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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 are covered in this 
application guide. The breaking capability limits of these circuit breakers are determined to a 
great degree by the TRV. The TRV ratings are compared with typical system TRV duties. 
Examples of TRV calculation are given with suggested options if the TRV duty exceeds the TRV 
ratings of the circuit breaker.  
Keywords: high-voltage circuit breakers, IEEE C37.011, transient recovery voltage 
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Introduction 

This introduction is not part of IEEE Std C37.011-2011, IEEE Guide for the Application of 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 C37.04b™ and IEEE Std C37.06™.a  

The main changes implemented in this guide concern the following: 

� Presentation of classes S1 and S2 for circuit breakers with rated maximum voltages less than 
100 kV 

� Revision of 4.2.1 to better explain the interpolation of TRVs for interrupting currents between 30% 
and 60% of rating 

� Revision of 4.2.4 on line faults that is expanded and updated, using mainly the work done by 
CIGRE WG A3-19 (see CIGRE Technical Brochure 408 [B5]b) 

� Expansion of 4.4.2 on reactor limited faults 

Notice to users 

Laws and regulations 

Users of these documents should consult all applicable laws and regulations. Compliance with the 
provisions of this standard 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 

This document is copyrighted by the IEEE. It is made available 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 this 
document available for use and adoption by public authorities and private users, the IEEE does not waive 
any rights in copyright to this document. 

                                                 
a Information on references can be found in Clause 2.  
b The numbers in brackets correspond to those of the bibliography in Annex D.  
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Updating of IEEE documents 

Users of IEEE standards 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. 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 Standards Association web site at 
http://ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously. 

For more information about the IEEE Standards Association or the IEEE standards development process, 
visit the IEEE-SA web site at http://standards.ieee.org. 

Errata 

Errata, if any, for this and all other standards can be accessed at the following URL:  
http://standards.ieee.org/findstds/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/findstds/interps/index.html. 

Patents 

Attention is called to the possibility that implementation of this guide may require use of subject matter 
covered by patent rights. By publication of this guide, no position is taken with respect to the existence or 
validity of any patent rights in connection therewith. 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 guide 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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IEEE Guide for the Application of
Transient Recovery Voltage for AC 
High-Voltage Circuit Breakers

IMPORTANT NOTICE: This standard is not intended to ensure safety, security, health, or environmental 

protection. Implementers of the standard are responsible for determining appropriate safety, security, 

environmental, and health practices or regulatory requirements. 

 
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.ieee.org/IPR/disclaimers.html. 

 

 

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 breaking 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. Examples of TRV calculation are given with suggested options if the TRV duty exceeds the 

TRV ratings of the circuit breaker. 

 

1.2 Purpose

The purpose of this standard is to provide an application guide on the TRV ratings given in IEEE Std C37.04™1 

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,  IEEE Std C37.06™, IEEE Std C37.09™, and  ANSI C37.06.1. IEEE Std C37.010™ applies in other 

respects to these circuit breakers. 
1 Information on references can be found in Clause 2. 
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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. 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 C37.06.1, American National  Standard Guide for High-Voltage Circuit Breakers Rated on 

Symmetrical Current Basis Designated Definite Purpose for Fast Transient Recovery Voltage Rise Times.2
 

 

IEEE Std C37.04™, IEEE Standard Rating Structure for AC High-Voltage Circuit Breakers. 3, 4
 

 
IEEE Std C37.04b™, IEEE Standard Rating Structure for AC High-Voltage Circuit Breakers Rated on a 

Symmetrical Current Basis Amendment 2: To Change the Description of Transient Recovery Voltage for 

Harmonization with IEC 62271-100. 

 
IEEE Std C37.06™, IEEE Standard for AC High-Voltage Circuit Breakers Rated on a Symmetrical Current 

Basis Preferred Ratings and Related Required Capabilities for Voltages above 1000 V. 

 

IEEE C37.09™, IEEE Standard Test Procedure for AC High-Voltage Circuit Breakers Rated on a 

Symmetrical Current Basis. 

 

IEEE Std C37.010™, 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. 
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3. Transient recovery voltage

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 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).  Additionally, 

distributed and lumped circuit elements will produce different TRV wave shapes. 

 

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. 
 

2 ANSI publications are available from the Customer Service Department, American National Standards Institute, 25 W. 43rd Street, 

4th Floor, New York, NY 10036, USA (http://www.ansi.org/). 

