IEC TR 63042-303:2021-04(en)

IEC TR 63042-303

TECHNICAL
REPORT

Edition 1.0 2021-04

UHV AC transmission systems —
Part 303: Guideline for the measurement o V AC transmission line powgr

freqjuency parameters

Qq’\
‘5(‘1'
o
WV
0¥
o
’\2
<L
\v
(@)



https://iecnorm.com/api/?name=fcbecf1a7a7942979ef9abcd1fbafcff

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2021 IEC, Geneva, Switzerland

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

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20
Switzerland

www.iec.ch

your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11
info@iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and)publishes
Interrjational Standards for all electrical, electronic and related technologies.
About IEC publications
The tpchnical content of IEC publications is kept under constant review by the IEC. Please make.sure that you haye the
latest] edition, a corrigendum or an amendment might have been published.
IEC publications search - webstore.iec.ch/advsearchform IEC online collection - oc.iec:ch
The gdvanced search enables to find IEC publications by a Discover our powerful searéhengine and read freely all the
variety of criteria (reference number, text, technical publications previews. With a subscription you will dlways
comnyittee, ...). It also gives information on projects, replaced have access to up to date content tailored to your needd.
and withdrawn publications.

. . . . Electropedia - wivw.electropedia.org
IEC Just Published - webstore.iec.ch/justpublished The world's leading online dictionary on electrotechnplogy,
Stay lip to date on all new IEC publications. Just Published  ¢ontaining mate than 22 000 terminological entries in English
detail all new publlc_:atlons released. Available online and  gnd French,‘with equivalent terms in 18 additional langjages.
once p month by email. Also known as the International Electrotechnical Vocapulary

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

If yoy wish to give us your feedback on this publication or
need further assistance, please contact the Customer Service
Centr: sales@iec.ch.

(IEV")online.



mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
https://oc.iec.ch/
http://www.electropedia.org/
https://iecnorm.com/api/?name=fcbecf1a7a7942979ef9abcd1fbafcff

IEC TR 63042-303

Edition 1.0 2021-04

TECHNICAL
REPORT

UHV AC transmission systems —

Pa
fre

rt 303: Guideline for the measurement of lUHV AC transmission line power
guency parameters

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS

29.240.20 ISBN 978-2-8322-9646-2

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

® Re

gistered trademark of the International Electrotechnical Commission



https://iecnorm.com/api/?name=fcbecf1a7a7942979ef9abcd1fbafcff

-2 - IEC TR 63042-303:2021 © IEC 2021

CONTENTS
O T T 1 I PP 5
LN I 2 1 1 L O 1 PN 7
1 ST e o] o 1Y OO PRPRN 8
2 NOIMAtIVE FEIEIENCES .. e e 8
3 Terms and definitioNs ... 8
N €Y 0T - Y PN 9
44 Baskgrehdbrrm—m7mmm———4"4"4"9"°"/"""""""""""""""""""""""""""""""""= 9
412 MeasuremMent IHEMS ... ... ()Y 9
413 Main circuit configuration ... N .10
414 Measurement CONAItION ... .. ... D e .10
5 Requirement of measuring instrument ... ST .10
5(1 Current transformer.... ..o e .10
5{2 Voltage transformer ..o O3 .10
5{3 Measuring instrument of DC resistance..........c.ccooviiiiosm o T .10
514 Offset freqUENCY POWET SOUICE......cuiiviiiiiiiieee e e 11
5(5 Special measuring instrument of transmission line power frequency
0= 1= 1 1= (> S .1
Conversion of offset frequency measurement resulis (. . ....ooooiiiiiiiiiiiinee, 11
Measurement of induced voltage and induced cufrent ... .12
711 GBNEIAL. . e e .12
712 INduced VOItage ....cuovneeie e O .12
713 INdUCEd CUMTENT ... e .13
8 |Phase verification and measurement ofiinsulation resistance ......................c. .13
8|1 GENEIAL. .. N .13
8{2 Phase VErifiCation ... .. e .13
8|3 Measurement of insulation resistance ............oooooi i .14
9 |[Measurement of DC resiStanCe .. ..o .14
10 |Measurement of positive-sequence parameter............oooiiiiiiiiii .15
11 |Measurement of(Z€ro-sequUEeNCEe Parameter.........ocuiiiiiiiiie e .17
12 |Measurement efmutual impedance and coupling capacitance between double-
circuit transmission lines on the same toWer ... ... ... .19
1] 2 B € 1Y o =T - | F PP PP P RPNt .19
1R.2 ~ Measurement of line-mode impedancCe..............oouiiiiiiiiiiiiii e ..20
1R.87, Measurement of line-mode capacitance .............cooiii i ..20
124~ Neasurement of grouNd-MOJE IMPEUANCE ... wwwrerremeneeesmmammammaas s annees 20
12.5 Measurement of ground-mode capacitancCe............cooeeiiiiiiiiiii i 21
2 G B B T | = T o o o= 1= S 21
13 Measurement of phase pParameters ... ..o 22
13.1  Measurement of self-impedance ... 22
13.2 Measurement of self-capacitance............ccooiiiiiii i 23
13.3 Measurement of coupling capacitance between two phases..................c.co. 24
13.4 Measurement of mutual impedance between two phases ..............c.cooiiiiiiininn. 25
Annex A (informative) Example of transmission line power frequency parameter
L= 1T U 0= 0 41=1 0 28
A1 Introduction of transmisSSIoN lINe. ... 28
A.2 Measurement of positive-sequence parameter ... 28


