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Abstract: In this guide, the field testing methodology and techniques are presented for measuring
electrical parameters of ac transmission lines. The topics discussed are safety precautions;
requirements for measuring instruments; measurement of induced voltage and current; phase
verification and insulation resistance measurement; dc resistance measurement; off-line parameter
measurement of symmetrical transmission line; off-line parameter measurement of asymmetrical
transmission lines; eliminating power frequency interference during off-line measurement; zero-
sequence parameter measurement with adjacent lines in operation; and online parameter
measurement of transmission lines.

Keywords: admittance measurement, asymmetrical lines, distributed parameter, electrical
parameter, IEEE 1870™, impedance measurement, off-line measurement, on-line measurement,
open-circuit impedance, short-circuit impedance, transmission line
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Important Notices and Disclaimers Concerning IEEE Standards Documents

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

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

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

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

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

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

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

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

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

Official statements

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

Comments on standards

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

Comments on standards should be submitted to the following address:

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

Laws and regulations

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

Copyrights

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

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

Updating of IEEE Standards documents

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

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

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

Errata

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

Patents

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

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

This introduction is not part of IEEE Std 1870-2019, IEEE Guide for the Parameter Measurement of AC Transmission
Lines.

The purpose of electrical parameter measurement of ac transmission lines is to provide true parameters for
power flow calculation, short-circuit current computation, power system stability analysis, protective relay
setting, line fault location, and so on compared to solely calculated parameters. Therefore, a working group
was formed to develop a guide that would provide guidance for parameter measurement of ac transmission
lines.

This guide was prepared by working group P1870 of the IEEE-SA Board of Governors/Corporate Advisory
Group (BOG/CAG).
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IEEE Guide for the Parameter
Measurement of AC Transmission Lines

1. Overview
1.1 Scope

This guide will provide testing methods for impedance measurement of ac transmission lines and calculating
methods for the resistance, inductance, and capacitance (RLC) distribution parameters of the tested line.
It will also provide testing and calculating methods to obtain mutual inductance and coupling capacitance
between double circuit lines on the same tower. This guide will outline the measuring instruments and the
safety of the measurement. In addition, it will include test procedures to obtain the open-circuit and short-
circuit impedances of the tested line as well as the formulas to get the distributed parameters from impedance
measurements.

1.2 Purpose

The accurate parameter of the power transmission line is the basis of precise power flow calculations, stability
analysis, protective settings, and line fault location. Therefore, it is necessary to develop a uniform guide to
provide technical guidance for the accurate parameter measurement of ac transmission lines.

1.3 Background

To understand the importance of measuring electrical parameters, in particular, the short-circuit, positive-
sequence impedance Z, and zero-sequence impedance Z,, the following case study compares measured and
calculated values for the positive-sequence impedance Z, and zero-sequence impedance Z, of 40 power lines
with different configurations (power cables, overhead lines and mixed lines consisting of both, power cables,
and overhead lines).

In Figure 1, the deviation between calculated and measured values for R and especially X of Z, are small
relative to the ones of Z,. This is because Z, can be accurately calculated by means of the geometry and the
material of the conductors. However, for the calculation of Z,, the properties of the soil return path shall be
known, such as soil resistivity in different soil layers and other parallel buried conductors such as pipes and
other grounded elements in residential or industrial areas. All of these properties are unknown and therefore
make the calculation inaccurate in contrast to the measurement, which reflects all present properties of the soil
return path and therefore provides true values for Z,,.
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Figure 1—Deviation between measured and calculated values

Inaccurate zero-sequence impedance strongly affects zone reaches and accuracy of impedance-based fault
location of distance protection relays in the event of a single line to ground fault. The example described here
is taken from a measurement on an overhead distribution line with a length of 7 km. Table 1 compares the
measured and the calculated values for Z, and Z,.

Table 1—Error calculation between measured and calculated values

Error calculation
Z, Z,
RinQ | XinQ | RinQ | XinQ
Measured value 0.722 1.938 1.095 5.067
Calculated value 0.740 1.940 1.450 8.500
Error (ref. to measured value) in % | 2.54 0.09 32.42 67.75

The values for Z, only deviate negligibly from each other, whereas the deviation for Z, is significantly high.
With respect to this example, the actual zone reach for all phase-to-phase and all phase-to-ground faults is
determined and shown in the chart of Figure 2 (grading factor is 90%, which means the zone of zone 1 is
supposed to be 90% of the line length).

