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Abstract: Procedures and calculations necessary to apply the standard transient recovery voltage
(TRV) ratings for ac high-voltage circuit breakers rated above 1000 V and on a symmetrical current
basis are covered. The capability limits of these circuit breakers are determined to a great degree
by the TRV. TRV ratings are compared with typical system TRV duties.
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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of the
IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus
development process, approved by the American National Standards Institute, which brings together volunteers
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the
Institute and serve without compensation. While the IEEE administers the process and establishes rules to promote fairness
in the consensus development process, the IEEE does not independently evaluate, test, or verify the accuracy of any of the
information contained in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other
damage, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly resulting
from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly disclaims
any express or implied warranty, including any implied warranty of merchantability or fitness for a specific purpose, or that
the use of the material contained herein is free from patent infringement. IEEE Standards documents are supplied “AS IS.”

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. Every IEEE Standard is subjected to review at least every five years for
revision or reaffirmation. When a document is more than five years old and has not been reaffirmed, 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 publishing and making this document available, the IEEE is not suggesting or rendering professional or other services
for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other person or
entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon the advice of a com-
petent professional in determining the exercise of reasonable care in any given circumstances.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to specific
applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate action to prepare
appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is important to ensure that any
interpretation has also received 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 interpretation requests except
in those cases where the matter has previously received formal consideration. 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, explanation, or interpretation of the IEEE.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation with
IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with appropriate
supporting comments. Comments on standards and requests for interpretations should be addressed to:

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

USA

NOTE—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 with respect to the exist-
ence or validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying
patents for which a license may be required by an IEEE standard or for conducting inquiries into the legal valid-
ity or scope of those patents that are brought to its attention.

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the Institute of
Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center. To
arrange for payment of licensing fee, 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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Introduction

This introduction is not part of IEEE Std C37.011-2005, IEEE Application Guide for Transient Recovery Voltage
for AC High-Voltage Circuit Breakers.

This application guide has been revised to align the new transient recovery voltage (TRV) requirements
introduced in IEEE Std C37.04, ANSI C37.06, and IEEE Std C37.09, which are being revised concurrently.

Specifically this revision is necessary for the following two reasons:

a) The TRV requirements have changed in the latest editions of IEEE Std C37.04, ANSI C37.06, and
IEEE Std C37.09 and further changes are under consideration.

b) The part on TRV associated with transformer limited faults must be aligned with the requirements of
ANSI C37.06.1 “Guide for High-Voltage Circuit Breakers Rated on a Symmetrical Current Basis
Designated Definite Purpose for Fast Transient Recovery Voltage Rise Times.”

The major changes implemented in this guide include the following:

— The TRV capability of circuit breakers that, according to the present version of IEEE Std C37.04, is
described by two or four parameters. For breakers rated 100 kV and above, the TRV envelope is
defined by four parameters where the short-circuit currents are above 30% of the breaker’s capabil-
ity. At 30% and below, the TRV envelope is described by two parameters. For breakers rated
72.5 kV and below, the TRV envelope is described by two parameters over the entire current range.

— Three-phase to ground faults are the basis for rating, in accordance with the present and revised
IEEE Std C37.04. For circuit breakers applied on systems 72.5 kV and below, the TRV ratings
assume that the systems can be operated ungrounded. For circuit breakers applied on systems
245 kV and above, the TRV ratings assume that the systems are all operated effectively grounded.
For systems 100 kV through 170 kV, the systems can be operated either ungrounded or effectively
grounded so two TRV ratings are available for these systems. See Annex C.

— Evaluating a circuit breaker TRV capability is illustrated by a new Figure 1 by comparing circuit
breaker rated TRV against that of system TRV envelope.

— 1In 4.2.3, a new Figure 14 shows how the TRV withstand capability of a circuit breaker can be
defined by the combination of SLF and Terminal Fault TRV withstand capabilities, in the case of
circuit breakers rated 100 kV and above.

— The case of long line fault interruption that may not be covered by rated TRV capability is treated in
a new subclause 4.2.4.

— Special applications where interruption of three-phase ungrounded faults may be required are cov-
ered in a separate subclause 4.2.5.

— Effect of asymmetry on TRV is explained by a new Figure 2.
— A.1 has been revised to cover both three-phase grounded and three-phase ungrounded faults.