https://iecnorm.com/api/?name=fcbecf1a7a7942979ef9abcd1fbafcff

IEC TR 63042-303:2021 © IEC 2021 -3 -

A.2A1 Measured data. ... ... 28
A.2.2 Calculation reSUILS ... 28
A3 Measurement of zero-sequence parameter ... .. ..o 29
A.3.1 Measured data. ... ... 29
A.3.2 Calculation reSUIS ... ... 29
A.4 Measurement of phase parameter..........cooiiiiiii i 29
A.4.1 GBNEIAl e 29
A.4.2 CapacitanCe MatriX ......ieiie e 30
A.4.3 gl oX=To =T a Lot =T o1 F= L4 o 1 G 30
Annex B (informative) Derivation process of measurement and calculation for
coupling capacitance between two phases ..o .31
Anngex C (informative) Safety precautions ...........ccooviiiiiiiii i .34
2711 oo = o 4 V25 PP N SR .35
Figure 1 — Measurement of induced voltage ..o @D .12
Figufre 2 — Measurement of induced voltage..........ccooviiiiiiiiiiii i e e, .13
Figufre 3 — Measurement of induced current ..........coooiiiiin i N .13
Figure 4 — Phase verification ..o S, .14
Figure 5 — Measurement of insulation resistance ............. 8. o .14
Figufre 6 — Measurement of DC resistance ..........ccoooc 8, .15
Figufre 7 — Measurement of positive-sequence parameter ............c.cooeviiiiiiiiiieieeee, .16
Figure 8 — Measurement of zero-sequence parameter ........ ..o .18
Figure 9 — Measurement of line-mode impedanCe ...........ooooiiiiiiiiiin i ..20
Figure 10 — Measurement of line-mode capacitance .............cccoviiiiiiiiiiii i, .20
Figure 11 — Measurement of ground-made impedancCe ...........cceeuviiiiiiiiiiiiie e, .21
Figure 12 — Measurement of groundsmode capacitance ............ccooviiiiiiiiiin i, .21
Figure 13 — Measurement of selfsimpedance by two-terminal synchronous
measurement Method ... o N e .22
Figufre 14 — Measurement of self-capacitance by two-terminal synchronous
Measurement Method S . .23
Figufre 15 — Measufement of coupling capacitance between two phases .................ccoonil. .24
Figure 16 — Measurement of mutual impedance between two phases ...l ..26
Figure B.1 {The n-equivalent circuit of 3-phase system during measurement ................... .31
Table < Calculation method of positive-sequence parameters............ccooeveiiiiiiiiiieeneennnen. .17
Table 2 — The calculation method of zero-sequence parameters ..o, 18
Table 3 — Calculation process and equations of parameters per unit length of double-
circuit lines on the SamMe tOWeT ... .. e 22
Table 4 — The calculation of self-impedancCe ..o 23
Table 5 — The calculation of self-capacitance.............ccoiii i 24
Table A.1 — Measured data of transmission line | ..., 28
Table A.2 — Positive-sequence parameters of transmission line | ..., 28
Table A.3 —DC resistance of HNe | 29
Table A.4 — Measured data of transmission line ..o 29

Table A.5 — Zero-sequence parameters of transmission line | .................con. 29


https://iecnorm.com/api/?name=fcbecf1a7a7942979ef9abcd1fbafcff

-4 - IEC TR 63042-303:2021 © IEC 2021

Table A.6 — The capacitance matrix of transmission line | and
Table A.7 — The resistance matrix of transmission line | and Il
Table A.8 — The reactance matrix of transmission line | and Il



https://iecnorm.com/api/?name=fcbecf1a7a7942979ef9abcd1fbafcff

IEC TR 63042-303:2021 © IEC 2021 -5 -

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization,comp
all national electrotechnical committees (IEC National Committees). The object of IEC!‘is* to prg
ternational 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 Specifica
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
P

2)

3)

4)

5)

6)
7)

8)

IEC[TR.63042-303 has been prepared by IEC technical committee 122: UHV AC transmisg
systems. It is a Technical Report
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

UHV AC TRANSMISSION SYSTEMS -

Part 303: Guideline for the measurement of UHV AC
transmission line power frequency parameters

FOREWORD

Liblication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inter
i the subject dealt with may participate in this preparatory work. Internationak ~governmental and
vernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates cl
th the International Organization for Standardization (ISO) in accordancé€ jwith conditions determing

he formal decisions or agreements of IEC on technical matters express,‘as'nearly as possible, an interna
nsensus of opinion on the relevant subjects since each technical\Cemmittee has representation fro
terested IEC National Committees.

IHC Publications have the form of recommendations for interpational use and are accepted by IEC Na
Cpmmittees in that sense. While all reasonable efforts are /made to ensure that the technical content o
Plblications is accurate, IEC cannot be held responsible)fef the way in which they are used or fo
mfisinterpretation by any end user.

I order to promote international uniformity, IEC Natiohal Committees undertake to apply IEC Publica

be¢tween any IEC Publication and the correspondirg.national or regional publication shall be clearly indica

IHC itself does not provide any attestation (@f conformity. Independent certification bodies provide confg
sessment services and, in some areas,\access to IEC marks of conformity. IEC is not responsible fol
brvices carried out by independent certification bodies.

| users should ensure that they hate the latest edition of this publication.
b liability shall attach to IEC~or)its directors, employees, servants or agents including individual expert
her damage of any nature.whatsoever, whether direct or indirect, or for costs (including legal fees

penses arising out of-the publication, use of, or reliance upon, this IEC Publication or any othe
Liblications.

tention is drawn te-the Normative references cited in this publication. Use of the referenced publicatig
dispensable for.ihe correct application of this publication.

htent rights./IEC shall not be held responsible for identifying any or all such patent rights.
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The text of this Technical Report is based on the following documents:

DTR Report on voting
122/105/DTR 122/112/RVDTR

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 Report is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, 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.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch” in the data related to

the pnr\ifir\ document At this rlnh:\, the document will he

e reconfirmed,
e Withdrawn,
e replaced by a revised edition, or

e 3gmended.
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INTRODUCTION

AC transmission line power frequency parameters are important basic data used for various
power system's calculations and applications, including engineering design verification,
commissioning, and operation.

Due to the complication of the geological conditions along the corridor of long distance UHV
AC transmission lines, it is difficult to obtain accurate transmission line power frequency
parameters through theoretical analysis and calculation. To obtain the accurate power
frequency parameters, a field measurement is necessary.

This| document provides the guidance for measurement of UHV AC transmission lines pther
freqliency parameters which include sequence parameters and phase parameters,.eic.|The
measurement conditions, measurement methods, data process methods, safety requirements,
etc. [are described.
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UHV AC TRANSMISSION SYSTEMS -

Part 303: Guideline for the measurement of UHV AC
transmission line power frequency parameters

1 Scope

This| part of IEC 63042 specifies measurement methods of UHV AC transmission line p(l)wer
frequency parameters. These measured parameters mainly include sequence paramefers,
mutJaI parameters between double-circuit lines, phase parameters and some other relpted
pargmeters.

2 Normative references

The[following documents are referred to in the text in such a way.that some or all of [heir
content constitutes requirements of this document. For dated “references, only the edjtion
citeq applies. For undated references, the latest edition of the teferenced document (including
any pmendments) applies.

