace
of the
by the
manag

The tes
control
transm
conver

Beside
4.3.2
compl

7.2 |
7.21

First dg
debloc

roved at these high levels. This is particularly useful if it is known beforehand th
br reactive power levels will not be possible during the transmission tests (e.g.,
ints on the AC network). In this instance, additional high reactive power tests ¢
during the converter station tests to verify the thermal capabiliti€s-of the high

ent.

high reactive power tests are required, and an adjacent pole is available (for eX
pole system or where more than one symmetric monegpelé is installed in parall
nt pole reactive power level can be used to compensate*for the reactive power d
converter pole under test, resulting in a zero or very low net reactive power lev
A\C network, and arrangements should be made-with the AC network operator on
b the case where either pole trips during the test.

ts to verify the behaviour of the HVDC system to a change in configuration of the
and protection systems and auxiliary systems apply to both converter station te
ssion tests. The tests listed in 8.12 8.13.1 and 8.14 can also be performed

The p

nverter
at high
due to
buld be
Voltage

ample,
el), the
spatch
el seen
how to

HVDC
5ts and
during

er station tests with minor modifications to the preconditions and procedures.
5 the special test preconditions under each sub-clause, all preconditions as outlined in
hould be fulfilled, and the-high voltage energisation tests (Clause 6) should also be
ted.
First deblock
Test purpose
block test'is also referred to as open converter test or open circuit test, which involves
ing of-the converter valves to actively control the converter busbar voltages.
ences,

measurements and to verify stable operation of the HVDC system.

7.2.2

Test preconditions

Before the first deblock of the converter, the following minimum preconditions should be fulfilled:

Permissions and approvals are obtained to commence the test.

7.2.3

Test procedures

The test procedures should include the following steps:

a) Configure the converter station for STATCOM mode.

b) Energise the converter unit.
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c) Set the setpoint to 0 Mvar in Qac control or the actual busbar voltage in Uac control.

d) Deblock the converter unit, verify correct deblocking sequence and allow the converter to
operate in steady state operation for an agreed period of time.

e) Verify AC and DC measurements are in the design range and that no oscillatory or unstable

beh

aviour occur during steady state idle operation.

f) Block and de-energise the converter unit and verify correct blocking sequence.

g) On completion of the test, arrange safe access to the high voltage equipment and inspect
all equipment inside the buildings and valve halls, interface transformers, reactors and wall

bus
7.2.4
The tes

a) Thdg
b) Ths
c) No

d) Vol
the

e) Cor
f) No
€q
bu
7.3 |
7.3.1

The pJ
functio

hings.

Test , iteri
t acceptance criteria should include the following:

deblocking and blocking sequences shall occur as per the design.

protection operation.

age and current measurements to the HVDC control and protection system shg
design range.

rect reporting back from the VSC valves to the HVDC control and protection sys

damage, anomaly or evidence of arcing shall be ‘observed after inspectior
ipment inside the buildings and valve halls, interface transformers, reactors a
hings.

Protective actions
Test purpose

rpose of this test is to verify corféct protective actions from a sample of prg
Ns. These tests are selected in_cooperation between the user and the supplier.

tests should include basic protection agtions such as the operation of the emergency stop

and co

The prq
that blg
or equi

nverter protections.

tective actions should be performed in selected control and protection systems t
cking or protectivestripping sequences take place as per the design when clearing
pment malfunction,

Dependling on the) type of fault, the protective blocking and tripping sequence shall rg

some g

a) Tra

ombination of the following actions:

hsferring to redundant control systems (if applicable).

deblocking and subsequent blocking shall not disturb the connectedAC network.

Il be in

em.

of all
hd wall

tective
Those
button

b verify
a fault

bsult in

b) Ten

hporary blocking of the converter valves.

c) Per

manent blocking of the converter valves.

d) Tripping of the AC circuit-breakers.

e) Operation of DC switches as per the design.

7.3.2

Test preconditions

Before the protective actions test, the following minimum preconditions should be fulfilled:

a) The correct operation of and coordination between the protective systems and the control
systems are demonstrated during the factory tests.

b) All monitoring and alarm systems are in service.
c) The first deblock (7.2) test is completed.
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7.3.3 Test procedures
The test procedures should include the following steps:

a) Configure the converter station for STATCOM mode.

b) Energise and deblock the converter unit.

c) Set the setpoint to 0 Mvar in Qac control or the actual busbar voltage in Uac control
d) Push the emergency stop button or simulate the required fault. A single fault in the

control

and protection systems corresponding to each type of blocking and tripping sequence

should be simulated.

7.3.4 —TFestacceptance—criteria
The tegt acceptance criteria should include the following:

a) For|each simulated fault, the expected protective function shall operate asCper the
and the corresponding protection actions shall occur.

b) Corfrect alarms and events shall be received in the sequence of events recorder 3

measurements obtained from the transient fault recorder shall be in“the design rangg.

c) Thqg impact of the HVDC system on the connected AC netwgrk shall be within sp
performance criteria.

7.4 Reactive power control
7.41 Test purpose

The reactive power control (RPC) tests serve to verify'exchanging reactive power contro
in Qac| control and AC voltage regulation ability in Uac control within the predefin
characferistic of the HVDC system. This testcould also include the verification of the r|
power ¢apability if there are limitations to pekform it as part of high power transmission

The pyrpose of this test is to verify Ahe correct operation including stable operation
required reactive power and AC voltage levels and stable ramping whenever a new set
entered. The focus during RPC tests is on the following aspects:

a) Reactive power control operates within the PQ characteristic and ramping limits of the
system.

b) Regctive power limitation controls within the defined PQ characteristics of the HVDC

c) Staple voltage eantrol within the defined PQ characteristic of the HVDC system.

d) Limjitation/disabling of Qac control and Uac control if required according to the desig

7.4.2 Testpreconditions

design
nd the

ecified

| ability
ed PQ
pactive
tests.

at the
boint is

HVDC

system.

n.

