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Abstract: Assisting users in specifying the functional requirements for transmission static
synchronous compensator (STATCOM) systems using forced commutated technology based on
voltage sourced converter topologies is the purpose of this guide. These systems may be hybrid,
and also incorporate thyristor and mechanically switched inductors and capacitors. Reactive power
compensation, voltage regulation and control, transient and dynamic stability, and control and
protection are the functions included. Accepted engineering practices for the application of STATCOM
systems are presented. Specifications, typical application requirements, engineering studies, main
component characteristics, system functions and features, factory testing, commissioning, and
operations are covered. Informative annexes that allow users to develop or modify specific clauses
to meet the requirements of a particular transmission system application are included.

Keywords: functional requirements, high voltage power transmission systems, IEEE 1052™,
power system compensation, reactive power supply, static synchronous compensator (STATCOM),
static var compensator (SVC), transient and dynamic stability, voltage regulation
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These notices
and disclaimers, or a reference to this page, appear in all standards and may be found under the heading
“Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be obtained on
request from IEEE or viewed at http://standards.ieee.org/ipr/disclaimers.html.

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use,
are developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute) develops its standards through a consensus
development process, approved by the American National Standards Institute (“ANSI”), which brings
together volunteers representing varied viewpoints and interests to achieve the final product. IEEE Standards
are documents developed through scientific, academic, and industry-based technical working groups.
Volunteers in IEEE working groups are not necessarily members of the Institute and participate without
compensation from IEEE. While IEEE administers the process and establishes rules to promote fairness in the
consensus development process, IEEE does not independently evaluate, test, or verify the accuracy of any of
the information or the soundness of any judgments contained in its standards.

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. Implementers and users of IEEE Standards
documents are responsible for determining and complying with all appropriate safety, security, environmental,
health, and interference protection practices and all applicable laws and regulations.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and
expressly disclaims all warranties (express, implied and statutory) not included in this or any other document
relating to the standard, including, but not limited to, the warranties of: merchantability; fitness for a particular
purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness of material. In
addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort. IEEE standards
documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to
the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved and
issued is subject to change brought about through developments in the state of the art and comments received
from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his or
her own independent judgment in the exercise of reasonable care in any given circumstances or, as appropriate,
seek the advice of a competent professional in determining the appropriateness of a given IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.
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Translations

The IEEE consensus development process involves the review of documents in English only. In the event that
an [EEE standard is translated, only the English version published by IEEE should be considered the approved
IEEE standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board Operations
Manual shall not be considered or inferred to be the official position of IEEE or any of its committees and shall
not be considered to be, or be relied upon as, a formal position of IEEE. At lectures, symposia, seminars, or
educational courses, an individual presenting information on IEEE standards shall make it clear that his or her
views should be considered the personal views of that individual rather than the formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless
of membership affiliation with IEEE. However, IEEE does not provide consulting information or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a
consensus of concerned interests, it is important that any responses to comments and questions also receive
the concurrence of a balance of interests. For this reason, IEEE and the members of its societies and Standards
Coordinating Committees are not able to provide an instant response to comments or questions except in
those cases where the matter has previously been addressed. For the same reason, IEEE does not respond to
interpretation requests. Any person who would like to participate in revisions to an IEEE standard is welcome
to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not imply compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in
compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws. They
are made available by IEEE and are adopted for a wide variety of both public and private uses. These include
both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the
promotion of engineering practices and methods. By making these documents available for use and adoption
by public authorities and private users, IEEE does not waive any rights in copyright to the documents.
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Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to photocopy
portions of any individual standard for company or organizational internal use or individual, non-commercial
use only. To arrange for payment of licensing fees, please contact Copyright Clearance Center, Customer
Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions
of any individual standard for educational classroom use can also be obtained through the Copyright Clearance
Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years old
and has not undergone a revision process, it is reasonable to conclude that its contents, although still of some
value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that they have
the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit IEEE Xplore at http://iceexplore.icee.org or
contact IEEE at the address listed previously. For more information about the IEEE SA or IEEE’s standards
development process, visit the IEEE-SA Website at http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL: http://
standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata periodically.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to the
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE-
SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation
or under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair
discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting inquiries
into the legal validity or scope of Patents Claims, or determining whether any licensing terms or conditions
provided in connection with submission of a Letter of Assurance, if any, or in any licensing agreements are
reasonable or non-discriminatory. Users of this standard are expressly advised that determination of the
validity of any patent rights, and the risk of infringement of such rights, is entirely their own responsibility.
Further information may be obtained from the IEEE Standards Association.
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Introduction

This introduction is not part of IEEE Std 1052™-2018, IEEE Guide for Specification of Transmission Static Synchronous
Compensator (STATCOM) Systems.

This document is a new guide, based on the revised version of IEEE Std 1031™-2011, Guide for the
Functional Specification of Transmission Static Var Compensators. The guide provides an example and
general information that may be considered when developing a technical specification for a transmission static
synchronous compensator (STATCOM) specification.

This guide is not a tutorial, and application of its contents in preparing a technical specification should be done
with sufficient technical knowledge and understanding. This guide may not include all topics necessary for
every STATCOM application and does not address any commercial conditions applicable to specific projects.

This guide was prepared by a task force of Working Group I5, Voltage Sourced Converters in Substations, of
the High Voltage Power Electronic Stations Subcommittee for the IEEE PES Substations Committee.
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IEEE Guide for Specification of
Transmission Static Synchronous
Compensator (STATCOM) Systems

1. Overview
1.1 Scope

This guide assists users in specifying the functional requirements for transmission static synchronous
compensator (STATCOM) systems using forced commutated technology based on voltage sourced
converter topologies. This guide covers specifications, applications, engineering studies, main component
characteristics, system functions and features, factory testing, commissioning, and operations of the
STATCOM systems. A number of sections in the guide can be used for active filters and for industrial or
distribution system applications. However, reactive power compensation, mitigation of load disturbances,
or phase unbalance compensation for industrial and distribution system applications are not included in this
guide. Commercial terms and conditions for the purchase of the STATCOM systems are also beyond the scope
of this document.

General terms and conditions forming the commercial part of a specification for a particular project are outside
the scope of this document.

