Minutes of Meeting September 22, 2014

WG: C37.09 - IEEE Standard Test Procedure for AC High-Voltage Circuit Breakers
Rated on a Symmetrical Current Basis (Under Revision)

Chair: Xi Zhu
Vice Chair: Victor Hermosillo
Secretary: Mike Skidmore

Session 1 — September 22, 2014 (10:15 AM to 12:00 PM)

Location: Asheville
Participants: 31 Members
16 Guests

1.) The meeting started with the chair introduction and introductions of the attendees. The chair
asked all attendees to sign the roster and provide affiliation if not noted on the roster.

2.) The agenda for the meeting was shown on a projector and the chair reviewed the agenda for
the meeting and the expected timeline. Refer to Doc. 041 for agenda presented.

3.) The chairman reviewed the minutes of the meeting (MOM) from Orlando. The MOM from
Orlando was distributed to all committee members and guests of C37.09 on 5-19-2014 after the
spring meeting with an e-mail from the secretary (Mike Skidmore). The draft MOM was also e-
mailed by Mike Skidmore on 9-4-14, to all members and guests of C37.09. The minutes of the
meeting from Orlando were shown again to the participants on the projector. The Chairman asked
if anyone had questions.

4.) The chairman entertained a motion from Ken Edwards to approve the MOM from Orlando.
Carl Schuetz seconded the motion. The motion passed unanimously. Refer to Doc. 016 for
MOM.

5.) The chairman discussed the structure of the meetings for C37.09. He said 3 sessions will be
held on 9-22-14. Each session will be 1 hour and 45 minutes so topics will be about 12 min each.
He will ask for updates of topics from previous meeting and what has been completed to date.

6.) The Chairman proceeded to discuss the project timeline, stressing that timely submission of
contributions and completion of tasks was essential to meet the following timeline:
Project Timeline Reminder PAR expiration: Dec. 2017 (last meeting: Fall 2017)

e All contributions to chair by 12-05-14

e Draft 1 out by 3-1-15 — according to IEEE template (Doc. 042)
e WG comments between 3-1-15 to next meeting

e Discussion of WG comments in Spring 2015 meeting

e Initiate ballot and close ballot by Fall 2015

e Resolution of Ballot comments Fall 2015 — Fall 2017



The Chair indicated that currently there are a total of 27 topics on the table. Of these, three are
closed and 24 topics remain which will be discussed during three sessions allocated to the
committee. Closed topics include:

001 PAR

002 Critical current

022 Out-of-phase switching duty elimination

The Chair asked for any comments, none were received.
7.) Topic #3 - 800% service capability — condition check (Sushil Shinde, John Webb)

Doc. 039 was reviewed at the meeting. IEC provides guidance regarding the equivalence of tests
at various current levels so that 800% can be obtained from several different tests performed on
the circuit breaker (Table 3, IEC 62271-310)...

IEC requires dielectric condition checks after specific power tests (for example L90). This is
different from what is being proposed for IEEE.

Preferred method is to use synthetic circuit to perform the dielectric condition check since there is
no need to move the circuit breaker to a HV laboratory which may involve SF6 gas reclaiming,
possible disassembly, transportation and refilling.

There was discussion how to calculate a total of 800%. Should we use full T100a/T100s shots or
can there be a sum of other interruptions? Additionally, we should review if any information will
be added to C37.04. .04 should define what the rating is and .09 will determine how to test.

John Webb will review this topic and provide information to the chair.
Denis is to show how IEC calculates the accumulation of sc currents towards the 800%.

8.) Topic #4 Splitting of Test Duties (D. Dufournet)

Doc. 043 was reviewed and discussed at the meeting. Text and graphics have been submitted by
D. Dufournet to cover power tests in which a breaker is subjected to TRV conditions and arcing
windows for the first, second, and third pole to clear for non-effectively grounded and grounded
networks. This information will be added to the draft to be circulated for comments.

This testing method is an alternative to “umbrella testing” in which the same TRV parameters are
used for demonstration of minimum, medium, and maximum arcing times. The splitting method
requires the demonstration of separate windows for the first, second and third poles to clear and
requires more shots for a full demonstration in a single-phase test.

9.) Topic #5 (1). Making and Breaking Test Duties; (2).C37.081, 081a, 083 (M. Aristizabal, D.
Dufournet)

A comparison table (see Doc 024) for power test duties included in IEEE C37.09 and IEC 62271-
100 has been submitted by D. Dufournet as well as proposals to reduce differences and avoid
inconsistencies that may arise from references to IEC 62271-101 that could be included in
C37.09. There was a proposal to integrate these in the test duty table and reflect them in the
associated sections.



Removal of asymmetrical current test shot requirement for T10, T30 and T60 is included in the
proposal. The WG discussed and agreed to make this change. The information will be included
in the draft and can be discussed at ballot if needed.

The WG discussed the additional T100a test for single phase ground fault which IEC does not
have. The WG decided to keep this test in the test duty.

IEC has an additional requirement for double earth fault that is not included.
Laboratories are fully capable of O-t-CO-t’-CO demonstration for all terminal fault duties.

An additional O is proposed for OP1/OP2 with the purpose of demonstrating a full arcing
window for each duty. IEEE currently only requires two O. A third O allows minimum, medium
and maximum arcing times to be tested.

References to IEC 62271-101 to be added, where possible, as replacement for C37.081, 081a,
083 references. M. Aristizabal was absent, so no specifics of this action were covered.

10.) Topic #6 Piecewise Testing (Ken Edwards)

Document not received but K. Edwards to send a write-up in the next two months. The write-up
will provide information for what is considered a major or minor change, but how to address the
change should be reviewed by the committee. Examples of changes will include: tank,
interrupter, mechanism, etc...

D. Swing provided information for alternative mechanism tests (see doc. 047).

The use of alternative mechanisms is to be integrated in the standard. This includes the use of a
reference travel curve, travel curve envelopes (-5%/+5%, -0%/+10%, -10%/+0%) and additional
test requirements to qualify alternative mechanisms adopted from IEC 62271-100.

11.) Topic #7 Multi-Part Testing (Denis Dufournet)

Document (043) was submitted by D. Dufournet to add multi-part testing to the standard as a
testing alternative in cases in which laboratory restrictions require separate testing of the first and
second reference point in a four-parameter TRV. This text will be added to the draft to be
circulated for comments.

Practical examples of cases were mentioned including: special TRV tests, tests on single break
circuit breakers that require TRV parameters that exceed laboratory capabilities. Laboratories
continuously improve and upgrade their facilities. Nevertheless, such limitations do occur.

There were various comments from the committee that the wording should say the “preferred”
test is a test with complete TRV, instead of two separate TRV test shots combined. However, an
alternative test is acceptable.

12.) Topic #8 Inductive Current Switching (Sushil Shinde)



Only verbal information was presented by Sushil at the meeting. The proposal is to add
references to IEC 62271-110 for inductive switching. This standard includes a detailed test
procedure consisting of four test duties. IEEE existing standards only include an application
guide that does not specify a test procedure.

References to IEC 62271-110 and explanatory text will be added to C37.09. Inductive current
switching will not be added as a basic test but rather as a reference for testing circuit breakers for
such applications.

Later in the week, Sushil provided a survey to the UGT (Utility Group) members to gain a better
understanding of inductive devices on a utility system. Sushil desires to add better information,
instead of just looking for re-ignition and chopping behavior for inductive load switching. Xi
caution there may not be sufficient time to collect the information. He reminded him that all
information needs to be provided by 12-5-2014.

IEC 62271-110 may need to be added at the end of the PAR in the appropriate section. Xi to
review.

13.) Topic #9 Fast TRV C37.06.1 (Sushil Shinde)

This topic will be covered in detail during the specific session. Fast TRV (i.e. transformer
limited faults) to have the same test procedure of T10 and T30. This topic can be closed because
it does not affect how we do the test.

14.) Topic #10 CT Testing C57.13 (Gilbert Carmona)

Gilbert said information and references to C57.13.1 and IEC 60044-1 will be added into C37.09.
(see doc. 044)

There was some general discussion, if manufactures should test the breaker with the BCT on the
equipment.

Doc. 044 also included additional information such as references to SF6 handling. Xi said the
additional information will be reviewed but asked Gilbert to stay focused on the topic “CT
Testing C57.13”

15.) The working group committee agreed to adjourn the session. Work will resume after lunch.

Session 2 — September 22, 2014 (1:30 PM to 3:15 PM)

Location: Asheville
Participants: 27 members
21 guests

16.) Topic #11 NEMA SG4 (Gil Carmona)



Applicable sections of SG4 have been integrated into the document (See Doc. 044). Concerns
were voiced about the wording used relative to several test specimens. Clarification was made
that several tests exhaust the breaker endurance. Test reports specify the initial condition of the
test specimen before the test.

Some commented that section 4.18 (noise sound level tests) only need to reference the new
standard (62271-37-082-2012)

For RIV limits no table is needed since there is only one limit value. A paragraph should be
added to C37.04 to define this limit. References made should be checked to confirm that multiple
values are not quoted. Section 4.20.10 may not be necessary and Xi asked Gilbert to confirm the
information.

Xi also asked Gilbert to confirm the entire list provided by Ted Olson several years ago and in
previous .09 meeting is include in doc. 044. Gilbert said it was but he will confirm again.

17.) Topic #12 Cold temperature test method (V. Hermosillo, J. Webb)

Victor presented information (see doc. 052) for Low Temperature Operating Test for section
4.13.2. First draft of test procedure presented according to the list of proposed improvements
presented during the last meeting. The second draft of the procedure will be submitted after
receiving input from J. Webb, regarding medium-voltage breakers, and S. Shinde, regarding
high-voltage breakers. Measurement of ambient temperature for tests can be a common
requirement with other test procedures as well as the definition of the reference travel and timing
parameters to be taken before and after the test.

Discussion regarding consideration of indoor, outdoor temperature ranges referred to C37.04.
18.) Topic #13 Seismic Qualification for General and Nuclear Applications (Xi Zhu)

Xi reviewed doc. 051 with committee. Seismic standard maintenance resides in the committee
associated with IEEE 693. Reference to the applicable standards added. Additional standards
include C37.81. IEEE 323 for safety and C37.82 (specific to nuclear facilities) was included.
19.) Topic #14 C37.04 and C37.06 (Mike Crawford)

M. Crawford not present in the meeting at this time. Close communication and interaction needed
between C37.09 and this group.

20.) Topic #15 C37.09a, 09b, 04a (Anne Bosma)

C37.09a and C37.09b will be integrated into C37.09. Definitions and ratings will be taken by
C37.04. Please note: that C37.09 may only need to reference C37.100.2 since C37.09a should be
included in C37.100.2. This decision may depend on the timing and the release of these
documents. The committee should make sure that all necessary parts of .09a are included in
C37.100.2. For now it may be best to pull in C37.09a into .09. (See doc. 049 and 048)



Discussion followed regarding capacitive switching classes C0O, C1, C2. A historical perspective
was presented on the evolution of capacitive switching ratings by Arben Bufi. Two alternatives
were presented: first is to take the ratings as currently in C37.09a, second is to take approach
from IEC in which CO was omitted. (See doc. 023)

Benefit to CO is to classify a breaker that has multiple failed shots in a C1 attempt. Still
demonstrates a degree of capability (fall-back rating from C1). It is important to define
capability for medium voltage equipment.

Existing installed circuit breakers cannot be reclassified unless they are retested.

NERC is requesting a definition for the probability of restrike associated with each class for
minimum approach distances. The probability of restrike for each class reflects the value for the
test but this may be different from the probability of restrike during the service life of the circuit
breaker.

The option to reference C37.100.2 was left open.
21.) Topic #16 C37.017 (Stan Billings)

See Doc. 045. References added to IEEE Std. 4 for dielectric tests including AC dry, AC wet,
BIL including definition of the test sequence.

22.) Topic #17 Summary Table for all Test Duties (Ken Edwards)

A summary table of basic tests will be prepared (K. Edwards). Purpose of this table is to verify
that tests performed on the circuit breaker are complete. Possible inclusion of older versions of
the test table in the appendix. Xi reminded Ken that information is needed 12-5-14. The
following members offered to help Ken Edwards with this assignment: Carl Schuetz, Dave
Lemmerman, and Eldridge Byron.

23.) Topic #18 Measurement Tolerance Table (Gilbert Carmona)

(See Doc. 054). Summary table presented by G. Carmona with suggestions for each item. Xi
reminded Gilbert that specific information is needed 12-5-14 in word format.

24.) Topic #19 Sharing of WG Documents (Xi Zhu)

The chair sent e-mail with link to website containing all documents and information. About 60%
of invitees accessed the site and signed-up, the remaining 40% did not. Additional members
requested invitations. The invitation was sent by the secretary to additional members on 9-22-14
after the meeting. E-mail with link was sent to the addresses provided.

25.) Topic #20 Load Switching Test (Eldridge Byron)
See Doc. 046. E. Byron prepared wording to make load switching a conditional test. Suggestion

is that if two adjacent terminal fault test duties have minimum arcing times that differ by %2 cycle
or more then load switching test will be required. Text needs to be revised to indicate this.



26.) The working group committee agreed to adjourn the session.

Session 3 — September 22, 2014 (3:45 PM to 5:30 PM)

Location: Asheville
Participants: 23 members
14 guests

27.) Topic #21 IEC62271-100s, T100a testing, arcing window (Denis Dufournet)

See Doc. 043. Text and graphics presented by D. Dufournet for demonstration of arcing times
for 100% terminal fault symmetrical and asymmetrical tests. Targets are defined for various
arcing times. Text and formulae are included. Graphic demonstrate major/minor loop, extended
loop for asymmetrical current. Three contribution(s) will be added to standard. Wording has to be
changed from “earthed” to “grounded”. Xi request a word format document is necessary with
text, equations and graphics (only pdf available at this time) for the latest version.

Denis provided the word document to the committee on 9-24-14 after the meeting with updates to
definitions and items discussed in the meeting.

28.) Topic #23 M1 M2 Mechanical Endurance Test (John Webb)

See doc. 050. J. Webb presented IEC 62271-100 excerpts related to mechanical endurance test
and M1 M2 classification. Applicable sections to be added to C37.09.

29.) Topic #24 C37.09 Errata - 2007 April 18 (Xi Zhu)

All errata to C37.09 to be incorporated into the C37.09 draft.

30.) Topic #25 C37.09 Corrigendum - 2007 (Xi Zhu)

All corrigenda to C37.09 to be incorporated into the C37.09 draft.

31.) Topic #26 Arc-resistant testing for outdoor breakers (John Webb)

See Doc. 053. Presentation of testing for medium voltage outdoor circuit breakers. Related to
C37.20.7 for arc-resistant circuit breakers. Indicators placed in vertical position but not in
horizontal position. Proposal to add horizontal indicators. Proposal includes indicators below and
above exhaust vents. Lower indicators to determine protection for personnel, above for protection
to other equipment.

This topic is not in current scope of standard.

It should not be a problem to include this new topic in C37.09 but Xi reminded John that
information is needed 12-5-14.



32.) Topic #27 Editing of Graphs and Formulae (Xi Zhu)

Chair requested volunteers to edit graphs and formulas in C37.09. Tom Mulcahy and Robert
Foster volunteered to help correct, redraw and rewrite some of the graphs and formulas. Example
of some corrections needed are on Page 11, 17-19, 3132, 37-38, 61 etc.

33.) A final reminder of the schedule for project and request for timely submission of
contributions. All information to be included in C37.04 needs to be to the chair by 12-5-14.

34.) The working group committee agreed to adjourn the meeting.
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WG of IEEE Std. C37.09
(}P ES Testing Procedures for HVCB

Power & Energy Society®

CCS classifications: Past, Present and Future

MOM Excerpt from C37.09 WG Meeting, San Antonio — Sep. 2013

We should look at the previous standard so that a breaker qualified by the old standard can be
qualified as C0. There was some opposition to this. General purpose is not the same as C0.
Mauricio said CO is not defined in C37.04. Roy Alexander tried to provide some history and said
that was only because another amendment such as “C37.04¢™ was not allowed at the time. The
update could not be done since the maximum number of amendments was already met.

Denis commented that CO was a backup for a C1 test such as C1 is a backup for C2. We can still
get a test report with C0. In this structure one class is necessary so that the breaker can have a
capacitive switching rating.

C37.04 will define if CO class will remain. There was additional discussion for this working
group that common clause (C37.100.2) may also cover the definition.

At the end of the meeting a decision was made to remove CO class references when 09a and 09b
was pulled into 09, since C37.04 1s the master breaker document and we need to define C0O in 04
first. (Please note: this decision was later reversed (see session #2 — Topic #2))

Mauricio, Roy Alexander, Arben Bufi volunteered for C37.09a and 09b integration into C37.09.
Terrance Woodyard also offered to help after the meeting. The Chair also assigned him to this
topic.

Arben Bufi - Hitachi HVB, Inc. 1
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Power & Energy Society®

CCS Class CO: Past, Present and Future

ANSI/IEEE C37.04-1979 (Rev. of 1964), C37.06 and C37.09:
General Purpose vs. Definite Purpose HV Circuit Breakers

ANSI/IEEE C37.06-1987 (Rev. 0f 1979):
General Purpose vs. Definite Purpose HV Circuit Breakers

o
N\
N7 \
M

IEEE C37.04, C37.06 and C37.09: General Purpose vs. Definite Purpose HVCB

IEEE C37.06 : General Purpose vs. Definite Purpose HVCB

IEEE C37.09a: Introduction of CCS Classes: Co, C1 and C2
2005 | IEEE C37.012: Section 6.6 — Classes of Circuit Breaker: C1 and C2 (not Co)

@ IEEE C37.06: CCS classification as Co, C1 and C2 J

Arben Bufi - Hitachi HVB, Inc. 2
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WG of IEEE Std. C37.09
CCS classification capability of HVCB

C37.04-1979, Clause 5.13 defines the CCS rating of a CB: \

1.

. Rated B-to-B cable and Cap. Bank charging switching current;

Rated open wire line charging switching current;
Rated isolated cable and Cap. Bank charging switching current;

. Rated transient overvoltage factor (in 50 random operations):

Definite Purpose 2.5 for <72.5 kV, and 2.0 for >121 kV breakers
vs. General Purpose 3.0.

. Rated transient inrush current;
. Rated interrupting time;

0 N o U

Required CCS service life;

. Grounding system and Cap. Bank. /

Arben Bufi - Hitachi HVB, Inc. 3





655 WG of IEEE Std. €37.09
TR CCS classification capability of HVCB

CCS Ratings for General vs. Definite Purpose Breakers:

For General Purpose Breakers the product of the peak transient
current and the peak transient frequency have a maximum limit of

20 [kAp*kHz], while Definite Purpose Breakers have a maximum
limit of 68 [kAp*kHz].

/

Arben Bufi - Hitachi HVB, Inc. 4






6,5 WG of IEEE Std. C37.09
e CCS classification capability of HVCB

\/ Table 3A (See Page 11)
, ... Preferred Capacitance Current Switching Ratings for

Outdoor Circuit Breakers 121 kV and Above, Including Circuit Breakers Applied
in Gas Insulated Substations

Rated Capacitance Switching - ' ' Definite-Purpose Circuit Breakers

General-Purpose Circuit Breakers
., Current (1) (2) Rated Capacitance Switching Current (2)

Shunt Capacitor Bank or Cable

. Back to-Back
Rated _ ' .
- Rated = Short- Rated : _ ‘ : * Inrush Current (4) (5)
Maximum_ Circuit  Continuous Overhead. Isolated Overhead Line Isolated Peak
Voltage ;. Current-  Current (3)  Line Current Current (3) " Current Current (3) Current(3)  Current  Frequency
kV,rms . kA, rms. Amperes, rms  Amperes, rms  Amperés, rms  Amperes, rms  Amperes, ims . Amperes, rms kA Hz
121,20 1200 s 50 160 315 315 16 . 4250
121<~ 40 1600, 2000, 3000 50 50 160 315 315 16 4250
121 « 63 2000,3000 . 50 50 160 315 315 16 4250
145« 20 1200, 2000 63 63 160 315 315 16 4250
145~ 40 1600, 2000, 3000 80 . 80 160 315 315 16 4250
145 63 . 2000,3000 . 80 80 ..160 315 315 16 4250
145 ~ R0 2000, 3000 80 80 160 315 S 16

ANSI/IEEE C37.06-1987, Table 3A
\/ General Purpose vs. Definite Purpose HV Circuit Breakers

Arben Bufi - Hitachi HVB, Inc. 5
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Power & Energy Society® Testing Procedures for HVCB
CCS Class CO: Past, Present and Future

v CCS Classifications of C37.09a-2005 defines: \

Re-ignitions during the capacitance current switching tests are permitted.
Three classes of circuit-beakers are defined according to their restrike performances:
— Class C2: very low probability of restrike during capacitance current breaking as
demonstrated by specific type tests (4.10.9.1), which consists of a T60 wear test
before the 0/96 or 1/96+0/96 test sequence for line and cable charging current
switching tests. For Cap Bank the sequence is 0/168 or 1/168+0/168.

— Class C1: low probability of restrike during capacitance current breaking as
2005 demonstrated by specific type tests (4.10.9.2), which consists of a test sequence 0/48
or 1/48+0/48.
— Class CO: unspecified probability of restrike during capacitance current breaking
allows up to one restrike per operation. Suitability for CCS is demonstrated by
successfully performing either the C1 or C2 test program with up to one restrike per
operation (4.10.12.3).






Power & Energy Society® Testing Procedures for HVCB
CCS Class CO: Past, Present and Future

v CCS Classifications — Historical Development: \
4,

The Class CO anticipated to be introduced in a future revision of IEEE Std. C37.0
and is acceptable for medium voltage applications where restrikes are not a concern.
The class CO0 is intended to replace the former ‘general purpose CB’.

f oo WG of IEEE Std. C37.09 ©IEEE

Class C1 has a re-striking performance similar to the old ‘definite purpose CB’ defined by C37.04-
1999 and is called “low probability of restrike”. Class C1 circuit breakers are acceptable for Medium
Voltages and for frequently switching of transmission lines and cables applications.

2005

Class C2 is intended to have a very low probability of re-striking, about 1/10 of C1. Class C2 circuit
breakers are recommended for Cap Bank and frequently switched transmission line and cables
applications.

NOTE—A circuit breaker can be class C2 for some ratings, and class C1 for other ratings, and/or class CO for other
ratings. For example: A circuit breaker could be class C2 for line charging and cable charging, class C1 for Capacy

bank switching, and class CO for back-to-back capacitor bank switching; or a circuit breaker could be class C2 for

I"

“normal” switching, and class C1 when switching in the presence of a ground fault.
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Testing Procedures for HVCB

Power & Encrgy Society

TABLE 14 of C37.06-2009 — CCS Preferred Ratings

Class CO Class C1 or Class C2
Ra.ted . R:!ted Circuit Breakers (1) (2) @)@
Maximum Continuous
Voltage Current Rated Rated Isolated Rated
Rated Overhead Line Isolated Capacitor Overhead
Line Current Capacitor Bank Line
No. U, Bank or Cable current Current Current
(6)
kY, rms A, rms A, rms A, rms A, rms A, rms
Col 1 Col 2 Col 3 Col 4 Col 5 Col 6
1 123 (9) 50 50 1200 160
2 O O 9 2 145 (9) 80 80 1200 160
3 170 (9 100 100 1200 160
4 245 9) 160 160 1200 200
5 j62 (9) 250 250 1200 315
6 550 (9) 400 400 1000 500
7 200 (9 900 500 1000 900

Arben Bufi - Hitachi HVB, Inc.
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TABLE 14 of C37.06-2009 — CCS Preferred Ratings

Class C1 or Class C2 Circuit Breakers
Rated @@
Maximum Back to back Capacitor Bank Switching
voliuge Rated Rated Inrush Current (3) (5)
Li Back-to- Preferred Rating (7) Alternate 1 Rating (7) Alternate2 Rating (7) Alternate 3 Rating (7)
ine , - - - .
No U Back Peak Frequency Peak Frequency Peak Frequency Peak Frequency
o ! Capacitor Value Value Value Value
Bank
Current kA, kA, kA, kA,
KV, rms A(?I)I]S Peak kHz Peak kHz Peak kHz Peak kHz
Col 1 Col 7 Col 8 ColY Col 10 Col 11 Col 12 Col 13 Col 14 Col 15
I 123 700 16 43 6 2 25 13 60 8.5
2 145 700 16 43 6 2 25 13 60 8.5
3 170 700 20 43 6 2 25 13 60 8.5
4 245 700 20 43 6 2 25 13 60 8.5
5 362 800 25 43 6 2 20 21 65 8.5
6 550 800 25 43 6 2 20 21 65 8.5
1 800 800 25 43 6 2 20 21 63 8.5

Arben Bufi - Hitachi HVB, Inc.






6,53 WG of IEEE Std. C37.09
ettt CCS classification capability of HVCB

Recommendations on Class CO: \

1. Based on the existing structure of CCS classification throughout
the latest revisions of IEEE Std. C37.06-2009, C37.09a-2005 and
C37.012-2005;

2. Taking into the consideration that most of the HV circuit breakers
actually in service have been CCS tested as general or definite
purpose circuit breakers;

TF recommends to WG of C37.09 to keep the Class CO in the CCS
rating structure as a replace of the former ‘general purpose circuit
breaker’, as it is defined by Annex C, Section C.1 of IEEE Std.
C37.09a-2005: “Historical Development of CCS.” /

Arben Bufi - Hitachi HVB, Inc. 10






IEC 62271-100 Ed 2.1

ANSI / IEEE C37.09-1999

Comment (Proposal)

Operating
sequence for
making and
breaking tests

Three-phase tests
for Terminal fault

and single-phase
tests for single-
phase TF, SLF and
OoP

rated operating sequence: O -t- CO - t'- CO

note: it is permissible to omit the making operation

common procedure could be

T10, T30, T60 before any breaking operation for convenience in 0-0 -0
testing. The time intervals between the individual O-t-(Cnoload)-0O-t'-(Cnoload) - O
breaking operations, shall be the time intervals of the
rated operating sequence of the circuit-breaker
same in [EC and IEEE
T100s rated operating sequence: O -t- CO - t' - CO 0-t-CO-t'-CO
can be splittedinC-t'-CandO-t-O-t'-0
T100a 0-0-0 0-0-0 same in IEC and IEEE
Single-phase In case of effectively earthed systems: O with T100s 1Ph: O IEC covers also the case of a double-earth fault in non-effectively earthed
) - . systems
terminal fault symmetrical current T100a 1Ph: O . .
Need for a test with asymmetrical current ?
rated operating sequence: O -t- CO -t' - CO common procedure could be
e For convenience of testing, the closing operations OISO
9: 'g op O-t-(Cnoload)-O-t - (C no load) - O
may be performed as no-load operations
OP1 is with 30% rated OP breaking current in IEC and 20% to 40% of rated
OP switching (breaking) current in IEEE
o OP1:0-0-0 OP1:0and O OP2 is with 100% rated OP breaking current
OP2:0-0-CO OP2: O and CO

Common procedure could be as in IEC that has one more breaking operation
(to demonstrate minimum, maximum and medium arcing times) and with OP1
at 30% rate OP breaking current with a tolerance of +-20% (i.e. 24 to 36%
rated OP breaking current)







IEEE

CIRCUIT BREAKERS RATED ON A SYMMETRICAL CURRENT BASIS Std C37.09-1999

4.8.5.6 Voltage withstand tests

The tests described below shall be performed after completion of short-circuit current interruption tests_for
sealed for life and medium voltage circuit breakers and after short-line fault 90 % for high-voltage circuit

breakers. If the short-line fault 90 % is not required the voltage withstand test shall be performed after T100s.

a)

b)

c)

For circuit breakers rated below 72.5 kV:
A one-minute power frequency withstand tests at 80% of the original rated withstand value.
For circuit breakers rated 72.5 kV and above, but below 362 kV:

A withstand test applying a test voltage having a peak value equal to 80% of the product of .2
times the rated power frequency withstand voltage. The waveform shall be similar to that of the
applicable rated TRV as used in test duty 1 of Table 1.

For circuit breakers rated 362 kV and above:

An impulse voltage test with a peak voltage equal to 90% of the rated switching impulse withstand
voltage. The waveform for this test shall be the same as that used for switching impulse tests.

The IEC 60056-198762271-100 - 2012 test method outlined below can be used as an alternate

demonstration of capability.

_a)

b)

©)

d)

For circuit breakers rated 72.5 kV and below:
A one-minute power frequency withstand test at 80% of the original rated withstand value.
For circuit breakers rated above 72.5 kV, and up to 245 kV:

An impulse voltage test with a peak voltage equal to 60% of the corresponding rated lighting
impulse. The waveform shall be similar to that of the applicable rated TRV as used in test duty 1 of
Table 1.

For circuit breakers rated above 300 kV and up to 420 kV:

An impulse voltage test with a peak voltage equal to 80% of the corresponding rated switching
impulse. The waveform shall be similar to that of the applicable rated TRV as used in test duty 1 of
Table 1.

For circuit breakers rated 550 kV and up to 800 kV:

An impulse voltage test with a peak voltage equal to 90% of the corresponding rated switching
impulse. The waveform shall be similar to that of the applicable rated TRV as used in test duty 1 of
Table 1.
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Introduction

This introduction is not part of IEEE P<designation>/D<draft_number>, Draft<opt_Trial-Use><Gde./Rec. Prac./Std.>
for <Complete Title Matching PAR>.

<Select this text and type or paste introduction text>

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.

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.
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Interpretations

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

Patents

[If the IEEE has not received letters of assurance prior to the time of publication, the following notice
shall appear:]

Attention is called to the possibility that implementation of this<opt_trial-use><gde./rec. prac./std.> may
require use of subject matter covered by patent rights. By publication of this<opt_trial-use><gde./rec.
prac./std.>, 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<opt_trial-use><gde./rec.
prac./std.> 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.

[The following notice shall appear when the IEEE receives assurance from a known patent holder or
patent applicant prior to the time of publication that a license will be made available to all applicants
either without compensation or under reasonable rates, terms, and conditions that are demonstrably free
of any unfair discrimination.]

Attention is called to the possibility that implementation of this<opt_trial-use><gde./rec. prac./std.> may
require use of subject matter covered by patent rights. By publication of this<opt_trial-use><gde./rec.
prac./std.>, no position is taken with respect to the existence or validity of any patent rights in connection
therewith. A patent holder or patent applicant has filed a statement of assurance that it will grant licenses
under these 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. Other
Essential Patent Claims may exist for which a statement 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<opt_trial-use><gde./rec. prac./std.> 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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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

1.2 Purpose

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.
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3. Definitions

As of June 2009, please use the following introductory paragraph and there is no
requirement to number definitions. Please refer to the 2009 Style Manual for
updates (http://standards.ieee.org/quides/style/2009_Style Manual.pdf).

To format terms and definitions in the IEEE-SA word template, you may NOW
simply bold the "term:" and use regular body text (IEEEStds Paragraph style) for
the definitions. DO NOT USE the IEEEStds Definitions or IEEEStds
DefTerms+Numbers style. However, if the definitions have already been
numbered with the template tool, STAFF will remove the numbering during the
publication process. (NOTE: There are instances when a draft will need to
number terms - please consult with an IEEE-SA editor). A new version of the
template is being designed and tested to deal with the new definitions options.
(2.2010).

For the purposes of this document, the following terms and definitions apply. The IEEE Standards
Dictionary: Glossary of Terms & Definitions should be consulted for terms not defined in this clause.”

! The IEEE Standards Dictionary: Glossary of Terms & Definitions is available at http://shop.ieee.org/.
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Draft revision of IEEE Std C37.09TM-1999 (R2007)
(Revision of IEEE Std
C37.09-1 979)

IEEE Standard Test Procedure for
AC High-Voltage Circuit Breakers

Rated on a Symmetrical Current
Basis

With 4.8.1.4 Demonstration of arcing times
4.8.2.3 Splitting of test duties
4.8.2.5 Multi-part testing

To cover Topics 4, 7 and 21

Sponsor

Switchgear Committee
of the
IEEE Power Engineering Society

Reaffirmed 26 September 2007
Approved 26 June 1999

IEEE-SA Standards Board

Abstract: The testing procedures for all high-voltage circuit breakers that include all voltage ratings
above 1000 V ac and comprise both indoor and outdoor types having the prefered ratings as listed
in ANSI C37.06-1997 are covered. Typical circuit breakers covered by these standards have max-
imum voltage ratings from 4.76 kV through 800 kV, and continuous current ratings of 600 A, 1200
A, 2000 A, and 3000 A associated with the various maximum voltage ratings. The test procedures
verify all assigned ratings, including continuous current, dielectric withstand voltages, short-circuit
current, transient recovery voltage, and capacitor switching, plus associated capabilities such as
mechanical endurance, load current, and out-of-phase switching. Production test procedures are
also included. This standard does not cover generator circuit breakers as these are covered in IEEE
Std C37.013-1993.

Keywords: fast transient recovery voltage, indoor, initial, mechanical endurance, operating duty,
outdoor, power frequency, short-circuit current, short-line fault, single-phase testing, test data re-
porting, three-phase testing, unit test, voltage distribution synthetic test.
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Introduction

(This introduction is not part of IEEE Std C37.09-1999, IEEE Standard Test Procedure for AC High-Voltage Circuit
Breakers Rated on a Symmetrical Current Basis.)

This standard is a major revision of ANSI/IEEE Std C37.09-1979 (R1996). This revision contains major
substantive changes. Some editorial changes also have been included, and they are intended to eliminate
duplication of words from IEEE Std C37.04-1999 and to reduce the word usage in general.

Listed here, for information and guidance, are the substantive changes.

This revision reflects the changes made in ANSI C37.06-1997 where the K factor has effectively been
eliminated for all indoor circuit breakers by assigning to it a numerical value of K = 1. This has been
done to take advantage of the newer interrupting technologies. Additionally, the traditional use of 1.6 as
the multiplying factor for the asymmetrical root-mean-square (rms) current and 2.7 for the peak current
has been revised to reflect the time constant of 45 ms (corresponding to an X/R ratio of 17 at 60 Hz or
14 at 50 Hz) on which the circuit breaker ratings are based, which yields the mathematically correct val -
ues of 1.55 and 2.6 respectively. With the implementation of this change, the information needed to prop-
erly test circuit breakers rated in accordance with the 1979 or earlier editions of ANSI C37.06 and
IEEE Std C37 .04 has been deleted from the main body of this document; however test Tables 1 and 2
from the 1979 version of ANSI/IEEE Std C37.09-1979 have been included as Annex B for reference pur-
poses and to be used in those cases where circuit breakers designed to meet the prior standards require-
ment are being tested. Users must refer to the prior editions of the relevant standards for more concise
information in order to properly test those earlier designs of circuit breakers. This major change has
resulted in a consolidation of text and of test duty requirements for this revision.

ANSI C37.06.1-1997 is a new concept document and has been recognized and incorporated in this revision
by reference and notes in applicable clauses.

All outstanding supplements of this standard have been included, with the exception of
IEEE Std C37.09a-1991, Load Current Switching Tests, which has been replaced with a later revision
that is included in 4.9.

Mechanical endurance (4.13) has also been upgraded.
A clause covering leakage tests (5.7) for gaseous and for vacuum interrupters has been added.

The Lightning impulse withstand testing clause (4.4.4.2) now includes the 3 x 9 method as part of the har-
monization effort with IEC.

The Standard operating duty/standard duty cycle (4.5) for non-reclosing rated circuit breakers has been
changed from CO - 155 - CO to O -t - CO - t'- CO where t and t' are defined times between tests, while the
test duty O - 0.3 sec - CO has been added for circuit breakers rated for reclosing duty applications.

Short-line fault tests have now been made mandatory for all outdoor circuit breakers rated 15.5 kV and
above.

ANSI/IEEE Std 4-1978, IEEE Standard Techniques for High-Voltage Testing, is specifically referenced in
this standard because its latest revision does not include critical test techniques needed for circuit breaker
testing. When the latest issue of this standard is suitably revised, it will be officially recognized and will
become part of this revision.

Sections of test requirements covering pressurized and non-ceramic pressurized insulating components, pre-
viously included in NEMA SG-4 Standard, have now been incorporated into this standard.
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Indoor circuit breakers are recognized in this revision for their unique test and application requirements as
dictated by their use in metal-clad switchgear and as covered in IEEE Std C37.20.2-1993.

Capacitor current testing (4.10) has been carried over without change, except for clause renumbering, from
the 1979 publication. This clause is expected to change in the future as a result of a major harmonized revi-
sion, which is now being prepared by a joint IEEE and IEC working group.

This standard, with its companion standards, IEEE Std C37.04-1999, ANSI C37.06-1997, and IEEE Std
C37.010-1999, establishes a total rating, test, and application basis for all high-voltage circuit breakers with
the exception of generator circuit breakers, which are covered by IEEE Std C37.013-1997.

This standard was approved by the American National Standards Institute (ANSI) on 20 January 2000.
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IEEE Standard Test Procedure for
AC High-Voltage Circuit Breakers

Rated on a Symmetrical Current
Basis

1. Scope

This test procedure summarizes the various tests that are made on ac high-voltage indoor and outdoor circuit
breakers, except for generator circuit breakers, which are covered in IEEE Std C37.013-1997. It describes
accepted methods used in making the tests and specibes the tests that will verify assigned ratings under
ANSI/IEEE standards. This procedure does not preclude the use of other equivalent or more effective meth-
ods of demonstrating ratings.

The tests are divided into the following classiPcations:

a) Design tests (Referred to in IEC 60056-1987 and IEC 60694-1996 as Type Tests)

b) Production tests (Referred to in IEC 60056-1987 and IEC 60694-1996 as Routine Tests)
c) Tests after delivery

d) Conformance tests

2. References
When the following standards are superseded by an approved revision, the revision shall apply.

ANSI C37 .06-1997, American National Standard for Switchgear—AC High-Voltage Circuit Breakers Rated
on a Symmetrical Current Basis—Preferred Ratings and Related Required Capabilities.*

ANSI C37 .06.1-1997, Trial-Use Guide for High-Voltage Circuit Breakers Rated on a Symmetrical Current
Basis—Designated “DePnite Purpose for Fast Transient Recovery Voltage Rise Times.”

*ANSI publications are available from the Sales Department, American National Standards Institute, 11 West 42nd Street, 13th Floor,
New York, NY 10036, USA (http://www.ansi.org/).
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ANSI C37.54-1996, American National Standard for Switchgear—Indoor Alternating-Current High-Voltage
Circuit Breakers Applied as Removable Elements in Metal-Enclosed Switchgear Assemblies—Conformance
Test Procedures.

ANSI C84.1- 1982, Voltage Ratings for Electric Power Systems and Equipment (60 Hz).
ASME Boiler and Pressure Vessel Code, Section X, Fiberglass-Reinforced Plastic Pressure Vessels.?

ASME Boiler and Pressure Vessel Code, Section VIII, Unfired Pressure Vessels.

IEC 60056-1987, High Voltage Alternating Current Circuit Breakers.®
IEC 60068-2-17-1994, Basic Environmental Test Procedures—Part 2: Tests—Test Q: Sealing

IEC 60694-1996, Common Specifications for High-Voltage Switchgear and Controlgear Standards.

IEEE Std 4-1978, IEEE Standard Techniques for High-Voltage Testing.*

NOTE—This standard is specifically referenced because its latest revision does not include critical test techniques
needed for circuit breaker testing. When the latest issue of this standard is suitably revised, it will be officially recog-
nized and will become part of this revision.

IEEE Std 119 Aug. 1950, IEEE Recommended Practice for General Principles of Temperature Measurement
as Applied to Electrical Apparatus. Test Code for Temperature Measurements.”

IEEE Std C37.04-1999, IEEE Standard Rating Structure for AC High-Voltage Circuit Breakers.

IEEE Std C37.010-1999, IEEE Application Guide for AC High-Voltage Circuit Breakers Rated on a Sym-
metrical Current Basis.

IEEE Std C37.01 1-1994, IEEE Application Guide for Transient Recovery Voltage for AC High-Voltage Cir-
cuit Breakers Rated on a Symmetrical Current Basis.

IEEE Std C37.013-1997, IEEE Standard for AC High-Voltage Generator Circuit Breakers Rated on a Sym-
metrical Current Basis.

IEEE Std C37 .015-1993, IEEE Application Guide for Shunt Reactor Current Switching.

IEEE C37.081-1981 (R1988), IEEE Guide for Synthetic Fault Testing of AC High-Voltage Circuit Breakers
Rated on a Symmetrical Current Basis.

IEEE Std C37.1 1-1997, IEEE Standard Requirements for Electrical Control for High-Voltage Circuit Break-
ers Rated on a Symmetrical Current Basis.

IEEE Std C37 .20.2-1993, IEEE Standard for Metal-Clad and Station Type Cubicle Switchgear.

2ASME publications are available from the American Society of Mechanical Engineers, 3 Park Avenue, New York, NY 100 16-5990,
USA (http://www.asme.org/).

