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UHV AC TRANSMISSION SYSTEMS -
Part 302: Commissioning

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

PJb:;\;Gt;UII(D)”). ThCII plcpqlqtiull ;D Ulltlubtcd tU tU\;hll;bd: bUIIIIII;ttUUD, dlly :EC Natiulla: CUIIIIII;ttUU ;Iltclusted

in| the subject dealt with may participate in this preparatory work. International, governmental ahd|non-

gpvernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates,closely
th the International Organization for Standardization (ISO) in accordance with conditions determingd by
reement between the two organizations.

nsensus of opinion on the relevant subjects since each technical committee has representation from all

w

a

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possjble,)an internafional
c

nterested IEC National Committees.

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

4) Inl order to promote international uniformity, IEC National Committees(undertake to apply IEC Publicgtions

transparently to the maximum extent possible in their national and_regional publications. Any divergence
b¢tween any IEC Publication and the corresponding national or regional*publication should be clearly indicated
in[the latter.

5) IHC itself does not provide any attestation of conformity. Independent certification bodies provide confgrmity
agsessment 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) Np liability should attach to IEC or its directors, employees, servants or agents including individual experts and
miembers of its technical committees and IEC Nationhal Committees for any personal injury, property damgdge or
other damage of any nature whatsoever, whethér direct or indirect, or for costs (including legal fees) and
penses arising out of the publication, usesof, or reliance upon, this IEC Publication or any othefr IEC
Liblications.

e

P

8) Aftention is drawn to the Normative reférences cited in this publication. Use of the referenced publicatigns is
ndispensable for the correct application of this publication.

9) Aftention is drawn to the possibility that some of the elements of this IEC Publication may be the subjgct of
patent rights. IEC should not be held responsible for identifying any or all such patent rights.

IEC TS 63042-302 hastbeen prepared by IEC technical committee 122: UHV AC transmigsion
systéms. It is a Techhical Specification.

The text of thisyFechnical Specification is based on the following documents:

DTS Report on voting
122/115/DTS 122/117/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.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part1 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/standardsdev/publications.

A list of all parts in the IEC 63042 series, published under the general title UHV AC
transmission systems, can be found on the IEC website.


http://www.iec.ch/members_experts/refdocs
http://www.iec.ch/standardsdev/publications
https://iecnorm.com/api/?name=ac802e40e5a5a5cb4d09829adee50df0
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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,

e replaced by a revised edition, or

e amended.

IMRORTANT - The "colour inside"” logo on the cover page of this document indicates 'that it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

Due to the increase in voltage level and transmission capacity, the reliability and security of
high voltage electric equipment and power system are facing new challenges. There is a need
to have consensus on a series of technical criteria and requirements for commissioning tests
for ultra-high voltage (UHV) AC transmission systems to check the proper and expected
performance of substation equipment and transmission lines, to verify the function of the
transmission system, to obtain the electromagnetic data and confirm the environmental
impacts complying with relevant local regulations. By commissioning, the integrated
performance and construction quality of the project before its commercial operation could be
confirmed

This| document proposes relevant test items, test preconditions, test methods,Cand |test
accgptance criteria for pre-commissioning, system commissioning, and measurement during
system commissioning.
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UHV AC TRANSMISSION SYSTEMS -

Part 302: Commissioning

1 Scope

This

part of IEC 683042 alnlnlinq to the rnmmiceinning of UHV AC transmission systems

It m
accsg
mea

hinly specifies the test purposes, test items, test preconditions, test methods and
ptance criteria during pre-commissioning and system commissioning.- Also,
surement requirements for system commissioning are specified.

test
the

their

ding

and
a.c.

m 1
for

sts

and
ning

2 Normative references

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

IEC B0076-6:2007, Power transformers — Part 6: Reacfers

IEC p0076-10:2016, Power transformers — Part 10:.Determination of sound levels

IEC B0076-10:2016/AMD1:2020

IEC | 61000-4-13:2002, Electromagnetic compatibility (EMC) — Part 4-13: Testing
measurement techniques — Harmonicszand interharmonics including mains signalling at
power port, low frequency immunity tests

IEC 61000-4-13:2002/AMD1:2009

IEC 61000-4-13:2002/AMD2:2045

IEC p1786-2:2014, Measurement of DC magnetic, AC magnetic and AC electric fields frq
Hz jo 100 kHz with regard to exposure of human beings — Part 2: Basic standards
meapsurements

IEC[TS 63042-304:2018, UHV AC transmission systems — Part 301: On-site acceptance tq
CISPR TR18-2:2017, Radio interference characteristics of overhead power lines
hightvoltage equipment — Part 2: Methods of measurement and procedure for determ
limits

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp


http://www.electropedia.org/
http://www.iso.org/obp
https://iecnorm.com/api/?name=ac802e40e5a5a5cb4d09829adee50df0
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3.1

commissioning

tests and measurements performed to verify the quality of equipment installation and verify
the system in an appropriate state before a transmission project being put into commercial
operation, consisting of two parts of pre-commissioning and system commissioning

3.2

pre-commissioning

series of tests and measurements performed in a substation before system commissioning of
a transmission project

Note [ to entry: The tests include combined tests and communication tests to further assess the conditipn of
equipment after installation and on-site acceptance test for a transmission project.

3.3
system commissioning
serigs of tests and measurements performed (or checked) for the equipment-and the power
systém in the operating power grid after pre-commissioning

Note [I to entry: The tests and measurements are implemented after completing on§ité acceptance test anq pre-
comnjissioning test, in order to ensure the project fulfils the requirements of commlercial operation.

3.4
loop closing

looq interconnecting
opeffation performed by closing circuit-breaker of transmission line or transformer to make the
power grid of same or different voltage levels rud in loop (synchronous interconnection)
network

Note [1 to entry: The purpose of the test is to verify the_correctness of the synchronous strategy set for the tested
circuit-breakers, and to ensure security when the power‘grid is loop closed (interconnected).

3.5
loof opening
looy splitting
operation performed by opening circuit-breaker of transmission line or transformer to make
the [power grid of same .of, different voltage levels run out of loop (synchropous
interconnection) network

Note [1 to entry: The purpeseof the test is to verify the security when the power grid is loop opened (split).
4 General

4.1 Requirements

The [overall requirements including main purpose, general method, scope of application,|and
techhical preparation for UHV AC system commissioning are as follows in 4 2 to 4 5 to selcure
objectivity and transparency for evaluation and judgment of commissioning and to follow the
regulation of each country for safety and environmental security.

4.2 Main purpose

Commissioning is performed to confirm the integrated performance capability and
construction quality of the project before its commercial operation. The utilities should carry
out commissioning tests for UHV equipment and system-oriented aspects before the operation.
The purposes are as follows:

e to confirm the proper and expected performance of substation equipment and transmission
lines;

o to verify the function of the transmission system:;


https://iecnorm.com/api/?name=ac802e40e5a5a5cb4d09829adee50df0
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e to obtain the data such as electromagnetic field, sound level, etc., and to confirm the
environmental impacts complying with relevant local regulations.

4.3 General structure of commissioning

The general structure of on-site acceptance tests and commissioning is shown in Figure 1, to
confirm the soundness of every equipment and transmission line, the communication test
between protection, control, information equipment and control centre, and also the function
of the power grid. The commissioning consists of pre-commissioning and system
commissioning. Details of pre-commissioning and system commissioning are shown in Clause
5 and Clause 6 respectively.

Transmission Power . Control and Other On-sitefacceptance
Egch test ] Switchgear ) ;
line transformer protection equipment test
v v \ 4 v
Cdmbined test Substation combined test
v Pre-commissionipng
Cdmmunication test Communication test between protection, centrol,
information equipment and control center
\ 4 \ 4
Enfergizing test Energizing test for commissioning
i System
commissioning
Interconnecting test Interconnecting testfor commissioning

IEC
Figure 1 — General structure.of on-site acceptance tests and commissioning

4.4 | Scope of application

The [scope of the application.is shown in Table 1.

Table 1 — Scope of application

IEC documents Each Combined Communication Energizing | Interconnecting
test test test test test

IEC T§63042-301

UH\ AC transmission systems — | Applied - - - -
Paft.301: On-site acceptance

tests

IEC TS 63042-302

UHV AC transmission systems — - Applied Applied Applied Applied
Part 302: Commissioning

4.5 Technical preparation of system commissioning

With regard to the newly constructed UHV AC substations and transmission lines, simulation
analysis should be carried out, as the necessary technical basis for evaluating the risks and
ensuring the security and availability of system commissioning tests based on the practical
conditions of equipment and nearby power grid including transmission lines.
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The simulation analysis consists of two parts, power flow and stability analysis, and
electromagnetic transient analysis. The power flow and stability simulation analysis focuses
on power grid operation mode, power flow arrangement, fault current, voltage fluctuation,
system stability performance during a disturbance, and security control measures. The
electromagnetic transient analysis focuses on overvoltage and overcurrent for each
commissioning test, and technical measures to ensure the security of equipment and system.

Commissioning program should be prepared prior to on-site implementation, which should
specify the test purposes, test contents, test and measurement procedures, and on-site
security measures, etc. The commissioning program should be compiled based on the
simulation results, the practical connection wirings of the commissioned substations, and the
charfacteristics of commissioned equipment and transmission lines.

5 Pre-commissioning

5.1 General

The [conditions of pre-commissioning for UHV AC projects are as follows:

e the installation of equipment has been completed, and on-site acceptance tests| are
dqompleted;

e the network connection of the protection and control‘system and the communication
dystem in the station has been completed;

[ ]
—

he AC and DC power supply in the station has beefvinstalled and tested.

The|test items and requirements of pre-commissioning for UHV AC projects should be
spedified and selected by utilities based on their.regulations and design.

The fecommended test items of pre-commissioning are listed in Table 2.

Table 2 - Recommended test items of pre-commissioning

Test items

Protection and control system test

Instrument transformer test

Combined test
Switchgear and transformer test

AC and DC power supply system test

Monitoring and control system test

Cemmunication system test
Protection and fault information system test

5.2 —Combinedtest
5.2.1 General

The requirements for each combined test item should be specified.

5.2.2 Protection and control system test
The test contents and method of the protection and control system test are as follows:

e check the insulation of the secondary circuit and panel with a megohmmeter;

e check the signal of the protection and control system. The input/output binary signal is
simulated one by one in each protection and control device and then checked at the
receiving end (measuring and controlling device, control and monitoring system, or related
equipment);
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check the protection and tripping function. The tripping logic of each protection device is
tested one by one. Simulate all kinds of faults in each protection to make it trip, check and
confirm the correctness of the tripping function between protection and circuit-breaker, the
linkage logic between protections such as line protection and circuit-breaker failure
protection, busbar protection and circuit-breaker failure protection;

carry out an end-to-end test. For pilot protection or differential protection, check the
sampling value, differential current, input and output contacts, remote signal, and
telemetry of the protection devices on both sides, and simulate various faults to verify the
logic of pilot or differential protection. Check whether the optical power, bit error rate,
attenuation, and channel coding of the channel meet the requirements.