 
3 IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854, USA 

(http://standards.ieee.org/). 

 
4 The IEEE standards or products referred to in Clause 2 are trademarks owned by the Institute of Electrical and Electronics Engineers, 

Incorporated. 

 

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.) 
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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 is determined on a single-phase basis during their early time 

periods. 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 IEEE Std C37.06. 

 

While three-phase ungrounded faults produce the highest TRV peaks, the probability of their occurrence is very 

low (see the discussion in Wagner and Smith [B22]).5 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. 
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For circuit breakers applied on systems below 100 kV, the TRV ratings assume that the systems can be operated 

ungrounded. 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. For circuit breakers applied on systems above 170 

kV, the TRV ratings assume that the systems are all operated effectively grounded. See Annex C. 

  
5 The numbers in brackets correspond to those of the bibliography in Annex D. 
 

For GIS with all three phases in one enclosure a grounded fault can evolve into a three-phase ungrounded fault 

prior to interruption. The user should choose the appropriate first-pole-to-clear factor, i.e., kpp = 1.5 for three-

phase ungrounded faults. 

 

In IEEE Std C37.04b and IEEE Std C37.06, the TRV capability of a circuit breaker is defined by a two 

parameter or a four-parameter envelope. 

 
A circuit breaker TRV capability is sufficient if the two- or four-parameter envelope drawn with the rated 

parameters as specified in IEEE Std C37.06 is higher than the two- or four-parameter envelope of the 

system TRV at the point of application (see Figure 1). Consideration should be given for the future system 

modifications. 

 
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, a circuit breaker with either a 

higher voltage rating or a circuit breaker with higher short-circuit current rating should be used, as 

described in 4.5, or the system should be modified in such a manner as to change its TRV characteristics. 

The addition of capacitors to a bus or line or the addition of capacitors at one or both terminals of the circuit 

breaker are examples of methods that can be used to bring the system  TRV below the TRV rating of the 

circuit breaker. 
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3.3.2 Classes of circuit breakers with rated voltages below 100 kV

Two classes of circuit breakers (S1 and S2) are defined in IEEE Std C37.04b; the specification is dependent on 

the type of application. 

 
A circuit breaker class S1 is intended to be used in a cable system. 

 
A circuit breaker class S2 is intended to be used in a line system or in a cable system with direct connection 

(without cable) to overhead lines. 
 

 

Definitions of cable system and line system are reproduced here from IEEE Std C37.04b for readers’ 

convenience; the following NOTE 2 is added for clarification. 

 
A cable system is a system in which the TRV during interruption of terminal fault at 100% of short-circuit 

interrupting current does not exceed the two-parameter envelope derived from Column 5 of Table 2A in IEEE 

Std C37.04b. 

 
This definition of cable systems is restricted to systems of rated voltages higher than 1 kV and less than 

100 kV. Circuit breakers located in indoor substations with cable connections are generally in cable 

systems. A circuit breaker in an outdoor substation is considered to be in a cable system if the total length of 

cable (or equivalent length when capacitors are also present) connected on the supply side of the circuit breaker 

is at least 100 m (328 ft). However, if in an actual case with an equivalent length of cable shorter than 100 m 

(328 ft), a calculation can show that the actual TRV is covered by the envelope defined from Column 5 of Table 

2A, then this system is considered a cable system. The capacitance of cable systems on the supply side of circuit 

breakers is provided by cables and/or capacitors and/or insulated bus. 
 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 11:26:20 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE C37.011-2011

http://www.avadocuments.com/doc/ieee-c37-011-2011
http://www.avadocuments.com/doc/ieee-c37-011-2011


 

NOTE 1—The term cable used in this guide means shielded conductor.6
 

 

NOTE 2—The indication that a cable length of at least 100 m (328 ft) is necessary to have a cable system is based on a cable 

capacitance per unit length of 0.3 nF/m, i.e., the cable capacitance should be at least 30 nF. However, as stated in the 

definition, the relevant parameter is the envelope of the TRV during interruption of terminal fault at 100% of short- circuit 

interrupting current. 

 

A line system is a system in which the TRV during interrupting of terminal fault at 100% of short-circuit 

interrupting current is covered by the two-parameter envelope derived from Column 4 of Table 2A in 

IEEE Std C37.04b and exceeds the two-parameter envelope derived from Column 5 of Table 2A. 

