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INTERNATIONAL ELECTROTECHNICAL COMMISSION

GUIDELINES FOR PARAMETERS MEASUREMENT OF
HVDC TRANSMISSION LINE

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

all ne

tional electrotechnical committees (IEC National Committees). The object of IEC is to promote inte
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eration on all questions concerning standardization in the electrical and electronic fields. To this
Hition to other activities, IEC publishes International Standards, Technical Specifications, Technical
cly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)
hration is entrusted to technical committees; any IEC National Committee interested in the subject d
barticipate in this preparatory work. International, governmental and non-governmental organization
he IEC also participate in this preparation. IEC collaborates closely with the International Organiz
Hardization (ISO) in accordance with conditions determined by agreement between'the two organiz

ormal decisions or agreements of IEC on technical matters express, as nearly.as-possible, an inte
bnsus of opinion on the relevant subjects since each technical committee/has representation
ested IEC National Committees.

Publications have the form of recommendations for international us€,and are accepted by IEC
mittees in that sense. While all reasonable efforts are made to ensure that the technical conten
cations is accurate, IEC cannot be held responsible for the way in which they are used or
terpretation by any end user.

der to promote international uniformity, IEC National Committees undertake to apply IEC Pul
parently to the maximum extent possible in their national and regional publications. Any divergence
EC Publication and the corresponding national or regional publication shall be clearly indicated in t

tself does not provide any attestation of conformity: Independent certification bodies provide cqg
5sment services and, in some areas, access to_IEC marks of conformity. IEC is not responsiblg
Ces carried out by independent certification bodies:

ers should ensure that they have the latest-edition of this publication.

Bbility shall attach to IEC or its directors\ ‘employees, servants or agents including individual exp

damage of any nature whatsoevern.whether direct or indirect, or for costs (including legal f4
hses arising out of the publication, use of, or reliance upon, this IEC Publication or any o
cations.

tion is drawn to the Normative references cited in this publication. Use of the referenced public]
bensable for the correct application of this publication.

draws attention to the)possibility that the implementation of this document may involve the us
t(s). IEC takes nd peSition concerning the evidence, validity or applicability of any claimed patent
ct thereof. As of\theé date of publication of this document, IEC had not received notice of (a) patent(
be required te implement this document. However, implementers are cautioned that this may not r
htest information, which may be obtained from the patent database available at https://patents.ied
not be held responsible for identifying any or all such patent rights.

63502 has been prepared by IEC technical committee TC 115: High Voltage

I (HVDC) transmission for DC voltages above 100 kV. It is a Technical Report.
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The text of this Technical Report is based on the following documents:

Draft Report on voting

115/374/DTR 115/386/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, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

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

e reconfirmed,

e withdrawn, or

e rev|sed.

IMPORTANT - The "colour inside" logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correctunderstahding
of its|[contents. Users should therefore print this document using a-colour printef.
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INTRODUCTION

The development of global clean energy exacerbates uneven distributions of electrical energy,
which intensifies the demand for HVDC transmission techniques as a high-efficiency long-
distance transmission solution of the energy. Parameters of DC lines (e.g. overhead lines,
cables, or their combination) are essential in modelling transmission lines in computations, of
which the accuracy greatly affects the analysis results of the DC transmission system and the
correctness of determining operating strategies. However, the parameters of DC lines are
sensitive to the geological structures, weather characteristics along the transmission corridors,
earthing modes and other uncertainties, which make the theoretical values of parameters invalid.
Thus, on-site measurement is important.

The parameter testing of DC lines is generally carried out after the construction or ren

of DC

applicgtions, mainly including DC transmission system steady-state calculation, tr

calcul

assessment after newly launched HVDC project or renovation, etc. The test results
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100 kV|

rojects. The measured parameters of DC transmission lines are important-for
ion, fault analysis, electromagnetic environment calculation, construction
ters can be used to verify whether the actual parameters meet-the requirem
ation, voltage drop computation, and resistance loss computation under d
ng modes. In transient calculation, the resistance, capacitance, inductance of
per-unit length and its frequency characteristics are esséntial in performing th
magnetic environment calculation, the capacitan¢e “analysis of the DC line
lisite for the calculations of the surface electric{field for the wire, the nominal

d ion flow electric field generated by the DC ling/in the surrounding space, which

loss, etc.

on the accurate descriptions of DC line parameters, considering the actual need;

hce and frequency characteristics. Frequency characteristics refer to the respq
istance per unit length, inductance, and capacitance as well as the necessary ¢
ance and inductance under different frequencies.

pcument introduces measurement specification, including measurement con
brecautions, measurement instruments, measurement methods, etc., in order to m
ameters of HVDC overhead transmission line and cable with a DC voltage leve
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of line
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bring design. In steady-state calculation, DC resistance is genefally used for power flow
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he DC
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e important performance data of the DC line, including audible noise, radio interfg¢rence,
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GUIDELINES FOR PARAMETERS MEASUREMENT OF
HVDC TRANSMISSION LINE

1 Scope

This document gives information relevant to the on-site HVDC transmission line parameter
measurement. HVDC transmission line can be overhead lines, land or submarine cables, or
hybrid lines with overhead line section(s) and cable section(s) (or any combination of these).