Instqument transformers include current transformer (CT) and voltage transformer\(VT).[The

test contents and method of instrument transformer test are as follows:

5.2.4 Switchgear and transformer test

dheck the insulation of CT and VT secondary circuit insulation with a megohmmeter;

dgheck the DC resistance of the CT secondary circuit. The balance”bridge method or
econdary injection method can be applied;

)]

o

heck and confirm that the polarity of the instrument transformériis in accordance with the
esign drawings. It could be conducted in the CT primary injection test and VT energ|zing
test;

o

o

heck the AC load resistance of the secondary circuit' of the instrument transformer.
econdary current and voltage injection method could ‘be applied;

fda)

hject current into the primary system of the CT~and check the phase sequence, polarity,
nd ratio of the current transformer, and .the correctness of the display valuep of
rotection, measurement, metering, and otheryrelated equipment;

nergize the voltage transformer from pfimary or secondary, check the ratio of vorl,l:age
ransformer, and the correctness of the'wvoltage display value of protection, measurenment,
netering, and other related equipment.

S~ 0D Q)

Switchgear includes circuit-breaker, disconnector, and earthing switch. The test contents|and

method of switchgear and transformer test are as follows:

ynder each redundant operating power supply, verify the correctness of local/remote
Fipping and closing' operation of the circuit-breaker, and on-load tap changer (OLTC)
remote operation of the transformer;

—

[¢))

imulate sjmultaneous opening and closing operations to verify the anti-pumping fung¢tion
af the cincuit-breaker;

gheck and confirm that the current of the opening and closing circuit of the circuit-brefaker
meets-the requirements;

check and confirm that the Iow SFg gas pressure Iocking functions of the circuit-breaker
work correctly;

for synchronous closing of the circuit-breaker, when the synchronous conditions are
satisfied or not, the closing operation is carried out separately to verify the correctness of
the synchronous function;

for each circuit-breaker, related disconnectors, and related earthing switches, and for
circuit-breaker and high-speed earthing switch (HSES) for secondary arc extinction, when
the interlocking condition is satisfied or not, the interlocking operation is carried out
separately to verify whether the interlocking function is correct. For the details of the
interlock between circuit-breaker and high-speed earthing switch see Annex B.
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5.2.5 AC and DC power supply system test

AC and DC power supply system refers to the auxiliary power supply of substations. The test
contents and method of the AC and DC power supply system test are as follows:

e check insulation resistance of power source busbar and cable to ground;

e the functions of DC system switching, DC insulation monitoring, DC feeder power off,
standby self-switching, accident lighting, UPS, control and protection interface should be
tested and verified.

5.3

Communication system test

In t
syst
follo

e

o0

—~ NN o0

Q. O 1T QO O

NOTH

6.1

The
is de

ne communication system test, the communication of all automation and prote
bms should be tested. The test contents and method of the communication tést“ar
s:

heck the binary and analogue signals of each substation equipment, “protection

ontrol operation;

ollect and record fault waveform, protection actions, and signals‘for protection and
nformation system, which is connected with digital fault recorders and protection dev
Lheck the signals. Test the communication with the substation and the master statid
he protection and fault information system;

heck the insulation of secondary circuit for other monitoring and/or control systems,

s digital fault recorder, fault location system, stability control system, synchro
hasor measurement system, time synchronization system, metering system, on
ondition monitoring system. Check the binary“and analogue signals, verify the func
f each system, and test the communication with the master station and/or substation.

Some of the monitoring and/or control system tests mentioned above are described in Clause A.4.
System commissioning

General

recommended test items \of system commissioning are listed in Table 3, but no sequ
fined.

Table.3 > Recommended test items of system commissioning

Test items

Energizing test of no-load UHV power transformer

Energizing test of tertiary connected reactor

Energizing test of tertiary connected capacitor

ction
e as

and

ontrol system, circuit-breaker, disconnector, and earthing switch, and iverify the remmote

fault
ces.
n of

such
hous
Hline
ions

ence

Energizing test

Energizing test of UHV busbar shunt reactor

Energizing test of UHV busbar

Energizing test of no-load UHV transmission line

Interconnecting test |Loop closing (interconnecting)/opening (splitting) test

The test items and requirements of system commissioning for UHV AC projects should be
specified and selected by utilities based on their own regulations and design.

For

newly designed and constructed transmission lines, more information for system
commissioning test is given in Annex A to Annex C.
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6.2 Test requirements
6.2.1 General

The requirements on preconditions, methods and acceptance criteria for each test item of
system commissioning should be specified as described in the following subclauses.

6.2.2 Energizing test of no-load UHV power transformer

6.2.2.1 Test preconditions

Thel- ot racanditiane—far-aneraz-aa—taea fall
(CST PTCloTUTtrUTTIS TUT- CTTICTYTZ T Ty~ tC'S TOTT

OWS.

U

—

e the tap changer of UHV power transformer should be adjusted according, to| the

equirements of commissioning program;

—

e dubstation voltage should be controlled according to the requirements,\of” power [grid
peration of utilities based on simulation analysis;

Qo

e relay protection should be in function, and the value should be set according to| the
requirements of utilities. It should be avoided to operate the eqUipment without [main
protection during the test;

e Rhefore the first switching of UHV power transformer or after ‘measuring the winding DC
resistor, the demagnetization should be completed before energizing the power
tfansformer.

6.2.2.2 Test methods
The test methods for energizing test of no-load UHV{power transformers are as follows:

he energizing test of no-load UHV power transformer should be carried out with circuit-
reaker on the primary side or secondary-~side of the transformer;

he continuous running time after the-first charging, the running time for each energjzing
nd the interval time for each switching should meet the requirements of utilities.

a) v~ —

6.2.2.3 Test acceptance criteria

The |test acceptance criteriasfor energizing test of no-load UHV power transformers arg as
follows:

e the performance ,of\UHV power transformers should be consistent with their available
actory and on-site“acceptance tests, for details see IEC TS 63042-301;

—h

e qvervoltagesand inrush current during switching UHV power transformers should meet
esign requirements;

(@)

[ ]
—

elay _protection behavior and signals should be correct for UHV power transformers|and
dircuit-breakers;

anal
T

e phase-sighals
side of UHV powe

eordary

6.2.3 Energizing test of tertiary connected reactor
6.2.3.1 Test preconditions
The test preconditions for energizing test of tertiary connected reactors are as follows:

e substation voltage should be controlled according to the requirements of power grid
operation of utilities based on simulation analysis;

e relay protection should be in function, and the value should be set according to the
requirements of utilities. It should be avoided to operate the equipment without main
protection during the test.
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6.2.3.2 Test methods

The test methods for energizing test of tertiary connected reactors are as follows:

6.2.3.3— Test acceptance criteria

The [test acceptance criteria for energizing test of tertiary connected reactors are as fallows:

6.2.4 Energizing test of tertiary connected capacitor
6.2.4.1 Test preconditions

The [test preconditions for energizing test of tértiary connected capacitors are as follows:

6.2.4.2 Test methods

The test methods for'energizing test of tertiary connected capacitors are as follows:

the switching times for each group of tertiary connected reactor during the whole
commissioning period should meet the requirements of utilities;

the running time after the first energizing should meet the requirements of utilities;

the running time after each energizing and the interval time for each switching should
meet the requirements of utilities.

the performance should be compared to the available factory and on-site acceptance {ests
results of tertiary connected reactors;

gvervoltage during switching tertiary connected reactors should meet design requiremegnts;

<

oltage fluctuation should be consistent with simulation analysis;

—

elay protection behavior and signals should be correct for tertiary connected reacfors,
dircuit-breakers and busbars;

phase signals should be correct for tertiary connected reactors VT secondary voltage;
t

emperature of the equipment should be at normal level;

dqubstation voltage should be contralled according to the requirements of power |grid
gperation of utilities based on simulation analysis;

relay protection should be in fufigtion, and the setting value should be set according tg the
requirements of utilities. ltsshould be avoided to operate the equipment without main
grotection during the test;

ne switchigg-times for each group of tertiary connected capacitor during the whole
ommissjioning period should meet the requirements of utilities;

t
q
the running time after the first energizing should meet the requirements of utilities;
t

nerunning time after each energizing and the interval time for each switching should

Py H 4 Y H
ICTTUTIC TTCTYUITTTITCTTIS UT UlitIT S,

6.2.4.3 Test acceptance criteria

The test acceptance criteria for energizing test of tertiary connected capacitors are as follows:

the performance should be compared to the available factory and on-site acceptance tests
results of tertiary connected capacitors;

overvoltage during switching tertiary connected capacitors should meet design
requirements;

voltage fluctuation of tertiary side busbar should be consistent with simulation analysis;

current and unbalanced current of tertiary connected capacitors should be consistent with
design requirement;
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e relay protection behavior and signals should be correct for tertiary connected capacitors,
circuit-breakers and busbars.

6.2.5 Energizing test of UHV busbar shunt reactor
6.2.5.1 Test preconditions
The test preconditions for energizing test of UHV busbar shunt reactors are as follows:

e substation voltage should be controlled according to the requirements of power grid
operation of utilities based on simulation analysis;

o rElay protection should be in function, and the setting value should be set according td the
equirements of utilities. It should be avoided to operate the equipment without “main
grotection during the test.

—

6.2.5.2 Test methods

The test methods for energizing test of UHV busbar shunt reactors are as follows:

[ ]
-

igh voltage reactor energizing test should be carried out with UH)._cCircuit breaker;

hen UHV shunt reactor is installed on substation busbar, the‘switching times for regctor
uring the whole commissioning period should meet the requirements of utilities;

tilities;
he running time of each energizing and the interval time for each switching should meet

V
g

e the continuous running time after the first energizing should meet the requiremenis of
U

t

the requirements of utilities.