 
This definition of line systems normally applies to systems of rated voltages equal to or higher than 15 kV and 

less than 100 kV. In line systems, no cable is connected on the supply side of the circuit breaker, with the 

possible exception of a total length of cable up to 100 m between the circuit breaker and the supply 

transformer(s). Systems with transmission lines directly connected to a busbar (without intervening cable 

connections) are typical examples of line systems. 

 
The two-parameter envelopes of TRVs for line and cable systems are illustrated by Figure 2. TRV parameters 

are such that the rate of rise of recovery voltage (RRRV) for line systems is approximately two times higher 

than that for cable systems and the peak TRV is also higher (the amplitude factor of rated TRV is 1.54 for 

line systems and 1.4 for cable systems). 

 
Only S2 circuit breakers have a defined short-line-fault (SLF) interrupting capability. Therefore circuit breakers 

with direct connection to overhead lines must be of class S2 independently of the type of system (line system or 

cable system). 

 
NOTE 3—When a circuit breaker is cable-connected to an overhead line, it is considered to be directly connected to the 

overhead line if the capacitance of the connection is less than 5 nF. When the cable capacitance per unit length is 

0.3 nF/m, it corresponds to a length of cable shorter than approximately 17 m (56 ft). 
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3.3.3 Effect of asymmetry on transient recovery voltage

The TRVs that occur when interrupting asymmetrical current values are generally less severe than 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 3). Circuit breakers have the capability of interrupting 

these asymmetrical currents providing the circuit breakers are applied within their rating. 
 

NOTE—IEEE Std C37.081a™-1997 [B17], 8.3.2, gives the reduction factors of TRV peak and RRRV when interrupting 

asymmetrical currents. 
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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 4, Figure 5, and Figure 6, respectively. 

 

A typical exponential TRV is shown in Figure 4. 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. 
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The oscillatory TRV shown in Figure 5 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. 

 

Short-line faults (SLF) exhibit the characteristic shown in Figure 6. 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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The two-parameter and four-parameter envelopes, illustrated in Figure 7 and Figure 8, have been introduced in the 

draft revision of IEEE Std C37.04b to facilitate the comparison between a TRV obtained during testing and a 

specified TRV (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. 

 
The two parameters are described as follows: 

 
uc = reference voltage (TRV peak value), in kilovolts 

 
t3 = time to reach uc, in microseconds 

 
The four parameters are described as follows: 

 
u1 = first reference voltage, in kilovolts 

 
t1 = time to reach u1, in microseconds 

 
uc = second reference voltage (TRV peak value), in kilovolts 

 
t2 = time to reach uc, in microseconds 

 
The delay line is defined by a voltage parameter u', a time parameter t', and a time delay td as follows: 

 
u' = reference voltage, in kilovolts 

 
t' = time to reach u', in microseconds 

 
td = time delay, in microseconds 
 

 

 
 

 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 11:26:20 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE C37.011-2011

http://www.avadocuments.com/doc/ieee-c37-011-2011
http://www.avadocuments.com/doc/ieee-c37-011-2011


 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 11:26:20 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE C37.011-2011

http://www.avadocuments.com/doc/ieee-c37-011-2011
http://www.avadocuments.com/doc/ieee-c37-011-2011


 

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 re-ignition is likely, i.e., during the initial part of the TRV where the RRRV is maximum and in 

the vicinity of the peak voltage (uc). 
 

The three-phase fault is usually the most severe terminal fault type and is used as the basis of rating (see Annex 

C). SLF 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 guide 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 a High-Voltage Circuit Breaker Subcommittee task force determining natural frequencies of 

transformers. 

 

4.2 Circuit breaker capability
 

Rated and related circuit breaker TRV capabilities are defined by parameters given in IEEE Std 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 circuit breakers 100 

kV and above, 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 (u1, t1, uc, t2) (see Figure 8). 

 

For terminal fault currents between 10% and 30% for circuit breakers 100 kV and above, and for all 

terminal fault currents for circuit breakers below 100 kV, the standard assume a TRV envelope described by 

two parameters (uc, t3), as illustrated in Figure 7. 
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For circuit breakers rated below 100 kV, the TRV envelope is described by two parameters over the entire 

current range. 