As expected, the actual zone reach for phase-to-phase faults is close to 90%. This example also considers the
measurement of the line’s asymmetrical parameters and, therefore, reflects the small deviations in the reaches
among the three different phase-to-phase faults.

For phase-to-ground faults, however, the reaches are beyond 120%, which might make the relay overreaching
and not operating selectively. Using the actual values for Z, and Z,, which are derived from the measurement,
would correct the actual reach to 90% and avoid unselective performance of the relay.
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Figure 2—Zone reach in percentage of line length

In regard to the accuracy of the impedance-based fault locator, the displayed fault location for a fault at 7 km is
determined accurately for phase-to-phase faults. Phase-to-ground faults are displayed much closer to the relay
as they actually are, as shown in the chart of Figure 3. Using the actual values for Z, and Z, would locate faults
much more accurately.
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Figure 3—Fault location in kilometers
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1.4 Application of distributed parameter measurement of ac lines

Normally in power system calculation, the equivalent IT representation is used rather than the distributed
parameters of the lines. Actually, some measurement results described in this guidance are shown as distributed
parameters. In Annex E, the equivalent I1 representation and lumped parameter calculation from distributed
parameters are indexed and introduced.

2. Normative references

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

Accredited Standards Committee C2, National Electrical Safety Code®(NESC®).!?

3. Definitions, acronyms, and abbreviations
3.1 Definitions

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

capacitance per unit length: Capacitance of a transmission line, in unit length.
conductance per unit length: ac conductance of a transmission line, in unit length.
conductor: Phase of a transmission line consisting of a bundle of wires.

coupling capacitance: Capacitance between two phase conductors from the same or different circuits of
transmission lines, or capacitance between two transmission lines.

double-circuit transmission lines: Two single-circuit transmission lines built in parallel along the same
corridor or arranged on the same tower.

down-lead: Wires between the terminals of transmission lines and the measuring instruments, grounding grid,
and so on.

electrical parameters per unit length (distributed parameters): Resistance, inductance, and capacitance
uniformly distributed along a transmission line; for convenience, they are expressed in unit length (normally

in 1 km).

equivalent circuit of a transmission line: IT or T representations for the equivalent circuit of a transmission
line.

ground wire: Conductors built above the overhead transmission lines to prevent lightning strikes.

grounding: System, circuit, or apparatus provided with a ground(s) for the purpose of establishing a ground
return circuit and maintaining its potential at approximately the potential of Earth.

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

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

*[EEE Standards Dictionary Online is available at: http://dictionary.ieee.org/.
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grounding wire: Lead or wire connected to the substation grounding grid for maintaining the neutral point
of equipment, protective grounding point, or short-circuit grounding point at approximately the potential of
Earth.

induced current: Current resulting from the flow of charge due to an induced voltage.

induced voltage: Voltage caused by electromagnetic or electrostatic effect of adjacent energized lines or
equipment.

inductance per unit length: Inductance of a transmission line, in unit length.

long-distance transmission line: Overhead lines with a length greater than 100 km or cables with a length
greater than 30 km.

lumped equivalent parameter: Parameters in the equivalent circuit of a transmission line.

multicircuit transmission lines along the same corridor: Two or more circuits of transmission lines densely
arranged along the same corridor.

multicircuit transmission lines on the same tower: Two or more circuits of transmission lines on the same
tower with the same or different voltage levels.

mutual inductance: Inductance between two phase conductors from the same or different circuits of
transmission lines, or inductance between two transmission lines.

off-frequency method: Method that can precisely measure the parameters of transmission lines by applying a
power source with a frequency different from but close to the power frequency.

off-line measurement: Measurements performed when the transmission lines to be measured are not in
service.

online measurement: Measurements performed when all the lines are in service.

open-circuit impedance: Input impedance of a transmission line at the sending terminal when the receiving
terminal is open-circuited.

positive-sequence, open-circuit impedance: Input impedance of a transmission line at the sending terminal
with a positive-sequence power source applied when the receiving terminal is in open-circuit.

positive-sequence, short-circuit impedance: Input impedance of a transmission line at the sending terminal
with a positive-sequence power source applied when the receiving terminal is short-circuited.

power frequency: Values of frequency used in normal operation of the power system.
receiving terminal: Terminal opposite to the sending terminal of a transmission line.
resistance per unit length: ac resistance of a transmission line, in unit length.