6.2.5.3 Test acceptance criteria

The test acceptance criteria for energizing test'of UHV busbar shunt reactors are as follows:

e the performance should be consistent with available factory and on-site acceptance {ests
esults of UHV shunt reactors, for.details see IEC TS 63042-301;

vervoltage during switching:” UHV busbar shunt reactors should meet ddgsign
pquirements;

—

[ ]
=0

L]
—

elay protection behaviar’and signals should be correct for UHV busbar shunt reactors,
gircuit-breakers and busbars;

e phase signals shauld be correct for UHV busbar shunt reactors VT secondary voltage.
6.2.1 Energizing test of UHV busbar
6.2.6.1 Test preconditions

The test'\preconditions for energizing test UHV busbar are as follows:

e the tfap changer and system voltage of UHV power ftransformer if involved in
commissioned substation should be adjusted according to the requirements of
commissioning program,;

e substation voltage should be controlled according to the requirements of power grid
operation of utilities based on simulation analysis;

e if an open-phase tripping or closing occurs at any UHV circuit-breaker that involved, the
three-phase of the circuit-breaker should be tripped immediately;

e the reclosing function of UHV test line if involved should be withdrawn before energizing
the line. If fault occurs in the UHV line, the line should be switched off immediately;

e relay protection should be in function during the test, and the setting value should be set
according to the requirements of utilities. It should be avoided to operate the equipment
without main protection during the test.
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6.2.6.2 Test methods
The test methods for energizing test of UHV busbar are as follows:

e each group of UHV circuit-breakers should be operated with three-phase closing and
opening method;

o the interval time for each switching should meet the requirements of utilities.
6.2.6.3 Test acceptance criteria

The test acceptance criteria for energizing test of UHV busbar are as follows:

e the performance of busbar and other equipment connected to the UHV busbar should be

t

dqompared to available factory and on-site acceptance tests results, for details see|lIEC
TS 63042-301;
t

he overvoltage during switching UHV busbar should meet design requirements;

[ ]
—

elay protection behaviors and signals should be correct for UHV busbars; circuit-breakers
nd lines if involved;

Q)

hase signals should be correct for UHV busbar and its VT secondary voltage;

¢
e working conditions of UHV busbars and both line terminal arresters if involved should be
rlormal.

6.2.7 Energizing test of no-load UHV transmission line
6.2.7.1 Test preconditions

The test preconditions for energizing test of no-load UHV transmission lines are as followsg:

(]
—

he tap changer and system voltage @f UHV power transformer in commissi¢gned
ubstation should be adjusted according to the requirements of commissioning program:;

7))

ubstation voltage should be controlled according to the requirements of power |grid
peration of utilities based on simulation analysis;

ne reclosing function of UHV™{est line should be withdrawn before energizing the line. If
hult occurs in the UHV testdine, the line should be switched off immediately;

[ ]
— — lall?))

if an open-phase trippingJor closing occurs at any end of a UHV test line circuit-bregker,
he three-phase of the circuit-breaker should be tripped immediately;

—

play protection_should be in function during the test, and the setting value should bg set
ccording to the_requirements of utilities. It should be avoided to operate the equipment
ithout mainsprotection during the test.

< QO =

6.2.7.2 Test methods

The test methods for energizing test of no-load UHV transmission lines are as follows:

e each group of UHV circuit-breakers should be operated with three-phase closing and
opening method;

e when UHV lines are installed or not installed with shunt reactors, the running time after the
first energizing should meet the requirements of utilities;

e the interval time for each switching should meet the requirements of utilities.
6.2.7.3 Test acceptance criteria

The test acceptance criteria for energizing test of no-load UHV transmission lines are as
follows:

e the performance of insulators and other equipment connected to the UHV transmission
line should be compared to available factory and on-site acceptance tests results, for
details see IEC TS 63042-301;
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the overvoltage during switching UHV no-load lines should meet design requirements;

relay protection behavior and signals should be correct for UHV busbars, circuit-breakers

and lines;
phase signals should be correct for UHV busbars and lines VT secondary voltage;

working conditions of UHV busbars and both line terminal arresters should be normal.

6.2.8 Loop closing (interconnecting)/opening (splitting) test

6.2.8.1 Test preconditions

6.2

The [test preconditions for Toop closing (interconnecting)/opening (splitting) test are as follpws:
the tap changer of UHV power transformer in commissioned substation should be adjusted
gccording to the requirements of commissioning program;
dqubstation voltage should be controlled according to the requirements»of power |grid
gperation of utilities based on simulation analysis;
the two sides of the loop closing (interconnecting) point are correctly checked with the
game power supply;
relay protection and security control devices should be in furction, and the setting vjalue
ghould be set according to the requirements of utilities. It should be avoided to operate the
gquipment without main protection during the test;
the looping-in strategy (including angle differencesrand voltage difference) of| the
gynchronizing devices of UHV line circuit-breakers{of should be set based on simulation
dnalysis;
the reclosing function of UHV test line circuit:breakers should be put into operation,|and
the single-phase reclosing time of UHV line circuit-breakers should be set based on
dimulation analysis.

.8.2 Test methods
The ftest methods for loop closing (interconnecting)/opening (splitting) test are as follows:
bop closing (simulated-synchronization interconnecting)/opening (splitting) tests| are

6.2

.8.3 Test acceptance criteria

f UHV power transformer;

I
q
q
fpr those cases beging not able to apply the secondary winding side circuit-breakef
UHV power transformer, the UHV line circuit-breakers should be applied for test;
f
r
r
H

pr the case.that the short circuit capacity of the commissioning system is small or the|
0 no-load/UHV power transformer fed by secondary side power grid due to ¢
pasons, the circuit-breakers on secondary winding side of UHV power transformer sh
e applied for test.

arried out with both side“Circuit-breakers of UHV line and secondary side circuit-breakers

s of

re is
ther
ould

The test acceptance criteria for loop closing (interconnecting)/opening (splitting) test are as
follows:

function of synchronization looping-in should be normal;

voltage and phase angle difference across circuit-breakers for loop closing/openin
UHYV lines or UHV power transformers should be below pre-setting value;

phase signals should be correct for VT of UHV lines or UHV power transformers;

relay protection behavior and signals should be correct for UHV lines, power transfor
circuit-breakers and busbars;

behavior of security control devices should be correct.

g of

mer,
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7 Measurement in system commissioning

7.1

General

Results of measurement in system commissioning should be reference value for the following
commissioning tests and initial value for maintenance.

The recommended measurement items in system commissioning are listed in Table 4.

Table 4 - Recommended measurement items of system commissioning

Measurement items Subclapse
Trankient voltage and current measurement 7.2.
Elecfric quantity measurement 7.2.3
Relaly protection measurement 7.2.3
Harmonic measurement 7.2.4
Sound level measurement of power transformer/shunt reactor 7.2.9
Vibration measurement of power transformer/shunt reactor 7.2.4
Dissplved gas analysis (DGA) of power transformer/shunt reactor 7.2.7
Temperature measurement 7.2.9
Power frequency electric and magnetic field measurement of substation/transmission line 7.2.9
Audiple noise measurement of substation/transmission line 7.2.1p
Radip interference measurement of transmission line 7.2.111
Partial discharge monitoring in gas insulated switchgear (GIS)/power transformer 7.2.1p
NOTHE Other measurement items are detailed in-Clause A.6.
7.2 | Measurement requirements
7.2.1 General
The| requirement for general conditions and items of measurement during system
commissioning for UHVGAC projects should be specified and selected by utilities based on
thein own regulationsy
The [requirements fer’methods and contents of each measurement item are specified.
7.2.2 Transient voltage and current measurement
The [medsurement requirements and conditions are as follows:
L] t LA~ DGIIIP:;IIS |atc Uf thU nmrcaosul ;IIH cqu;plllcnt ohuu:d IIIUUt thU IUqu;IUIIIUIItO Uf ut;:;tic\.;

e the recording time should meet the requirements of utilities.

The

measurement contents are as follows:

e measure the transient voltage of UHV power transformer on the primary side, shunt

reactor, neutral point reactor, busbar at the beginning and end terminal of transmission
line. Measure the transient current of circuit-breaker and neutral point reactor, and record
arrester action times;

measure the transient voltage of UHV power transformer on the secondary side and
record arrester action times;

measure the transient voltage of UHV power transformer on the tertiary side,
compensation capacitor and its neutral point, compensation reactor and its neutral point.
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Measure transient current of compensation capacitor and reactor, and record arrester

action times.

7.2.3 Electric quantity measurement

The measurement requirements and conditions are as follows:

[ ]
requirements of utilities;

the measuring instrument is connected to the secondary side of VT and CT of the rele
equipment;

the electric quantity should be measured for all system commissioning items or meet the

vant

t
r

he sampling rate of the measuring instrument and the recording time should meet
equirements of utilities.

measurement contents are as follows:

he voltage and current signals of the related lines or equipment should be sampled
pcorded;

—

he parameters such as frequency, active power and reactive power are measured
alculated.

o

7.2.4 Relay protection measurement

The [measurement requirements and conditions are as follows:

—

he relay protection measurement should be carried*out during system commissioning
fter the system is in stable status;

Q)

he secondary current for checking phase should meet the requirements of utilities.

The measurement contents are as follows:

heck the phase and amplitude of theé‘secondary voltage circuit;

heck the phase and amplitude of the secondary current circuit.

b Harmonic measurement

measurement requirements and conditions are as follows:

heasure the background harmonic of the current system under the condition that
ystem is not infoperation;

heasure thesharmonic of each side of UHV transformer without load at the primary sid
he transfermer;

7))

ide of'the transformer;

the

and

and

and

UHV

e of

heasure*the harmonic of each side of UHV transformer with no-load line at the primary

armanie

o n

For details see IEC 61000-4-13.

7.2.6 Sound level measurement of power transformer/shunt reactor

The measurement should be carried out during system commissioning, and should meet the

requirements in 11.2 of IEC 60076-10: 2016.

The measurement contents are as follows:

[ )
energized;

measure the background noise level before the power transformer and shunt reactor are

measure the sound level when the power transformer and shunt reactor are energized.


https://iecnorm.com/api/?name=ac802e40e5a5a5cb4d09829adee50df0

IEC TS 63042-302:2021 © IEC 2021 -21-

7.2.7 Vibration measurement

The
requ

The

measurement should be carried out during system commissioning, and should meet the
irements in 7.8.13 of IEC 60076-6:2007.

measurement contents are as follows:

e measure the vibration displacements of the oil tank walls, the maximum peak-to-peak
amplitude of the displacement and analyse the vibration and local vibration problems if
exist, under no-load and load conditions for UHV power transformer;

o N

neasure the vibration displacements of the oil tank walls the maximum peak-to-peak

<

u

7.2.8 DGA of power transformer/shunt reactor

Duri

ibration displacement, and analyse the vibration and local vibration problems if\gxist,
nder the live condition for UHV shunt reactor.

ng system commissioning, before energizing and after operating forna certain time at

rated voltage, DGA of power transformer, shunt reactor and neutral pointcreactor should be

respectively carried out once.
Besides, the DGA should also be carried out after the followifig-test items, as shown in
Table 5.
Table 5 — DGA of UHV transformer, UHV reactor;and neutral point reactor
System commissioning items Power transformef Shunt reactor Neutral point reactor
Energizing test of no-load UHV power Measure _ .
transformer
Emergizing test of UHV busbar shunt M
— easure —
reactor
Energizing test of no-load UHV Measure.(when shunt Measure (when shunt
e . — reactor installed on |reactor installed oh the
transmission line ” X
the line) line)
Logp closing (|nt.er.connect|ng)/openlng Measure Measure .
(splitting) test

7.2.9 Temperature.measurement

The

o
\

e

measurement requirements and conditions are as follows:

bmperaturé measurement should be carried out for UHV line or equipment under rated
oltage‘and load operation conditions;

uring-temperature measurement, the load current of each equipment should be recorzfed;

The

measurement contents are as follows:

o temperature measurement should be carried out at the bushing and the connector, the

surface of the tank, the inlet and outlet of the cooler of UHV power transformer, UHV shunt
reactor and its neutral point reactor;

temperature measurement should be carried out at the connector of the bushing of UHV
GIS;

temperature measurement should be carried out at the body and the connector of tertiary
reactor and tertiary capacitor;

temperature measurement should also be carried out at the connector of other equipment
according to the requirements of utilities.
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7.2.10 Power frequency electric and magnetic field measurement of substation and

The

transmission line

measurement requirements and conditions are as follows:

e the power frequency electric field is measured under rated voltage for UHV line or
equipment;

o the power frequency magnetic field is measured for UHV line or equipment under the load
condition.