1.2 Purpose

This guide presents technical information that may be used as the basis of functional specifications for
STATCOM systems for transmission systems. For transmission systems, functions covered include reactive
power compensation, voltage regulation and control, transient and dynamic stability, main components,
control and protection, and accepted engineering practices for the application of STATCOM systems
applications. This guide also includes informative appendices that allow users to develop or modify specific
clauses to meet a particular system application. The wording deliberately uses “should” rather than “shall”,
given that the document is a guide, not a standard specification. The user of this guide might wish to make this
adjustment when converting specific sections into a specification. The guide includes the following:

— Newer developments in STATCOM components, particularly control systems
— Information on latest practices for STATCOM applications

— An informative annex to allow users to modify or develop specific clauses to meet a particular system
application
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1.3 Application

The guide assists the users in understanding the functional requirements for the specification and the
implementation of transmission STATCOM systems. This guide may be used as a general purpose resource. In
this case, not every part of this guide may be applicable and the user of this guide should evaluate how, and to
what extent, each clause applies to the development of a specific STATCOM system specification.

The user of this guide may also refer to IEEE Std 1267™ for additional information on the specification of
turnkey projects.’

2. Normative references

The following referenced documents are indispensable for the application of this document (i.e., they must
be understood and used, so each referenced document is cited in text and its relationship to this document is
explained). For dated references, only the edition cited applies. For undated references, the latest edition of the
referenced document (including any amendments or corrigenda) applies.

Accredited Standards Committee C2-1997, National Electrical Safety Code®.>*

IEC 60815, Selection and dimensioning of high-voltage insulators intended for use in polluted conditions.*

IEC 61000-3-6, Electromagnetic compatibility (EMC)—Part 3-6: Limits—Assessment of emission limits for
the connection of distorting installations to MV, HV and EHV power systems.

IEC 61954, Static var compensators (SVC) - Testing of thyristor valves.

IEC 62927, Voltage sourced converter (VSC) valves for static synchronous compensator (STATCOM)—
Electrical testing.

IEEE Std 18™, IEEE Standard for Shunt Power Capacitors.>

IEEE Std 519™, I[EEE Recommended Practices and Requirements for Harmonic Control in Electric Power
Systems.

IEEE Std 1031™, Guide for the Functional Specification of Transmission Static Var Compensators.
IEEE Std 1267™, Guide for Development of Specification for Turnkey Substation Projects.

IEEE Std 1303™, Guide for Static Var Compensator Field Tests.

IEEE Std 1313.2™, [EEE Guide for the Application of Insulation Coordination.

IEEE Std C37.90.1™, IEEE Standard Surge Withstand Capability (SWC) Tests for Relays and Relay Systems
Associated with Electric Power Apparatus.

IEEE Std C57.123™_ Guide for Transformer Loss Measurement.

IEEE/ANSI Std C63.16™, American National Standard Guide for Electrostatic Discharge Test Methodologies
and Acceptance Criteria for Electronic Equipment.

"Information on references can be found in Clause 2.

>The NESC is available from the Institute of Electrical and Electronics Engineers (http://standards.ieee.org/).

’National Electrical Safety Code® and NESC® are both registered trademarks and service marks of the Institute of Electrical and
Electronics Engineers, Inc.

“IEC publications are available from the International Electrotechnical Commission (http://www.iec.ch) and the American National
Standards Institute (http://www.ansi.org/).

SIEEE publications are available from the Institute of Electrical and Electronics Engineers (http://standards.ieee.org/). u m e nts
®The IEEE standards or products referred to in Clause 2 are trademarks owned by the Institute of Electrical and Fictronics E rQrg
Incorporated. 12 Document Sharing Hub

Authorized licensed use limited to: Tsinghua UnfvERYJIIbSEhHRERd BF Fafehriias6 @ 6/esh:26 UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1052-2018


http://standards.ieee.org/
http://www.iec.ch
http://www.ansi.org/
http://standards.ieee.org/
http://www.avadocuments.com/doc/ieee-1052-2018
http://www.avadocuments.com/doc/ieee-1052-2018

|IEEE Std 1052-2018
IEEE Guide for Specification of Transmission Static Synchronous Compensator (STATCOM) Systems

3. Definitions, acronyms and abbreviations
3.1 Definitions

For the purposes of this document, the following terms and definitions apply. The /EEE Standards Dictionary
Online should be consulted for terms not defined in this clause.’

commercial operation: The acceptance, by the user, of the static synchronous compensator (STATCOM)
from the supplier.

contract start: The date a contract to supply a static synchronous compensator (STATCOM) becomes
effective, and the user has given notice to proceed.

control range: The total inductive plus capacitive range of reactive current or megavar variation of the static
synchronous compensator (STATCOM), at the point of connection.

Hybrid STATCOM: A combination of both STATCOM and thyristor switched devices whose outputs are
coordinated.

lagging operation: Inductive operation or reactive power absorption of the static synchronous compensator
(STATCOM), similar to a shunt reactor.

leading operation: Capacitive operation or reactive power generation of the static synchronous compensator
(STATCOM), similar to a shunt capacitor.

mechanically switched capacitor/mechanically switched capacitive damping network (MSC/MSCDN):
A shunt-connected circuit containing a mechanical power-switching device in series with a capacitor bank and
sometimes also a current limiting reactor (MSC). In typical MSCDN branches the reactor/auxiliary capacitor
is paralleled by a resistor.

mechanically switched reactor (MSR): A shunt-connected circuit containing a mechanical power switching
device in series with a reactor.

point of common coupling (PCC): The connection point between the STATCOM and the power system at
which performance requirements are defined.

point of connection (POC): For a STATCOM with a dedicated transformer, the high-voltage (HV) bus to
which the whole is connected. For a STATCOM connected to an existing transformer, or direct connected, the
busbar to which the STATCOM is connected.

reference voltage (Vref): The point on the voltage/current (V/I) characteristic where the static synchronous
compensator (STATCOM) is at zero output (i.e., where no reactive power is absorbed from, or supplied to, the
transmission system where the voltage is controlled).

response time: The duration from a step change in control signal input until the voltage changes by 90% of its
final change, before any overshoot.

settling time: The duration from a step change in control signal input until the STATCOM output settles to
within £5% of the required control output.

slope: The ratio of the voltage change to the current change over a defined controlled range of the STATCOM,
normally the full (inductive plus capacitive) range at nominal voltage, expressed as a percentage.