*|EC publications are available from the Sales Department of the International Electrotechnical Commission, Case Postale 131, 3, rue de
Varembé, CH-1211, Genéve 20, Switzerland/Suisse (http://wwwiec.ch/). IEC publications are also available in the United States from
the Sales Department, American National Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA.

*|EEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA (http://www.standardsieee.org/).

SIEEE Std 119 Aug. 1950 has been withdrawn; however, copies can be obtained from Global Engineering, 15 Inverness Way East,
Englewood, CO 80112-5704, USA, tel. (303) 792-2181 (http://globalihs.com/).
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IEEE Std C37.24-1986 (R1998), Guide for Evaluating the Effect of Solar Radiation on Outdoor Metal-Clad
Switchgear.

IEEE Std C37.100-1992, IEEE Standard Definitions for Power Switchgear.
IEEE Std C57.13-1993, IEEE Standard Requirements for Instrument Transformers.

IEEE Std C57.19.00-1991 (R1997), IEEE Standard General Requirements and Test Procedures for Outdoor
Apparatus Bushings.

IEEE C57.19.01-1991 (R1997), IEEE Standard Performance Characteristics and Dimensions for Outdoor
Apparatus Bushings.

3. Debnitions

The terms and definitions applicable to this standard and to the related standards for ac high-voltage circuit
breakers shall be in accordance with IEEE Std C37.100-1992. These definitions are not intended to embrace
all possible meanings of the terms. They are intended solely to establish meaning of terms used in power
switchgear.

4. Design tests

The design tests described in this test procedure provide methods of demonstrating the capability of a circuit
breaker to meet the ratings listed in IEEE Std C37.04-1999.

4.1 Maximum voltage tests

There is no specific test to demonstrate this rating. However, the ability of the circuit breaker to operate suc-
cessfully at rated maximum voltage is demonstrated by performing short-circuit current interruption and
other current switching rating tests in accordance with Table 1, Table 2, and Table 3 with specified values of
circuit transient recovery voltage (TRY), as given in IEEE Std C37.04-1999 and ANSI C37.06-1997.

4.2 Power frequency tests

There is no specific test to demonstrate this rating. However, the ability of a circuit breaker to operate suc-
cessfully at rated power frequency is demonstrated by performing all tests at rated power frequency +10%,
or when tests at either 50 or 60 Hz are specifically allowed by the standards to qualify for both frequencies.

4.3 Continuous current-carrying tests

Continuous current-carrying tests demonstrate that the circuit breaker can carry its rated continuous current,
at its rated power frequency, without exceeding any of the temperature limitations given in
IEEE Std C37.04-1999.

4.3.1 Test conditions

a) The ambient temperature shall be between 10 °Cand 40 ° C, so that no correction factors need to be
applied.
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b)  The circuit breaker shall be tested under all other usual service conditions, except as stated in item
a).

c) Enclosed circuit breakers shall be tested in their enclosures.

d) Other accessories normally connected in series and closely associated with the circuit breaker, such
as current transformers, primary disconnecting contacts, cell mounted auxiliary switches, buses, and
connectors, shall be mounted in their regular position.

e)  Circuit breakers normally equipped with current transformers shall be tested with transformers in
place and connected to carry rated secondary current.

f)  Circuit breakers shall be in a new condition and properly adjusted according to the product specifica-
tion provided by the manufacturer.

g) Tests demonstrating current carrying ability shall be made at rated power frequency except that
where tests are performed at 60 Hz they shall be considered to be valid for the same current rating
with 50 Hz rated power frequency.

h)  Outdoor circuit breakers, which are normally installed in such a manner that other connected appara-
tus have no appreciable effect on the circuit breaker temperature, shall be tested with cables or buses
of a size corresponding to the circuit breaker current rating connected to the circuit breaker terminals
by means of typical terminal connectors of corresponding rating.

i) Indoor circuit breakers shall be tested in a minimum volume enclosure or in the actual switchgear

vertical section compartment. Connections to the switchgear shall be made in accordance with
IEEE Std C37.20.2-1993.

4.3.2 How tests shall be made

a)

b)

c)

Three-phase circuit breakers shall be tested on a three-phase basis except where there is no possibil-
ity of magnetic or thermal influence between poles or modular units.

Where there is no possibility of magnetic influence, but there may be thermal influence from other
phases of the circuit breaker, tests may be made with single-phase current passed through the three
poles in series.

Single-phase tests may be made on a single pole of a circuit breaker, or in a single component of
modular units.

4.3.3 Duration of continuous current tests

The continuous current test shall be continued for a period of time such that the temperature rise of any mon-
itored point in the assembly has not changed by more than 1.0 °C as indicated by three successive readings
at 30 min intervals.

The equipment is considered to have passed the test if the established temperature limits specified in
IEEE Std C37.04-1999 have not been exceeded in any of the last three readings.

4.3.4 How temperatures are measured

Temperatures shall be measured by any of the following methods (see IEEE Std 119 Aug.1950):

a)
b)

c)

Thermocouple

Thermometer (allowed method only for ambient temperature measurements; not acceptable for
temperature measurement of current carrying components)

Resistance (preferred method for measuring coil temperatures)

The measuring device shall be located at a point where measurement of the hottest accessible spot can be
made. Measurements shall be made at junction points of insulation and conducting parts to prevent
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exceeding temperature limits of the insulation. For conformance tests, if required, it is sufficient to measure
accessible parts and compare the measurements with like points on the design tests. Holes that destroy the
effectiveness of the test (such as in multi turn coils) shall not be drilled.

4.3.5 How ambient temperature is determined

The ambient temperature is the average temperature of the surrounding air, external to the circuit breaker
enclosures.

The ambient temperature shall be between 10 ° C and 40 ° C, so that no correction factors need be applied.
The ambient temperature shall be determined by taking the average of the readings of three measurements
that are made at locations unaffected by drafts approximately 300 mm (12 in), away, horizontally, from the
projected periphery of the circuit breaker or enclosure (for indoor circuit breakers refer to the requirements
outlined in IEEE Std C37.20.2-1993), and approximately in line, vertically, as follows:

a) One approximately 300 mm (12 in) above the circuit breaker or enclosure (including bushings).

b)  One approximately 300 mm (12 in) below the circuit breaker or enclosure. [In the case of floor
mounted circuit breakers or enclosures, it shall be 300 mm (12 in) above the floor or mounting base.]

¢) One approximately midway between the above two positions.

To avoid errors that are due to the time lag between the temperature of large apparatus and the variations in
the ambient temperature, the measuring device used for determining the ambient temperature shall be
immersed in a suitable liquid, such as oil, which is contained in a suitable heavy metal cup.

A convenient form of such an oil cup consists of a metal cylinder with a hole drilled partly through it. The
hole is filled with oil and the sensing portion of the measuring device is then fully immersed in it. The
response of this method to various rates of temperature change will depend largely upon the kind of material
and the overall mass of the containing cup. The response may be further regulated by adjusting the amount
of oil in the cup. The larger the apparatus under test, the larger must be the metal cylinder employed as an oil
cup. The smallest size oil cup employed in any case shall consist of a metal cylinder, 25 mm (1 in) in diame-
ter and 50 mm (2 in) in height.

4.3.6 Measurements of resistance of the main circuit

The measurement of the resistance of the main circuit shall be made for future comparison between the cir-
cuit breaker originally design tested and all other circuit breakers of the same type subjected to routine tests.

The measurement shall be made with a dc source by measuring the voltage drop or resistance across the ter-
minals of each pole. The current during the test shall have any convenient value between 100 A and the rated
normal current.

The measurement of the dc voltage drop or the resistance shall be made before the temperature rise test, with
the circuit breaker at the prevailing ambient temperature, and then again after completion of the temperature
rise test when the temperature of the test circuit breaker has returned to within 10 ° C of ambient temperature.

NOTE—Experience shows that an increase in the main circuit resistance may not be a reliable evidence of a bad contact
or connection.

4.4 Dielectric withstand tests
The dielectric withstand capability of a circuit breaker is demonstrated by subjecting it to a power frequency,

a lightning impulse test, and where required, a chopped wave lightning impulse and a switching impulse test,
at voltage levels equal to or greater than those that have been specified in ANSI C37 .06-1997.
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4.4.1 Tests conditions

a)
b)
c)

d)

9)

h)

)

K)

m)

n)

Withstand tests on circuit breakers shall be made under atmospheric pressure, temperature, and
humidity conditions normally prevailing at the testing facility.

The circuit breaker shall be clean and in good condition, and shall not have been put into commer-
cial operation.

Sealed interrupters that use a pressurized gas must be tested at the minimum specified operating
pressure of the interrupter.

If gaps are to be permanently mounted in parallel with the insulation structure, they shall be in place
during all dielectric tests.

Correction factors shall not be used on normal power frequency dry tests, unless allowed by the
specific apparatus standard. The values of correction factors for atmospheric pressure and
atmospheric humidity to be used for impulse and power frequency wet tests are to be taken from
IEEE Std 4-1978 curves and formulas applicable to atmospheric bushings, except where otherwise
noted.

The bushing and rod gap correction factors will not always have the optimum accuracy for a specific
design of circuit breaker. In cases where more accurate correction factors can be made available for
a specific design or class of designs, they may be used.

When revisions in correction factors in IEEE Std 4-1978 are made, they shall be applicable to new
designs only and it shall not be necessary to repeat design tests on designs for which such tests have
been completed.

Dielectric test voltages shall be measured in accordance with IEEE Std 4-197 8 voltage measurement
standards.

The configuration of the circuit breaker may cause a test on one terminal to produce the same elec-
tric stress distribution as a test on one or more of the other terminals. When this situation prevails, it
is necessary to apply voltage only to those terminals that produce different distributions of electric
stress.

Tests, as described in the following clauses, will be conducted on the complete three-pole circuit
breaker. However, single-pole tests for outdoor circuit breakers are sufficient when adjacent poles
have substantially no influence or are simulated by ground shields.

Indoor circuit breakers shall be tested in a minimum volume enclosure or in the actual switchgear
vertical section compartment.

For dry switching impulse tests, which are only applicable to outdoor circuit breakers rated 362 kV
and above, atmospheric temperature and pressure correction factors shall be applied to define the
test voltage. At the manufacturer’s option, the humidity correction factor may be applied.

For wet switching surge impulse and for wet power frequency tests, which are only applicable to
outdoor circuit breakers rated 362 kV and above, atmospheric temperature and pressure correction
factors shall be applied to define the test voltage. The humidity correction factor shall not be applied.

For lightning impulse and chopped wave tests, atmospheric temperature and pressure correction fac-
tors shall be applied to define the test voltage. For outdoor circuit breakers, at the manufacturer’s
option, the humidity correction factor may be applied. For indoor circuit breakers, the use of humid-
ity correction factors is required (see IEEE Std C37.20.2-1993).

4.4.2 Insulation paths

When performing dielectric tests, two classes of insulation paths are to be considered:

a) Atmospheric paths: Paths entirely through atmospheric air, such as along the porcelain surface of an

outdoor bushing.
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b) Non atmospheric paths: All other paths, such as through a gas or vacuum sealed from the atmo-
sphere, through a liquid such as oil, through a solid, or through a combination thereof.

4.4.2.1 Non atmospheric paths

In order to meet the requirements for non atmospheric paths, at least three dry withstand tests must be accu-
mulated at each polarity, at the rated lightning impulse and related chopped wave voltages (in addition to one
dry power frequency withstand test), all without benefit of reduction of voltages due to correction factors.
The purpose is to apply full stresses to these non atmospheric paths; therefore, tests in which a flashover
occurs through an atmospheric path may be ignored. It is permissible to raise the dielectric strength of the
atmospheric paths by artificial means, such as an extra high-voltage shield or a corona ring.

In some atmospheric conditions, it may be desirable to delay testing of the non atmospheric paths until con-
ditions improve.

4.4.2.2 Atmospheric paths
There is no separate atmospheric path requirement for the dry-power frequency test.

4.4.3 Power frequency withstand voltage tests

4.4.3.1 Dry tests procedure

These tests are made to determine the ability of the circuit breaker to withstand its assigned rated power
frequency withstand voltage. The test shall be made with a sinusoidal voltage having a peak value equal to
1.414 times the rated root-mean-square (rms) power frequency withstand voltage listed in ANSI C37 .06-1997.
The voltage test frequency shall be equal to the rated power frequency £20%.

The tests shall be performed in accordance with the requirements of IEEE Std 4-1978. The voltage shall be
applied to the terminals of the circuit breaker for a duration of 1 min, in any desired order, under the follow-
ing conditions:

a)  With the circuit breaker contacts open, apply the specified test voltage to each terminal of the circuit
breaker individually, with all other terminals and the frame of the circuit breaker grounded.

b)  With the circuit breaker contacts closed, apply the specified test voltage to each phase of the circuit
breaker individually, with the other phases and the frame of the circuit breaker grounded.

There shall be no flashovers during the tests and no damage to the insulation shall be observed after the tests.

4.4.3.2 Wet test procedure

The wet tests are made only on outdoor power circuit breakers or on external components such as bushings,
in accordance with the procedure described in IEEE Std C57 .19.00-1991. For those bushings, where their
voltage distribution is negligibly influenced by their surroundings, and which have been tested separately as
individual bushings in accordance with IEEE Std C57.19.00-1991, the tests need not be repeated in the
assembled circuit breaker.

4.4.4 Full-wave lightning impulse withstand voltage tests

These tests are made on circuit breakers, under dry conditions, to verify their ability to withstand their rated
full-wave lightning impulse withstand voltages. In these tests, both positive and negative, lightning impulse
voltages having a peak value equal or greater than the rated full-wave lightning impulse withstand voltage,
as specified in ANSI C37.06-1997, shall be applied to the terminals of the circuit breaker.
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NOTE—Some insulating materials retain a charge after an impulse test. For these cases, care should be taken when
reversing the polarity of the test voltage. To allow the insulating materials to discharge, the use of appropriate methods,
such as the application of impulses of the reverse polarity at lower voltages (50-75% of rated value), are recommended.

4.4.4.1 Waveform for lightning impulse tests

The waveform and application of the full-wave test voltage shall be as described in IEEE Std 4-1978 and
shall have the following limits:

a) A full-wave test voltage with a virtual front time based on the rated full wave impulse test voltage,
equal to or less than 1.2 ps;

b) A peak voltage equal to or exceeding the rated full wave impulse voltage; and
c) Atime to the 50% value of the peak voltage, equal to or greater than 50 ps.

If the capacitance of a test sample is too high for the test equipment to be able to produce a virtual front time
as short as the 1.2 ps while maintaining the peak value, the most rapid rise possible may be used, subject to
agreement between the user and the manufacturer.

4.4.4.2 Test procedure
The test procedure shall consist of the following tests performed in any order:

a) With the circuit breaker contacts open:

1) Apply three consecutive positive lightning impulse voltage waves to each terminal of the circuit
breaker individually with all other terminals and frame grounded.

2) Apply three consecutive negative lightning impulse voltage waves to each terminal of the cir-
cuit breaker individually with all other terminals and frame grounded.

b) With the circuit breaker contacts closed:

1) Apply three consecutive positive lightning impulse voltage waves individually to each phase of
the circuit breaker with the other phases and the frame grounded.

2) Apply three consecutive negative lightning impulse voltage waves individually to each phase of
the circuit breaker with the other phases and the frame grounded.

If, during the first group of three consecutive tests as applied in item a) and item b) above, a flashover occurs
on one test of a group, a second group of nine tests shall be made. If the circuit breaker successfully with-
stands all nine of the second group of tests, the flashovers in the first group shall be considered a random
flashover and the circuit breaker shall be considered as having successfully passed the test.

4.4.5 Impulse voltage test for interrupters and resistors

An additional impulse test is made on outdoor circuit breakers that have a rated maximum voltage above
100 kV and that have isolating gaps in series with the interrupting gaps, or have additional gaps in the resis-
tor or capacitor circuits.

An impulse voltage having a value and a waveform as specified in ANSI C37.06-1997 and
IEEE Std C37.04-1999 shall be used. With all isolating gaps and with the gaps in the resistor and capacitor
circuits closed, positive and negative waves shall be applied three times to each terminal of a pole unit with
the other terminal grounded. No damage of the solid interrupter insulation, associated resistors, or capacitors
shall occur.
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4.4.6 Chopped wave lightning impulse withstand voltage tests

These tests shall be performed on outdoor circuit breakers that have a rated maximum voltage of 15.5 kV
and above to verify their ability to withstand their assigned rated chopped wave lightning impulse withstand
voltage.

The magnitudes of these voltages are given in ANSI C37.06-1997. They shall be applied to the terminals of
the circuit breaker, without causing damage or producing a flashover, following the same procedure as
described in 4.4.4.2.

The waveform and application of the chopped wave test voltage, and the type of rod gap and its location,
shall be as described in IEEE Std 4-1978.

The chopped wave shall have the following limits:

a) The virtual front time, based on the rated chopped wave test voltage, shall be equal to or less than
12pus.

b)  The peak voltage shall be equal to or greater than the rated chopped wave test voltage.

c) The time to the point of chop on the tail of the wave shall be no less than the times specified in
ANSI C37.06-1997. If the capacitance of a test sample is too high for test equipment to be able to
produce a virtual front time as short as 1.2 us, while maintaining the peak value, the most rapid rise
obtainable may be used, subject to agreement between the user and the manufacturer.

NOTE—Flashovers external to the circuit breaker at the specified chop times, or longer, do not constitute failure to pass
the test.

4.4.7 Switching impulse voltage withstand tests

Tests are made under wet and dry conditions on circuit breakers rated 362 kV and above to verify their abil-
ity to withstand their assigned rated switching impulse withstand voltages to ground and across the open gap
of the circuit breaker. The test procedure is identical to that described in 4.4.4.2 for the open and closed cir-
cuit breaker, except that instead of a lightning impulse wave, a switching impulse wave of both polarities
shall be used. The waveform shall be as defined in 4.4.7.1 and shall have a peak value equal to or greater
than the rated switching impulse withstand voltage specified in ANSI C37.06-1997.

When testing the open circuit breaker on the first group of three consecutive tests, any external flashover to
ground at the energized terminal of the circuit breaker will be considered to be a withstand across the open
break. One flashover across the circuit breaker, either external or internal across the open contacts, is
allowed within the first three tests, provided there is no reoccurrence in the test series. Any flashovers shall
cause no damage and shall be indicated in the test record.

When testing the closed circuit breaker the first group of three consecutive tests, the one permissible flash-
over shall be external to the circuit breaker and from any energized metallic part to ground or to grounded
parts of adjacent phases. Any flashovers shall be indicated in the test record.

NOTE—The possibility of statistically random flashovers across the contacts is not precluded.

4.4.7.1 Waveform for switching impulse voltage tests

The waveform voltage shall be as described in IEEE Std 4-1978 and shall have the following limits:

a) A full-wave test voltage with a virtual front time, equal to 250 p s +50 p s.
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b) A peak voltage value equal to or greater than the rated switching impulse withstand voltage specified
in ANSI C37.06-1997.

c) Atime to the 50% value on the tail of the wave equal to 2500 ; s +1500 ; s.
d) This waveform shall be obtained with the circuit breaker in the circuit.

e)  When flashovers occur on the front of the wave, the peak voltage value is defined as the peak of the
voltage wave that would have been obtained if no flashover had occurred.

4.4.7.2 Condition of circuit breaker to be tested

Switching impulse voltage tests shall be made with the circuit breaker mounted at an elevation above the
ground plane not exceeding the elevation of the actual installation. Supporting frames shall be essentially the
same as those used in service: they shall be grounded and the exposed metallic surface area shall be no less
than the area used in service.

Conductors may be connected to both circuit breaker terminals, and unless specifically indicated otherwise,
the connecting conductors shall be mounted horizontally. The diameter of these conductors shall not be in
excess of that which is normally used in service. The conductors may be terminated in spheres or rings that
have a diameter whose dimension in meters does not exceed an equivalent numerical value that is equal to
the circuit breaker rated maximum voltage, in kV rms divided by 655.

No additional rings and shielding shall be employed if they are not a permanent part of the circuit breaker in
its application.

4.4.7.3 Atmospheric correction factors for switching impulse voltage tests

The values of correction factors for atmospheric pressure and atmospheric humidity to be used for impulse
and power frequency wet tests are to be taken from IEEE Std 4-1978.

4.5 Standard operating duty (standard duty cycle) tests

The standard duty cycle is demonstrated by test duty 4 of Table 1.

4.6 Interrupting time tests

The rated interrupting time is established by adding the contact opening time to the maximum arcing time of
the circuit breaker. The contact opening time of the circuit breaker shall be measured prior to the initiation of
the short-circuit tests, under the pressures and control voltages specified in the rated interrupting time of
IEEE Std C37.04-1999. The contact opening time corresponds to the elapsed time between the energization
of the trip coil and the instant when the contacts separate. The arcing time of the circuit breaker is deter-
mined, for many different current and operating voltages, by the test duties in Table 1.

4.7 TRV tests

The ability to withstand rated TRVs, as specified in ANSI C37.06-1997 for rated symmetrical current, is
demonstrated during the performance of short-circuit current interrupting tests.

4.8 Short-circuit current interrupting tests
The short-circuit current interrupting rating of a circuit breaker is demonstrated by an extensive series of

tests. These tests demonstrate the rated short-circuit current and the related required capabilities of the cir-
cuit breaker for applications in either grounded or ungrounded systems.

10 Copyright © 2000 IEEE. All rights reserved.





IEEE
CIRCUIT BREAKERS RATED ON A SYMMETRICAL CURRENT BASIS Std C37.09-1 999

4.8.1 Test conditions

4.8.1.1 Power factor

For short-circuit current interrupting tests, the power factor of the testing circuits shall not exceed 5.9% lag-
ging, equivalent to X/R =17 at 60 Hz or 7.1% lagging equivalent to X/R = 14 at 50 Hz.

4.8.1.2 Frequency of test circuit

Tests demonstrating short-circuit current interrupting capabilities shall be made at rated power frequency.
When performing tests at a frequency other than the rated power frequency, special consideration shall be
given to the rate of change of current at current zero, since performance of some interrupters is strongly
influenced by the rate of change of current (di/dt) at the instant of current zero.

If a circuit breaker contains interrupters that are not affected significantly by the di/dt, then tests performed at
50 Hz can be used to demonstrate the performance at 60 Hz and vice versa. However, for rated power fre-
quencies above 60 Hz or below 50 Hz, which are beyond the scope of this standard, other test considerations
may be required.

4.8.1.3 Current asymmetry

Interrupting tests are required with both symmetrical and asymmetrical currents. Any interrupting test in
which the asymmetry of the current, in all phases at contact parting time, is less than 20% is considered a
symmetrical test. Asymmetry of less than 20% is considered to have negligible influence on the performance
in a circuit that has a time constant of 45 ms (corresponding to X/R values of 14 and 17 for rated power fre-
quencies of 50 and 60 Hz respectively). At this level of asymmetry, the total current is increased by less than
4% and furthermore, the instantaneous value of the power frequency recovery voltage, at the instant of arc
extinction at the end of a major current loop, is within 2% of the peak value, while at the end of a minor cur-
rent loop, within 6%.

For the asymmetrical tests, the current value is determined at the instant of contact part, and since the asym-
metry decreases with time, the value of the dc component at the time of contact separation shall be equal to
the value obtained from Figure 1 for an elapsed time corresponding to the circuit breaker under test. This
required percent of the dc component is specified in Figure 1 for a time constant of 45 ms. Figure 2 may be
used to determine the required percentage of the dc component for tests where the manufacturer may want to
demonstrate the asymmetrical interrupting current capability for X/R ratios other than 17 at 60 Hz.

The defining equation for these curves is

a
% d c = 1 0 0 e ) ( 1 )
where
X /R
( \
a = —
\ )
21rf
or

—

t = contact parting time

7 = time constant
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Figure 2—Percent dc required at contact part for asymmetrical tests
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The elapsed time as shown in Figure 1 and Figure 2 is equal to the sum of 1/2 cycle of relay time (on the
basis of the applicable rated power frequency) plus the shortest contact opening time of the circuit breaker as
determined in 4.8 .5.2.

NOTE—To convert the 60 Hz based X/R factors to a 50 Hz base multiply the X/R factor shown in Figure 2 by 0.833. To
convert X/R to time constants, multiply the 60 Hz X/R by 2.652 or the 50 Hz X/R by 3.183. The result is the time con-
stant in ms.
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4.8.1.4 Obtaining-the-most severe-switching-conditionsDemonstration of arcing times
4.8.1.4.1 General

The procedures described in this section are relevant for the adjustment of prospective
arcing times. The actual arcing times may vary from the prospective ones.

NOTE 1 The arcing times prescribed in this subclause are adequate to cover the effect of the unintentional
non-simultaneity of the circuit-breaker poles.

NOTE 2 The test requirements are based on network conditions and are related to direct tests only. For
synthetic tests more detailed requirements may be applicable, see IEC 62271-101.

4.8.1.4.2 Three-phase tests

4.8.1.4.2.1 Test-duty T10, T30, T60, T100s, T100s(b), OP1 and OP2

For these tests the tripping impulse shall be advanced by 40 electrical degrees (40°)
between each opening operation.

An example of graphical representation of the three valid breaking operations for the first-
pole-to-clear factor 1.5 is given in Figure 29 and for the first-pole-to-clear factor 1.3 in

Figure 30.
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Figure 29 - Graphical representation of the three valid symmetrical breaking operations
for three-phase tests in a non-effectively earthed neutral system
{first-pole-to-clear factor 1,5)
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Figure 30 - Graphical representation of the three valid symmetrical breaking operations
for three-phase tests in an effectively earthed neutral system
(first-pole-to-clear factor 1,3)

4.8.1.4.2.2 Test-duty T100a

Since the severity of the tests for this test-duty can vary widely depending on the moment
of contact separation, a procedure has been developed in order to arrive at realistic
stresses on_the circuit-breaker under test. The initiation of the short-circuit has to be
changed between tests in order to transfer the required asymmetry criteria from phase to

phase.

The breaking operations are valid if the prospective current meets the following asymmetry
criteria:

the peak short-circuit current during the last loop prior to the interruption is between 90
% and 110 % of the required value and

the duration of the short-circuit current loop prior to the interruption is between 90 %
and 110 % of the required value.

Table 41 gives the required values of the peak short-circuit current and loop duration that
should be attained by the last loop prior to the interruption.

When the last current loop parameters are within the prescribed tolerances, the resulting
deviations on the DC component at current zero, the associated di/dt and the following
TRV peak value are within acceptable limits compared to those calculated with rated
values.

The intention is to achieve a series of three valid tests and the duty is satisfactory if
14 Copyright © 2000 IEEE. All rights reserved.
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following conditions are met. There is no preferred order to demonstrate the three valid
tests.

a) One operation where arc _extinction occurs in the first-pole-to-clear at the end of a
major current loop in the first phase with the required asymmetry criteria and with the
longest possible arcing time.

The longest possible arcing time t,..;_for the first-pole-to-clear is achieved, when
following condition is met:

Earc 2—a100$ + Atﬂ

One operation where arc _extinction occurs at the end of an extended major current
loop in the second phase with the required asymmetry criteria and with the longest
possible arcing time.

The longest possible arcing time t,,.,_for the last-pole-to-clear for circuit-breakers

intended to be used in non-effectively earthed neutral systems is achieved, when
following condition is met:

IarczﬂaIOOS-F—AtQ

The longest possible arcing time t,; for the second-pole-to-clear for circuit-breakers

intended to be used in effectively earthed neutral systems is achieved, when
following condition is met:

tarcSﬁaloos + Atas

If the required conditions of a) and b) are fulfilled, in the third operation arc extinction may
occur at the end

of a major current loop for first-pole-to-clear conditions, or

of an extended major current loop for last-pole-to-clear conditions for circuit-breakers
intended to be used in non-effectively earthed neutral systems, or

of an extended major current loop for second-pole-to-clear conditions for circuit-
breakers intended to be used in effectively earthed neutral systems.

in_the third phase with the required asymmetry criteria as above. There are no further
requirements regarding arcing times.

Where

ta100s is the minimum arcing time of terminal fault test-duty T100s.

At,q, At,o, At sare the relevant time parameters to be selected from Table 41.

NOTE The conditions for current interruption in test duty T100a for the last-pole-to-clear for circuit-breakers
intended to be used in effectively earthed neutral systems are covered by the tests in test duty T100s.
Therefore no further requirements for the last-pole-to-clear conditions exist.

Some circuit-breakers will not clear at the end of a major loop. Arcing then continues
during the subseqguent minor current loop. However, this test is considered valid if during a
subseguent test it is proven that the longest possible arc-duration was achieved.

If the behaviour of the circuit breaker is such that the required conditions of a) and b) are
not fulfilled, the relevant tests shall be continued by changing the tripping of the circuit-
breaker in steps of 18°. If during tests the required arcing times are not achieved because
of minimum arcing times differing from t_;,95. the maximum achievable arcing times shall

be demonstrated. The total number of tests is limited to 6, when attempting to meet the
above mentioned requirements. The test duty is valid no matter which arcing times have
been obtained.

The circuit-breaker may be reconditioned with renewable parts before the extended
operations. An additional test sample can also be used for the extended operations.

A graphical representation of the three valid breaking operations for the first-pole-to-clear
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factor 1.5 is given in Figure 31 and for the first-pole-to-clear factor 1.3 in Figure 32.
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Figure 31 - Graphical representation of the three valid asymmetrical breaking
operations for three-phase tests in a non-effectively earthed neutral system
(first-pole-to-clear factor 1,5)
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MOTE 1 The amplitwde and the duration of the last major or major exdended current loop must meet the criteria

stated in 8902100

Figure 32 - Graphical representation of the three valid asymmetrical breaking
operations for three-phase tests in an effectively earthed neutral system
(first-pole-to-clear factor 1,3)
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Table 41 - Last current loop parameters in three-phase tests in relation with short-
circuit test-duty T100a

T Minimum 1 kpp = 1,5 and kyp = 1,3 Kop =15 Kpp = 1.3
clearing time first-pole-to-clear last-pole-to-clear second-pole-to-clear
Aty Aly, AL, Aly, Ay Alyg
ms ms p.u. ms ms ms ms ms ms
Test for 50 Hz operation
10.0<t=<27,0 1,52 13,6 3.1 15,0 9.7 144 9.1
45 27,0<t=<475 1,33 12,2 2,9 13,7 8.7 13,1 8.1
47,5<t<68,0 1,21 11,4 2.7 129 8.2 12,3 7.6
10,0 <t=<27.0 161 142 3.3 15,6 10,1 15,1 9,5
27.0<t<475 1,44 129 3.1 14,3 9.2 13,8 8.7
80 47,5<t<67,5 131 12,1 2.8 13,6 8.7 129 8.1
67,5 <t<88.0 1,22 11,4 2,6 13,0 8,2 12,3 7,6
10,0 <v <270 1,67 148 3.4 16,1 10,3 15,6 9.8
27,0<t<475 151 134 3.1 149 9.6 14,3 9,1
75 47,5<t<67,5 1,39 12,6 3.0 14,1 9.1 13,4 8.4
675<t<875 1,30 12,0 2,7 13,5 8.6 12,8 7.9
87,5<t<108,0 1,23 11,5 2,6 13,1 8,3 12,4 7,6
10,0<t=<27,0 1,78 15,7 3.8 17,0 10,9 16,6 10,5
27,0<t<47,0 1,66 14,6 3.4 159 10,3 15,3 9.7
120 47,0<t<67,5 1,56 13,8 3.3 152 9.8 14,6 9,2
675<t<875 1,47 13,2 3.1 14,6 9.4 14,0 8.8
87,5 <t<108,0 1,40 12,6 2.9 14,1 9.0 135 8.4
Test for 60 Hz operation
85<t<225 1,58 11,6 2.7 12,8 8,2 12,4 7.8
225<t<395 1,40 10,5 2,5 11,8 7.5 11,2 7.0
= 395<t<56,5 1,27 9.8 2.3 11,1 7.1 10,6 6.5
56,5 <t<73,0 1,19 9.3 2,2 10,7 6.8 10,1 6.2
85<t<225 1,66 12,2 29 13,3 8,5 129 8.1
225<t<395 1,50 11,1 2,6 12,4 8.0 11,8 7,5
60 39,5<t<56,5 1,38 10.4 2.4 11,7 7,5 11,2 7.0
56,5 <t<73,0 1,29 9.9 2.3 11,2 7.2 10,6 6.7
73,0 <t<90,0 1,22 9,5 2,2 10,8 6.9 10,2 6.3
83<t<225 1,72 12,6 3.0 13,7 8.8 13,3 8.4
225<t<395 1,57 11,6 2.8 12,8 8.2 12,3 7.7
39,5<t<56,0 1,46 10,9 25 12,1 7.8 11,6 7,4
= 56,0 <t<73,0 1,37 10,3 2,4 11,6 7.4 11,1 6.9
73,0 <t<90,0 1,30 9.9 2.3 11,2 7.1 10,7 6.6
90,0 <t=<106,5 1,24 9.6 2,2 10,9 6.9 10,4 6.4
86<t=<225 1,81 134 3.2 14,4 9,2 14,1 8.9
225<t<39.0 1,71 125 3.0 13,6 8.8 13,2 8.4
120 39,0<t<56,0 1,62 11,8 2.8 13,0 8.4 12,5 8.0
56,0 <t=<73,0 154 11,3 2,6 12,5 8.1 12,0 7.6
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73,0 <t<89,5 1,47 10,9 25 12,1 7.8 11.6 7.3
89,5<t<106,5 1,41 10,6 2,5 11,8 7.6 11,3 7.1
7. DC time constant of the rated short-circuit breaking current.
I p.u. value of the peak current of the first-pole-to-clear, the last-pole-to-clear for kp_gz_l.S and the second-pole-to-
clear for kmz:—l'3 related to the peak value of the symmetrical short-circuit current.
AL, : duration of the major loop of the first-pole-to-clear.
gg: duration of the extended major loop of the last-pole-to-clear for kp_g=_1.i
gg: duration of the extended major loop of the second-pole-to-clear for kp_gz_l.g
At time parameter for determination of the arcing time to be demonstrated for the first-pole-to-clear conditiops.
At time parameter for determination of the arcing time to be demonstrated for the last-pole-to-clear cond|tions for
Kpp=1.5.
At .. time parameter for determination of the arcing time to be demonstrated for the second-pole-to-clear condjtions for
kp=1.3

4.8.1.4.3 Single-phase tests in substitution for three-phase conditions and short-
line fault tests

The procedure for establishing a minimum arcing time might result in a test with maximum
arcing time or with an arcing time in excess of the maximum arcing time. The aim of the
following single-phase tests is to satisfy the conditions of the first-pole-to-clear, the
second-pole-to-clear and the last pole-to-clear for each test-duty in one test circuit.

The following procedures are applicable if all operations of the rated operating sequence
fulfill the requirements of 6.11 of IEEE C37.04. If not, caution shall be exercised when
using Table 41.

4.8.1.4.3.1 Test-duties T10, T30, T60, T100s and T100s(b), OP1 and OP2, L4, L5

and Lg,
A valid breaking operation shall demonstrate interruption with an arcing time as small as
possible. The resultant arcing time is known as the minimum arcing time (t,.. pjn)._This is

established when any extra delay in the contact separation with respect to the current
waveform results in _interruption at the next current zero. This minimum arcing time is
found by changing the setting of the tripping impulse by steps of 18°.

Another valid breaking operation shall demonstrate interruption with the maximum arcing
time. The required maximum arcing time is known as t and is determined as follows:

arc max.

for circuit-breakers intended to be used in non-effectively earthed neutral systems, by
t t + (132°/360°)T;

arc max——arc min

for circuit-breakers intended to be used in effectively earthed neutral systems and short-
line fault tests, by

t t

arc max——arc min

+ (162°/360°)T;

where

t

tare min is the minimum arcing time obtained from the first valid operation;

T is one period of the power frequency.

Another valid breaking operation shall demonstrate interruption with an arcing time which
is approximately equal to the average value of those of the first and second valid breaking
operations. This arcing time is known as the medium arcing time (t,. meql_and is

determined by

tare med=tarc max*tarc minl2

Copyright © 2000 IEEE. All rights reserved. 19
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If the circuit-breaker does not interrupt at the expected current zero with medium and/or
maximum arcing time but at a subsequent current zero no additional testing is required.

A graphical representation of the three valid breaking operations for the first-pole-to-clear
factor 1.5 is given in Figure 33 and for the first-pole-to-clear factor 1.3 in Figure 34.

[T T e [P
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1" walid
breaking
operation;
Minimuwmn arcing
[T [-J —

cumant (p.u.)

20 valid
breaking
operation;
Maxsmwn arcing
[ [ ———

cumant {p.u.)

currant (p.u.)

time (s)

NOTE 1 The polarily of the current may be reversed.

3™ valid
breaking
operation;
Medium arcing
[ [ ——

Figure 33 - Graphical representation of the three valid symmetrical breaking operations
for single-phase tests in substitution of three-phase conditions in a non-effectively
earthed neutral system (first-pole-to-clear factor 1,5)
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Figure 34 - Graphical representation of the three valid symmetrical breaking operations
for single-phase tests in substitution of three-phase conditions in an effectively earthed
neutral system (first-pole-to-clear factor 1,2 or 1,3)

4.8.1.4.3.2 Test-duty T100a

The breaking operations are valid if the prospective current meets the following asymmetry
criteria:

the peak short-circuit current during the last loop prior to the interruption is between 90
% and 110 % of the required value;

the duration of the short-circuit current loop prior to the interruption is between 90 %
and 110 % of the required value.

Table 41 gives the required values of the peak short-circuit current and loop duration that
shall be attained by the last loop prior to the interruption. All tests shall be performed with
the current parameters of the first pole-to-clear.

A breaking operation shall demonstrate interruption at the end of the major loop with an
arcing time equivalent to the maximum arcing time under three-phase conditions t,,.;_of
the first pole-to-clear.

This is achieved, when following condition is met:

Iarcl_z—talOOs"'—Ata_l

Another valid breaking operation shall demonstrate interruption at the end of the major

loop with an arcing time equivalent to the maximum arcing time under three-phase
conditions

toco_for the last-pole-to clear of circuit-breakers intended to be used in non-effectively
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earthed neutral systems

This is achieved, when following condition is met:

Iarc :—ta100$ + Ata2

t,;c3_for the second-pole-to-clear for circuit-breakers intended to be used in effectively
earthed neutral systems.

This is achieved, when following condition is met:

IarcSZ—taIOOs+—Ata_3

Where
ta100s is the minimum arcing time of terminal fault test-duty T100s

At,q, At,o, At sare the relevant time parameters to be selected from Table 41.

Another breaking operation shall demonstrate interruption with an _arcing time which is
approximately equal to the average value of those of the first and second valid breaking
operations. This arcing time is known as the medium arcing time.

tare med—=_(tarc1* tarc2)/2 for circuit-breakers intended to be used in non-effectively earthed
neutral systems;

tare med—=_(tarc1_* tarc3)/2 for circuit-breakers intended to be used in effectively earthed
neutral systems.

NOTE If additional tests are necessary, reconditioning of the circuit-breaker or the use of an additional test
sample are permitted.

Table 41 considers a relay time of 0,5 cycle of the rated frequency (10 ms at 50 Hz and
8,3 ms at 60 Hz). If the circuit-breaker fails to interrupt after the required major loop and
interrupts after the subsequent minor loop, the required maximum arcing time is extended
by the duration of this minor loop

If the behavior of the circuit breaker is so, that the required conditions are not fulfilled, the
relevant tests shall be repeated by changing the tripping of the circuit-breaker accordingly.
The total number of tests is limited to 6, when attempting to meet the above mentioned
requirements. The test duty is valid whatever arcing times have been obtained.

The circuit-breaker may be reconditioned with renewable parts before the extended
operations. An additional test sample can also be used for the extended operations.

A graphical representation of the three valid breaking operations for the first-pole-to-clear
factor 1.5 is given in Figure 35 and for the first-pole-to-clear factor 1.3 in Figure 36.
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The amplitude and the duration of the st current loop must meel the criteria stated in 6.102.10.

Figure 35 - Graphical representation of the three valid asymmetrical breaking
operations for single-phase tests in substitution of three-phase conditions in a non-
effectively earthed neutral system (first-pole-to-clear factor 1,5)
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Figure 36 - Graphical representation of the three valid asymmetrical breaking
operations for single-phase tests in substitution of three-phase conditions in an
effectively earthed neutral system (first-pole-to-clear factor 1,2 or 1,3)
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4.8.1.5 Recovery voltage

Both circuit TRV and power frequency recovery voltage must be considered when demonstrating the rating
of a circuit breaker.

The determining factors are the magnitude and the shape of the circuit TRV as a function of time, and the
magnitude and duration of the power frequency recovery voltage.

a) Power frequency recovery voltage. The power frequency recovery voltage, where possible and
unless limited by the capabilities of the test station or by the test method used, shall be equal to the
specified source side recovery voltage within an allowable tolerance of minus 5%. Higher voltages
may be used at the discretion of the manufacturer.