This dqcument is also relevant to line parameter measurement of earth electrode lines/in HVYDC
power fransmission systems.

2 Nagrmative references

There are no normative references in this document.

3 Terms and definitions
For thg purposes of this document, the following terms.and’ definitions apply.

ISO and IEC maintain terminology databases for)use in standardization at the following
addrespes:

e |E( Electropedia: available at https://www.electropedia.org/

e |ISQ Online browsing platform: available at https://www.iso.org/obp

3.1
sourcq terminal
termingl of a transmission line; at which a power source is applied for the parameter
measufement

[SOURICE: IEC TR 63042-303:2021, 3.2]

3.2
endind terminal
termingl opposite to the source terminal of a transmission line

[SOUREEHEECTR63642-363+2624-3-3]

3.3

parameter in unit length

resistance, inductance, and capacitance per unit length of HYDC transmission line. A length of
1 km is adopted as the unit length of a transmission line

3.4
frequency characteristics
parameters in unit length changing with different signal frequencies
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3.5

induced voltage

voltage caused by electromagnetic or electrostatic effect of adjacent energized lines or
equipment

[SOURCE: IEC TR 63042-303:2021, 3.7]

3.6
induced current
electric current resulting from the displacement of charge carriers due to an induced voltage

SOUI‘\ el onnbn 494 . 90N0 A404 44 0501
N L. TV UUUJUTTZT.2UV0O, T2 T T1T742J]

3.7
differential mode measurement
applying two-phase signals with equal amplitude and opposite phase into)bipolar [line to
measufe the parameters of HVDC transmission line

3.8
commo¢on mode measurement
applying single-phase signal into bipolar line to measure the parameters of HVDC transmission
line

3.9
differt[ei'ntial mode short-circuit impedance

input domplex impedance of the measured line, with the ending terminal short-circyited in
differential mode measurement

3.10
differeptial mode open-circuit impedance
input cpmplex impedance of the measured line with ending terminal open-circuited in diffgrential
mode rmeasurement

3.1
commoén mode short-circuit impedance
input domplex impedance..of the measured line with the ending terminal short-circyited in
commgn mode measurement

3.12
common modeopen-circuit impedance
input domplexsimpedance of the measured line with the ending terminal open-circyited in
commgn mode measurement

3.13
signal connecting line
test wire connecting the measured line with test equipment and earthing devices

4 General

4.1 Background

The theoretical parameters of DC transmission lines can be invalidated by the varieties of soil
resistivity and tower configurations caused by various terrains that DC transmission lines pass
through, including mountains, rivers, plains, etc. Therefore, it is essential to obtain accurate
parameters of DC lines through on-site measurement. To ensure the smooth progress of on-
site measurement works and the accuracy of measurement results, this document has been
prepared to clearly introduce the measuring items, measuring methods, measuring tools,
measuring processes, and safety precautions.
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Measurement items

Induced voltage and induced current

Insulation resistance

Polarity verification

DC

resistance

Frequency characteristics

Measurement conditions
Dismantle all temporary earthing wires along the line.
NObudy VVUI:\O UTl thc :;IIC.
Isolate the line from the reactors, capacitors, voltage dividers and other equipmeént.
Thg parameters of overhead line and cable are measured separately in_case of| hybrid
tranpsmission line.
Eanthing grid of the converter station is available to offer the earthing point for the
measurement. The earthing device can be artificially set to provide\@ potential reference
point for measurements when the test is done remotely.
Teghnically eliminate the effect of the resistance of the signal connecting line frpm the
measured result when measuring the DC resistance.
Regord the earthing status of adjacent transmission lines;y as they can affect the résult of
the|measurement.

Pafety precautions
It ig important to take anti-interference measutes to reduce the induced voltage or ipduced
curfent, thus improving the safety of personnel or equipment. See Annex A for detalls.
Kegp the line earthed when dismantling_ orassembling the test wires and use the earthing
switch to short-circuit the ending termipal of the line.
Reljably connect the signal line, éarthing wire and other wires. Keep the test wires
sufficiently insulated to withstand‘test voltage and induced voltage.
Pogtpone the measurement(if there are unfavourable weather conditions, siych as
thupderstorm, rain, snow,(etc. Environmental data, such as temperature, humidity, and
atmospheric pressure, also need to be recorded.
To protect the personnel and equipment from the lightning strike imposed on the mejasured
ling during the measurement, a safety spark gap is used between the signal line and efarthing
wire.
Use insulating. gloves, insulating boots, insulating mat and other protective equipment to
profect test.personnel.

easurement instruments

Before the measurement, the induced voltage and current can be estimated by the
simulation calculation, in order to help select a suitable range of the voltmeters and
ammeters.
The resistance-capacitance divider is used when testing the induced voltage.