— Additional explanations on short-line fault TRV are given in A.1.3 to justify the value of the peak
factor (1.6) introduced in IEEE Std C37.04.

— The rated maximum voltages have been updated, to be consistent with the values in ANSI C37.06.
Calculations in Annex A have been redone with the new values of supply voltages.

— The relation between parameter #; (used in the two parameter description of TRV) and the time to
peak T, is given in a new table A.3.

— A.3.3 has been corrected.

— Annex B has been revised to better explain the terms equivalent capacitance, positive or zero
sequence capacitance, and effective capacitance. An example of calculation of transfomer capaci-
tance, derived from Figure B.1, is added.
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— A new Annex C gives explanations and guidance on the selection of the first pole to clear factors and
the corresponding values for the second and third pole to clear. Figure C.1 gives the relevant pole-
to-clear factor, as function of arcing time, in the following three cases: three-phase to ground fault in
effectively grounded system, three-phase faults in ungrounded systems, and three-phase ungrounded
faults in effectively grounded systems.

Further changes to this guide may be required for three-phase line faults, terminal faults, and the short line
fault. They will be included in the next revision of IEEE Std C37.011.

Notice to users

Errata
Errata, if any, for this and all other standards can be accessed at the following URL: http:/

standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL for
errata periodically.

Interpretations

Current interpretations can be accessed at the following URL: http:/standards.ieee.org/reading/ieee/interp/
index.html.

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 with respect to the existence or
validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying
patents or patent applications for which a license may be required to implement an IEEE standard or for
conducting inquiries into the legal validity or scope of those patents that are brought to its attention.
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IEEE Application Guide for Transient
Recovery Voltage for AC High-Voltage
Circuit Breakers

1. Overview

1.1 Scope

This application guide covers procedures and calculations necessary to apply the standard transient
recovery voltage (TRV) ratings for ac high-voltage circuit breakers rated above 1000 V. The capability
limits of these circuit breakers are determined to a great degree by the TRV. This application guide is not
included in other existing circuit breaker standards. In this document, the TRV ratings are compared with
typical system TRV duties. An example TRV calculation is given in Annex A.

1.2 Purpose

The purpose of this guide is to provide an application guide on the TRV ratings given in IEEE Std C37.04'
for ac high-voltage circuit breakers rated on a symmetrical current basis. Definitions, rating structure, test
procedures, and preferred transient voltage ratings and related required capabilities are included in IEEE
Std C37.04, ANSI C37.06, ANSI C37.06.1, and IEEE Std C37.09. IEEE Std C37.010 applies in other
respects to these circuit breakers.

2. References

The following standards contain provisions that, through reference in this text, constitute provisions of this
guide. When the following specifications are superseded by an approved revision, the revision shall apply.

ANSI C37.06-2000, American National Standard for Switchgear—AC High-Voltage Circuit Breakers
Rated on a Symmetrical Current Basis—Preferred Ratings and Related Required Capabilities. >

ANSI C37.06.1-2000, Guide for High-Voltage Circuit Breakers Rated on a Symmetrical Current Basis
Designated Definite Purpose for Fast Transient Recovery Voltage Rise Times.

! Information on references can be found in Clause 2.
2 ANSI publications are available from the Sales Department, American National Standards Institute, 11 West 42nd Street, 13th Floor,
New York, NY 10036, USA.
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IEEE Std C37.04"-1999, IEEE Standard Rating Structure for AC High-Voltage Circuit Breakers Rated on
a Symmetrical Current Basis. > *

IEEE Std C37.09-1999, IEEE Standard Test Procedure for AC High-Voltage Circuit Breakers Rated on a
Symmetrical Current Basis.

IEEE Std C37.0107-1999, IEEE Application Guide for AC High-Voltage Circuit Breakers Rated on a
Symmetrical Current Basis.

IEEE Std C37.081a""-1997, Supplement to IEEE Guide for Synthetic Fault Testing of AC High-Voltage
Circuit Breakers Rated on a Symmetrical Current Basis.

3. Transient recovery voltage (TRV)

3.1 General

The recovery voltage is the voltage that appears across the terminals of a pole of a circuit breaker after
interruption. This voltage may be considered in two successive time intervals: one during which a transient
voltage exists (TRV), followed by a second during which a power frequency voltage alone exists.