The power frequency recovery voltage shall be maintained, following current interruption, for at
least 20 cycles of rated power frequency for vacuum interrupters or at least 6 cycles of rated power
frequency for all other types of interrupters.

If a single-phase test is chosen for demonstrating the standard duty cycle, the test voltage, E, speci-
fied in 4.8.3 should be maintained for 1 cycle of rated power frequency, and thereafter it may be
reduced to 58% of the rated phase-to-phase voltage.

b) TRV. The inherent TRV of the test circuit shall meet or exceed the rated envelopes as defined in
IEEE Std C37.04-1999. The rated envelopes are required for rated symmetrical short circuit currents.
For short circuit currents other than rated, the envelope shall be adjusted to establish the capabilities
as stated in ANSI C37.06-1997 and ANSI C37.06.1-1997.

The inherent recovery voltage may be determined before or after the interruption tests using any suitable
method, including current injection or calculation.

NOTE—Care must be exercised to use a measuring technique that does not introduce transients to the circuit that can
increase the apparent severity of the TRV. For example, in current injection techniques a small 60 Hz current pulse is
passed through the circuit and the voltage transient is observed after the current is interrupted. The current slope should
not be deformed before current zero, nor should there be residual current flow after the current is interrupted. Such mod-
ifications to the current can add spurious transients to the measured voltage and result in an inaccurate record of the
inherent TRV of the circuit being tested.

The actual TRV measured during a circuit interruption may differ from the inherent TRV because of arc
resistance, circuit breaker impedance, etc. These circuit breaker influences are complex functions of time,
current, and voltage. The interaction between the circuit breaker and the circuit, and its modifying effects on
TRV, cannot be determined by simple calculations. The differences between the actual and inherent TRV
that can result from the interaction process are permissible.

Some circuit breakers, such as capacitors or resistors, have substantial amounts of shunt impedance specifi-
cally intended to modify the TRV. It may not be desirable to test the circuit breaker with this added imped-
ance. Therefore, a test circuit that produces the modified inherent TRV may be used to test the interrupting

device without its added impedance. Such a circuit without impedance Z is shown in Figure 6(b). This is
b

permissible provided that the test circuit and the interrupting device interact in the same manner, as would
the actual circuit interrupter with its added impedance, and that the test circuit produces the required inher-
ent TRV. The circuit breaker shall be considered to have passed the test if the actual measured TRV meets or
exceeds the modified inherent TRV (see IEC 60056-1987, Annex F).
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Figure 6—A test circuit designed to simulate the effect of
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4.8.1.6 Short-line fault test conditions

The short-line fault tests are performed on circuit breakers that are intended to be connected directly to an
overhead line.

Short-line fault tests are made on a single-phase basis. The tests may be performed on a single pole of a
three-phase circuit breaker, or in the case of hermetically sealed interrupters, on a single interrupter provided
that the conditions listed in 4.8.2.2 are met.

For these tests the bus (source) voltage should be equal to 0.58 V, and the magnitude of the short-circuit cur-
rent at the circuit breaker terminals shall be as shown in Table 1.

The peak value E = Amplitude factor = 1.4
2 for the source side component of the TRV is equal to where K a

for circuit breakers above 100 kV or 1.54 for circuit breakers below 100 kV. This amplitude is obtained for a
grounded fault at the circuit breaker terminals only. Additional line reactance is then used to reduce the cur-
rent to the test value. This reactance also reduces the amplitude of the source side component of TRV by a
factor of 1 + (K, — 1)M.
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Table 1—Single-phase or three-phase test duties for short-circuit current tests

Test Operating Test voltage Making | | @ contact %
duty duty kV KA (pk) part KA asymmetry
1 Three Os E 0.11 see 4.8.3.1
2 Three Os E 0.31 see 4.8.3.1
3 Three Os E 061 see 4.8.3.1
4 O-t-CO-t-CO E | <20
or (4a) and (4b)
4a c-t-C E Fxl
4b O-t-0-t-0 E | <20
5 Three Os E see 4.8.3.3 > 20
Single-phase tests
6 (@) .58V | <20
7 (0] .58V see 4.8.34 > 20
Single-phase short-line fault tests
8 Three Os .58V 71t0.81 <20
9 Three Os .58V 91t0.951 <20
Short-time test
10 | Closed position \ | Fxl | I for T seconds |

The sawtooth line-side component of the recovery voltage can be described in terms of:

a) The line inductance LL;

b)  Frequency fL and

¢)  Anamplitude constant, d, which is the ratio of the peak of the sawtooth component to the peak of the
voltage to ground, at the circuit breaker terminals, at the instant of interruption.

Let MI be the desired test current, where M represents the ratio of the test current to I. Then the line induc-
tance LL is:

L =———(1-M) Henrys
058V

Mwl
4)

The TRV rate of the line-side

component RL for a short-line fault is the surge impedance Z multiplied by the slope of the current at current
Zero:

R. =2 wMIZ 10 -6 )
X kV/us

If the peak amplitude constant of the line-side component is d, the brst peak, e, is:

A e=d(1-M) 2(0.58V)kV (6)
The time TL to the line-side peak is then:
T|_ = - MS
(7)
e
Re

and the frequency is:
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o
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fL= oo Hz OF @
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0.866 M wMIZ f,=
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To determine the line-side component circuit, calculate the line inductance, LL, verify that the amplitude
constant equals d, and adjust the frequency, fL, to the desired value.

The surge impedance, as specified in IEEE Std C37.04-1999, is Z = 450 Q, and the amplitude constant
d=1.6.

NOTE—w = 2mf, where f is the power system frequency. V is in kV units. | is in kKA units.

The sawtooth recovery voltage on the short-line fault transient is delayed by substation capacitance adjacent
to the circuit breaker and the line. The time delay td is 0.5 u s for breakers rated 242 kV and above, and 0.2 u s
for breakers rated below 242 kV (see IEEE Std C37.04-1999). The first line-side peak voltage, e, and the
line-side rate of rise of recovery voltage, RL, are the same as previously calculated, but the time to first peak

voltage is modified.

The ramp voltage rising at a rate RL is delayed by the time delay td. The voltage then rises linearly to nearly
peak voltage, but the peak occurs at a time (TL + 2td) as shown in Figure 7.

Ty Ty
! i

—m—- | e Slde
Recovery Voltoge

Figure 7—Short-line fault TRV with time delay

4.8.1.7 Initial TRV test conditions

The initial TRV capability may be demonstrated in conjunction with short-line fault testing. Suitable circuit
impedance may be used on the source side to obtain the initial TRV as specified in IEEE Std C37.04-1999.

Testing complexity may be reduced by using an alternate test method to demonstrate the initial TRV capabil-
ity as explained with the aid of Figure 8 and Figure 9.
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Figure 9—lllustration of equivalent short-line fault TRV on the line side

without the initial TRV on the source side

In the case where the initial TRY MEi exceeds the exponential-cosine transient for current Ml at time
(TL + td), the source-side initial TRY can be simulated by a line-side linear ramp transient without time
delay td (see Figure 8). The peak of the line-side transient shall also be increased such that the total peak

voltage across the circuit breaker at time (TL + td) is equal to the sum of the normal short-line fault peak
voltage, e, and the initial TRY MEi.
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The required line-side peak voltage e and time to peak with time delay is calculated as explained previously
in 4.8.1.6. The reduced initial TRV for the fault current MI and the total circuit breaker stress is then deter-
mined at the time (TL + td) as shown in Figure 8. An equivalent line-side TRV is then calculated assuming
only an exponential-cosine envelope for the reduced current Ml for the source side transient. The peak line-
side test voltage would be (e + ;) and the voltage should rise linearly to the value at time (TL+ td) without a
time delay as shown in Figure 9.

In the case where the reduced exponential-cosine transient for current M1 exceeds MEi at time (TL + td) then
the initial TRV can be simulated by a line-side linear ramp transient without time delay td and the peak shall
simply be e at time (TL + td).

NOTE—It is considered that the combination of shortline fault (SLF) (with the standard time delay) plus initial transient
recovery voltage (ITRV) is equivalent to a test of SLF performed with a line, without time delay (< 0.1 ps).

4.8.1.8 Control voltage

It is preferred that the minimum control voltage be used for all tests. However, it is acceptable to use a higher
control voltage to minimize the variations in the contact making and contact parting times for the purposes
of facilitating the testing procedures, provided that at least one open test is made at the maximum current
and at the minimum control voltage.

4.8.1.9 Operating pressures

a) Mechanism. For circuit breakers operated by hydraulic or pneumatic mechanisms, the minimum
operating pressure shall be used at the initiation of the operating sequence.

b) Interrupters. For circuit breakers whose interrupters use a pressurized gas as the interrupting
medium, the minimum allowable interrupter gas pressure shall be used for all tests.

4.8.1.10 Opening times

The opening time of the circuit breaker shall be measured prior to the initiation of the short-circuit tests.
These measurements shall be made with maximum control voltage and mechanism operating pressure, in
order to determine the maximum asymmetry required at contact separation (at minimum contact parting
time) in accordance with 4.8.1.3.

4.8.1.11 Conditions during single-pole tests and unit tests

During single-pole tests and unit tests the closing speed/travel, and the opening speed/travel of the contacts
in the region of arcing, shall be approximately the same as during a corresponding test on the complete
breaker. If the tests are being made on a single-pole or other part of a three-pole circuit breaker, or if the
three-phase short-circuit currents exert a signibcant inBuence on the opening and closing speeds of the cir-
cuit breaker, the opening and closing forces shall be adjusted so that the contact travel characteristics
obtained on the operating tests performed in accordance with 4.8 .5.2 shall be within a tolerance of +10% in
speed/travel and contact gap at any instant during the opening stroke between the instant of contact separa-
tion and the instant corresponding to maximum arc duration. At lower currents, the contact velocities may be
different.

If the short-circuit currents cause appreciable mechanical latch loading or velocity changes, either accelera-
tion or deceleration during opening, or deceleration during closing, and if a single mechanism operates all
poles, additional tests should be made if they can further test the ability of the circuit breaker to close and
open three-phase faults successfully.
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4.8.1.12 Grounding of the circuit breaker and test circuit

The normally grounded parts of the circuit breaker shall be grounded. In all cases, either the short circuit or
the neutral of the supply shall be grounded, but not both.

4.8.1.13 Reversal of test connections

Test connections to circuit breakers with a non symmetrical configuration shall be reversed during tests with
the short-circuit applied in turn to each side of the circuit breaker. This requirement may be complied with
by reversing the connections between tests duties 4 and 5 from Table 1.

If it can be shown that one connection is more severe than the other, then all tests may be performed under
this condition, and further reversal of the connections is not required.

4.8.1.14 Test enclosures for indoor circuit breakers

Indoor circuit breakers shall be tested in a minimum volume enclosure or in the actual switchgear vertical
section compartment equipped with the maximum complement of mechanism operated cell (MOC)
switches. Connections to the switchgear shall be made in accordance with IEEE Std C37 .20.2-1993.

4.8.2 Test methods

A three-phase short circuit, with either the source or the fault ungrounded, is usually the most desirable test
method for a circuit breaker to demonstrate its short-circuit ratings, which are based primarily on the three-
phase conditions. Because of limitations of the test facilities, both in a laboratory and in the field, there are
ratings of circuit breakers for which interrupting tests can not be conducted up to the full rating, which
includes system voltage, short circuit current, and system TRY requirements.

The test methods described below are the preferred methods. The test program shown in Table 1 shall be
applicable with any test method that is used.

4.8.2.1 Method I, three-phase tests

Method | consists of switching, by means of a three-pole circuit breaker, a three-phase circuit source of reac-
tive power, which has a recovery voltage substantially equal to the service voltage. To verify the rated short
circuit current of the circuit breaker by Method I, the test procedure given in Table 1 shall be followed.

4.8.2.2 Method I, single-phase tests

Method I1 tests a single pole of a three-pole circuit breaker with a single-phase source of reactive power. The
test is made by applying to the single pole the same currents, and substantially the same recovery voltages
that would be impressed upon the most highly stressed pole during interruption of a three-phase current by
the complete three pole circuit breaker under correspondingly similar conditions. The test procedure given in
Table 1 shall be followed.

If there is a possibility that hot gases produced by switching may cause a flashover between poles of a com-
pletely assembled circuit breaker by mingling of the exhaust gases, adequate provisions shall be included in
the single-pole tests to demonstrate that phase-to-phase flashover will not occur in service. Such a provision
might be a grounded temporary screen or barrier, conducting or semiconducting, placed near the test pole in
accordance with the specifications of the manufacturer.

Additionally, if the opening speed of the circuit breaker can be substantially altered due to back pressures
developed by each pole during the interruption of a three-phase fault, adequate allowances shall be made to
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demonstrate that the instantaneous energy requirement relationship between the interrupter and the mecha-
nism has been preserved.

4.8.2.3: Single-phase tests with splitting of test-duties in test series taking into account the
associated TRV for each pole-to-clear

It is recognized that single-phase tests in substitution of three-phase conditions are more severe
than three-phase tests because the arcing time of the last-pole-to-clear is used together with the
TRV of the first-pole-to-clear. As an alternative, the manufacturer may choose to split each test-
duty into two or three separate test series, each test series demonstrating a successful interruption
with the minimum and maximum arcing times for each pole-to-clear with its associated TRV The
standard multipliers for the TRV values for the second and third clearing poles for rated voltages
above 72.5 kV are given in Table 6. They are applicable for test duties T10, T30, T60, T100s, OP1
and OP2. Reconditioning of the circuit-breaker after each test series is permitted.

Assuming that the simultaneity of poles during all operations of the rated operating sequence is
within the tolerances of 6.11 of IEEE C37.04, for tests with symmetrical current the interrupting
window for each phase is within the band stated in Table 23, if the instant of interruption for the
first clearing pole with the minimum arcing time is taken as reference. A graphical representation
of the interrupting window and the voltage factor kp, determining the TRV of the individual pole,

is given for terminal fault in Figure 37 for systems with a first-pole-to-clear factor of 1.3 and in
Figure 38 for systems with a first-pole-to-clear factor of 1.5.

Table 6 — Standard multipliers for transient recovery voltage values for second and
third clearing poles for rated voltages above 1 kV

First-pole-to-clear Multipliers
factor na - rd ;
2"% clearing pole 3" clearing pole
Kop
RRRV u RRRV u

C C

For effectively earthed systems

1.3 (Terminal fault) 0.95 0.98 0.70 0.77
2.0 (Out-of-phase)

For non-effectively earthed systems

1.5 (Terminal fault) 0.70 0.58 0.70 0.58
2.5 (Out-of-phase)

Table 23 — Interrupting window for tests with symmetrical current

First-pole-to-clear

First clearing pole

Second clearing pole

Third clearing pole

2.0 (Out-of-phase)

factor ° ° o
1.5 (Terminal fault) 0-42 90 - 132 90 - 132
2.5 (Out-of-phase)
1.3 (Terminal fault) 0-42 77 -119 120 - 162
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Figure 37 — Graphical representation of the interrupting window and the voltage
factor kp, determining the TRV of the individual pole, for systems
with a first-pole-to-clear factor of 1.3
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Figure 38 — Graphical representation of the interrupting window and the voltage
factor kp, determining the TRV of the individual pole, for systems
with a first-pole-to-clear factor of 1.5

4.8.2.4 Method lll, unit tests

When the full series of short-circuit current interrupting tests can not be made by Method | or Method 11, and
when the pole that accomplishes the interruption incorporates several identical and relatively independent
interrupting units connected in series, the unit test method may be used to verify the interrupting perfor-
mance of the circuit breaker.

Similarly, if each pole that closes the circuit incorporates several identical and relatively independent making
units in series, this method may be used to indicate the making capacity of the circuit breaker. The test pro-
cedure given in Table 1 shall be followed.

The validity of unit tests depends on how closely the conditions imposed on the test unit approximate the
most severe conditions that would be imposed on the unit when used as an integral part of a three-pole cir-
cuit breaker subjected to the simulated voltage, current, and operating duty.

Tests made in accordance with Method 111 do not evaluate the possibility that hot gases produced by inter-
ruption can cause a flashover through a path other than a normal arcing path. Knowledge of the characteris-
tics of a particular circuit breaker design may permit demonstration of its adequacy in this respect by special
test arrangements, but it is impractical to prescribe tests that will be valid for any design of circuit breaker
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and that are within the limitations of available test facilities.

4.8.2.4.1 Conditions that make unit testing possible

a)

b)

<)

d)

Nature of the units. When all units of the circuit breaker are effectively identical in their shape,
dimensions, and conditions of arc extinguishing medium (temperature, pressure, flow velocity, etc.),
tests may be made on a unit or group of units under the most severe conditions of recovery voltage.
These conditions would be imposed on any such unit or group in a corresponding test on the com-
plete circuit breaker with due consideration for the effects of circuit grounding and adjacent objects
and of any distortion of voltage distribution by current magnitude, recovery transient frequency, or
post-arc conductivity.

When all units are not identical, tests may be made on each type of unit up to the most severe condi-
tions of recovery voltage that would be imposed on any unit of that type with due consideration to
the effects listed in the preceding paragraph. Units may be tested in groups, provided that each unit
is subjected to its required recovery voltage conditions.

Simultaneity of operation. The mechanical operation of the contacts should be such that all contacts
performing the same function in a pole unit touch on closing within an interval of one quarter of a
cycle of the applicable rated power frequency and separate on opening within an interval of one
sixth of a cycle of the corresponding rated power frequency. If a circuit breaker uses a supply of arc-
extinguishing medium, from a source external to the units, the arc-extinguishing action in all units of
one pole should start within an interval of one sixth of a cycle.

Supply of the arc-extinguishing medium. For circuit breakers using a supply of arc extinguishing
medium from a source external to the units specified in item b), the test should be made in such a
way that neither the supply of the arc-extinguishing medium to the unit or units under test nor the
freedom of exhaust of the arc products is increased as a result of the absence of arcing in other units
normally connected in series with the unit or units under test.

Exhaust conditions. lonized gases or vapors that may be present in the exhaust should be so dis-
charged that they cannot cause malfunctioning of adjacent units in the same or other phases, or fail-
ure of the circuit breaker as a whole by flashover, either partially or totally, through exhaust gases.
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4.8.2.4.2 Determination of voltage distribution

The required test voltage is dependent upon the voltage distribution among the breaks of a multibreak circuit
breaker. Consequently, this distribution should be determined for the types of tests to be made and, when the
breaks are not symmetrically arranged, the voltage distribution with the connections reversed shall be evalu-
ated. The types of tests may include making and interrupting tests that can be made on one or more interrupt-
ers as well as on complete poles.

The range of frequencies or rates of rise and amplitudes of the TRVs should be determined; these determina-
tions may be made by suitable means, such as voltage or current injection with little or no current through
the circuit breaker. Their validity may be tested by the following comparison: Three single-pole tests in
which a complete pole interrupts the maximum current available at 0.87 or 0.75 (see 4.8.3) times the rated
maximum voltage are compared with three single-pole tests in which the same current is interrupted by a test
unit with power frequency and TRVs equal to those determined for the most highly stressed corresponding
unit by the voltage distribution measurements. The performance should be equivalent. For example, if the
asymmetry of the currents is the same and if the current zeros occur at the same times after contact parting,
the arcing times should be equal.

If one half or another fraction of a pole unit can be tested to a higher current with full calculated recovery
voltages, three interrupting tests on it can be compared with three interrupting tests on a smaller unit at the
same current and with power frequency and TRVs equal to those determined for the most highly stressed
unit for the test condition used for the fractional pole test. The number of breaks and the test circuits avail-
able determine the number of comparative tests that can be made to validate the measurements of voltage
distribution. These validation tests may also qualify for demonstrating some of the test duties.

For short-line fault unit tests the voltage distribution shall be calculated or measured statistically on the basis
of a voltage on the line side at the fundamental frequency of the line oscillation and a voltage on the source
side at the equivalent frequency of the TRV for terminal faults, the common of the two voltages being at
ground potential.

4.8.2.4.3 Factors modifying voltage distribution

a) InBuence of circuit grounding and adjacent objects. For circuit breakers in which the units are not
arranged symmetrically with respect to ground, the voltage distribution between the different units
may vary according to the position of a fault to ground in relation to the circuit breaker.

To take into account the inBuence of such an unsymmetrical arrangement, where it exists, determi-
nation of the voltage distributions should be made with each of the terminals of the pole of the cir-
cuit breaker successively connected to ground.

Furthermore, for all circuit breakers, except those in which all units of each pole are contained in a
metal enclosure connected to ground, the voltage distribution may vary with the proximity of adja-
cent objects.

Unless all the parts of a pole are contained in a grounded metal enclosure or unless the units are
shunted by resistors or capacitors of sufpciently low impedance to render the voltage distribution
independent of the proximity of adjacent objects, the tests should be made under the following
conditions:

1) If the test is made on the center pole, all the breaks of the other poles should be shunted and
their metal parts grounded.

2) If the test is made on an outer pole or on a single pole of a circuit breaker, a conducting or semi-
conducting partition should be placed near the tested pole at a distance speciPed by the manu-
facturer.
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b) Effect of post-arc conductivity. Post-arc conductivity may influence the proper determination of the
voltage distribution among the units for some ms after current zero. The validating tests specified in
4.8.2.3.2 will detect any effect of post-arc conductivity on the performance of the circuit breaker at
the current at which the comparison is made.

4.8.2.4.4 Choice of units to be tested and the test voltage

A complete circuit breaker, or a complete pole of a circuit breaker, shall be available and operated during the
tests.

a) Interrupting tests

1) Choice of the units for test. Unit tests are usually made on the maximum number of units in
series that can be tested at the testing facility, up to the currents corresponding to the required
symmetrical and asymmetrical interrupting capabilities of a circuit breaker with a TRY as spec-
ified in 2).

2)  Recovery voltage. The recovery voltage across the terminals of the test unit or group of units in
series should not be less than the highest recovery voltage recorded across the corresponding
number of units in series during the determination of the voltage distribution among the units,
taking into consideration the influence of adjacent objects, grounding conditions, and the influ-
ence of external pollution.

If, when testing a group of units, the voltage distribution among the different units is more uni-
form than in the tests on the complete circuit breaker with reduced currents, the voltage at the
terminals of the group should be increased so that the recovery voltage at the terminals of a unit
is at least equal to the recovery voltage occurring on the most highly stressed unit in the com-
plete pole of the circuit breaker.

b) Making tests

1)  Choice of units for test. Unit tests are usually made on the maximum number of units in series
which can be tested at the testing facility, up to the current corresponding to the required mak-
ing capability of the circuit breaker at the initial voltage specified in 2).

2) Initial voltage. The initial voltage across the terminals of the test unit or group of units in series
should be not less than the highest voltage recorded across the corresponding number of units
in series during the determination of the voltage distribution among the units.

If, during the making tests, the prestrike arc duration is shorter than in tests carried out on the
complete circuit breaker, additional making tests should be made with an increased initial volt-
age so that the arc duration is at least equal to that obtained on the complete circuit breaker.

4.8.2.5 Method IV, pre-tripped tests

Pre-tripping may be used with any of the other methods of testing circuit breakers as a means of increasing
the amount of current and voltage available on a test circuit. The tripping impulse is applied to the circuit
breaker before the inception of the short circuit, so that the contacts of the circuit breaker part sooner after
initiation of the short circuit than would otherwise be possible. The short-circuit current during the arcing
period then has the higher ac component and, with proper timing, a higher dc component, which is available
from the generator under this condition.

4.8.2.5 Method V, multi-part testing
If all recovery voltage requirements for the given test-duty cannot be met simultaneously, the test may be
carried out in two successive parts, for example as illustrated in Figure 43.

In the first part the initial portion of the TRV shall not cross the straight line defining the delay time and shall
meet the specified reference line up to the voltage u; and the time t;.

In the second part, the voltage u.and the time t, shall be attained.

Multi-part testing may also be carried out in order to obtain the power frequency recovery voltage of for
terminal fault after one half-cycle of rated frequency during single-phase tests in substitution for three-phase
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tests.

The number of tests for each part shall be the same as the number required for the test-duty, and the arcing
times for each part shall meet the requirements of XXX. The arcing times in separate tests forming part of
one multi-part test shall be the same with a tolerance of £1 ms. Moreover if the minimum arcing time in one
part differs from that established in the other part by more than 1 ms then the maximum arcing time
associated with the longer of the two minimum arcing times shall be used for both parts.

When multi-part testing is used to meet separately the requirements for TRV and for the power frequency
recovery voltage, during tests with power frequency recovery voltage it is not necessary to search for the
minimum arcing time. Arcing times shall be based on the minimum arcing time obtained during tests with
TRV.

The circuit-breaker may be re-conditioned between the parts of the multi-part testing procedure.

In rare cases, it may be necessary to perform the test in more than two parts. In such cases, the principles
stated above shall be applied.

Uc

(kv) N

Uy

vt o4 2 —> t(ms)

Figure 43 — Example of prospective test TRV-waves and
their combined envelope in two-part test

4.8.2.6 Method VI, synthetic tests

Synthetic tests are tests in which a relatively low-voltage source supplies short-circuit current to the circuit
breaker up to the time of interruption, and a source capable of supplying a high recovery voltage is applied to
the circuit breaker at about the time of interruption (see IEEE Std C37.081-1981). Thus, the circuit breaker
has the duty of carrying the high short-circuit current of the low-voltage source up to the time of arc
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interruption and must then withstand the high recovery voltage of the second source. In this manner, the duty
of interrupting the high current at the high voltage is simulated.

The accuracy with which a synthetic test represents a test in which the same voltage causes the current to
RBow and provides the recovery voltage, as in Methods | and Il, depends on several conditions. These are
listed below and must be considered in planning and evaluating a synthetic test.

a) The arc voltage should be relatively low and should cause little or no distortion of the current wave.
Since the magnitude of the arc voltage is larger with respect to the voltage of the current source than
it is with respect to the voltage of the circuit being represented, the arc voltage has a greater effect in
reducing the magnitude and shortening the duration of those loops of current during which arcing
takes place. If the current distortion is appreciable, the interrupted current assigned to the test should
be the product of the value measured in the conventional way, at contact parting, and a factor that
compensates for the distortion.

b) The TRV should appear across the terminals of a pole unit in the same manner as the TRV does in
the tests made in accordance with Methods | and 1, and that is:
1) It should appear at the precise instant of arc extinction.

2) The circuit TRV should increase at least as rapidly and to at least as high a value as the circuit
TRV being simulated.

3) The parameters of the high-voltage sources should be such that the effect of post-arc conductiv-
ity on the TRV is no greater than that in the circuit being simulated; or failing this, the charac-
teristics of the TRV should be judged on the basis of the actual voltage appearing across the
circuit breaker contacts instead of the circuit TRV.

¢) The arcing time should be controlled so that it covers the range of arcing time that will occur when
the circuit breaker actually interrupts the power being simulated.

4.8.3 Test duties

The test duties used to demonstrate the performance of a circuit breaker are listed in Table 1, where the test
parameters are identibed as follows:

a) Test voltage, E (for test duties 1 through 5)
1) For three phase tests, E=
rated maximum voltage, V.

2) For single phase test, E =0.87 x rated maximum voltage V for circuit breakers
rated 100 kV and below

E = 0.75 x rated maximum voltage V for circuit breakers rated above 100 kV
where V = rated maximum voltage as given in ANSI C37.06-1997.
b) Test current, I, is equal to the maximum rated rms symmetrical interrupting current.
c) Time,t, is equal to:
1) 15 s for circuit breakers that are not rated for re closing duty; and
2) 0.3 s for circuit breakers rated for re closing duty.
d) Time, t', is equal to 3 min.

e) Time, T, is equal to the specibed time shown in IEEE Std C37.04-1999 under the subclause for
Rated closing, latching, and short-time current carrying capability.

f) F =2.6 for 60 Hz or 2.5 for 50 Hz.
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4.8.3.1 Test duties 1, 2, and 3

Test duties 1, 2, and 3 shown in Table 1 consist of at least two symmetrical (< 20% dc) and one asymmetrical
(between 40% and 60%) current interruption tests made with the appropriate current values, where | repre-
sents the rated short circuit interrupting current value. At the discretion of the manufacturer, the tests may
also be performed asa O -t - CO - t' - CO, provided that for two opening operations the test current must be
symmetrical at the time of contact part. In the case of three-phase tests the symmetry requirement is applica-
ble only to one of the phases. For convenience in testing it is permissible to perform three C - O operations
or a complete duty cycle O -t - CO - t' - CO instead of the O operations.

These tests demonstrate the capability of the circuit breaker for switching low magnitudes of symmetrical
short-circuit currents. The circuit TRY used in test duties 1, 2, and 3 shall be in accordance with the related
capability envelope given in IEEE Std C37 .04-1999 and modified in accordance with the corresponding
TRY multipliers given in ANSI C37.06-1997 or ANSI C37.06.1-1997.

48.3.2 Testduty 4

Test duty 4 in Table 1 demonstrates the standard operating duty and/or the re closing duty cycle at rated
short-circuit capability by interrupting a symmetrical current | of the rated value with a power frequency
recovery voltage associated with the rated maximum voltage and with a circuit TRY defined by the rated or
adjusted exponential-cosine envelope for circuit breakers rated above 100 kY, or by the rated or adjusted,
one minus-cosine envelope for circuit breakers rated 100 kY and below.

For these tests the current must be symmetrical (< 20% dc) at the time of contact part for all three opening
operations. This requirement can be met by delaying the opening, which follows the close operation.

In the event that operating test duty 4 cannot be performed as shown, due to limitations of the test laboratory,
the alternate methods 4a and 4b may be applied.

Refer to 4.8.1.4 for specific requirements for demonstrating the most severe switching conditions.

4.8.3.3 Test duty 5

Test duty 5 in Table 1 consists of three asymmetrical opening operations made not more than 15 min apart.
The required degree of asymmetry shall be determined in accordance with Figure 1 and where the elapsed
time from fault initiation shall be equal to 1/2 cycle of rated power frequency plus the actual measured open-
ing time of the circuit breaker with maximum control voltage.

The required dc component must be attained at the time of contact separation in one phase during one of the
interruptions.

Refer to 4.8.1.4 for specific requirements for demonstrating the most severe switching conditions.

4.8.3.4 Test duties 6 and 7

Test duties 6 and 7 in Table 1 are single-phase tests made at 58% of the maximum rated voltage. These tests
are intended to demonstrate the capabilities of the circuit breaker for interrupting a single phase-to-ground
fault under the most severe switching condition for the circuit breaker.

Test duty 6 is performed with a symmetrical current equal to the maximum rated symmetrical rms current
and with a maximum arcing time as indicated in 4.8.1.4.1.

Test duty 7 is made with an asymmetrical current having a dc component, which is determined as described
in 4.8.1.3, and a maximum arcing time corresponding to those specified in 4.8.1.4.2.
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Test duties 6 and 7 are not required if test duties 4 and 5 are made on a single-phase basis.

4.8.3.5 Test duties 8 and 9

Test duties 8 and 9 in Table 1 are single-phase tests made at 58% of the maximum rated voltage. These tests
are intended to demonstrate the short-line fault capability of the circuit breaker.

4.8.4 Tests for short-circuit current required related capabilities

See IEEE Std C37.04-1999.

4.8.4.1 Closing and latch tests

The required capability to close against a fault current, and to latch closed, as specified in
IEEE Std C37.04-1999, is demonstrated by performing a closing test where the peak current has a value
equal to 2.6 x | for 60 Hz or 2.5 x | for 50 Hz.

The test may be performed as part of test duty 4 or its alternates. The latching portion of the test is demon-
strated by sustaining the current flow after the closing operation for a duration equivalent to at least 10 cycles
of the rated power frequency. When closing and latching is not done as part of test duty 4, upon completion
of the closing and latching test the circuit breaker shall be allowed to cool for at least five minutes and then it
shall be opened under no-load conditions to demonstrate that welding of the contacts has not occurred. The
circuit breaker will have passed the test provided it opens successfully.

For circuit breakers where all three poles are operated by a common operating mechanism, these tests shall
be performed using either of the following two methods:

a) Using athree-phase source circuit where the maximum offset current is applied to one of the outer
phase poles; or

b)  Using a single-phase source circuit where two poles are connected in parallel and then in series with
the third pole. The single pole in the series connection shall be one of the outside poles of the circuit
breaker.

For circuit breakers whose poles are independently operated, only a single-phase test source is required.

4.8.4.2 Short-time current carrying tests

The required short-time current carrying capability of a circuit breaker is demonstrated by test duty 10 in
Table 1. The duration of the current flow shall be in accordance with the requirements of
IEEE Std C37.04-1999 and ANSI C37.06-1997. In some cases, the duration of the test demonstrating the
short-time current carrying capability may not be exactly as specified. However, since the heating of the
current carrying parts is very nearly proportional to i?dt and the cooling time is relatively short, the test is
valid if the duration of the short circuit current is within 25% of the specified time and the product of
i2 is equal or greater than the product of the originally specified parameters (see 7.1.6).
i2
AT BT

4.8.4.3 Service capability and circuit breaker condition

The capability of a circuit breaker to meet its service capabilities as required in IEEE Std C37.04-1999 is
demonstrated by obtaining the summation of all the currents that have been interrupted by the same inter-
rupter during the performance of the test duties listed in Table 1 (interruption tests for calibration and inter-
ruption tests performed at reduced voltage may be included in accumulated current summation). In some
cases it may be necessary to perform additional tests to fulfill this requirement.
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4.8.5 Condition of circuit breaker tested

At the initiation of the short-circuit test program the circuit breaker shall be new and in good condition.

4.8.5.1 Circuit breaker to be used for test

The circuit breaker shall be representative of the type, style, or model, as required for all design tests.

Indoor circuit breakers shall be tested in their minimum size enclosures or in a switchgear vertical section
compartment.

4.8.5.2 Circuit breaker operating characteristics prior to test initiation

The following circuit breaker characteristics shall be measured and recorded prior to the initiation of inter-
ruption tests:

a)  Opening time and opening contact speed/travel with rated control voltage and mechanism operating
pressure (if applicable);

b)  Opening time and opening contact speed/travel with maximum control voltage and maximum mech-
anism operating pressure (if applicable);

¢) Closing contact speed/travel with minimum mechanism operating pressure (if applicable); and
d) Contact resistance.

4.8.5.3 Reconditioning of circuit breaker during testing

The expendable parts of a circuit breaker may be replaced during a test series, except that no reconditioning
is permitted until the summation of the interrupted currents in one pole equals or exceeds the required ser-
vice capability (see 4.8.4.3).

4.8.5.4 Circuit breaker operating characteristics after test

The circuit breaker opening time shall be measured and recorded at the completion of interruption tests and
they shall be compared to those measured and recorded at the initiation of the tests (see 4.8.5.2).

4.8.5.5 Condition of circuit breaker after test
After completion of the prescribed design tests, the circuit breaker shall be in the following condition:

a) The circuit breaker shall be in substantially the same mechanical condition as it was before the per-
formance of the required duty cycles.

b)  The circuit breaker shall be capable of withstanding its rated maximum voltage in the open position
and of carrying its rated continuous current without exceeding its rated temperature rise by more
than 10 ° C. The circuit breaker shall be deemed to be capable of carrying its rated continuous current
without exceeding its rated temperature rise if the resistance of the continuous current carrying cir-
cuit meets the limitation in item d). If this condition is not met then a continuous current carrying
test in accordance with 4.3 is required.

¢) The circuit breaker shall be capable of withstanding a one minute power frequency, or a modibed
impulse voltage test as specibed below in 4.8.5.6.

d) The resistance of the continuous current carrying circuit, from terminal to terminal when measured
with a dc current source where at least 100 A are Rowing, shall be less than 200% of the maximum
value given by the manufacturer.
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e) The opening time of the circuit breaker shall not exceed 110% of the corresponding initial value
measured before the test.

4.8.5.6 Voltage withstand tests
The tests described below shall be performed after completion of short-circuit current interruption tests.

a)  For circuit breakers rated below 72.5 kV:
A one-minute power frequency withstand tests at 80% of the original rated withstand value.

b)  For circuit breakers rated 72.5 kV and above, but below 362 kV:

A withstand test applying a test voltage having a peak value equal to 80% of the product of N2
times the rated power frequency withstand voltage. The waveform shall be similar to that of the
applicable rated TRV as used in test duty 1 of Table 1.

c)  For circuit breakers rated 362 kV and above:

An impulse voltage test with a peak voltage equal to 90% of the rated switching impulse withstand
voltage. The waveform for this test shall be the same as that used for switching impulse tests.

The IEC 60056-1987 test method outlined below can be used as an alternate demonstration of capability.

a)  For circuit breakers rated 72.5 kV and below:
A one-minute power frequency withstand test at 80% of the original rated withstand value.

b)  For circuit breakers rated above 72.5 kV, and up to 245 kV:

An impulse voltage test with a peak voltage equal to 60% of the corresponding rated lighting
impulse. The waveform shall be similar to that of the applicable rated TRV as used in test duty 1 of
Table 1.

c)  For circuit breakers rated above 300 kV and up to 420 kV:

An impulse voltage test with a peak voltage equal to 80% of the corresponding rated switching
impulse. The waveform shall be similar to that of the applicable rated TRV as used in test duty 1 of
Table 1.

d)  For circuit breakers rated 550 kV and up to 800 kV:

An impulse voltage test with a peak voltage equal to 90% of the corresponding rated switching
impulse. The waveform shall be similar to that of the applicable rated TRV as used in test duty 1 of
Table 1.

4.8.6 Suggested short-circuit current interruption performance data form

Test data is preferably presented in a form with an accompanying tabulation of pertinent data similar to that
shown in Annex A.

4.9 Load current
4.9.1 Load current switching test conditions

Load current switching tests shall be made under the following conditions to demonstrate the capability of
the circuit breaker to switch load currents such as may be encountered in normal service:

a)  The test current levels shall be at:
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1) 3to 7% of the rated continuous current; and
2) 95 to 100% of the rated continuous current.
b)  The power factor of the test circuits shall be 80% lagging or less with a parallel connected load.

NOTE—Tests at lower power factors are not required but may be made at the option of the manufacturer.

c) For three-phase tests, three close-open operations shall be made at each current level. For single-
phase tests, nine close-open operations shall be made at each current level with the contact parting
time to be varied by 30 ° intervals, on one reference phase, between tests.

d) If three-phase tests are made, they shall be made with power frequency initial and recovery voltages
at least equal to the rated maximum voltage of the circuit breaker. If single-phase tests are made,
they shall be made with power frequency initial and recovery voltages at least equal to 87% of the
rated maximum voltage.

e) If three-phase tests are made, either the neutral of the switched circuit or of the supply shall be
ungrounded except in the case of circuit breakers, which are only intended for grounded neutral ser-
vice, or where otherwise specified.

f)  The normally grounded parts of the circuit breaker shall be grounded.

g) If the interrupter or interrupters are not symmetrical with respect to the terminals, part of the tests
shall be made with the source connected to one side of the circuit breaker and then repeated with the
source connected to the other side of the circuit breaker.

NOTE—If the most severe configuration has been previously determined during short circuit testing, then that
side shall be used for all tests.

h)  The tests shall be made at rated power frequency.

i)  All tests shall be made at rated control voltage and operating gas or oil mechanism pressure, if
applicable).

j)  Withall interrupters using pressurized gas, all operations shall be made to demonstrate the circuit
breaker capability for interrupting load currents at the minimum pressure of the interrupting
medium.

4.9.2 Load current endurance switching tests

Load current endurance switching tests may be made to determine the capability of a circuit breaker of per-
forming the number of load switching operations shown in ANSI C37.06-1997 by opening the circuit
breaker and interrupting a current equal to the rated continuous current at rated maximum voltage with a
power factor between 80% leading and 80% lagging and by closing circuits having making currents of 600%
of rated continuous current. A demonstration of this capability is not required if the circuit breaker has suc-
cessfully met the service capability requirement (see 4.8.4.3).

NOTE—The following clause covering capacitor current testing has been carried over without change except for clause
renumbering from the 1979 publication. This clause is expected to change in the future as a result of a major harmonized
revision that is now being prepared by a joint IEEE and IEC working group.

4.10 Capacitor switching current tests

The capacitance current switching rating of a circuit breaker may be demonstrated by laboratory or field
tests. The conditions for making the laboratory tests with static capacitors are described below and in
Tables 2 and 3.

If field tests are made, they shall be conducted in accordance with the applicable portions of the procedure
outlined for laboratory tests insofar as practicable for the rating or capability being demonstrated.
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Design tests may be conducted at values in excess of rating. However, in conformance tests, field tests, or in
service, the circuit breaker is not required to have the capability of passing tests or performing at values that
exceed the applicable ratings or related required capabilities.