"IEEE Standards Dictionary Online is available at: http:/dictionary.iece.org
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STATCOM (static synchronous compensator): A static synchronous generator operated as a shunt-
connected compensator, whose capacitive or inductive output current can be controlled independently of the
ac system voltage.

STATCOM system: An SVS where the static var device includes a VSC.
STATCOM valve: Electrically and mechanically combined assembly comprised of forced commutated
devices (for example, IGBT) assembled in levels, complete with all connections, auxiliary components, and

mechanical structures, which can be connected in series with each phase of reactor of a STATCOM.

static var system (SVS): A combination of different static var devices and mechanically switched var devices
whose outputs are coordinated.

submodule: Part of a STATCOM valve comprising controllable switches and diodes connected in a half bridge
or full bridge arrangement, together with their immediate auxiliaries, and storage capacitor, if any, where each
controllable switch consists of one or more switched valve device(s) connected in series.

thyristor-switched capacitor (TSC): A shunt-connected capacitor (or capacitor arranged as a filter) in series
with a thyristor valve, which is used to switch the capacitor on or off. A current limiting reactor or a damping

network is connected in series with the capacitor and the thyristor valve.

thyristor-switched reactor (TSR): A shunt-connected reactor in series with a thyristor valve, which is used to
switch the reactor on or off.

voltage/current (V/I) characteristic: The relationship between the current of the STATCOM and the voltage
at its point of connection.

VSC (voltage sourced converter): A forced commutated device (for example, IGBT) based self commutated
converter that is capable of generating ac voltage from dc capacitor voltages.

NOTE—A number of terms defined in 3.1 are represented in Figure 1 and Figure 2.*

3.2 Acronyms and abbreviations

BIL basic insulation level

CT current transformer

EMI electromagnetic interference
EMC electromagnetic compatibility
ETT electrically triggered thyristors
FAT factory acceptance test

FACTS flexible ac transmission system
HV high-voltage

HVDC high-voltage direct current
IGBT insulated gate bipolar transistor
LTT light-triggered thyristor

8Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to implement this
standard.
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Figure 1—Explanation of STATCOM system nomenclature

low-voltage

low-voltage ride through

mechanically switched capacitor
mechanically switched capacitive damping network
mechanically switched reactor

point of common coupling

power line carrier

point of connection

radio interference

root-mean-square

real time digital simulator

switching impulse level

static synchronous compensator

static var compensator (thyristor-based)
static var system

surge withstand capability

thyristor controlled reactor
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STATCOM
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B

Figure 2—Example of POC, PCC, and Vref for different STATCOM system configurations

TIF telephone influence factor
TNA transient network analyzer
TSC thyristor-switched capacitor
TSR thyristor-switched reactor
TVI television interference

v/ voltage/current

VT voltage transformer

VSC voltage source converter

4. STATCOM system project description

The following text may be used as a project description for the technical specification of a STATCOM system:

This specification is for the design, manufacture of equipment, construction, installation, test, commission,
warranty, training, and placement into commercial operation of a STATCOM system at substation
connected to the busbar. The STATCOM system may consist of a power electronic based voltage
source converter (VSC) converter complemented with fixed or thyristor-switched capacitor (TSC) banks and
thyristor switched reactor (TSR), allowing asymmetrical operation in the leading and lagging Mvar region as
applicable to reach the dynamic range specified. See B.5.1 for further discussion on STATCOM configuration.

The purpose of the STATCOM system is to regulate the voltage of the kV busbar. The nominal
ratings of the STATCOM system are Mvar leading at 1.0 p.u. voltage to Mvar lagging at 1.0
p.u. voltage.
Documents
16 Document Sharing Hub

Authorized licensed use limited to: Tsinghua UnfvERYJIIbSEhHRERd BF Fafehriias6 @ 6/esh:26 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1052-2018


http://www.avadocuments.com/doc/ieee-1052-2018
http://www.avadocuments.com/doc/ieee-1052-2018

|IEEE Std 1052-2018

IEEE Guide for Specification of Transmission Static Synchronous Compensator (STATCOM) Systems

A regional and local site location map is shown in Figure. . A simplified system one line diagram showing
the sources, interconnected transmission lines, and other system components is attached in Figure LA

proposed one-line diagram of the

substation after installation of the STATCOM system is shown in

Figure . The area for the STATCOM system facility is shown in Figure . The points of physical and
electrical interconnection between the supplier-furnished STATCOM system and the user-furnished facilities

are shown in the following figures:

(site location)

(system one line diagram/substation electrical environment)

(power circuit)

(grounding)

(station service)

(control and protection)
and, for turnkey projects

(fencing)

(site sub-surface and geotechnical data)

(other)

The design and layout of the STATCOM facility should provide for future expansion requirements as shown

in Figure .

See Annex B for additional discussion of the VSC specification.

5. Scope of supply and schedule

5.1 Scope of supply

The following text and table may be used to define the scope of supply of the supplier and the user in the

technical specification of a STATCOM system.

The equipment, materials, and services to be furnished by the supplier and the user are listed in Table 1. Scope
of supply of the supplier should include, but is not limited to, the items checked in the “Provided by supplier”

column.