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

short-circuit impedance: Input impedance of a transmission line at the sending terminal when the receiving
terminal is short-circuited.
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short-distance transmission line: Overhead lines with a length less than 100 km or underground cables with
a length less than 30 km.

single-circuit transmission line: Transmission line consisting of three phases of conductors.

single-phase conductor: Conductor in one phase of three-phase transmission lines.

symmetrical three-phase system: Three-phase system having equal impedance and admittance for each
phase, in which the three-phase voltages and currents are of the same amplitude and have a 120° difference in
phase angle.

synchronous measurement: Measurement mode that can synchronously sample voltages and currents.

transposition: Method by which the three-phase conductors change their positions in turn to achieve
symmetrical impedance and admittance among three phases.

zero-sequence, short-circuit impedance: Input zero-sequence impedance of a transmission line at the
sending terminal with a single-phase power source applied when the receiving terminal is shorted to the

ground.

Zero-sequence, open-circuit impedance: Input impedance of a transmission line at the sending terminal with
a single-phase power source applied when the receiving terminal is in open-circuit.

3.2 Acronyms and abbreviations

¢ positive-sequence capacitance of a single-phase conductor, F/km

¢, capacitance between the single-phase conductor and the ground, F/km

c, coupling capacitance between two phase conductors in a single-circuit line, F/km

c coupling capacitance between a conductor from circuit I and another conductor from circuit

II in double-circuit lines, F/km

Authorized licensed use
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Crno zero-sequence coupling capacitance between circuit [ and circuit II in double-circuit lines, F/
km
Cly s Cug ground capacitance of circuit I or circuit I in double-circuit lines, F/km
G positive-sequence capacitance of a short-distance transmission line, F
Ciio zero-sequence capacitance related to circuit i, F
Ciio zero-sequence coupling capacitance between circuit i and circuit &, F
D length of a transmission line, km
f frequency of a test power source, Hz
I power frequency or system frequency, Hz
g conductance between the single-phase conductor and the ground, S/km
/ self-inductance of the single-phase conductor of a transmission line, H/’km
A positive-sequence inductance in a single-phase conductor, H/’km
Lo s Lue zero-sequence self-inductance of circuit I or circuit I in double-circuit lines, H/’km
L positive inductance of a single-phase conductor in a short-distance line, H
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mutual inductance between two conductors in a single-circuit line, H/km

mutual inductance between a conductor from circuit I and another conductor from circuit I1
in double-circuit lines, H/’km

zero-sequence mutual inductance between circuit I and circuit II in double-circuit lines, H/
km

dc resistance of conductor a, Q

dc resistance when conductor a and conductor b are connected in series, Q

ac resistance of a single-phase conductor, Q/km

positive-sequence resistance in a single-phase conductor, Q/km

zero-sequence resistance of circuit I or circuit II in double-circuit lines, Q/km
Earth resistance, Q/km

positive-sequence resistance of a single-phase conductor in a short-distance line, Q
test power source

zero-sequence admittance of a single-phase conductor, S/km

positive-sequence admittance of a single-phase conductor, S/km

two-phase positive-sequence admittance of double-circuit lines, S/km
self-admittance of conductors a, or b, or ¢ of an asymmetrical single-circuit line, S

coupling admittance between conductors a and b, or b and ¢, or ¢ and a, of an asymmetrical
single-circuit line, S

self-admittance of conductor i of asymmetrical multicircuit lines, S

coupling admittance between conductors i and k of asymmetrical multicircuit lines, S
parallel admittance of the IT representation, S

admittance matrix of asymmetrical multicircuit lines, S

zero-sequence self-admittance of circuit 7, S

zero-sequence coupling admittance between circuit i and circuit &, S

zero-sequence impedance of a single-phase conductor, Q/km

positive-sequence impedance of a single-phase conductor, /km

two-phase positive-sequence impedance of double-circuit lines, O/km
self-impedance of conductors a, or b, or ¢ of an asymmetrical single-circuit line, Q

mutual impedance between conductors @ and b, or b and ¢, or ¢ and a, of an asymmetrical
single-circuit line, Q

self-impedance of conductor i of asymmetrical multicircuit lines, Q

mutual impedance between conductors i and k of asymmetrical multicircuit lines, Q
zero-sequence characteristic impedance of a single-phase conductor, Q
positive-sequence characteristic impedance of a single-phase conductor, Q
two-phase positive-sequence characteristic impedance of double-circuit lines, Q