Table 2—Three-pole capacitance current switching tests

Percent of Number and
Test duty p;lr;;;_\{g];gsse ca ?cti(tegnce type of Interrupter Circuit
(see 4.10.11) (@) sx?vi tching operations pressure grounding
current ©hk

1A Isolated capacitor 2

bank or cable YraS O 240 Rated f
switching +A

1B Isolated capacitor 2

bank or cable V. 100 (d) 24C-0 Rated (e) f
switching 1+A

2A Back-to-back 2

capacitor bank or cable V. 30 240 Rated (4]
switching 1+A

2B Back-to-back 2

capacitor bank or cable V. 100 (b, d, j) 24C-0 Rated (e) f
switching 1+A

3A Open wire line 2

charging current V. 30 (j) 24 0 - C(i) Rated (9)
switching 1+A

3B Open wire line 2

charging current V. 100 (d, j) 24C-0 Rated (e) (9)
switching 1+A

a Letters in parentheses correspond to those in the explanatory NOTES.

NOTES—

V = Rated maximum voltage (IEEE Std C37.04-1999).
A = Voltage regulation factor (see 4.10.4.1).

a) Test circuit voltage with test circuit breaker open but with bus capacitor bank connected for back-to-back tests in
test duty 2 (see 4.10.4.1).

b) Rated transient inrush current on closing.

¢) Type of operations:
At 30% of ratings—Open [see NOTE i) for test duty 3A]; and
At 100% of ratings—Close-open, allow sufficient time before tripping for closing transient currents to decay.

d) For circuit breakers with non symmetrical insulation paths, reverse terminal connections for half of 100% opera-
tions (see 4.10.9).

e) Interrupter pressure shall be minimum for three operations (see 4.10.6).

f)  Grounding: source neutral grounded; capacitor bank neutral grounded for circuit breakers rated 121 kV and above
(see 4.10.8).

g) Grounding: source neutral grounded; neutral of one half of the capacitive load ungrounded, neutral of one half of
the capacitive load grounded (see 4.10.8). The recovery voltage across the first phase to interrupt should be 2.4
times Ex (phase).

h)  The operations specified shall include the following:

1) Two interruptions, each with contact separation at 30° intervals over the current loop: 0°, 30°, 60°, 90°, 120°,
150 * in one reference phase.
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2) Six interruptions with contact separation at the point on the current wave, +7.5°, which, as determined above,
resulted in the shortest capacitance current arcing time in the first phase to clear, not including reignition or
restrike.

3) Six interruptions with contact separation at the point on the current wave, +7.5°, which, as determined above,
resulted in the longest capacitance current arcing time in the first phase to clear, not including reignition or
restrike. This is considered equivalent to 50 random three-phase operations.

4) During these tests, the performance specified in performance on capacitance current switching for definite pur-
pose circuit breakers (see IEEE Std C37 .04-1999) will be considered to have been met if there is no more than
one operation with an overvoltage greater than the allowable limit. For general purpose circuit breakers
(IEEE Std C37.04- 1999) the performance will be considered to have been met if there are no operations with
overvoltages greater than the allowable limit.

i)  For circuit breakers rated for instantaneous reclosing, these operations are to be made with a duty of Open - 0 s - Close
to demonstrate the circuit breaker’s capability during high-speed reclosing when the unfaulted phases of a line may
have a trapped voltage charge. The reclosing time shall be rated reclosing time for the circuit breaker under test
(IEEE Std C37.04-1999).

j)  Iftests are made with lumped capacitor banks to simulate transmission lines or cables, the test circuit may be mod-
ified to limit current surges on closing to those obtained when closing into the surge impedance of a line or cable.

k)  For circuit breakers equipped with shunting resistors, the thermal capability of the resistors must be considered in
determining the time interval between tests.

Table 3—Single-pole capacitance current switching tests

Percent of rated Number and
Test duty Test voltage capacitance type of Interrupter Circuit
(see4.10.11) (a, by switching operations pressure grounding
current (d,g, k)
1A Isolated 2
capacitor switching 0588V LAl 30 240 Rated (h)
1B Isolated 2
capacitor switching 0588V 1+A, 100 (e) 24C-0 Rated (f) (h)
2A Back-to-back cable 0588V 2 20 240 Pated -
switching 1+ A1
2B Back-to-back cable 2 .
switching 0BV A | 10EeD 24C-0 Rated (f) ()
3A Open wire line 2 ) _
switching 0588V Ten | ¥ () 240 -C (i) Rated (h)
3B Open wire line 2 ]
switching 06BV-——— | 100(e.)) 24C-0 Rated (f) (h)

a Letters in parentheses correspond to those in the explanatory NOTES.

NOTES—

V = Rated maximum voltage (IEEE Std C37.04-1999).
A1 = Voltage regulation factor (see 4.10.4.2).
B = Voltage multiplying factor (see 4.10.4 .2).

a) Test circuit voltage with test circuit breaker open but with bus bank connected for back-to-back bank tests in test
duty 2 (see 4.10.4 2).
b) Voltage multiplying factor: For shunt capacitor bank switching tests, the voltage multiplying factor is:
B = 1.5 for circuit breakers rated 72 5 kV and below; and
B = 1.0 for circuit breakers rated 121 kV and above.
For transmission line charging current switching tests, the voltage multiplying factor is B = 1.2.
c) Rated transient inrush current on closing.
d) Type of operations:
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At 30% of ratings—Open [see NOTE i) for test duty 3A]; and
At 100% of ratings—Close-Open, allow sufficient time before tripping for closing transient currents to decay.

e) For circuit breakers with non symmetrical current path, reverse terminal connections for half of 100% operations
(see 4.10.9).

f) Interrupter pressure shall be minimum for three operations (see 4.10.6).

g) The operations specified shall include the following:

1) Two interruptions, each with contact separation at 30° intervals over the current loop: 0°, 30°, 60°, 90°, 120°,
150°.

2) Six interruptions with contact separation at the point on the current wave, +7.5°, which, as determined above,
resulted in the shortest capacitance current arcing time, not including reignition or restrike.

3) Six interruptions with contact separation at the point on the current wave, +7.5°, which, as determined above,
resulted in the longest capacitance current arcing time, not including reignition or restrike.

4) This is considered equivalent to 50 random three-phase operations.

During these tests, the performance specified in performance on capacitance current switching for definite purpose
circuit breakers (IEEE Std C37 .04-1999) will be considered to have been met if there is no more than one operation
with an overvoltage greater than the allowable limit. For general purpose circuit breakers (IEEE Std C37.04-1999)
the performance will be considered to have been met if there are no operations with overvoltages greater than the
allowable limit.

The transient overvoltage factor shall be calculated by dividing the peak transient voltage by the line-to-ground
peak value of the average of the open and closed circuit test voltage.

h) Circuit grounding: Test circuit may be grounded (see 4.10.8).

i) For circuit breakers rated for instantaneous reclosing, these operations are to be made with a duty of Open - 0 s -
Close to demonstrate the circuit breaker’s capability during high-speed reclosing when the unfaulted phases of a
line may have a trapped voltage charge. The reclosing time shall be the rated reclosing time for the circuit breaker
under test (IEEE Std C37.04-1999).

J) If tests are made with lumped capacitor banks to simulate transmission lines or cables, the test circuit may be mod-
ified to limit current surges on closing to those obtained when closing into the surge impedance of a line or cable.

k) For circuit breakers equipped with shunting resistors, the thermal capability of the resistors must be considered in
determining the time interval between tests.

4.10.1 Demonstration of conformance with rated transient overvoltage factor

4.10.1.1 Method of demonstration by measurement of overvoltages

The ability of a circuit breaker design to meet its rated transient overvoltage factor shall be demonstrated by
making the required series of capacitance current switching tests on an essentially lossless circuit (no resis-
tance intentionally added). The peak transient overvoltage for each test shall be measured between the cir-
cuit breaker disconnected terminals and either the neutral of the capacitance bank or ground. The transient
overvoltage factor for each test shall then be calculated by dividing the peak transient voltage by the phase-
to-neutral peak value of the average of the open and closed circuit test voltages. Although the rated transient
overvoltage factor is based on the operating line-to-neutral peak voltage prior to opening, the average value
of open and closed circuit voltages must be used to properly relate test laboratory conditions to actual ser-
vice conditions

4.10.1.2 Current pause method of demonstrating performance

An alternate method of demonstrating performance, on circuit breakers rated 121 kV and above, is to count
restrikes and measure the time duration of intervals of zero current between circuit interruptions and restrik-
ing. This is of particular value in cases where overvoltages have not been measured or where the overvoltage
measurement is in doubt. This method may be used at the option of the manufacturer. The details of this
method are as follows.
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4.10.1.2.1 General-purpose circuit breakers

a) For circuit breakers not equipped with arc shunting resistors, there shall be no multiple restrikes.
b)  For circuit breakers equipped with arc shunting resistors of essentially constant value, restrikes
through the primary or secondary arcing contacts shall fall within the following limitations.
1)  Primary arcing contacts (during insertion of the arc shunting resistors). For capacitance cur-
rents greater than

231 phase-to-phase_operating VI A 9)
1 r
\pole-unit arc shunting resistance Qthere shall be no more than one restrike through the primary arcing

contacts. For capacitance currents equal to or less than this value, multiple restrikes through the
primary arcing contacts are permissible.

9) Secondary arcing contacts. For switching of unloaded open wire lines, there shall be no more
than one restrike through the secondary arcing contacts, except that if the pole unit arc shunting
resistance exceeds 110 Q, multiple restrikes through the secondary arcing contacts are
permissible.

For switching of cables and shunt capacitor banks, there shall be no more than one restrike
through the secondary arcing contacts for capacitance currents less than

o.10fphase-to-phase operating V/pole-unit arc shunting resistance_Q.A 10
circuit breaker rated short-circuit current A (10)
For switching of cable and shunt capacitor bank currents equal to or greater than this value,
multiple restrikes through the secondary arcing contacts are permissible.

4.10.1.2.2 Debnite-purpose circuit breakers

a)  For circuit breakers not equipped with arc shunting resistors, there shall be no more than one restrike
per operation, and that restrike shall not be preceded by a current pause in excess of 1/3 cycle.

b)  For circuit breakers equipped with arc shunting resistors of essentially constant value, restrike
through the primary or secondary arcing contacts shall fall within the following limitations.
1) Primary arcing contacts (during insertion of the arc shunting resistors). For capacitance cur-
rents greater than

0.98 phase-to-phase operating V| o 1)
1
-
\pole-unit arc shunting resistance
Qthere shall be no more than one restrike through the primary arcing contacts and that restrike

shall not follow a current pause greater than that given in Figure 10.

For capacitance currents equal to or less than this value, multiple restrikes through the primary
arcing contacts are permissible.

2)  Secondary arcing contacts. For switching of unloaded open wire lines, there shall be no more
than one restrike through the secondary arcing contacts and that restrike shall not follow a cur-
rent pause greater than 1/3 cycle, except that if the pole unit arc shunting resistance exceeds
210 Q, multiple restrikes through the secondary arcing contacts for capacitance currents less
than

o4sphase-to-phase_operating V/pole-unit arc shunting resistance Q A (12)
circuit breaker rated short-circuit current A

For switching of cable and shunt capacitor bank currents equal to or greater than this value,
multiple restrikes through the secondary arcing contacts are permissible.
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RATIO BEYOND WHICH TWO RESTRIKES,
EACH WITH 1/2-CYCLE CURRENT PAUSE,
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Figure 10—Allowable current pause for a transient overvoltage factor of 2.0

4.10.2 Condition of circuit breaker to be tested

The circuit breaker shall be new and in good condition. It may be reconditioned during the testing, as permit-
ted in 4.10.2.2.

4.10.2.1 Circuit breaker to be used for test

The circuit breaker shall be representative of the type or model as required for all design tests being
demonstrated.

4.10.2.2 Reconditioning of circuit breaker during testing

The expendable parts of the circuit breaker may be replaced between test duties 1, 2, and 3 listed in Tables 2
and 3. If this is done, an explanatory note shall be included in the test report.

4.10.2.3 Condition of circuit breaker after test

Following the test operations listed for test duties 1, 2, and 3 in Tables 2 and 3, the circuit breaker shall be in
the condition specibed in IEEE Std C37.04-1999. If any reignitions or restrikes occur, they shall take place
in normal arc paths and shall cause no damage to the circuit breaker interrupter or to the associated resistors.
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4.10.3 Testing conditions

4.10.3.1 Power factor

For capacitance current switching tests, the power factor of the testing circuit shall not exceed 0.15 leading.

4.10.3.2 Frequency of test circuit

Tests demonstrating capacitance current switching capabilities of circuit breakers are to be made at the rated
power frequency of 60 Hz + 5%. If tests are made outside this frequency range (for example, 50 Hz), the
instantaneous recovery voltage across the current interrupting contacts of the circuit breaker, during the first
8.33 ms shall not be less than that which would occur for a 60 Hz test.

4.10.3.3 Recovery voltage

In the switching of capacitance currents, because of the charge that is trapped on the capacitive load, the
recovery voltage across the circuit breaker contacts of the first phase to interrupt starts from a very low value
at current interruption (determined by the system regulation when the capacitive load is removed) and then,
following the fundamental frequency, increases to a value that can reach a peak value approximately
between 2 Enax and 3 Enax (phase) at a time 1/2 cycle after current interruption. The actual value that the
recovery voltage can attain is determined by the system and shunt capacitor bank grounding, the system reg-
ulation when the capacitive load is removed, transmission line or cable configuration or construction,
whether the current is interrupted at a natural current zero (that is, not chopped), or the sequence of interrup-
tion in the second or third phases. For several typical types of capacitive loads that a circuit breaker may
have to switch, the approximate maximum peak recovery voltage that can appear across the contacts of the
first phase to interrupt 1/2 cycle after interruption may reach the following values:

Type of capacitive Times Emax
circuit phase-to-ground
Grounded shunt capacitor bank

on grounded system 2
Unloaded cables

(with individual ground sheaths) 2
Unloaded transmission line (C1 =2 C,) 2.4

Shunt capacitor bank
when either bank or system,
or both, is ungrounded:

1) |
f second and third phases interrupt 25
at next natural current zero

2) |
f second and third phases do not interrupt 3

at next current zero

In general, the phenomena occurring in the switching of a grounded shunt capacitor bank or an unloaded
cable on a grounded system is simply as would occur in three single-phase circuits. In the case of the
unloaded transmission line, part of the capacitance is grounded and part is ungrounded, and in the
ungrounded shunt capacitor bank all the capacitive load is ungrounded. Through the coupling between
phases, recovery voltages greater than 2 Ep.x (phase) are produced across the contacts. In some cases, even
higher recovery voltages are possible, generally resulting from wide variations in primary arcing contact
parting between phases or one phase remaining connected to the system.
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These recovery voltages will be slightly lower under beld conditions due to the regulation occurring when
the capacitance is switched off. The system voltage regulation, or voltage change, when the capacitive load is
switched, is equal to:

kvarg (13)
Percent voltage change = x 100%
KVA— kvarg

where

kVA, = symmetrical three-phase short circuit K\VA at the point of the capacitive load; and
kvar, = nominal three-phase kvar determined from open circuit voltage (same as used for kVA,) and the
capacitance of the load.

In most short-circuit test laboratories, this voltage change may be considerably larger because of lower avail-
able kVA, than on a system, for a given amount of capacitive load.

In recognition of this generally larger voltage change during laboratory capacitance current switching tests
and the variation in recovery voltage conditions depending on the type of capacitive load and grounding, fac-
tors are specibed in 4.10.4 that debne test voltages for three-phase and single-phase laboratory tests. Based
on these factors, the recovery voltages across the circuit breaker contacts 1/2 cycle after interruption will be
equivalent to those obtained under actual system conditions.

4.104 Test voltage
4.10.4.1 Test voltage, three-phase tests

If three-phase laboratory tests are made to demonstrate the capacitance current switching rating of a circuit
breaker, the capacitive load shall be connected with its neutral either grounded or ungrounded, as required
for the type of test being conducted, or for simulation of unloaded transmission lines, one-half of the total
capacitive load shall be ungrounded and one-half shall be grounded. The neutral of the source may be
grounded. In order to obtain a recovery voltage across the circuit breaker contacts that is equivalent to the
voltage that occurs in a system operating at rated maximum voltage and having negligible voltage change
when the capacitive load is removed, it may be necessary to have an open circuit test voltage that is less than
rated maximum voltage depending on regulation of the laboratory circuit.

The open circuit test voltage E, is determined as follows:

EC=A(E) (14)
where
B Isc
T lse—1e
and

E. = closed circuit line-to-line voltage,
E, = open circuit line-to-line voltage,
Isc= available short-circuit current, and
l. = rms capacitance current.
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The nominal recovery voltage across the circuit breaker 1/2 cycle after current interruption will be propor-
tional to the peak value of:

E,+E; Eo+AE_ E,1 +A
2

2 2 (15)

Therefore, the proper open circuit line-to-line test voltage, E,, to result in a recovery voltage proportional to
rated maximum voltage, V, in a system where A is very close to 1.0 may be determined by:
Eo 1+A, (16)
- =V
2
E, V 2

IF

TFA
4.10.4.2 Test voltage, single-phase tests

By proper choice of test voltage to produce recovery voltages equivalent to those occurring in three-phase
tests, single-phase tests may be made to demonstrate the capacitance current switching ratings of circuit
breakers. Because of the phenomena occurring in three-phase capacitance current switching operations
described in 4.10.3.3, a factor, B, must be considered in choosing open circuit test voltage Eo1 for single-
phase tests, in addition to the factor A described in 4.10.4.1.

For grounded shunt capacitor bank or cable charging current switching tests on a three-phase basis:

B=10

For ungrounded shunt capacitor bank current switching tests on a three-phase basis:
B=15

For overhead line charging current switching tests on a three-phase basis:
(C1=2Co),B=12

Therefore, the open circuit phase-to-ground test voltage for single-phase tests is:

= B
—1+A
where
Isc
Isc— I
A=
and

Isc and I, = single-phase values of available short-circuit current and capacitance current.
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NOTE—The methods described in 4.10.4.1 and 4.10.4 .2 for the determination of laboratory test voltage are approximate
because of the dependence of the prospective short-circuit current and, therefore, A, on the open circuit voltage. These
methods, however, can be used to define conditions for reasonable test recovery voltages, particularly where laboratory
short-circuit current is not large.

4.10.5 Control voltage and mechanism operating pressure

Rated values of control voltage and rated pressure for mechanical operation shall be maintained for the clos-
ing and tripping circuits.

4.10.6 Interrupter pressure

Circuit breakers that depend on external energy or pressure to drive an interrupting gas or fluid and that have
a minimum permissible pressure specified, shall be capable of performing at minimum permissible pressure
as specified in Table 3 and Table 4.

4.10.7 Contact speeds during single-pole and unit interrupter tests

During single-pole and unit interrupter tests, the closing and opening speeds of the contacts through the arc-
ing zone shall be no greater than during a corresponding test on a complete circuit breaker.

4.10.8 Grounding on the circuit breaker and test circuit
The normally grounded parts of the circuit breaker shall be grounded.
During three-phase tests, the neutral of the source circuit may be grounded.

The neutral of the capacitive load shall be grounded or ungrounded as specified IEEE Std C37.04-1999,
depending on the type of capacitance current switching test being made.

During single-phase tests, the test circuit may be grounded.

When single-phase tests are made on a circuit breaker with the three poles in one tank, the other poles shall
be grounded.

4.10.9 Reversal of test connections

On circuit breakers that have unsymmetrical insulation paths, the connections to the source and to the capac-
itive load shall be reversed for half of the 100% capacitance current switching tests listed in Table 3 and
Table 4.

4.10.10 Obtaining the most severe switching conditions

In capacitance current switching operations, the voltage regulation is small when the capacitance current is
interrupted (that is, A is very close to 1.0, as would generally prevail on a system), the current is usually
interrupted at the first or second current zero after contact separation. In circuit breakers that have a contact
gap or arc path that increases in a generally linear relation to time, for example oil circuit breakers, the
recovery voltage stress will be imposed on a relatively short contact gap. In a test laboratory where the volt-
age change at current interruption is larger, the final interruption may be delayed, allowing a larger contact
gap at the time of the maximum recovery voltage than would occur on a system. In testing, it is desirable to
duplicate system conditions in this respect as closely as possible. One method of increasing the probability
of interruption at the first or second current zero after contact separation is by the addition of capacitance to
the source side of the test circuit breaker to reduce the natural frequency, and thereby the rate-of-change of
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the voltage regulation occurring at interruption. Another method is the use of series capacitance to increase
the apparent short circuit kVA of the source.

4.10.11 Methods of demonstrating capacitance switching rating

Tests that demonstrate the capacitance current switching rating of a circuit breaker may be made three-phase
or single-phase. Three-phase tests are listed in Table 2 and single-phase tests are listed in Table 3. Other
methods of testing may be used to demonstrate capacitance current switching rating if laboratory limitations
in KVA or kvar capacity prevent complete tests by the methods in Table 2 or Table 3. These methods include
unit interrupter tests, Peld tests, and synthetic tests and, if used, should follow insofar as possible the outline
of tests in Table 2 and Table 3 to provide equivalent test results.

In Table 2 and Table 3, test duty 1 demonstrates the performance of the circuit breaker switching the current
associated with its isolated cable and isolated shunt capacitor bank switch switching rating. Test duty 2 dem-
onstrates the performance of the circuit breaker switching the current associated with its back-to-back cable
and back-to-back shunt capacitor bank switching rating. Test duty 3 demonstrates the performance of the cir-
cuit breaker switching the current associated with its transmission line charging current switching rating. In
each table the test voltage for all tests is based on obtaining a recovery voltage across the circuit breaker
equivalent to service application at rated maximum voltage. In each of the test duties, tests are made at 30%
and 100% of the respective capacitance current switching ratings.

If tests are made with lumped capacitor banks to simulate transmission lines or cables, the test circuit may be
modibed to limit current surges on closing to those obtained when closing into the surge impedance of a
transmission line or cable.

4.10.11.1 Three-pole tests

A program to demonstrate the capacitance current switching rating of a circuit breaker by a series of three-
phase tests on a three-pole circuit breaker is shown in Table 2.

Certain classes of circuit breakers are required to be able to switch ungrounded capacitance loads. Satisfac-
tory completion of the prescribed tests on three-phase ungrounded capacitor banks will completely demon-
strate this performance. If three-phase performance has been demonstrated, tests will not also be required to
demonstrate conformance on the single-phase simulation at 87% of phase-to-phase voltage.

As measurement of the transient overvoltage between the disconnected terminal and neutral may prove to be
difbcult when testing on a three-phase ungrounded capacitor bank, a transient overvoltage measurement
from disconnected terminal to ground will be accepted as an alternate measurement method.

4.10.11.2 Single-pole tests

A program to demonstrate the capacitance current switching rating of a circuit breaker by a series of single-
phase tests on a single-pole of a three-pole circuit breaker is shown in Table 3.

4.10.11.3 Unit interrupter tests

In some cases, it may be necessary or desirable to make capacitance current switching tests on a unit inter-
rupter or on a portion of the total interrupting structure of a single pole of a circuit breaker, where such total
interrupting structure is composed of a number of interrupting units or breaks that operate in a relatively
independent manner in capacitance current switching operations. See 4.8 .2.3 .1 for a discussion of conditions
that should be considered in making unit interrupter tests. When capacitance current switching tests are
made on a unit interrupter or on a portion of the total interrupting structure of a circuit breaker pole, the pro-
gram of Table 3 shall be followed. The test voltage for such tests should be determined as given in Table 3
for the portion of the total voltage represented by the number of interrupter units or breaks tested.
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4.10.11.4 Synthetic tests

Tests to demonstrate the ability of a circuit breaker to switch capacitance currents may be made where the
recovery voltage across the circuit breaker and the current through the circuit breaker are supplied from
different parts of the same circuit. This is usually referred to as a synthetic circuit. With such a circuit it is
generally possible to simulate a given kvar switching operation with a signibcantly smaller actual capacitive
load.

The adequacy of a test by synthetic methods depends, among other things, on the relative timing and shape
of the recovery voltage with respect to the interruption of the current through the test circuit breaker.

If a restrike or reignition should occur in a capacitance current interruption, the voltage changes or oscilla-
tions in the circuit are primary factors in determining whether subsequent restrikes or reignitions may take
place. For this reason, synthetic capacitance current switching tests are generally usable only to determine if
a circuit breaker will or will not have restrikes. Consequently, synthetic tests are usually considered valid for
demonstration of performance only in circuit breakers that do not restrike.

If synthetic tests are made, they shall be carried out in accordance with other pertinent sections of the test
procedure concerning voltage, current, operations, etc.

For comments on important considerations in making synthetic tests by short-circuit switching ability of a
circuit breaker, see 4.8.2.5.

4.10.12 Test data reporting

A report of the results of capacitance current switching tests on a circuit breaker should include the follow-
ing data from the tests:

a) Circuit breaker and test identibcation

1) Circuit breaker identibcation

2) The value of pole unit or interrupter shunting resistance (other than resistance normally applied
only for interrupter voltage grading)

3) Method of test
i) Three-pole
ii) Single-pole
iii) Unit interrupter
4) Test duty

i) Isolated shunt capacitor bank or cable
ii) Back-to-back shunt capacitor bank or cable

iii) Open wire line charging
b) Test results
1) Capacitance current switched
2) Test circuit voltage
i) Open circuit
ii) Closed circuit
3) Interrupting time, through primary arcing contacts
4) Interrupting time, through secondary arcing contacts
5) Number of tests
6) Number of tests with restrikes, and whether single or multiple
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7) Time from interruption of the normal frequency load current to the first restrike

8) transient overvoltage factor

9) Inrush current characteristics in back-to-back shunt capacitor bank switching tests
10) Inherent peak inrush current

11) Natural frequency

12) Maintenance on test circuit breaker for each duty (see 4.10.2.2)

4.11 Line closing switching surge factor

For circuit breakers rated 362 kV and above, the ability of the circuit breaker design to meet its line closing
switching surge factor rating shall be demonstrated by conducting a series of tests on a simulated standard
reference power system consisting of a simulated standard reference power source, a simulated circuit
breaker, and a simulated standard reference transmission line. The system simulation is by mathematical or
physical means, and the study is conducted with a digital computer, an electronic differential analyzer
(mathematical analog), a transient network analyzer (physical analog), or by accepted similar methods.

The circuit breaker characteristics, which affect the line closing switching surge maximum voltage, shall be
used to perform the simulated study. These characteristics shall be verified by the manufacturer by means of
electrical and mechanical tests on a circuit breaker representative of this same type, style, or model.

This method of demonstrating the ability of a circuit breaker design to perform within the limit of its rated
line closing switching surge factor recognizes the fact that actual transmission system test facilities of the
type required to demonstrate this rating are often unobtainable. The simulated study is accepted as the next
best means of demonstration. Conformance tests may be conducted by the purchaser on an operating system
to demonstrate that a circuit breaker meets the requirements of its rated line closing switching surge factor.
Such conformance tests are described in 6.1.3. The rated factors are found in ANSI C37 .06-1997.

The switching surge factors given in ANSI C37.06-1997 are, for the purpose of setting minimum standards
for circuit breakers, specifically designed for line closing switching surge control. Systems operations or cir-
cuit configurations not in conformance with the standard reference power-system tests could result in surge
factors lower or higher than those shown in ANSI C37.06-1997.

4.11.1 Standard reference power system

The standard reference power system consists of a standard reference power source and a standard reference
transmission line.

4.11.1.1 Standard reference power source

The standard reference power source is a three-phase Y-connected voltage source with neutral grounded,
with each of the three-phase voltages in series, and with an inductive reactance that represents the short-cir-
cuit capability of the source. The maximum source voltage, line-to-line, is the rated maximum voltage of the
circuit breaker. The series inductive reactance is that which produces the rated short-circuit current of the
circuit breaker, both three-phase and single-phase, at rated maximum voltage, with the short circuit applied
to the circuit breaker terminals (X1, X2, Xo).

4.11.1.2 Standard reference transmission line
The standard reference transmission line is a perfectly transposed three-phase transmission line with bal-

anced parameters as listed in ANSI C37.06-1997. These values have been selected to make the lines typical
of anticipated service conditions.
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4.11.2 Standard conditions of simulation
4.11.2.1 Simulation of power source

The standard reference power source shall be simulated on a three-phase basis.

4.11.2.2 Simulation of transmission line

The standard reference transmission line shall be simulated on a three-phase basis.

4.11.2.3 Simulation of circuit breakers

The circuit breaker shall be simulated on a three-phase basis. The method used to simulate the circuit
breaker shall include such pertinent design features as the value of closing resistor, insertion time of closing
resistors, statistical spread of closing times of the three poles, and such other features as are required to sim-
ulate the means used by the manufacturer to control the line closing switching surge voltages. The statistical
spread of the closing times shall include the effects of electrical prestrike as well as differences in the
mechanical closing times of the three poles.

4.11.2.4 Simulation of trapped charge on the transmission line

For the standard conditions of simulation, trapped charges are assumed to be present from a previous line
dropping operation performed by a circuit breaker without opening resistors and with each phase extinguish-
ing current at successive current zeros. Trapped charge can be placed on the simulated line by simulating
random time tripping of an idealized circuit breaker.

It is not intended that this standard prevent development of classes of circuit breakers with opening resistors,
or other means, to substantially reduce trapped charges. For such breakers, dual-line closing switching surge
factor ratings (with and without such means) could be assigned.

If shunt reactors are used on the standard line, an oscillating voltage, generally lower in frequency than the
power system, will exist on the transmission line after opening the line circuit breaker. Consequently, the
magnitude of the peaks of the ac voltage across the circuit breaker will vary with time (see
IEEE Std C37.010-1999). The reclosing time for the simulated model tests should be adjusted +50 ms
around the specibed reclosing time given in ANSI C37.06-1997 to obtain the highest magnitude of closing
switching surge factor as determined from statistical distribution.

If shunt reactors are used in practice where they are not included in the standard line, or if reactors of sub-
stantially different values than in the standard line are used in practice, it may be necessary to make a special
study in the application of these circuit breakers.

4.11.3 Method of conducting tests on the simulated system to establish the rated line
closing switching surge factor

At least 50 three-phase tests shall be made of the simulated system with no more than one line closing
switching surge factor per 50 tests exceeding the rated value. If the rated value is exceeded more than once
during the prst set of 50 tests, additional sets of 50 tests each may be performed until the ratio of the number
of times the rated value is exceeded, to the total number of tests, decreases to 2%. If this ratio does not drop
to 2% with continued tests, the circuit breaker design will be considered to have failed to meet its line clos-
ing switching surge factor rating. The closing of the three poles with relation to the phase of the applied volt-
age shall be at random within the specibed allowance for the statistical spread of closing time.
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4.12 Out-of-phase switching current tests

The tests specified in this subclause are made only if an out-of-phase switching current rating has been
assigned to the circuit breaker by the manufacturer.

These tests are outlined in Table 4 and are described in the following subclauses.
The test requirements in Table 4 demonstrate out-of-phase switching capability for the majority of out-of-

phase switching conditions. Attention is called to suggested preventive measures described in
IEEE Std C37.010-1999.

Table 4—Test to demonstrate out-of-phase capabilities

Test duty Operating duty Current |
1 Two Os 0.051t00.101
2 O-CO 0.251
2a CO 0.251

4.12.1 General

Tests shall be made to determine the ability of a circuit breaker to make and interrupt currents during out-of-
phase conditions.

The tests may be made using any of the test methods described previously for short circuit tests and using
the same guidelines for applicability specified for short-circuit testing conditions. If these conditions are
not fulfilled, three-phase tests should be made.

The out-of-phase switching current capacity performance in a test shall be stated in terms of the
following:

a) The value of the out-of-phase switching current;
b) The value of the out-of-phase recovery voltage; and
c) The value of the peak, time-to-peak, and wave shape of the TRY.

4.12.2 Arrangement of circuit breaker for tests
The circuit breaker subjected to out-of-phase switching current tests shall be a representative of the type

being certified in all details of construction and operation as recorded in certified drawings or specifications,
or both.

Circuit breaker operating mechanisms shall be operated at the specified minimum control voltage or the
specified minimum operating pressure, or both.

The air or gas pressure in air or gas-blast circuit breakers shall be the minimum operating pressure for the
rated (short-circuit) interrupting capacity.

Indoor circuit breakers shall be tested inside of their enclosures.

If single phase or unit tests are performed, the test unit shall be equivalent to, but not in a more favorable
condition than, the complete three-phase circuit breaker with respect to the following:
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a) Speed of closing and opening

b) Arc-extinguishing medium

c) Energy output of operating mechanism
d) Rigidity of the structure

4.12.3 Test circuit

a) The power factor of the test circuit shall not exceed 0.15 lagging.

b)  For single-phase tests, the test circuit shall be arranged so that approximately one half of the applied
voltage and of the recovery voltage is on each side of the circuit breaker (see Figure 11).

If it is not feasible to use this circuit in the testing station, it is permissible to use either of the circuits shown
in Figures 12 and 13 at the option of the manufacturer.

— Two identical voltages separated in phase by 120 ° instead of 180 ° may be used, provided the total
voltage across the circuit breaker is as stated in 4.12.4 (see Figure 12).
— Tests with one terminal of the circuit breaker grounded may be used (see Figure 13).

4.12.4 Test voltage

4.12.4.1 Single phase

For single-phase tests as called for in test duties 1 and 2 of Table 4, both the applied voltage E (as shown in
Figures 11 through 13) and the power frequency recovery test voltage shall be equal to or greater than:

a) For effectively grounded neutral, E shall be 2.0 times the rated maximum voltage V divided b)(/.‘

b)  For systems other than neutral grounded, the test voltage E shall be 2.5 times the rated maximum
voltage V divided by
3

c) The inherent TRV of the test circuit shall have a 1-cos wave shape with a peak value of 1.76 times
the value of the test voltage E and a time to peak no greater than 2 times the time T2 as is listed in

ANSI C37.06-1997 for the circuit breaker under test.

d) For the alternate single-phase close-open teshc?ll ed falrJ {836 du'géa LTat?LI%Llﬂ rthgS e|lr% A doltage

Vo tag

This corresponds approximately to limiting the out-of-phase closing angle to 90 °  (see IEEE Std C37 .010-1999).

_gEn—

®r [ ] H®

Figure 11—Dual voltage testing 180 °
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Figure 12—Dual voltage testing 1200

Figure 13—Single voltage testing one side grounded
NOTE—Y in Figures 11, 12, and 13 represents combinations of capacitances and resistances.

4.12.4.2 Three phase

For three-phase tests, the recovery voltage of the brst pole to clear shall have the appropriate value as stated
above for single-phase tests.

4.12.5 Test frequency

See 4.8.1.2.

4.12.6 Test duties

The test duties to be made are shown in Table 4. A minimum of one sequence of test duty 1 and one
sequence of test duty 2 is sufpcient to demonstrate the out-of-phase switching capability of the circuit
breaker.

4.12.7 Condition of circuit breaker after tests

After performing the specibed test, the circuit breaker shall be capable of meeting the requirements set forth
in4.8.5.4,4.8.5.5,and 4.8.5.6.

4.12.8 Test report

The test report shall contain the data necessary to prove that the circuit breaker complies with this standard.
Suggested oscillographic and other records include:
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a) Switching current in each phase
b) Voltage across each phase
c) Instant of energizing trip coil
d) Travel of moving contacts, if practicable
e) Currentin closing coil
f) Timing wave
g) Gas pressure before test
h) Voltage of the supply circuit
i) Interrupting time
j)  Resistor current in each phase (when applicable)

NOTE—Any deviation from this subclause shall be clearly stated in the test report.

4.13 Mechanical endurance tests

No-load mechanical operation tests are made on a complete circuit breaker to ensure its satisfactory opera-
tion in normal service without excessive maintenance.

4.13.1 Testing conditions

No load mechanical endurance tests shall be made under the following conditions:

a)
b)

c)

d)

f)

9)

h)

)

The circuit breaker shall be new or reconditioned, at the option of the manufacturer.

The circuit breaker shall be a complete assembly, containing all major components, appurtenances,
and accessories. It shall contain the maximum number of available auxiliary contacts.

Indoor circuit breakers shall be installed in a minimum volume test compartment, or in the appropri-
ate vertical section compartment of the switchgear suggested by the manufacturer (see
IEEE Std C37.20.2-1993).

When indoor circuit breakers are intended to be mounted in an upper compartment, the mechanical
endurance tests shall be conducted in the upper vertical section of that compartment.

For indoor draw-out circuit breakers, part of the mechanical endurance testing includes racking tests
in accordance with the requirements outlined in IEEE Std C37 .20.2-1993.

At the beginning and at the end of the test, the resistance of each pole shall be measured from termi-
nal to terminal, with at least 100 A of dc current Bowing in the circuit.

Contact opening time, contact closing time, and travel curves or speed measurements also shall be
taken at the beginning and at the end of the test.

The testing shall be done with rated control voltage and operating pressure, as listed in
ANSI C37.06-1997. However, during the course of testing, at any interval, as determined by the
manufacturer, 10 cycles shall be conducted at each of the upper and lower range of the rated control
voltage and the operating pressure.

One cycle of operation shall consist of a close operation followed by an opening operation (C-O) for
the total number of required cycles as listed in ANSI C37.06-1997. The total number of cycles may
be completed at any convenient rate at the option of the manufacturer as long as overheating of bear-
ings, coils, valves rectibers, etc., does not occur. External forced cooling of these components is
allowable if the tests are performed at a rate greater than two cycles per minute.

Twenty successive C-O operations (cycles) must be conducted during the course of testing at 30 s
intervals at rated control voltage, without overheating to a point that would injure the insulation of
coils or motors sufbciently to adversely affect the circuit breaker performance.

4.13.2 Low temperature operating tests

In order to demonstrate that circuit breakers are capable of operating at the rated ambient of —30 ° C the fol-
lowing test procedure is required:
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a)  With the circuit breaker in the closed position, the ambient temperature shall be lowered to —30 °c,
for a period of 24 hours. During this period the normally installed heating elements shall be ener-
gized. At the end of the 24-hour period, 10 cycles shall be performed at rated control voltage and
operating pressure, recording operating speeds of the circuit breaker.

b)  Ten cycles shall be conducted at rated voltage after the equipment has been held at the ambient tem-
perature of —30 °C, with all normally installed heater elements de-energized and the control voltage
disconnected, for a period of at least two hours.

c) Iftesting facilities do not permit this demonstration, then performance of important components of
the circuit breaker may be demonstrated individually at this temperature.

4.13.3 Performance requirements
Both during and after these tests the following performance criteria shall be met:

a) The endurance tests shall be completed, without repair or replacement of any part that will cause
failure or misoperation of the circuit breaker, and in compliance with the number of operations
between servicing listed in ANSI C37.06-1997.

b)  The circuit breaker shall be inspected to verify that it is in operable condition and that it meets the
requirements set forth in IEEE Std C37.04-1999.

c) The transient voltage produced by the control circuit associated with the circuit breaker itself did not
exceed 1500 V peak when the control circuit was interrupted.

d) The travel/timing records taken before and after the test shall have substantially the same
characteristics.

4.14 Control voltage

Proper operation of the circuit breaker at rated control voltage, at the minimum voltage, and at the maximum
control voltage corresponding to it, is demonstrated during mechanical operation tests and the short-circuit
switching tests.

4.15 Fluid operating pressure

Proper operation of the circuit breaker mechanism and of the interrupting chamber at rated fluid operating
pressure and over its range is demonstrated during the mechanical operation tests and during the short-cir-
cuit switching tests.

4.16 Design tests on pressurized components

4.16.1 Pressurized porcelain components

A representative of each design of porcelain insulators, porcelain housings, or porcelain tubes having an
internal or external gas gauge pressure exceeding 208 kPa (absolute pressure) (with no limitation on size)
shall withstand for five minutes 4.25 times the maximum allowable working pressure after all glazing, firing,
and grinding operations are completed.

When the porcelain element utilizes end flanges, the test pressure shall be applied on a complete assembly,
using bolted end plates and loading the flanges in tension. If the porcelain element does not have end flanges
and is used in an assembly held together by longitudinal compression (center clamping), the end plates shall
be restrained by the test fixture and the porcelain element loaded only in hoop stress.

In addition to the above tests, when pressurized porcelain elements with end flanges having an internal or
external gas gauge pressure exceeding 208 kPa (absolute pressure) (with no limitation on size) are subjected

64 Copyright © 2000 IEEE. All rights reserved.





IEEE
CIRCUIT BREAKERS RATED ON A SYMMETRICAL CURRENT BASIS Std C37.09-1 999

to cantilever stress in a circuit breaker application, a representative of each porcelain element, after all glaz-
ing, Pring, and grinding operations are completed, shall withstand for bve minutes a total stress equivalent to
the end plate loading from maximum allowable working pressure plus three times the maximum rated canti-
lever stress.

Where applicable, the maximum rated cantilever stress shall be based on the load on the porcelain element
resulting from:

a) The combination of the short-circuit forces internally of the circuit breaker plus rated line pull with-
stand and a 40 mi/s (90 mi/h) wind velocity withstand; and

b) From the combination of rated line pull withstand and the 0.2 g (static) earthquake shock withstand,
whichever is the more severe duty; rated requirements for line pull factors will be available in a
future ANSI/IEEE standard.

NOTE—1 Pascal (Pa) = 1.45 x 10 psi

4.16.2 Pressurized non-ceramic components.
4.16.2.1 Non-isolating vessels

Components that neither isolate nor separate high voltage elements of 1000 V or higher shall be tested in
accordance with the requirements of the ASME Boiler and Pressure Vessel Code, Section X, Fiberglass-
Reinforced Plastic Pressure Vessels.