Table 1—Scope of supply checklist

Documents

Document Sharing Hub

Item Provided by Provided by user Remarks
supplier

1 VSC or other devices including

controls and cooling equipment
2 Step down or coupling transformer

HV switchgear: circuit breaker,

disconnects, grounding switches

Table continues
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Table 1—Scope of supply checklist (continued)

Item Provided by Provided by user Remarks
supplier
4 | LV switchgear (circuit breaker,
disconnects, grounding switches) and
cables if used for connection to LV bus
5 | Measuring equipment
Voltage transformers (VTs)
Current transformers (CTs)
6 Surge arresters
7 | Grounding transformers
8 | Reactors
9 Capacitors
10 | Harmonic filters
11 | Station services dedicated to VSC
12 | Yard control, protection, alarm,
and monitoring systems
13 | Special maintenance equipment and tools
14 | Training program for operation
and maintenance personnel
15 | Spare parts
16 | Testing and commissioning services
17 | Documentation including
instruction manuals
18 | Civil works for the STATCOM system,
including the switchyard, fencing,
drainage, access, and parking
19 | VSC building, including air
conditioning and grounding
20 | VSC foundations and structures to
mount busbars, including grounding
and ground mat connections
21 | Fire detection and protection systems
(building and components)
22 | Physical security systems
23 | Detailed STATCOM system
simulation models
24 | Engineering studies
25 | Others
26 | Site for the STATCOM system available  calendar
days after contract start
27 | Source of water for construction
28 | Source of temporary station kV
service power for construction available _ calendar
days after contract start
29 sources of permanent station X 3%
service power for the STATCOM available  calendar
days after contract start
30 | Existing facilities and equipment X
31 | Building permits
18
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5.2 Schedule

The user should specify the expected project schedule. The paragraphs that follow may be used.

Project completion (Testing and Commissioning) is _ calendar days after contract start. The supplier’s
project schedule is due  calendar days after contract start and should include such details as dates for
commencement and completion of work on several controlling features of the project, dates for user-furnished
services, dates on which supplier-furnished drawings will be provided and approval given, and dates and
length of time of any required power outages.

Design review meetings should be held between the user and supplier to review and discuss progress of the

design and supply of the STATCOM. The first design review should be held within __ calendar days after
contract start. Subsequent design reviews should be held according to agreed project schedule.

6. Site and environmental data

Site and environmental data should be provided by the user in the technical specification as they may have a
significant impact on the design of the STATCOM system. The text and Table 2 may be used.

The STATCOM system should be designed to meet all rating and performance requirements specified in this
document while operating in the site and environmental conditions described in Table 2.

Table 2—Site and environmental data

# Site characteristic Value Unit
1 Site elevation above sea level m
2 Maximum ambient dry-bulb temperature °C
3 Maximum ambient wet-bulb temperature °C
4 Minimum ambient air temperature °C
5 Maximum daily average ambient air temperature °C
6 Minimum daily average ambient air temperature °C
7 Ice loading conditions (thickness) mm
8 Maximum ground snow depth m
9 Maximum frost depth m
10 Maximum steady wind velocity m/s
11 Wind gust factor or maximum wind gust m/s
12 Seismic zone and withstand data
13 Isokeraunic level days/yr
14 Creepage distance (per IEEE Std 1313.2™) or dust mg/cm2 or
concentration (or pollution level per [IEC 60815) pollution level
15 Salt concentration mg/cm2
16 Solar radiation level W/em2
17 Ground resistivity Q-m
18 Humidity %
19 Existing ambient noise dB(A)
Documents
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7. Power system characteristics

Power system characteristics may have an impact on the design and performance of a STATCOM system and
should be included in a technical specification. The text and Table 3 show an example for the specification of
power system characteristics.

The following ac power system characteristics apply at the point of connection. Normal STATCOM operation

is required within the parameter values and durations given in Table 3.

Table 3—Power system characteristics

Power system characteristic Value Unit
1 Nominal ac system voltage, line-to-line kV
2 Maximum continuous ac system voltage, line-to-line kv
3 Minimum continuous ac system voltage, line-to-line kV
4 Maximum short-term ac system voltage, line-to-line See B.5.2.2 3%
5 Maximum duration of item 4 See B.5.2.2 s
6 Minimum short-term ac system voltage, line-to-line See B.5.2.2 kV
7 Maximum duration of item 6 See B.5.2.2 s
8 Continuous negative-sequence voltage component %
(used for performance calculation)
9 Continuous negative-sequence voltage component %
(used for rating calculation)
10 Continuous zero-sequence voltage component %
11 Nominal ac system frequency Hz
12 Maximum continuous ac system frequency Hz
13 Minimum continuous ac system frequency Hz
14 Maximum short-term ac system frequency Hz
15 Maximum duration of item 14 s
16 Maximum rate of change of frequency (df/dt) Hz/s
17 Minimum short-term ac system frequency Hz
18 Maximum duration of item 17 s
19 Basic insulation level (BIL) kV peak
20 Switching impulse level (SIL) kV peak
21 Power frequency withstand voltage kV
22 Maximum three-phase fault current See Annex E kA
-for performance requirements kAfor s
-for rating of STATCOM [see item k) of 8.1]
-X/R cycles
-Clearing time - normal cycles
-Clearing time - backup s
-Auto-reclose °
-Phase angle change (maximum) if required
23 Existing three-phase fault current kA
24 Minimum three-phase fault current kA
-for performance requirements kA
-for safe operation
25 Maximum single-phase fault current kA
26 Existing single-phase fault current kA
27 Minimum single-phase fault current kA

20
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Table 3—Power system characteristics (continued)

# Power system characteristic Value Unit
28 Harmonic impedance sectors for each harmonic number See Figure B.8
up to the 49th harmonic or system impedance data as inB.5.4.2

R-X values with frequency steps not larger than 1 Hz (for
performance and/or STATCOM system component rating)

29 Background harmonic voltage (or current) spectrum See B.5.4.3
(for STATCOM components rating)
30 Geomagnetic induced current (GIC) for transformer design (optional) | See Annex D A
31 Power system phase rotation CCW or CW

8. STATCOM system characteristics
8.1 STATCOM system rating

The expected ratings of the STATCOM system should be included in the technical specification. The following
text and figures give guidance on how to specify the required ratings.

The output of a STATCOM system can be adjusted continuously over the range illustrated in Figure 3(b). The
following items define the ratings of the STATCOM system equipment. More detailed information on the
items that follow is added to Annex B.

a)  The STATCOM system should regulate the kV bus voltage to a reference voltage of
kV (1.0 per unit), continuously adjustable between per unit and per unit.

b) The nominal capacitive reactive power output of the STATCOM system should be Mvar at 1.0
p.u. ac bus voltage and nominal system frequency, and °C ambient temperature. Refer to the

voltage/current (V/I) characteristic in Figure 3(b) at point A.