characteristic impedance of circuit I in double-circuit lines, Q
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characteristic impedance of circuit I in double-circuit lines,

zero-sequence, open-circuit impedance of a transmission line, Q

zero-sequence, short-circuit impedance of a transmission line,

zero-sequence, open-circuit impedance of double-circuit transmission lines, O
zero-sequence, short-circuit impedance of double-circuit transmission lines, Q
positive-sequence series impedance of the IT representation, Q

positive-sequence, open-circuit impedance of a transmission line, Q
positive-sequence, short-circuit impedance of a transmission line,
positive-sequence, open-circuit impedance of double-circuit transmission lines, Q
positive-sequence, short-circuit impedance of double-circuit transmission lines, Q
impedance matrix of asymmetrical multicircuit lines, Q

zero-sequence self-impedance of circuit 7, Q

zero-sequence mutual impedance between circuit 7 and circuit &, Q

zero-sequence, short-circuit impedance of circuit I of double-circuit lines with one terminal

of circuit II grounded
zero-sequence mutual impedance between circuit [ and circuit II of double-circuit lines

zero-sequence, short-circuit impedance of circuit II of double-circuit lines with one terminal

of circuit I grounded

zero-sequence, short-circuit impedance of circuit I of double-circuit lines with both

terminals of circuit II grounded

system impedance to be measured, Q

zero-sequence propagation coefficient of a transmission line, 1/km
positive-sequence propagation coefficient of a transmission line, 1/km

two-phase, positive-sequence propagation coefficient of double-circuit lines, 1/km
propagation coefficient of circuit I in double-circuit lines

propagation coefficient of circuit I in double-circuit lines

angular frequency

frequency deviation from power frequency in an off-frequency measuring method
global positioning system

phasor measurement unit

signal-to-noise ratio

4. Safety precautions

In the parameter measurement of a transmission line, measures shall be taken to prevent from operator injuries
and instrument damages caused by the induced voltage and current on the line under measurement. Sometimes
the induced voltage may be greater than tens of kilovolts and the induced current hundreds of amperes or
higher. The induced voltage is extremely high when both terminals in open circuit.
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The following safety precautions shall be taken for the tests described in this guide:

a)  Measures shall be taken to minimize induced voltage and current when there are dangers for operators
and instruments; otherwise, the measurement shall be stopped.

b) To help ensure safety while performing measurements, operators shall wear personal protective
equipment, such as insulation shoes, gloves, mats, safety belts, and so on.

¢)  Transmission lines shall be solidly grounded when the measuring mode is changed so as to help ensure
the safety of instruments and personnel.

d) The down-lead or grounding wire shall be solidly connected. Any wire used in the measurement shall
be insulated and able to withstand testing voltage and induced voltage.

e) It is necessary to install a protective gap between the grounding wire and the down-lead to protect
operators and measuring equipment from lightning strikes.

In addition, personnel who participated in the measurement shall follow the national and regional safety codes
of electric utilities and take adequate protective measures. In North America, for example, the test personnel
should be familiar with relative parts of the National Electric Safety Code® (NESC®) (Accredited Standards
Committee C2).*

5. Requirements for measuring instruments
The measuring equipment should have suitable ranges and capacity, and it can withstand induced voltage and
current, as estimated according to Annex A.

5.1 Current transformer

The current transformer (CT) should have a class of accuracy of 0.5 or higher.

5.2 Potential transformer

The potential transformer (PT) should have a class of accuracy of 0.5 or higher.

5.3 Special instruments for parameter measurement of transmission lines

A special instrument can be developed for parameter measurement of transmission lines, and its algorithm to
obtain the parameters of transmission lines should adhere to the following requirements.

a)  The instruments should be capable of synchronously sampling and analyzing single-phase or three-
phase voltage and current signals.

b)  The class of accuracy of the voltage should be within 0.5.

¢) The class of accuracy of the current should be within 0.5.

During digital signal processing of the instrument, the frequency resolution should be within 2.5 Hz; the
accuracy of signal amplitude and phase shift should be within 0.1% and 0.05°, respectively. Moreover, the
signal analysis system should have the ability to eliminate signal aliasing and leakage.