The measurement contents refer to 5.1 and 5.3 of IEC 61786-2:2014, and the measuring

poin

[ ]
—

7.2.1

The

— ~~ N

L[]
- ~+

The

[ ]
Q)

[ ]
Q)

® 3

s are selected at the following locations:

ower frequency electric and magnetic field measurement inside the substation;

ower frequency electric and magnetic field measurement outside the substation;

utside the substation;

ower frequency electric and magnetic field measurement for transverse distributig
ransmission line;

ower frequency electric and magnetic field measurement at sensitive point
Fansmission line.

1 Audible noise measurement of substation and-transmission line
measurement requirements and conditions are as follows:

ne measurement should be carried out undet\rain-free and snow-free weather condit
Lonsidering the influence of weather, correction according to ambient noise shoul
arried out if necessary;

he measurement of audible noise inside and outside the substation should be carried
nder the load condition for UHV lin€& or equipment;

he measurement of audible noise on the line should be carried out for UHV line u
pted voltage.

measurement should bé ¢arried out at the following locations:

udible noise measurement inside the substation;

udible noise measurement outside the substation;

udible noise-measurement at sensitive point outside the substation;
udible noise measurement for transverse distribution of transmission line;

udiblenoise measurement at sensitive points of transmission lines.

7.2.1

The

ower frequency electric and magnetic field measurement for transverse distribdition

n of

5 of

ons.
1 be

out

nder

>“Radia interf ¢ ission li

measurement requirements and conditions are as follows:

e the measurement should be carried out under the rated voltage for UHV line or equipment;

e the measurement should be carried out under sunny and dry conditions.

The measurement should be carried out outside the substation and under the transmission

line.

For details see 4.2 of CISPR TR 18-2:2017.

7.2.13 Partial discharge monitoring in GIS/power transformer

See 5.15 and 7.2 of IEC TS 63042-301:2018 for partial discharge monitoring in GIS/power
transformers.
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Annex A
(informative)

Commissioning experiences in China

A.1 General

This annex describes the commissioning experiences in China for UHV AC transmission
systems.

A.2| Overview

In 2009, China constructed and put into commercial operation the first.,‘\UHV AC |[pilot
dempnstration project (Jindongnan-Nanyang-Jingmen Project). The UHV AC, transmission| line
is 640 km long and applies the single erection mode. The project consists of 2 UH\V AC
subdtations and one UHV AC switching station and includes 2 groups.of 3 000 MVA UJHV
transformers. The UHV switchgear applies GIS and Mixed Technélogy Switchgear (MTS)
typep. The project was the world's only commercial UHV AC transmission project at that time.

In 2013, China built the first UHV AC double-circuit tramsmission demonstration propject
(Huginan-Hainan-Shanghai project), which is the second UHY AC project in China. The fotal
length of the UHV AC transmission line is 650 km, and,ittakes the double-circuit in the same
towdr erection mode for the first time. The project consists of 4 UHV AC substations, |also
inclydes 7 groups of 3 000 MVA UHYV transformers{jand the UHV switchgear applies GIS|and
MTY types.

Till the end of 2020, 14 UHV AC transmission projects have been built and put|into
commercial operation in China. Besides, more than 10 extension projects implemented wjithin
single substation are constructed. All the"above projects are in stable operation, which| has
sign|ficantly enhanced the structural“strength of China’s large power grid, improved| the
secyrity and reliability of the powergrid, and fully exerted the advantages of resource sharing
and [accident support in the large power grid. UHV AC technology and projects have shown
good technical, economic, and 'advanced nature. Based on this, more new and extepded
projeécts are continuously under construction in China presently.

A.3| Regulations

Befgre the cammercial operation of all UHV AC transmission projects, comprehensive|and
rigofous commissioning tests have been conducted in China. According to the implementation
seqyencexChina's power transmission project commissioning work is divided into three pprts:
On-gite '‘acceptance tests, sub-system commissioning (similar to pre-commissioning),|and
systemieommissioning. These tests provide a reliable guarantee for the project to be smogthly
put info commercial operation and in Tong-term stable operafion. China also established a
standardized process for commissioning, and many Chinese national power industry and
enterprise technical standards on commissioning have been formulated, in which numerous
successful commissioning experiences were integrated.

A.4 Pre-commissioning

Sub-system commissioning (pre-commissioning) test for a UHV AC transmission project is
carried out in China after on-site acceptance tests. It is tested for station secondary
equipment applied for functions such as relay protection, control, measurement, metering,
fault recording, monitoring, communication, automation, sequence control system, as well as
auxiliary power systems including station power supply and firefighting facilities. Through
these tests, the coordination action correctness among individual equipment and also the
correctness of various control commands and information transmission are verified.
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Before the on-site implementation of the pre-commissioning, the commissioning program is
prepared, which specifies the test purposes, test contents, test and measurement procedures,
on-site security measures, and so on. Typical pre-commissioning tests for UHV AC
transmission projects in China are listed in Table A.1.

Table A.1 — Test items for pre-commissioning of UHV AC transmission projects

Test
classification

Test items

Description

Remarks

Secondary

PXTINTH 2N - )
H-EHH 6 LAY

Check the correctness of the secondary circuit
wiring. Check the insulation of the secondary circuit

Mandatory

Relay
protection and
control system

test

and panel with a megohmmeter.

Signal check of
protection and
control

The input/output binary signal is simulated one by
one in each protection and control device and then
checked at the receiving end (measuring and
controlling device, control and monitoring system, or
related equipment).

Mandatpry

Protection
system test

The tripping logic of each protection device i$
checked one by one. Simulate all kinds of faults in
each protection to make it tripping, check ‘and
confirm the correctness of the tripping function
between protection and circuit-breaker) the linkage
logic between protections such as line protection
and circuit-breaker failure protéction, busbar
protection and circuit-breaketfailure protection.

Mandatpry

End-to-end test

For pilot protection or differential protection, check
the sampling value, differential current, input and
output contacts, remete signal and telemetry of the
protection devices)on both sides, and simulate
various faults to verify that the logic of pilot or
differential protection works correctly. Check
whether the gptical power, bit error rate,
attenuations and channel coding of the channel meet
the requirements.

Mandatpry

Stability cantrol
system test

Thé-stability control system is composed of several
stability control devices, which can realize
emergency control functions such as generator
tripping, load shedding, and quick power reduction.
Check the insulation of the secondary circuit and
communication of the stability control system; verify
the functions of the stability control system; test the
communication and function with the stability control
systems of relevant plant and station.

Optional

Insulation
check of CT
and VT
secondary
circuit

Check the insulation of the secondary circuit of the
instrument transformer with a megohmmeter.

Mandatpry

DC resistance
check of CT
secondary

iroyit
CHEUH

Check the DC resistance of the secondary circuit of
the instrument transformer. The balance bridge
method or secondary injection method can be

annlind
aPpPrear

Mandatpry

10

AC current and
voltage test

CT and VT
secondary ac
load test

Check the AC load resistance of the secondary
circuit of the instrument transformer. Secondary
current and voltage injection method can be applied.

Mandatory

Polarity test

Check and confirm that the polarity of the instrument
transformer is in accordance with the design
drawings. Secondary current and voltage injection
method can be applied.

Mandatory

CT/VT injection
test

Inject current or voltage into the primary or
secondary circuit of the instrument transformer,
check the ratio and phase sequence, and the
correctness of current or voltage display value of
protection, measurement, metering, and other
related equipment.

Optional
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No. Te.St . Test items Description Remarks
classification
Local/remote Under each duplicated operating power supply,
operation test verify the correctness of local/remote tripping and
11 (including closing operation of the circuit-breaker, and on-load Mandatory
OLTC remote tap changer (OLTC) remote operation of the
operation test) | transformer.
Check the secondary circuit of the fan, oil pump,
Non-electrical gas, oil temperature, and other non-electrical
12 Mandatory
parameter test | parameters of transformers and conduct the non-
electrical parameter test.
Simulate simuliangous npnning and claosina
13 Anti-pumping operations to verify the anti-pumping function of the Mandatpry
relay test R
circuit-breaker.
Swﬁ:?}gears Opening and Check and confirm that the current of the control
14 closing circuit circuit for opening and closing circuit-breaker meets Optionfal
transformer p
test current check the requirements.
15 Circuit-breaker | Check the opening and closing functions of thé Mandatbr
lock out test circuit-breaker with low SFs gas pressure. y
Circuit-breaker | For synchronous closing of the circuit-breaker, when
16 simultaneous the synchronous conditions are satisfied-or not, the Mandatbr
closing circuit closing operation is carried out separately to verify y
Test the correctness of the synchronous function.
Circuit-breaker | For each circuit-breaker and{disconnector/(high
and speed) earthing switch, when,the interlocking
disconnector/ condition is satisfied or not) the interlocking
17 ; S ’ . Mandatpry
(high speed) operation is carried odt s€parately to verify whether
earthing switch | the interlocking fun€tion is correct.
interlock test
Busbar and Check insulationrresistance of power source busbar
18 cable insulation | and cable. Mandatpry
check
AC and DC Carry, out station AC power supply switching
power supply Functional test | (st2ndby automatic switching) test, DC power
system test A gradation difference test, switching test, DC
19 and circuit \ lati itori DC feed ff test Mandatpry
check ihsulation monitoring, eeder power off test,
accident lighting and UPS test, protection power
circuit check.
Check the remote signal and telemetry of protection
and control system, AC and DC power supply,
circuit-breakers, disconnectors, earthing switches,
Control and ; ;
- and other equipment, and verify the remote control
20 monitoring . A . Mandatpry
operation and synchronization functions. Carry out
system test . Lo
the sequence control function test of the circuit-
breaker to verify the effectiveness of the sequence
control circuit.
Protection and fault information system, which
connecting with digital fault recorders and protection
& L. Protection and devices, collects and records fault waveform and
emmunication ! . . .
21 system test fault protection actions and signals. Check the signals of Optional
y infarmation the Ihrnhnr‘finn and caontraol Q\J/anm; \/nrif\l/ the function
system test of the protection and fault information system; test
the communication with the master station of the
protection information system.
Fault recording system refers to digital fault
recorders. Check the insulation of the secondary
Fault recordin circuit and communication of the fault recording
22 9 system; check the binary and analogue signals, Optional

system test

verify the functions of the fault recording system;
test the communication with the master station of
the fault recording system.