4.16.2.2 Isolating vessels

Non-ceramic components that electrically isolate or separate high voltage elements of 1000 V or higher and
that are pressurized at a constant pressure (where the pressure typically varies only due to diurnal pressure
variations and are minimal compared to the static ambient pressure) shall be tested and meet the require-
ments described in 4.16.1.

4.16.2.3 External components

External components that electrically isolate or separate high voltage elements of 1000 V or higher and that
undergo signibcant pressure cycling variations due to the operation of the circuit breaker shall be tested as
per 4.16.1. Additionally, a design cyclic pressure and burst tests, in accordance with applicable subclauses
4.16.3.1, 4.16.3.2, or 4.16.3.3, shall be performed.

These tests shall be made in a prototype of each design of non-ceramic vessel, insulator, or tube having an
internal or external gas pressure exceeding 208 kPa (absolute pressure) (15 psig) and having an inside diam-
eter exceeding 152 mm (6 in), after all coating, curing, and fabrication operations are completed.

Where applicable, the prototype vessel(s) shall be so loaded as to create the magnitude of bending and shear
stresses expected to occur under service conditions. The maximum rated cantilever stress shall be based on
the load on the plastic element resulting from:

a)  The combination of the short-circuit forces internal to the circuit breaker plus the rated line pull
withstand and a 40 mi/s (90 mi/h) wind velocity withstand; and

b)  From the combination of rated line pull withstand and the 0.2 g (static) earthquake shock withstand,
whichever is the more severe duty; rated requirements for line pull factors will be available in a
future ANSI/IEEE standard.
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4.16.3 Intended pressure application
4.16.3.1 Vessels intended for internal pressure only

At least one prototype vessel shall be subjected to a cyclic pressure test followed by a hydrostatic pressure
test at the maximum operating temperature but not less than 65 ° C. The pressure shall be cycled from atmo-
spheric pressure to the operating and back 100 000 times; except that the vessels with internal liners or exter-
nal jackets, whether integral or not, shall be cycled for 10 000 cycles at the minimum working temperature
and for 90 000 cycles at the maximum working temperature. No leakage shall occur and the vessel shall not
burst during these tests.

4.16.3.2 Vessels intended for both internal and external pressure

At least one prototype vessel intended for both internal and external pressure service shall be subjected to a
cyclic pressure test in accordance with 4.16.2.1 except that the pressure shall be cycled from the external
maximum allowable operating pressure to the internal operating pressure and back 100 000 times. At the
manufacturer’s option, the cyclic pressure test may be carried out in two steps, as follows:

a) The pressure shall be cycled from the internal operating pressure to atmospheric pressure and back
100 000 times.

b)  The pressure shall be cycled from the external maximum operating pressure to atmospheric pressure
and back 100 000 times.

The prototype vessel, after being subjected to the external hydrostatic pressure test, shall then be subjected
to an internal hydrostatic test in accordance with the requirements of 4.16.2.1.

4.16.3.3 Vessels intended for external pressure only

At least one prototype intended only for external pressure service shall be tested in accordance with 4.16.2.2
except that the internal design pressure shall not be less than 103 kPa (absolute pressure) (15 psia).

4.17 Sealed pressure systems leakage tests

This requirement applies to high voltage indoor or outdoor circuit breakers that use a gas other than air at
atmospheric pressure as interrupting, insulating, or operating medium.

4.17.1 Design tests

The purpose of tightness/leakage tests is to demonstrate that the absolute leakage rate, F, does not exceed the
specibed value of the permissible leakage rate, F,, (see Pressurized systems in IEEE Std C37.04-1999).

Where possible, the tests should be performed on a complete system; if this is not practical, the tests may be
performed on parts, components, or subassemblies. In such cases, the leakage rate of the total system shall
be determined by summation of the component leakage rates. The possible leakages between subassemblies
of different pressures shall also be taken into account.

— The tightness test of a circuit breaker shall be performed both in the closed and open position of the
device, unless the leakage rate is independent of the position of the main contacts.

— The tightness tests shall be performed before and after the mechanical operation test or during the
operation tests at extreme temperatures.

An increased leakage rate at extreme temperatures (if such tests are required) is acceptable, provided that
this rate resets to a value not higher than the maximum permissible value at normal ambient air temperature.
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The increased temporary leakage rate shall not exceed three times the specified permissible value F.

In general, only cumulative leakage measurements allow calculation of leakage rates. In general, for the
application of an adequate test method, reference is made to IEC 60068-2-17-1994.

4.17.2 Relative leakage rate

The relative leakage rate, g shall be checked by measuring the pressure drop, AP, over a time period, t,
that is of sufficient length to permit a determination of the pressure drop. A correction should be made to
take into account the variation of ambient air temperature. During this period the replenishment device shall
be inoperative.

4.17.3 Test report
The test report for these design tests should include the following information as a minimum:

a) A description of the object under test, including its internal volume and the nature of the filling gas;
b)  Whether the object under test is in the closed or open position;

c) The pressures and temperatures recorded at the beginning and end of the test, and the number of
replenishments (if any needed);

d) The cut-in and cut-off pressure settings of the pressure (or density) control, or monitoring device;
e) Anindication of the calibration of meters used to detect leakage rates;

f)  The results of the measurements; and

g) Ifapplicable, the test gas and the conversion factor to assess the results.

5. Production tests

5.1 Types of tests

Production tests are normally made by the manufacturer at the factory as part of the process of producing the
circuit breaker. If the circuit breaker is completely assembled prior to shipment, some of the production tests
are made after final assembly, but other tests can often be made more effectively on components and subas-
semblies during or after manufacture.

If the circuit breaker is not completely assembled at the factory prior to shipment, appropriate tests on com-
ponent parts shall be made to check the quality of workmanship and uniformity of material used and to
assure satisfactory performance when properly assembled at its destination. This performance may be veri-
fied by making tests after delivery.

Production tests shall be made and shall include the following as appropriate for the type of circuit breaker
concerned.

a) Current and linear coupler transformer tests
b) Bushing tests

c) Gas receiver tests

d) Pressure tests

e) Nameplate check

f) Leakage tests

g) Resistors, heaters, and coils check tests

Copyright © 2000 IEEE. All rights reserved. 67





IEEE
Std C37.09-1 999 IEEE STANDARD TEST PROCEDURE FOR AC HIGH-VOLTAGE

h) Control and secondary wiring check tests

i) Clearance and mechanical adjustment check tests

j)  Mechanical operation tests

k) Timing tests

I) Stored energy system tests

m) Conductivity of current path test

n) Power frequency withstand voltage tests on primary insulation components

0) Power frequency withstand voltage tests on control, secondary wiring, and components, to include
motors, release coils, etc.

p) For indoor circuit breakers used in enclosures interchangeability test refer to IEEE Std C37.20.2-1993

5.2 Current and linear coupler transformer tests

All current transformers used with high voltage circuit breakers shall be designed in accordance with the
ANSI/IEEE standards for transformers (IEEE Std C57.13-1993).

Current and linear coupler transformers shall receive the following tests where applicable:

a) Each transformer shall be checked for presence of correct nameplate, terminal, and polarity
markings.

b) Each transformer shall be checked electrically to ensure proper direction of winding to give the correct
polarity.

¢) Each transformer shall be given sufficient tests to ensure that the electrical and magnetic properties
are within the necessary limits to meet the ratio and accuracy classification requirements.

1) Relaying transformers shall receive ratio or mutual reactance tests to ensure proper turn ratios.
Multi-ratio transformers are given sufficient ratio tests to ensure the correctness of the winding
for each tap section. For bushing current transformers, two check points on the excitation curve
may be made to ensure that the unit meets its relaying accuracy classification.

2)  Metering transformers shall receive ratio and phase angle tests at 10% and 100% rated primary
current at one burden to ensure that the unit meets its metering accuracy classification.

d) After installation in the circuit breaker, each transformer shall be given a 1 min power frequency
withstand test of 2500 V between the shorted secondary winding (including leads) and ground (see
also 5.16). In addition, each unit will receive a polarity and ratio check to ensure correct installation
in the circuit breaker.

5.3 High-voltage circuit breaker bushings tests

High-voltage circuit breaker bushings for outdoor circuit breakers shall be tested in accordance with
IEEE Std C57.19.00-1991.

5.4 Gas receiver tests

5.4.1 Metal vessels

All metal vessels, except those having an internal or external operating gas pressure not exceeding 208 kPa
(absolute pressure) (15 psig) (with no limitation on size) or those having an inside diameter not exceeding
150 mm (6 in), (with no limitation on pressure), shall be tested in accordance with the ASME Boiler and
Pressure Vessel Code, Section VIII, Unfired Pressure Vessels, and any state and local codes that apply at the
point of original installation.
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5.4.2 Porcelain components

All ground surfaces of pressurized porcelain elements shall be individually dye checked after grinding to
ensure freedom from cracks. Other methods are permitted by agreement between user and manufacturer.

All porcelain insulators, porcelain housings, or porcelain tubes having an internal or external gas pressure
exceeding 208 kPa (absolute pressure) (15 psig) (with no limitation on size) shall individually withstand for
five minutes a pressure equal to three times the maximum allowable working pressure after all glazing, fir-
ing, and grinding operations are completed. When the porcelain element utilizes end flanges, the test pres-
sure shall be applied on a complete assembly, using bolted end plates and loading the flanges in tension. If
the porcelain element does not have end flanges and is used in an assembly that is held together by longitu-
dinal compression (center clamping), the end plates shall be restrained by the test fixture and the porcelain
element loaded only in hoop stress.

5.4.3 Non-ceramic components

The under thickness deviation in any area of a production vessel shall not exceed 10% of the vessel from
design tests. Each vessel shall weigh at least 95% of the weight of the prototype vessels used in design tests.

Each vessel shall be subjected to a hydrostatic leakage test. The test procedure at ambient temperature shall
be 1.5 times maximum working pressure, whether internal or external, and shall be maintained for at least
one minute. No leakage shall occur.

5.4.4 Assembled components
If the circuit breaker is not completely assembled at the factory prior to shipment, each major assembly shall

be tested in the factory by raising the pressure to the maximum allowable working pressure and holding it
for five minutes.

These assembled component tests are not required if the circuit breaker is completely assembled at the fac-
tory and the pressure test described in 5.5 is made.

5.5 Pressure tests

This test is made on assembled circuit breakers having gas receivers, associated valves, piping, and other
auxiliary pressure devices. With the apparatus completely assembled, the pressure shall be raised until the
safety valve operates and this pressure shall be applied to all parts of the system that can be subjected to this
pressure in service.

5.6 Nameplate check

The nameplates shall be checked for accuracy and completeness of information and rating.

5.7 Leakage tests

The purpose of tightness/leakage tests is to demonstrate that the absolute leakage rate, F, does not exceed the
specified value of the permissible leakage rate, Fp,.

5.7.1 Relative leakage rate

The test shall be performed at normal ambient air temperature with the circuit breaker filled at a test pres-
sure/density specified by the manufacturer. The relative leakage rate, ke, shall be checked by measuring the
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pressure drop AP over a time period, t, that is of sufficient length to permit a determination of the pressure
drop. A correction should be made to take into account the variation of ambient air temperature. During this
period, the replenishment device shall be inoperative. Sniffing may be used under controlled conditions.

5.8 Vacuum integrity tests

The purpose of vacuum integrity tests is to demonstrate that the pressure on the vacuum interrupter is still
below the maximum level required for the acceptable performance of the switching and insulating functions.
The vacuum level will have been checked by the vacuum interrupter manufacturer before shipping the unit
to the circuit breaker manufacturer. Therefore, the tests identified in this standard are to demonstrate that the
assembly of the vacuum interrupter into the circuit breaker and the operation of the circuit breaker do not
affect the vacuum integrity of the interrupters.

Measuring the pressure inside of a vacuum interrupter is a very difficult task and those measurements can
only be performed on a vacuum interrupter by itself, not when installed in a circuit breaker. Therefore, the
requirements of this standard are limited to the use of a voltage withstand test to verify that the vacuum pres-
sure is still within the acceptable limits.

After assembly, the vacuum circuit breaker shall be subjected to a dielectric withstand test to demonstrate its
integrity. The test voltage shall be stated by the manufacturer and the final dielectric test shall be carried out
after the routine mechanical production tests. These test may be combined with the requirements of 5.16.

5.9 Resistors, heaters, and coils check tests
All resistors and heaters shall be checked either by operation or resistance measurements. All closing, trip-

ping, control valve, and relay coils shall be checked either by resistance measurement or turn counters and
shall be within prescribed manufacturing limits.

5.10 Control and secondary wiring check tests

Secondary wiring shall be checked to ensure that all connections are made in accordance with the wiring
diagram. Relays and other devices should be checked by actual operation, if feasible. Those circuits for
which operation is not feasible should be checked for continuity.

A check shall be made for proper sequence of operation of mechanically operated auxiliary switches and
devices.

5.11 Clearance and mechanical adjustment check tests

The clearances and mechanism adjustments shall be checked by closing the circuit breaker and verifying
that the engagement of the contacts, positions of critical members of the operating linkage and important
clearances, including positions of any latches, are within prescribed manufacturing limits.

Close the circuit breaker using control power, and repeat the checks in the preceding paragraph.

Open the unit being tested, and check that it has opened completely.

5.12 Mechanical operation tests

Mechanical operation tests are made to check the adjustments and to determine the ability of the circuit
breaker or certain of its components to operate correctly over the entire range of control voltage specified for
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its rated control voltage in ANSI C37.06-1997, and, when applicable, over its entire range of operating pres-
sure without damage to parts or substantial change in adjustments.

Following these tests, the components shall be inspected visually to determine that no critical parts have
sustained damage and all are in prst-class operating condition. Normally, this is accomplished without

disassembly.

All mechanical operation tests shall include the following:

a) At minimum control voltage and (where applicable) maximum pressure:

1)
2)

Five close operations; and
Five open operations.

b) At maximum control voltage and (where applicable) maximum pressure:
1) Five close operations; and
1) Five open operations.

c) At rated control voltage and (where applicable) rated pressure:

1)
2)
3)

4)

5)

6)

Five open operations.
Five close operations.

Five close-open operations with the shunt trip coil circuit electrically energized prior to giv-
ing the closing signal so that the trip coil is energized, as the circuit breaker closes, simulta-
neously with the closing of the auxiliary “a” contacts. During these tests, the control switch is
held in the close position to demonstrate that the circuit breaker is electrically trip-free. Dur-
ing these tests the circuit breaker contacts are allowed to touch momentarily (see
IEEE Std C37.11-1997).

Five close-open operations with the mechanical trip command applied and held prior to the
application of the closing signal (mechanical or electrical). For several tests, an electric close
command shall be applied and several more tests shall have a mechanical close command. Dur-
ing these tests the contacts shall not close, even momentarily. During these tests, the control
switch is held in the close position to demonstrate that the circuit breaker is electrically trip-free
(see IEEE Std C37.11-1997).

Five close-open operations with the closing signal applied electrically and held for a period of
time. Following the closing command, an electrical trip signal is given. The closing signal shall
be held for a sufbciently long period of time (15 to 20 s) after the application of the trip signal.
The circuit breaker shall close in response to the initial close command, shall open in response
to the trip command, and shall not close again until the closing signal is brst removed and then
reapplied. This test is designed to demonstrate the anti-pump function.

Five reclosing operations (if the circuit breaker is intended for reclosing service).

d) Check to make certain that the closing operation will be completed after momentary contact of the
closing control switch (seal-in feature) (see IEEE Std C37.1 1-1997).

e) The circuit breaker shall also be tripped by slowly moving the shunt trip armature manually in the
direction of tripping.

] Check to make certain that all interlocks function as intended.
g) Check to make certain that all shock absorbing devices function as intended.

5.13 Timing tests

Timing tests are made to determine the time required for circuit breakers or components to operate on open,
close, close-open, and reclosing operations.
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Timing tests may be made by any of the following methods:

a)  Anoscillograph with suitable travel indicators connected to an appropriate point or points of the cir-
cuit breaker linkage or contacts;

b) A cycle counter or interval timer to determine the time interval after the energizing of the closing or
tripping circuit to the parting, closing, or reclosing of contacts; or

c) Atime-travel recorder to record graphically, as a function of time, the position of the part to which
it is mechanically attached.

Oscillographs with travel indicators and time travel recorders can produce records from which the speed of
the part can be calculated.

These tests, when used as production tests, are a means of checking the operation of a new circuit breaker
within the speed range selected during development of this type of circuit breaker. After a circuit breaker has
been in service, these tests may be used to determine whether it is still operating correctly.

Opening times shall be obtained and recorded for all circuit breakers.

Travel-time curves shall be obtained for all outdoor circuit breakers with an interrupting time of three cycles
or less.

5.14 Stored energy system tests

5.14.1 Pneumatic/hydraulic mechanisms

Power operating mechanisms that store energy in compressed air or other gas shall be subjected to the fol-
lowing tests:

a) The pressure switches shall be set and tested for operation at the correct pressures.

b)  The pressure relief valve shall open within its selected range of pressure above normal pressure and
shall close before the low-pressure cut-off device operates.

c) Starting at normal pressure and without replenishing the gas in the reservoir, a compressed gas
circuit breaker shall make at least two close-open operations before a low-pressure cut-off device
operates.

d) Starting at normal pressure and without replenishing the gas in the reservoir, a pneumatically or
hydraulically operated circuit breaker, other than gas blast, shall make at least bve close and bve
open operations before a low-pressure cut-off device operates.

5.14.2 Spring charged mechanisms

The charging motor of a spring-driven circuit breaker operating mechanism shall replace the spring stored
kinetic energy within a maximum time of 15 s after being used during a close operation when rated control
voltage is maintained at the motor terminals.

5.15 Electrical resistance of current path test
The dc resistance of the primary circuit, from terminal to terminal of each pole unit, in the close position

shall be measured with at least 100 A of dc current Bowing in the circuit and shall not exceed the limit set for
the rating of the circuit breaker by the manufacturer.
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5.16 Power-frequency withstand voltage tests on major insulation components

Power-frequency withstand voltage tests shall be made for one minute either on completely assembled cir-
cuit breakers at the voltages and conditions specified in 4.4.3.1 or on major insulation components, such as
bushings, insulation braces, and operating rods.

5.17 Power-frequency withstand voltage tests on control and secondary wiring

All control wiring associated with current and linear coupler transformer secondaries and potential device
secondaries shall receive a power-frequency withstand test of 2500 V for one minute. All other control wir-
ing shall receive a power-frequency withstand test of 1500 V for one minute or 1800 V for one second.

If the circuit breaker control circuit includes a motor, the motor may be disconnected during the dielectric
test on the control circuit and subsequently tested, in place, at its specified dielectric withstand voltage but at
not less than 900 V.

6. Conformance test

6.1 Outdoor circuit breakers
6.1.1 Method of conducting conformance tests for lighting impulse withstand voltage

When conformance tests are required for lighting impulse voltage, the tests are to be made in accordance
with 4.4.4,4.4.4.1, and 4.4.4.2, with the following exceptions:

a) The peak voltage value shall not be required to be greater than the rated switching impulse voltage
values specified.

b)  The time to half-value on the tail of the wave shall not be required to be in excess of 50 u s.
6.1.2 Method of conducting conformance tests for switching impulse withstand voltage

Conformance tests are to be made in accordance with 4.4.7, with the following exceptions:

a) The peak voltage value shall not be required to be greater than the rated switching impulse voltage
values specified.

b)  The time to half-value on the tail of the wave shall not be required to be in excess of 2500 p s.

6.1.3 Method of conducting conformance tests for line closing switching surge factor on an
operating system

A purchaser may perform a field test with the circuit breaker on an actual operating system in order to deter-
mine if its test performance conforms to requirements for its rated line closing switching surge factor. The
circuit breaker will be considered to have passed its conformance test when the circuit breaker is closed on a
random time basis into trapped line charges, if in 20 tests there are no overvoltage factors greater than the
rated line closing switching surge factor; or only one such event out of 34 tests; or two out of 48 tests; or
three out of 62 tests. Four factors greater than the rated factor, or any factor greater than 1.2 times the rated
line closing switching surge factor, represent nonconformance.

If the actual system is not greatly different from the standard reference power system, it is expected that the
field test results will not differ significantly from the results obtained from the simulated study used to
establish the rated line closing switching surge factor. However, if the circuit breaker fails to meet the above
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criterion, and if the actual power system is signipcantly different from the standard reference power system,
the manufacturer may conduct a simulated study (witnessed by the user) of the actual power system and
thereby determine the line closing switching surge factor for the circuit breaker on the actual system. This
factor may be substituted in place of the rated factor and serve as the basis for evaluation of the conformance
test.

6.2 Indoor circuit breakers

See ANSI C37.54-1996 for all conformance test requirements.

7. Standard methods for determining the values of a sinusoidal current wave
and a power-frequency recovery voltage

This clause describes methods for measuring oscillograms to determine the transient currents in a short cir-
cuit and the power-frequency recovery voltages following the interruption of a short circuit. These include:

a) The rms or effective value, measured from the envelope of an asymmetrical sinusoidal wave at a
time such as the time of the maximum peak of the time of contact parting;

b)  The rms value of a short-circuit current over several cycles; and
c) The rms value of a power-frequency recovery voltage following circuit interruption.

7.1 Currents

7.1.1 Signibcance of rms values used in the standards on ac high-voltage circuit breakers

RMS values of sinusoidal currents vary with the time over which the square of the current is integrated. For
the purpose of current measurements on ac high-voltage circuit breakers, an rms value is used that varies
with the values of the components determined from the envelope of the current wave.

When a current is specibed as an rms value at a given instant determined from the envelope of the current
wave, the dc component and the peak-to-peak value of the ac component are assumed to remain constant at
the values existing at the given instant, and the integration is made over a time of one cycle.

When a current is specibed as an rms value over a time of several cycles, the integration may be based on the
instantaneous values of current over this time or, more easily, the rms current may be determined by the
method in 7.1.6.

7.1.2 Classibcation of current wave

Sinusoidal waves may be divided into those that are symmetrical about the zero axis and those that are asym-
metrical with respect to the zero axis.

7.1.3 RMS value of a symmetrical sinusoidal wave at a particular instant

A symmetrical sinusoidal wave has an rms value equal to its peak-to-peak value divided by 2.828.

To determine the rms value at a given instant, draw the envelope of the current wave (through the center of
the trace), determine the peak-to-peak value, (A), at the given instant and divide by 2.828 (see Figure 14).
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Figure 14—Measurement of the rms value of a symmetrical wave

7.1.4 RMS value of an asymmetrical sinusoidal wave at a particular instant

An asymmetrical sinusoidal wave can be considered to be composed of two components: an alternating cur-
rent component and a direct current component. The rms value of such a current at a given instant is the
square root of the sum of the squares of the dc and ac components of current at the instant the measurement

is made (see Figure 15).
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Figure 15—Measurement of the rms value of an asymmetrical wave

7.1.4.1 Alternating component

The alternating component has a peak-to-peak value (A) equal to the distance between the upper and lower
envelopes of the current, and the axis of the wave is located midway between the envelopes. The peak value
of this current is given by:

Major ordinate + Minor ordinate A + B
Peak value of alternating component = = (18)
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7.1.4.2 Direct component

The amplitude of the direct current component is measured with respect to the displaced axis of the alternat-
ing component and is equal to:
Major ordinate — Minor ordinate __A—B (19)
2 2

7.1.4.3 Calculation of the rms value of an asymmetrical sinusoidal wave

See Figure 15 for the method of calculation.

7.1.5 Alternate methods of stating the making current

The making current may be stated as either an rms current, measured from the envelope of the current wave
at the time of the maximum peak, or as the instantaneous value of the current at the peak. These values are
equally signibcant in the description of asymmetrical making currents, but the units must be clearly stated to
avoid confusion. The ratio of the peak value of current to the rms value varies with asymmetry (Table 5) as
follows:

The ratio of the peak value to the rms value is 1.69 £2% if the asymmetry is between 22% and 94% and
1.69 £3% if the asymmetry is from 20% to 100%. The variation in this ratio is so small that 1.69 can be used
without introducing serious error. Currents having 20% or less asymmetry are considered to be symmetrical
and should not be used for demonstrating required I making capability.

Table 5—Asymmetrical currents tabulated values

% Peak RMS Peak value to
Asymmetry value value rms value

100 2.83 1.73 1.63
90 2.69 1.62 1.66
80 2.55 1.51 1.69
70 2.40 1.41 1.71
60 2.26 1.31 1.73
50 2.12 1.23 1.73
40 1.98 1.15 1.72
30 1.84 1.09 1.69
24 1.75 1.06 1.66
20 1.70 1.04 1.63
10 1.56 1.01 1.54

0 1.41 1.00 1.41

7.1.6 Measurement of the rms value of a current during a short circuit of
several cycles duration

The oscillogram shown in Figure 16 represents a record of a short circuit of several cycles duration. Time is
shown on the axis 0X and the current values on the 0Y axis. The origin 0 of the coordinates represents the
beginning of the short circuit, and OT represents the duration of the current Rowing through the circuit
breaker.
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lo - 110= rms value of asymmetrical current at each instant

Figure 16—Determination of the equivalent rms value of a short-time current

The rms value of the current I,,s during the time interval 0 to T is given by the following formula:

lrms = J; (20)
-- 1°dt
T

where
i = instantaneous value of the current

The equivalent rms value of the current may be determined with sufficient accuracy by the following appli-
cation of the Simpson’s formula:

a) Divide the time interval OT into 10 equal parts
b)  For the eleven instants O through 10, determine the total rms currents, lo through 110 (the method
described in 7.1.4.3 may be used). The values then are substituted in the formula below:

2z

lrms = o+ + + + + + + + + + y 1 (22)
1-lo2lw0
24 112132152 |72192,2 12214216218
30

In using this formula on currents with a dc component that decays to less than 5% of its initial value during
the first time interval, it is more accurate to ignore the dc component than to consider it.

In some cases, the duration of a test demonstrating short-circuit current carrying may not be exactly as spec-
ified. However, since the heating of the current carrying parts is very nearly proportional to i%dt, and the time
for cooling is short, the rms test current 1A determined by this method is considered to demonstrate the ability
of the circuit breaker to carry the specified current I8, if the duration TA of the short-circuit current is within
25% of the specified time T and if 1, TA is equal or greater than 182 TB.
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7.2 Power-frequency recovery voltage

Power-frequency recovery voltage shall be determined from the envelope of each voltage wave at a point in
time coincident with that peak that occurs more than 1/2 cycle and not more than one cycle after bnal arc
extinction in the last phase to clear. The power frequency phase-to-phase recovery voltage for a three-phase
short circuit shall be taken as 1.73 times the average of the three values obtained in this manner for the three
voltage waves (see Figure 17).

Phase A = prst to open circuit
1 00 = instant of bnal arc extinction
G1G2 = instant after interval e from 00

21
G2G2 = instant after interval from 00

Phase A E

? &
Yo

= power frequency recovery voltage, Phase A

5808 = power frequency recovery voltage, Phase B

= power frequency recovery voltage, Phase C
Phase B

Average power frequency pole-unit recovery voltage

= Ey2.828 + Ey2.828 + Ey2.828,
3

Power frequency phase-to-phase recovery voltage

Phase C

=

a
= 3/,_6\(/erage power frequency
pole-unit recovery voltage [

PF D
BREEISE

o

Figure 17—Determination of the power-
frequency pole unit recovery voltage
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Annex A

(informative)

Records and reports of type tests for making, breaking, and
short-time current performance

A.l Information and results to be recorded

All relevant information and results of making, breaking, and short-time current tests shall be included in the
type-test report.

Typical sample oscillographic records shall be made of all short-circuit operations and included in the type-
test report.

The accuracy of each measurement by oscillograph, including associated equipment, of the quantities that
determine the ratings (e.g., short-circuit current, applied voltage, and recovery voltage) shall be within + 5%.

Photographs should be taken to illustrate the condition of the circuit breaker before and after the series of
tests.

The type-test report shall include a statement of the performance of the circuit breaker during each test duty
and of the condition of the circuit breaker after each test duty, insofar as an examination is made, and at the
end of the series of test duties. The statement shall include the following particulars:

a) Condition of circuit breaker, giving details of any replacements or adjustments made and condition
of contacts and arc control devices; statement of any damage to arc shields, enclosures, insulators,
and bushings; and

b) Description of performance during test duty, including observations regarding emission of oil, gas,
or Rame.

A.2 Information to be included in the reports

A.2.1 General

a) Date of tests

b) Reference of report number
c) Test numbers

d) Oscillogram numbers

A.2.2 Apparatus tested

a) Type or list number

b) Description (by the manufacturer), including number of poles
¢) Manufacturer

d) Photograph numbers

e) Drawing numbers
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A.2.3 Rating assigned by manufacturer

a) Voltage (kV)
b) Rated continuous current (A)
¢) Rated power frequency (Hz)
d) Short-circuit breaking current:
1) RMS value of the ac component of current (kA)
2) Percentage dc component
e) Minimum opening time (ms)
f) TRV:
1) Peak value (kV)
2) Rate-of-rise (kV/us)
g) Short-line fault surge impedance (Q and amplitude factor)
h) Short-circuit peak making current (kA)

) Out-of-phase breaking current (kA)
) Duration of short circuit ()
k) Operating sequence
D Line-charging breaking current (A)
m) Cable charging breaking current (A)
n) Capacitor bank breaking (and making) current (A)
0) Small inductive breaking current (A)
p) Supply voltages (V):
1) Closing device
2) Opening device
q) Operating gas pressure range (mPa or bars)

A.2.4 Test conditions for each series of tests

a) Number of poles

b) Power factor

¢) Frequency (Hz)

d)  Generator neutral (grounded or isolated)

e)  Transformer neutral (grounded or isolated)

f) Short-circuit point or load-side neutral (grounded or isolated)

g) Diagram of test circuit including connection(s) to ground

A.2.5 Short-circuit breaking and making tests

a)  Operating sequence and time intervals

b) Applied voltage (kV)

¢) Making current (peak value) (kA)

d) Breaking current:
1) RMS value of ac component for each phase and average (kA)
2) Percentage dc component
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e) Power frequency recovery voltage (kV)
f) Prospective TRV

g) Arcing time (ms)

h) Opening time (ms)

i) Interrupting time (ms)

Where applicable, break times up to the instant of extinction of the main arc and up to the instant of
the breaking of resistance current shall be given.

j)  Physical behavior:
1) Emission of Bame, gas, oil, etc.; and
2) Behavior, conditions, and remarks.

A.2.6 Short-time current test

a) Current
1) RMS value (kA)
2) Peak value (kA)
b) Duration (s)
c) Physical behavior

A.2.7 No load operation

a) Before making and breaking tests
b) After making and breaking tests

A.2.8 Out-of-phase making and breaking tests

a) Breaking current in each phase (kA)

b) Voltage across each phase (kV)

c) Gas pressure before tests (when applicable) (mPa or bars)
d) Break time (ms)

e) Resistor current in each phase (when applicable) (A)

A.2.9 Capacitive current switching tests

a) Test voltage (kV)

b) Breaking current in each phase (A)

c) Peak values of the voltage between each phase and ground (kV):
1) Supply side of circuit breaker
2) Load side of circuit breaker

d) Number of restrikes (if any)

e) Number of test operations

)} Details of point-on-wave setting

g) Details of test circuit used

h) Behavior of circuit breaker during test

) Condition of circuit breaker after test
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A.2.1 0 Oscillographic and other records

Oscillograms shall record the whole of the operation. The following parameters shall be recorded. Some of
these parameters may be recorded separately from the oscillograms, and several oscillographs with different
time scales may be necessary.

a)
b)
c)
d)
e)
f)
g)

Applied voltage

Current in each pole

Recovery voltage (voltages on supply and load side of circuit breaker for charging current tests)
Current in closing coil

Current in opening coil

Suitable time scale

Travel of moving contacts (if practicable)

All cases in which the requirements of this standard are not strictly complied with and all deviations shall be
explicitly mentioned at the beginning of the test report.

82
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Annex B

(informative)

Test tables from C37.09-1 979
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NOTES TO TABLE B 1:

1— V is the rated maximum voltage. See 5.1 of ANSI/IEEE C37.04-1979.
| is the rated short-circuit current. See 4.10.1 of ANSI/IEEE C37.04-1979.

K is the voltage range factor. See 5.2 of ANSI/IEEE C37.04-1979.

S is the asymmetry factor determined from 5.10.2.2 of ANSI/IEEE C37.04-1979.

R is the factor for reclosing duty cycle determined from 5.10.2.6 of ANSI/IEEE C37.04-1979.

T is the maximum permissible tripping delay (see 5.8.1 of ANSI/IEEE C37.04-1979) and is as near Y as test facilities permit.
2—The voltage, current, and time values in a test must be equal to or greater than the specified values, except that the time values may
be reduced at the discretion of the manufacturer.

3—If imposed by limitations in testing facilities, a tolerance of 5% is permissible in the recovery voltage. (See 4.6.5.3.1.) 4—

This value is required in only one operation and in only one phase. (See 4.6.5.10.)

5—Obtain the most severe switching conditions on at least one interruption. (See 4.6.5.11.)

6—The connections from the power source shall be moved from one side of the circuit breaker to the other between Test Duties
4 and 6 and between Test Duties 5 and 7 if that changes the possibility of flashover to ground or between phases. (See 4.6.5.9.)

7—Interrupting time on the last operation may exceed the rated interrupting time by one cycle. For conditions after test, see
46.4.3.

8—Test Duties designated with 2 and 3 constitute an alternate for a Test Duty designated with a corresponding 1. All operations
made in performing Test Duties 7A or 7B, either with the .1 Test Duty or the 2 and .3 Test Duties, are to be performed without
maintenance to demonstrate that the circuit breaker will be in the condition specified after performing the number of operations
required for the service capability. (See 5.10.3 .3 of ANSI/IEEE C37.04-1979.)

If the evidence available from development tests on this circuit breaker shows that a standard duty cycle is more severe with
the voltages and currents of Test Duty 7 than of Test Duty 6, Test Duty 6 may be omitted. If the evidence available from de-
velopment tests on this circuit breaker shows that a standard duty cycle is more severe with the voltages and currents of Test
Duty 6 than of Test Duty 7, a modified Test Duty 7, made with the voltages and currents specified for Test Duty 6, may be used
in place of both Test Duties 6 and 7.

If the standard duty cycle is not used in either Test Duty 4 or 5 and if neither Test Duty 6-1 nor 7-1 is used as specified, the
standard duty cycle shall be demonstrated by Test Duty 6-1 with the currents and recovery voltage as nearly as possible at the
required values without any of the values being exceeded except with the agreement of the manufacturer. Test Duty 6-1 shall
then be supplemented by either Test Duty 6-2 or Test Duty 6-3, whichever is necessary to meet the requirement not fully met
by Test Duty 6-1. The other part of the alternate Test Duty need not be made.

9—1In the closed position, the circuit breaker shall carry a current having an rms value over 3 s of KI. For measurement of current,
see 7.1.6.

10—The average of the rms values of the three ac components shall be equal to or greater than the specified value. The value of
the ac component in any phase shall not vary from the average by more than 10% of the average.

11—This value is required only in one operation, but in all three phases.

12—Test Duties 9 and 10 are omitted if the circuit breaker is not rated for instantaneous reclosing. The reclosing time should not
exceed the rated relcosing time. See 5.9 of ANSI/IEEE C37.04-1979.

13—This test may be omitted if K is less than 1.2.

14—This service capability test is required only on circuit breakers demonstrated with Test Duty 7B because a duty at least
equivalent is required in 7A. The sum of the currents interrupted in a combined total of 10 or less O and CO operations shall be
equal to at least 400% KSI. In this series, except in the final operation, no individual symmetrical component should exceed 0.85
K1, nor should any individual total rms current exceed 0.85 KSI. In the final operation, the circuit breaker must clear a current
having a symmetrical component at least equal to KI, but the interrupting time may exceed the rated interrupting time by one
cycle. See 4.6.4.3. At the discretion of the manufacturer, this Test Duty may be met by running without maintenance Test
Duties 1 to 3, inclusive, plus such other opening operations at any currents as may be required to make up an accumulated
interrupted current of 400% KSI and then after 1 h making one close-open operation with a current having a symmetrical com-
ponent at least equal to KI. See 5.10.3.3 of ANSI/IEEE C37.04-1979 for limitation on tests per hour and 4.6.4.3 for condition
after test.

15—The neutral of the test circuit or the short circuit shall be grounded, but not both.

16—In the Test Duty or Test Duties used to demonstrate the standard duty cycle and service capability between 85 and 100% of
the required asymmetrical interrupting capability, the 15 s time interval shall be used. Unless otherwise specified, for reclosing
and service capability demonstrations, all other Test Duties may be made with longer intervals or with corresponding operations
not made in sequence. Successive open or close operations require intervening switching of the testing circuit.

17—Before at least one close operation in one Test Duty, the closing and tripping test voltages shall be at their respective min-
imums and the operating pressures of pneumatic or hydraulic operating mechanisms shall be 106% or less of cut-off pressure.

18—A compressed gas circuit breaker shall make two close-open operations at the required interrupting capability without the
arc extinguishing medium being replenished. This may be demonstrated during Test Duty 4 or 5 by shutting off the air supply
before the CO-15 s-CO operating duty or before the circuit breaker is closed prior to either one of the operations with the pressure
coy-responding to that of the second operation in these Test Duties. In this last case, the air may be replenished between
operations.

19—Either Test Duty 4 or Test Duty 5 may be omitted if the evidence available from development tests on this circuit breaker
shows that the other is the more severe condition

20—The bus should have a capability of | or KI and the test current reduced by additional line impedance to the required values. 21—

All test duties should be made with transient recovery voltages as specified in 4.7.

22—This demonstration test is not required for circuit breakers rated 72.5 kV and below.
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NOTES to Table B2:
1— V is the rated maximum voltage. See 5.1 of ANSI/IEEE C37.04-1979.
I is the rated short-circuit current. See 4.10.1 of ANSI/IEEE C37.04-1979.
K is the voltage range factor. See 5.2 of ANSI/IEEE C37.04-1979.
S is the asymmetry factor determined from 5.10.2.2 of ANSI/IEEE C37.04-1979.
R is the factor for reclosing duty cycle determined from 5.10.2.6 of ANSI/IEEE C37.04-1979.
T is the maximum permissible tripping delay (see 5.8.1 of ANSI/IEEE C37.04-1979) and is as near Y as test facilities permit,
but no less than 1/2 s.

2— The voltage, current, and time values in a test must be equal to or greater than the specified values, except that the time values
may be reduced at the discretion of the manufacturer.

3— If imposed by limitations in testing facilities, a tolerance of 5% is permissible in the recovery voltage. (See 4.6.5.3.1.) 4—

This value is required in only one operation. (See 4.6.5.10.)

5— Obtain the most severe switching conditions on at least one interruption. (See 4.6.5.11.)

6— The connections from the power source shall be moved from one side of the circuit breaker to the other between Test Duties 4
and 6 and between Test Duties 5 and 7 if that changes the possibility of flashover to ground or between phases. (See 4.6.5.9.)

7—Interrupting time on the last operation may exceed the rated interrupting time by one cycle. For conditions after test, see
46.4.3.

8—Test Duties designated with 2 and -3 constitute an alternate for a Test Duty designated with a corresponding 1. All operations
made in performing Test Duties 7A or 7B, either with the .1 Test Duty or the 2 and -3 Test Duties, are to be performed without
maintenance to demonstrate that the circuit breaker will be in the condition specified after performing the number of operations
required for the service capability. (See 5.10.3 .3 of ANSI/IEEE C37.04-1979.)

If the evidence available from development tests on this circuit breaker shows that a standard duty cycle is more severe with
the voltages and currents of Test Duty 7 than of Test Duty 6, Test Duty 6 may be omitted. If the evidence available from de-
velopment tests on this circuit breaker shows that a standard duty cycle is more severe with the voltages and currents of Test
Duty 6 than of Test Duty 7, a modified Test Duty 7, made with the voltages and currents specified for Test Duty 6, may be used
in place of both Test Duties 6 and 7.

If the standard duty cycle is not used in either Test Duty 4 or 5 and if neither Test Duty 6-1 nor 7-1 is used as specified, the
standard duty cycle shall be demonstrated by Test Duty 6-1 with the currents and recovery voltage as nearly as possible at the
required values without any of the values being exceeded except with the agreement of the manufacturer. Test Duty 6-1 shall
then be supplemented by either Test Duty 6-2 or Test Duty 6-3, whichever is necessary to meet the requirement not fully met
by Test Duty 6-1. The other part of the alternate Test Duty need not be made.

9—1In the closed position, the circuit breaker shall carry a current having an rms value over 3 s of KI. For measurement of current,
see 7.1.6.

10—The rms value of the ac component must be equal to or greater than the specified current.