IEC |Guide 115:2007, Application of uncertainty of measurement to conformity assessment
activyities in the electrotechnical sector

3 [Ferms 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:

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

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

3.1

offs'rt frequency:method

method that can \measure the parameter of transmission line by applying a test power sojrce
with|a frequency offset from the power frequency

3.2

soutce terminal

terminal of a transmission line, at which a power source is applied for the parameter
measurement

3.3

ending terminal
terminal opposite to the source terminal of a transmission line

3.4

one-terminal measurement method
measurement method, at which only source terminal is measured


http://www.iso.org/obp
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3.5

two-terminal synchronous measurement method
measurement method at which both source terminal and ending terminal are measured

syn

3.6

chronously

phase parameter
type of power frequency parameters, which characterize electric and magnetic coupling
characteristic for single phase or between two phases, including self-impedance, mutual

imp

3.7

ind
volt
equ

3.8
ind

elec

[SOURCE: IEC 60050-121:2008, 121-11-29]

4

4.1

Due|to the complication of the geological conditions along the corridor of long distance

AC
obt
and
nec

methods due to the distributed charae¢teristic and electromagnetic coupling of UHV AC |
Therefore, appropriate measurement methods are important to obtain accurate p
freqliency parameters. In thisdocument, different measurement methods are applie

acq

4.2

The recommended'parameters which need to be measured are as follows:

edance, self-capacitance and coupling capacitance

yced voltage
dge caused by the electromagnetic or electrostatic effect of adjacent energized ling
ipment

yced current

General

Background

ransmission lines, where soil resistivity and transmission tower size vary, it is difficy
in accurate transmission line power frequency parameters through theoretical ana
calculation. To obtain the accurate.power frequency parameters, field measureme

dire accurate parameters.

Measurement items

positive-seguence impedance,
positive=sequence capacitance,

3ero-sequence impedance,

¢g¢ssary. However, the accuracy -of;field measurement is influenced by measure:[\ent
i

ric current resulting from the displacement of charge carriers due(to-an induced voltage

JHV
It to
ysis
Nt is

nes.
wer
J to

ZETO-SEqUENCE capacitance,
mutual impedance and coupling capacitance between double-circuit lines,
self-impedance of one phase,

self-capacitance of one phase,

mutual impedance between two phases,

coupling capacitance between two phases,

induced voltage and induced current,

phase verification and insulation resistance,

DC resistance.


https://iecnorm.com/api/?name=fcbecf1a7a7942979ef9abcd1fbafcff

- 10 - IEC TR 63042-303:2021 © IEC 2021

4.3 Main circuit configuration

Disconnectors at the two terminals of the transmission line should be open during
measurement.

Parallel with the transmission line, connected equipment should be disconnected, such as
shunt reactors and capacitive transformer.

Series reactors and capacitors used in the transmission line shall be bypassed.

If t = tIGIIOIII;OO;UII :;IIU tU bU IIIUG°UIUd IO UUIIIPUOUd Uf UVUIhUGd :;IIUO, UGb:UO T aS-
insulated lines (GIL), it is recommended to measure the parameters of the overhead\lines,
cables or GIL, separately.

To gliminate the resistance of the connecting lines for test, two connecting lines;”i.e. volfage
and |current connecting lines, can be applied. If only one connecting line, 45 applied,| the
obtained line resistance should be reduced by the connecting line Vresistance. |The
meapurement system should be reliably connected to the substation earthing system.

4.4 Measurement condition

Cloge attention should be paid to the weather condition./along the line during| the
meaEurement. The measurement should be stopped if thé weather is not suitablgd for
meagsurement.

Ambiient temperature of measuring instrument: -=10£C+to +40 °C, relative humidity: < 85 %.

Befdre starting the measurements, check that all'temporary grounding connections have heen
rempved. No work may be done on the lines“during the measurements. Make sure that|this
rule|is followed. All local and international safety regulations shall be known and stfictly
obsgrved. Safety precautions are given-n Annex C.

5 Requirement of measuring-instrument

5.1 Current transformer

Uncertainty of current-transformer (CT) should be equal to or better than 0,5 %. It is obtajined
based on the method of IEC Guide 115.

5.2 | Voltage transformer

Uncertainty-of voltage transformer (VT) should be equal to or better than 0,5 %. It is obtalined
bas¢d_on.the method of IEC Guide 115.

5.3 Measuring instrument of DC resistance

The instrument to measure the DC resistance of a transmission line can be a special
instrument or the combination of a DC power source, a DC voltmeter and a DC ammeter.

If the DC resistance measurement meter is used, its uncertainty should be equal to or better
than 0,5 %.

If the combination of a DC resistance, a DC power source, a DC voltmeter and a DC ammeter
is used, the uncertainty of the DC voltmeter and ammeter should be equal to or better than
0,5 %.
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5.4

Offset frequency power source

The offset frequency power source should be capable of supplying sinusoidal signals at a
single frequency that can be adjustable. Normally, the power source should generate a
sinusoidal signal at f— Afor f+ Af, where Afis usually less than 10 Hz, such as 2,5 Hz, 5 Hz

or7,

5 Hz.

NOTE =+ 5 Hz are two typical values of frequency offset; the frequency of test power source can thus be 45 Hz or
55 Hz for a 50 Hz system.

The total harmonic distortion for the voltage output of offset frequency power source should

be w

5.5
The

QTS5 (0

Q) < 0 T

If th
a po

If th

inte
tran

offsgt frequency method need to be converted to the parameters at power frequency.

Gen

offsmt frequency test/power source should be used to eliminate the power frequ

ithin-3-%-lt-isrecommended-by lEC 61000-2-4:2002.

instrument should meet the requirement as follows:

[he measuring instruments at the source and ending terminals should hiaye the functig
ynchronous phasor measurement and be capable of sampling single-phase and th

nd current.

or each measurement, all the measured voltage and current phasors take a GPS PP
reference; phase angle of voltage or current is the difference between the meas

'he measuring instrument should be capable of completing data analysis and calcul
ccording to the prescribed method.

Conversion of offset frequency measurement results

wer frequency test power;source can be directly used.

bre are induced voltage and induced current on the measured line at power frequency

erence. The offset frequency measurement method is usually used to measure
Emission line-power frequency parameters. However, the parameters measured by U

erally,/the two frequencies f— Af'and f+ Af will be selected for the measurement.