¢) The nominal inductive reactive power output of the STATCOM system should be Mvar at
1.0 p.u. ac bus voltage and nominal system frequency, and °C ambient temperature. Refer to the
V/I characteristic in Figure 3(b) at point B.

d)  The slope of the characteristic should be adjustable in steps of not greater than % between
% and %, on a basis of (A+B (optional G+B)) MVA [see Figure 3(b)].

e) The STATCOM system should continue to generate reactive power during a temporary undervoltage
down to the value given in Clause 7 (item 6 in Table 3) for the duration given in Clause 7 (item 7 in
Table 3) [point C optional C' on Figure 3(b)]; the STATCOM system may be tripped (or blocked) if the
undervoltage persists for more than S.

f)  The STATCOM system should continue to absorb reactive power during a temporary overvoltage
in a controlled manner up to the value given in Clause 7 (item 4 in Table 3) for the duration given in
Clause 7 (item 5 in Table 3) [point D on Figure 3(b)]; the STATCOM system may be tripped if the
overvoltage persists for more than S.

g) (Optional) The temporary capacitive reactive power output of the STATCOM system, associated with
the operation of the VSC, should be Mvar at per unit ac bus voltage for
s [Figure 3(b), point G], following continuous operation at any operating point in the steady-state
operating region. (This temporary capacitive output is the additional capacitive output provided by the
STATCOM, as shown on Figure 3(a), point G, and is not achieved by the addition of extra capacitors.)

h)  (Optional) Continued controllable conduction of the STATCOM system associated with the operation
of the VSC to absorb reactive power should be possible up to per unit ac bus voltage for
s [Figure 3(b), point B’], following continuous operation at any operating point in the steady-
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state operating region. (This temporary capacitive output is the additional inductive output provided
by the STATCOM, as shown on Figure 3(a), point B’, and is not achieved by the addition of extra
capacitors.)

i)  The STATCOM system should be capable of repeating temporary operation as defined in any one of
item e), item f), item g), or item h) of 8.1 every min.

j)  The coupling transformer and all bus equipment, if used, such as filter branches, capacitor bank
branches (thyristor switched or fixed), whether at HV or low-voltage (LV), should be rated to
withstand the specified continuous and short-term operation, and to withstand or be protected against
voltage and current stresses that exceed these conditions.

k)  All equipment in the STATCOM system should be capable of sustaining, without damage, any fault
limited by the maximum design short circuit level of the system and the VSC transformer impedance,
if a coupling transformer is used.
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(b) Example of VI curve of a STATCOM system

is defined by item b) of 8.1 giving the capacitive design point for continuous operation

is defined by item c¢) of 8.1 giving the inductive design point for continuous operation

is defined by Clause 7 (item 6 and item 7 in Table 3)

Q

is defined by Clause 7 (item 4 and item 5 in Table 3). It is an extension of line [Lrated-B
is an extension of line ICrated-A at maximum reference voltage (K) and minimum slope
is an extension of line [Lrated-B at maximum reference voltage (K) and maximum slope

is defined by item g) of 8.1 giving the capacitive design point for short time operation

T Q T m g 0w o

is an extension of line ICrated-A at minimum reference voltage (M) and maximum slope

Figure 3—Example of VI characteristic of a (a) STATCOM and a (b) STATCOM system

(figure continues on next page)
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is an extension of line ILrated-B at minimum reference voltage (M) and minimum slope
Maximum reference voltage

Nominal reference voltage

5 "=

Minimum reference voltage

Figure 3—Example of VI characteristic of a (a) STATCOM and a (b) STATCOM system

8.2 Control objectives
8.2.1 STATCOM system functions and applications, with priority

The technical specification of a STATCOM system should include a description of the required control modes
and their priority. More information about the available control functions is available in B.1.2. An example is
given as follows.

The desired function(s) and the priority in which the STATCOM system should respond to them are:

a) Fixed reactive power mode (FQM)
b)  Voltage control mode (VCM/manual control mode)

1)  Control of the positive sequence component of the fundamental frequency voltage in steady state
and dynamic operation, with slope in the range of % to % at MVA base.

2) Control of phase voltages (based on positive and negative sequence voltage). (optional)
¢)  Supplementary control functions
1) Gain supervision

To control regulator gain in order to prevent oscillations and excessive overshoot in the
STATCOM response, a gain supervision function can be implemented. This function monitors
the STATCOM response following a system disturbance. If required, an order to reduce the
regulator gain based on frequency range, amplitude, and number of consecutive oscillations of
the response will be issued. Gain reduction should be indicated and provisions for reset should be
provided either automatically or by the operator.

2) Coordinated reactive power control of external devices (optional)

To optimize the use of dynamic vars versus steady state vars, control of externally connected
shunt capacitor or reactor banks can be implemented. Such banks can be connected either locally
to a HV bus also connected to the STATCOM unit (see Figure 4) or remotely several busses
removed (see Figure 5). The location of the banks to be controlled may call for different strategies
and interface signals. If applied simultaneously with the supplementary VSC current controller,
the two functions require careful coordination. External devices like mechanically switched
capacitor (MSC)/mechanically switched reactor (MSR) can be switched ON or OFF to position
the steady state operating point of the VSC so as to extend its dynamic range.

Documents

24 Document Sharing Hub
Authorized licensed use limited to: Tsinghua UnfvERYJIIbSEhHRERd BF Fafehriias6 @ 6/esh:26 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1052-2018


http://www.avadocuments.com/doc/ieee-1052-2018
http://www.avadocuments.com/doc/ieee-1052-2018

|IEEE Std 1052-2018
IEEE Guide for Specification of Transmission Static Synchronous Compensator (STATCOM) Systems

138 kV
STATCOM
| STATCOM
¢ » 138 kV Voltage Current
3

5]

52 Bank#1

— E_ Bank Open 138 kV Voltage |«

STATCOM Current
|_||52| I Bank#2 |— Bank Close
Shunt Device
'|_||52I { Bank#3 |— Control Package
» Bank State

— 5] | Bank Available

52 Bank#4 Enable |[¢—

I_I :_ Disable 4—] SCADA

Boost |[¢——
—52] [Bankits] Buck |«
Fast Cap Insertion Slow Cap Insertion Slow Cap Removal Fast Cap Removal
(Fast Reactor Removal) (Slow Reactor Removal) (Slow Reactor Insertion) (Fast Reactor Insertion)
v A4
Capacitive Bandwidth 1 Inductive Bandwidth 1
‘Capacitive Current o T Inductive Current
Steady State Operation
Offset
Figure 4—Local bank control scheme
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Figure 5—Remote bank control scheme