https://iecnorm.com/api/?name=ac802e40e5a5a5cb4d09829adee50df0

— 26—

IEC TS 63042-302:2021 © IEC 2021

No. class.l;fe;tation Test items Description Remarks
Verify the communication of the telecontrol system
with the master station, verify that the telecontrol
23 Telecontrol system correctly displays the binary and analogue Obtional
system test status of substation equipment, and can correctly P
operate circuit-breakers, disconnectors, earthing
switches, and other equipment.
Timing synchronization system generally uses GPS
to provide accurate timing for protection and
Time automation devices. Check the insulation of the
e secondary circuit and communication of the time
24 synchronization A . . Mandatory
system test b‘y[l.(.,HFUHILdlIUH systeln, verily e Tunctuon ortne
y timing system to ensure that the secondary system
can receive the time synchronization signal and
display the time correctly.
Check the insulation of the secondary circuit and
25 Fault Location communication of fault location system; test the Obtionlal
system test communication with the other side of the fault P
location system.
Svnchronous Check the insulation of the secondary circuit’and
y hasor communication of the synchronous phasor
26 meapsurement measurement system; test the communication with Optional
system test the master station of the synchrorous phasor
y measurement system.
Check the insulation of the s€condary circuit and
Meterin communication of the metéring system; verify the
27 svstem tgst function of the metering system; test the Optional
y communication with-the master station of the
metering system,
On-line Check the secondary circuit insulation and
condition communicationof the on-line condition monitoring
28 monitorin system; verify the functions of the on-line condition Optional
svstem tegt monitoring-system of each equipment; test the
y communication with the master station.
stlzzgqg?eflsntgof Check the insulation of the secondary circuit and
29 )t/ransformer communication of the firefighting system; verify the Optional
and reactor function of the firefighting system.
A.5| System commissioning
A.5. General
System commissioning is performed after on-site acceptance tests and pre-commissioning
(subfsystem eommissioning). A series of tests and measurements are carried out for station
equipment,'and transmission lines to ensure the project to be fully qualified for commgdrcial
operation.
A.5.2 Technical preparations

Before system commissioning, detailed technical preparations are carried out, including
simulation analysis and making system commissioning program, as follows:

e make simulation calculations on the security and stability issues of the power grid under
various test operating conditions and fault conditions during the system commissioning.
The system operation mode arrangement, reactive voltage control strategy, security and
stability control measures and other operation control measures to ensure the security of
the power system are proposed during the commissioning;

e make simulation calculations on the transient voltage, transient current, secondary arc
current, recovery voltage, induced voltage and current under various test operation
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A.5.

conditions and fault conditions during system commissioning, and propose test conditions
and measures to ensure equipment security;

based on the simulation analysis results of system commissioning, and combined with the
power grid and project conditions, the system commissioning program has to be prepared.
The main contents include: test items, test purposes, test contents, power grid operation
mode, voltage control requirement, operation steps, measurement items and security
measure requirements;

according to the simulation analysis results, system commissioning program and on-site
conditions, the system commissioning measurement program has to be prepared. The
main contents include measurement purposes, measurement contents and conditions,
edsurelrierit inStruments, measurement Mmetnods 4darnd wirings, SeCUFin meaisure
requirements;

Rased on the simulation analysis results and system commissioning program, the' system
dommissioning dispatch program will be prepared. The main contents indlude
requirements for power grid and equipment status, the scope of commissioning equipment
gnd isolation measures, operation process, security measures, organizational measyres,
technical measures, and accident handling principles during commissioning.

B Confirmation on preconditions for on-site commissioning

Prior to the on-site implementation of system commissioning; all the related precondifions
shoyld be confirmed, in order to make sure the tests could/be“carried out as expected|and

with|safety for personnel and equipment. The main preconditions include:

A.5

A.5

—

he division responsibilities for participants of the of¢site commissioning are defined;

—

he system commissioning program and dispatch/program is approved,;

Il personnel participating in the test have been on duty, own relevant qualifications,|and
re familiar with the test process;

Q_q)

Il the equipment and transmission lines-to be tested are qualified to be energized;

Q)

Il the relevant safety measures and’emergency facilities are prepared;

Q)

—

he application for the on-site, commissioning is approved by the dispatch and operation
epartment of the involved utilities.

o

E System commissioning tests
1

General

Typifpal system commissioning tests for UHV AC transmission projects in China are listed in

Table A.2.
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Table A.2 — System commissioning tests for UHV AC transmission projects

No. Test items Remarks
1 Energizing test of no-load UHV power transformer Mandatory
2 Energizing test of the tertiary connected reactor Mandatory
3 Energizing test of the tertiary connected capacitor Mandatory
4 Energizing test of UHV busbar shunt reactor Mandatory
5 Energizing test of no-load UHV busbar Optional
6 Energizing test | Energizing test of no-load UHV switchgear Optional
7 Energizing test of no-load UHV transmission line Mandatory
8 Test of UHV power transformer with current increasing from zero Optional
9 Test of UHV AC transmission line with current increasing from zero Optional
1 Test of UHV power transformer with voltage rising from zero Optional
1 Test of UHV AC transmission line with voltage rising from zero Optional
12 Interconnecting Loop closing (interconnecting)/opening (splitting) test Mandatory
1 test Artificial single phase to ground fault test Optional

The [purposes and methods for the above typical system commissioning tests are as follows.

A.5.4.2 Energizing test of no-load UHV power transformer
a) Purpose

This|test is performed for all UHV AC stations, with newly constructed UHV transformers.|The
mair purposes include the following:

e tp examine the insulation performaneg of the transformer;

]
—

b verify the compliance of (the transient voltage and inrush current with ddgsign
requirements;

[ ]
—

b verify the influences of'the inrush current on the relay protection devices;
e tp carry out the secondary voltage phase-check of VTs for UHV transformer;

¢ tp monitor the status.of relevant arresters during the test.
b) Method

Utilize the primary or secondary side circuit-breaker to carry out the switching test of noload
UHV transformer for at least 5 times. The continuous running time should be not less than 30
min pfter_the first charging. The interval time between each switching should be not less than
5 min.‘Relay protection should be in function previously, so as to guarantee the security for
unexpecte irst switching o ransformer or aiter measuring the winding
DC resistance, the demagnetization should be completed before energizing the transformer.

A.5.4.3 Energizing test of tertiary connected reactor
a) Purpose

This test is performed for all UHV AC stations with newly constructed tertiary connected
reactors. The main purposes include the following:
o to examine the insulation performance of the tertiary connected reactors;

e to check the phase and amplitude of the secondary current circuit of relevant relay
protection devices;

e to monitor the operation of relevant arresters during the test;
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e to examine heating of the relevant equipment.
b) Method

Each group of tertiary connected reactor should be tested for not less than 3 times during the
whole commissioning, and the running time after the first charging should be not less than 15
min. The interval time between each switching should be not less than 5 min.

A.5.4.4 Energizing test of tertiary connected capacitor

a) Purpose

This| test is performed for all UHV AC stations with newly constructed tertiary connected
capdgcitors. The main purposes include the following:

e tp examine the insulation performance of the tertiary connected capacitors;

—

o tp verify the compliance of the transient voltage and inrush current with dgsign

equirements;

—

b check the phase and amplitude of the secondary current gircuit of relevant felay
rotection devices;

b monitor the operation of relevant arresters during the test;

e o B

b examine heating for the relevant equipment.
b) Method

Each group of tertiary connected capacitor shoulddevtested for not less than 3 times dyring
the whole commissioning, and the running time after'the first charging should be not less than
15 min. The interval time should be not less than 15 min for each switching.

A.5.4.5 Energizing test of UHV busbar-shunt reactor
a) Purpose

This| test is performed for all UHV AC stations with newly constructed UHV busbar shunt
reacftors. The main purposes include the following:
b examine the insulationperformance of the tertiary connected reactors;

t

tp check the phase*and amplitude of the secondary current circuit of relevant felay
grotection deviges;
t
t
t

b carry out the*secondary voltage phase-check of VTs for UHV busbar shunt reactor;
b monitorthe operation of relevant arresters during the test;

e tp examine heating and corona for the relevant equipment.

b) Method

Each group of tertiary connected reactor should be tested for not less than 3 times during the
whole commissioning. The continuous running time should be not less than 30 min after the
first charging. The running time of each energizing should be not less than 5 min, and the
interval time should be not less than 5 min for each switching.

A.5.4.6 Energizing test of UHV busbar
a) Purpose

This test is performed for the UHV AC stations with newly constructed or extended UHV
busbar. In most instances, the test is integrated into other tests such as the energizing test of
transformers, transmission lines and so on. The main purposes include the following:
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e to examine the insulation performance of the UHV busbar;
e to carry out the secondary voltage phase-check of relevant VTs;

e to monitor the operation of relevant relay protection devices and arresters during the test.
b) Method

Each group of UHV circuit-breakers operates by three-phase closing and switching mode, and
the number of switching operations should be not less than once. The interval time should be
not less than 5 min for each switching.

A.5.87 Energizing test of UHV switchgear
a) Purpose

This| test is performed for the UHV AC stations with newly constructed or extended [JHV
swit¢hgears. In most times, the test is integrated into other tests such as the’enhergizing|test
of transformers, transmission lines, etc. However, when the switchgear is.the only equipment
qualjfied to be tested, this test will be implemented individually. The main purposes incdlude
the following:

e tp examine the insulation performance of the UHV switchgear;

t

tb check the phase and amplitude of the secondary current circuit of relevant felay
grotection devices;
t

e tp carry out the secondary voltage phase-check of relevant VTs.

b) Method

Each group of UHV circuit-breakers operatestby three-phase closing and opening method,
and should be operated not less than once. The interval time should be not less than 5 mih for
eaclh switching.

A.5.4.8 Energizing test of no-load UHV transmission line
a) Purpose

This|test is carried out for all UHV AC stations with newly constructed UHV transmission lines.
The [main purposes include the following:

b examine the insulation performance of the transmission lines;

b verify the compliance of the transient voltage with design requirements;

b check-the phase and amplitude of the secondary current circuit of relevant felay
rotection-devices;

[ ]
P o B e R e Y

D carry out the secondary voltage phase-check of relevant VTs;

° to-monitor-the npnratinn of relevant arresters r'lnring the test-

b) Method

Each group of UHV line circuit-breakers operates by three-phase closing and opening method,
and the transmission lines should be switched on/off for not less than 3 times during the
whole commissioning. When UHV lines are installed with shunt reactors, the running time
after the first energizing should be not less than 30 min. The interval time should be not less
than 5 min for each switching.

