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INTERNATIONAL ELECTROTECHNICAL COMMISSION

COMMISSIONING OF VSC HVDC SYSTEMS

FOREWORD

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

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

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

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

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

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

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

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

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

IEC TS 63336 has been prepared by WG 13: Commissioning of VSC HVDC systems, of IEC
technical committee 115: High voltage direct current (HVDC) transmission for DC voltages
above 100 kV. It is a Technical Specification.

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

Draft Report on voting

115/360/DTS 115/367/RVDTS

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

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

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

e reconfirmed,
e withdrawn, or

e revised.
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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 tests are generally applied to all HYDC configurations and could require addition or deletion
to match the given solution.

This document provides guidance on the planning of commissioning activities. The
commissioning described in this document is implemented through on-site testing on the whole
system functionality, including testing on the subsystem and system. This document provides
the scope, procedures and acceptance criteria of the tests.

Factory system tests, on-site equipment tests, electrode tests, and trial operation are not
included in this document.

2 Normative references

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

IEC 60633:2019, High-voltage direct current (HVDC) transmission — Vocabulary

IEC 62747:2014, Terminology for voltage-sourced converters (VSC) for high-voltage direct
current (HVDC) systems
IEC 62747:2014/AMD1:2019

3 Terms and definitions

For the purposes of this document, the terms and definitions given in |[EC 62747 and JEC 60633
as well as the following 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 Documents
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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 the HVDC
transmission line on-site

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

3.1.6

transmission tests

tests verifying functions and performances of HVDC system when transmitting power between
both converter stations on-site

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

3.1.7

point of common coupling

PCC

point of interconnection of the HVDC converter station to the adjacent AC system

[SOURCE: |[EC 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 and irregular region with active and reactive power in a two-axis graphical representation

3.2.2

Qac control

reactive power control 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 verified in
groups and in conjunction with the control and protection systems. Usually, this process can be
divided into four major parts: factory tests, on-site equipment tests, subsystem tests and system
tests as shown in Figure 1.

Pre-commissioning

Factory tests | Factory tests on individual items of equipment

Factory system tests of HVYDC
control and protection equipment

Y

On-site equipment tests

Y

Commissioning Subsystem tests

Y

High voltage energisation

System tests

Y

Converter station tests

Power quality and
interference tests

Y

<3 Transmission tests

AC/DC network
interaction tests

IEC
Figure 1 — Overview diagram of commissioning process of VSC HVDC systems

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
F\J T W f\_}

O+ N O

— PCC

HVDC B AC

transmission line : :
1 ] system

Q)+ #—~Q )~

HVDC pole

IEC
Figure 2 — VSC HVDC systems and designations

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

Factory system tests cover the verification of internal connections within and in between the
control cabinets and the functional verification of the software and are performed in the factory
prior to the control and protection equipment being sent to site.

During the factory system tests, the complete control and protection systems are tested.
External stand-alone equipment, such as external protection relays, are typically excluded.
Where other external interfaces are present, the tests should be performed as completely as
possible, to determine with as much confidence as is practical that the control and protection
systems will operate correctly in terms of the expected input and output signals. Such external
interfaces include auxiliary power systems, converter cooling systems, fire protection systems,
etc.

Finding and correcting hardware and software errors in the control and protection systems is
an important function of factory system tests. Such faults are easier to find and rectify in the
factory than during on-site commissioning. Correcting such faults reduces the probability of
disturbing the power system during the commissioning tests.

4.2.2 On-site equipment tests

On-site equipment tests are electrical and mechanical tests on a single installed item of
equipment or plant. The primary purpose of these tests is to ensure, to the extent possible, 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
4.31 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) Main circuit equipment.

c) AC protections and interlocking.

d) Remote SCADA interface.

e) Auxiliary systems.

f) Final trip tests.

4.3.2 System tests

System tests cover the start-up and test of the complete HVYDC System in operation. System
tests are required to prove that the functions and performances of the HVDC system meet
technical requirements when connected to the AC network. The structure of the system tests
will follow the structure of the HVDC system, starting from the smallest, least complex,
operational unit, and end with the total system in operation.

System tests are comprised of the following commissioning and testing activities:

a) High voltage energisation.

b) Converter station tests.

c) Transmission tests.

d) Power quality and interference tests.

e) AC/DC network interaction tests.