Special measuring instrument of transmission line power frequency parameter

'he measuring instrument should be capable of eliminating signal aliasing and IeakagI.
tion

n of
ree-

hase voltage and current phasors which include amplitude and-pbase angle of voltage

5 as
ired

oltage or current phasor and the reference. The magnitude of voltage or current is

mplitude.
[he synchronization error of sampling between the. source terminal and ending terminal
hould be less than 100 ns.

bre are no induced voltagecand induced current on the measured line at power frequency,

, an
ENCy
JHV
sing

The

procedure of offset frequency measurement is as follows:

e Firstly, replace the frequency of power source f by f — Af, measure and calculate
parameters of the transmission lines at frequency f— Af according to the procedures and
equations.

e Secondly, replace the frequency of power source f by f + Af, measure and calculate
parameters at frequency f+ Af according to the procedures and equations.

e Finally, calculate the impedance parameters at power frequency f by

X A ] /92

(F-&7) 2n(f +47)

=r.+ jx, = + / 2+ j2m
=T Ixy (rf—Af ”f+Af) J f{Z'IT
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where

f is the power frequency;

J is the imaginary unit;

zy is the impedance at frequency f;
ry is the resistance at frequency f;

rrAf is the resistance at frequency f— Af;
FreAf is the resistance at frequency f + Af;
Xp is the reactance at frequency f;

XLAf is the reactance at frequency ' — Af;
XLAf is the is the reactance at frequency '+ Af;

Vy =8, +j2nfe, = (g s T 8rar ) /2+ j2nf (Cf—Af iy ) /2 2)
whefe
yy is the admittance at frequency f;
J is the imaginary unit;
gs is the conductance at frequency f;
8rAf is the conductance at frequency f— Af;
gren is the conductance at frequency f+ Af;
cr is the capacitance at frequency f;
CLAf is the capacitance at frequency f— Af;
Craf is the capacitance at frequency '+ Af:

7 Measurement of induced voltage and induced current

7.1 | General
Indulced voltages and currents-on the line to be measured can endanger the health of the

worKers and destroy the measuring instruments. Therefore, the measurement of the indiyiced
voltage and current should ‘be the first task of parameter measurement.

7.2 | Induced voltage

Induced voltage-of three phases should be measured when transmission line is earthed|and
open-circuit‘at the ending terminal separately.

nree
urce

Source terminal UHV AC line Ending terminal
a a
®
b b' l
c ¢

IEC

Figure 1 — Measurement of induced voltage
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As shown in Figure 2, disconnect the three phases at both terminals and measure the induced
voltage of each phase at the source terminal by a voltmeter through voltage divider.

7.3

As

Source terminal UHV AC line Ending terminal

a o

b b’

c c'
=

IEC
Figure 2 — Measurement of induced voltage

Induced current

thown in Figure 3, earth the three phases at the two terminals) and measure

grounding current of each phase and the total current of the three)phases at the so
terminal by the ammeter.

8

8.1

Pha
and

Source terminal UHV AC line Ending terminal

a a'

b b |

@ ® @
®

= IEC

Figure 3 —Measurement of induced current

Phase verification and measurement of insulation resistance

General

se verification' is used to verify whether the phase labels at two terminals are consis

condition ofstransmission line. An insulation resistance meter which measuring voltage r
is nat less)than 5 kV can be used as measuring instrument.

8.2

the insulation resistance measurement is applied to obtain the external insulition

the
Lrce

ent,

nge

Phase verification

As shown in Figure 4, earth phase a at the ending terminal and disconnect the other phases
at the two terminals. Measure the insulation resistance of each phase at the source terminal
by the insulation resistance meter. If the insulation resistance of any phase is equal to zero,

this

phase label is verified to be phase a.

Repeat the same procedure for verification of the other line phases.
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8.3

As ghown in Figure 5, disconnect phase a at both terminals. In order to deerease the indliced
voltdge during measurement, earth the other phases at the source terminal and disconInect
them at the ending terminal. Measure the insulation resistance of phase’a by the insul

resigtance meter at the source terminal.

Rep

If a
disc

- 14 — IEC TR 63042-303:2021 © IEC 2021

Source terminal UHV AC line Ending terminal
a Py
b b
C c'
L
Insulation
= resistance
meter

IEC

Figure 4 — Phase verification

Measurement of insulation resistance

bat the same procedure for insulation resistance measurement of the other line phase
Source terminal UHV AC line Ending terminal

a a'
b b
c [

L Insulation |

= resistance i

meter

IEC
Figure 5 ~’Measurement of insulation resistance

oltage transformer is connected to the transmission line, the voltage transformer sha
bnnected from theline during measurement.

Measurement of DC resistance

tion

L4

Il be

h at

hown in Figure 6, disconnect the line to be measured at the source terminal and ear

measurement generally earth the measured Irne at the endrng termlnal or earth one of the
measured two phases at any terminal.

Apply a DC power source between the corresponding phases, and repeat the same
measurement procedures for measurement of U.,, Uy, Io5 and /..

The

DC resistance of each phase is then given by the Equations (3) to (5).
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Source terminal UHV AC line Ending terminal
A a a
+
— Uab Iab
B
—[ b b’
T 1

o) C

IEC

Figure 6 — Measurement of DC resistance

U, U,
Ry=(Ye s Y Ueyp 3)
Iab Ica Ibc
Ry=(J 4 Zoe Deny @)
Iab ]bc ]ca
U U, U
Rcz(i+ﬁ__ab)/2 (5)
Ibc ca Iab

whefe

R, | is the DC resistance of phase a;
Ry | is the DC resistance of phase b;
¢ | is the DC resistance of phase c.

The |measurement result should be converied to the DC resistance at 20 °C by Equation (¢

~

R

Ry=——— 6
2 1+(9-20)B ©)

whefe
5 the average temperature of environment between the source terminal and the ending
terminal in °C;

3 i the temperature coefficient of the resistance of the conductor in 1/°C,
for aluminittim B = 0,003 6 (1/°C);

R i the-measured resistance.

10 Measurementof positive-sequence-parameter

One terminal measurement method can be used to measure the positive sequence
parameters.