“Information on references can be found in Clause 2.
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5.4 Off-frequency power source

The off-frequency power source in off-line measurements should be capable of outputting sinusoidal signals
at a single frequency that can be adjustable. Normally the power source should generate a sinusoidal signal at
f.—Af or f,+Af ,where Af canbe 2.5 Hz, 5 Hz, 7.5 Hz, 10 Hz, or other applicable frequencies.

The total harmonic distortion for the voltage output of the power source should be within 3%.

5.5 Instruments for dc resistance measurement

The instrument to obtain 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.

The dc resistance tester can be used, and its class of accuracy should be within 0.5. Alternatively, for the
combined measuring instrument for dc resistance, the power source can be several batteries connected in
series, and the class of accuracy of the dc voltmeter and ammeter should be within 0.5.

6. General considerations during measurement

The following items should be considered before conducting off-line measurements:

a)  Make sure that all the temporary grounding wires along the line are dismantled and nobody is working
on the transmission line.

b) Pay close attention to the weather condition along the lines during the measurement. The
measurement shall be stopped if the weather is not suitable for measurement, for example, when there
is thunderstorm, rain, or snow along the transmission line.

c¢) The leads of shunt reactors, capacitors, and capacitive voltage transformers (CVTs) should be
disconnected from the transmission line in the off-line measurement. The transmission line shall be
disconnected from bus-bars.

d) Any series compensation device used in the transmission line shall be bypassed during the
measurement.

e) If the transmission line under measurement is composed of cables and overhead lines, it is
recommended to measure the parameters of the overhead lines and cables, respectively.

f)  The substation grounding grid should serve as protective grounding, neutral point grounding, and
short-circuit grounding. The grounding point of a tower is prohibited to be the grounding point of the
measurement.

7. Measurement of induced voltage and current
7.1 General

If there is any energized ac transmission line close to the transmission line to be measured, the mutual
inductance and coupling capacitance may lead to a high induced ac voltage on the line to be measured. When
both terminals are grounded, a large induced ac current may emerge on the line to be measured. If there is any
dc transmission line nearby, a high induced dc voltage may appear as well.

Before the measurement, the induced voltage and current should be estimated according to Annex A, and then
the voltage dividers, voltmeters, and ammeters with suitable ranges are selected.
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By measuring the induced voltage and current, their amplitudes can be evaluated so as to take precautions to
prevent operator injuries and instrument damage.

It is recommended to measure the induced current first and then estimate the amplitude of the induced voltage.
If the induced voltage is safe for operators and instruments, then the induced voltage can be measured directly.
Otherwise, a device to suppress the induced voltage should be installed in parallel.

7.2 Induced current measurement

As shown in Figure 4, make the sending and receiving terminals of the single-circuit line be shorted to the
ground, respectively, and measure the ac/dc induced current of each phase.

Sending terminal AC line Receiving terminal
a
o
" Il
®» B BO°
®

Figure 4—Induced current measurement

7.3 Induced voltage measurement

The procedures for conducting the induced voltage measurement are as follows:

a) Induced voltage measurement with receiving terminals shorted to the ground:

The induced voltage can be evaluated by means of induced current measurement and the estimated
impedance. If it is safe for operators and instruments, the induced voltage can be measured directly.
Otherwise, a device to suppress the induced voltage should be installed in parallel.

As shown in Figure 5, make the three-phase receiving terminals shorted to the ground, connect a
resistive-capacitive divider between the sending terminal of phase ¢ and the ground, and measure the
ac/dc induced voltages, respectively.

Refer to the same procedures when measuring the other two phases.

Sending terminal AC line Receiving terminal
a
b o J_
C -
RC
voltage
divider

Figure 5—Induced voltage measurement with receiving terminals shorted to ground
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b) Induced voltage measurement with receiving terminals open:

With both terminals open, the induced voltage may be extremely high, for example, greater than 10
kV, which is high enough to cause personnel injuries. Hence, operators shall be careful during the
measurement and had better evaluate the induced voltage before the measurement (Annex A).

As shown in Figure 6, keep the receiving and sending terminals open-circuit, measure the induced
voltage of phase c at the sending terminal by a resistive-capacitive divider, and measure the ac/dc
induced voltages, respectively.

Refer to the same procedures when measuring the other two phases.

Sending terminal AC line Receiving terminal
a

RC
voltage
divider

Figure 6—Induced voltage measurement with receiving terminals open

8. Phase verification and insulation resistance measurement

8.1 General

Phase verification and insulation resistance measurement are performed when all the conductors are not in
service.