The first three elements are undertaken sequentially. The last two elements are scheduled

during appropriate times during the performance of the converter station tests and transmission
tests.

The scope and flow of system tests are shown in Figure 3.

Before system tests commence with the energisation tests 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. Documents
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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.

System tests
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[ [ I . I |
. isati ACand DC Transmission
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High power
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Changes of DC
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I | [ [ I
Blocked converter Change of RPC Active power Lossof lntoetfecrtilc-)ir\]/SDVgth
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devices

(including overload)
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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 the complete system verified as running correctly, the performance of the HVDC system
in steady state operation is verified. With normal operating ramp settings and automatic
switching sequences in place, the operation, network interaction, power quality, interference
and disturbance tests can be performed. In some cases, the transient performance and
behaviour during faults should be verified. Some disturbance tests, such as staged faults, 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 cannot be achieved, perform the test at the
highest power levels possible, according to the AC system and agreed by all parties.

Table 1 — Structure of system tests

Test Equipment under test

High voltage energisation tests

1) AC switchyard energisation

2) AC filter energisation

3) Interface transformer energisation
4) Blocked converter energisation

5) Energisation from DC side . B

Converter station tests IEC

1) First deblock

2) Protective actions

3) Reactive power control

4) Change of RPC control modes

5) Step responses
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Test Equipment under test

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

Transmission tests

10) Heat run test

11) Control system changeovers
12) Change of control location H]_D_@)_# Y v #_@_D_EH
13) Loss of auxiliary power supplies - —

14) Loss 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

Changes of DC configuration in bipole
scheme

1)
2)
3)

Power quality and interference tests

AC and DC harmonic measurements
Audible noise

High frequency interference measurements

1)

2)
3)
4)

AC/DC network interaction tests

Transmission network switching and staged
faults

Special protection schemes
Tests of AC network and control interactions

Interactions with other HVYDC systems or
FACTS devices

For this test the test range is extended up to HVDC transmission line and the other converter station

4.3.3 Operating states of VSC HVDC transmission

The VSC HVDC transmission system may be capable of operating in any or all the following
distinct 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.

Full document details: PD IEC TS 63336:2024

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/pd-iec-ts-63336-2024
http://www.avadocuments.com/doc/pd-iec-ts-63336-2024

IEC TS 63336:2024 © IEC 2024 - 17 -

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

4.4 Trial operation

For VSC HVDC systems, it is typical for a period of trial operation following the completion of
the commissioning. The duration, purpose and requirements of the trial operation period are as
agreed between the owner and the supplier and are usually defined in the contract documents
or the technical specifications.

The trial operation period provides the opportunity for:
a) Verification of operation of the complete HVDC system by operating for an extended period
of time.

b) Demonstration of key availability and reliability requirements defined in the technical
specifications.

c) Completion of converter station tests or transmission tests which are not possible during the
structured commissioning program due to the inability to achieve high active and reactive
power levels.

5 Subsystem tests

5.1 General

Subsystem tests 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.

Before subsystem tests commence, besides the preconditions listed in each subclause the
following preconditions shall be satisfied:

a) Installation or assembly of all equipment within the subsystem is completed.
b) Equipment tests of all individual equipment within the subsystem are completed.
c) All necessary test and measurement equipment are in service.

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

5.2 Power, control and communication cabling systems
5.21 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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5.2.2 Test preconditions

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 cable on these documents after the cable is confirmed to originate and terminate at the
correct position.

5.2.4 Test acceptance criteria

The test acceptance criteria should include the following:

All cables shall originate and terminate as per the plant circuit schematic diagram or cable
schedule.

5.3 Main circuit equipment
5.3.1 Test purpose

The purpose of this test is to verify the measurements and the signals between the main circuit
equipment and the control and protections are correct, and to verify the switchgear can 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) Verification of alarms and trips from transformer protections.
b) Polarity and loop resistance measurements for transformer CTs.
c) Secondary injection testing from transformer CTs.
Interface transformers
d) Verification of control signals to and from the transformer cooling system and
tap changer.

e) 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.
3) Interlocking checks.

AC and DC yards b) Primary and secondary injection testing of measurement devices where
required.

c) Tuning of filters.

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

e) Checking of signals and indications up to the HMI display.

a) Fiber optic system checks.
VSC valves b) Control and communication tests.

c) Supplier and project specific tests.

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