3) Supplementary VSC current controller (optional)

To optimize the use of dynamic vars versus steady state vars, a control function that slowly
reduces or offsets the STATCOM point of operation can be implemented. By deliberately
adjusting the voltage reference setting within a narrow window the STATCOM system output is
pushed toward either a specific point or toward a window to preserve dynamic range. This slow
operating function is meant to provide for slower controllers, such as transformer LTCs or
externally connected shunt bank standalone AVR systems to operate and meet the slower long
term voltage variations caused by daily or weekly load variations. Rapid changes in the system
voltage that call for dynamic compensation will have priority over this type of controller. Figure 6
shows an example of implementation of a VSC current controller.
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Figure 6—Supplementary VSC current controller
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4) Power oscillation damping (optional)

To increase the damping of power system oscillations occurring in the power system close to the
STATCOM installation, a power oscillation damping (POD) function can be implemented in the
STATCOM control. Power or frequency are measured and used as input signals for a
supplementary control function that supply a modulated output, with gain and phase shift
optimized to the oscillation mode or modes of interest. These are usually in the range 0f 0.2 to 2.0
Hz. Figure 7 illustrates how POD function can be integrated in the STATCOM system controller.
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POD < O ot

Figure 7—STATCOM controller with POD

5) Gain optimization (optional)

To provide operation at optimal regulator gain, a fully automatic optimizing function can be
implemented. This function operates by inducing a small change in the STATCOM output. The
gain is adjusted based on the network response signal.

8.2.2 Response

The response time of a STATCOM system is often defined by its step response and can be specified as follows:

The step response defined in Figure 8§ has the aim to define the speed of the control system (controller, system,
and measuring circuit). By specifying the response and settling time the performance of the control system
will be defined. In the case where the step is not only performed by linear control devices [thyristor controlled
reactor (TCR) or VSC] and a switched branch like a TSC is switched in during a step response, the result of
overshoot and settling time cannot be used to evaluate the control system performance. For linear control
devices the change of measured system voltage to small disturbance should reach 90% of the desired total
change within ms of the initiatinga % step change of voltage reference. The maximum overshoot
should not exceed % of the total change, and the settling time should not exceed  ms, after which
the voltage should be within £5% of the final value. This response characteristic within these limits must be
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respected when the system three-phase fault MVA is between the minimum and the maximum value defined
in Clause 7. The response of the system voltage using the actual controller should be validated on a real
time simulator during the factory acceptance test (FAT). A Thevenin network equivalent is sufficient for this

purpose.
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Figure 8—Definition of response and settling time

8.3 Harmonic performance
8.3.1 General information

The STATCOM system should be designed to reduce the effects of resonance between its shunt capacitor
banks, filter branches, and the ac system, and, hence, to limit the harmonic distortion imposed on the connected
transmission system.

The STATCOM system purchaser will also need to indicate whether the full planning level limit (taking
into account the distortion already existing) is available for the distortion due to the VSC, or only a part of
that planning level is available based on the size of the STATCOM system as a proportion of the total MVA
capability of the substation (refer to Chapter 9 of IEC 61000-3-6).

Refer to B.5.4 for additional information.

8.3.2 VSC filter design and performance

Filters may have to be used to meet harmonic distortion requirements.

Given the many available STATCOM system configurations, many harmonic filter designs can be used.
The choice of design implementation is the responsibility of the STATCOM system supplier. More detailed
description is available in B.5.4.

8.3.3 Filter component rating

The harmonic filter system should be rated to carry continuously the harmonic currents produced by the VSC
and, if relevant, the harmonics present in the form of background harmonic distortion of the system. Unless
otherwise specified, harmonic currents from the power system and those of the STATCOM system of the
same order should be added following the general summation law (refer to Chapter 7 of IEC 61000-3-6). All
harmonic currents of different order should be added quadratically (root sum of squares) or following the
guidance of IEC 62001-4 [B27].
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NOTE—The open circuit system calculation described in Chapter 2.2.4.2 of IEC 62001-4 [B27] is not applicable to
STATCOM systems.

More detailed description is also available in B.5.4.

8.4 Telephone and radio interference
8.4.1 Telephone interference (refer to IEEE Std 519™ for additional details)

Limits for telephone interference may be given, where applicable, as follows:

—  The I x T product should be less than . The I x T product is defined by IEEE Std 519™ as
the inductive influence expressed in terms of the product of its root-mean-square (rms) magnitude
(D), in amperes, multiplied by its telephone influence factor (TIF). The weighting factors from the
“C-message” are established in IEEE Std 519.

— The kV x T product should be less than . The kV % T product is defined by IEEE Std 519 as
the inductive influence expressed in terms of the product of rms voltage magnitude (V), in kilovolts,
multiplied by its TIF. The weighting factors from the “C-message” are established in IEEE Std 519.

More information is available in B.5.5.1. The user should specify the impedance and the equivalent circuit or
model, which is necessary for the calculation.

8.4.2 Broadband interference

If required, broadband interference limits should be included in the technical specification. The user should
refer to local standards to determine the specific limits acceptable for their respective country.

More information is available in B.5.5.2.

8.5 Audible noise

The supplier should design and construct the STATCOM system to limit the audible noise interior and exterior
to the facilities. The technical specification should contain the applicable limits and the measurement locations,
as well as measurement procedures to be used if required. B.5.6 gives additional guidance.

8.6 Loss evaluation
8.6.1 General information

Power losses of electrical apparatus are becoming increasingly important due to the high cost of energy. The
STATCOM system purchaser should clearly state how cost of losses is considered in the whole STATCOM
system project. Some STATCOM system purchasers may consider STATCOM system losses only for
information; others will consider cost evaluated losses in the overall STATCOM system costs. The purchaser
should state whether the cost of losses is to be considered in the evaluation of the bid. The losses should be
stated for the POC.

