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Abstract: The guide for the online monitoring and recording system of transient overvoltages in
power system is used to regularize its methods, define the concrete structure of recording system
for transient overvoltages, and identify the requirements of capability checkout and uncertainty in
online monitoring and recording systems.

Keywords: capability checkout, divider system, IEEE 1894™ recording system, transient
overvoltages
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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 Notice” or “Important Notices and Disclaimers Concerning IEEE Standards
Documents.”

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.
Volunteers 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 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.

Translations

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

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.
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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 ten years. When a document is more than ten
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 the IEEE-SA Website at
http://iecexplore.ieee.org/xpl/standards.jsp or contact IEEE at the address listed previously. For more
information about the IEEE-SA or IEEE’s standards development process, visit the IEEE-SA Website at
http://standards.ieee.org.

Errata

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

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the
IEEE-SA Website at http://standards.icee.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 1894™-2015, IEEE Guide for Online Monitoring and Recording Systems for
Transient Overvoltages in Electric Power Systems.

Transmission and transformation apparatuses in power systems may be subject to lightning overvoltage or
switching overvoltage at any time. Lightning overvoltage may invade transmission lines and cause failure
when a substation has many output transmission lines or lightning is located in the incidence area. Internal
overvoltage may occur when a no-load transmission line or a no-load transformer is removed from the
system. A grounding fault may cause arc grounding overvoltage. The value of these overvoltages can reach
two to five times the system’s operating voltage. If insulation coordination is improper or defective in
substations, overvoltages may cause damage to primary equipment. Furthermore, if the insulation of an
apparatus is defected or aged, overvoltages may cause insulation breakdown.

Existing standards on measuring and recording overvoltages are not mainly applied to transient
overvoltages but are applied to power frequency overvoltage in power systems. Transient overvoltages are
different to power frequency overvoltage in waveform, amplitude, measuring equipment, and measuring
technique. This standard is developed to standardize the techniques for online monitoring and recording of
the transient overvoltages.
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IEEE Guide for Online

Monitoring and Recording Systems
for Transient Overvoltages

in Electric Power Systems

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, security, health,
or environmental protection, or ensure against interference with or from other devices or networks.
Implementers 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.

This IEEE document is made available for use subject to important notices and legal disclaimers.
These notices and disclaimers appear in all publications containing this document and may
be found under the heading “Important Notice” or “Important Notices and Disclaimers
Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at
http://standards.iece.org/IPR/disclaimers.html.

1. Scope

This guide presents methods for online monitoring and recording of the transient overvoltages in a three-
phase AC power system when the voltage level is higher than 1 kV. It applies to the qualitative
measurement of transient overvoltages in substations, power stations, and transmission lines. The results
are used for power system operating condition analyses.

This guide does not include online monitoring and recording of very fast transient overvoltage (VFTO)
caused by operation of GIS disconnectors.
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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.

IEC 60044-2-2000, Instrument Transformer—Part 2: Induction Voltage Transformer.'

IEC 60044-5-2004, Instrument Transformer—Part 5: Capacitor Voltage Transformers.

IEC 60060-2-2010, High-Voltage Test Techniques—Part 2: Measuring System.

IEC 60071-1-2011, Insulation Coordination—Part 1: Definition, Principle and Rules.

IEC 60529-2001, Degrees of Protection Provided by Enclosure (IP code).

IEC 61850, Communication Networks and Systems in Substations.