During the interruption process the arc rapidly loses conductivity as the instantaneous current approaches
zero. Within a few microseconds after current zero, current stops flowing in the circuit. The power system
response to current interruption is what generates the TRV. TRV is the difference in the power system
response voltages on the source side and on the load side of the circuit breaker. The nature of the TRV is
dependent on the circuit being interrupted, whether primarily resistive, capacitive or inductive (or some
combination). Additionaly, distributed and lumped circuit elements will produce different TRV
waveshapes.

In principle, the response of the load side and source side of the circuit breaker can be analyzed separately
and the results subtracted point by point on a time line. The driving voltage is the instantaneous power
frequency voltage across the circuit elements at the instant of current interruption.

The breaking operation is successful if the circuit breaker is able to withstand the TRV and the power
frequency recovery voltage.

TRVs can be oscillatory, triangular, or exponential and can occur as a combination of these forms. The
most severe oscillatory or exponential recovery voltages tend to occur across the first pole to open of a
circuit breaker interrupting a three-phase symmetrical fault at its terminal when the system voltage is
maximum. (See Annex C for more information on the TRV and power frequency recovery voltage applied
on each pole while interrupting a three-phase terminal fault.)

The triangular recovery voltages are associated with line faults. The initial rate of rise of the recovery
voltages for line faults becomes greater the closer the fault is to the circuit breaker; however, the magnitude
of this line side triangular wave decreases as the rate of rise increases. Generally, the source recovery
voltage is much slower and only the triangular recovery voltage is effective in the early time period of the
TRV. The amplitude of the recovery voltages for these line faults are determined on a single-phase basis
during their early time periods.

3 IEEE publications are available from the Institute of Electrical and Electronics Engineers, Inc., 445 Hoes Lane, Piscataway, NJ
08854, USA (http://standards.ieee.org/).

* The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc.
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By definition, TRV values defined in the standards are inherent i.e., values that would be obtained during
interruption by an ideal circuit breaker without arc voltage (its resistance changes from zero to an infinite
value at current zero).

3.2 Effect of circuit breaker on transient recovery voltage

The circuit TRV can be modified by the arc of the circuit breaker. Therefore, the TRV measured across the
terminals of two different types of circuit breakers under identical conditions can be different. Recognizing
the modifying abilities of each of the various circuit breakers would be an immense task when either
calculating a TRV or specifying a related value for the circuit breaker.

To simplify both rating and application, the power system electrical characteristics are defined or calculated
ignoring the effect of the circuit breaker. Thus, the TRV, which results when an ideal circuit breaker
interrupts, is used as the reference for both rating and application. This TRV is called the inherent TRV. An
ideal circuit breaker has no modifying effects on the electrical characteristics of a system and, when
conducting, its terminal impedance is zero; at current zero, its terminal impedance changes from zero to
infinity.

3.3 Method of rating and application

3.3.1 Selection of a circuit breaker

The TRV ratings for circuit breakers are applicable for interrupting three-phase to ground faults at the rated
symmetrical short-circuit current and at the maximum rated voltage of the circuit breaker. For values of
fault current other than rated and for line faults, related TRV capabilities are given. Rated and related TRV
capabilities are described in IEEE Std C37.04 and given in detail in ANSI C37.06.

While three-phase ungrounded faults produce the highest TRV peaks, the probability of their occurrence is
very low (see discussion in Wagner and Smith [B14]°). Therefore, as described in IEEE Std C37.04, the
TRV ratings are based on three-phase grounded faults with the TRV peaks established based on the
grounding arrangements prevalent at the respective system voltages.

For circuit breakers applied on systems 72.5 kV and below, the TRV ratings assume that the systems can be
operated ungrounded. For systems over 72.5 kV through 170 kV, the systems can be operated either
ungrounded or effectively grounded so two TRV ratings are available for these systems. For circuit
breakers applied on systems above 170 kV, the TRV ratings assume that the systems are all operated
effectively grounded. See Annex C.

In the draft revisions of IEEE Std C37.04 and ANSI C37.06, the TRV capability of a circuit breaker
is defined by a two-parameter or four-parameter envelope (see Figure 1, Figure 6, and Figure 7)
IEEE PC37.04b [B16], IEEE PC37.06 [B17].