Before ranactivn nongne cantral tact tha fallavaina minimiim ArananAitiane chanlld ha £ 0fi1
rea GtV e p oW e SOt O tC ot e T o OWI g o P e CoO Gt OSSO urG—o ot

The first deblock (7.2) and protective actions (7.3) tests are completed.

7.4.3 Test procedures
The test procedures should include the following steps:

a) Configure the converter station for STATCOM mode.
b) Energise the converter unit and deblock with 0 Qac setpoint in Qac control.

c) Enter a new Qac setpoint for each level in the reactive power schedule and observe stable
ramping of reactive power to the new setpoint and stable operation for several minutes.

d) Where possible, perform the tests at maximum reactive power levels (both generati

on and

absorption) as allowed by the PQ characteristic, to verify stable operation at maximum

reactive power levels.
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e)
f)

7.4

Repeat steps b) to c¢) for other RPC control modes, such as Uac control (if applicable).

Set maximum and minimum Uac control reference points allowed by the AC network and in
each case, observe stable ramping of reactive power and that the new AC voltage level is
achieved or limited by the PQ characteristic. Where possible, set these levels such that the
maximum reactive power levels of the converter, according to the PQ characteristic, are
achieved (both generation and absorption) (if applicable).

4 Test acceptance criteria

The test acceptance criteria should include the following:

a)

b)
c)

d)
e)

f)

g)

7.5

7.5

A Test purpose

The reactive power and AC voltage ramps at the required ramp rate, and the ramping shall
be lmearstableandexecuted—asordered:

Al

Staft and stop controls of reactive power and AC voltage ramping shall be functipnal as
spegified.

oltage and current measurements shall be correct.

Reactive power output shall remain within the PQ characteristic of theHV¥DC system.

Reactive power ramping shall be limited when the capability of .the HVDC sygtem is
exceeded or reduced, without any transients or adverse effects.

Thg converter shall demonstrate stable operation at maximum-reactive power levels (both
gerleration and absorption).

Thqg valve cooling system successfully maintains the valve’temperature within the specified
limits.

Change of RPC control modes

The purpose of this test is to verify smoothiand stable transition between the differept RPC
controllmodes, predominantly Qac controlvand Uac control during the converter operation of
STATGOM and to verify proper co-ordination of the basic HVDC control and protection fupctions.

7.5

.2 Test preconditions

Before[the change of RPC control modes test, the following minimum preconditions should be

fulfilled:

a)
b)

7.5.

The tegt.pfocedures should include the following steps:

a)
b)
c)

d)

Thgq first deblock (7.2) and protective actions (7.3) tests are completed.

Staple operation-of the converter in Qac control and Uac control is demonstrated in|7.4.

3 Test procedures

Configure the converter station for STATCOM mode.
Energise the converter unit and deblock in Qac control.

Order a change in control mode from Qac control to Uac control and verify that the transition
is smooth without overshoots in the control parameters and with an appropriate speed of
response.

Repeat the transition of control modes back to Qac control, and verify that the transition is
smooth, without overshoots in the control parameters and with an appropriate speed of
response.
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7.5.4 Test acceptance criteria
The test acceptance criteria should include the following:

a) The control mode transitions shall be made smoothly and correctly.
b) The functions of the control modes shall be as per the design requirements.

c) The impact of the HVDC system on the connected AC network shall be within the specified
performance criteria.

7.6 Step responses

7.6.1 Test purpose

The pufpose of this test is to verify the controller response to disturbances. The resutts’df these
tests can also serve as a benchmark for future reference of the response of the HVDC system
following disturbances during operation.

These fests can be done at low or high reactive power levels. To do thesetests at th¢ lower
reactive power flows will minimise the risk of any adverse impacts on-the’ AC network,| These
tests can however also be performed or repeated at high reactive{pewer levels if required,
providgdd the parties understand and accept the risks.

These [ests can also be repeated later during the transmission.tests (see 8.8).

7.6.2 Test preconditions
Before|the step response tests, the following minimum preconditions should be fulfilled]

a) All low reactive power tests, except the step-response test, are completed.

b) Thqg converter station is configured to operate in STATCOM mode.

c) All [relevant parties are advised of“the step response/disturbance and the expected
outcomes/converter response.

The following information should:be‘agreed between owner and supplier (and any other gffected
third parties if applicable) as & part of setting the parameters of the step response tests|.

a) Thd duration of the applied steps.
b) Thg magnitude of the-step changes.
c) Thqg level of reactive power generated or absorbed before the step changes.

7.6.3 Testprocedures

The tegt proecedures should include the following steps:

a) Energise and deblock the converter as per normal sequences and procedures.

b) Ensure the agreed control modes are initiated, ramp reactive power to the desired levels
and verify stable operation.

c) Verify that the transient fault recorder is set to trigger when the disturbance occurs.

d) Through the control system, simulate the following step changes individually within the
parameters agreed between owner and supplier, and observe stable post-disturbance
operation of the converter after the disturbance:

1) Reactive power order step change.
2) AC voltage order step change.

e) Review the transient fault recorder and sequence of events recorder measurements and
results and compare these to those obtained in the DPS or factory system tests if they have
similar scenarios.
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7.6.4 Test acceptance criteria
The test acceptance criteria should include the following:
a) The measured response to the reactive and AC voltage order step change shall be

demonstrated to be within the technical requirements for the HVDC system.

b) The measured response to the reactive and AC voltage order step change shall be in the
designed range. The strength of the AC network should be considered.

c¢) No instability shall occur during the step response tests and stable operation shall be
observed before and after the step response is triggered if the network conditions are within
the design range as given in the specification.

8 Tansmission tests

8.1 General

The transmission tests are performed with the converter units interconnected via a| HVDC
transmission line or, in the case of back-to-back HVDC projects, the intepsconnecting OC bus.
These fests are also called end-to-end tests and are where the trapsmission of activel power
over the HVDC system is verified.

Each t¢st described in this clause is described and defined as.a“single test, however they may
be conlbined as appropriate depending on AC network limitations and project time schedules.
The combining of tests is preferable in cases where there\is limited time available for tejst or to
reduce|the necessity of shutdown in between individualtests.