The bidder should supply the estimated or warranted total losses (kW) calculated in accordance with the
equations summarized in B.5.7 and Annex C. It should be assumed that ambient temperature is °C,
the busbar voltage is per unit, and the slope setting is %. The STATCOM system may not
operate at these conditions, but they provide a common base for evaluation.

For each operating point, losses are calculated for the parts of the STATCOM system in operation or connected,
whether conducting current or not. Parts can be defined to be any system’s subsystem of device that is required

Documents

29 Document Sharing Hub
Authorized licensed use limited to: Tsinghua UnfvERYJIIbSEhHRERd BF Fafehriias6 @ 6/esh:26 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1052-2018


http://www.avadocuments.com/doc/ieee-1052-2018
http://www.avadocuments.com/doc/ieee-1052-2018

|IEEE Std 1052-2018
IEEE Guide for Specification of Transmission Static Synchronous Compensator (STATCOM) Systems

to be operational or in service, which will allow the STATCOM system to fulfill the specified requirements,
dynamic and transiently. When more than one combination of STATCOM system parts might operate at a
given output (so called overlap range of at least two switching states) and almost continuous operation at
the switching state with lower losses is possible, these lower losses should be taken into consideration. This,
however, depends on the control strategy minimizing the losses in the overlap range and has to be described
by the bidder and checked at the FAT. If such a control strategy is not used, both values should be given and
separately summated, with explanation, and the average taken forward to the summation.

Losses in switchgear, busbars, cables, clamps, connectors, etc., are excluded. Losses associated with harmonic
currents are also omitted from loss calculations for evaluation (though they should be considered to determine
ratings of cooling plant and the like). The losses are calculated including all redundant auxiliary supply
systems (ac and dc), and control and protection systems, but exclude dual devices on the cooling systems such
as redundant cooling pumps and redundant fans since they are not in operation. However, redundant valve
levels are to be included. As a general rule, all devices that are required to fulfil the operational requirements of
the STATCOM system, are to be included in the determination of the losses.

8.6.2 Switching devices losses
8.6.2.1 VSC losses

VSC converter losses are composed of losses in power electronic switches [insulated gate bipolar transistor
(IGBT) or other], made up of conduction and switching losses, and the losses in dc capacitors, resistors, and
inductors used within the converter system. See B.5.7.2 and Annex C for details.

8.6.2.2 Thyristor valves losses

Referto B.5.7.3.

8.6.3 Transformer losses

The transformer losses are a function of the transformer resistance and the rms fundamental current in the
transformer and core and stray losses.

Transformer losses are normally measured on test at full load and no load. The no load losses should be stated
at nominal voltage and no load, and should be taken as being consumed at all times.

The full load losses should be used to calculate an equivalent resistance of the transformer. Losses of the
transformer at each STATCOM system operating point required in 8.6.8 should then be calculated using this
resistance and the predicted transformer current for that STATCOM system output.

More details can be found about transformer losses measurement in IEEE Std C57.123™,

8.6.4 Reactor losses (if used)

The reactor losses are calculated from the rms fundamental phase current I. For formulas see B.5.7.5.

The calculation in B.5.7.5 applies to VSC phase reactors, thyristor switched reactors (TSR), MSRs, TSC
tuning reactor (if used), and filter reactors (if used).

8.6.5 Capacitor bank losses [TSC, MSC(DN), and filters (if used)]

In the test report for each capacitor unit, as per IEEE Std 18™, the dissipation factor (tan delta) is given. An
average value for all capacitor units is used to calculate the capacitor bank losses. For formulas see B.5.7.6
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8.6.6 Resistor losses

Resistors are included in damped filter configurations [e.g., high pass (HP) filters, high frequency blocking
filters, mechanically switched capacitive damping network (MSCDN)]. The resistor losses are calculated
according to formulas shown in B.5.7.7.

8.6.7 Auxiliary system power

The power used by the auxiliary systems for pumps, fans, and building cooling and heating systems is deduced
for each specified condition of the ambient temperature and reactive power flow. Nominal auxiliary supply
voltage is assumed. Values for auxiliary power can be assumed from previous projects and have to be measured
after installation for comparison purposes.

8.6.8 Total loss evaluation

The losses for each equipment in operation that the end-user wants to include (8.6.2 through 8.6.7) are summed
for each load level from full capacitive to full inductive output and shown in a loss curve over its steady-state
operating range at a system voltage of 1.0 pu.

The losses in the different operating ranges should be averaged and evaluated by the operating time. Refer to
B.5.7.

The sum of the loss values should be added to the investment cost of the equipment to determine the total
evaluated cost (see Annex C).

A similar calculation may be done after the equipment FAT to determine the final loss costs. Auxiliary losses
can be measured and evaluated after commissioning. If the losses are higher than the losses stated in the
enquiry document, the difference may be calculated as a penalty and can be subtracted from the final cost.

8.7 STATCOM system availability and reliability
8.7.1 Definitions

The following definitions apply:

a)  Forced outages are outages caused by faults in the STATCOM system equipment that result in loss of
part or all of the essential functions of the STATCOM system.

b) Scheduled outages are outages necessary for preventive maintenance to assure continued and reliable
operation of the STATCOM system. They may result in the temporary loss of part or all of the
STATCOM system.

¢) Outage duration is the elapsed time in hours from the instant the STATCOM system is out of service to
the instant it is ready to be returned to service. The following will be included in outage duration:

1) The down time required to determine the cause of an outage or to determine which equipment or
units of equipment to repair or replace.

2) The time required by system operators to disconnect and ground equipment in preparation for
repair work, and to remove grounds and reconnect equipment after repairs are complete. Delays
caused by unavailability of qualified user personnel are not accumulated in the outage duration.

3) Partial outage. If partial STATCOM system output is available, the duration of equivalent outage
should be calculated as the product of the derated condition duration and the proportion of the
nominal output range that cannot be achieved during this period.
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d) Annual availability is the annual equivalent availability for forced outages, both total and partial, in
percent and is defined by Equation (1) with duration in hours:

D
1_28760

%100 (1

where
D s the duration of the equivalent event (forced outages) in hours

8.7.2 Required availability and reliability

Reliability performance is required of the STATCOM system, as follows:

a)  The annual availability for forced outages for the STATCOM system should be at least %.

b)  There should be less than (number) forced outages of the STATCOM system per year.