A circuit breaker TRV capability is sufficient if the two- or four-parameter envelope drawn with the rated
parameters as specified in ANSI C37.06 is higher than the two- or four-parameter envelope of the system
TRYV at the point of application (see Figure 1). Consideration should be given for future system growth.

The TRV ratings define a withstand boundary. A circuit TRV that exceeds this boundary at rated short-
circuit current, or the modified boundary for currents other than rated, is in excess of the rated or related
capabilities of the circuit breaker. If the withstand boundary of the circuit breaker is exceeded, either a
different circuit breaker should be used, or the system should be modified in such a manner as to change its

5The numbers in brackets correspond to those of the bibliography in Annex D.
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TRV characteristics. The addition of capacitors to a bus or line is one method that can be used to improve
the recovery voltage characteristics of the system.

A: System TRV Envelope
B: Circuit Breaker Rated TRV Envelope

Time
Figure 1—System TRV envelope and circuit breaker rated TRV envelope

3.3.2 Effect of asymmetry on transient recovery voltage

The TRVs that occur when interrupting asymmetrical current values are generally less severe than those
that occur when interrupting the related symmetrical current because the instantaneous value of the supply
voltage at the time of interruption is less than the peak value (see Figure 2). Circuit breakers have the
capability of interrupting these asymmetrical currents provided that the circuit breakers are applied within
their rating.

NOTE—IEEE Std C37.081a gives the reduction factors of TRV peak and rate of rise of recovery voltage (RRRV) when
interrupting asymmetrical currents.®

SUPPLY VOLTAGE

AN/
VoV

CURRENT

NOTE—Dashed lines show the supply voltage at current zero.

TIME

Figure 2— Supply voltage and asymmetrical current

6 Notes in text, tables, and figures are given for information only, and do not contain requirements needed to implement the standard.
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4. Application considerations

4.1 General

The system TRV characteristic is often complex, and a computer simulation may be necessary for
evaluation. In many cases, however, the predominant TRV characteristic may be represented by an
exponential, oscillatory, or triangular response as shown in Figure 3, Figure 4, and Figure 5, respectively.

A typical exponential TRV is shown in Figure 3. This exponential TRV typically occurs when at least one
transformer and one line are on the unfaulted side of the circuit breaker when a three-phase fault is cleared
at the breaker terminals.

| REFLECTION FROM
4——% E— END OF LINE

FAULT ———
/ o

O—— TRV

4

Figure 3—Exponential TRV characteristic

The oscillatory TRV shown in Figure 4 occurs when a fault is limited by a transformer or a series reactor
and no transmission line or cable surge impedance is present to provide damping.

FAULT

Figure 4— Oscillatory TRV characteristic

Short-line faults (SLF) exhibit the characteristic shown in Figure 5. The transmission line surge impedance,
Z, determines the nature of the TRV. The rate-of-rise of the saw-tooth shaped TRV is generally higher than
that experienced with exponential or oscillatory TRVs.
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Figure 5—Short-line fault TRV characteristic

The two-parameter and four-parameter envelopes, illustrated in Figure 6 and Figure 7, have been
introduced in the draft revision of IEEE PC37.04b [B16] to facilitate the comparison between a TRV
obtained during testing and a specified TRV. As shown in Figure 6, the envelope of inherent test TRV must
be higher than the reference line of specified TRV. In a similar way it is possible to compare a circuit
breaker specified TRV capability and a system TRV obtained by calculation.

E nvelope of
inherent test TRV

Ly

Reference line of
specified TRY

I Inherent test TRV
w |
I
Delay line of specified TRV
I
| 1
] 1 -
0 14 r I $

Figure 6—Example of inherent test TRV with two-parameter envelope that satisfies the
conditions to be met during type test
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Figure 7—Example of inherent test TRV with four-parameter envelope that satisfies the
conditions to be met during type test

A circuit breaker TRV capability is considered to be sufficient if the two or four parameter envelope drawn
with rated parameters is higher than the two or four parameter envelope of the system TRV. This procedure
provides a comparison between the circuit breaker TRV capability and a system TRV in the two regions
where a reignition is likely i.e., during the initial part of the TRV where the RRRV is maximum and in the
vicinity of the peak voltage (u.).