After the initial HVDC transmission line energisation and completion of the converter [station
tests (Clause 7), the transmission of active~power can commence. The purpose |of the
transmission tests is to verify operation of the HVDC system in terms of active and rgactive
power fransmission as per specification and*design.

Many gf the transmission tests outlined in this clause can be performed entirely at low active
power.|The philosophy of verifying\the transmission functionalities of the HVDC systen] at low
power have benefits for both the.owner and the supplier. Low power is normally no mofe than
0.2 pu |of the rated power. The-owner can verify a significant amount of the HVDC system, at
lower dost of test energy ahd with a lower risk of causing disturbance on the AC network if the
test is pot executed as planned. The requirement of low active power for transmission tgst also
allows [for shorter time schedules and completion of the project, especially in projecty where
the supgply of active_ power is limited, i.e. offshore or wind power applications.

Although protective actions test in STATCOM mode in 7.3 has verified most types of copverter
protectjons; itvis better to verify the behaviour of HVYDC system and the coordination bptween
the serding and receiving converter stations in transmission mode. Especially for the g§ending
and recetrng-eonverterunits—which-eanneot-be-isolated-with-eachothertoperformthis test in
converter station test such as back-to-back HVDC, protective actions test in this clause is
indispensable.

Subclauses 8.12, 8.13 and 8.14 are tests to verify the behaviour of the HVDC system to a
change in configuration of the HVDC control and protection systems and auxiliary systems.
These tests can also be performed during converter station tests or during both. These tests
should be performed first at low power level to reduce the adverse effect from any unexpected
trip or power change.

Although the power quality and interference tests (Clause 9) can be performed independently,
it can be convenient and economic to perform these tests during transmission tests.

Besides the special test preconditions under each subclause, all preconditions as outlined in
4.3.2 should be fulfilled, and the electrode (if applicable) tests should also be finished.
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8.2 Energisation of HVDC transmission line
8.21 Test purpose

The purpose of this test is to verify that the condition of the HVDC transmission line is able to
withstand the operating voltage. There is no power transmitted during this test, but the HVDC
transmission line is connected and energised at its nominal voltage.

The energisation of the HVDC transmission line is not a transmission test in itself, but is the
final stage of setting up the HVDC system for transmission tests. This test does not apply to
back-to-back HVDC systems. For a bipole configuration, the HVDC transmission line tests
would be performed on each pole.

8.2.2 Test preconditions

Before|the energisation of HVDC transmission line test, the following minimum pfeconditions
should [be fulfilled:

The DC disconnectors that connect each converter unit to the HVDC transmission line gre:

a) Cloped at the converter unit to be energised and deblocked to energise the|HVDC
trarjsmission line.

b) Op¢n or the circuit is open at the HVDC transmission line end at the remote converter|station.

8.2.3 Test procedures
The tegt procedures should include the following steps:
a) If apjustable set the DC voltage reference within the control and protection systemn} of the

conjverter station to the minimum value.

b) Engrgise and deblock the converter .unit' connected to the HVDC transmission line|as per
normal sequences and procedures,~and verify stable connection and satisfactory AC and
DC|voltages.

c) Increase the DC voltage reference within the control and protection system in increments
and monitor operation in between each adjustment, until the nominal DC voltage is rgached.

d) Regord and observe stable DC voltage at the nominal level and monitor operation for a
per|od of time.

e) Repeat steps a) to d) to energise the HVDC transmission line from the other converter unit
if ngcessary.

f) On|completion. of the test, arrange safe access to the high voltage equipment and jnspect
the|DC yard:

8.2.4 Test acceptance criteria

The test acceptance criteria should include the following:

a) The expected DC voltages measured at the converter unit and the DC voltage shall be stable.
b) No abnormal measurements and no protection operations shall occur.
c) No damage shall be observed after inspection of newly energized equipment.

8.3 First power transmission
8.3.1 Test purpose

The purpose of this test is to verify the correct deblocking and blocking sequences and to verify
stable operation of the HVDC system for all agreed configurations as per the design. This test
is performed at a low active power level.
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Test preconditions

Before the first power transmission test, the following minimum preconditions should be fulfilled:

The HVDC transmission line energisation test (8.2) is completed.

8.3.3

Test procedures

The test procedures should include the following steps:

a) Energise and deblock converter units as per normal sequences and procedures, and verify
stable connection and satisfactory AC and DC voltages. Either Qac control or Uac control

canfbe selected depending on the needs of the project and requirements of the AC n

b) At tIhe converter station in active power control mode, set the active power setpoin

agr
(if 9

c) Monitor and observe that the HVDC system ramps active power at the required rar

and
d) Ver
e) Rar
f) Reg

rep
8.3.4
The teg
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ramnj

c) For
d) Ths
spe
8.4 |
8.4.1
Similar
protect

station
owner

bed first active power level and the ramp rate to the agreed active power ran
electable).

that the system is stable during ramping and on completion of theactive power
fy correct system measurement readings during steady state<operation.
hp active power to zero and block converter units.

onfigure the HVYDC main circuits for each agreed configuration as per the desi
pat steps a) to e).

Test acceptance criteria
t acceptance criteria should include the follewing:

abnormal measurements and no protection operations shall occur.

p and the power flow levels achievéd shall be aligned with the entered setpoint

valve cooling systemshall successfully maintain the valve temperature wit
cified limits.

Protective actions
Test purpose

to that(in)converter station tests in 7.3.1, the purpose of this test is to verify
ve actions, especially the coordination between the sending and receiving co

btwork.

to the
np rate

np rate
ramp.

gn and

operation shall be linear, stable during active power ramping and on completion of the

alues.

each converter and pole, the(control actions associated with each active power level
change as well as start and stop-sequences shall be executed correctly.

hin the

correct
nverter

from/a sample of protective functions. These are selected in cooperation beth:en the

hndthe supplier but should include actions such as the operation of the emergengy stop

button, converter protections and HVDC transmission line protections. The protective functions

chosen

may vary depending on the protection philosophy in the HVDC system design.