IEEE 1588-2008™, Standard for a Precision Clock Synchronization Protocol for Networked Measurement
and Control Systems.**

ISO/IEC Guide-98-3-2008, Uncertainty of Measurement—Part 3: Guide to the Expression of Uncertainty
in Measurement.*

3. Definitions, subscripts, symbols, and acronyms

3.1 Definitions

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

capacitive equipment: The primary equipment with capacitive screen voltage sharing structure as main
insulation, of which capacity current accounted for the leakage current main ingredients under the nominal
voltage, such as high voltage bushing, vertical current transformer, capacitive voltage transformer (CVT),
coupling capacitor, etc.

classification of voltages and overvoltages: According to shape and duration, voltages and overvoltages
are divided into the following classes:

"' [EC publications are available from the Sales Department of the International Electrotechnical Commission, 3 rue de Varembé, PO
Box 131, CH-1211, Geneva 20, Switzerland (http://www.iec.ch/). IEC publications are also available in the United States from the
Sales Department, American National Standards Institute, 25 West 43rd Street, 4th Floor, New York, NY 10036, USA
(http://www.ansi.org).

? The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers, Inc.
* IEEE publications are available from The Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854,
USA (http://standards.ieee.org/).

4 ISO/IEC publications are available from the ISO Central Secretariat, 1, ch. de la Voie-Creuse, CP 56, CH-1211 Geneva 20,
Switzerland (http://www.iso.org/). ISO/IEC publications are available in the United States from the American National Standards
Institute, 25 West 43rd Street, 4th Floor, New York, NY 10036, USA (http://www.ansi.org/).

’IEEE Standards Dictionary Online subscription is available at:
http://www.ieee.org/portal/innovate/products/standard/standards_dictionary.html.
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—  Continuous (power frequency) voltage: Power-frequency voltage, considered having constant
r.m.s. value, continuously applied to any pair of terminals of an insulation configuration.
—  Temporary overvoltage (Te.O): Power frequency overvoltage of relatively long duration.

NOTE—The overvoltage may be undamped or weakly damped. In some cases, its frequency may be several times
smaller or higher than the power frequency.®

—  Transient overvoltage (Tr.O): Short-duration overvoltage of a few milliseconds or less, oscillatory
or non-oscillatory, usually highly damped.

NOTE—Transient overvoltages may be immediately followed by temporary overvoltages. In such cases, the two
overvoltages are considered as separate events.

Transient overvoltages are divided into:

—  Slow-front transient overvoltage (SFO): Transient overvoltage, usually unidirectional, with
time to peak 20 ps < 7, <5 000 ps, and time to half value of a decreasing voltage 7, <20
ms.

—  Fast-front transient overvoltage (FFO): transient overvoltage, usually unidirectional, with
front time 0.1 ps < 7, < 20 ps, and time to half value of a decreasing voltage T7,< 300 ps.

[IEC600711-2011", definition 3 .17]

combined overvoltage (COV): Consisting of two voltage components simultaneously applied between
each of the two phase terminals of a phase-to-phase (or longitudinal) insulation and earth. It is classified by
the component of higher peak value (temporary, slow-front, or fast-front). [IEC60071-1-2011, definition
3.17.4]

common mode interference: Unexpected potential difference between any current-carrying conductor and
reference ground.

divider system: System converting high voltage into measurable low voltage for sampling system.

highest voltage for equipment (U, ): Highest value of phase-to-phase voltage (r.m.s. value) for which the

equipment is designed in respect to its insulation as well as other characteristics that relate to this voltage in
the relevant equipment standards. Under normal service conditions specified by the relevant apparatus
committee, this voltage can be applied continuously to the equipment. [[EC60071-1-2011, definition 3.10]

highest voltage of a system (U ): Highest value of the phase-to-phase operating voltage (r.m.s. value)

that occurs under normal operating conditions at any time and at any point in the system. [IEC60071-1-
2011, definition 3.9]

impedance earthed (neutral) system: System where the neutral point(s) is(are) earthed through
impedances to limit earth fault currents.