Phase verification is adopted to check the consistency of phase labels at both terminals, so as to prevent the
power system from serious impacts when the transmission line is switched into service, especially for newly
built or reconfigured lines.

The insulation resistance measurement is adopted to check whether any protective grounding wire has been
dismantled along the newly built or reconfigured lines.

8.2 Phase verification using dc (or ac) power sources

DC power sources are recommended to be used for phase verification if the induced voltage of the measured
line is about several hundred volts. Take the phase verification of phase ¢ as an example. The procedures are
as follows.

As shown in Figure 7, let the sending terminals and receiving terminals of phases @ and b be shorted to ground,
and make the receiving terminal labeled ¢'be grounded through an ammeter. Connect a power source between
the ground and the sending terminal labeled ¢. The power source can be a dc voltage source or an ac current
source at off-frequency:

a)  When a dc voltage source is applied, check the dc current into the ground at both terminals. If the
dc currents at both terminals are equal, the phase labels (c and ¢’) at the terminals are matched, and
there is no grounding point along the conductor of phase c¢. Otherwise, a short-circuit point exists. If

Documents

25 Document Sharing Hub
Authorized licensed use limited to: Tsinghua UniverRRY S R:2848 JrFEANNIRS 5868k R805:28 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1870-2019


http://www.avadocuments.com/doc/ieee-1870-2019
http://www.avadocuments.com/doc/ieee-1870-2019

IEEE Std 1870-2019
IEEE Guide for the Parameter Measurement of AC Transmission Lines

the dc current at the receiving terminal labeled ¢’ equals zero, there may be breaking points along the
conductor of phase c, or terminal ¢ does not match terminal ¢'.

b)  When an ac current source at off-frequency is applied, a mobile fast Fourier transform (FFT) device
connected to a Rogowski coil should be configured at the receiving terminal to measure the current.
Check the ac current into the ground at both terminals. If the ac currents at both terminals are almost
equal, the phase labels (c and ¢') at both terminals are consistent and there is no grounding point along
the conductor of phase c. Otherwise, a short-circuit point exists. If the ac current at the receiving
terminal labeled ¢’ differs greatly from that at the sending terminal labeled ¢, there may be breaking
points along the conductor of phase c, or terminal ¢ does not match terminal ¢'.

Refer to the same procedures for phase verification of the other two phases.

Sending terminal AC line Receiving terminal

i e@'“c o

Figure 7—Phase verification using a power source

8.3 Phase verification using insulation testers

Insulation testers are recommended to be used to measure insulation resistance and verify phases if the

induced voltage of the measured line is less than 500 V. Take phase verification of phase ¢ as an example. The
procedures are as follows:

a)  As shown in Figure 8(a), make the terminals of phase ¢ in open-circuit, and make the sending and
receiving terminals of the other two phases shorted to the ground; use an insulation tester to measure
the insulation resistance of phase c. If the insulation resistance does not equal zero, the phase labels
(c and ¢') at both terminals may be consistent. Otherwise, the sending terminals labeled as ¢ are

not consistent with the receiving terminal labeled as ¢’, or there may be grounding points along the
conductor of phase c.

b)  Asshown in Figure 8(b), make the receiving terminal labeled as ¢’ grounded, and make the sending
and receiving terminals of the other two phases shorted to the ground; use an insulation tester to
measure the insulation resistance of phase c. If the insulation resistance equals zero, the phase labels (¢

and ¢’) at both terminals are matched. Otherwise, there may be breaking points along the conductor of
phase c.

Refer to the same procedures for phase verification and insulation resistance measurement of the other two
phases.
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Sending terminal AC line Receiving terminal
a a'
b b'
C C'
o
JR
Insulation
= = tester =

(a) Receiving terminal of phase ¢ in open circuit

Sending terminal AC line Receiving terminal
a a
b bl
C c’
JL
Insulation
= = tester =

(b) Receiving terminal of phase ¢ grounded

Figure 8—Phase verification and insulation resistance measurement of phase ¢

8.4 Considerations

If an electromagnetic PT is equipped at any terminal of the line to be measured, it is difficult to obtain the
correct result by the method described in item a) of 8.2 and in 8.3. If an insulation tester or dc power source is
used, the electromagnetic PT shall be disconnected.