11—Except as required by Note (16), control voltage and operating pressure shall be maintained at such values that the closing
speed and the opening speed of the contacts in the region of arcing are approximately the same as is obtained with rated control
voltage and rated operating pressure during a corresponding three-phase test on a three-pole circuit breaker (see 4.6.5.7).

12—Test Duties 9 and 10 are omitted if the circuit breaker is not rated for instantaneous reclosing. The reclosing time should not
exceed the rated reclosing time. See 5.9 of ANSI/IEEE C37.04-1979.

13—This test may be omitted if K is less than 1.2.

14—This service capability test is required only on circuit breakers demonstrated with Test Duty 7B because an equivalent duty
is required in 7A. The sum of the currents interrupted in a combined total of 10 or less O and CO operations shall be equal to at
least 400% KSI. In this series, except in the final operation, no individual symmetrical component should exceed 0.85 KI, nor
should any individual total rms current exceed 0.85 KSI In the final operation, the circuit breaker must clear a current having a
symmetrical component at least equal to KI, but the interrupting time may exceed the rated interrupting time by one cycle. See
4.6.4.3. At the discretion of the manufacturer, this Test Duty may be met by running without maintenance Test Duties 1 to 3,
inclusive, plus such other opening operations at any currents as may be required to make up an accumulated interrupted current
of 400% KSI and then after 1 h making one close-open operation with a current having a symmetrical component at least equal to
KI. See 5.10.3 .3 of ANSI/IEEE C37.04-1979 for limitation on tests per hour and 4.6.4 .3 for condition after test.

15—If it is desired to demonstrate the ability to interrupt three-phase grounded faults on an effectively grounded three-phase
system, but not three-phase ungrounded faults, the constant 0.87 is replaced by 0.75.

16—In the Test Duty or Test Duties used to demonstrate the standard duty cycle and service capability between 85 and 100% of
the required asymmetrical interrupting capability, the 15 s time interval shall be used. Unless otherwise specified, for reclosing
and service capability demonstrations, all other Test Duties may be made with longer intervals or with corresponding operations
not made in sequence. Successive open or close operations require intervening switching of the testing circuit.

17—Before at least one close operation in one Test Duty, the operating pressure of a fluid-operated circuit breaker shall be such
as to produce contact closing speed and contact opening speed in the region of arcing equal to that produced on a three-pole
circuit breaker by an operating pressure equal to cut-off pressure during a corresponding three-phase test.

Closing control voltage in a solenoid-operated circuit breaker shall be such as to produce contact closing speed and contact
opening speed approximately equal to those which would be produced on a three-pole circuit breaker by a closing control voltage
at the lower limit of its operating range, or in a fluid-operated circuit breaker shall be at the lower limit of its operating range,
and tripping control voltage shall be at the lower limit of its operating range.
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18— A compressed gas circuit breaker shall make two close-open operations at the required interrupting capability without the
arc extinguishing medium being replenished. This may be demonstrated during Test Duty 4 or 5 by shutting off the air supply
before the CO-15 s-CO operating duty or before the circuit breaker is closed prior to either of the other operating duties. It may
also be demonstrated by making either one of the operations with the pressure corresponding to that of the second operation in
these Test Duties. If less than a three-pole circuit breaker is being operated on the test, a pressure equivalent to pressure for the
second interruption in a three-pole circuit breaker shall be used for one interruption.

19—Either Test Duty 4 or Test Duty 5 may be omitted if the evidence available from development tests on this circuit breaker
shows that the other is the more severe condition.

20—To avoid closing with a voltage which is required for the opening, but is higher than necessary for demonstrating closing,
the CO operation may be made at 0.58/0.87 times the voltage specified in Column 4 providing it is supplemented by an opening
operation at the voltage specified in Column 4.

21—The bus should have a capability of | or KI and the test current reduced by additional line impedance to the required values. 22—

All Test Duties should be made with transient recovery voltages as specified in 4.7.

23—This demonstration test is not required for circuit breakers rated 72.5 kV and below.
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IEEE Std C37.09TM-1999 (R2007)
(Revision of |IEEE Std
C37.09-1979)

|IEEE Standard Test Procedure for
AC High-Voltage Circuit Breakers

Rated on a Symmetrical Current
Basis

Suggest adding a new clause to indicate the number of test specimens allowed for all type
tests as follows:

“Certain type tests may have to be conducted on more than one circuit breaker having
same design and construction. Limitations of lab capabilities in performing all the type
tests that are required by C37.09-200X and the length of time it would have taken if the tests
were to be performed on just one breaker are reasons to allow more than one specimen to
be tested.”

Sponsor

Switchgear Committee
of the
IEEE Power Engineering Society

Reaffirmed 26 September 2007
Approved 26 June 1999

IEEE-SA Standards Board

Abstract: The testing procedures for all high-voltage circuit breakers that include all voltage ratings
above 1000 V ac and comprise both indoor and outdoor types having the prefered ratings as listed
in ANSI C37.06-1997 are covered. Typical circuit breakers covered by these standards have max-
imum voltage ratings from 4.76 kV through 800 kV, and continuous current ratings of 600 A, 1200
A, 2000 A, and 3000 A associated with the various maximum voltage ratings. The test procedures
verify all assigned ratings, including continuous current, dielectric withstand voltages, short-circuit
current, transient recovery voltage, and capacitor switching, plus associated capabilities such as
mechanical endurance, load current, and out-of-phase switching. Production test procedures are
also included. This standard does not cover generator circuit breakers as these are covered in IEEE
Std C37.013-1993.

Keywords: fast transient recovery voltage, indoor, initial, mechanical endurance, operating duty,
outdoor, power frequency, short-circuit current, short-line fault, single-phase testing, test data re-
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porting, three-phase testing, unit test, voltage distribution synthetic test.

The Institute of Electrical and Electronics Engineers, Inc.
3 Park Avenue, New York, NY 10016-5997, USA

2. References
When the following standards are superseded by an approved revision, the revision shall apply.

ANSI C37 .06-1997, American National Standard for Switchgear—AC High-Voltage Circuit Breakers Rated
on a Symmetrical Current Basis—Preferred Ratings and Related Required Capabilities.”

ANSI C37 .06.1-1997, Trial-Use Guide for High-Voltage Circuit Breakers Rated on a Symmetrical Current
Basis—Designated “DePnite Purpose for Fast Transient Recovery Voltage Rise Times.”

*ANSI publications are available from the Sales Department, American National Standards Institute, 11 West 42nd Street, 13th Floor,
New York, NY 10036, USA (http://www.ansi.org/).
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ANSI C37.54-1996, American National Standard for Switchgear—Indoor Alternating-Current High-Voltage
Circuit Breakers Applied as Removable Elements in Metal-Enclosed Switchgear Assemblies—Conformance
Test Procedures.

ANSI C84.1- 1982, Voltage Ratings for Electric Power Systems and Equipment (60 Hz).

ASME Boiler and Pressure Vessel Code, Section X, Fiberglass-Reinforced Plastic Pressure Vessels.?

ASME Boiler and Pressure Vessel Code, Section VIII, Unfired Pressure Vessels.

IEC 60068-2-17-1994, Basic Environmental Test Procedures—Part 2: Tests—Test Q: Sealing

IEC 60694-1996, Common Specifications for High-VVoltage Switchgear and Controlgear Standards.

IEC 61634, Use and Handling of Sulfur Hexafluoride (SF6)
IEEE Std 4-1978, IEEE Standard Techniques for High-Voltage Testing.4

NOTE—This standard is specifically referenced because its latest revision does not include critical test techniques
needed for circuit breaker testing. When the latest issue of this standard is suitably revised, it will be officially recog-
nized and will become part of this revision.

IEEE Std 119 Aug. 1950, IEEE Recommended Practice for General Principles of Temperature Measurement
as Applied to Electrical Apparatus. Test Code for Temperature Measurements.”

IEEE Std C37.04-1999, IEEE Standard Rating Structure for AC High-Voltage Circuit Breakers.

IEEE Std C37.010-1999, IEEE Application Guide for AC High-Voltage Circuit Breakers Rated on a Sym-
metrical Current Basis.

IEEE Std C37.01 1-1994, IEEE Application Guide for Transient Recovery Voltage for AC High-Voltage Cir-
cuit Breakers Rated on a Symmetrical Current Basis.

IEEE Std C37.013-1997, IEEE Standard for AC High-Voltage Generator Circuit Breakers Rated on a Sym-
metrical Current Basis.

IEEE Std C37 .015-1993, IEEE Application Guide for Shunt Reactor Current Switching.

IEEE C37.081-1981 (R1988), IEEE Guide for Synthetic Fault Testing of AC High-Voltage Circuit Breakers
Rated on a Symmetrical Current Basis.

IEEE C37.082-1982 (R2006), Standard Methods for the Measurement of Sound Pressure Levels of AC Power
Circuit Breakers

IEEE Std C37.1 1-1997, IEEE Standard Requirements for Electrical Control for High-Voltage Circuit Break-
ers Rated on a Symmetrical Current Basis.

IEEE Std C37 .20.2-1993, IEEE Standard for Metal-Clad and Station Type Cubicle Switchgear.

2ASME publications are available from the American Society of Mechanical Engineers, 3 Park Avenue, New York, NY 100 16-5990,
USA (http://www.asme.org/).

*IEC publications are available from the Sales Department of the International Electrotechnical Commission, Case Postale 131, 3, rue de
Varembé, CH-1211, Genéve 20, Switzerland/Suisse (http://wwwiec.ch/). IEC publications are also available in the United States from
the Sales Department, American National Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA.

*|EEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA (http://www.standardsieee.org/).

SIEEE Std 119 Aug. 1950 has been withdrawn; however, copies can be obtained from Global Engineering, 15 Inverness Way East,
Englewood, CO 80112-5704, USA, tel. (303) 792-2181 (http://globalihs.com/).
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IEEE Std C37.24-1986 (R1998), Guide for Evaluating the Effect of Solar Radiation on Outdoor Metal-Clad
Switchgear.

IEEE Std C37.100-1992, IEEE Standard Definitions for Power Switchgear.
IEEE Std C57.13-1993, IEEE Standard Requirements for Instrument Transformers.

IEEE Std C57.19.00-1991 (R1997), IEEE Standard General Requirements and Test Procedures for Outdoor
Apparatus Bushings.

IEEE C57.19.01-1991 (R1997), IEEE Standard Performance Characteristics and Dimensions for Outdoor
Apparatus Bushings.

IEEE 1291-1993, Guide for Partial Discharge Measurements

Acoustical Society of America, Suite 1nol, 2 Huntington Quadrangle, Melville, NY 11747-4502
(http://asa.aip.org)

ANSI S1.1-1994 (R2004), Acoustical Terminology (Acoustical Society of America Standard Methods for the
Measurement of Sound Pressure Levels of AC Power Circuit BreakersIEC 60056-1987, High Voltage
Alternating Current Circuit Breakers.®

ANSI S1.4-1983 (R2001), Specification for Sound Level Meters (Acoustical Society of America)
ANSI S1.13-1995 (R1999), Measurements of Sound Pressure Levels In Air (Acoustical Society of America)

4.4 Dielectric withstand tests

The dielectric withstand capability of a circuit breaker is demonstrated by subjecting it to a power frequency,
a lightning impulse test, and where required, a chopped wave lightning impulse and a switching impulse test,
at voltage levels equal to or greater than those that have been specified in ANSI C37 .06-1997.
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4.4.1 Tests conditions

a)
b)
c)

d)

f)

9)

h)

)

k)

m)

n)

0)

Withstand tests on circuit breakers shall be made under atmospheric pressure, temperature, and
humidity conditions normally prevailing at the testing facility.

The circuit breaker shall be clean and in good condition, and shall not have been put into commer-
cial operation.

Sealed interrupters that use a pressurized gas must be tested at the minimum specified operating
pressure of the interrupter.

If gaps are to be permanently mounted in parallel with the insulation structure, they shall be in place
during all dielectric tests.

Correction factors shall not be used on normal power frequency dry tests, unless allowed by the
specific apparatus standard. The values of correction factors for atmospheric pressure and
atmospheric humidity to be used for impulse and power frequency wet tests are to be taken from
IEEE Std 4-1978 curves and formulas applicable to atmospheric bushings, except where otherwise
noted.

The bushing and rod gap correction factors will not always have the optimum accuracy for a specific
design of circuit breaker. In cases where more accurate correction factors can be made available for
a specific design or class of designs, they may be used.

When revisions in correction factors in IEEE Std 4-1978 are made, they shall be applicable to new
designs only and it shall not be necessary to repeat design tests on designs for which such tests have
been completed.

Dielectric test voltages shall be measured in accordance with IEEE Std 4-197 8 voltage measurement
standards.

The configuration of the circuit breaker may cause a test on one terminal to produce the same elec-
tric stress distribution as a test on one or more of the other terminals. When this situation prevails, it
is necessary to apply voltage only to those terminals that produce different distributions of electric
stress.

Tests, as described in the following clauses, will be conducted on the complete three-pole circuit
breaker. However, single-pole tests for outdoor circuit breakers are sufficient when adjacent poles
have substantially no influence or are simulated by ground shields.

Indoor circuit breakers shall be tested in a minimum volume enclosure or in the actual switchgear
vertical section compartment.

For dry switching impulse tests, which are only applicable to outdoor circuit breakers rated 362 kV
and above, atmospheric temperature and pressure correction factors shall be applied to define the
test voltage. At the manufacturer’s option, the humidity correction factor may be applied.

For wet switching surge impulse and for wet power frequency tests, which are only applicable to
outdoor circuit breakers rated 362 kV and above, atmospheric temperature and pressure correction
factors shall be applied to define the test voltage. The humidity correction factor shall not be applied.

For lightning impulse and chopped wave tests, atmospheric temperature and pressure correction fac-
tors shall be applied to define the test voltage. For outdoor circuit breakers, at the manufacturer’s
option, the humidity correction factor may be applied. For indoor circuit breakers, the use of humid-
ity correction factors is required (see IEEE Std C37.20.2-1993).

Handling and use of sulfur hexafluoride (SF6) gas during manufacture, test, and related operations
shall be in accordance with IEC 61634.
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4.17 Sealed pressure systems leakage tests

This requirement applies to high voltage indoor or outdoor circuit breakers that use a gas other than air at
atmospheric pressure as interrupting, insulating, or operating medium.

4.17.1 Design tests

The purpose of tightness/leakage tests is to demonstrate that the absolute leakage rate, F, does not exceed the
specified value of the permissible leakage rate, F, (see Pressurized systems in IEEE Std C37.04-1999).

Where possible, the tests should be performed on a complete system; if this is not practical, the tests may be
performed on parts, components, or subassemblies. In such cases, the leakage rate of the total system shall
be determined by summation of the component leakage rates. The possible leakages between subassemblies
of different pressures shall also be taken into account.

— The tightness test of a circuit breaker shall be performed both in the closed and open position of the
device, unless the leakage rate is independent of the position of the main contacts.

— The tightness tests shall be performed before and after the mechanical operation test or during the
operation tests at extreme temperatures.

An increased leakage rate at extreme temperatures (if such tests are required) is acceptable, provided that
this rate resets to a value not higher than the maximum permissible value at normal ambient air temperature.

6 Copyright © 2000 IEEE. All rights reserved.





The increased temporary leakage rate shall not exceed three times the specified permissible value Fy.

In general, only cumulative leakage measurements allow calculation of leakage rates. In general, for the
application of an adequate test method, reference is made to IEC 60068-2-17-1994.

4.17.2 Relative leakage rate

The relative leakage rate, g Shall be checked by measuring the pressure drop, AP, over a time period, t,
that is of sufficient length to permit a determination of the pressure drop. A correction should be made to
take into account the variation of ambient air temperature. During this period the replenishment device shall
be inoperative.

4.17.3 Test report
The test report for these design tests should include the following information as a minimum:

a) A description of the object under test, including its internal volume and the nature of the filling gas;
b)  Whether the object under test is in the closed or open position;

c) The pressures and temperatures recorded at the beginning and end of the test, and the number of
replenishments (if any needed);

d) The cut-in and cut-off pressure settings of the pressure (or density) control, or monitoring device;
e) Anindication of the calibration of meters used to detect leakage rates;

f)  The results of the measurements; and

g) |If applicable, the test gas and the conversion factor to assess the results.

4.18 Noise (Sound) Level Tests

Noise (sound) level design tests are not normally required, as the sound levels of modern
outdoor circuit breakers are well below the limits of applicable regulations. If necessary, sound
level tests for outdoor circuit breakers shall be performed in accordance with this Clause.
Sound level tests are not required for circuit breakers used in gas insulated substations (GIS)
and metal-enclosed equipment.

1. Excessive noise levels can be generated from mechanical vibrations in a circuit breaker,
openings and closings of high energy operating mechanisms, and from running operations of
charging motor. These noise levels may be higher than tolerable sound limits deemed
acceptable in occupational environments or in working areas where Local, State and Federal
Government regulations are enacted to limit sound exposure in these areas. If required by
customer, sound level tests for outdoor circuit breakers shall be conducted on the breaker and
sound measurements recorded to verify compliance.

2. Sound level tests are also not required for metal-clad switchgear.

4.18.1 Terminology

All terms not modified by this Standard shall be in accordance with ANSI S1.1-1994 (R2004)
and ANSI S1.13-1995 (R1999).

4.18.2 Noise Measurement Equipment

Noise measurements shall be made with a sound level meter meeting the requirements of ANSI
S1.4-1983 (R2001). The reference pressure for all measurements shall be 0.0002 microbars.
ANSI S1.13-1995 (R1999) shall apply unless otherwise modified by this Standard. Impulse
noise limits shall be specified as peak values without weighting. The peak sound pressure
level shall be measured with a sound level meter in combination with either an impact noise
analyzer or an octave band noise analyzer using the all-pass range.

Continuous and intermittent noise measurements shall be made with a sound level meter giving
an rms response, using the A scale and a "slow" meter speed.





Care shall be taken so that measurements will not be influenced by noise reflection, focus, or
amplification from walls, buildings, or other surfaces.

3.18.3 Design Tests

Design tests to determine the levels of impulse, continuous, and intermittent noise shall be
made in accordance with IEEE C37.082-1982 (R2006) under no load conditions on a
completely assembled circuit breaker.

If a complete three-phase circuit breaker is not assembled at the place of manufacture, the
tests shall be made at the installation site.

3.19 Partial Discharge Tests

Partial discharge tests are optional. If partial discharge tests are required, they shall be
conducted in accordance with IEEE 1291-1993.

4.20 Radio Influence Voltage (RIV) Tests

4.20.1 The equipment and general method used in making radio influence voltage test shall
be in accordance with NEMA 107-1988.

Radio Influence voltage limits apply for circuit breakers rated 123kV and above. For lower
voltage ratings, the radio influence voltage is relatively low, and radio influence effects
negligible. Radio influence voltage tests, if required, shall be conducted in accordance with
NEMA 107-1988.

4.20.2 Tests at one selected radio frequency shall be made with the circuit breaker both in
the closed and open positions.

4.20.3 In the case of multi-pole circuit breakers, one pole or terminal or groups of the same
shall be permitted to be used at a time.

4.20.3 In the case of multi-pole circuit breakers, one pole or terminal or groups of the same
shall be permitted to be used at a time.

4.20.4 The tanks of the circuit breakers shall be filled with the prescribed amount or pressure
of insulating fluid.

4.20.5 The case, tank, frame, and other normally grounded parts shall be connected to
ground.

4.20.6 When a test is made with the circuit breaker in the open position, the pole or group of
poles not under the test shall be grounded and ungrounded, and the radio influence voltage
shall be determined for each condition.

4.20.7 No other grounded or ungrounded object or structure (except mounting structure when
required) shall be nearer any part of the circuit breaker or its terminals under test than three
times the longest overall dimension of the test piece, with a minimum allowable spacing of 3
feet (0.9m).

4.20.8 Where space requirements under test conditions do not permit the foregoing
clearances to be maintained, the test will be considered satisfactory if the limits of radio
influence voltage obtained are equal to or less than those specified in Table ?? in IEEE
C37.04-200X. In such cases, a record shall be made of the object, structures, and their
distances from the device under test.

Will the new revision of IEEE C37.04-200X include Table 4-1 of NEMA SG4-2009?
4.20.9 Limits of radio influence voltage shall be as in IEEE C37.04-200X.
Will the new revision of IEEE C37.04-200X include these limits?

4.20.10 Tests may be made under the conditions prevailing at the time and place of test.
However, it is recommended that tests be avoided when the radio influence voltage of test
equipment (including the influence voltage of irrelevant electrical devices) with the circuit
breaker under test disconnected from the test equipment exceeds 25 percent of the radio
influence voltage of the circuit breaker to be tested.





4.20.11 The frequency of the supply voltage shall be within 5 percent of the rated frequency
of the circuit breaker.

4.20.12 Tests shall be conducted under the atmospheric conditions prevailing at the time and
place of test.

It is recommended that tests be avoided when the vapor pressure is below 0.2 in (5 mm) or
exceeds 0.6 in (15 mm) of mercury. Since the effects of humidity and air density upon radio
influence voltage are not definitely known, no correction factors are recommended for either at
the present time. However, it is recommended that barometric pressure and dry-bulb and wet-
bulb thermometer readings be recorded so that suitable correction factors, if determined, ca be
applied to previous measurements.

4.20.13 It shall be permissible to connect conductors of the largest size intended for use with
the test piece to each terminal. The length of the conductors, when used, shall be equal to or
grater than the longest overall dimension of the test piece, except that the length nee not
exceed 6 feet (1.8 m). The free end of such conductors shall terminate in a sphere having a
diameter of twice the diameter of the conductor, plus or minus 10 percent, or shall be shielded
in some other suitable manner to eliminate the effect of the end of the conductor as a source
of radio influence voltage.

4.20.14 The test shall be made without removing any component part, and the test voltage
shall be determined by the lowest rated voltage of any component part. The limiting radio
influence voltage shall be identical with the highest value fixed for any of the component parts
that determine the test voltage.

4.20.15 The following precautions shall be observed when making radio influence tests:

a. The circuit breaker shall be at approximately the same temperature of the room in
which the test is to be made.

b. The circuit breaker shall be dry and clean.

c. The circuit breaker shall not be subjected to dielectric tests within 2 hours prior to
the radio influence voltage test.

d. If the radio influence voltage falls off rapidly after the supply voltage has been
applied for a short time, the circuit breaker may be pre-excited at normal operating
voltage for a period not exceeding 5 minutes before proceeding with the tests.

4.30 Instrument Current Transformer Tests

The design test requirements and procedures for bushing-type current transformers and
instrument current transformers that are shipped with the circuit breaker or free-standing shall
be as specified in ANSI/IEEE C57.13 and in accordance with the following additional
requirements:

a. When rated dielectric strength is not demonstrated in accordance with ANSI/IEEE
C57.13, the test requirements and procedures as specified in ANSI C37.06 and
ANSI/IEEE C37.09 shall be used.

b. Wet dielectric tests shall be made with values in accordance with ANSI C37.06 and
ANSI/IEEE C37.09. When the current transformer is part of the circuit breaker structure,
the wet tests on the circuit breaker shall include the current transformer. When the
current transformer is not part of the circuit breaker or when it can be set apart from the
circuit breaker, the current transformer shall be tested separately.

c. Dielectric tests shall be made in accordance with ANSI/IEEE C37.09. Where
current transformers are closely associated with the circuit breaker, that is mounted on
the circuit breaker-supporting structure or on separate pedestals at the end of the pole
units, the dielectric tests shall be made on the combined circuit breaker and current
transformer, unless it can be established otherwise that there is no reduction of
insulation withstand strength because of the adjacent apparatus.

d. Switching surge withstand voltage tests shall be made in accordance with ANSI
C37.06 and ANSI/IEEE C37.09.
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4.4.1 Tests conditions

a)  Withstand tests on circuit breakers shall be made under atmospheric pressure, temperature, and
humidity conditions normally prevailing at the testing facility.

b)  The circuit breaker shall be clean and in good condition, and shall not have been put into commer-
cial operation.

c) Sealed interrupters that use a pressurized gas must be tested at the minimum specified operating
pressure of the interrupter.

d) If gaps are to be permanently mounted in parallel with the insulation structure, they shall be in place
during all dielectric tests.

e) If shields or corona rings not normally supplied with the circuit breaker are required to be added to
bushings to allow successful testing of non-atmospheric paths, then the bushings shall be tested

separately.

f)  If bushings are tested separately from the circuit breaker, they shall be tested according to section
9.1 of IEEE C37.017.

é)g) Radio influence voltage (RI1V) and partial discharge tests from gas-insulated circuit breaker tests
may be excluded from separate tests of hollow gas-insulated circuit breaker bushings.

eyh) Correction factors shall not be used on normal power frequency dry tests, unless allowed by the
specific apparatus standard. The values of correction factors for atmospheric pressure and
atmospheric humidity to be used for impulse and power frequency wet tests are to be taken from
IEEE Std 4-1978 curves and formulas applicable to atmospheric bushings, except where otherwise
noted.

£1) The bushing and rod gap correction factors will not always have the optimum accuracy for a specific
design of circuit breaker. In cases where more accurate correction factors can be made available for
a specific design or class of designs, they may be used.

g}1)_When revisions in correction factors in IEEE Std 4-1978 are made, they shall be applicable to new
designs only and it shall not be necessary to repeat design tests on designs for which such tests have
been completed.

hyk) Dielectric test voltages shall be measured in accordance with IEEE Std 4-197 8 voltage measurement
standards.

1) The configuration of the circuit breaker may cause a test on one terminal to produce the same elec-
tric stress distribution as a test on one or more of the other terminals. When this situation prevails, it
is necessary to apply voltage only to those terminals that produce different distributions of electric
stress.

jym) Tests, as described in the following clauses, will be conducted on the complete three-pole circuit
breaker. However, single-pole tests for outdoor circuit breakers are sufficient when adjacent poles
have substantially no influence or are simulated by ground shields.

kyn) Indoor circuit breakers shall be tested in a minimum volume enclosure or in the actual switchgear
vertical section compartment.

Bo) For dry switching impulse tests, which are only applicable to outdoor circuit breakers rated 362 kV
and above, atmospheric temperature and pressure correction factors shall be applied to define the
test voltage. At the manufacturer’s option, the humidity correction factor may be applied.

myp) For wet switching surge impulse and for wet power frequency tests, which are only applicable to
outdoor circuit breakers rated 362 kV and above, atmospheric temperature and pressure correction
factors shall be applied to define the test voltage. The humidity correction factor shall not be applied.

m0) For lightning impulse and chopped wave tests, atmospheric temperature and pressure correction fac-
tors shall be applied to define the test voltage. For outdoor circuit breakers, at the manufacturer’s
option, the humidity correction factor may be applied. For indoor circuit breakers, the use of humid-
ity correction factors is required (see IEEE Std C37.20.2-1993).

2 Copyright © 2000 IEEE. All rights reserved.





IEEE
CIRCUIT BREAKERS RATED ON A SYMMETRICAL CURRENT BASIS Std C37.09-1 999

4.4.3.2 Wet test procedure

The wet tests are made only on outdoor power circuit breakers or on external components such as bushings,
in accordance with the procedure described in IEEE Std €57-19.00-19914. For those bushings, where their
voltage distribution is negligibly influenced by their surroundings, and which have been tested separately as
individual bushings in accordance with IEEE Std €57.19.00-19914, the tests need not be repeated in the
assembled circuit breaker.

4.4.4 Full-wave lightning impulse withstand voltage tests

These tests are made on circuit breakers, under dry conditions, to verify their ability to withstand their rated
full-wave lightning impulse withstand voltages. In these tests, both positive and negative, lightning impulse
voltages having a peak value equal or greater than the rated full-wave lightning impulse withstand voltage,
as specified in ANSI C37.06-1997, shall be applied to the terminals of the circuit breaker.
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4.4.4.2 Test procedure
The test procedure shall consist of the following tests performed in any order:

a) With the circuit breaker contacts open:

1) Apply three consecutive positive lightning impulse voltage waves to each terminal of the circuit
breaker individually with all other terminals and frame grounded.

2) Apply three consecutive negative lightning impulse voltage waves to each terminal of the circuit
breaker individually with all other terminals and frame grounded.

b) With the circuit breaker contacts closed:

1) Apply three consecutive positive lightning impulse voltage waves individually to each phase of the
circuit breaker with the other phases and the frame grounded.

2) Apply three consecutive negative lightning impulse voltage waves individually to each phase of
the circuit breaker with the other phases and the frame grounded.

If, during the first group of three consecutive tests as applied in item a) and item b) above, a
flasheverdisruptive discharge occurs on one test of a group, a second group of nine tests shall be made. If the
circuit breaker successfully withstands all nine of the second group of tests, the flasheverdisruptive discharges
in the first group shall be considered a random flasheverdisruptive discharge and the circuit breaker shall be
considered as having successfully passed the test.

NOTE 1— This is the preferred procedure. It is often referred to as the 3 x 9 procedure or Procedure C in
IEEE Std 4.

As an alternate to the test described in this clause, 15 consecutive lightning or switching impulses at the rated
withstand voltage may be applied for each test condition and each polarity. The equipment has passed the
impulse tests if the following conditions are fulfilled:
1) Each series has at least 15 tests.
2) No disruptive discharges on non-self-restoring insulation shall occur. This is confirmed by five
consecutive impulse withstands following the last disruptive discharge.
3) The number of disruptive discharges shall not exceed two for each complete series.
This procedure leads to a maximum possible number of 25 impulses per series.

NOTE 2— This procedure is referred to as the 2/15 procedure or Procedure B in IEEE Std 4 and IEC 60060-1.

The determination of the location of the observed disruptive discharges can be done by the laboratory by
dismantling and inspecting the equipment. If punctures of non-self-restoring insulation or tracking marks on
the non-atmospheric side surfaces of an insulator are observed, the equipment has failed the test.

Some insulating materials retain a charge after an impulse test, and for these cases, care should be taken when
reversing the polarity. To allow the discharge of insulating materials, the use of appropriate methods, such as
the application of three impulses at about 80% of the test voltage in the reverse polarity before the test, is
recommended.

4.16 Design tests on pressurized components

4.16.1 Pressurized porcelain components
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In addition to the above tests, when pressurized porcelain elements with end flanges having an internal or
external gas gauge pressure exceeding 208 kPa (absolute pressure) (with no limitation on size) are subjected
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4.16.2 Pressurized non-ceramic components.

4.16.2.1 Non-isolating vessels

Components that neither isolate nor separate high voltage elements of 1000 V or higher shall be tested in
accordance with the requirements of the ASME Boiler and Pressure Vessel Code, Section X, Fiberglass-
Reinforced Plastic Pressure Vessels.

4.16.2.2 Isolating vessels

Non-ceramic components that electrically isolate or separate high voltage elements of 1000 V or higher and
that are pressurized at a constant pressure (where the pressure typically varies only due to diurnal pressure
variations and are minimal compared to the static ambient pressure) shall be tested and meet the require-
ments described in 4.16.1.

4.16.2.3 External components

External components that electrically isolate or separate high voltage elements of 1000 V or higher and that
undergo significant pressure cycling variations due to the operation of the circuit breaker shall be tested as
per 4.16.1. Additionally, a design cyclic pressure and burst tests, in accordance with applicable subclauses
4.16.3.1, 4.16.3.2, or 4.16.3.3, shall be performed.

Composite insulators shall be tested according to IEC 61462.

These tests shall be made in a prototype of each design of non-ceramic vessel, insulator, or tube having an
internal or external gas pressure exceeding 208 kPa (absolute pressure) (15 psig) and having an inside diam-
eter exceeding 152 mm (6 in), after all coating, curing, and fabrication operations are completed.

Where applicable, the prototype vessel(s) shall be so loaded as to create the magnitude of bending and shear
stresses expected to occur under service conditions. The maximum rated cantilever stress shall be based on

the load en-theplastic-elementresulting-frem:shown in Table 1.
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5.3 High-voltage circuit breaker bushings tests

High-voltage circuit breaker bushings for outdoor circuit breakers, when tested separately from the
circuit breaker, shall be tested in accordance with IEEE Std C37.017€57.19.00-199%.

Copyright © 2000 IEEE. All rights reserved. 8






Proposal:

To eliminate the requirement for unnecessary testing of modern circuit breakers by employing techniques similar to
IEC (critical current methods) for determining if load current switching tests are necessary for the all types of circuit
breakers.

Modern medium voltage circuit breakers such as vacuum or SF6 breakers use interrupting techniques that no longer
require special consideration for load current switching test. Historically this type of testing was necessary for air
magnetic types and some oil types.

4.9 Load Current Switching Tests

4.9.1 Determination of When to Test

These tests load current switching tests are additional to the basic short-circuit test-duties covered by Table 1 and are
applicable only to circuit-breakers which have a critical current determined by the case where the minimum arcing
times in any of the test-duties 1, 2 or 3 (T10, T30 or T60) is one half-cycle or more longer than the minimum arcing
times in test duties 4, or 5. For three-phase tests the arcing times of all three phases shall be taken into account.

4.9.2 Load current switching test conditions
Load current switching tests shall be made under the following conditions to demonstrate the capability of the circuit
breaker to switch load currents such as may be encountered in normal service and test for critical currents:

a) The test current levels shall be at:

1) 3% to 7% of the rated continuous current;

2) 95% to 100% of the rated continuous current; and

3).175% to 250% of rated continuous current
NOTE: if the calibration test values for Line 1 (T10) or within these current ranges then
level 3 can be ignored even if the voltage is lower than required stated in sub-Clause
4.9.2 d).

b) The power factor of the test circuits shall be 80% lagging or less with a parallel connected load.
NOTE—Tests at lower power factors are not required but may be made at the option of the
manufacturer.

¢) For three-phase tests, three close-open operations shall be made at each current level. For single-phase

tests, nine close-open operations shall be made at each current level with the contact parting time to be

varied by 30° intervals, on one reference phase, between tests.

d) If three-phase tests are made, they shall be made with power frequency initial and recovery voltages at

least equal to the rated maximum voltage of the circuit breaker. If single-phase tests are made, they shall be

made with power frequency initial and recovery voltages at least equal to 87% of the rated maximum
voltage.

e) If three-phase tests are made, either the neutral of the switched circuit or of the supply shall be

ungrounded except in the case of circuit breakers, which are only intended for grounded neutral service, or

where otherwise specified.

f) The normally grounded parts of the circuit breaker shall be grounded.

g) If the interrupter or interrupters are not symmetrical with respect to the terminals, part of the tests shall

be made with the source connected to one side of the circuit breaker and then repeated with the source

connected to the other side of the circuit breaker.
NOTE—if the most severe configuration has been previously determined during short circuit
testing, then that side shall be used for all tests.

h) The tests shall be made at rated power frequency.

i) All tests shall be made at rated control voltage and operating gas or oil mechanism pressure, if

applicable).

j) With all interrupters using pressurized gas, all operations shall be made to demonstrate the circuit breaker

capability for interrupting load currents at the minimum pressure of the interrupting medium.






From 62271-100:

3.5.126

alternative operating mechanism

an alternative operating mechanism is obtained when a change in the power kinematic chain of the
original operating mechanism or the use of an entirely different operating mechanism leads to the same
mechanical characteristics.

NOTE 1 Mechanical characteristics are defined in 6.101.1.1. The use of mechanical characteristics and related requirements are
described in Annex N.

NOTE 2 An alternative operating mechanism can utilise an operating principle different from the original one (for example the
alternative mechanism can be spring-operated and the original hydraulic).

NOTE 3 A change in the secondary equipment does not lead to an alternative operating mechanism. However, it has to be checked
that changes in the opening time/minimum clearing time does not entail different requirements for test-duty T100a (see 6.102.10).

6.101.1.1 Mechanical characteristics

At the beginning of the type tests, the mechanical characteristics of the circuit-breaker shall be
established, for example, by recording no-load travel curves. This may be done also by the use of
characteristic parameters, for example, momentary speed at a certain stroke, etc. The mechanical
characteristics will serve as the reference for the purpose of characterising the mechanical behaviour of
the circuit-breaker. Furthermore, the mechanical characteristics shall be used to confirm that the different
test samples used during the mechanical, making, breaking and switching type tests behave
mechanically in a similar way. The test in which this reference is gained is referred to as reference no-
load test and the curves or other parameters resulting from it as reference mechanical characteristics.
The reference no-load test may be taken from any appropriate no-load test being part of an individual
type test.

The following operating characteristics shall be recorded:

— mechanical characteristics for opening and closing operation;
— closing time;
— opening time.

The mechanical characteristics shall be produced during a no-load test made with a single O operation
and a single C operation at rated supply voltage of operating devices and of auxiliary and control circuits,
rated functional pressure for operation and, for convenience of testing, at the minimum functional
pressure for interruption.

The opening time and the closing time recorded in the reference no-load test shall be used as reference
closing and reference opening time. The allowable deviations from these reference times correspond to
the tolerances given by the manufacturer when performed under the same conditions as used for the
procedure to produce the reference mechanical characteristics.

Annex N gives requirements and explanation on the use of mechanical characteristics.





6.102.7 Alternative operating mechanisms

For a circuit-breaker equipped with an alternative operating mechanism, repetition of the type tests under
short-circuit and out-of-phase conditions and of the capacitive current switching type tests is not
necessary.

NOTE 1 In this subclause, it is considered that one version of the circuit-breaker using a certain operating mechanism, is completely
type-tested in accordance with this standard; this version is referred to as the completely tested circuit-breaker. The other versions,
differing only in the operating mechanisms (see definition in 3.5.124), are referred to as circuit-breakers with alternative operating
mechanisms.

The tests to be performed are limited to the following:

a) On each of the circuit-breakers (the completely tested circuit-breaker and the circuit-breakers with
alternative operating mechanisms) the mechanical characteristics shall be recorded and compared in
accordance with 6.101.1.1 (The use of mechanical characteristics and related requirements are described
in Annex N.).

b) On each of the circuit-breakers (the completely tested circuit-breaker and the circuit-breakers with
alternative operating mechanisms) test-duty T100s shall be performed. In addition the mechanical
characteristics during the breaking operations with the longest arcing time shall be evaluated according to
the method prescribed in 6.101.1.1. (The use of mechanical characteristics and related requirements are
described in Annex N.).

¢) In the particular case where the variation in opening times of the alternative operating mechanism
causes the circuit-breaker to fall into a different category of minimum clearing time (see 3.7.159), test duty
T100a shall be performed on the circuit-breaker with alternative operating mechanism.

If requirements a), b) and c) are met, the reference mechanical characteristics of the completely tested
circuit-breaker shall apply also for the circuit-breakers with alternative operating mechanisms.
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2. Normative references

Change Clause 2 title as shown above.

Replace the introductory sentence in Clause 2 with the following:

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.

Change the following references as shown below:

IEEE Std C37.011-1994 2005, IEEE Application Guide for Transient Recovery Voltage for AC High-
Voltage Circuit Breakers Rated on a Symmetrical Current Basis.

Insert the following reference alphabetically as it should appear in Clause 2:
IEC 62271-1 (Ed. 1.0)-2007, High-Voltage Switchgear and Controlgear — Part 1: Common Specifications.

IEC 62271-100 (Ed. 2.0)-2008, High-Voltage Switchgear and Controlgear— Part 100: Alternating-Current
Circuit-Breakers.

IEEE Std C37.04b™-2008, IEEE Standard for 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™-2009, IEEE Standard for AC High-Voltage Circuit Breakers Rated on a Symmetrical
Current Basis— Preferred Ratings and Related Required Capabilities for VVoltages Above 1000 V.

Delete the following references as shown below:
IEC 60056-1987, High Voltage Alternating Current Circuit Breakers.

IEC 60694-1996, Common Specifications for High-Voltage Switchgear and Controlgear Standards.

4. Design tests

4.7 TRV test
Change sentence as shown below:

The ability to withstand rated TRVs, as specified in ANSIC37.06-1997 |EEE Std C37.06-2009, for rated
symmetrical current, is demonstrated during the performance of short-circuit current interrupting tests.

4.8 Short-circuit current interrupting tests

4.8.1.5 Recovery voltage
Change item b) as shown below:

TRV. The inherent TRV of the test circuit shall meet or exceed the rated envelopes as defined in {EEE-Std
C37:04-1999 |EEE Std C37.04b-2008. The rated envelopes are required for rated symmetrical short circuit






IEEE P<designation>/D<draft_number>, <draft_month> <draft_year>

1  currents. For short circuit currents other than rated, the envelope shall be adjusted to establish the
2 capabilities as stated in ANSHC37-:06-1997-and-ANSIC37.06-1-1997 IEEE Std C37.04b-2008.
3 Change last sentence of the last paragraph as shown below:
4 The circuit breaker shall be considered to have passed the test if the actual measured TRV meets or exceeds
5  the modified inherent TRV (see tEC-60056-1987-Annex-F IEEE Std C37.04b-2008, Annex A).
6 Replace Figure 6 in 4.8.1.5 as shown below:
(a)
Voltage Inherent TRV of
Z, O u (kV) Test Circuit
1 From
Test
Circuit
Z; Zh e
Modified
I I O Inherent TRV
- e — - —_— — 0 (@ indicated)
Test Circuit with Z, and Circuit breaker 0 Time {us)
Z; that produces the interrupter and
inherent specified TRV impedance £,
Voltage
Zy O u (kV)
From
Test
Circuit
Z:.| e /I/’—
I \Modiﬂad
O Inherent TRV
Test Circuit with Zy and £y Circuit breaker . 0 Ti
that produces the modified interrupter ime £ (us)
inherent TRV shown above  without
but without the ¢ircuit impedance Z,,
7 breaker impedance £,
8 Figure 6 —A test circuit designed to simulate the effect of circuit breaker modifying
9 impedance

10  4.8.1.6 Short-line fault test conditions
11 Change fourth paragraph in this subclause as shown below:
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The peak value Ez u, for the source side component of the TRV is equal to 2222 where Kar x 0.816 x Ur
where Kar = Amplitude factor = 1.4 for circuit breakers above 100 kV or 1.54 for class
S2 circuit breakers below 100 kV. This amplitude is obtained for a grounded fault at
the circuit breaker terminals only. Additional line reactance is then used to reduce

the current to the test value. This reactance also reduces the amplitude of the source
side component of TRV by a factor of 1 + (Kar - 1)M.