 

 
4.2.1 Three-phase terminal fault 

As an example, Figure 9 shows the three-phase-to-ground fault related TRV capability for a 550 kV circuit 

breaker at 100% of its symmetrical short-circuit current rating (first-pole-to-clear factor kpp = 1.3). The TRV 

envelope is defined by four parameters (u1, t1, uc, t2) given in IEEE Std C37.06. It shows also the TRV capability 

for the optional case with kpp= 1.5. 
 

The parameters that define the circuit-breaker TRV capabilities vary with the breaker voltage rating and short-

circuit current interrupting level. The circuit-breaker TRV capabilities at 10%, 30%, 60%, and 100% of rated 

short-circuit interrupting current, corresponding to terminal fault test duties T10, T30, T60, and T100, are given 

in IEEE Std C37.06. 
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Usually TRV studies should be carried out to determine if a system TRV is covered by the circuit-breaker TRV 

capability demonstrated by type tests, either when new circuit breakers are to be installed or following a system 

change. It is not uncommon that the maximum short-circuit current falls in between 30% and 60% of the circuit-

breaker rated short-circuit current. To allow comparison of system TRV and circuit-breaker TRV capability and 

to avoid additional testing, a method of interpolation of TRV capabilities demonstrated by type tests was 

introduced in the previous editions of this guide. Following the introduction of the two- parameter and four-

parameter description of TRVs, this method of interpolation in the current range T30- T60 (terminal faults with 

respectively 30% and 60% of the circuit-breaker rated short-circuit current) was not clearly stated in the 2005 

version of this guide. Therefore, the method of interpolation is further developed in the following to define the 

breaker TRV capability for short-circuit currents in the range between T30 and T60. 

 
The circuit-breaker TRV capability envelope at any short-circuit interrupting current below rated can be derived 

using the parameter values interpolated from rated parameters defined for 100% rated short-circuit current using 

the multipliers as given in Table 1. 

 
The method of interpolation is not applicable to circuit breakers that have critical currents, i.e., if the minimum 

arcing times in any of the test duties T10, T30, or T60 is 5 ms or more longer than the minimum arcing times in 

the adjacent test duties. 

 
Figure 10 and Figure 11 give a graphical representation of the multipliers as function of the percentage of 

interrupting capability (ratio of the symmetrical current component of the current being considered to the related 

required symmetrical interrupting capability). 
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The following examples are given to illustrate how to interpolate the related TRV capability at a percentage of 

rated interrupting capability using Table 1, Figure 10, and Figure 11. 

 
NOTE—Small differences in the evaluation of TRV parameters can occur due the rounding of values, they are not 

significant as the method of interpolation gives only an approximation of the circuit-breaker TRV withstand capability. 

 
Example 1: TRV capability of a 72.5 kV circuit breaker for interrupting terminal fault currents 

between 10% and 30% of rated short-circuit current (Isc) 

 
If we consider the case of a line system 72.5 kV circuit breaker, the TRV peak withstand capability when 

interrupting a terminal fault at 10% of rated short-circuit current is shown in Equation (1): 
 

 
 

 

 

  
  
 

 

 

 

 

 

 

 

 

 

 

In a similar way, the TRV peak withstand capability when interrupting a terminal fault at 10% of rated 

short-circuit current for a 72.5 kV circuit breaker in a cable system is: 
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Example 2: TRV capability of a 123 kV circuit breaker interrupting terminal fault currents between 

30% and 60% of rated short-circuit current (Isc) 

 

In standards, it is considered that 30% of Isc is the maximum short-circuit current for which a two parameter 

TRV is applicable for circuit breakers rated 100 kV and above. The related TRV capability for short-circuit 

currents between 30% of Isc and 60% of Isc is necessarily a four-parameter TRV. It should have a rate of rise 

(u1/t1) and a first reference voltage (u1) that have intermediate values between those of T30 and T60. 

 

The multipliers in Table 1 corresponding to 30% interrupting capability have been revised so that the TRV 

parameters (u1, t1, uc, t2) for any terminal fault current between 30% and 60% can be obtained in the following 

manner: 

 
u1 and t1 are interpolated between u1 and t1 of T60 and uc and t3 of T30 
 

uc and t2 are interpolated between uc and t2 of T60 and uc and t3 of T30 
 

Two methods are demonstrated to calculate the interpolation of circuit-breaker TRV parameters for a 

123 kV breaker interrupting a terminal fault at 50% rated short-circuit current with kpp = 1.3. 