The three-phase fault is usually the most severe terminal fault type and is used as the basis of rating (see
Annex C). Short-line faults generally have higher rates-of-rise of recovery voltage than do terminal fault
TRVs, but have lower crest voltage magnitudes.

Examples given in this subclause illustrate the use of the standard for some typical simplified system
applications. Actual system TRVs may be complex and are often calculated using digital or analog
computers with more detailed representations. An IEEE working group in the HVCB subcommittee of the
IEEE Switchgear Committee is currently investigating the differences between the simplified system
applications and the range of actual applications including some conditions not considered in this guide.

Consequently, the details of the calculations for the examples in this subclause are not included. An
example of a detailed TRV calculation, including the first reflection, is given in Annex A. It is based on the
calculation of transients in the equivalent circuit shown in Figure A.2. In addition, typical equipment
capacitance values are given in Annex B. Some of these values may also be changed or additional values
listed, based on the work of an HVCB task force determining natural frequencies of transformers.

4.2 Circuit breaker capability

Rated and related circuit breaker transient recovery voltage capabilities are defined by parameters given in
ANSI C37.06. The following text is aligned with the concurrent revisions of IEEE PC37.04 [B16] and
IEEE PC37.06 [B17].

Based upon the evaluation of many actual system configurations, standards assume, for systems above 72.5
kV, that clearing terminal fault currents higher than 30% of rating will result in a TRV characteristic that
has a four-parameter envelope defined by four parameters (u,, #1, u., %) (see Figure 7).
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For terminal fault currents between 10% and 30% for systems above 72.5 kV, and for all terminal fault
currents for systems 72.5 kV and below, the standard assume a TRV envelope described by two parameters
(u., t3) as illustrated in Figure 6.

For breakers rated 72.5 kV and below, the TRV envelope is described by two parameters over the entire
current range.

4.2.1 Three-phase terminal fault
As an example, Figure 8 shows the three-phase to ground fault related transient recovery voltage capability

for a 550 kV circuit breaker at 100% of its symmetrical current rating (first-pole-to-clear factor ky, = 1.3). It
shows also the TRV capability for the optional case with k= 1.5.

VOLTAGE (kV)

1000 1 Ue= 943 kV
W -
9001 U.=817TkV -~
800 1 - ¢
Optional TRV capability g '
700 1 \ _ :
600 1 Us= 505 kV - :
5009 u;=438kv & Standard TRV capability
400 1 . :
300 1 : :
200 - 1 1
1001 / t=219ps | =253 pis t,= 876 pis * ; 2=1010ps
O LJ : LJ LJ LJ LA L
0 200 400 600 800 1000 1200

TIME (ps)

Figure 8—TRV capability envelope for a 550 kV circuit breaker at 100% of its rated fault

current capability

The TRV envelope is defined by the four parameters (u, ¢, u., t,) given in IEEE PC37.06 [B17]. The
parameters that define the envelope of a TRV vary with the short-circuit current level. Multipliers are used
to obtain by interpolation the proper parameter values, corresponding to a given short-circuit current, from
the rated parameters defined for 100% short-circuit current. IEEE PC37.06 [B17] defines the values of the
rated parameters and multipliers.

Table 1 is reproduced here from IEEE PC37.06 [B17] for readers’ convenience. These multipliers may be
changed as ANSI C37.06 is updated. Readers should refer to the current version of ANSI C37.06 for the
multiplier values.

NOTE—Rating values from IEEE PC37.06 [B17] are used in this guide for examples. While revisions to ANSI
C37.06 may occur in the future, the same fundamental applications apply.
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Table 1—Related required transient recovery voltage capabilities of circuit breakers
at various interrupting levels for terminal faults

Multipliers for rated parameters
Percent of 72.5 kV and below 72.5 kV and below 100 kV and above
interrupting
capability” indoor / cable system outdoor / line system
(Note 1)
Ku, Kt; Ku, Kt Ku, Kt Ku, Kt, or Kt
100 1 1 1 1 1 1 1 1 —
60 1.07 0.44 1.07 0.67 1 0.67 1.07 0.5 —
30 1.14 0.22 1.13 0.4 — — 1.13 — 0.211
10 1.21 0.22 1.17 0.4 — — 1.17/1.26 —  0.156/
(Note 2) 0.168
(Note 3)

NOTE 1—For other percentage of interrupting capability, interpolation can be done as shown in Figure 9.