¢) The bidder should state the expected or guaranteed average number and duration of scheduled outages
per year.
The bidder should guarantee the quoted availability performance for _ years from commercial

operation. The supplier will be notified of major outages. During the guarantee period, the user will
maintain records of the number and duration of forced and scheduled outages, hours of operation,
and any other relevant data, and should make those records available to the supplier upon request. If
the actual performance is different from the values stated in item a) and item b) of 8.7.2, the supplier
should provide corrections and modifications to meet the availability guarantees at no extra cost to the
user. The availability guarantee should then continue until the average over  consecutive years of
operation within the guaranteed values have been achieved.

d) Maintenance intervals should occur regularly for inspection and, where necessary, repair. The bidder
should suggest the maintenance interval suitable for its equipment and should describe any condition
monitoring offered.

9. Main components—required functions and features

9.1 General requirement

All materials that will become a part of the completed work should comply with applicable standards listed in
Clause 2.

9.2 Switching devices [VSC (STATCOM) and thyristor valves (TSC/TSR)]

9.2.1 Overall performance

The electronic switches should be designed with the aim to achieve operation according to the overall
performance requirements of the STATCOM system.

9.2.2 Access to power switching device submodules

The design of the VSC valves’ and thyristor valves’ support structures should permit access by the user for
visual inspection, routine maintenance, and component replacement.

9.2.3 Design robustness

The VSC and thyristor valves should be designed with individual devices and other components applied in a
conservative manner with regard to their basic design parameters, as follows:
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a)  The switching devices should withstand maximum overvoltage and overcurrent stresses due to system
faults and switching.

b) The switching device’s design should include an appropriate allowance for unequal voltage
distribution across individual devices in the valve due to stray capacitor and component tolerances.

c¢) The switching devices should be designed to prevent or, alternatively, to withstand false firing events,
i.e., the firing of any valve at an incorrect time in the cycle or when not ordered. The bidder should
describe the details of prevention or withstand inherent in its design.

d) Each switching device should be able to operate within component ratings, generally with at least
one failed submodule or level. The number of possible failed submodules or levels should be selected
by the supplier, demonstrated to the user, and be consistent with the availability requirements of the
STATCOM system.

9.2.4 Maintenance

Switching submodule monitoring and maintenance requirements are as follows:

— Amonitoring means to identify any VSC submodules or thyristors that have failed should be provided.

— Theswitching devices should be designed to allow easy replacement of failed submodules’ components
or thyristors. Other system components or filter branches should be capable of continued service while
a submodule component is being changed or during similar maintenance.

9.2.5 Switching devices protection

The bidder should state the methods of overvoltage protection of the submodules and the voltage levels at
which these protections operate, as follows:

— VSC submodules should be protected against overvoltages with appropriate strategies. Description of
the failure mode of the switching device and the strategies used following failure should be provided.

— TSR valves should be protected against overvoltages by a forced firing system (refer to
IEEE Std 1031™),

— TSC valves should not be fired under overvoltage conditions.

9.2.6 Testing

The bidder should submit a test program for the switching devices, including type tests and routine tests in the
factory.

9.2.7 Startup and energization

The STATCOM system should be designed to allow full and automated start-up with and without energization
of the voltage source internal capacitors. The bidder should describe the details of the energization sequence,
including the charging circuits for the VSC, auxiliary power requirements, and constraints for all switching
devices. The bidders should provide details on the impact on the system voltage during all possible energization
and charging conditions and, in particular, during the maximum and minimum system strengths (three-phase
fault current conditions). The information should provide timing sequences for both the pre-charging and
energization duration until the STATCOM is fully in service. The bidders should include an analysis of the
ability or constraints to start the STATCOM with no auxiliary ac power available from the network.
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9.2.8 Low-voltage and overvoltage ride through (LVRT and OVRT) of the STATCOM system

The STATCOM system should be designed to allow effective ride through of the STATCOM during short
durations of LV or HV conditions. The bidder should describe the details of the dynamic performance and
output of the STATCOM during different LV or HV conditions (both as a function of the voltage magnitude
and the duration of the abnormal voltage condition).

9.3 VSC (STATCOM) and thyristor valves (TSC/TSR) cooling system
9.3.1 Liquid cooling (if applicable)

If liquid cooling can be provided by the manufacturer, the user should specify the minimum requirements for
such a cooling system. The following requirements may be used:

a) A closed-loop recirculating system should provide full heat rejection capacity with redundancy for
pumps, heat exchangers, and fans, appropriate to the STATCOM system availability requirements.
The cooling system should be able to maintain full capacity at maximum ambient temperature and
maximum STATCOM reactive power output. The cooling system should be able to operate at the
lowest ambient temperature and zero output specified, and the bidder should describe how this
operation is done.

b) Replacement of certain cooling equipment (e.g., pumps, fans, cooler unit), if defective, should be
possible while the cooling system still operates.

¢)  Apurifying loop to maintain liquid resistivity should be provided. The bidder should state the design
value of liquid resistivity and describe methods of detecting and responding to abnormal conditions.

d) The quantity of deionization material should be sufficient for a period longer than the specified
maintenance interval operation without replacement. Deionization materials should be replaceable
without cooling system shut down. Instructions for frequency of inspection and change should be
given. The bidder should describe the necessary maintenance actions and their frequency.

e) Maintenance of closed loop systems and make up for loss of liquid should not be required more than
once a year.

9.3.2 Air cooling (if applicable)

If an air cooling system can be provided by the manufacturer, the minimum requirements should be specified
by the user. The following may be used:

a)  An air cooling system should provide full heat rejection with redundancy in blowers, filtering,
monitoring, and heat exchangers (if required). The cooling system should permit work on a defective
unit without shutting down the system.

b)  The bidder should describe the air filtering system and details of monitoring of the status of blowers,
filters, and other components.

9.3.3 Cooling system protection

The cooling system should monitor its own operation and the condition of the cooling medium, as follows:

a)  Forliquid-cooled systems, the protection system should include, at a minimum, the following warning
alarms:

1) Depleted demineralizer (deionizing) cell

2) Low water resistivity
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