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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
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

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

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

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

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

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

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

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

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

IEC 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 IEC 62747 and IEC 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
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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: 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 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
Fb T W f\_}

O+ N O

— PCC

HVDC B AC

transmission line : :
1 ] system

HOHO)# #~(O )1

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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