3) A megohmmeter with a source voltage of higher than 5 kV is used in testing the insulation
resistance.

4)

5)

The uncertainty of the DC resistance device is 0,5 % or lower, which can be determined

bas

ed on the method of IEC Guide 115:2023.

The frequency range of the test power supply used for measuring the frequency
characteristics covers the interval of 30 Hz to 2 500 Hz. In order to improve measurement
accuracy, the measurement frequency points can avoid the inherent resonant frequency of
the measured line. The voltage output of the test power supply is not less than 300 V and

the

current output is not less than 3 A.
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6) The uncertainty of the Hall transducer (HT) is 1 % or lower, which can be determined based
on the method of IEC Guide 115:2023. The frequency range of the current transformer (CT)

cov

ers the interval of 30 Hz to 2 500 Hz.

7) The uncertainty of the potential transformer (PT) is 0,5 % or lower, which can be determined
based on the method of IEC Guide 115:2023. The frequency range of the PT covers the
interval of 30 Hz to 2 500 Hz.

5 Induced voltage and induced current measurement

5.1 General

For the
measu
lines, @
geome
is diffid

which mecessitates the on-site measurements. These measurements will form the basis

Succeeg

Owing

range ¢f the measuring device would typically be in the range of 100 kV.

5.2 Induced voltage measurement

The in
Figure
divider

ements. The induced voltage and current are mainly caused by adjacent live
f which the amplitude and frequency are comprehensively determined by the"el
ric parameters of adjacent lines, weather conditions, geomagnetic storms,etc. ]
ult to accurately determine the induced voltage and current by theoretical calcu

ding works regarding anti-interference and safety.

to the fact that the potential induced voltage might be beyond several tens of

juced voltage measurement is conducted at two”pole lines separately. As sh

1, the measurement is performed at the source terminal by a resistance-capa
and a voltmeter or an oscilloscope, with the ending terminal remaining open.
Source Ending
terminal terminal
Pole line |
Pole line Il

[] | (I}e%stance-capacitance
]_I ivider

L ]
| Voltmeter | Oscilloscope
b — 5

IEC

—safety considerations,the—imduced-vottage s first measuredbeforetimepargmeters

AC/DC
pctrical
hus, it
ations,
for the

V, the

own in
Citance

Figure 1 — Induced voltage test with the ending terminal open-circuited

Afterwards, the measurement is performed at the source terminal with the ending terminals of
two pole lines shorted and earthed, as shown in Figure 2. The induced voltage of pole line | and

pole lin

e |l are measured and recorded in the same way as mentioned above.
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Source Ending
terminal terminal
Pole line |
Pole line Il
=
| [] Resistance-capacitance =
]‘l divider
| [] ] Voltmeter or
— T oscilloscope

IEC
Figure 2 — Induced voltage test with the ending terminal short<circuited

5.3 Induced current measurement

The influced current is measured at the source terminal with énding terminal shorted and
earthed as shown in Figure 3. The ammeter or the oscilloscopé{can be used to measyre and
record the induced current.

Source Ending
terminal terminal
Pole ling |
Role line Il
Ammeter or
e oscilloscope

IEC

Figure 3 —Induced current test

6 Insulation resistance measurement

The inpulation® resistance measurement is conducted to verify the insulation condition of
insulatprs’ along the line.

As shown in Figure 4, by keeping both terminals of pole line Il earthed and the ending terminal
of pole line | open-circuited, the open-circuited insulation resistance R, of pole linel is

measured by a megohmmeter at the source terminal of pole linel. The same method is
performed for measuring the open-circuited insulation resistance of pole line Il.

In practical measurements, the method of increasing the signal-to-noise of testing equipment
is applied accordingly to reduce the effects of the interference. It is a general practice of using
a megohmmeter greater than 5 000 V.
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7

71 Polarity verification method using megohmmeter

Source Ending
terminal terminal

Pole line |

i Pole line Il
oL
|||——0G Megohmmeter

OF

|||—

IEC

Figure 4 — Insulation resistance test of pole line |

Pglarity verification

Polarity verification is conducted to verify whether the polarity’ labels of positive and ngegative
pole lihes are matched at both terminals, which can-ble accomplished by the ingqulation

resistapce test.