[IEC60071-1-2011, definition 3.13]

isolated neutral system: System where the neutral point is not intentionally connected to earth, except for
high impedance connections for protection or measurement purposes. [IEC60071-1-2011, definition 3.11]

® Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to implement
this standard.
7 Information on references can be found in Clause 2
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low-voltage arm capacitor unit: Device composed of a nonpolar non-inductive capacitor, protection
components, matching resistance and protection shell, connected to the capacitive foil of the current
transformer and other capacitive equipment to form capacitive voltage divider.

nominal frequency of a system ( f,): Suitable approximate value of the frequency used to designate or
identify a system, usually 50 Hz or 60 Hz.

nominal voltage of a system (U, ): Suitable approximate value of the voltage used to designate or identify
a system. [[EC60071-1-2011, definition 3.8]
overvoltage: Any voltage:

— Between one phase conductor and earth or across a longitudinal insulation having a peak value

exceeding the peak of the highest voltage of the system divided by V3.

— Between phase conductors having a peak value exceeding the peak of the highest voltage of the
system. [IEC60071-1-2011, definition 3.16]

p.u.: Per unit value of the amplitude of an overvoltage (or of a voltage) referred to U, X273 .

resonant earthed (neutral) system: System in which one or more neutral points are connected to earth
through reactances that approximately compensate the capacitive component of a single phase-to-earth
fault current. [IEC60071-1-2011, definition 3.14]

sampling rate: Number of discrete samples extracted from continuous signals to form discrete signals in
one second, with unit of samples per second (S/s).

scale factor: The ratio of input voltage to output voltage can be understood as the value of input voltage
represented for unit output voltage.

solidly earthed (meutral) system: System where the neutral point(s) is(are) earthed directly.
[IEC60071-1-2011, definition 3.12]

overvoltage start: The waveform recording system can start to record when the instantaneous value of the
power system operating voltage is greater than the set limit.

transient overvoltage recording (TOVR): The timely, accurate, and complete recording of a whole
process, including transition processes before and after the moment of overvoltages caused by operating,
lightning, and fault in a three-phase AC power system.

voltage mutation start : The waveform recording system can start to record when the absolute value of the

difference between the current cycle voltage (r.m.s value) and previous cycle or initial voltage (r.m.s value)
is greater than or equal to the set limit.

3.2 Subscripts, symbols, and acronyms

3.2.1 Subscripts
max maximum

p—p phase to phase
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p—e phase to earth

[IEC 60071-1-2011, 4.2]

3.2.2 Letter symbols

G capacitance value or capacitor of divider system high voltage arm
C, capacitance value or capacitor of divider system low voltage arm
f frequency

£ nominal frequency of a system

K, divider ratio of the divider system

T, front time

T, time to half value of a decreasing voltage

T system rated waveform cycle

T, time to peak value

T, total overvoltage duration

U, highest voltage for equipment

U, nominal voltage of a system

U, standard rated lightning impulse withstand voltage

U, standard rated short-duration power-frequency withstand voltage
U, highest voltage of a system

[IEC60071-1-2011, 4.3]

3.2.3 Acronyms

COoV combined overvoltage

EMC electromagnetic compatibility
EMI electromagnetic interference
FFO fast-front overvoltage
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MOA zinc-oxide arrester

p.u. per unit

SFO slow-front overvoltage

Tr.O transient overvoltage

Te.O temporary overvoltage

TOVR transient overvoltage recording

[IEC60071-1-2011, 4.4]

4. The configuration and functions of online monitoring and recording
systems for transient overvoltages in power systems

4.1 Configuration of online monitoring and recording systems for transient
overvoltages

An online monitoring and recording system for transient overvoltages usually consists of a divider system,
a recording system, and transmission components, as shown in Figure 1.

O——
Divider M
Ui C
System —& —
@ U Recording System
O——

1 il

U, —Input Voltage of Divider System
U, —Output Voltage of Divider System

C —Transmission Component, including isolated filter and coaxial cable or optical fiber
M —Data Recording System

Figure 1—Configration of an online monitoring
and recording system for transient overvoltages
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4.2 Functions of an online monitoring and recording system for transient
overvoltages

4.2.1 Functions of a transient overvoltage divider system

The divider system is the key component of the system. The input voltages of high voltage side, namely the
measured transient overvoltages, are introduced by high voltage lead. The output voltage of low voltage
side is outputted by transmission components (see Figure 1).