A.5.4.9 Test of UHV power transformer with current increasing from zero

a) Purpose
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This test is performed in Jindongnan-Nanyang-Jingmen UHV AC pilot transmission project.
The main purposes include the following:
o to verify the current carrying capacity of the equipment;

e to verify the compliance of the short circuit impedance characteristic of UHV transformer
with design requirements;

e to check the phase and amplitude of the secondary current circuit of relevant relay
protection devices.

b) Method

This|test is carried out in an isolated power grid, which includes a power generator, step-up
trangformer, EHV transmission line and UHV transformer. The test is implemented lon| the
primary side (or secondary side) and tertiary side of the UHV transformer respectively.[The
temporary earthing device is installed at the current raising side (no-load sidé) of UHV
trangformer, and its current carrying capacity is specified according to the previous simulation
analysis results with a certain margin.

Figure A.1 shows an example of circuit for test of UHV transformerwith current incredsing
from| zero.

Generator EHV UHYV transformer
20 kV transmission YO/YO/A
line 1 050/525/110 kV
‘;—\ PR ’ 1050 kV
‘1_1 N l
EHV 525 kV Circuit breaker = Earthi int
transformer = arthing poin
AIYO
20/525 kV
110 kV

[ Circuit breaker

- IEC
Figure A.1 — Circuitfor test of UHV transformer with current increasing from zerg

A.5.4.10 Testof'UHV AC transmission line with current increasing from zero
a) Purpose

This| test.is performed in Jindongnan-Nanyang-Jingmen UHV AC pilot transmission project.
The [main purposes include the following:

e to verify the current carrying capacity of the equipment;

e to check the phase and amplitude of the secondary current circuit of relevant relay
protection devices.

b) Method

This test is carried out in an isolated power grid, which includes a power generator, step-up
transformer, EHV transmission line, UHV transformer, and UHV transmission line. The test is
implemented at the end of the UHV transmission line. The temporary earthing device is
installed at the current raising side (non power side) of UHV transmission line, and its current
carrying capacity is specified according to the previous simulation analysis results with a
certain margin.
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A.5.4.11 Test of UHV power transformer with voltage increasing from zero
a) Purpose

This test is performed in Jindongnan-Nanyang-Jingmen UHV AC pilot transmission project.
The main purposes include the following:
e to examine the insulation performance of UHV transformer;

e to verify the compliance of the no-load characteristic and no-load loss of the transformer
with design requirements;

° to carry out the cnr\nnr'lary \/r\lfago phnco check of relevant \(Ts-

b) Method

This|test is carried out in an isolated power grid, which includes a power genefator, step-up
trangformer, EHV transmission line and UHV transformer. Prior to the test;.the simulation
anallsis on the self-excitation issue should be done and necessary countermeasures such as
putting enough shunt reactors into operation to avoid the self-excitation. risk. The voltage of
the primary side of the UHV transformer is gradually increased to the maximum voltage.

Figure A.2 shows an example of circuit for test of UHV transformer with voltage incredsing
from| zero.

Generator EHV UHV transformer
20 kV transmission YO/YO/A
line 1 050/525/110 kV
' o | I ‘
Lt 1J
‘ 1050 kV
EHV 525KV
transformer
AIYO
20/525 kV 110 kV

(] Circuit breaker EC

Figure A.2 — Circuit for test of UHV transformer with voltage increasing from zer¢

A.5.4.12 <Test of UHV AC transmission line with voltage increasing from zero

a) Purpose

This test is performed in Jindongnan-Nanyang-Jingmen UHV AC pilot transmission project.
The main purposes include the following:
e to examine the insulation performance of the UHV transmission line;

e to verify the compliance of the V-A characteristic of the UHV shunt reactor with design
requirements;

e to carry out the secondary voltage phase-check of relevant VTs;

e to check the phase and amplitude of the secondary current circuit of relevant relay
protection devices.

b) Method
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This test is carried out in an isolated power grid, which includes a power generator, step-up
transformer, EHV transmission line, UHV transformer, and UHV transmission line. Prior to the
test, the simulation analysis on the self-excitation issue should be done and necessary
countermeasures such as putting into enough shunt reactors should be taken to avoid the
self-excitation risk. During the test, the voltage of the head or the end terminal of UHV
transmission line is gradually increased to the maximum voltage.

A.5.4.13 Loop closing (interconnecting)/opening (splitting) test

a) Purpose

This[testis performed for all UHV AT stations with newly constructed UHV fransmission lines
or transformers. The main purposes include the following:

e tp examine the adaptability of setting-values for the synchronous device of:the cincuit-
Rreakers;
e tp monitor the influences of loop closing (interconnecting)/openingc(splitting) on| the

7))

ystem voltage and power;

b check the phase and amplitude of the secondary current cireuit of relevant felay
rotection devices.

-5~

b) Method

Each group of the involved circuit-breakers operates byxthree-phase closing and opening
method and should be operated not less than once. Before the test, set the setting-valuep for
the gynchronous device of the circuit-breakers according to simulation analysis results. Dyring
the fest, utilize the circuit-breakers at both sides’ of the UHV transmission line and| the
secdndary side of the UHV transformer to doXthe loop closing (interconnecting)/opening
(splifting)  switching. By the operation~ that performed by loop clIdsing
(interconnecting)/opening (splitting) circuit-bkeaker of transmission line or transformer| the
power grid of same or different voltage levels (such as system voltages of 1 100 kV and|550
kV) ¢an run in/out of loop (synchronous.-interconnection) network .

For the case that the circuit-breake€pat the secondary side of UHV transformer is not available
for the test, the UHV line circuit~breakers can be applied instead. If the UHV transformer qould
not pe energized from the_secondary side in no-load mode for the commissioning system
owning small short-circuit capacity or other reasons, the test can only be carried out with the
secdndary side circuit-breakers of the UHV transformer.

Figure A.3 shows(3) typical examples of circuit for loop closing (interconnecting)/opening
(splifting) test operated by UHV transmission line circuit breakers.
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UHV transformer UHV UHYV transformer
YO/YO/A transmission YO/YO/A
1050/525/110 kV line 1 050/525/110 kV
525 kV ‘ ‘ 525 kV
110 kV 110 kV
EHV
power grid

[ Circuit breakers
operated in test

1EC

A.3a - Loop closing/opening test operated by UHV transmission line circuit breakers
to make the power grid of different voltage levels run in/out of loop.network

UHYV transformer UHV UHYV transformer
YO/YO/A transmission YOLYO/A
1 .050/525/110 kV line 1 050/525/110 kV

EHV
power grid

[ Circuit breakers
operated in test

IEC

A.3b - Loop closing/opening test operated by UHV transmission line circuit breakers
to make_ the power grid of same voltage level run in/out of loop network

UHV transformer UHV UHV transformer
YO/YOQ/A transmission YO/YO/A
1 050/525/110 kV line 1 050/525/110 kV
525 kV 525 kV
110 kV —— —L—110kV
EHV EHV
power grid 1 (1 Circuit breakers power grid 2
operated in test

IEC

A.3c - Interconnecting/splitting test operated by UHV transmission line circuit breakers
to make two power grids of same voltage level run in/out of synchronous interconnection

Figure A.3 — Circuit for loop closing (interconnecting)/opening (splitting)
test operated by UHV transmission line circuit breakers
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A.5.4.14  Artificial single phase to ground fault test

a) Purpose
The test is performed in Jindongnan-Nanyang-Jingmen UHV AC pilot transmission project
and Huainan-Wannan-Shanghai UHV AC double circuit pilot transmission project. The
main purposes include the following:
e to calibrate fault locating and check healthiness of protection relays;
o to verify the power system stability;
e to acquire the secondary-arc current and recovery voltage measurement data;
¢ to testify the correctness of single phase reclosing setting strategy for, UHV
transmission line circuit-breakers.
b) Method
Based on the simulation analysis results, select the ground fault location”on the PYHV
transmission line to do the test. Previously, install the earthing device) when the tested
UHV transmission line is in maintenance state. Set the reclosing time/for the line circuit-
Qreakers according to simulation analysis results before returning the tested UHV
tfansmission line to normal operation state. For single circuit line; the test is performed
gnce, while for double circuit transmission lines, the artificial single phase ground faulf test
dre performed with the lines in the following three states/respectively: double circyit in
gperation, one circuit shut-down and one circuit in maintefance.
A.6[ Measurement in system commissioning
A.6.1 General
Typipal measurement items in system commissioning for UHV AC transmission projectq are
listed in Table A.3.
Table A.3 — Measuremeént items in system commissioning
for UHV AC transmission projects
No. Measurement items Remarks
1 Transient voltage and(cufrent measurement Mandatory
2 Electrical quantityyumeasurement Mandatory
3 Relay protection\measurement Mandatory
4 Harmonic measurement Mandatofy
§ Sound level measurement of transformer/reactor Mandatofy
¢ Vibration ' measurement of transformer/reactor Mandatofy
1 BGAof transformer/reactor Mandatofy
s Infrared temperature measurement (thermovision infrared scanning) Mandatofy
d Power frequency electric and magnetic field measurement of A s
N substations/transmission lines anaatory
10 Audible noise measurement of UHV substations/transmission lines Mandatory
11 Radio interference measurement for UHV substations and lines Mandatory
12 Partial discharge monitoring in GIS/transformers Mandatory
13 Ultraviolet corona measurement Mandatory
14 Excitation inrush current measurement of UHV transformers Mandatory
15 No-load characteristic measurement of UHV transformers Optional
16 V-A characteristic measurement of UHV shunt reactors Optional
17 Short circuit current measurement of UHV lines Optional
18 Secondary arc current measurement of UHV lines Optional
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A.6.2 Measurement in system commissioning
A.6.2.1 Transient voltage and current measurement

Transient voltage and current measurement is conducted through the whole commissioning.
The measuring positions include UHV transformer, UHV shunt reactor, tertiary reactor, tertiary
capacitor and neutral point reactor. The transient voltage is measured by installing a
capacitive voltage divider on the bushing end of the transformer, reactor and capacitor. The
transient current is measured by applying the calliper current sensor on the secondary side of
the CT of the transformer, reactor, capacitor and transmission line.