By earthing both terminals of pole line |l and the ending terminal of pole line |, the short-circuited
insulatjon resistance Rg of pole line | is measured with a megohmmeter at the source tg¢rminal

of pole|line I, as shown in Figure 5.

Source Ending
terminal terminal

Pole line |

|||—

L Pole line II
oL
|||——OG Megohmmeter

OFE

|||—

IEC

Figure 5 — Polarity verification of pole line |

If R4, gradually reaches a steady value, and R,g reaches zero, the polarity of the pole line |
is correct, and the insulation resistance value of pole line | is R,.

If R4 gradually reaches a constant value that is approximately equal to R4, the pole line |
has a disconnection point.

If Ry, =R45=0, pole line | has an earthing point, and pole line | might be incorrectly
identified in polarity or there might be a joint point between pole line | and pole line II.

Repeat the test procedures specified above. The polarity of pole Il is verified with the same
method used for pole line I.
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7.2 Polarity verification method using a battery

If the induced voltage is higher than the withstand voltage of the megohmmeter, using a battery
is preferred for polarity verification.

As shown in Figure 6, by earthing both terminals of pole Il and the ending terminal of pole | and
installing a battery or batteries at the source terminal of pole line I, current 7; is recorded.

Afterwards, disconnect the ending terminal of pole | and record current 7.

The polarity of pole | is verified as follows:

L

If[ VA=Y ! Ol 1 4 £ 1 T 4
- 1 7 U dllu 2= U, ic puUldlrity Ul PUIC T 15 CUTTTUL,

- It} =1, # 0, the polarity of pole | is incorrect. There can be one or more earthing| points

alopg pole line I. Otherwise, there can be one or more connection points between pole line |
and pole line Il;

- |IfI{=1, =0, there can be one or more breaking points along pole I.

Repeat the test procedures specified above. The polarity of pole Il can be verified with the same
method used for pole line I.

Source Ending
terminal terminal

Pole line |
I

l Pole line Il

Source Ending
terminal terminal

Pole line |
3

l Pole line Il

|||—

IEC

If some faults, such as earthing faults and open-circuit faults, are found during the test process,
measures are taken first to locate and remove the faults. The methods for locating faults are
specified in Annex B.

8 Measurement of DC resistance

The DC resistance of the HVDC transmission line can be measured by the method in
accordance with IEC 60468:1974. As shown in Figure 7, DC voltage Uy, and current Iy, are
measured by earthing the ending terminal of pole line | and pole line Il and installing a DC
power source in series to pole line | and pole line Il at source terminal.
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Source Ending
terminal terminal
Pole line |
Idc Udc
Pole line Il

Figure 7 — Measurement of DC resistance

For theg pole line | and pole Il that are installed in parallel on the same tower, the DC\rés|stance

of two pole lines is approximately equal, where the value can be given by Formula-(1).

U,
R =~ R = 21dc
dc
where
R i$ the DC resistance of pole line |;
R, i$ the DC resistance of pole line Il.

Taking| the dedicated metallic return into account, the measurement of DC resistg

(1)

nce is

schematically illustrated in Figure 8. By shorting and-earthing the ending terminals of polg line I,
pole line Il and the metallic return, and installing a DC power source between pole ling | and
the melallic return at source terminal, the DC yoltage U,,, and the DC current I,,, betwegn pole

line | ahd the metallic return are measured.

The same measurement configuration-is repeated to the other two ports at the source t¢rminal
(i.e. pdle line Il and metallic return line, pole line | and pole line IlI), measurements of the DC

voltagq U,.,, U4, and the DC current I,,,, 71, can be accomplished.

Source Ending
N terminal terminal
1 Pole line |
I
U1m 1m
[ In
Metallic return line

2

Pole line Il IEC

Figure 8 — Measurement of DC resistance with dedicated metallic return

The DC resistance of each line is then given by Formula (2), Formula (3), and Form
respectively.

R1=( Utm + Usp _U2m )2
I Itz Ipm

ula (4),

(2)
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V12 . Uom Uim

R2:(
I Ipm  Iim

)12

(U1m +Vom Ui /2

m
L Iom 112

he DC resistance of pole line I;

(3)

(4)

i$ the DC resistance of the metallic return.

+hr\ I'\P racictanca nf nr\ln ||nn ||
vvvvvvvvvvvvv Po 5

An HVIDC transmission line is generally hundreds or thousands of kilometres in Jength, tnd the
[

temperjature distribution along the line has an obvious impact on the measurement resu

standa

temperature of the line can be determined by recording the temperature distribution

enable

=

~

R

9 Measurement of frequency characteristics of HVDC transmission line

9.1

Consid
measu
though
For th

id
9

i$ the average temperature along the line, with the unit of °C;
$ the DC resistance of measured line at average temperature .

rdized result is identified as the value converted to the temperature,0f’20 °C. The g

5 the conversion to 20 °C by Formula (5).