Change paragraph after the NOTE as shown below:

The sawtooth recovery voltage on the short-line fault transient is delayed by substation capacitance

adjacent to the circuit breaker and the line. The-time-delay-td-is-0-5-psfor breakersrated 242 kV-and-above;

and-0-2wsfor breakersrated-below 2421V (see TEEE-Std-C37.04-1999)- The time delay ty is 0.5 us for
circuit breakers above 170 kV, is 0.2 us for breakers rated 38 kV < U, < 170 kV and is 0.1 ps for circuit

breakers rated 15 kV < U, < 38 kV (see IEEE Std C37.04b-2008). The first line-side peak voltage, e, and
the line-side rate of rise of recovery voltage, RL, are the same as previously calculated, but the time to first
peak voltage is modified.

Replace Table 1 with the following as shown below:

Table 1 —Single-phase or three-phase test duties for short-circuit current tests

Test duty Operating duty Test voltage Making | kA | at contact part 5
kV (pk) kA asymmetry
T10 Three Os E 0.11 See 4.8.3.1
T30 Three Os E 031 See 4.8.3.1
T60 Three Os E 061 See 4.8.3.1
T100s O-t-CO-t-COor | E | <20
T100s,a and
T100s,b
T100s,a C-t-C E Fxl
T100s,b O-t-0-t-O E [ <20
T100a Three Os E l,, see 4.8.3.3 > 20
Single-phase tests
T100s 1 ph 0 0.58Vv [ <20
T100a 1ph (6] 0.58Vv l,, see 4.8.3.3 > 20
Single-phase short-line fault tests
L75 Three Os 0.58Vv 0.71t0081 <20
L90 Three Os 0.58Vv 091t00.951 > 20
Short-time current (STC) test
STC | Closed position | | FxI | I for Tseconds |

NOTE—Test duties T10, T30, T60, T100s and T100a were formerly test duties 1, 2, 3, 4, and 5. Test duties T100s 1ph
and T100a 1ph were formerly test duties 6 and 7. Test duties L75 and L90 were formerly test duties 8 and 9. Test duty
STC was formerly test duty 10.

4.8.1.7 Initial TRV test conditions
Replace Figure 8 and Figure 9 in this subclause as shown below:
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Figure 8 —lllustration of initial TRV on source side with time delayed short-line
fault transient voltage on the line side

-

— Wag,,| 4-parameter TRV for
] /f,‘-f""ﬂ/ Fault Current MI
o Rl W

Source Sld

Tire «—

'
N, e, —
TL*2, H

Aecovery Yo'tage

Lina Side

! Tora Sredker Strasss e -le, sa)

.
Saurce Sia:—l L—Llrm Skde

;
I

Figure 9 —lllustration of equivalent short-line fault TRV on the line side without the
initial TRV on the source side

Change first three paragraphs after Figure 9 as shown below:

In the case where the initial TRV MEi exceeds the exponential-cosine-transient 4-parameter envelope or
reference line for current Ml at time (TL + td), the source-side initial TRV can be simulated by a line-side
linear ramp transient without time delay td (see Figure 8). The peak of the line-side transient shall also be
increased such that the total peak voltage across the circuit breaker at time (TL + td) is equal to the sum of
the normal short-line fault peak voltage, e, and the initial TRV MEi.

The required line-side peak voltage e and time to peak with time delay is calculated as explained previously
in 4.8.1.6. The reduced initial TRV for the fault current MI and the total circuit breaker stress is then
determined at the time (T. + td) as shown in Figure 8. An equivalent line-side TRV is then calculated
assuming only an-expenential-cosine a 4-parameter envelope or_reference line for the reduced current Ml
for the source-side transient. The peak line-side test voltage would be (e + ea) and the voltage should rise
linearly to the value at time (TL + td) without a time delay as shown in Figure 9.
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In the case where the reduced exponential-cosine 4-parameter transient for current M1 exceeds ME; at time
(TL + td) then the initial TRV can be simulated by a line-side linear ramp transient without time delay ts and
the peak shall simply be e at time (T + td).

4.8.3 Test duties

Change item a) as shown below:

a) Test voltage, E (for test duties -through-5 T10 through T100a)

4.8.3.1 Test duties 4;-2anrd-3 T10, T30 and T60

Change 4.8.3.1 title as shown above.
Change first sentence of first paragraph in 4.8.3.1 as shown below:

Test duties 4-2-and-3 T10, T30, and T60 shown in Table 1 consist of at least two symmetrical (< 20% dc)
and one asymmetrical (between 40% and 60%) current interruption tests made with the appropriate current
values, where | represents the rated short circuit interrupting current value. At the discretion of the
manufacturer, the tests may also be performed asa O -t - CO - t' - CO, provided that for two opening
operations the test current must be symmetrical at the time of contact part. In the case of three-phase tests
the symmetry requirement is applicable only to one of the phases.

Change second sentence of paragraph 2 in 4.8.3.1 as shown below:

The circuit TRV used in test duties 42-anrd-3 T10, T30, and T60 shall be in accordance with the related
capability envelope given in {EEE-Std-C37.04-1999 IEEE Std C37.04b-2008 and modified in accordance

with the corresponding TRV multiphers—givenin-ANSHC37.06-1997 or ANSHC37.06.1-1997 values in
IEEE Std C37.06-2009.

4.8.3.2 Fest-duties4-Test duty T100s
Change 4.8.3.2 title as shown above:

Change first and third paragraph in this 4.8.3.2 as shown below:

Fest-duty-4-Test duty T100s in Table 1 demonstrates the standard operating duty and/or the re closing
reclosing duty cycle at rated short-circuit capability by interrupting a symmetrical current | of the rated
value with a power frequency recovery voltage associated with the rated maximum voltage and with a
circuit TRV defined by the rated or adjusted expenential-cosine-4-parameter envelope for circuit breakers
rated above 100 kV, or by the rated or adjusted, one-minus-cosine-2-parameter envelope for circuit breakers
rated 100 kV and below.

In the event that operating test-duty-4 test duty T100s cannot be performed as shown, due to limitations of
the test laboratory, the alternate methods 4a-and-4b T100s,a and T100s,b may be applied.

4.8.3.3 Fest-duty-5-Test duty 100a
Change 4.8.3.3 title as shown above

Change first sentence of the first paragraph in 4.8.3.3 as shown below:

Fest-duty-5-Test duty T100a in Table 1 consists of three asymmetrical opening operations made not more
than 15 min apart.

4.8.3.4 Festduties 6-and 7 Test duties T100s single-phase and T100a single-phase
Change text in 4.8.3.4 as shown below:
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TFest-duties-6-and-7-Single-phase test duties T100s 1Ph and T100a 1Ph in Table 1 are single-phase-tests
made at 58% of the maximum rated voltage. These tests are intended to demonstrate the capabilities of the
circuit breaker for interrupting a single phase-to-ground fault under the most severe switching condition for
the circuit breaker.

Fest-duties6-Test duty T100s 1Ph is performed with a symmetrical current equal to the maximum rated
symmetrical rms current and with a maximum arcing time as indicated in 4.8.1.4.1.

Fest-duty 7-Test dutyT100a 1Ph is made with an asymmetrical current having a dc component, which is
determined as described in 4.8.1.3, and a maximum arcing time corresponding to those specified in
4.8.1.4.2.

Fest-duties-6-and-7Test duties T100s 1Ph and T100a 1Ph are not required if test duties 4 and 5 test duties
T100s and T100a are made on a single-phase basis.

4.8.3.5 Test-duties 8and 9 Test duties L75 and L90
Change 4.8.3.5 title as shown above:

Change text in 4.8.3.5 as shown below:

Test duties 8-and-9-L75 and L 90 in Table 1 are single-phase tests made at 58% of the maximum rated
voltage. These tests are intended to demonstrate the short-line fault capability of the circuit breaker.

4.8.4 Tests for short-circuit current required related capabilities
Change second paragraph in 4.8.4.1 as shown below:

The test may be performed as part of test-duty-4-test duty T100s or its alternates. The latching portion of the
test is demonstrated by sustaining the current flow after the closing operation for a duration equivalent to at
least 10 cycles of the rated power frequency. When closing and latching is not done as part of test duty 4,
upon completion of the closing and latching test the circuit breaker shall be allowed to cool for at least five
minutes and then it shall be opened under no-load conditions to demonstrate that welding of the contacts
has not occurred. The circuit breaker will have passed the test provided it opens successfully.

4.12 Out-of-phase switching current tests

4.12.4 Test voltage

4.12.4.1 Single phase
Change item c) as shown below:
c) The inherent TRV of the test circuit shall have a 1-ces-2-parameter wave shape with a peak value of 176

1.64 to 1.8 times the value of the test voltage E and a time to peak no greater than 2 times the time F2-tz as
is listed in ANSHE37-06-1997 Table 2B of IEEE C37.04b for the circuit breaker under test.
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3. Definitions
Replace the text in Clause 3 with the following:

For the purposes of this standard, the following terms and definitions apply. These definitions are not
intended to embrace all possible meanings of the terms. They are intended solely to establish the meanings
of terms used in power switchgear. IEEE Std C37.100™ and IEEE Std C37.04a™ [B4]' should be

referenced for terms not defined in this clause.

3.1 Close-open time: Interval of time between the instant when the contacts touch in the first pole
during a closing operation and the instant when the arcing contacts have separated in all poles during the
subsequent opening operation.

NOTE—Unless otherwise stated, it is assumed that the opening release incorporated in the
circuit—breaker is energized at the instant when the 52a contacts close in the trip circuit
during the closing operation. This represents the minimum close-open time.?

3.2 Non-sustained disruptive discharge (NSDD): A disruptive discharge associated with current
interruption that does not result in the resumption of power frequency current or, in the case of capacitance
current interruption, does not result in current at the natural frequency of the circuit.

NOTE—Oscillations following NSDDs are associated with the stray capacitance and inductance
local to, or of the circuit breaker itself. NSDDs may also involve the stray capacitance to
ground of nearby equipment.

4. Design tests

Replace the title of 4.10 with the following:
4.10 Capacitance current switching tests
4.10.1 Applicability

Capacitance current switching tests are applicable to all circuit breakers since line charging interrupting
current is assigned to all outdoor circuit breakers, and cable charging interrupting current is assigned to all
indoor circuit breakers. Tests are required to demonstrate the following ratings when assigned:

— Rated line-charging breaking current (required for all outdoor circuit breakers, optional for indoor
circuit breakers)

— Rated cable-charging breaking current (required for indoor circuit breakers, optional for outdoor
circuit breakers)

— Rated single-capacitor bank breaking current (optional for all circuit breakers)
— Rated back-to-back capacitor bank breaking current (optional for all circuit breakers)

— Rated back-to-back capacitor bank inrush making current (optional for all circuit breakers)

Preferred values of rated capacitance switching currents are given in Tables 1C, 2C, 3E of ANSI C37.06
[B1].

NOTE 1—The determination of overvoltages when switching capacitor currents is not covered by this standard. See
IEEE Std 1036 [B6] for guidance.

NOTE 2—An explanatory note on capacitance current switching is given in C.3.

' The numbers in brackets correspond to those in the bibliography of Annex D.
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4.10.2 General

Re-ignitions during the capacitance current switching tests are permitted. Three classes of circuit breakers
are defined according to their restrike performances:

— Class C2: very low probability of restrike during capacitance current breaking as demonstrated by
specific type tests (4.10.9.1).

— Class C1: low probability of restrike during capacitance current breaking as demonstrated by
specific type tests (4.10.9.2).

— Class CO: unspecified probability of restrike during capacitance current breaking allows up to one
restrike per operation. Suitability for capacitance current switching is demonstrated by successfully
performing either the C1 or C2 test program with up to one restrike per operation (4.10.12.3).

In laboratory tests, the lines and cables may be partly or fully replaced by artificial circuits with lumped
elements of capacitors, reactors, or resistors.

The test circuit frequency shall be the rated frequency with a tolerance of + 2%.

NOTE 1—The probability is related to the performance during the series of design tests.

NOTE 2—Phenomena occurring after a restrike or a re-ignition event are not representative of service conditions as the
test circuit does not adequately reproduce re-ignition/restrike energy or the post-event voltage conditions.

NOTE 3—A circuit breaker can be class C2 for some ratings, and class C1 for other ratings, and/or class CO for other
ratings. For example: A circuit breaker could be class C2 for line charging and cable charging, class C1 for Capacitor
bank switching, and class CO for back-to-back capacitor bank switching; or a circuit breaker could be class C2 for
“normal” switching, and class C1 when switching in the presence of a ground fault.

NOTE 4—Tests at 60 Hz may be considered to prove the breaking characteristics at 50 Hz.

NOTE 5—Tests at 50 Hz may be considered to prove the characteristics at 60 Hz, provided that the voltage across the
circuit breaker is not less during the critical portions of the first 8.3 ms than it would be during a test at 60 Hz with the
specified voltage. For restrike performance, the area of interest is from about 5 ms to 8.3 ms after current zero. This
means that Vs p,/Veo 1, = 1.3 will be sufficient. If restrikes occur after 8.3 ms, due to the instantaneous voltage being
higher than it would be during a test at 60 Hz with the specified voltage, the test-duty should be repeated at 60 Hz.

NOTE 6—The specification of the circuits may be replaced by a specification of the recovery voltage.

4.10.3 Characteristics of supply circuits

The test circuit shall fulfil the following requirements:

a) The characteristics of the test circuit shall be such that the power frequency voltage variation, when
switching, shall be less than 2% for test-duty CS1 (LC1, CC1, and BC1) and less than 5% for test
duty CS2 (LC2, CC2, and BC2). Where the voltage variation is higher than that specified, it is
alternatively permissible to perform tests with specified recovery voltage (see 4.10.10) or synthetic
tests.

b) The impedance of the supply circuit shall not be so low that its short-circuit current exceeds the
rated short-circuit current of the circuit breaker.

For line-charging, cable-charging or single capacitor bank current switching tests the prospective transient
recovery voltage of the supply circuit shall be no more severe than the transient recovery voltage specified
for short-circuit test-duty 4 in Table 1.

2Notes in text, tables, and figures are given for information only and do not contain requirements needed
to implement the standard.
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For back-to-back capacitor bank breaking current tests, the capacitance of the supply circuit and the
impedance between the capacitors on the supply and load sides shall be such as to give the rated back-to-
back capacitor bank inrush making current when testing with 100% of the rated back-to-back capacitor
bank breaking current.

NOTE 1—If a circuit breaker is intended to be used in a system with appreciable lengths of cable on the supply side, a
supply circuit incorporating appropriate additional capacitance should be used. An appreciable cable length is one
having a charging current > 10% of the overhead line charging, or cable-charging current rating.

NOTE 2—For back-to-back capacitor bank switching current tests where separate making tests are performed, a lower
capacitance of the supply circuit may be chosen for the breaking tests. The capacitance should, however, not be so low
that the prospective transient recovery voltage of the supply side exceeds that specified for short-circuit in test-duty 4 in
Table 1. (TRV values in Tables 1, 2, 3 of ANSI C37.06 as appropriate).

4.10.4 Grounding of the supply circuit

For single-phase laboratory tests, either terminal of the single-phase supply circuit can be grounded.
However, when it is necessary to ensure that the correct voltage distribution exists between the units of the
circuit breaker, another point of the supply circuit may be connected to ground.

For three-phase tests the grounding shall be as follows:

a) For capacitor bank current switching tests, the neutral of the supply circuit shall be grounded. For
capacitor banks with grounded neutral, the zero sequence impedance shall be no less than three
times the positive sequence impedance. For isolated neutral capacitor banks this ratio is not
relevant.

b)  For line-charging and cable-charging current switching tests, the grounding of the supply circuit
shall, in principle, correspond to the grounding conditions in circuits for which the circuit breaker is
to be used.

c) For three-phase tests of a circuit breaker intended for use in grounded neutral systems, the neutral
point of the supply circuit shall be grounded and its zero sequence impedance shall be no less than
three times its positive sequence impedance.

d) For three-phase tests of a circuit breaker intended for use in isolated neutral and resonant grounded
systems the neutral point of the supply side shall be isolated.

NOTE—For convenience of testing, an alternative test circuit can be used as long as the testing authority
can prove that equivalent values of the recovery voltage will be obtained, for example a test circuit with a
grounded neutral system and an isolated capacitor bank can be replaced, in many cases, by a test circuit
with an isolated neutral system and a grounded capacitor bank.

Moreover, attention should be given to the influence of TRV control capacitors on the values of the
recovery voltage especially for low capacitance currents. Table 3 gives values of the required recovery
voltage.

4.10.5 Characteristics of the capacitive circuit to be switched

The following abbreviations apply:

— Line-charging current, test-duty CS1 LC1
— Line-charging current, test-duty CS2 LC2
—  Cable-charging current, test-duty CS1 CC1
—  Cable-charging current, test-duty CS2 CC2
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—  Capacitor bank current, test-duty CS1 BC1

—  Capacitor bank current, test-duty CS2 BC2

The characteristics of the capacitive circuit shall, with all necessary measuring devices included (such as
voltage dividers) be such that the decay of the voltage across the circuit breaker does not exceed 10% at the
end of an interval of 300 ms after final arc extinction.

In case the test circuit is unable to supply the recovery voltage for 300 ms, the withstand ability of the
circuit breaker shall be demonstrated in another way. This demonstration can be done by performing an
additional test without current, applying the required recovery voltage 20 ms after contact separation for
circuit breakers rated 50 Hz and 16.6 ms after contact separation for circuit breakers rated 60 Hz. The
required recovery voltage can be obtained by applying, for example, a dc voltage at one terminal and an
a.c. voltage to the other terminal for the required time duration. The number of voltage applications shall be
the same as the number of opening operations in test-duty CS1 (LC1, CC1, and BC1). When capacitance
current switching tests are performed three-phase, this additional dielectric test shall be carried out on each
of the three phases.

4.10.5.1 Line-charging current switching tests

There are three possibilities for line-charging current switching tests. They are as follows:

a) Three-phase tests, where it is permissible to use parallel lines or to partly, or fully, replace the real
three-phase line with lumped capacitor banks. The resulting positive sequence capacitance shall be
approximately twice the zero sequence capacitance for rated voltages 72.5 kV and above, and three
times the zero sequence capacitance for rated voltages less than 72.5 kV.

b)  Single-phase tests in a three-phase test circuit with two phases of the capacitive circuit connected
directly to the three-phase supply circuit and one phase connected to the supply circuit through the
circuit breaker pole to be tested.

c) Single-phase laboratory tests, where it is allowed to replace partly or fully the real lines by lumped
capacitor banks and to use any parallel connection of the conductors in the individual phases with
the return current through ground or through a conductor.

When capacitors are used to simulate overhead lines, a non-inductive resistor of a maximum value of
450 Q may be inserted in series with the capacitors. Higher values may unduly influence the recovery
voltage. If, with this resistor connected, the peak inrush current is still unacceptably high, then an
alternative impedance (e.g., LR) may be used instead of the resistor, provided that the current and voltage
conditions at the instant of breaking and the recovery voltage do not differ significantly (i.e., by more than
2%) from the specified values.

Caution is needed when using such alternative impedances, since this impedance can generate an
overvoltage after re-ignition, which may lead to further re-ignitions or restrikes.

4.10.5.2 Cable-charging current switching tests

Capacitors may be used to simulate shielded and belted cables. For three-phase tests representing three-core
belted cables, the positive sequence capacitance shall be approximately twice the zero sequence
capacitance.

NOTE 1—A belted cable has no grounded shield on the individual phase conductors. Therefore, there is a
phase to phase capacitance as well as phase to ground capacitance.

When capacitors are used to simulate cables, a non-inductive resistor of a maximum value of 25 Q may be
inserted in series with the capacitors. Higher values may unduly influence the recovery voltage. If, with this
resistor connected, the peak inrush current is still unacceptably high, then an alternative impedance (e.g.,
LR) may be used instead of the resistor, provided that the current and voltage conditions at the instant of
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breaking and the recovery voltage do not differ significantly (i.e., by more than 2%) from the specified
values.

Caution is needed when using such alternative impedances, since this impedance can generate an
overvoltage after re-ignition, which may lead to further re-ignitions or restrikes.

NOTE 2—A short overhead line may be used in series with a cable for the tests, provided the line charging
current does not exceed 1% of the cable-charging current.

4.10.5.3 Capacitor bank current switching tests

The neutral of the capacitor shall be isolated except that, for rated voltages above 72.5 kV, the grounding
conditions of the test capacitor shall be the same as for the capacitor when in service if the circuit breaker is
intended for use in grounded neutral systems.

4.10.6 Waveform of the current

The waveform of the current to be interrupted should, as nearly as possible, be sinusoidal. This condition is
considered to be complied with if the ratio of the r.m.s. value of the current to the r.m.s. value of the
fundamental component does not exceed 1.20. However, if the capacitance current is more than 0.1 times
the maximum symmetrical interrupting rating, then the rate of change of the current within 100
microseconds of current zero shall not be greater than 2 times the maximum di/dt of the power frequency
component of the capacitance current.

The current to be interrupted shall not go through zero more than once per half-cycle of power frequency.
4.10.7 Test voltage

For direct three-phase tests and for single-phase tests with the capacitive circuit to be switched according to
the arrangement in item b) of 4.10.5.1, the test voltage measured between the phases at the circuit breaker
location immediately prior to opening shall be not less than the rated voltage [V] of the circuit breaker.

For direct single-phase laboratory tests, the test voltage measured at the circuit breaker location
immediately before the opening shall be not less than the product of V / and the following capacitive
voltage factor k:

a) 1.0 for tests corresponding to normal service in grounded neutral systems without significant
mutual influence of adjacent phases of the capacitive circuit, typically capacitor banks with
grounded neutral and shielded cables.

b) 1.2 for tests on belted cables and for line-charging current switching tests according to item c) of
4.10.5.1 corresponding to normal service conditions in grounded neutral systems for circuit
breakers with rated voltages above 72.5 kV.

c) 1.4 for tests corresponding to
— Breaking during normal service conditions in systems other than grounded neutral systems.

— Breaking of capacitor banks with isolated neutral.

Moreover, the factor 1.4 will be applied for tests on belted cables (CC1) and for line-charging current
switching (LC1) according to item c) of 4.10.5.1 corresponding to normal service conditions in
ungrounded neutral systems for rated voltages less than or equal to 72.5 kV.

When verification of capacitance current switching is required in presence of single- or two-phase
ground faults, the following factors apply (see also 4.10.9.4 for the test currents). Line charging breaking
tests in the presence of single phase to ground faults are required for circuit breakers rated 362 kV and
above.
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d) 1.4 for tests corresponding to breaking in the presence of single- or two-phase ground faults in
grounded neutral systems.

e) 1.7 for tests corresponding to breaking in systems other than grounded neutral systems in the
presence of single or two-phase ground faults.

NOTE—A best, class C1 performance is expected when kc = 1.7.

In summary, the voltage factors for direct single-phase laboratory tests are as follows:

k. = 1.4 for test duties LC1, LC2, CC1, CC2, BC1, BC2 for voltage ratings 72.5 kV and below (see Note 2)
k= 1.4 for test duties LC1, LC2 for voltages 362 kV and above. [In this case, item a) of 4.10.9.4 applies]
k= 1.2 for test duties LC1, LC2 for voltages greater than 72.5 kV and less than 362 kV

k.= 1.0 for test dutiesCC1, CC2, BC1, BC2 for voltages greater than 72.5 kV (unless specified higher by
the user)

For special cases that may require higher values of kc when verification of capacitance current switching is
required in the presence of single or two-phase ground faults, see IEEE Std C37.012™ [B5].

For unit tests, the test voltage shall be chosen to correspond to the most stressed unit of the pole of the
circuit breaker.

The power frequency test voltage and the dc voltage resulting from the trapped charge on the capacitive
circuit shall be maintained for a period of at least 0.3 s after breaking.

NOTE 1—The voltage factors in b) to c¢) above are applicable to single circuit line construction. Switching test
requirements for multiple circuit overhead line constructions may be greater than these factors. (See IEEE Std C37.012
[B5])

NOTE 2—When the non-simultaneity of contact separation in the different poles of the circuit breaker exceeds one-

sixth of the cycle of the rated frequency, it is recommended to raise further the voltage factor or to make only three-
phase tests. (See IEEE Std C37.012™ [B5].)

4.10.8 Test current
Preferred values of rated capacitance currents are specified in ANSI C37.06 [B1].
4.10.9 Test-duties

The tests for either class CO, class C1, or class C2 shall be performed on one specimen without any
maintenance.

The abbreviations of 4.10.5 apply.

4.10.9.1 Test conditions for class C2 circuit breakers

4.10.9.1.1 Class C2 test-duties

4.10.9.1.1.1 Preconditioning

Capacitance current switching tests for class C2 circuit breakers shall be made after performing short-
circuit test-duty 3 in Table 1 as a preconditioning test. (Test-duty 3 is 60% of the rated breaking capability

of the circuit breaker.) The test arrangement should be such that no interference with the circuit breaker
between the tests is necessary. However, if this is not possible and local safety rules require depressurizing
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to enter the test cell, it is allowed to decrease the pressure in the circuit breaker provided that the gas is
reused when refilling the circuit breaker.

As an alternative, the preconditioning test may consist of the following:

— Same current as test-duty 3 Table 1 of IEEE Std C37.09-1999

— Low voltage and no specified TRV

— Three opening operation

— Arcing time: as for test-duty 3 or expected test-duty 3 arcing time values given by the manufacturer

— Rated or lock-out conditions

NOTE 1—For practical reasons, for circuit breakers rated less than 72.5 kV, the manufacturer may choose to add other
test-duties to the test-duty 3 preconditioning tests.

NOTE 2—If several capacitance current switching tests (e.g., line-charging, cable-charging and capacitor bank current
switching tests) are performed with the same circuit breaker without reconditioning, the test-duty 3 preconditioning
tests must be performed only once at the beginning of the capacitance current switching test.

4.10.9.1.1.2 Class C2 Tests

The capacitance current switching tests shall consist of the test-duties as specified in Table 2.

For sealed-for-life fluid circuit breakers, the minimum functional pressure is replaced by the rated pressure
for interruption less the pressure drop due to leakage during life duration. For vacuum circuit breakers, the
pressure conditions for interruption are not applicable.

For make-break tests, the contacts of the circuit breaker shall not be separated until the transient currents
have subsided. To achieve this, the time between the closing and the opening operations may need to be

adjusted but shall remain as close as possible to the close-open time.

No appreciable charge shall remain on the capacitive circuits before the making operations.

Table 2—Class C2 test duties

Test-duty Operating voltages Pressure for Test current as Type of operation
of the releases operation and percentage of the or operating
interruption rated capacitance sequence
breaking current
%
CS1:LC1, CC1, BC1 Maximum voltage Minimum 10 to 40 (0]
functional
pressure
CS2: LC2, CC2, BC2 Maximum voltage Rated pressure Not less than 100 Oand COor CO

NOTE 1—The tests are performed at maximum operating voltage of the releases in order to facilitate consistent control
of the opening operation.

NOTE 2—For convenience of testing, CO operations may be performed in test-duties LC1, CC1, and BCL1.

For all capacitor bank making operations, the making shall occur within +15° of the peak value of applied
voltage (on one phase for three-phase tests). The making current shall be appropriate to the capacitance
current switching duty. To demonstrate back-to-back capacitor bank switching ratings, the making current
shall be at least equal to the rated back-to-back capacitor bank inrush making current (l,,) and the
frequency shall be at least equal to the rated back-to-back capacitor bank inrush making frequency (fuy).
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4.10.9.1.1.3 Alternative of separate making tests

Where, due to limitations of the test plant, it is not possible to comply with the requirements during the CO
operation, then it is permitted to perform the requirements of test-duty CS2 (LC2, CC2, and BC2) as a
series of separate making tests followed by a series of CO tests.

The separate making tests of this test series shall comprise the following:

—  The same number of operations.

— The making current shall be appropriate to the capacitance current switching duty, to demonstrate
back-to-back capacitor bank switching ratings, the making current shall be equal to the rated back-
to-back capacitor bank inrush making current (Ibb), and the frequency shall be at least equal to the
rated back-to-back capacitor bank inrush making frequency (fbb).

— The test voltage shall be the same as for test-duty CS2 (LC2, CC2, and BC2).

—  Closing shall occur within 15° of the peak value (on the same phase for three-phase tests).

After the separate making operations, the CO operations, following the same procedure for the separate
making tests described previously, shall be performed with no-load conditions on the closing.

NOTE—When switching capacitance currents, the opening operation in a CO operation is not influenced by
the pre-arc of the preceding closing operation, but may be impacted by the actual behavior of the fluid for
interruption caused by the closing operation (e.g., local differences in density, turbulence, fluid motion).
Therefore, the closing and the opening operations may be separated as mentioned above with regard to the
electrical stress but not with regard to the motion conditions of the fluid for interruption. A no-load closing
operation prior to the opening operation is necessary for these reasons.

4.10.9.1.1.4 Damping factor for inrush currents

The prospective damping factor for the inrush current during back-to-back switching, i.e., the ratio between
the second peak and the first peak of the same polarity, shall be equal to or greater than 0.75 for circuit
breakers having a rated voltage less than 72.5 kV and equal to or greater than 0.85 for circuit breakers
having a rated voltage equal to or greater than 72.5 kV.

4.10.9.1.1.5 Determination of minimum arcing time

For opening operations, the minimum arcing time is determined by changing the setting of the contact
separation on opening by periods of approximately 300 microseconds. Using this method, several tests may
be necessary to demonstrate the minimum arcing time and the maximum arcing time.

NOTE—In order to obtain more consistent opening and closing times of the circuit breaker, by agreement of
the manufacturer voltages even higher than the relevant upper tolerance limit of the supply voltages of the
operating devices may be applied during these tests.

If a maximum arcing time is obtained instead of an expected minimum arcing time, this is a valid test and
shall be included in the count for the total requirement. In such an event, the following will be necessary,
and may have to be iterated until minimum arcing time is achieved:

— Advance the setting of the control of the tripping impulse by 300 microseconds and repeat the test.
The new setting shall be kept for other tests at minimum arcing time.

— Make one less opening operation to retain the overall total count of tests.

The number of operations at minimum arcing time as stated in 4.10.9.1.2, 4.10.9.1.3, 4.10.9.1.4, and
4.10.9.1.5 shall be achieved in any case, even if the specified total number of operations is exceeded.
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A re-ignition followed by interruption at a later current zero shall be treated as a breaking operation with
long arcing time.

4.10.9.1.1.6 Order of testing

The preferred order for the line-charging or cable-charging current switching tests is as follows:

a) Terminal fault test-duty 3 (Table 1) (mandatory at the beginning)
b)  Capacitance current switching, test-duty CS1 (LC1 or CC1)

c) Capacitance current switching, test-duty CS2 (LC2 or CC2)
The mandatory order for capacitor bank (single or back-to-back) current switching tests is as follows:

d) Terminal fault test-duty 3 (T60) (Table 1)
e) Capacitance current switching, test-duty BC2

f)  Capacitance current switching, test-duty BC1

Within each test-duty, the order of the operations as written in 4.10.9.1.2 to 4.10.9.1.5 is suggested but not
mandatory.

For circuit breakers with a non-symmetrical current path, the terminal connections shall be reversed
between test-duty LC1, CC1, and BC1 and test-duty LC2, CC2, and BC2.

These test-duties may be combined in order to demonstrate the performance of a circuit breaker for
covering several applications or ratings (e.g., LC and/or CC and/or BC). If such combination method is
used, the following rules apply:

— The test voltage, as defined in 4.10.7, shall be equal to the highest value for which the circuit
breaker performance is required to be demonstrated. For circuit breakers with rated maximum
voltage 362 kV and greater, a minimum of 48 tests shall be done with kc=1.4.

— The test-duties and test currents shall be as follows:

1) A test-duty 1, covering test-duties LC1 and/or CC1 and/or BC1, with a current between 10%
and 40% of the lowest capacitive current rating to be demonstrated.

2) A test-duty 2, covering test-duties LC2 and/or CC2 and/or BC2, with a current not less than
100% of the highest capacitive current rating to be demonstrated.

3) If the required current to be used in test-duty 2 exceeds 10 times the current value used in test
duty 1, a third test-duty (test-duty 3) shall be performed with a test current between 10% and
40% of the test current for test-duty 2. For this third test-duty, the testing procedures of the
test duties LC1 and/or CC1 and/or BC1 apply.

4)  The number of operations for each of the test-duties shall be the highest of those defined for
the ratings to be demonstrated (e.g., LC, CC, or BC). Where CO operations are specified for
one application and O operations for a different one, CO operations are considered to cover O
operations if the testing conditions are the same.

4.10.9.1.2 Three-phase line-charging and cable-charging current switching tests
for class C2

Each test-duty shall comprise a total of 24 operations as follows:

4.10.9.1.2.1 Test-duty LC1 and CC1

— 4 0, distributed on one polarity (step: 15°)
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— 6 O at minimum arcing time on one polarity
— 40, distributed on the other polarity (step: 15°)
— 6 O at minimum arcing time on the other polarity

— Additional tests to achieve 24 O, distributed (step: 15°)
4.10.9.1.2.2 Test-duty LC2 and CC2:

— 4 CO, distributed on one polarity (step: 15°)

— 6 CO at minimum arcing time on one polarity

— 4 CO, distributed on the other polarity (step: 15°)
— 6 CO at minimum arcing time on the other polarity

— Additional tests to achieve 24 CO, distributed (step: 15°)

The C operations may be no-load operations. In this case, a series of separate making tests according to
4.10.9.1.1.3 shall be performed.

During these tests, all minimum arcing times shall occur on the same phase.

NOTE—If the opening time of the circuit breaker prevents accurate control of contact separation, the
requirement for minimum arcing times to be on the same phase can be ignored.

4.10.9.1.3 Single-phase line-charging and cable-charging current switching tests
for class C2

Each test-duty shall comprise a total requirement of 48 operations as follows:

NOTE—For rated voltages 362 kV and higher, where a voltage factor kc of 1.4 is required for LC1 and
LC2, the number of tests shall be reduced by one half. (See 4.10.9.4.) This means a total of 24 for LC1 and
24 for LC2.

4.10.9.1.3.1 Test-duty LC1 and CC1

— 12 O, distributed on one polarity (step: 15°)
— 6 O at minimum arcing time on one polarity
— 12 O, distributed on the other polarity (step: 15°)
— 6 O at minimum arcing time on the other polarity

— Additional tests to achieve 48 O, distributed (step: 15°)
4.10.9.1.3.2 Test-duty LC2 and CC2

— 6 0and 6 CO, distributed on one polarity (step: 30°)

— 3 0and 3 CO at minimum arcing time on one polarity

— 6 0and 6 CO, distributed on the other polarity (step: 30°)
— 3 0and 3 CO at minimum arcing time on the other polarity

— Additional tests to achieve 24 O and 24 CO, distributed (step: 30°)

The C operations may be no-load operations. In this case, a series of separate making tests according to
4.10.9.1.1 shall be performed.
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4.10.9.1.4 Three-phase capacitor bank (single or back to back) current switching tests
for class C2

Test-duty BC1 shall comprise a total of 24 O tests. Test-duty BC2 shall comprise a total of 80 CO tests:

4.10.9.1.4.1 Test-duty BC1

— 40, distributed on one polarity (step: 15°)

— 6 O at minimum arcing time on one polarity

— 40, distributed on the other polarity (step: 15°)
— 6 O at minimum arcing time on the other polarity

— Additional tests to achieve 24 O, distributed (step: 15°)
4.10.9.1.4.2 Test-duty BC2

— 4 CO, distributed on one polarity (step: 15°)

— 32 CO at minimum arcing time on one polarity

— 4 CO, distributed on the other polarity (step: 15°);
— 32 CO at minimum arcing time on the other polarity

— Additional tests to achieve 80 CO, distributed (step:15°)

The C operations may be no-load operations. In this case, a series of separate making tests according to
4.10.9.1.1.3 shall be performed.

During these tests, all minimum arcing times shall be obtained on the same phase.

4.10.9.1.5 Single-phase capacitor bank (single or back-to-back) current switching tests
for class C2

Test-duty BC1 shall comprise a total of 48 O tests. Test-duty BC2 shall comprise a total of 120 CO tests.

4.10.9.1.5.1 Test-duty BC1

— 12 O, distributed on one polarity (step: 15°)
— 6 O at minimum arcing time on one polarity
— 12 O, distributed on the other polarity (step: 15°)
— 6 O at minimum arcing time on the other polarity

— Additional tests to achieve 48 O, distributed (step: 15°)
4.10.9.1.5.2 Test-duty BC2

— 12 CO, distributed on one polarity (step: 15°)

— 42 CO at minimum arcing time on one polarity

— 12 CO, distributed on the other polarity (step: 15°)
— 42 CO at minimum arcing time on the other polarity

— Additional tests to achieve 120 CO, distributed (step: 15°)
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The C operations may be no-load operations. In this case, a series of separate making tests according to
4.10.9.1.1.3 shall be performed.

4.10.9.2 Test conditions for class C1 circuit breakers

NOTE—This subclause closely resembles 4.10.9.1 but with the lesser requirements for class C1. Each of
these groups is presented as a “stand alone” grouping.

4.10.9.2.1 Class C1 test-duties
4.10.9.2.1.1 Class C1 Tests

The capacitance current switching tests for class C1 circuit breakers shall consist of test-duties as specified
in Table 2A without preconditioning (4.10.9.1.1.1).

NOTE—Tests performed in an attempt to qualify for class-C2 certification may be applied to class-C1
certification.

Table 2A—Class C1 test duties

Test-duty Operating voltages Pressure for Test current as Type of operation
of the releases operation and percentage of the or operating
interruption rated capacitance sequence
breaking current
%
CS1: LC1, CC1,BC1 Maximum voltage Rated pressure ¥ | 10 to 40 0
CS2: LC2, CC2, BC2 Maximum voltage Rated pressure 3 Not less than 100 CO

NOTE 1—For convenience of testing, CO operations may be performed in test-duty CS1 (LC1, CC1, and BC1).

NOTE 2—The tests are performed at maximum operating voltage of the releases in order to facilitate consistent control
of the opening operation.

9 |If applicable, pressure for operation shall be the minimum functional pressure conditions for at least three CO
operations, one at the minimum arcing time and two at the maximum arcing time.

4.10.9.2.1.2 Making operations

For the make-break tests, the contacts of the circuit breaker shall not be separated until the transient
currents have subsided. To achieve this, the time between the closing and opening operations may need to
be adjusted but shall remain as close as possible to the close-open time.

No appreciable charge shall remain on the capacitive circuits before the making operations.

For all capacitor bank making operations, the making shall occur within +15° of the peak value of applied
voltage (on one phase for three-phase tests). The making current shall be appropriate to the capacitance
current switching duty. To demonstrate back-to-back capacitor bank switching ratings, the making current
shall be at least equal to the back-to-back capacitor bank inrush making current (l,,) and the frequency shall
be at least equal to the rated back-to-back capacitor bank inrush making frequency (fyy).

4.10.9.2.1.3 Alternative separate making tests
Where, due to limitations of the test plant, it is not possible to comply with the requirements during the CO
operation, then it is permitted to perform the requirements of test-duty LC2, CC2, and BC2 as a series of

separate making tests followed by a series of CO tests.

The separate making tests of this test series shall comprise:
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—  The same number of operations.

— The making current shall be appropriate to the capacitance current switching duty, to demonstrate
back-to-back capacitor bank switching ratings, the making current shall be equal to the rated back-
to-back capacitor bank inrush making current (Ibb), and the frequency shall be at least equal to the
rated back-to-back capacitor bank inrush making frequency (fbb).

— The test voltage shall be the same as for test-duty CS2.

—  Closing shall occur within 15° of the peak value (on the same phase for three-phase tests).

After the separate making operations, the CO operations, following the same procedure for the separate
making tests described previously, shall be performed with no-load conditions on the closing.