Once a protection function is triggered, besides the actions in the local converter station in
7.3.1, actions in the remote converter unit will also be triggered as per the design.

8.4.2

Test preconditions

Before the protective actions test, the following minimum preconditions should be fulfilled:

a) The correct operation of and coordination between the protective systems and the control
systems are demonstrated during the factory tests.

b) All monitoring and alarm systems are in service.

c) The first power transmission test (8.3) is completed.
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Test procedures

The test procedures should include the following steps:

a) Deblock converter units in both stations and ramp up to a low power point as per normal

seq

uences and procedures.

b) Push the emergency stop button or simulate the required fault. A single fault in the control
and protection systems corresponding to each type of blocking and tripping sequence

sho

8.44

uld be simulated.

Test acceptance criteria
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expected protective function shall operate as per the design and the cerresp
ection actions shall occur.

rect alarms and events shall be received in the sequence of events‘recorder 4§

impact of the HVDC system on the connected AC network shall be within sp
ormance criteria.

\ctive power control
Test purpose
rpose of this test is to confirm that the active power control, and its relationship

b power capability, reacts in the design range in accordance with issued op
ion. Operator interface functions are testedsjncluding the entering of active pow

5t is usually done at a low active power level. The levels of power to ramp up to

Test preconditions

the active power control test, the following minimum preconditions should be fulf
t power transmission (8.3) and protective actions tests (8.4) are completed.

Test procedures

t procedures should include the following steps:

a) Eng

onding

nd the

E.

ecified

vith the
erating
er and

should
ted AC

illed:

rgise and deblock HVYDC converter units as per normal sequences and procsg

pdures.

Either Qac control or Uac control can be selected depending on the needs of the project

and

requirements of the AC network.

b) At the converter station in active power control mode, set the active power setpoint to the
agreed active power level and the ramp rate to the agreed active power ramp rate (if
selectable). Commence ramping active power to the desired levels.

c) Operate the ramp start/stop function on the HMI while the system is ramping and verify
correct and stable operation of the start and stop sequences.

d) Repeat steps a) to ¢) for each agreed HVDC configuration as per the design.

e) Transfer the DC power control mode subsequently from DC voltage control to pole power

con

trol, then to bipole power control and vice versa, if applicable.

f) Test the automatic power control function if applicable.
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8.5.4 Test acceptance criteria

The test acceptance criteria should include the following:

a)
b)

c)

8.6

8.6.1 Test purpose

No abnormal measurements and no protection operations shall occur.

The operation shall be linear, stable during active power ramping and on completion of the
ramp and the power flow levels shall be aligned with the entered setpoint values.

For each converter and pole, the control actions associated with each active power level
change as well as start and stop sequences shall be executed correctly.

Transfer between power control modes shall have no significant disturbance to DC power.

DC power shall be as per the automatic power curve once the automatic power control
fungtion is activated.

Whegn the PQ characteristic limits of the HVDC system are reached, active or reactivg power
shafll be restricted as per the design without any transients or adverse effects.

Reactive power control

The pufpose of this test is to verify reactive power transfer in bothyQac control and Uac|control
remain|within the predefined PQ characteristic of the HVDC systeni while there is activg power
flow acfoss the HVDC system and during the ramping of activetpower. When ramping in reactive

power ¢ontrol, the AC system strength has great impact, especially in Uac control.

8.6.2 Test preconditions

Before [the reactive power control test, the following-minimum preconditions should be fplfilled:

The active power control test (8.5) is completed.

8.6.3 Test procedures

The tegt procedures should include'the following steps:

a)
b)
c)

d)

Engrgise and deblock both'HVDC converter units as per normal sequences and procg¢dures.
Ramp active power tosthe desired levels.

Exgcute the following’functions at various active power levels, both when active ppwer is
stable and whilgtit is ramping, for either or both converters:

1) [Set and execute new reactive power setpoint levels, both with and without intermediate
ramp stop’and release.

2) [Execute control mode changeovers between Qac control and Uac control.

3) Set’and execute new AC voltage setpaint levels both with and without intermediafe ramp
stop and release.

Observe reactive and active power levels of both converters when in both Qac control and
Uac control and compare to the PQ characteristic of the HVDC system.

8.6.4 Test acceptance criteria

The test acceptance criteria should include the following:

a)
b)

c)

No abnormal measurements and no protection operations shall occur.

Reactive power and AC voltage ramping shall be stable and the power flow levels and AC
voltage level shall be aligned with the entered setpoint values, depending on the strength
of the AC network.

Start and stop controls of reactive power and AC voltage ramping shall be functional as
specified while active power is flowing and ramping across the HVDC system.
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d) When the PQ characteristic limits of the HVDC system are reached, active or reactive power
shall be restricted or reduced as per the design without any transients or adverse effects.

e) Changeovers between RPC control modes shall be bumpless to the AC grid.
8.7 Power reversal
8.71 Test purpose

The purpose of this test is to verify the power reversal function if designed.

8.7.2 Test preconditions

Before [the power reversal test, the Tollowing minimum preconditions should be Tulfilled:
The active power control test (8.5) is completed.

8.7.3 Test procedures
The tegt procedures should include the following steps:

a) Set|the power direction to reverse power direction.

b) Engrgise and deblock both converter units as per normal seqiiences and procedures| Either
Qag¢ control or Uac control can be selected dependingon the needs of the project and
requirements of the AC network.

c) At the converter station in active power control mades set the active power setpoing to the
agreed active power level and the ramp rate to the agreed active power ramp fate (if
selg¢ctable), and observe stable ramping of active power to the setpoint.

d) Ramp down power to zero and then block both converter units.
e) Set[normal power direction and repeat steps b) to c).

f) Set|a new opposite setpoint to thel\active power and observe ramping of active| power
thrqugh the zero crossing.

g) Aggin set a new opposite setppint to the active power and observe ramping of activg power
thrqugh the zero crossing.

h) Verjfy correct system measurement readings during steady state operation.
8.7.4 Test acceptance criteria
The tegt acceptancelcriteria should include the following:

a) No pbnormalmeasurements and no protection operations shall occur.

b) Thq opération shall be linear, stable during active power ramping and on completion of the
ranmp.and the power flow levels achieved shall be aligned with the entered setpoint yalues.