The divider system is a device that converts high voltage to measurable low voltage for the recording
system, according to a certain ratio (called scale factor). The voltage divider is composed of high and low
voltage arms connected in series. The high voltage arm almost undertakes the whole measured high
voltage. The low voltage arm can extract suitable low voltage, which is convenient for the recording system
to measure.

4.2.2 Functions of a transient overvoltage recording system
Triggered by pre-set conditions, the recording system can automatically sample the voltage waveform and

store the data outputted by the divider system.

5. Transient overvoltage divider system

5.1 Overvoltage ranges

Overvoltage ranges that equipment shall be able to withstand under different voltage levels are shown in
Table 1, according to standard rated short-duration power-frequency withstand voltage( U, ) and standard

rated lightning impulse withstand voltage (U ). The overvoltage ranges of the system under different

neutral grounding modes are shown in Table 2. The measurement ranges of divider systems are
recommended to cover the said overvoltage ranges.

Table 1—Overvoltage ranges under different voltage grades

Peak value of
Highest voltage _ Standard rated
for electric stag:?;gol;late(:iv:::rt lightning impulse Iou Overvol.tage ranges
equipment (U ) § P hstand withstand voltage p-u. that equipment shall
m requency withstan (U.) kV (U, x V2 /\3)kV | be able to withstand
kv voltage pi pou
(r.m.s Value) (U.x 2 )kV (peak value) .
14.14 20 1~6.80
36 40 2.94 1~13.61
28.28 40 1~6.80
72 60 588 1~10.20
39.60 60 1~6.12
75 1~7.65
12 9.80
95 1~9.69
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Table 1—Overvoltage ranges under different voltage grades (continued)

53.74 75 1~5.25
17.5 95 14.29 1~6.65
70.71 95 1~4.85
125 1~6.38
24 19.60
145 1~7.40
98.99 145 1~4.93
36 170 2940 1~5.78
52 134.35 250 42.46 1~5.89
72.5 197.99 325 59.20 1~5.49
212.13 380 1~4.65
100 261.63 450 81.65 1~5.51
261.63 450 1~4.48
123 325.27 550 10043 1~5.48
145 325.27 550 118.39 1~4.65
388.91 650 1~5.49
388.91 650 1~4.68
170 459.62 750 138.80 1~5.40
558.61 950 1~4.75
243 650.54 1050 200.04 1~5.25
558.62 950 1~3.88
300 650.54 1050 244.95 1~4.29
650.54 1050 1~3.55
362 721.25 1175 29557 1~3.98
806.10 1300 1~3.79
420 890.95 1425 342.93 1~4.16
890.95 1425 1~3.17
550 961.67 1550 449.07 1~3.45
1046.52 1675 1~3.73
1272.79 1950 653.20 1~2.99
800 1357.65 2100 ’ 1~3.21
1555.63 2250 1~2.51
2400 1~2.67
1100 898.15
2550 1~2.84
NOTE 1—Overvoltage ranges are calculated by U pi> 88 the U vi is much higher than U s under different voltage
levels.
NOTE 2—Overvoltage ranges that equipment shall be able to withstand are calculated p.u.
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Table 2—Overvoltage ranges under different neutral grounding modes

system neutral grounding modes overvoltage (p.u.)
Solidly earthed (neutral) system 1~2.5
Impedance earthed (neutral) system 1~3.2
Resonant earthed (neutral) system 1~3.2
Isolated neutral system 1~5

5.2 Dividing modes

The following dividing modes can be used in the divider systems:
a) VT mode: Electromagnetic voltage transformer (VT) is used as divider system.
b) CVT modes: Capacitive voltage transformer (CVT) is used as divider system.

c) Capacitive equipment mode: Capacitive equipment and additional low-voltage arm capacitor are
used to constitute the divider system.

d) Electric field sensor mode: The stray capacitance between the high voltage conductor and the
inductive metal plate is used as the high voltage arm. By installing low-voltage arm capacitor unit,

the divider system can be formed.

e) MOA mode: Installing ZnO valves (same properties with the arrester) at the bottom of the arrester
as the low voltage arm to form the divider system, with the arrester as the high voltage arm.

f) Low damped RC divider mode: When U is not exceeding 36 kV, low damped RC divider could
be used as the divider system.