NOTE 2—Multiplier for Ku, is 1.17 for applications with k,, = 1.5 and 1.26 for applications with k,, = 1.3.

NOTE 3—Multiplier for K#; is 0.156 for applications with &, = 1.5 and 0.168 for applications with k,, = 1.3.

# Ratio of the symmetrical current component of the current being considered to the related required symmetrical interrupting
capability (defined in IEEE Std C37.04) is stated in percent.

The following example is given to illustrate the use of Table 1.

Take, for example, the case of an outdoor (line system) 72.5 kV circuit breaker, the TRV peak withstand
capability at 10% of interrupting capabillity is:

_Urx\/f

u (T10) = u (T100)x Ku, = Xk, %k x K, (1)

NE)

where
U. =725 kv,
k, =15,
k. =1.54, (from Table 2A of IEEE PC37.04b [B16])
Ku,=1.17.
u (T10) = T25XN2 S sax117 KV =160 KV

NE)

In a similar way, the TRV peak withstand capability at 10% of interrupting capability for a 72.5 kV circuit
breaker in a cable system is:

72.5%~/2

NE)

u (T10)= x1.5x1.4%x1.21 kV =151 kV
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Ku, 1.25
KU1
1.2 N
1.15 -\
/ Ku, (Note 2)
1.1
Ku, (Notes 1 & 3)
1.05
Kuy (Notes 3 & 4)
1 \
0.95 \ T T r .
0 20 40 60 80 100 120
PERCENT OF INTERRUPTING CAPABILITY
By
Mtz gz
ita

“ (NOTET)

| /
L=

"\ Mz (NOTES 384
|:|2 i JLsmmmmw -
: ¥t (NOTET) 3 (NOTEZ)

I:I T T T T
0 20 40 &0 20 100 120

FERCENT OF INTERRUFTIMNG CAFPABILITY

i M (NOTE4)

NOTE 1—For outdoor circuit breakers and/or line systems 72.5 kV and below.
NOTE 2—For indoor circuit breakers and/or cable systems 72.5 kV and below.
NOTE 3—Rated voltages above 72.5 kV (values shown are those corresponding to &, = 1.5, see

Table 1 for values corresponding to k,, = 1.3).

NOTE 4—Kt, , Ku, and Kt, are applicable to currents higher than 30% of interrupting capability.
NOTE 5—TRYV parameters uc (or u;) and #; (or ¢, or t,) are obtained by multiplying the values given
in ANSI C37.06 by the corresponding Ku and Kt multipliers.

Figure 9—TRV parameters multipliers for fractions of rated breaking current

As a further example, the TRV related capability envelope for a 550 kV circuit breaker at 75% of its rated
fault current capability can be calculated as follows:
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From ANSI PC37.04b [B16], TRV parameters for rated current and rated maximum voltage (E.x) = 550

kV:
u = 438 kV
t = 219 ps
uc = 817 kV
L= 876 us
From Table 1, the following multipliers are obtained by interpolation for 75% of rated fault current
capability :
KL[[ = 1
Kt = 0.794
Ku,= 1.044
Kt = 0.687
where
Ku, is the multiplier for u,
Kt is the multiplier for #
Ku, is the multiplier for u,
Kt, is the multiplier for ¢,

TRV capability for 75% current:

u = 438 kV
L= 174 us
U= 853 kV
= 602 ps

The shape of the TRV capability curve adjusted by the factors as given in Figure 9 is illustrated in Figure

10.

VOLTAGE (kV)

1000 1

900 - uc= 853KV

800 1
700 1
600 1
5001 u,=438kv I
400 1 :
300 1 : :
200 1 :

100 1 v t=174 ps t2 = 602 ps

L 4

0 . r v .
0 200 400 600 800
TIME (us)

1000

Figure 10 —TRYV related capability envelope for 550 kV circuit breaker at 75% of its

rated interrupting capability
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The general characteristics of the TRV envelopes defined by IEEE PC37.04b [B16] are illustrated in Figure
11 and Figure 12 as a function of the fault current magnitude.

VOLTAGE

TIME

Figure 11 —TRV envelopes, systems above 72.5 kV (/ is the rated short-circuit current)

VOLTAGE

TIME

Figure 12—TRV envelopes, systems 72.5 kV and below (/ is the rated short-circuit current)
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