8.8 Step responses
8.8.1 Test purpose

The purpose of this test is to verify the controller response to disturbances. The results of these
tests can also serve as a benchmark for future reference of the response of the HVDC system
following disturbances during operation.

The main focus during the step response tests will be on the control response and dynamic
behaviour in active and reactive power control modes.

The reactive power step responses can be done during STATCOM operation as described in
7.6. However, these tests can also be repeated here during the transmission tests and typically
at the same time that the active power step responses are performed.
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8.8.2 Test preconditions
Before the step response tests, the following minimum preconditions should be fulfilled:

a) All converter station tests and transmission tests to verify active and reactive power control
are completed.

b) All relevant parties are advised of the step response/disturbance and the expected
outcomes/converter response.

The following information should be agreed between owner and supplier (and any other affected
third parties if applicable) as a part of setting the parameters of the step response tests:

a) Thedurationefthe-apphed-steps:
b) Thg magnitude of the step changes.

c) Thqg level of power transmitted before the step changes.
8.8.3 Test procedures
The tegt procedures should include the following steps:

a) Engrgise and deblock both HVDC converter units as per normalsequences and procg¢dures.

b) Engure the agreed control modes are initiated, ramp active or_reactive power to the flesired
levgls and verify stable operation.

c) Verjfy that the transient fault recorder is set to triggér when the disturbance ocgurs or
arrgngements are made for manual triggering.

d) Thrpugh the control system, simulate the following step changes individually within the
parameters agreed between owner and supplier, and observe stable post-disturbance
opegration of the converter after the disturbance:

1) JActive power order step change.
2) [Reactive power order step change:

e) Review the transient fault recordér and sequence of events recorder measurements and
resuylts and compare these to those obtained in the DPS or factory system tests if thgy have
simflar scenarios.

8.8.4 Test acceptance criteria
The tegt acceptance criteria should include the following:
a) Thdg measured response to the active and reactive power order step changes shall be

demonstrated‘to be within the technical requirements for the HVDC system.

b) Thg meaSured response to the active power, reactive power and AC voltage ordgr step
change'shall be in the designed range. The strength of the AC network should be consgidered.

c) No 'instab ha cetr—during—the—step s—and—stabte attonr—shall be
observed before and after the step response is triggered if the network conditions are within
the design range as given in the specification.

v

8.9 High power transmission
8.9.1 Test purpose

The high power transmission tests serve to verify thermal capability of the installation and
equipment, control stability and accuracy at the specified maximum active and reactive power
transfer capability of the HVYDC system as defined by the PQ characteristic.

The purpose of this test is to confirm the compliance of the HVDC system with the agreed PQ
characteristic and other technical requirements and to verify, as much as the AC network will
allow, that the equipment within the HVDC converter stations and the control and protection
system allows operation of the HVDC system on the predefined PQ characteristic.
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8.9.2 Test preconditions

Before the high power transmission test, the following minimum preconditions should be fulfilled:

All low power transmission tests are completed.

8.9.3 Test procedures

The test procedures should include the following steps:

a) Energlse and deblock both HVDC converter units as per normal sequences and procedures.

c)

d)

8.9.4 Test acceptance criteria

The tegt acceptance criteria should include the folloewing:

a)
b)

c)

d)
e)
f)

g)

all gquipment inside the buildings and valve halls, interfage.transformers, reactors a
bushings.

No pbnormal measurements and no protection operations shall occur.

Staple operation of the converters and, HVDC system at high active and reactive
levgls in accordance with the technical specifications.

Thg HVDC system shall be able to achieve the desired active and reactive

he low
able) of
ectrical

ctional

at the
stable

nspect
nd wall

power

power

conpbinations at the limits of.the PQ characteristic, and shall demonstrate stable operation

at these levels.

Reactive power and active power levels shall remain within the PQ characteristic
HVDC system.

Reactive power or dctive power levels shall be limited when the PQ characteristid
HVDC system is.exceeded or reduced, without any transients or adverse effects.

Sat|sfactory agperation of the valve cooling system, to keep valve temperatures an
codlant temperatures within the specified requirements.

of the

of the

H valve

All eqlipment inside the buildings and valve halls, interface transformers, reactors a
bushings shall be inspected and no visible damage shall be observed

nd wall

8.10 Changes of DC configuration in bipole scheme

8.10.1 Test purpose

There may be several options of changing the DC configuration for a HVYDC scheme. This sub-
clause provides a test procedure specifically for a bipole HVDC consisting of two asymmetric
monopoles with two types of configurations assuming either an electrode, dedicated metallic
return and/or metallic return options. One is a manual transfer of DC configurations, and the
other is an automatic transfer of DC configurations in case of fault.

The purpose of this test is to verify the two types of changes of DC configuration for bipole
scheme.
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8.10.2 Test preconditions

Before the changes of DC configuration test, the following minimum preconditions should be
fulfilled:

The active power control (8.5) and high power transmission (8.9) tests are completed.

8.10.3 Test procedures

If applicable, perform the tests with and without telecommunications.

a) Manual transfer of DC configuration when only one pole is operating if applicable:

b)

1)
2)
3)

Autpmatic change of DC configuration caused by trip of one of thé-poles when bot

are

1)

2)
3)
4)
5)

8.10.4

The tegt acceptance criteria should include the following:

a)

b)

c)
d)

e)
f)
g)

Energise and deblock one pole as per normal sequences and procedures.
Ramp active power to the agreed level and verify stable operation.
Transfer from electrode or dedicated metallic return to metallic return-which

the DC power during the transfer.

operating if applicable:
Energise and deblock both HVDC poles in the bipolar mode as per normal seq

Ramp active power to the agreed level and verify stable operation.

VVerify correct operation of sequences at polex}and pole 2.