R

R0 =45 =205

is the DC resistance of measured line at 20.°C;

he, with the unit of 1/°C; for exampleé, for aluminium, f = 0,004 3 (1/°C), and for
= 0,003 9 (1/°C);

Seneral

lering the) existence of harmonics in an HVDC transmission system, par
ement.of HVDC lines accordingly covers a frequency range up to the 50" harmon
thiere’is a negligible magnitude of the harmonics above the 50" in an LCC-HVDC

s. The
verage
which

(5)

resistance temperature rise coefficient of the corresponding material of the measured

opper,

ameter
c even
5ystem.

VS C-H\DGC-syste mbha B arrmmaniesa hovatha 5Nth orn ~~ oo

HZN Y ad
LR A=A 4 oyol.Glll, where-rRarmottesabovetheou arc V\Jooluly causea uy eSOl

nance,

parameter measurement of HVDC lines can be conducted at the frequencies subject to the
availability of test power source.

The parameters at any selected frequency fare measured by following the procedures given in
9.2t09.4
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9.2 Differential mode measurement
9.2.1 Measuring the differential mode short-circuit impedance

As shown in Figure 9, the ending terminal of pole line | and pole line |l are shorted, and a
two-phase symmetrical power source with the frequency of f and phase difference of 180° is
installed between pole line | and pole line Il at the source terminal, which enables the

measurements of two-phase voltage Us, :[U|Slf,U“Slf} and current I, :[l'ls,f,l'ns,f] at the

source terminal.

9.2.2 Measuring the differential mode open-circuit impedance

As shogwn in Figure 10, under the same measurement configuration shown in Figure<9, after
disconpecting the ending terminal of pole line | and pole line I, the voltage U, =[U|olf UHOJJ

and cufrent I, ; = [i|of,i||of] are measured.

; Source Ending
hs s U|Sf terminal terminal

s
of O,

jlls,f U||sf Pole line I

Iy
o

Figure 9 — Measurement of differential mode short-circuit impedance

; 0 Source Ending
lo,f lof terminal terminal

J@’imM
of

Tio s Ullof

Tr

Pole line Il
IEC

Figure 10 — Measurement of differential mode open-circuit impedance

9.2.3 Calculating the frequency characteristics of differential mode parameters

For selected frequency f, the resistance r4, inductance /4, capacitance c4 in unit length of HYDC
transmission line at differential mode are given by Formula (6) to Formula (12).
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bUq
ZS1 = T
blg
A
ZO1 = T
bl, s

Zr‘1 =4 Zn1Zq1

i

19

19

i

1
"= zarCOth(Zs1/Zc1 )

n =Re(1Z¢1)

_Im(p1Zg1)

l
2xf

o0 = Im(n)

22y

the matrix of 1 - 1 ;
2 2

the short circuit impedance‘at differential mode;
the open circuit impedance at differential mode;

the characteristicyimpedance at differential mode;

$ the transmission constant at differential mode;

the length of measured line.

Common mode measurement

| Measuring the common mode short-circuit impedance

(6)

(7)

(8)

9)

(10)

(11)

(12)

As shown in Figure 11, by shorting both terminals of two pole lines and earthing the ending
terminals, single-phase voltage source with the frequency of f'is applied at the source terminal

and voltage Usf as well as current I'S’f at the frequency f'at the source terminal are measured.

9.3.2

Measuring the common mode open-circuit impedance

As shown in Figure 12, under the same measurement configuration shown in Figure 11 except
for the open circuit at the ending terminal, the voltage Uof and current Io,f at the source

terminal are measured.
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. Source Ending
Uss terminal terminal

; HT
sf {\
' .
o o @ Pole line |
0 I
e o

Pole line Il

PT

IEC

Figure 11 — Measurement of common mode short-circuit impedance

Source Ending
Uos terminal terminal

. HT
Iof [\
e o @ Pole line |
U E_:h
f R
| e o Pole line Il

PT

IEC
Figure 12 — Measurement of common mode open-circuit impedance
9.3.3 Calculating the frequency characteristics at common mode parameters

For thg selected frequency f, the resistance ry, industance /; and capacitance cg in unif length
of HVDOC transmission line at common mode areZgiven by Formula (13) to Formula (19)

Us,s

ZSO = [ : (13)
s, f
Uo s

ZOO - 1 (14)
o.f

Zco =\ Zo0Zs0 (15)

% :%arcoth(Zso /Zeo) (16)
o =Re(y9Zeo) (17)
lo = % (18)
¢ = Im(277y7000) (19)

where

Zsy is the short circuit impedance at common mode;
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Zyo is the open circuit impedance at common mode;

Zo s the characteristic impedance at common mode;

yo is the transmission constant at common mode;

L is the length of measured line.