NOTE—Refer to Annex A.

5.3 Bandwidths of different dividing modes

Bandwidths of different dividing modes (see 5.2) are shown in Table 3.

Table 3—Bandwiths of different dividing modes

Dividing modes Bandwidths
VT mode f,~1500Hz
CVT mode f,~1MHz
capacitive equipment mode f~1MHz
electric field sensor mode 10Hz~100MHz
MOA mode fi~1MHz
low damped RC divider mode f~1MHz

NOTE— As CVT mode obtains signals from capacitors side in series, instead of electromagnetic unit, its
bandwidth is f,~1 MHz (see Annex A).
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5.4 The selection of divider systems

The bandwidth characteristics and causes of overvoltages vary. Based on different overvoltages and their
bandwidths of dividing modes (see 5.3), appropriate divider systems (see Table 4) can be selected for
transient overvoltage monitoring. In addition, it is significant to consider the economic investment and
other factors according to actual on-site conditions.

Table 4—Comparison of the characteristics and dividing mode selection
for different transient overvoltages

Classifications of voltages
and overvoltages Characteristics Causes Dividing modes
Continuous voltage U, a) VT mode
(power frequency) b) CVT rppde .
c) Capacitive equipment
Normal operating voltage mode
/. of the system. d) Electric field sensor mode
¢) MOA mode
f) Low damped RC divider
mode(U, <36kV)
a) VT mode
Frequency f, is several o b) CVT mode
times higher or lower Over\g)Ltage is mainly ¢) Capacitive equipment
Temporary overvoltage than the power cause y'the system . mode
(Te.O) frequency asymmetric short circuit d) Electric field sensor mode
L =nxf.,and the ground.mg,. resonance, and ) MOA mode
p b "l’ load rejection. f) Low damped RC divider
uration 1s longer. mode Um <36KkV)
Wave front Overvoltage is mainly. a) CVT mode
T =20~ 5,000us caused by unloaded line | b) Capacitive equipment
low-fi ! ’ ’ switching or reclosing, mode
Slow-front " yaye tail removal of unloaded line :
overvoltage > | ¢) Electric field sensor mode
(SFO) T, <20 ms, removal of unloaded d) MOA mode
frequency range {)ranskformer, ar}d other ¢) Low damped RC divider
- ~10kH reaker operations; arc <
=1, z arounding. mode(U,, <36 kV)
Transient FFO wave front
ransien 01
overvoltages L =01~20 s,
(Tr.0) wave tail T, <300 us; a) CVT mode
Normally, lightning b) Capacitive equipment
Fast-front | (Jervoltage wave front ltage is mainl mode
overvoltage g Overvo tage 1s mainly c) Electric field sensor mode
(FFO) T, =1~20 us, caused by lightning. d) MOA mode
wave tail e) Low damped RC divider
T, <300 us, frequen mode(U,, <36 kV)
cy range
f; =1kHz~200 kHz

5.5 Specification requirements

5.5.1 Transient conditions in power systems

Besides normal conditions, the system can be qualified enough to monitor and record the following
overvoltage signals:

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 02:23:30 UTC from IEEE Xplore. Restrictions apply.

10
Copyright © 2015 IEEE. All rights reserved.

Full document details: IEEE 1894-2015


http://www.avadocuments.com/doc/ieee-1894-2015
http://www.avadocuments.com/doc/ieee-1894-2015