Test acceptance criteria

is the

transmission line of the other pole and vice versa. Verify no significant disturbance for

N poles

luences

and procedures, and verify stable connection and satisfactory AC and DC voltages.

Trip pole 1 converter unit at one station and observe steady state operation on gole 2.

Restore the operation of pole 1 and repeat steps 3) to 4) in the other converter gtation.

Correct demonstration of operation and sequences when transferring between an electrode,

ad

pole.
Correct demonstration\\of operation and sequences when transferring from bip

mo
No

bdicated metallic return and metallic return which is the transmission line of th

nopolar operation.
abnormal measurements and no protection operations shall occur.

e other

olar to

Switching sequences to transfer the current shall operate correctly and all events ghall be

logged in.the correct sequence. If applicable, all tests shall demonstrate the tr
opgrate,correctly with and without telecommunications.

An

incomplete transfer sequences shall be terminated in a safe condition.

hnsfers

Stable operation in the final configuration following each step/test (bipolar or monopolar).

The other pole shall automatically compensate the power loss of the tripped pole if
applicable.

8.11

8.11.1

Heat run test (including overload)

Test purpose

The purpose of this test is to demonstrate that all components of the HVDC system are capable
of continuously running at the load levels guaranteed in the contract without exceeding its
maximum allowable temperature.


https://iecnorm.com/api/?name=1545984fbd1194e50c1b4515ca3e108b

- 44 - IEC TS 63336:2024 © IEC 2024

There are some applications however where this may not be possible. This could be due to
limitations on the AC networks, late AC network augmentation works or the need for the
progressive commissioning of remote generators (as in the case for offshore wind projects or
similarly for solar projects). In these instances, the scope of the heat run test will likely differ
from that presented in this document and require discussion and agreement between the owner
and the supplier.

The maximum power levels are required under maximum ambient conditions. The heat run test
should run until such time that stable temperature of the equipment with the longest time
constant which normally are the interface transformers, is achieved. It is impossible for ambient
temperatures to be achieved and held steady for the duration of the test. Therefore, the results
and measurements will need to be analysed after the test and compared to thermal calculations
and mqdelling performed beforehand to verify that the equipment will be able to operate at the
maximyim power levels under the maximum ambient conditions.

During|this test, the power load of the HVDC system will be brought to the test valug or the
maximyim available power level and held constant. During this time the required measurement
values |will be recorded. Additionally, the surface temperatures of the interface transformer,
phase feactors, DC reactors and other equipment which operate close_to' their thermal limits,
including all primary equipment connections, will be measured and récorded.

The test is to verify that the cooling systems work correctly under the maximum cooling load,
and that all thermal elements of the converter unit are able-to be operated at the maximum
active power level for the desired period of time.

Note that there is often an opportunity during the heat run test to perform other testy at the
same tjme, particularly those that require a highcand steady active power level for aflonger
period pf time. These tests include harmonic tests, interference tests, and audible nois¢ tests,
etc.

8.11.2 | Test preconditions
Before[the heat run test, the following-minimum preconditions should be fulfilled:

a) Al

b) Thq duration of the heat.run test is determined through the analysis of the thermal copstants
and characteristics ofSthe major thermal elements within the converter unit, and fagreed
betyveen the owner-and supplier.

nigh and low power transmission tests are completed.

c) Thd necessary.equipment and thermal measuring devices are set up or applied| at the
required locations on the high voltage equipment and throughout the converter unit$ under
test.

d) Redundant cooling equipment is switched off except under overload conditions.

8.11.3 “Festproecedures

The test procedures should include the following steps:

a) Energise and deblock both HVDC converter units as per normal sequences and procedures.
b) Ramp active power to the agreed maximum level and verify stable operation.

c) Hold the maximum active power level steady until stable temperature values are reached or
the predefined test duration is elapsed.

d) During operation, the following parameters should be measured and monitored (as a
minimum):

1) Valve cooling system parameters, including coolant inlet and outlet temperatures.
2) Interface transformers oil and winding temperatures.

3) Phase reactors temperatures.
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4) DC smoothing reactor temperatures.
5) Valve hall and reactor hall temperatures.
6) Ambient temperature.

e) On completion of the test, arrange safe access to the high voltage equipment and inspect
all equipment inside the buildings and valve halls, interface transformers, reactors and wall
bushings, including thermal measurement equipment and temperature indicators installed
for the test.

f) Compare the thermal measurements and results against the designed values, including
comparison of the recorded temperatures for individual high voltage equipment against its

design maximum temperature and the overall results to any thermal or rating calculations
per'nrmnd

g) Extrapolate the test results by calculation to the maximum ambient conditions tovetify that
the|HVDC system can operate at the maximum power levels under the maximum gmbient
con(ditions.

8.11.4 | Test acceptance criteria
The tegt acceptance criteria should include the following:

a) No pbnormal measurements and no protection operations shall occur.

b) Staple operation of the converters and HVDC system at high active and reactive| power
levgls in accordance with the technical specifications for the required length of time

c) Thg HVDC system shall be able to achieve thedesired active and reactive| power
conpbinations at the limits of the PQ characteristic{.and shall demonstrate stable operation
at these levels.

d) Reactive power and active power levels shall remain within the PQ characteristid of the
HVDC system.

e) All |high voltage equipment and conngdtions shall be below or equal to their maximum
temperature limits.

f) Sat|sfactory operation of the valvé)cooling system, to keep valve temperatures and valve
cooling temperatures within thélspecified requirements.

g) All equipment inside the buildings and valve halls, interface transformers, reactors and wall
bushings shall be inspected and no overheated parts shall be observed.

h) Depending on actual-site conditions, through modelling and calculation, the HVDC system
shall be demonstrated to be capable of operation at the maximum power levels unfder the
maximum ambient .conditions.

8.12 Controlssystem changeovers

8.12.1| Teést purpose

Th knacao-aofthic tact 1o +a \aprifiy A bl i AA oA atobla A aratians ~Ff tha LIN/IMVC oy ot hl
e pLJ POSCOT UOTNMTS (CoST 1o (U voTiTy cuTtio U anu StaoTCc- optTatUuUTT U tic 1TV OO Syotet whnile

switching between two redundant control systems.