 
Method 1: Calculate directly from TRV parameters of T30 and T60 
 

 

From IEEE Std C37.06, Table 12, TRV parameters for terminal fault at 60% of rated short-circuit current and 

rated maximum voltage (Ur) = 123 kV: 

 
u1_60% = 98 kV t1_60% = 33 �s uc_60% = 196 kV t2_60%  = 99 �s 

 
TRV parameters for terminal fault at 30% of rated short-circuit current: 

 
uc_30% = 201 kV 

 
t3_30%  = 40 �s 

 

The TRV parameters for terminal fault at 50% of rated short-circuit current can then be interpolated as 

follows: 
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Method 2: Calculate from multipliers given in Figure 11 and TRV parameters for terminal fault at 100% 

rated short-circuit current and rated maximum voltage. 

 
From IEEE Std C37.06, Table 12, TRV parameters for terminal fault at 100% rated short-circuit current and 

rated maximum voltage (Ur) = 123 kV: 
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From Table 1 and Figure 11, the multipliers for terminal fault at 30% and 60% rated short-circuit current are 

as follows: 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As shown in Figure 11, the multipliers for terminal fault at 50% rated short-circuit current can be interpolated 

from multipliers for 30% and 60% interrupting capability as illustrated below: 
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Thus, TRV capability for terminal fault at 50% rated short-circuit current can be obtained as follows: 

 

 

 

 

 

 

 

 

 

 

The interpolation of the circuit-breaker TRV capability envelope for a 123 kV breaker interrupting a 

terminal fault at 50% rated short-circuit current and TRV parameters is also shown in Figure 12. 
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Example 3: TRV capability of a 550 kV circuit breaker for interrupting terminal fault currents 

between 60% and 100% rated short-circuit current (Isc) 

 
As a further example, the TRV related capability envelope for a 550 kV circuit breaker interrupting a 

terminal fault at 75% of its rated short-circuit current can be calculated as follows: 

 
From IEEE Std C37.06, Table 12, TRV parameters for rated short-circuit current and rated maximum 

voltage (Ur) = 550 kV: 

 
 

 

 

 

 

 

 

 

 

From Table 1 and Figure 11, the following multipliers are obtained by interpolation for 75% of rated short- 

circuit current: 
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TRV capability for 75% of rated short-circuit current: 

 
 

  

  

  

 

 

 

 

 

The shape of the TRV capability curve adjusted by the factors as given in Figure 11 is illustrated in 

Figure 13. 
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The general characteristics of the TRV envelopes defined by IEEE Std C37.06 are illustrated in Figure 14 and 

Figure 15 as a function of the interrupting current. Figure 14 shows the circuit-breaker TRV capability envelopes 

of breakers rated 100 kV and above. As the interrupting current increases, the TRV capability envelope 

defined by two parameters makes a transition to the four parameter envelope. Figure 15 represents the breaker 

TRV capabilities defined by using the two parameter method for system voltages below 100 kV. 
 

 
 

 

 

 

 

 

 

 

 

 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 11:26:20 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE C37.011-2011

http://www.avadocuments.com/doc/ieee-c37-011-2011
http://www.avadocuments.com/doc/ieee-c37-011-2011


 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 11:26:20 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE C37.011-2011

http://www.avadocuments.com/doc/ieee-c37-011-2011
http://www.avadocuments.com/doc/ieee-c37-011-2011


 

4.2.2 Short-line fault
 

SLF capability, which is a related capability, is described and defined in IEEE Std C37.04 and IEEE Std C37.06. 

The line side component of the TRV is characterized by a triangular wave shape with a relatively high rate of 

rise, but a low peak magnitude compared to the three-phase terminal fault. A typical SLF waveform is illustrated 

in Figure 16. 

 

In general, it is not necessary to calculate the SLF TRV as long as the terminal fault TRVs are within rating and 

transmission line parameters are within the values specified in IEEE Std C37.06. The transmission line 

parameters are given in terms of the effective surge impedance, Zeff , of the faulted line and the amplitude factor, 

d, defined as  shown in Equation (2): 
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Annex A gives equations for the calculation of the peak factor d as function of system parameters. 

 

For standardization purposes, SLF correspond to cases where the interrupting pole is the last pole to clear a 

fault. Standard values  of line characteristics are defined in IEEE Std C37.04 as follows: 

 

Zeff = 450 �  
d = 1.6 

 

The SLF TRV capability (up to the first peak of TRV) is defined as shown in Equation (3) to Equation (7): 
 

 

 

 

where 
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