Generally, the ending terminal currents are zero when the three phases are disconnected at
the ending terminal, and the ending terminal voltages are zero when three phases are earthed
at the ending terminal. Therefore, voltages and currents should be measured at the source
terminal when the three phases at the ending terminal are disconnected, and when the lines
at the ending terminal are earthed separately. Combined with the conditions mentioned above,
positive-sequence impedance and capacitance of the lines can be calculated by transmission
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line equations [3]'. As shown in Figure 7 a) and Figure 7 b), the measurement procedures are
as follows.

Firstly, the three phases should be disconnected at the ending terminal and then a three-
phase test power source should be applied to the three phases at the source terminal.
Measure the three phase voltages U,4, U,q, and U.q and currents I, Iy, and I 4 at the
source terminal.

NOTE U,, represents the voltage phasor of phase a, which includes amplitude and phase angle of the voltage.
The symbol a' represents the phase a at the ending terminal.

Secondly, the three phases should be earthed at the ending terminal and then a three-phase
test [power source should be applied to the three phases at the source terminal. MeaSurg the
three phase voltages U,,, Uy,, and U, and currents I;,, 1,5, and I, at the source termingl.

Calqulate the positive-sequence component Uy 1 from Uy,q, Upq, @and Ugq, I{yfrom I,4,| Iy,
and /o4, Uyg 5 from Uyp, Upy, and Ugy, 14 5 from 1,5, Iy, and 7.

Source terminal UHV AC line Ending terminal
al_ e~ a Ua a'
>
b1 ] oo b’
—
cl. | o vy c
CT
T
'_Measurlng
| instrument
——————— IEC
a) The line at'the ending terminal is disconnected
Source terminal UHV AC line Ending terminal
Ua ~Nfat. e poen a Uat a
N ——
Up ~ o1 | b Ubt b’
T
Ue %Ic1‘ ° rovrry c Uc1 c'
CTL
VT
:—Measuringj
| instrument

_______ IEC

b) The line at the ending terminal is earthed

Figure 7 — Measurement of positive-sequence parameter

Positive-sequence impedance and capacitance can be calculated according to the equations
in Table 1.

1 Figures in square brackets refer to the Bibliography.
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Table 1 — Calculation method of positive-sequence parameters

Calculation of positive-sequence
parameters

Measured voltage and current

Characteristic impedance

Fropagation coefiicient

Positive-sequence impedance Zy = chﬂq
Positive-sequence resistance r= Re(z1)
Positive-sequence reactance Xy = |m(z1)
Positive-sequence admittance V=N / ZC'1
m
Positive-sequence capacitance & :M
@

NOTE w=2 T frepresents the angular frequency; L represefits the length of transmission line.

Example of transmission line power frequency parameter measurement is given in Annex

11 Measurement of zero-sequenceparameter

The|zero-sequence parameters cah)be also measured by one-terminal measurement mefthod

whigh is the same as for positive-sequence parameters, and calculated by transmission

line

equations. As shown in Figuren8’a) and Figure 8 b), the measurement procedure is as follpws.

Firsfly, the three phases. should be disconnected at the ending terminal and then a single
phage source should(be applied to the three phases shorted at the source terminal. Meapgure

the gingle phase voltage Uy, 1 and current / 4 at the source terminal.

Secondly, the.three phases should be earthed at the ending terminal and then a single p
test [powersoeurce should be applied to the three phases connected at the source ter
Meapure the single phase voltage Uy , and current [ , at the source terminal.

ase
inal.

For double-circuit Transmission lines on the same fower, when measuring the zero-sequence

parameter of one circuit transmission line, the two terminals of the other transmission
should be disconnected.

line
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Ending terminal

Source terminal UHV AC line
a
Un, @
0,1 b’

- 10,1= o v 0,
cTt| P
L L ¢

Zerd
Tabl

le 2.

- 102= o v 0,
cTt| P
L L o

c
o L]
o | VT
r Measuring B
I instrument
L= _
= IEC
a) The line at the ending terminal is disconnected
Source terminal UHV AC line Ending terminal
a
Un. @
0,2 b

-sequence impedance and capacitance can‘\be calculated according to the equatiof

I Measuring !

I instrument
L ____-_ | 1
IEC

b) The line at the ending terminal(is‘earthed
Figure 8 — Measurement of zero<sequence parameter

S i

Table 2 — The calculation.method of zero-sequence parameters

Calculation of zero-sequence
parameters

Measured voltage and current Uo,10 1g 1 Up2 1o2

Characteristic impedance

Propagation coefficient

Zero-sequence impedance Zy = Zc,ojo
Zero-sequence resistance = Re(zo)
Zero-sequence reactance Xg = |m(zo)
Zero-sequence admittance Yo=%h/Z,
Im(yo)

Zero-sequence capacitance
w
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12 Measurement of mutual impedance and coupling capacitance between
double-circuit transmission lines on the same tower

12.1 General

The measurement principle of the coupling parameters between the double-circuit lines on the
same tower is mainly based on the two-phase AC system and its phase-mode transformation.
The phase-mode transformation between phase parameter and mode parameter for two-

phase systems is given in [4]:

Zy =Zs+Zm

24 =Zg~ Zny
COZCS+Cm
€1 =6 Cy

whefe
z, | is the ground-mode impedance;
z,; | is the line-mode impedance;

o is the ground-mode capacitance;

e is the line-mode capacitance;

zg is the self-impedance of one phase;

z | is the mutual impedance between two phases;
Cs is the self-capacitance of-one phase;

is the minus of the coupling capacitance between two phases.

Thetefore, z,, and cy(are given by
Zm =(20—2)/2

cn=(co—¢)/2

(7)

(8)

9)

(10)

(11)

(12)

If three phases of each circuit of the double-circuit lines on the same tower are regarded as
one phase, double-circuit lines on the same tower can be regarded as two phases of one line.
Therefore, the line-mode and ground-mode parameters of two phases of one line can be
measured, and the mutual impedance and coupling capacitance between double-circuit lines
can be calculated based on the measured line-mode and ground-mode parameters according

to Equations (11) and (12). The measurement procedures are described in [5].
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12.2 Measurement of line-mode impedance

For each circuit of the measured double-circuit lines, connect three phases of each circuit at
the source terminal and short all phases of the double-circuit lines at the ending terminal.
Apply a two-phase test power source with identical voltage amplitudes and symmetrical phase
angles at the source terminal of the double-circuit lines. Measure the voltages U, g¢ and
Uy sc and the currents /4 g¢ and I g¢ at the source terminal, as shown in Figure 9.

NOTE The symmetrical phase angles mean that the difference of phase angles between the two phases is 180°.