This test should be performed first at low power level to reduce the adverse effect of any
unexpected trip. It shall be performed in all major control modes as well as during a time of
ramping of active and reactive power.

8.12.2 Test preconditions

Before the control system changeovers test, the following minimum preconditions should be
fulfilled:

a) The first power transmission (8.3) and protective actions tests (8.4) are completed. (If this
test is performed during converter station tests, the first deblock (7.2) and protective actions
(7.3) tests are completed.)
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b) The HVDC system is energised, deblocked and stable.

c) All redundant components which are identified to be tested are in a state to ensure
successful changeover (i.e. either active or standby).

A test table should be developed and agreed between the owner and supplier prior to the
commencement of the test, which defines the sequence of manual changeover or power off and
on of the various redundant control and protection components.

8.12.3 Test procedures

The test procedures should include the following steps:

a) Manually switch the active system to standby, and after a while switch back acconding to
the|test table.

b) Power off and on the redundant components in the test table. Perform the following steps
for leach component to be tested, ensuring that the test is repeated ferCeither ¢r both
redpindant systems:

1) [Switch off the power supply to the standby component, and verify\id disturbancg¢ of the
HVDC system.

2) [Switch the power supply to the previously standby componént back on and switch it into
standby mode, and verify no disturbance of the HVDC system.

3) [Switch off the power supply to the active component.

4) Nerify correct switchover to the redundant systemand wait until all sequence of|events
recorder messages are reported and all communication links are settled again.

5) [erify stable operation of the HVDC system.during and after the switchover.

6) [Switch the power supply to the previouslysactive component back on and switch it into
standby mode, and verify stable operation of the HVDC system.

8.12.4 | Test acceptance criteria
The tegt acceptance criteria should inglude the following:

a) Thg changeover to the standby system manually or by power off shall not lead to g trip or
losg of the HVDC system,

b) No disturbance of the<HVDC system during power off and on to the standby components.
c) Staple operation of the HVDC system during and after the switchover.

d) Regpective errerfalarm events shall be indicated whether the switchover is expected| or not.
8.13 Change'of control location

8.13.1| Test purpose

The purpose of this test is to verify that the interaction between the various control locations for
the HVDC system, including any request/release procedures, operates according to the design
and results in the continued and stable operation of the HVDC system when switching between
each of the available control facilities.

8.13.2 Test preconditions

Before the change of control location test, the following minimum preconditions should be
fulfilled:

a) The first power transmission (8.3) and protective actions tests (8.4) are completed. (If this
test is performed during converter station tests, the first deblock (7.2) and protective actions
(7.3) tests are completed.)

b) The HVDC system is energised, deblocked and stable.
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c) Thelocal and remote HMI facilities at each control location, and the communication systems
connecting them, are installed, tested, commissioned and verified to be capable of
successfully controlling and operating the HVDC system from that location.

8.13.3 Test procedures

Table 3 identifies the various combinations of control location changeover. This table assumes
two converter stations and two remote control locations. The table should be reduced or
expanded according to the specific HVDC system.

Table 3 — Control location combinations

New control focation

Changeover matrix

Station A Station B Remote A Remote B

Station A

Initial control Station B
location Remote A
Remote B

NOTE In the case of a back-to-back HVDC system, Station A and Station B location will be at the
same location.

It is asgumed that the selection of control location is madéthrough a request/release pro¢edure,
in which the new control location is selected by a persen-at that location initiating a request to
take cantrol command, and the person at the locationpresently in control acknowledges|this by
issuing| a release control command. Alternative mechanisms for transferring control mgy exist
which are specific to each HVDC system, in which case the test procedures described| herein
should|be adjusted accordingly.

The tesgt procedures should include the~following steps for the selected combinations df initial
and nep control location as defined in-Table 3 for the HVDC system under test:
a) Thdg operator at the new control location initiates a control request.

b) Thq operator at the new control location attempts to perform a few basic functions tp verify
it dpes not have contrel.

c) Thqg operator at the current control location initiates a control release.

d) Obsgerve and verify that the control location is successfully changed to the new [control
location and_the'HVDC system is stable.

e) Thdg operator at the new control location performs a few basic functions such as dgblock,
ranping up and down, block, to verify having control.

8.13.4 —Testacceptance—criteria

The test acceptance criteria should include the following:

a) The changeover to the new control location shall not occur until the control release is
initiated.

b) The changeover to the new control location shall not lead to a trip or loss of the HVDC
system.

c) Stable operation of the HVDC system during and after the changeover.
d) All operator settings previously in force shall be maintained throughout the transfer of control.
e) No alarms or other unexpected responses by the HVDC system during the transfer sequence.

f) The indications of the new control location shall be accurately indicated at all control
locations.
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8.14 Loss of auxiliary power supplies

8.14.1

Test purpose

The loss of auxiliary power supply test serves to verify the smooth changeover to the redundant
auxiliary supply and distribution for the HVDC system in the event of the failure of the active

system

The purpose of this test is to verify that the performance and stability of the HVDC system is
maintained during an outage of the active or standby auxiliary power supply system and that
upon loss of all available sources of supply the converter shuts down in a safe and controlled

manner.

8.14.2 ( Test preconditions

Before|the loss of auxiliary power supplies test, the following minimum preconditions shpuld be

fulfilled:

a) Thd first power transmission (8.3) and protective actions tests (8.4) are completed.| (If this
tes{is performed during converter station tests, the first deblock (72)and protective pctions
(7.3) tests are completed.)

b) Thg HVDC system is energised, deblocked and stable.

c) All fedundant auxiliary power supplies are active, healthy-and available.

8.14.3 | Test procedures

The tegt procedures shall be developed to trigger bheth a changeover to the standby apxiliary

supply lin the event of a loss of the active supply,“and a controlled shutdown of the converter

due to the loss of all auxiliary power supplies.Ahé exact process for doing this will depend on
the particular design of the auxiliary supply system for the HVDC converter stations, ingluding
the number and type of auxiliary power supplies.