If the induced voltage on the line to be measured is too high to exceed the rated input voltage of the instrument,
a large capacitor can be connected in parallel with the sending terminal of the line to release the charge. Take
care that the capacitor shall withstand the current passing through and the induced voltage. The diagram of
charge release through a capacitor is shown in Figure 9.

In addition, there is an alternative method to suppress the induced voltage (see Annex C).

Sending Receiving Sending Receiving
terminal AC line terminal terminal AC line terminal
ET - : Tz :
\ Te b b ° c b b'
¢ c Insulation ¢ c
L L L tester L
(a) Capacitor in parallel with a dc power source (b) Capacitor in parallel with an insulation tester
Figure 9—Charge released through a capacitor
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9. DC resistance measurement
9.1 DC resistance measurement of three-phase transmission lines

A dc resistance measurement is not mandatory, and this procedure may not be carried out. However, dc
resistance may be taken as a reference to verify the ac parameter measurement. As known, the ac resistance at
power frequency in per unit length should be slightly higher than the dc resistance. If the ac resistance differs
greatly from the dc resistance, there may be mistakes during the ac parameter measurement.

The dc resistance of transmission lines should be measured when the lines are not in service. One method is
to use the combination of a battery, a dc voltmeter, and a dc ammeter, and the alternative method is to use a dc
resistance tester. The procedures are described as follows.

As shown in Figure 10, short-circuit the receiving terminals of the three conductors and apply a dc power
source between phases a and b at the sending terminals; record the dc voltage U, and the dc current 7, , the

series resistance R, of conductors a and b can be calculated by Equation (1).

Rah = Uah / [ab (1)

Sending Receiving
terminal AC line terminal

I@ a)
+
1 Uab
I )
C

Figure 10—Measurement of the dc resistance R,

Refer to the same procedures for the dc resistance R, of conductors b and c as well as the dc resistance R,
of conductors ¢ and a. The dc resistance of each phase conductor can be given by Equation (2).

Ra = (Rab +Rca 7Rbc) / 2
Rb = (Rab + Rbc - R('a)/ 2 (2)
Rc = (Rca + sz‘ - Rah) / 2

where

R, isthe dc resistance of conductor a, Q
R, is the dc resistance of conductor b, Q
R isthe dc resistance of conductor ¢, Q

The dc resistance of the down-lead should be subtracted from the measuring result when the length of the
measured line is too short.

If the ac induced voltage of the measured line is larger than the withstand voltage of the instrument, a single
grounding point at the sending or the receiving terminal may be selected to reduce the induced voltage.
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9.2 DC resistance calculation

Record the environmental temperature of both terminals while measuring the dc resistance; then convert the
measured dc resistance R, of conductor a into the resistance R, ,, .. at 20 °C by Equation (3).

R

R, 2 = m 3)

where

t  isthe average temperature of both terminals, °C
B is the temperature coefficient of the resistance of the conductor, 1/°C

For instance, for aluminum, 8 = 0.00403(1/°C) ; for copper core cable, § = 0.00393(1/°C).

Refer to the same procedures for the dc resistance R, ,,.. and R ,,.. of conductors b and c at 20 °C.

10. Index for parameter measurement of ac transmission lines

The following methods in 10.1 to 10.3 concerning the parameter measurement of ac transmission lines are
recommended in this guide.

10.1 Off-line measurement

Off-line measurement refers to the measurement when lines to be measured are not in service and can be
classified into six categories, as follows:

a)  Measurement and calculation of the electrical parameters of a single-circuit transmission line (11.1)

b) Measurement and calculation of the electrical parameters of double-circuit lines on the same tower
(11.2)

¢) Measurement of the coupling parameters of short-distance double-circuit lines (11.3)
d)  Off-line parameter measurement of asymmetrical transmission lines (Clause 12)
e) Eliminating power frequency interference during the off-line measurement (Clause 13)

f)  Measurement and calculation of the electrical parameters of four-circuit lines on the same tower
(Annex D)

An open-circuit impedance measurement is a necessary procedure for the parameter measurement. But the
induced voltage should be assessed before the open-circuit impedance measurement. If potential dangers exist
for operators and instruments, installing a device to suppress the induced voltage is recommended (Annex C).
Otherwise the open-circuit impedance measurement shall not be carried out.

10.2 Zero-sequence parameter measurement with adjacent lines in operation

For a zero-sequence parameter measurement with adjacent lines in operation, see Clause 14.

10.3 On-line measurement

For an online parameter measurement of transmission lines, see Clause 15.
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