9.4 Calculating the coupling parameters of pole line | and pole line Il

After obtaining inductance /;, capacitance c4, inductance [, and capacitance cy in per unit

length at the specified frequency f, coupling parameters between two pole lines are given by
Formula (20) and Formula (21).

my = 20
= (20)
)
= 21
W= (21)
where
my, i$ the mutual inductance of pole line | and pole line II;
a,q i$ the mutual capacitance of pole line | and pole linefll.

It is noted that the calculation of the above parameters is based on the telegraph equafions of
the trapsmission line. See Annex C for details.

After dgtermining parameters at all selected frequencies, the frequency characteristics of HYDC
transmjssion line can be given accordinglyz;See Annex D for details.

10 Measurement of coupling-parameters of two bipolar HVDC transmission
lines

10.1 Measuring frequency characteristics at differential mode measurement

As shojn in Figure 13 two bipolar transmission lines are noted as A and B, respectively| Either
circuit A or circuit B'ean be regarded as a single-pole transmission line. By keeping the[ending
termingls of circuit.A and B shorted and earthed, a two-phase power source with the freguency
of f anld phaseé angle difference of 180° is installed between A and B, which enables the

measufements of the voltage Us ; =[UAs,f,UBS,fJ as well as the current /g , = [I'As,f,l'f S,f] at

the soyree‘terminal. Afterwards, by keeping the same measurement configurations exgept for

the open circuit at the ending terminal, the voltage U, , =[UA0:f,UBO1fJ as well as current

Ioy = [I'Ao,f,l'Bo’f} are measured as shown in Figure 14.

For selected frequency f, the inductance /44 and capacitance c44 in unit length of two bipolar
HVDC transmission lines at differential mode are given by Formula (6) to Formula (12).
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. HT Source Ending

Insy UAsf terminal terminal

-
Bipolar transmission line A
e o
y |
U @ _
o :[ 2 g
%
IBsf UBs,f Bipolar transmission line-B

EC

Figure 13 — Measurement of differential mode short circuit impedance for
two bipolar transmission lines

. HT . Source Ending
Inoy Upos termirfal terminal

Bipolar transmission line A

PT
o o
|
10 3 -
% o o |
IBof \_g UBof Bipolar transmission line B

Figure-14 — Measurement of differential mode open circuit impedance for
two bipolar transmission lines

10.2 Measuring frequency characteristics at common mode measurement

As shown in Figure 15, the measurement is configured by shorting the source terminals of circuit
A and B and keeping the ending terminals of both circuits shorted and earthed. A single-phase
source with the frequency of f is installed at the source terminal, which enables the

measurements of the voltage Usf and current Isf at the source terminal. Afterwards, by
applying the same measurement configuration except for insulating the ending terminals of
circuit A and B from earth, U, » and current /, » at the source terminal are measured, as

shown in Figure 16. For selected frequency f, the inductance /54y and capacitance cyq in unit

length of two bipolar HVDC transmission line at common mode are given from Formula (13) to
Formula (19).
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Source Ending
terminal terminal

Iss ';\T Us s
o o @' Bipolar transmission line A
U gill
4 ‘ o o

Bipolar transmission line B

PT

IEC

Figure 15 — Measurement of common mode short circuit impedance for

twobipotartransnrissiontine

Source Ending
terminal terminal

Ios 2 Uoys
[ ) @ Bipolar transmission line
0 [
o o

Bipolar transmissien line B

PT

IEC

Figure 16 — Measurement of common mode 'open circuit impedance for
two bipolar transmission line

Calculating the mutual coupling parameters

ptermining the parameters /44, c44, [pg'and cqq, the mutual coupling parameters b
A\ and B are given by Formula (22)~and Formula (23).

_log -114
TAB T T

is the\mutual inductance of circuit A and B;

is.the mutual capacitance of circuit A and B.

btween

(22)

(23)

11 Measurement of frequency characteristics of HVDC transmission line with
dedicated metallic return line

Owing to the concerns of environment protection, some HVDC transmission projects are
configured with a metallic return line to eliminate the unfavourable effects caused by large DC
current flowing into earth. The parameter measurement principle of HVDC transmission line
with a separate metallic return line is consistent with Clause 9, the measurement configurations
are shown in Figure 17, Figure 18, Figure 19 and Figure 20.
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-|- . Source Ending
1|sf U|sf terminal terminal

L >

l Metallic return line
¢ *]
U

iss et U”sf Pole line Il

Figure 17 — Measurement of differential mode short-circuit impedance with
metallic return line

Source Ending
1|of U|of terminal terminal

FC

é Metallic return line

lios Ullof Pole line Il

Figure 18 — Measurement of differential mode open-circuit impedance with
metallic return line