Prior td shutting off all auxiliary supplies for the first time, ensure procedures and protodols are

established and in place to intervene and trip the converter unit if the controlled shutdown of

the converter does not occur within the expected time.

The tegt procedures shouldiinclude the following steps:

a) Forleach AC auxiliary supply to be tested, ensure that primary power supply is actjve and
thal the standby. system is available.

b) Switch off the‘primary supply.

c) Obg
d) Ver

erve-the changeover sequence to the standby supply.
fynstable operation during and immediately following changeover.

e) Swi

tch the original primary supply back on again.

f) Repeat the above for each AC auxiliary power supply, active and standby combination.

g) If required, switch off one AC auxiliary supply without an available redundant supply and

obs

erve a controlled shutdown of the converter.

h) For each redundant battery system, switch off the system and verify stable operation during
and immediately following the loss of supply. Switch the battery system back in and repeat
for all battery systems available.
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8.14.4 Test acceptance criteria

The test acceptance criteria should include the following:

a)
b)

c)

The loss of one redundant AC or DC auxiliary power supply shall not lead to a trip or loss
of the HVDC system.

Stable operation of the HVDC system during and after the loss of the primary AC or DC
auxiliary supply.

Appropriate alarms shall be indicated at the sequence of events recorder and that these
shall be reset on return of healthy auxiliary power supplies.

Where all AC auxiliary supplies are switched off, the HVDC converter/system shall shut
dowrm : ) . o ) .

The behaviour of the HVDC control and protection system under telecommunication (ile., the
communication link between the converter stations) failure scenarios witLdepend on the gpecific
requirements of that system and the implemented characteristics as\designed, including what

may or[may not be done locally.

The purpose of this test is to verify stable operation of the HVDC system in the event of the

loss of telecommunication.

8.15.2 | Test preconditions

Before[the loss of telecommunication test, the,following minimum preconditions shquld be

fulfilled:

a)
b)
c)

8.15.3 | Test procedures

The tegt procedures shouldiinclude the following steps:

a)

b)

c)

Thqg active power control (8.5) and reactive power control (8.6) tests are completed.
Thg HVDC system is energised, deblocked and stable.

Thg telecommunication link is infservice, and any backup communication links are idgntified.

With the HVDC ,system in operation, initiate a failure of the telecommunication link and
conffirm that the~HVDC operating status (mode, configuration, demand settings, efc.) are
either unchanged, or changed as expected with the de-activation of power modulation or
frequency ‘control.

Manuallyoperate HVDC system, such as change the settings, control modes, shutdown, etc
(if gpplicable).

Restore the communications and verify that the change to healthy status is indicated on the
operator HMIs.

8.15.4 Test acceptance criteria

The test acceptance criteria should include the following:

a)
b)
c)

d)
e)

The loss of telecommunications shall not lead to a trip or loss of the HVDC system.
Stable operation of the HVDC system during and after the loss of telecommunication.

Appropriate alarms shall be indicated at the sequence of events recorder and that these are
reset on return of healthy communications.

Manual changes in settings, and control modes shall be possible (if applicable).
Manual shutdown shall be possible (if applicable).
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8.16 Black start (if applicable)

8.16.1

Test purpose

C 2024

A black start is the act of energising a dead AC busbar and supplying an AC system with power
from the other side of the HVDC system, where the converter in the islanded grid is controlling

the AC

voltage and frequency and acting as a stiff voltage source.

The purpose of this test is to verify the functionality of black start, which is generally to energise
the converter and the converter bus from the DC side to the AC circuit-breaker and even to

restore

The bl
proced

8.16.2

Before

the agreed portion of AC grids step by step.

hck start sequence will differ between projects and different suppliers and, t

Test preconditions

the black start test, the following minimum preconditions should be fulfilled:

he test

Lire will need to be adjusted to fit the specific HYDC system’s black start functiorjality.

a) Thdg active power control (8.5), reactive power control (8.6) and™loss of auxiliary| power
supplies (8.14) tests are completed.

b) An

AC system for the test has been determined, arranged_,and agreed by the r

affgcted parties.

blevant

c) Thg AC network in the islanded station is prepared fora black start, i.e., the AC test-gystem

is d

le-energised and disconnected from the remaining.grid.

d) Thg auxiliary power supply is disconnected from:the medium voltage network and s
by fhe diesel generator.

e) Thdg two converter units are connected to €ach other via the HVDC transmission ling.

f) Pro

g) Ths
con

h) If th
net
exc

i) Ifm
test

8.16.3

The te
system
and so

Lpplied

tections settings in the AC test system are adjusted for a black start test, if required.

converter in the supporting statioh'is ready for a black start of the other station, r
nected to the AC network and:is’in operation.

e black start test involves.the energisation of an AC network (with or without local
vork energisation scenafrios should be planned and developed by the own
hanged with the supplier.

and dry-run sequience test of the load bank switching.
Test procedures

5t procedures to be followed will depend greatly on the specific design of the

emains

loads),
er and

obile load banks are utilised, the operator of the load banks has completed the prqtection

HVDC

and the requirements of the black start function, including for example the configuration
irce-of auxiliary power supplies. The test procedures would include the following steps:

a) Activate black start mode in the converter station connected to the dead AC network
(inverter). Depending on the sequence for the particular HVDC system, the following steps

mig

ht be automatic.

b) The converter in the "healthy grid" (rectifier) goes into black start supporting mode.

c) The rectifier energises the DC side of the blocked inverter.

d) The VSC valves at the inverter are energised in the blocked state.

e) The inverter deblocks and energises the AC side of the converter to the AC circuit-breaker.

f) Check and verify correct frequency and voltage setpoints of the islanded test grid.

g) If the test involves energisation of a bus or a local load:

1)

Close the AC circuit-breaker.

2) Do stepwise connection of lines and load or load banks. Give sufficient time between

each step to observe stable operation.
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