Source terminal UHV AC linel Ending terminal
I1sc Ursc |21 ay
® (YY)

CT I LY by’
VT | c1 2

Uy =

I :_Measuring—I
instrument

Ug=-Uyq L______JT =
VT | Source terminal UHV AC linedl Ending terminal
cT & 3
hsc® M Uzsc |b2 by’
Cy (;2'

IEC
Figure 9 — Measurement ofline-mode impedance

12.3] Measurement of line-mode capacitance

For pach circuit of the measured double=¢€ircuit lines, connect the three phases of each cifcuit
at the source terminal and disconnectvall phases at the ending terminal. Apply a two-phase
test [power source with identical _veoltage amplitudes and symmetrical phase angles af the
source terminal of the double-circuit lines. Measure the voltages U ¢ and U, o¢, and the
currents Iy o and I o¢ at thesource terminal, as shown in Figure 10.

Source terminal UHV AC linel Ending terminal
It oc Utoc |21 ay’
* O

CT I LY by’
VT | c1 ¢

Uy =

i :_Measuring—I
v | instrument :—| ~
B =R =

VT | Source terminal UHV AC line ll Ending terminal
cT & 3
hoc' M Uzoc |b2 by’
Cy (;2'

IEC
Figure 10 — Measurement of line-mode capacitance

12.4 Measurement of ground-mode impedance

Connect all phases of the two lines at the source terminal and earth all phases of the two
lines at the ending terminal.
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Apply a single-phase test power source at the source terminal. Measure voltage Uj g¢ and
current /g g¢ at the source terminal, as shown in Figure 11.

12.5

Con
two
term
Figu

12.6

Source terminal UHV AC line Ending terminal
ay a,
b, by’
Iooc, CT Uooc [ cf
vl | E
Uqg (R J_: Source terminal  UHV AC linell Ending terminal
9 | Measuring | a ay
= [ mstrument | 5 =
7] oy’

Measurement of ground-mode capacitance

Figure 11 — Measurement of ground-mode impedance

IEC

nect all phases of the two lines at the source terminalsand disconnect all phases of the
lines at the ending terminal. Apply a single-phase-test power source at the source
inal. Measure voltage Ugoc and current Iy o <at the source terminal, as showpn in
re 12.
Source terminal UHV AC line Ending terminal
a1 a1'
by by’
loc CT Uooc [eo cf
LEAAAA)
VT
U Source terminal  UHV AC line ll Ending terminal
a =
f Measurmg a ay
instrunrent -
ek & ni ; by by
C2 Cz'
IEC
Figure 12 — Measurement of ground-mode capacitance
Data process

Coupling parameter calculation of double-circuit lines on the same tower is shown in Table 3.
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Table 3 — Calculation process and equations of parameters
per unit length of double-circuit lines on the same tower

Line-mode parameters Ground-mode parameters
7 _ Uioc ~Uz0c _ Utse ~Uzsc 7 _ UO oc 7 = UO sc
1,1-2,0c — Z1,1—2,sc - 0,0c — /2 0,cs — /2
1 oc 12,oc [1,5(; - [2,sc O oc 0 sc
Characteristic impedance Zs 112 =+l Z14-2.06214-2.5¢ ZC’0 = Zo,oczo,sc
_ o arcoth “rrzee arcoth
Prgpagation coefficient 11 250 0 G
4 L % L
Impgdance per unit length 2y =Zs 1124 Zo =4
Admjttance per unit length W=M1Z 11, Vo= o 1 Ze g
Mutual impedance _ _
befween double-circuit Zm = (ZO Z1) /2
Coupling capacitance _ _
befween double-circuit Cm |m(y0 Y ) /2

NOTE L represents the length of transmission line.
13 Measurement of phase parameters

13.1 Measurement of self-impedance

The|self-impedance of one phase is generated by the loop formed through one phase ground.
In order to eliminate the influence of_the other phases during measurement, the other phases
at the two terminals should be disconnected. Two-terminal synchronous measurement method
is uged to obtain the accurate self-impedance [6].

As ghown in Figure 13, eartb/the phase to be measured a, of the double-circuit transmigsion
line jon the same tower at the ending terminal, while all other phases are disconnected af the
two jterminals. Applya single phase test power source to phase a, at the source termjinal.
Meapure the voltage U | and the current /; 4 at the source terminal and the current I'gj 4 at
the ¢nding terminal.

Repgat thessame procedures for self-impedance measurement of the other phases.

. NYY\ISN Usi1 Source terminal UHV AC line Ending terminal Wl'si,
. . a, ER
by by’
= c cq
AC () ! ! =
I az a2| [ B
l [« 1
Synchronous Synchronous
L | measuring | b X | measuring |
instrument — 2 instrument

L_l__' - L_I__I

IEC

Figure 13 — Measurement of self-impedance by two-terminal
synchronous measurement method
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Self-impedance can be calculated according to the equations in Table 4.

NOTE L represents the length of transmission line.
13.201 Measurement of self-capacitance
Self

phas

ism

term

Table 4 — The calculation of self-impedance

Calculation of self-impedance

Voltage and current at the source

terminal Usi,o Lsit
Current at the ending terminal I'
oL Usi,1
Characteristic impedance Z.g=

C;Sl

ZL TR A PR
TS (755t

Propagation coefficient &= arcosh (Zsiﬂ /Is'm)
Impedance Zg = Zc,siﬂo,si
Resistance 1y =Re(zg)
Reactance xg =1m(zg)

capacitance of one phase is the sum of capacitances between one phase and the qther
es and capacitance between one phase and-earth. When self-capacitance of one plase
asured, in order to avoid the influence_of, the other phases, the other phases at the| two
inals should be earthed. Two-terminal synchronous measurement method is usefd to
obtajin the accurate self-capacitance.

As shown in Figure 14, disconpect the phase to be measured a; of the double-cifcuit
trangmission line on the same tower at the ending terminal, while all other phases should be
earthed at the two terminals.;Apply a single phase test power source to the measured phase
a, at the source terminal. Measure the voltage Uy, 1 and current /. 1 at the source terminal
and [the voltage U’y 1 atithe ending terminal.
Repgat the same procedures for self-capacitance measurement of all other phases.
Toe 1 Use 1 Source terminal UHV AC line Ending terminal Use,
L . [ a1 a1'
|§ b b,
AC 1 1
I Jg C1 01' _
= i I ay azl -
) o
Synchronous Synchronous
| measuring | b b’ | measuring
instrument |~ 2 2 instrument
L _
L @ L

Figure 14 — Measurement of self-capacitance by two-terminal
synchronous measurement method

Self-capacitance can be calculated according to the equations in Table 5.