FC

. HT . Source Ending
Iss N Uss terminal terminal
o o @ Pole line |
v —|||
s o o Pole line Il
] PT

Metallic return line
IEC

Figure 19 — Measurement of common mode short-circuit impedance with
metallic return line
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. HT . Source Ending
Io s N Uos terminal terminal
o o l @ Pole line |
U —|||
g | o o Pole line Il
PT

Metallic return line
IEC

Figure 20 — Measurement of common mode open-circuit impedance with
metallic return line

12 Measurement of frequency characteristics of HVDC cable

The DC resistance of HVDC cable is measured by the method given in Clause 8 gnd the
frequemcy characteristics are measured by the methods given® in Clause 9 with the
measufement configurations as shown in Figure 21 and Figure 22:

Source Ending
i HT o terminal terminal
s/ s/

A

~ V)
Pole line |
Conductor
Cable shield

lc.r —
e o /

7 B
Pole line Il g;

IEE

[
[
[ »

1T
~—

Figlire 21 — Measurement'of common mode short-circuit impedance of HVDC cable

Source Ending

7 HT o terminal terminal
.tof N of A A
PR V. ~ V)

l Poleline | >
i
¥r [ L Cable shield ==
e o /

W P
p tl Pole line Il

IEC

Figure 22 — Measurement of common mode open-circuit impedance of HVDC cable

13 Measurement of earth electrode line parameter

Earth electrode line is used to connect the earth electrode and neutral bus of the convertor
station, which provides a path for the DC current caused by unbalanced operation of two poles
or monopole ground return operation mode. Generally, the earth electrode line is in a
parallel-connected two-circuit configuration, as shown in Figure 23.
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Earth electrode line 1

[
Neutral point 1
Earth electrode line 2 Earth electrode —
IEC

Figure 23 — Equivalent circuit of earth electrode line

The test of induced voltage, induced current, polarity verification, and insulation resistance can
be carried out as given in Clause 5. While measuring the DC resistance of earth electrode line,
the neutral point is disconnected to measure the series DC resistance of earth electrode line 1
and 2. The effective DC resistance of the complete earth electrode line, consisting of the
paralle| connection of earth electrode lines 1 and 2, is quarter of the measured value.

Methods given in Clause 9 can be applied to obtain the frequency characteristics of earth
electrofle line.
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Annex A
(informative)

Anti-interference measures

The interference in measurement is generally caused by the capacitive and inductive coupling
with adjacent operation AC and DC transmission lines. The parallel resistance Rg, the parallel

capacitance Cg and the series resistance R| are installed at the source terminal of the line as
shown in Figure A.1 to reduce the induced voltage and current. In the augmented circuit, Rg
reduces the AC and DC induced voltage, Cg reduces the AC induced voltage, and R; reduces

the ind
100 Q

Liced current. Empirically, Rg and R are arranged with a resistance in the range
0 200 Q and Cg is configured with a capacitance of 50 pF.

: Source Endin
Ils,f 9

Uss  terminal terminal

of

HT
: [L
R ° ° Role line |
°

Iys s

R ° °
— U
HT,

U”sf Pole line Il

Figure A1 = Anti-interference measures
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B.1

Annex B
(informative)

Method for locating faults of transmission line

Overview

In on-site measurements, due to possible occurrence of short-circuit faults, open-circuit faults,
earthing faults and other faults along the transmission line, it is necessary to conduct fault
removal before the line parameter measurement. In practical works, measuring personnel

generaftytocatesthe fautts by techmicatty marrowingtheimtervats wherethe fauttsexiy

improv

In pragtical applications, earthing faults are usually caused by the personal security W

behind
cases
using t

B.2

The ini

As sho|

terming

resista
Formul

ng the work efficiency.

where the earthing points have an earthing resistance of approximately zero. |
pf earthing faults, the earthing resistance is unknown, which can bring’significan
his method.

Location of earthing faults

wn in Figure B.1, an earthing point 0 is present. In the first step, by keeping the

nce Ry of the pole line | is measured-ard the approximate distance L; is gi

la (B.1).
Source terminal Ending terminal
i _ Manual_ Pole line |
Earthing point 0 dlscor_mectlon
<> = point 1
\Y

= Lo .

(I >
l Pole line Il J_

t, thus

ire left
n other
errors

ial location of earthing faults is determined based on the designed DC resistanceg in per
unit length, which is completed by two steps.

ending

| of pole line | opened, and both terminals of the other pole line earthed, {he DC
ven by

Q
nl

where

Figure B.1 — Location of earthing faults

Lozﬁ
r

r is the designed DC resistance in per unit length;

Ry is the DC resistance of the measured line;

Ly is the approximate distance of earthing point O.