The [measurement requirements and conditions are as Tollows:

e the sampling rate of the measuring equipment should not be less than 200 000 saniples
der second;

e the recording time should not be less than 0,5 s.
A.6.R.2 Electrical quantity measurement

Electric quantity measurement is conducted through the wholey“commissioning. |The
meapurement parameters include power frequency voltage, powerfrequency current, agtive
power, reactive power and frequency. The power frequency voltage is measured by taking the
voltgge signal from the secondary side of VTs for UHV transformer, reactor, capacitor{and
trangmission line, etc. The power frequency current is measured by applying the calliper
currént sensor on the secondary side of the CT.

A.6.2.3 Relay protection measurement

All related relay protection and safety control devices for newly constructed UHV transforrers,
UH\ shunt reactors, tertiary reactors, tertiary reactors, and UHV transmission lines meed
meapurement during system commissioning.: The measurement is carried out in the felay
room of UHV substation by measuring the voltage and current signals at the secondary [side
of the VT and CT. The applied apparatus for measurement is Digital Phase Volt-Ampere
Metgr. The secondary current for checking phase should be greater than 10 mA.

A.6.R.4 Harmonic measurément

Harmonic measurement_is conducted through the whole commissioning. The measurement is
carried out in the relaysroom of UHV substation by measuring the voltage and current signals
at tHe secondary side Jof the VT and CT. The applied apparatus for measurement is ppwer
qualjty analyser.

A.6.R.5 Sound level measurement of transformer/reactor

Befgre ,and" after the energizing, UHV transformer and UHV shunt reactor are measured for
sounjd.level respectively. The background noise is measured before energized. After
energized,sound fevet meter s apptiedto do the measurement by Setecting severat positions
around the transformer.

A.6.2.6 Vibration measurement of transformer/reactor

Vibration measurement is carried out after UHV Transformer and UHV shunt reactor are
energized. The measurement is performed by installing several vibration sensors on the oil
tank walls of UHV transformers and UHV shunt reactors.

A.6.2.7 DGA of transformer/reactor

During the system commissioning, the UHV transformer, UHV shunt reactor and its neutral
point reactor all need DGA measurement, in order to monitor whether there to be high
temperature or discharge in the equipment. The measurement is performed before the
equipment is energized and after finishing the energizing test for 24 h.
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A.6.2.8 Infrared temperature measurement (thermovision infrared scanning)

Infrared temperature measurement is performed by thermovision infrared scanning imager.
The measurement positions include the bushing and joint, box surface, cooler inlet and outlet
of UHV transformer, UHV shunt reactor and its neutral point reactor, and also the outlet
bushing joint of UHV GIS, and body and joint of tertiary reactor and capacitor. Record the
power load, ambient temperature, humidity, measurement position and corresponding infrared
diagram spectrum. The measurement is to check whether there is abnormal temperature rise
of equipment in UHV substation after being loaded.

A.6.2.9 Power frequency electric and magnetic field measurement of
substations/transmission lines

Powgr frequency electric and magnetic field measurement are carried out under the\lead [wire
of UHV equipment in the substation, inspection walkway and road in the substation, oufside
the lenclosure, sensitive points (residential houses, etc.) outside the substation, coptrol
building and relay room. Power frequency magnetic field measurement is also carried out
near the UHV equipment in the substation.

For JUHV transmission lines, the measurement contents include the lateral distribution of
power frequency electric and magnetic field, and also include theZpower frequency el€ctric
and magnetic field of sensitive points.

The | power frequency electric field is measured underkthe operation condition of PJHV
trangmission line or substation (switching station) equipment with rated voltage.

The [power frequency magnetic field is measurted, under the operation condition of PYJHV
trangmission line or substation (switching station).equipment being loaded.

A.6.2.10 Audible noise measurement of UHV substations/transmission lines

Audible noise measurement is conducted around the equipment of the substation,| the
boundary of the substation, outside~the substation enclosure, sensitive points outsidel the
subdtation and control room.

For JUHV transmission lines,~the measurement contents include the lateral distribution of
audiple noise and the audible noise of sensitive points.

The Jaudible noise measurement of the substation is carried out under the operating condjition
of UHV transmission-line or equipment being loaded.

The [audible(npise measurement for UHV transmission line is carried out under the operation
condition-with rated voltage.

A.6.2.11 __ Radio interference measurement for UHV substations and lines |

Radio interference measurement is performed outside UHV substation and under the
transmission line.

The measurement is conducted under the operation condition of UHV transmission line or
equipment with rated voltage, and in fair weather.

A.6.2.12 Partial discharge monitoring in GIS/transformers

During system commissioning, partial discharge on-line monitoring or live detection are
carried out for UHV GIS and transformer equipment when they are operating under rated
voltage.
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A.6.2.13 Ultraviolet corona measurement

The ultraviolet corona measurement is carried out under the operation condition of UHV
transmission line or substation (switching station) equipment with rated voltage. The corona
discharge of UHV equipment grading ring and busbar fittings is detected by ultraviolet imager.

A.6.2.14 Excitation inrush current measurement of UHV transformers

The inrush current is measured when charging the UHV no-load transformer from the primary
(and secondary) side of UHV transformer. The sampling rate of the measurement equipment
should not be less than 10 000 samples per second, and the recording time should not be

less

simylation analysis results.
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Annex B
(informative)

Commissioning experiences in Japan

B.1 Overview

This annex describes the consideration of commissioning regulation and experience in Japan
for UHV AC transmission systems.

First 1 100 kV transmission lines in Japan were constructed in 1999. The north-south UHV
trangmission line was built between Niigata and Yamanashi (root length 185 km)\Fhe gast-
wes{ UHV transmission line was built from Nishi-Gunma Switching Station toward Fukushima
(roof length 245 km).

An UHV Equipment Test Station was also constructed (in the 550 kV Shin<Haruna substatjon),
which contains the real size components of a 1 100 kV substation jricluding 3 single-phase
trangformers (capacity of 3 000 MVA) and three sets of single-phase GIS (rated current of
8 000 A). After connecting the equipment to the grid in 1996, field verification {ests
(enefrgizing including overvoltage and internal load current flowing tests) were carried|out.
This|annex also introduces some test experiences in UHV Egquipment Test Station.

B.2| Regulations
This|annex includes the UHV regulations that can:be considered from EHV regulations.

EHVM regulation is defined by national ;guideline and/or the ministerial ordinance |that
estaplishes Technical Standards concerning Electrical Equipment (TSEE) in Japan. For pon-
statytory implementation items, cases; are introduced by Electric Technology Resejarch
Assgciation in Japan (ETRA) compared to type test, but implementation status and deqtails
diffef depending on the utilities.

B.3| Pre-commissioning in Japan

B.3.1 General

Pre-commissioning test items are listed in Table B.1.

Table B.1 — Pre-commissioning items

Test items

Protection and control system test

Combined test Instrument transformer test

Switchgears and transformer test

Control and monitoring system test

Communication system

test Protection and fault information system test

Other monitoring and/or control system test
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.2 Combined test
.21 Protection and control system test
Performance test of the protection relay

Each protection relay element should be implemented. The test voltage and current are
applied from the test terminal of the protection device. The allowable error range is
standardized by relevant standards in Japan.

Operation test of the protection relay

Both the main protection relay and the backup protection relay should be conducted.
easure the total npnrafinn time in the self-end test and in the end-to-end test

¢ perform the test as close to actual operation as possible;
o for directional relays, check for malfunction in the opposite direction;

o for those with a trip lock circuit during out-of-phase, check the malfunction”of the main
relay due to out-of-phase.

Total test of protection and operation system
¢ Purpose

To confirm a sound operation of protection device to trip associated circuit-breakels by
relay trip command when a fault is detected in an electric circuit or an equipment|of a
substation.

¢ Inspection method

Operate an associated relay device for each-pfotection device and confirm thaf the
concerned circuit-breaker breaks the current:

NOTE The operation of the relay is carried out by applying a test voltage/current from the test terminal ¢f the
protective device or by forcing the test button.

In case of end-to-end test, the following items also should be conducted:

— the main protective relay operates normally due to a short circuit fault or earth [fault
in the protection zone;

— the backup protection relay operates normally due to a short circuit fault or garth
fault outside the protection zone of the main protective relay.

d Criteria

Normal operation\of an associated circuit-breaker, a fault indicator, an alarm de
and an open/ctose indicator of the circuit-breaker.

ce,

R.2 Instrument transformer test
Rolarity test

N thepolarity test, it should be confirmed that the polarity is subtractive by DC method
nductive kick method) based on the ground side (+) for VT and the busbar side (+) for
L T.{However, if DC method (inductive kick method) is not possible, it may be conductepd in
NE low voltage energizing test.

-~ N~ —

Measurement ratio test

For VT/CT, apply a voltage/current from the primary side to check that the instrument
transformer has the specified voltage/current ratio.

Insulation resistance measurement test

Measure the insulation resistance of measurement devices circuit with an insulation
resistance meter.

Resistance measurement test

Check that the measured resistance value is appropriate compared to the total value of
VT/CT secondary winding resistance plus control cable resistance calculated from control
cable thickness and installation length plus input converter DC resistance. Make sure the
circuit is healthy.
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e) Instrument performance test
Indication error test should be performed for each instrument. Test voltage and current are
applied from a test terminal, if possible. The tolerance should be within the range specified
in national standard in Japan and in-house specification.

B.3.2.3 Switchgear and transformer test

a) Insulation resistance measurement
Measure the insulation resistance of operation circuit, control circuit, and auxiliary circuit
with an insulation resistance meter.

b) Qperation test
Open/close operation for switchgear and OLTC operation for transformer are perfoimed
without any problem with equipment.

c) $equence, interlock test
Check that the sequence and interlock operation is normal between the circuit-breaker and
the disconnector/earthing switch. Make sure that the wiring is correet and sameg¢ as
relevant circuit diagrams and drawings. The sequence test should be“performed including
gxternal circuit conditions such as interlock.

d) Test on interlock between CB and HSES
Check the interlock between the circuit-breaker and HSES(to verify the control circuit| and
mechanism:

o« operation of HSES is only allowed under the relevant'CB in open state;

o« operating sequence test of HSES for closing<@nd opening operations with variatig
time between energizing of closing circdit "and opening circuit under energ
conditions of main circuit is recommended:in order to verify the effectiveness of
interlock.

nin
ized
the

NOTH Clause A.2 of IEC 62271-112:2021 describes, typical operation sequence and time chart of the relationship

betwgen the transmission line circuit-breakers thatiinterrupt the fault current and the HSES.
B.3.3 Communication system test

B.3.8.1 Control and monitoring system test

a)

b)

c)

urpose

ccordance with “the interpretation of TSEE (i.e., the document specifying tech

R
T
dircuit-breakers and>OLTC in substation should be operated by remote control cent
requirements of TSEE).

Ihspection‘method

d Cireuit-breaker

¢« OLTC

Remotely control the OLTC from a control station, etc., and check the tap change
function and state change display.

Criteria
e Circuit-breaker

The circuit-breaker operates properly and switching status display appears correctl
e OLTC

The OLTC operates properly and the status change display is correct.