IEC
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Table 5 — The calculation of self-capacitance

Calculation of self-capacitance

Voltage and current at the source

NOTE

13.3

The
capa
betw

terminal Use, 1 Isc.1
Current at the ending terminal U'se
, .
L Usc,1 Smh('lscl‘)
Characteristic impedance ZC’SC =
Isc,1
arﬁneh(ff L )
Propagation coefficient Ao = sel sel
L

Admittance

sC = A’SC / ZC,SC

Capacitance

_Im(y,,)

sC

w=2 T frepresents the angular frequency; L represents the length of Aransmission line.

Measurement of coupling capacitance between two/phases

coupling capacitance is the capacitance between any-two phases, including the cou
citance between the two phases of the same<gircuit and the coupling capacitance
een two phases of different circuits in double-cifeuit transmission lines on the same t

Whgn measuring the coupling capacitance betweentwo phases, the electromagnetic cou

of th
it is

e other phases has an influence on the measurement. In order to eliminate the influ
necessary to use two-terminal synchronous measurement and decoupling calcu

method to obtain accurate coupling capacitance.

As shown in Figure 15, for double-circuit lines on the same tower, phase a, is disconnecte

the
disc
the
volt3
sour

AC

bnding terminal, while all the other phases should be earthed at the source terminal
bnnected at the ending terminal. Apply a single phase test power source to phase
source terminal and measurg the voltage Uy, of phase a, at the source terminal ang
ge Uy, of the phase a7 at the ending terminal, and the current /5,4 of phase b, a

bling

bwer.
bling

ition

d at
and

a4 at

the
the

11

ce terminal and voltage U,, of phase b, at the ending terminal synchronously.
Ugpq Source terminal UHV AC line Ending terminal Usp
L a1
by
| c
h) Ly |, !
s ° :
ER a2
- | by by’ o
|—Synchronous L C : Synchronou
| measuring i 2 2 measuring
instrument 4 | instrument

|__I_

Figure 15 — Measurement of coupling capacitance between two phases

S
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Then, apply a test power source to phase a, at the source terminal, and measure the voltage
of phase a, at the source terminal, the voltage of phase a; at the ending terminal, the
grounding currents in the phases ¢4, a,, by, ¢, as I344, 1441, I514, and I544 of the other phases
at the source terminal and the corresponding voltages Ujzqy, Usq1o, Usqo, Ugqo Of the other
phases at the ending terminal synchronously.

After that, apply the test power source one by one to phase by, ¢4, a,, by, ¢, at the source
terminal. Similar to the measurement at phase a4, apply a test power source to the phase to
be tested and disconnect this phase at the ending terminal, while all other phases are earthed
at the source terminal and disconnected at the ending terminal. Measure the voltage of the
phase connected with the test power source at two terminals, the grounding currents of all
othelr phases at the source terminal and the voltages of all other phases at the enfding
termiinal synchronously.

For N-phase system, the calculation equation is shown here:

tanh(,/z,y.L/2 N )
Yi/' (Ui1 +Ui2)_Uji2 ( — 2 )'(ij)_Zij =2]ji1 m#j (13)
zy, L/ m=1 ’

i is the phase at which the test power source is applied, take 1 to N-1;
Jj is the phase at which the test power source is not applied, take i-1 to N;

is the mutual admittance between phase i and-phase j;
Z; is the self-impedance per unit length of phase j;
Y; | is the self-admittance per unit length of phase ;.

The|N-phase conductor system can™list 1 + 2 +3 +...N-1 element equations with 1 + 2 +3
+...§-1 unknowns, and all the mutual admittance Y, can be obtained by solving the equation

set. [Then the coupling capacitance per unit length can be calculated.

¢; =Y, /(L jo) (14)

g

See|Annex B for.details.

13.4 Measurement of mutual impedance between two phases

self-
a a B asH — W two
phases include mutual impedance between two phases in the same circuit and mutual
impedance between two phases of different circuits of double-circuit transmission lines on the
same tower. One-terminal measurement method can be used to measure mutual impedance.

As shown in Figure 16, mutual impedance between phase a; and phase b, of double-circuit
transmission lines on the same tower is measured. All phases are earthed at the ending
terminal and disconnected at the source terminal. Apply a single phase test power source to
phase a, at the source terminal, and measure the current 7,4 of phase a; and the voltage Uy,
of phase b, at the source terminal.

Repeat the same measurement procedures for the other phases.
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~v Lat Source terminal UHV AC line Ending terminal
: ay ay’
by by’
C4q C1'
AC @ a, ay'
L by by
S e
| Measuring ! cy C3'
instrument
I_ —3

For
cong
unit

whe
L i

For

_;L__| d

Figure 16 — Measurement of mutual impedance between two ‘phases

short-distance transmission line, a simple calculation method (ean be applied wif
idering the influence of distributed parameter characteristics,{/he mutual impedanceg
length between two phases can be calculated according to the\following equation:

Zmu = Ub'l /(Ia1L)

G
5 the total length of the measured line.

transmission lines with length over 150 ¢ckm, due to the obvious influence of distrib

hout
per

(15)

uted

pargmeter characteristics, the following method should be adopted to calculate the mytual

impe

whef

Za1

ya1
Zp1

Yo1b

dance between phase a; and phase®,.

_ Zmuatbt _ U tanh(y/Z5yai L) tanh(\/Zm(J’mm ~ btet + Yotaz + Yotz + Vorcz))L) i

mu,alb1 — — ¥ al
L Zg1Var L \/Zb1(yb1b1 = Voto1 + Yotaz + Yorvz + Vore2))L

z

L)

is the self-impedance per unit length of phase ay;
is the self-admittance per unit length of phase ay;
is the self-impedance per unit length of phase by;

is the self-admittance per unit length of phase by;

(16)

Vo1t

s themutuatadmittance perumittengtirbetweenm phase by amdphase T,

Vpiaz 18 the mutual admittance per unit length between phase b, and phase a;

Ypibe 18 the mutual admittance per unit length between phase b, and phase b,;

Mo1c2

is the mutual admittance per unit length between phase b, and phase cy;

All the above mentioned parameters have been measured according to Subclauses 13.1 to

13.3

Mutual impedance between any two phases is calculated by
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N
tanh — L
Z s tanh(y/z,», L) WEAG k§:1ynk )
Zran = — == U,/ ( ' .