(B.1)
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In the second step, as shown in Figure B.1, by keeping the ending terminal opened and setting
a manual disconnection point 1 with a distance L, from the source terminal, the insulation

resistance at the source terminal is measured. If the insulation resistance is 0, the earthing
point 0 is in the interval bordered by the source terminal and the manual disconnection point 1,
otherwise the earthing point 0 is between the ending terminal and the manual disconnection
point 1. Repeat the procedures until the earthing fault is found.

B.3

Location of open-circuit faults

The location of open-circuit faults is determined through insulation resistance measurements.
As shown in Figure B.2, by keeping the ending terminal of pole line | opened and setting a

manua
megoh
in the i
discon

B.4

The sh
value g
short-c|

measu

earthing point 0 at the middle of the line, the insulation resistance is measured pising a
mmeter at the source terminal. If the insulation resistance is 0, the open-ciréuit point is
nterval bordered by the ending terminal and the manual earthing point. @therwise, the
nection point is between the source terminal and the manual earthing point 0. Repeat the
procedures until the disconnection point is found.

OE

Figure B.2 — Location of open-circuit faults

Source terminal Pole line | Ending terminal
Disconnect
Manual earthing ion poift
point 0 :
l Pole fide II l
O L
1l B G Megohmmeter

Location of bipétar short-circuit faults

IEC

ort-circuit faults of the bipolar lines is mainly technically located based on the |[design
f the DC résistance in per unit length. As shown in Figure B.3, supposing that there is a
rcuited (point in the transmission line, the DC resistance between bipolar lines| R, is

ed at the source terminal by keeping the ending terminals of bipolar lines openef.

Seudree-terminat Ending-termingl———
Pole line |
—_ Short
circuit
Lo point 0
Pole line Il

IEC

Figure B.3 — Location of bipolar short circuit faults
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The approximate distance of short-circuit point 0 L, is given by Formula (B.2).

R
~ B.2
Lo~— (B.2)
where
r is the designed DC resistance in per unit length;
Ry, is the DC resistance between bipolar lines;

Ly is the approximate distance of short circuit point 0.

B.5 |Location of multiple faults

In the ¢vent of multiple faults on the line, the above methods can be conductéd,in sucgession
until all faults are eliminated.
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Annex C
(informative)

Principle of measuring distributed parameters
C.1 Distributed parameter circuit of the transmission line

As shown in Figure C.1, r, [, g and c represent the per-unit length value of resistance,
inductance, conductance and capacitance, respectively. Zn and Zg denote the terminal

impedgnce and inner impedance of power source respectively
T T 7 T 7

rdx Idx rdx Idx

cdx —— gdx |:| Zp

IEC

Figure C.1 — Distributed parameter circuit of the transmission line
C.2 |Definitions
Impeddnce per unit length of transmission lines is z=r+ jwl;

Admittance per unit length of transmission lines is y =g+ joc,

where

Transnjission constant i§Yy = /zy ;

Charadteristic impedance is Z. = /%

Therefore,

T=7Z, (C.1)
-’
y=- (C.2)

C.3 Telegraph equations

For an evenly distributed transmission line, by ignoring electromagnetic disturbance, the
characteristic of voltage and current on the transmission line are given as:

U(x)=U(0)cosh(yx)+1(0)Z sinh(yx) (C.3)
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U(O)Sinh(yx)

f(x) = f(O)COSh(yx) + Z

(C.4)
in which U(x) and 7(x) denote voltage and current at the point of length x, and U(0) and (0)
are the voltage and current at the source terminal of the line.

If a load is introduced at x = D (i.e. the ending terminal of line), where D is length of line,
Formula (C.3) and Formula (C.4) are given as:

U(D)=U(0)cosh(yD)+1(0)Z, sinh(yD) (C.5)
i(D)—j(O)cosh(yD)er (C.6)
Cc
Input impedance is:
;o U(D) U(0)cosh(yD)+1(0)Z. sinh(yD)
n=j(p) . U (Q)sifh(yD C.7
(P) "} (0)cosh(yp) + LALSMN(P) €7
ZC
Moreoyer:
U(0)=1(0)Zp (C.8)
Bring Hormula (C.8) into Formula (C:%), therefore:
Z.(Zp/Z, +tanh(yD
= ol D/ ct (V ) (C.9)
1+ tanh(yD)Zp / Z,
If tanh¢ =Zp/Z, , then Formula (C.9) is given as:
5 tanhe +tanh(yD) Z tanh(yD + ) .10
. = = & .
" "C1itanhetanh(yD) T C d (C.10)

C.4 Calculation of distributed parameters

When the ending terminal of line is shorted, Zp = 0, ¢ = 0 in Formula (C.10), then:

Zs = Z tanh(yD +¢) = Z tanh(yD) (C.11)
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