Remotely open and close the circuit-breaker at the substation from a control stafi
etc.. and check the correct operation and switching status of the equipment.

o confirm that correct operation and indications are given at remote control ceptre,

e in
hical

on,

over

y.
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B.3.3.2 Protection and fault information system test

a)

To confirm that correct alarms or status indications are correctly displayed

Purpose

abnormality occurs in equipment installed at a substation in accordance with TSEE.

b)

Inspection method

if an

Operate the protective relay or alarm device (intentional manual operation or change in
set value) and check the alarm and display.

c) Criteria

B.4| System commissioning in Japan

B.4.

Sys

B.4

B.4

It should be confirmed that_a"dielectric strength test of the substation equipment has tLeen
completed at manufactures’ factory based on relevant standards in Japan, in the docu
inspgction of the factory:test record.

In commissioningy.-the normal voltage to ground should be first applied for 10 mi

ene
and

ground in-anormal operation state.

Monitor—the test voltage while applving the voltage —and confirm that there are no abn
J Lol a4 J I =7

cha

Dur

Alarms and fault indications are r'licplnynrl (‘nrrnr‘ﬂy

( General

tem commissioning test items are listed in Table B.2.

Table B.2 — System commissioning items

Test items

Energizing test of UHV switchgears‘and busbar

Energizing test of no-load powerjtransformers

Energizing test of tertiary/connected reactors

Energizing test
Energizing test of tertiary connected capacitor

Energizing test oftWHV busbar shunt reactors

Energizing test.0f’ no-load UHV transmission lines

R Energizing test

.1 Energizing test of UHV switchgears and busbar

ngizing tesf2of UHV switchgear on the newly installed switchgear such as circuit-bre
disconnector. The normal voltage is a voltage applied between the main circuit ang

nges.

ing the energizing test, the following methods are often taken:

ent

as
ker
the

mal

a) In the energizing test, the commercial power grid may be applied to configure the
temporally test grid, and a new constructed or expansion equipment in the substation

should connected to this in order to conduct an energizing test;

b) It is recommended that the temporally test grid is basically constructed with a circuit-

breaker of two sections and a shortened protection relay operation time settling value;
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c)

d)

e)

B.4.

From the viewpoint of “the supply reliability", "restriction of test date and time zone" and
"operation of complicated system operation and relay setting change", it may be also
considered to choose a circuit-breaker of a section and a configuration to shorten the time
limit value of protection relay operation. The implementation should be decided after
discussion with the relevant sections;

If this is the case for an undesired system configuration that may cause abnormal voltage,
the configuration of the test grid should be determined based on prior studies such as
system analysis as necessary;

The energizing test is performed step by step in order from the power supply side
equipment (for example, the power supply side switchgear, transformer, load side
tvvitbhycal, Ctb.). ThU fU“UVV;IIy U}JCldtiUII ib bUIIdubtUd dulillU bUIIbib‘lillg t:IC tcbt gl d |n
grder to avoid the occurrence of abnormal voltage:

¢ Closing
Step by step from the power supply side and spend it sequentially (including a pafallel
circuit).

¢ Opening
Step by step from the lower voltage side and spend it sequentially.

P.2 Energizing test of no-load power transformers

Enefgizing test of no-load power transformers is performed{according to the procedure|and

method described in B.4.2.1 with the following addition.

Aftef completing the energizing test, measurement:in B.5.2.2 and B.5.2.3 should be

conducted.
Duripg this test, measurement in B.5.2.1 may be*implemented as optional.

B.4.

b)

p.3 Energizing test of no-load UHV transmission lines
Document inspection (for all insulaters)

o« Verify that there is no flashover or dielectric breakdown during the water injeg¢tion
breakdown voltage test inttype test based on national standard in Japan;

¢ Confirm that the product has the same performance as the products that have pagsed
the type test by referring to the “factory test report” of the insulator.

Dn-site inspection (energizing test)

d

Apply normaly veltage for 10 min between a main electric circuit and the ground,|and
measure the‘wvoltage at the head terminal and the end terminal of the transmission line|

d

riteria

¢ Documents inspection

An insulator has the predetermined dielectric strength.

e On-site inspection
There is no abnormality in insulation.

B.5 Measurement in system commissioning in Japan

B.5.1 General

Measurement items in system commissioning are listed in Table B.3.
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Table B.3 — Measurement items in system commissioning

No. Test items

1 Transient voltage and current measurement

2 Instrument transformer circuit measurement

3 Relay protection measurement

4 Audible noise measurement

5 Vibration measurement

6 DGA

7 Infrared temperature measurement

8 Power frequency electric and magnetic field measurement of substations
9 Power frequency electric and magnetic field measurement of transmission lines
10 Radio interference measurement of transmission lines

11 Moisture content measurement related to humidity sensitive equipment
12 Partial discharge monitoring in GIS/transformer

13 Measurement of transformer/reactor related to oil flow electrification

P Measurement in system commissioning
.R.1 Transient voltage and current measuremeént

'ransformer inrush current measurement

his measurement may be performed as..a'reference, when a new model or a
ommercial application is applied to eitherstransformer or protection relays are introdu

f a current differential relay locking function may be tested for an inrush current ca
y an excitation of main transformer from the primary side or secondary side ci
reaker. In addition, measurement and collection of inrush current waveform data sh
e implemented.

igure B.1 shows an example of circuit of that measurement. Inrush current and vol
ere measured in 1 100°kV side test area by secondary side 550 kV circuit-bre
losing. The close operations of 550 kV circuit-breakers were carried out under
onditions of with-and without pre-insertion resistor. Transferred surge voltage on
ircuit by this inrush was also measured.

O 0 0 < T OoOOoOoOoOo0 c o O

first
ced.

sing a remote operation device or a moenitor function of a protection relay, fine operation

ised
rcuit
ould

age
ker
the
main

Air blast
circuit A
breaker >, ES HSES ES

IEC

Figure B.1 — Circuit for transient voltage and current measurement
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B.5.2.2

a) Voltage measurement and sense confirmation

Instrument transformer circuit measurement

After the completion of trial energizing, measure each phase of voltage in the same circuit
at the test terminal of the protection and control device connected to the VT secondary
circuit, and confirm that there is no abnormality in the voltage sense. At the same time,
confirm that the measured value of the protection and control device is normal. During trial
energizing, partial discharge measurement of GIS and transformer, surge arrester leakage
current measurement, etc., are carried out.

b) Current phase measurement and CT secondary circuit polarity confirmation

he CT secondary circuit of the equipment under test and confirms that there™i$ no
bnormality in the current ratio. At the same time, the current phase should be measpured

—~ o = < I— O 0 3o < ) —+ =

W

H
B.5.
It is

mea
circy

B.5.

Harrn

B.5.

Noi
regu

B.5.
Vibr

ith reference to the VT secondary voltage to confirm that there is no error .in the i
olarity to the protection and control device. As for the actual power flow required fo
heasurement, phase modifying equipment load, transformer tap difference,”etc., if t
re not possible, connect the commercial grid and the equipment‘under test tqg
nergized.

oad measurement of busbar VT secondary circuit and voltage(measurement indig]
alue confirmation

leasure voltage, current and phase difference at VT secondary output terminals
ranch to reactive power control (VQC) and busbar voltage telemeter (TM) convert
he normal busbar configuration to determine the VT ratio error correction settling vald
QC and TM. Based on this, the correction value,should be calculated and this se
hould be input, and it is confirmed that the busbar‘voltage measurement display val
ormal.
P.3 Relay protection measurement

determined that there is no abnormality based on the result of the current p
surement. Hence the current differential relay may introduce multiple CT secon
its, confirm that the difference current is below the allowable value and is normal.

.4 Harmonic measurement

nonic measurement is not*\normally performed during commissioning in Japan.

.5 Sound level'measurement

measurement’ of the transformer/reactor is not performed. Depending on reg
lations, audible noise in substation boundary may be measured (see B.5.2.11).

P.6 Vibration measurement of transformer

htion” measurement is not performed because the rated capacity of the cooling mot

nput
the
nese
be

ated

and
Broin
e of
ting
eis

nase

dary

onal

DI is

sSma

B.5.2.7

I enough to meet domestic regulations.

DGA of transformer

It is carried out at any time during installation, after oil lubrication, after a dielectric test,
during a voltage test, or immediately after a temperature rise test. In addition, there are cases
where the maintenance test is carried out after the start of operation in the first month, the

third month, the sixth month, the first year, and the like.

B.5.2.8 Infrared temperature measurement (depends on utilities)

Infrared temperature measurement is not normally performed in Japan, instead inspection by
terminal torque check and contact resistance measurement are implemented.


https://iecnorm.com/api/?name=ac802e40e5a5a5cb4d09829adee50df0

— 46 - IEC TS 63042-302:2021 © IEC 2021

Infrared temperature measurement may be conducted as a maintenance test every year in
some cases. Instead, fasten torque check or contact resistance measurement is commonly
conducted.

a) Fasten torque check

For the main circuit clamping terminal, a method of confirming the soundness of the
connection by an inspection record of fasten torque of bolts at the time of construction is
taken.

b) Contact resistance measurement

In particular, the clamp terminal may confirm by contact resistance measurement that the

d
I

T OO0 0D

= <= QO - m

e

b) N

ne.

.R.9 Power frequency electric and magnetic field measurement of substations
beneral

Lompliant with the electromagnetic health risk assessment by the World H
Drganization (WHO) and the International Commission on Ndénylonizing Radi
rotection (ICNIRP) guidelines set forth by ICNIRP.

OTE 1 EMF health risk assessment (WHO):

lectric fields are considered not to cause health problems for ordinary people to live a normal life. Regd
he effects of high-level magnetic fields on health in the short term,\thé mechanism by which human n
nd the like are stimulated has been elucidated, and guidelines should be adopted based on scientific grg
hich were established to protect this.

OTE 2 ICNIRP guidelines:

agnetic field to the general public at commercial freguencies should not exceed 200 pT (50, 60 Hz).
lagnetic flux density measurement
Purpose

To confirm that the magnetic flux density at the substation site boundary conforn
TSEE and the interpretation,

Inspection method

Confirm that the magnetic flux density at the boundary of the substation is below
criterion based on the“‘magnetic flux density review document.

Verify by visuak:inspection that the equipment is installed as shown in the cr
sectional plan\view of the equipment layout used in the magnetic flux density re
documents The distance from the substation boundary and the interphase distand
the magnetic flux density review document should be confirmed by a
measurements or drawings.

Criteria
Ihe magnetic flux density should not exceed 200 pT.

ontact resistance value does not exceed the rated resistance value of the down I¢ads

alth
tion

rding
erves
unds

s to

the

0SS-
view
e in
ctual

c) Example of electrostatic induction field in the vicinity of the UHV bushing above the
ground at certain height.
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