A L), k#m, k#n

mu,mn L n1 ~ y L N
\/ e Zn(ynn _Zynk )L
k=1
where
m is the phase at which the test power source is applied;

is the phase at which voltage at the source terminal is measured,;

1 1 o ol !
k alc tIIU PrHdscs WITIUTT dTT IIUt medsurcu,

z, | is the self-impedance per unit length of phase m;
v,, | is the self-admittance per unit length of phase m;
Y, is the self-admittance per unit length of the phase #;

v | is the mutual admittance per unit length between phase » and phaseyk.

All the above mentioned parameters have been measured previousty.

(17)
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Annex A
(informative)

Example of transmission line power frequency parameter measurement

A.1 Introduction of transmission line

Transmission line | and Il are UHV AC double-circuit transmission lines on the same tower
with a total length of each line of 336,6 km.

A.2[ Measurement of positive-sequence parameter
A2 Measured data
Bas¢d on one-terminal measurement method according to Clause 10, apply a three-plhase
test |power source to the lines at the source terminal. Measure the three phase voltages|and
currents at the source terminal, and calculate the positive-sequence ¢emponents of the three
phage voltages and currents. Table A.1 shows the positive-sequence components of| the
voltages and currents at the source terminal of line I.
Table A.1 — Measured data of transmission line |
Frequency of test power | Frequency of test power
Measured data source source
47,5 Hz 52,5 Hz
THe lines at the ending Voltage / (V) 455,7 e”°'8° 460,4 e 7i58,6°
ternmpinal are disconnected Current / (A) 0.69 e i100.6° 0.78 e 313
THe lines at the ending Voltage / (V) 113,4 ej98,8° 134,0 ej38,6°
terminal are earthed Current4(A) 1.35 gi105° 143 g -49.8°
A.2.pR Calculation results
The| positive-sequence ‘parameters are calculated according to the method in Table [1 of
Clayse 10. Then convert the parameters to the parameters at power frequency accordirlg to
Clayse 6. The resultsare shown in Table A.2.
Table A.2 — Positive-sequence parameters of transmission line |
Positivessequence Positive-sequence Positive-sequencg
y Impedance angle X
resistance reactance capacitance
HErkm) HrmerkmY ) HrE kT
6,50 252,50 88,53 14,51

The measured DC resistance of transmission line I, shown in Table A.3, can be used as a
reference to verify positive-sequence AC resistance. Due to skin effect, the positive-sequence
AC resistance is about 10 % larger than the positive-sequence DC resistance.
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Table A.3 — DC resistance of line |

DC resistance Positivg-sequence
resistance
/(mQ-km™") /(mQ-km™")
Phase a 6,1
Phase b 59 6,5
Phase ¢ 6,0

A.3| Measurement of zero-sequence parameter

A.31 Measured data

Bas¢d on one-terminal measurement method, a single-phase test power seurce is connected
to lines at the source terminal. The single-phase voltages and currents."of the line (ere
meagured at the source terminal. Table A.4 shows the measured voltages’ and currents af the
source terminal of transmission line I.

Table A.4 — Measured data of transmission line |

Frequency ofitest power | Frequency of test power
Measured data source source
47,5 Hz 52,5 Hz
The lines at the ending Voltage / (V) 389,5 e 1617 356,3 ¢ it
termihal are disconnected Current / (A) 1,01 ei27:5° 1,03 e 145.2°
The lines at the ending Voltage / (V) 185,7 e /1347 202,6 e J**¥
tefminal are earthed Current / (A) 2,17 ei55° 2,12 g it41°

A.3.p Calculation results
The| zero-sequence parameters are calculated according to the method in Table 2 of

Clayse 11. Then the parameters are converted to the parameters at power frequ
accqrding to Clause 6.<’he results are shown in Table A.5.

Table’A.5 — Zero-sequence parameters of transmission line |

Zero-sequence Zero-sequence Zero-sequence
X Impedance angle .
resistance reactance capacitance
/(mQ-km™") /(mQ-km™1) 1(°) /(nF-km™")
127.0 738.0 80,24 8,03

A.4 Measurement of phase parameter

A.4.1 General

According to the measurement methods of Clause 13, the phase parameters of transmission
lines | and Il are measured and calculated. The results are shown in Table A.6, Table A.7 and
Table A.8. In the tables, a, by and ¢, represent the phase a, phase b and phase c of line |,
and a,, b, and c, represent the phase a, phase b and phase c of line Il.
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A.4.

2 Capacitance matrix
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The self-capacitance and coupling capacitance of line | and Il are calculated, as shown in
Table A.6, where the diagonal data are self-capacitances and off-diagonal data are coupling
capacitances.

Table A.6 — The capacitance matrix of transmission line | and Il

Self-capacitance and coupling capacitance / (nF/km)

Phase labels a, b, c, a, b, c,
a, 12,7 1,880 1,918 0,598 0,956 1,03
b, 12,7 1,970 1,075 0,599 0,95
c, 12,9 0,949 1,001 0,674
a, 12,9 1,881 1,93
b, 12,6 1,96
c, 12,6

A.4.

The

¢ Impedance matrix

self-impedance and mutual impedance of line | anddine’ Il are calculated, as shown in

Table A.7 and Table A.8. The diagonal data are self-impedance and the off-diagonal datd are

couy

ling impedance, where X denotes reactance, R denotes resistance.

Table A.7 — The resistance matrix of transmission line | and Il

R (mQ/km)
Phase labels
a, b1 c, a, b2 c,
a, 49,0 41531 41,17 41,21 43,09 42,87
b, 48,08 41,90 39,13 41,56 39,58
c4 48,27 40,47 39,57 41,49
a, 47,52 40,54 40,23
b, 47,71 41,73
C, 47,43

Table A.8 — The reactance matrix of transmission line | and Il

X (mQ/km)
Phase labels
a, b, C, a, b, c,
a, 410,6 155,54 158,44 124,12 137,77 141,24
b, 414,2 160,70 138,93 127,66 136,98
c4 416,4 138,81 138,14 127,22
a, 404,1 151,55 152,51
b, 406,9 152,54
C, 401,5
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