NOTE—When switching capacitance currents, the opening operation in a CO operation is not influenced by
the pre-arc of the preceding closing operation but may be impacted by the actual behavior of the fluid for
interruption caused by the closing operation (for example local differences in density, turbulence, fluid
motion). Therefore, the closing and opening operations may be separated as mentioned above with regard
to the electrical stress, but not with regard to the motion conditions of the fluid for interruption. A no-load
closing operation prior to the opening operation is necessary for these reasons.

4.10.9.2.1.4 Damping factors for inrush currents

The prospective damping factor for the inrush current during back-to-back switching, i.e., the ratio between
the second peak and the first peak of the same polarity, shall be equal to or greater than 0.75 for circuit
breakers having a rated voltage less than 72.5 kV and equal to or greater than 0.85 for circuit breakers
having a rated voltage equal to or greater than 72.5 kV.

4.10.9.2.1.5 Determination of minimum arcing time

For opening operations, the minimum arcing time is determined by changing the setting of the contact
separation on opening by periods of approximately 300 microseconds. Using this method, several tests may
be necessary to demonstrate the minimum arcing time and the maximum arcing time.

NOTE—In order to obtain more consistent opening and closing times of the circuit breaker, by agreement of
the manufacturer, voltages even higher than the relevant upper tolerance limit of the supply voltages of the
operating devices may be applied during these tests.

If a maximum arcing time is obtained instead of an expected minimum arcing time, this is a valid test and

shall be included in the count for the total requirement. In such an event, the following will be necessary
and may have to be iterated until minimum arcing time is achieved:

— Advance the setting of the control of the tripping impulse by 300 microseconds and repeat the test.
The new setting shall be kept for other tests at minimum arcing time.

— Make one less opening operation to retain the overall total count of tests.

A re-ignition followed by interruption at a later current zero shall be treated as a breaking operation with a
long arcing time.

4.10.9.2.1.6 Order of testing
Within each test-duty, the order of the operations, as written in 4.10.9.2.2, is suggested but not mandatory.

For circuit breakers with a non-symmetrical current path, the terminal connections shall be reversed
between test-duty CS1 (LC1, CC1, and BC1) and test-duty CS2 (LC2, CC2, and BC2).
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These test-duties may be combined in order to demonstrate the performance of a circuit breaker for
covering several applications or ratings (e.g., LC and/or CC and/or BC). If such combination method is
used, the following rules apply:

The test voltage, as defined in 4.10.7, shall be equal to the highest value for which the circuit
breaker performance is required to be demonstrated. For circuit breakers with rated maximum
voltage 362 kV and greater, a minimum of 48 tests shall be done with kc = 1.4.

The test-duties and test currents shall be as follows:

5)

6)

7)

8)

A test-duty 1, covering test-duties LC1 and/or CC1 and/or BC1, with a current between 10%
and 40% of the lowest capacitive current rating to be demonstrated.

A test-duty 2, covering test-duties LC2 and/or CC2 and/or BC2, with a current not less than
100% of the highest capacitive current rating to be demonstrated.

If the required current to be used in test-duty 2 exceeds 10 times the current value used in test
duty 1, a third test-duty (test-duty 3) shall be performed with a test current between 10% and
40% of the test current for test-duty 2. For this third test-duty, the testing procedures of the
test duties LC1 and/or CC1 and/or BC1 apply.

The number of operations for each of the test-duties shall be the highest of those defined for
the ratings to be demonstrated (e.g., LC, CC, or BC). Where CO operations are specified for
one application and O operations for a different one, CO operations are considered to cover O
operations if the testing conditions are the same.

4.10.9.2.2 Single-phase and three-phase capacitance current switching tests for class C1

Test-duty CS1 (LC1, CC1, and BC1) shall comprise a total of 24 O tests. Test-duty CS2 (LC2, CC2, and
BC2) shall comprise a total of 24 CO tests.

NOTE—For rated voltages 362kV and higher, where a voltage factor kc of 1.4 is required for LC1 and LC2,
the number of tests shall be reduced by one half. (See 4.10.9.4.) This means a total of 12 for LC1 and 12 for

LC2.

4.10.9.2.2.1 Test-duty CS1 (LC1, CC1, BC1)

6 O, distributed on one polarity (step: 30°)

3 O at minimum arcing time on one polarity

3 O at minimum arcing time on other polarity

6 O at maximum arcing time on the other polarity

Additional tests to achieve 24 O, distributed (step: 30°)
4.10.9.2.2.2 Test-duty CS2 (LC2, CC2, BC2)

6 CO, distributed on one polarity (step: 30°)

3 CO at minimum arcing time on one polarity

3 CO at minimum arcing time on the other polarity

6 CO at maximum arcing time on the other polarity

Additional tests to achieve 24 CO, distributed (step: 30°)

The C operations may be no-load operations. In this case, a series of separate making tests according to
4.10.9.2.1 shall be performed.
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The preferred order for the tests is the following:

— Capacitance current switching, test-duty CS1 (LC1 or CC1 or BC1)

— Capacitance current switching, test-duty CS2 (LC2 or CC2 or BC2)
4.10.9.3 Test conditions for class CO circuit breakers

See 4.10.11.3.

The test circuit used to demonstrate class CO must be capable of producing multiple restrikes, and must
provide sufficient energy for each restrike to charge the load capacitor to 3.0 per unit voltage.

4.10.9.4 Test conditions corresponding to breaking in the presence of ground faults

a) Linesand cables

Where tests corresponding to switching of line and cable-charging currents in the presence of
ground faults are required, the following shall apply:

Single-phase laboratory tests shall be made with a test voltage as given in 4.10.7 and a capacitive
current equal to

— 1.25 times the rated capacitance breaking current in grounded neutral systems.
— 1.7 times the rated capacitance breaking current in systems other than grounded neutral
systems.

Test procedures are as given in 4.10.9.1 and 4.10.9.2, except that the total number of tests
required is divided by two for each relevant test-duty.

NOTE—If the tests corresponding to breaking in the presence of ground faults are carried out using the
number of operations stated in 4.10.9.1 or 4.10.9.2, respectively, these tests cover the requirements given in
4.10.9.1 or 4.10.9.2 and the tests to 4.10.9.1 or 4.10.9.2 do not need to be performed.

b)  Single capacitor banks
Tests are not necessary for capacitor banks in grounded neutral systems.

Switching grounded neutral capacitor banks on systems other than grounded neutral systems can

result in higher stresses. As this is not a normal system condition, such test requirements are not
considered in this standard.

c) Back-to-back capacitor banks

As switching back-to-back capacitors in the presence of a fault is not a normal system condition,
such test requirements are not considered in this standard.

4.10.10 Tests with specified TRV

As an alternative to using the test circuits defined in 4.10.3, switching tests may be performed in circuits
that fulfil the following requirements for the prospective recovery voltage:

— With the envelope of the prospective test recovery voltage defined as

U > Ue

ty<t
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where:

u'c is the actual capacitive recovery voltage,
t', is the actual time to crest of the capacitive recovery voltage.

— In addition the initial part of the prospective recovery voltage shall remain below the line from the
origin to the point defined by ul and t1.

U is the required power frequency recovery voltage in per unit crest of the single phase test voltage Uyes.

U ka2
test —
V3

where:

k. = test voltage factor per 4.10.7,

V = Rated Maximum Voltage,

u; is the maximum allowed “voltage jump” on interrupting (breaking) the capacitive current, and is
expressed in per unit of the single phase test voltage U,

t; is the time to crest of the “voltage jump” recovery voltage on interrupting (breaking) the capacitance
current,

t, is the minimum time to crest of the power frequency recovery voltage after capacitive interruption
(breaking).

Specified values of uy, t, U, and t, are given in Table 3.

See C.11 to derive t; values from ANSI C37.06.
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Table 3— Specified values of ul, t1, uc and t2

Test duties Recovery voltage values in relation to the Time values
peak value of the test voltage

U k42
test —
V3

where
k. = test voltage factor per 4.10.7,
V = Rated Maximum Voltage,

p.u. p.u.
Cs1 >1.98 < 0.02xKy D >t3 (column 6) in 8.7 ms for 50 Hz
(LC1, CC1,BC1) Table 1A or 2A of

ANSI C37.06 or t;
(column 6) in Table
3A of ANSI C37.06,
as appropriate, for a

terminal fault

CS2 >1.95 < 0.05xKy ? > t3 (column 6) in 7.3 ms for 60 Hz
(LC2, CC2, BC2) Table 1A or 2A of
ANSI C37.06 or t;
(column 6) in Table
3A of ANSI C37.06,
as appropriate, for a
terminal fault

NOTE 1—For single-phase synthetic tests the prospective recovery voltage is calculated based on the test voltage of
the corresponding single-phase direct test. A longer t; produces an easier initial interruption and consequently,
theoretically, a shorter arcing time. This is a slightly more severe case for capacitance current breaking.

NOTE 2—Even though the amplitude factor is 1.54 for V < 72.5 kV, using 1.4 will give a more severe case for
capacitance current breaking.

a) ks = amplitude factor = 1.4
4.10.11 Criteriato pass the test

Where combined testing in accordance with 4.10.9.1.1.6 (class C2) or 4.10.9.2.1.6 (class C1) is carried out,
the criteria to pass the test apply to each of the following combinations of test-duties:

—  Test-duties 1 and 2 corresponding to items 1) and 2) of 4.10.9.1.1.6 [or 4.10.9.2.1.6 as appropriate]

— Where applicable, test-duties 2 and 3 corresponding to items 2) and 3) of 4.10.9.1.1.6 [or
4.10.9.2.1.6 as appropriate].

4.10.11.1 Criteria for class C2

The circuit breaker shall have successfully passed the tests for class C2 (4.10.9.1) if the following
conditions are met:

a) External flashover and phase-to-ground flashover shall not occur. Either no restrikes occurred
during test-duties CS1 (LClor CC1 or BC1) and CS2 (LC2 or CC2 or BC2); or if one restrike
occurs during the complete test-duties CS1 and CS2 or combination test, then all test-duties shall be
repeated on the same apparatus without any maintenance. No restrike shall occur during the second
series of tests. The condition of the circuit breaker after the test series corresponds to the conditions
given in 4.10.11.5. If no restrike occurred during the complete test-duties CS1 and CS2, visual
inspection is sufficient.
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b) In the case of combined testing according to 4.10.9.1.1.6, the circuit breaker shall have passed the
test for the application or rating with the lower capacitive breaking current, if the tests to item 1)
and item 2) of 4.10.9.1.1.6 were successful, and the test for the application or rating with the higher
capacitive breaking current, if the tests to item 2) and item 3) of 4.10.9.1.1.6 were successful.
Where due to restrikes test-duties have to be repeated, at least two test-duties shall be repeated,
either the tests to item 1) and item 2) of 4.10.9.1.1.6 or the tests to item 2) and item 3), depending
on in which test-duty the restrike took place. If a restrike occurred in LC2 and/or CC2 and/or BC2
[test to item 2) in 4.10.9.1.1.6], this one and any one of the tests to item 1) and item 3) shall be
repeated.

4.10.11.2 Criteria for class C1

The circuit breaker shall have successfully passed the tests if up to one restrike occurred during test-duties
1 (LC1orCC1orBC1l)and 2 (LC2or CC2or BC2).

If two restrikes occurred during the complete test-duties 1 (LC1 or CC1 or BC1) and 2 (LC2 or CC2 or
BC2), then both test-duties shall be repeated on the same apparatus without any maintenance. If no more
than one additional restrike happens during this extended series of tests, the circuit breaker shall have
successfully passed the tests. External flashover and phase-to-ground flashover shall not take place.

A circuit breaker tested in accordance with the class C2 test program (4.10.9.1) can be qualified as a class
C1 circuit breaker if at least one of the following conditions is met:

a) The criteria for class C2 to pass the test are met

b)  The total number of restrikes during line charging current switching tests (LC1 and LC2) or cable
charging current switching tests (CC1 and CC2) is not greater than

— Two in the first series of operations, i.e., 96 in case of single-phase tests and 48 in case of
three-phase tests (no repetition series is carried out) or,

— One during the first test series of operations, i.e., 96 in case of single-phase tests and 48 in
case of three-phase tests, regardless of the number of restrikes observed during the repetition
of the test series; the test may be stopped if a second restrike occurs during the repetition of
the test series.

€) The total number of restrikes during capacitor bank switching tests (BC1 and BC2) is not greater
than:

— Five in the first series of operations, i.e., 168 in case of single-phase tests and 104 in case of
three-phase tests (no repetition series is carried out) or,

— One during the first test series of operations, i.e., 168 in case of single-phase tests and 104 in
case of three-phase tests, regardless of the number of restrikes observed during the repetition
of the test series; the test may be stopped, if a second restrike occurs during the repetition of
the test series.

In the case of combined testing according to 4.10.9.1.1.6, the circuit breaker shall have passed the test for
the application or rating with the lower capacitive breaking current, if the tests to items 1) and 2) of
4.10.9.1.1.6 were successful, and the test for the application or rating with the higher capacitive breaking
current, if the tests to items 2) and 3) of 4.10.9.1.1.6 were successful. Where, due to restrikes, test-duties
have to be repeated, at least two test-duties shall be repeated, either the tests to items 1) and 2) of
4.10.9.1.1.6 or the tests to items 2) and 3), depending on in which test-duty the restrike took place. If a
restrike occurred in LC2 and/or CC2 and/or BC2 [test to item 2) in 4.10.9.1.1.6], this one and any one of
the tests to items 1) and 3) shall be repeated.

4.10.11.3 Criteria for class CO
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Class CO may be demonstrated by completing either the C1 test program (4.10.9.2) or C2 test program
(4.10.9.1) allowing up to one restrike per operation. External flashover and phase-to-ground flashover shall
not occur. The condition of the circuit breaker after the test series must correspond to the conditions given
in4.10.11.5.

4.10.11.4 Behavior of circuit breaker during capacitance current switching tests

If failures occur during a test series that are neither persistent nor due to defect in design, but rather are due
to errors in assembly or maintenance, the faults can be rectified and the circuit breaker subjected to the
repeated test-duty concerned. In these cases, the test report shall include reference to the invalid tests.

Non-sustained disruptive discharges (NSDDs) may occur during the recovery voltage period following a
breaking operation, and shall not be considered a sign of distress as long as no power frequency, or
capacitive load natural frequency current flows in the capacitive load.

The occurrence of NSDDs does not affect the performance of a switching device. Therefore, their number
is of no significance to interpreting the performance of the device under test and need not be remarked
upon in the test report.

NOTE—An explanatory note on NSDDs is given in C.2.
4.10.11.5 Condition after a capacitance current switching test series

The circuit breaker shall, after performing the line-charging, cable-charging and capacitor bank current
switching test series specified in 4.10.9, and before reconditioning, show no signs that it is not capable of
any making and breaking current up to its rated short-circuit making and breaking current at rated voltage.

In addition, the circuit breaker shall meet the requirement of item b) of 4.8.5.5 of IEEE Std C37.09-1999
There shall be no evidence of puncture, flashover, or tracking of internal insulating materials, except that
moderate wear of the parts of arc control devices exposed to the arc is permissible.

Degradation of the components in the current carrying path shall not reduce the integrity of the normal
current carrying path.

If, during the capacitance current switching tests, any restrike occurs, the dielectric condition checking test
according to 4.8.5.6 of IEEE Std C37.09-1999 shall be performed before visual inspection, provided that
the tested peak recovery voltage during the capacitance current switching tests is lower than the peak
voltage of the specified dielectric condition checking test. The subsequent visual inspection shall
demonstrate that the restrike occurred between the arcing contacts only. There shall be no evidence of
puncture, flashover, or permanent tracking of internal insulating materials. Wear of the parts of arc control
devices exposed to the arc is permissible as long as it does not impair the breaking capability. Moreover,
the inspection of the insulating gap between the main contacts, if they are different from the arcing
contacts, shall not show any trace of a restrike.

If no restrike occurred during the capacitance current switching tests, visual inspection is sufficient. The
dielectric condition checking test according to 4.8.5.6 of IEEE Std C37.09-1999 need not be performed.

Where further tests will be performed on the same pole, the dielectric condition checking test shall be
performed after the capacitance current switching test. If no restrike occurred during the capacitive current
switching test, this dielectric condition checking test need not be performed, and the condition checking test

NOTE—If the circuit breaker fails during the additional tests, this procedure may make the capacitance
current switching tests invalid.
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For circuit breakers with sealed-for-life interrupter units, the dielectric condition checking test according to
4.8.5.6 of IEEE Std C37.09-1999 shall be performed, whether a restrike occurs during testing or not,
provided that the tested peak recovery voltage during the capacitance current switching tests is lower than
the peak voltage of the specified dielectric condition checking test.
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Annex C
(informative)

Capacitance current switching
C.1 Historical development of these standards

The capacitance current switching standards have been completely revised. A joint IEEE/IEC task force
developed a revised approach to capacitance current switching standardization. IEC has published this task
force’s work as part of IEC’s new circuit breaker standard, designated IEC 62271-100. IEC 62271-100
replaces the old IEC 60056.

In the interest of harmonization of high-voltage circuit breaker standards, a joint meeting of the IEC 17A,
the IEEE/PES Switchgear Committee, and the IEEE/PES Substations Committee was held in Vienna VA,
in May 1995. One of the outcomes of that meeting was a decision to form a joint IEEE/IEC task force to
revise the standards for capacitance current switching. The task force was given the IEC designation “IEC
SC17A WG21 TF10.” It was agreed that the work of this task force (TF10) would serve as the basis for
capacitance current switching standards in IEC and IEEE. The task force had two 2-day meetings, one in
Clamart, France in September 1995 and one in Berlin Germany in December 1995.

The task force was comprised of:

RayO'Leary. ... ... IEEE
Roy Alexander . ............. . i, IEEE
Robert Jeanjean. . ........................ IEEE & IEC
Denis Dufournet.. . ....................... IEEE & IEC
Harry Kempen........ ... ... ... IEC
PiereRiffon. .......... ... i i IEC
Martin Seeger . ... IEC
NOrbert Trapp . .« oove e IEC

The work of that Task Force has been incorporated into the new IEC circuit breaker standard IEC 62271-
100 (formerly IEC 60056) published in May 2001. IEEE Std C37.04a, along with IEEE Std C37.09a, and a
revised set of tables in ANSI C37.06 is the IEEE version. Slight modifications to the IEC version have been
made to reflect North American practice. Additionally, slight modifications to the text have been made for
the North American reader, such as “Earth” is replaced by “Ground.” Most of the text is the same and
certain usage may be unfamiliar, but is understandable to the discriminating reader.

In keeping with IEC Circuit Breaker Standard philosophy, the capacitance current switching ratings have
been “unbundled.” A “basic” circuit breaker has either an overhead line switching rating (outdoor circuit
breaker), or a cable switching rating (indoor circuit breaker) Capacitor bank ratings, both single bank and
back to back, or additional OH or cable ratings must be specified separately.

Three classes of circuit breaker regarding restriking performance are specified. Class CO allows up to one
restrike per operation, during either the C1 or C2 test program. Class CO is intended to replace the former
“general purpose circuit breaker.” Class C1 has a restriking performance similar to the old “definite
purpose circuit breaker” defined in IEEE Std C37.04-1999 and is called “low probability of restrike.” Class
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C2 is intended to have a very low probability of restriking, about 1/10 or less than that of a class C1 circuit
breaker. A probability of restrike classification is applicable to each rated capacitance current rating.

For circuit breakers rated 362 kV and above, a single phase test voltage factor of 1.4 (recovery voltage of
2.8 p.u.) is required for the overhead line switching test duties. (This is an option in IEC 62271-100.) The
purpose of this requirement is to acknowledge the long transmission lines and low coefficient of grounding,
common in North America. This is an increase from the 1.2 single phase test voltage factor (2.4 p.u.
recovery voltage) requirement in IEEE Std C37.04-1999. For circuit breakers rated 72.5 kV and below the
same 1.4 single phase test voltage factor is required for all capacitance current switching duties. This is to
allow for the many ungrounded systems that exist at 72.5 kV and below. IEC 62271-100 requires this only
at 52 kV and below. This is a slight decrease in the requirement for a 1.5 single phase test voltage factor
(3.0 p.u. recovery voltage) for capacitance current testing in IEEE Std C37.09-1999.

C.2 Explanatory note on NSDDs (4.10.11.3)
NSDDs have been observed under laboratory test conditions but have not been identified in actual service.

An NSDD exhibits itself as a partial voltage change. Such changes can sometimes be clearly seen with
normal time resolution measurements. This is particularly true in three-phase ungrounded tests when the
same polarity and magnitude of voltage change is observed in all three phases as a result of a shift in the
voltage of the inherent capacitance to ground of an ungrounded load produced by an NSDD. In other cases,
a clear identification of an NSDD may require a short time resolution measurement to observe the high-
frequency current or voltage pulse of an NSDD.

The occurrence of NSDDs should not be viewed as a sign of distress of the switching device. Therefore,
their number is of no significance to interrupting performance of the device under test and need not be
remarked upon in the test report.

C.3 Explanatory note regarding capacitance current switching tests (4.10.2)
C.3.1 Restrike performance

As all circuit breakers have a certain restrike probability in service, it is not possible to define a restrike-
free circuit breaker. Instead, it appears more logical to introduce the notion of a restrike performance in
service.

The level of restrike probability also depends on the service conditions (e.g., insulation coordination,
number of operations per year, maintenance policy of the user), so it is impossible to introduce a common
probability level related to service condition.

To classify their restrike performance, three classes of circuit breakers are therefore introduced: class CO,
class C1, and class C2.

C.3.2 Test program

In defining the test program for these three classes, the following elements have been taken into account:

— The average number of operations per year carried out by circuit breakers switching capacitive
loads.

— The ability to reduce the number of tests by performing an increased number of switching
operations at the minimum arcing time, usually the most difficult capacitive switching operation for
circuit breakers, thus keeping a high level of reliability.
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— The recommendations of CIGRE working group 13.04 (ELECTRA No 155 [B2]) The expected
restrike probability is exclusively related to the type tests. Due to the severity of the type tests, an
improved switching performance in service can be expected.

The proposed number of tests may be questioned because of different assumptions for probability
calculations.

Nevertheless, these values represent a good compromise (which is the role of the standard where
conflicting views exist), reflecting the needs of users (in response to market demand) and above all they
avoid unrealistic demands. These tests are not reliability tests, but type tests to demonstrate the satisfactory
capacitance current switching capability of the equipment in service.

C.4 Referring to 4.10.3

The variation of the power frequency voltage has been chosen as 5% for test-duties (LC2, CC2 and BC2)
and 2% for test-duties (LC1, CC1, and BC1). These values are a compromise, taking limitations of testing
laboratories into account. Considering the design test as a whole, because of the different stresses in the
individual test-duties, any undue reduction of the electric stress during the tests is avoided. The actual
values for the power frequency voltage variation depending on the short-circuit power of the system and
the capacitive load) is in the range of 0.1% to 5%.

C.5 Referring to 4.10.9.1.1

Close-open operations may be performed with no-load closing operations. In any case, the complete
sequence shall be tested in order to test the circuit breaker during opening in a dynamic condition, i.e.,
during the motion of the fluid caused by the previous closing operation.

C.6 Referring to 4.10.9.1.1 and 4.10.9.2.1

The test sequences have been tested in a laboratory (particularly the adjustment of the minimum arcing
time by steps of 300 microseconds) and are well adapted to the philosophy of the tests.

Performing some tests at rated pressure is a more pragmatic approach to the notion of type testing, knowing
that the circuit breaker does not always stand under the worst functioning conditions. Additionally, flow
dynamics could make testing at full pressure more susceptible to restrikes than at minimum pressure.

C.7 Referring to 4.10.9.1.2 and 4.10.9.1.3

In test-duty CS2 of single-phase line-charging and cable-charging tests (LC2 and CC2), the tests are split
into open operations and close-open operations (4.10.9.1.3) to follow more or less the actual service
conditions.

However, for practical reasons, due to the small number of tests, in three-phase tests (4.10.9.1.2) in test-
duty CS2 (LC2 and CC2), close-open operations are performed exclusively.

C.8 Referring to 4.10.9.1.2. t0 4.10.9.1.5

Close-open operations are important for capacitor bank switching because of the effect of inrush current.
Close-open operations are not significant for line- or cable-switching applications, therefore for line- and
cable-switching tests, only a small number of close-open operations are requested (closing may be

performed as a no-load operation).

A rough parity of the number of three-phase and single-phase tests has been maintained.
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The mandatory order for capacitor bank switching tests is due to the necessity to introduce the effect of
inrush current at the beginning of the tests.

C.9 Referring to 4.10.9.1.4 and 4.10.9.1.5

Because of the large number of operations in actual service compared with the limited number of
operations during type testing, a high number (80 or 120 respectively) of close-open operations shall be
carried out in capacitor bank tests to simulate the wear in service even if the close-open operation is not the
normal switching sequence.

For capacitor bank switching tests test-duty CS1 (BC1) also needs to be performed, even if the actual
service switching duty is always at 100% nominal current, for the following reasons:

— The tests at 10-40% nominal current cover an increased number of actual currents

— Knowledge of the capacitance current switching performance is improved
C.10 Referring to 4.10.9.2

Requirements for class C1 tests are derived from IEEE C37.09-1979 except the restrike is moved from 120
degrees to 90 degrees.

C.11 Referring to 4.10.10 and Table 3

To derive these variables from ANSI C37.06-2000

T, is taken from Table 1 column 6 for indoor circuit breakers, Table 2 column 6 for outdoor circuit breakers
rated 72.7 kV and below, and Table 3 column 5 for outdoor circuit breakers rated 123 kV and above.

C.12 Summary of required number of tests and voltage factors
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Capacitance Rated voltage Single-phase Number of tests
current switching range test voltage Class C2 Class C1
Rating assigned (kV) factor Three-phase Single-phase Single or three
phase
Line or cable V<725 14 48 96 48
charging
Line or cable 1.7 Not applicable Not required 24
charging
Capacitor bank 1.4 104 168 48
Capacitor bank 1.7 Not applicable Not required 24
with ground fault
present
Line charging 72.5<V<362 1.2 48 96 48
Line or cable 1.4 Not applicable 48 24
charging with
ground fault present
Capacitor bank (or 1.0 104 168 48
cable charging) (1.0) (48) (96) (48)
Capacitor bank (or 14 Not applicable 84 24
cable charging)
with ground fault
present
Line charging V >362 1.4 Not applicable 48 24
Line charging with Covered above. This is the basic requirement
ground fault present
Capacitor bank (or 1.0 104 168 48
cable charging) (1.0) (48) (96) (48)
Capacitor bank (or 14 Not applicable 84 24
cable charging) 1.4 (48) (24)

with ground fault
present
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Annex D
(informative)
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		a) The characteristics of the test circuit shall be such that the power frequency voltage variation, when switching, shall be less than 2% for test-duty CS1 (LC1, CC1, and BC1) and less than 5% for test duty CS2 (LC2, CC2, and BC2). Where the voltage ...

		b) The impedance of the supply circuit shall not be so low that its short-circuit current exceeds the rated short-circuit current of the circuit breaker.

		a) For capacitor bank current switching tests, the neutral of the supply circuit shall be grounded. For capacitor banks with grounded neutral, the zero sequence impedance shall be no less than three times the positive sequence impedance. For isolated ...

		b) For line-charging and cable-charging current switching tests, the grounding of the supply circuit shall, in principle, correspond to the grounding conditions in circuits for which the circuit breaker is to be used.

		c) For three-phase tests of a circuit breaker intended for use in grounded neutral systems, the neutral point of the supply circuit shall be grounded and its zero sequence impedance shall be no less than three times its positive sequence impedance.

		d) For three-phase tests of a circuit breaker intended for use in isolated neutral and resonant grounded systems the neutral point of the supply side shall be isolated.

		a) Three-phase tests, where it is permissible to use parallel lines or to partly, or fully, replace the real three-phase line with lumped capacitor banks. The resulting positive sequence capacitance shall be approximately twice the zero sequence capac...

		b) Single-phase tests in a three-phase test circuit with two phases of the capacitive circuit connected directly to the three-phase supply circuit and one phase connected to the supply circuit through the circuit breaker pole to be tested.

		c) Single-phase laboratory tests, where it is allowed to replace partly or fully the real lines by lumped capacitor banks and to use any parallel connection of the conductors in the individual phases with the return current through ground or through a...

		a) 1.0 for tests corresponding to normal service in grounded neutral systems without significant mutual influence of adjacent phases of the capacitive circuit, typically capacitor banks with grounded neutral and shielded cables.

		b) 1.2 for tests on belted cables and for line-charging current switching tests according to item c) of 4.10.5.1 corresponding to normal service conditions in grounded neutral systems for circuit breakers with rated voltages above 72.5 kV.

		c) 1.4 for tests corresponding to

		d) 1.4 for tests corresponding to breaking in the presence of single- or two-phase ground faults in grounded neutral systems.

		e) 1.7 for tests corresponding to breaking in systems other than grounded neutral systems in the presence of single or two-phase ground faults.

		a) Terminal fault test-duty 3 (Table 1) (mandatory at the beginning)

		b) Capacitance current switching, test-duty CS1 (LC1 or CC1)

		c) Capacitance current switching, test-duty CS2 (LC2 or CC2)

		d) Terminal fault test-duty 3 (T60) (Table 1)

		e) Capacitance current switching, test-duty BC2

		f) Capacitance current switching, test-duty BC1

		1) A test-duty 1, covering test-duties LC1 and/or CC1 and/or BC1, with a current between 10% and 40% of the lowest capacitive current rating to be demonstrated.

		2) A test-duty 2, covering test-duties LC2 and/or CC2 and/or BC2, with a current not less than 100% of the highest capacitive current rating to be demonstrated.

		3) If the required current to be used in test-duty 2 exceeds 10 times the current value used in test duty 1, a third test-duty (test-duty 3) shall be performed with a test current between 10% and 40% of the test current for test-duty 2. For this third...

		4) The number of operations for each of the test-duties shall be the highest of those defined for the ratings to be demonstrated (e.g., LC, CC, or BC). Where CO operations are specified for one application and O operations for a different one, CO oper...

		5) A test-duty 1, covering test-duties LC1 and/or CC1 and/or BC1, with a current between 10% and 40% of the lowest capacitive current rating to be demonstrated.

		6) A test-duty 2, covering test-duties LC2 and/or CC2 and/or BC2, with a current not less than 100% of the highest capacitive current rating to be demonstrated.

		7) If the required current to be used in test-duty 2 exceeds 10 times the current value used in test duty 1, a third test-duty (test-duty 3) shall be performed with a test current between 10% and 40% of the test current for test-duty 2. For this third...

		8) The number of operations for each of the test-duties shall be the highest of those defined for the ratings to be demonstrated (e.g., LC, CC, or BC). Where CO operations are specified for one application and O operations for a different one, CO oper...



		a) Lines and cables

		b) Single capacitor banks

		c) Back-to-back capacitor banks

		a) External flashover and phase-to-ground flashover shall not occur. Either no restrikes occurred during test-duties CS1 (LC1or CC1 or BC1) and CS2 (LC2 or CC2 or BC2); or if one restrike occurs during the complete test-duties CS1 and CS2 or combinati...

		b) In the case of combined testing according to 4.10.9.1.1.6, the circuit breaker shall have passed the test for the application or rating with the lower capacitive breaking current, if the tests to item 1) and item 2) of 4.10.9.1.1.6 were successful,...

		a) The criteria for class C2 to pass the test are met

		b) The total number of restrikes during line charging current switching tests (LC1 and LC2) or cable charging current switching tests (CC1 and CC2) is not greater than

		c) The total number of restrikes during capacitor bank switching tests (BC1 and BC2) is not greater than:
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Mechanical Endurance Testing

e Have Introduced into C37.04 (.06) Discussions

— Proposal for M1 & M2 standardized levels

— Regardless of the outcome there with respect to
changing of the performance levels, | believe we
need to improve our testing regime.
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- Mechanical Endurance Testing

e Limits of Existing C37.09

— Does not really address large HV CB’s (e.g. single
pole breakers or multiple interrupter per pole).

— Only 10 cycles each at Min / Max Control Voltage

— Measure travel/timing at beginning and end:
“Substantially the Same”.

— Measure contact resistance: No limit given
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e NMechanical Endurance Testing

e 4.13.1 Testing conditions

e No load mechanical endurance tests shall be
made under the following conditions:

e a) The circuit breaker shall be new or
reconditioned, at the option of the manufacturer.

e b) The circuit breaker shall be a complete
assembly, containing all major components,
appurtenances, and accessories. It shall contain
the maximum number of available auxiliary
contacts.
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e Mechanical Endurance Testing

e 4.13.1 Testing conditions

e c) When testing of a complete circuit-breaker is not
practicable, unit (component) tests may be accepted as
type tests. The manufacturer should determine the
units which are suitable for testing. Units are separate
functional sub-assemblies which can be operated
independently of the complete circuit-breaker (for
example, pole, breaking unit, operating mechanism).
In all cases the test report shall document the basis for
the unit testing and demonstrate that the mechanical
stresses on the units are not less than for the complete
circuit breaker.
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Mechanical Endurance Testing

e 4.13.1 Testing conditions

e d) Indoor circuit breakers shall be installed in a
minimum volume test compartment, or in the
appropriate vertical section compartment of the

switchgear suggested by the manufacturer (see
|IEEE Std C37.20.2-1993).

— Wi I . broal . od
. ’
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e Mechanical Endurance Testing

4.13.1 Testing conditions

e) For indoor draw-out circuit breakers, part of the
mechanical endurance testing includes racking tests in
accordance with the requirements outlined in IEEE Std
C37.20.2-1993. These tests may be conducted
independently of the tests of this clause.

f) At the beginning and at the end of the test, the
resistance of each pole shall be measured from
terminal to terminal, with at least 100 A of dc current
flowing in the circuit.

g) Contact opening time, contact closing time, and
travel curves or speed measurements also shall be
taken at the beginning and at the end of the test.
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e Mechanical Endurance Testing

e 4.13.1 Testing conditions

 h)The testing shall be done with rated control voltage and operating
pressure and at minimum and maximum rated control voltages as shown

in Table XX.;astisted-r-ANSIC3706-1997/However-during-the-course-of

ANSI—C37 06 1997 A cvcle of operatlons shaII be as g|ven in TabIe XX for

circuit breakers rated for automatic reclosing data or not rated for
automatic reclosing duty as appropriate. The total number of cycles may
be completed at any convenient rate at the option of the manufacturer as
long as overheating of bearings, coils, valves rectifiers, etc., does not
occur. External forced cooling of these components is allowable if the tests
are performed at a rate greater than two cycles per minute.
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gemtm_ Mechanical Endurance Testing

e 4.13.1 Testing conditions

* j) The sequence of operations given in Table XX represents
a single ‘sequence ’ of 2000 operations, these sequences
shall be repeated, with or without maintenance as required
by the class of service being qualified as necessary to meet
the total number of operations required.

Tabla 13 = Number of operating sequances

Number of oparating sequences
Operating sequence igﬁ;ﬂ:ﬂ:ﬁx Circult-breakers for Circult-breakers not for
auto-reclosing auto-reclosing

C-t,- O-1, Minimum 50D 500

Rated 5O0 GO0

Maximum EDD 00
O-1-CO-1,-C-1, Rated 250 _
CO -1, Rated - 500
O - opening;
C - closing;

0 = & closing operation followed iImmediately {l.e., withoul any intentlonal Ume-gelay) by an opening aperation;

I, = fime between two operations which s necessary to resiore ihe initial conditlons andior 1o prevenl undue
heating of parts of the circult-breaker (This ime can be diferent acconding to the type of operation);

I =03 =5 for cincult-breakers intended for rapld avlo-reclasing, If nol olnerwise spacified.
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g Mechanical Endurance Testing

e 4.13.1 Testing conditions

e k) between the test series specified, some maintenance, such as
lubrication and mechanical adjustment, is allowed, and shall be
performed in accordance with the manufacturer’s instructions.

— Change of contacts is not permitted;

— The program of maintenance during the tests shall be defined by the
manufacturer before the tests and recorded in the test report.
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e NMechanical Endurance Testing

4.13.2 Acceptance criteria for the mechanical operation
tests

a) Before and after the total test program, the following
operations shall be performed:

— 5 C-0O cycles at the rated supply voltage of closing and
opening devices and of auxiliary and control circuits and/or
the rated pressure for operation;

— 5 C-0O cycles at the minimum supply voltage of closing and
opening devices and of auxiliary and control circuits and/or
the minimum pressure for operation;

— 5 C-0 cycles at the maximum supply voltage of closing
and opening devices and of auxiliary and control circuits
and/or the maximum pressure for operation.
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e NMechanical Endurance Testing

4.13.2 Acceptance criteria for the mechanical
operation tests

b) During these operating cycles, the time/travel
characteristics shall be recorded and evaluated. The
variation between the mean values of each parameter
measured before and after the extended mechanical
endurance tests shall be within the tolerances given by
the manufacturer.

c) In addition the following tests and measurements
shall be performed:
— Fluid operating pressures and quantities if applicable.

— Dielectric and/or interrupting medium pressures and/or
quantities (densities) as applicable.
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"_ Mechanical Endurance Testing

e 4.13.2 Acceptance criteria for the mechanical
operation tests

e d) At the conclusion of all tests, the values of
all the parameters of a) through c) shall not
have exceeded acceptable limits for service
per manufacturer’s instructions.
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IEEE

PC37.09TM/D1

Draft Standard for

Standard Test Procedure for

AC High-Voltage Circuit Breakers
With Rated Maximum Voltage above

1000V

Inclusion of Seismic Qualification in Design Test Section 4.18





4.18 Seismic Qualification

Depending on the installation geographic location seismic activity and specific application needs, a breaker may
need additional seismic tests or analysis to prove its adequacy for the application.

IEEE Std. 693, IEEE Recommended Practice for Seismic Design of Substations, contains recommendations for
the seismic design of substation buildings, structures and equipment excluding Class 1E equipment for
nuclear power generation stations. The qualification is classified in three levels:
low, medium and high.

Annex C of IEEE Std. 693 is specific to breakers. In general, Seismic withstand capability shall be
demonstrated as follows. Refer to IEEE Std. 693 for complete recommendations.

a) 169 kV and above. By time history and sine beat shake-table testing.
b) 121 kV to less than 169 kV. By dynamic analysis.

c) 35 kV to less than 121 kV. By static coefficient method.

d) Less than 35 kV. Inherently acceptable.

Seismic qualification for breakers used for nuclear power generation stations is not covered by IEEE Std 693.
For these applications, refer to following documents for qualification requirements:

IEEE Std. 344. IEEE Standard for Seismic Qualification of Equipment for Nuclear Power
Generating Stations.

IEEE Std. 323 - IEEE Standard for Qualifying Class 1E Equipment for Nuclear Power Generating
Stations.

C37.81, IEEE Guide for Seismic Qualification of Class 1E Metal-Enclosed Power Switchgear
Assemblies

C37.82, IEEE Standard for the Qualification of Switchgear Assemblies for Class 1E Applications in
Nuclear Power Generating Stations.

2 Copyright © 2000 IEEE. All rights reserved.
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Low Temperature Operating Test 4.13.2





4.13.2 Low temperature operating tests

In order to demonstrate that circuit breakers are capable of operating at the rated low ambient temperature the
following test procedure is required:

a)
b)

d)

e)

9

The circuit breaker shall be adjusted in accordance with the manufacturer’s instructions.

Before and after the tests the following operating characteristics or settings shall be recorded and
evaluated:

closing time;

opening time;

time spread between units of one pole;

time spread between poles (if multi-pole tested);

recharging time of the operating device;

consumption of the control circuit;

consumption of the tripping devices, possible recording of the current of the releases;

duration of opening and closing command impulse;

tightness, if applicable;

gas densities or pressures, if applicable;

resistance of the main circuit;

time-travel chart;

other important characteristics or settings as specified by the manufacturer.

With the circuit breaker in the closed position, the ambient temperature shall be lowered to the rated
low temperature, and maintained for a period of 24 hours. During this period the normally installed
heating elements shall be energized and thermostat-controlled heating elements should be energized
at the appropriate temperature levels during the ramp-down period.

At the end of the 24-hour period, 50 closing and 50 opening operations shall be performed at rated
control voltage and operating pressure, recording operating speeds of the circuit breaker. These
should include at least three CO operating cycles.

While in the open position energy supply to the heating elements should be disconnected. The period of
time between de-energization and lockout should be recorded. After a period of two hours, heaters
should be re-energized, recovery from lockout should be verified.

After completing this demonstration the air temperature shall be increased to ambient air
temperature at a rate of change of approximately 10 K per hour. During the temperature transition
period the circuit-breaker shall be subjected to alternate C-ta- O -ta—-CandO-ta-C-ta-0
operating sequences at rated values of supply voltage and operating pressure. The alternate
operating sequences should be made at 30 min intervals so that the circuit-breaker will be in open
and closed positions for 30 min periods between the operating sequences.

After the circuit-breaker has stabilised thermally at ambient air temperature, a recheck shall be made
of the circuit-breaker settings, operating characteristics and tightness as in Items a) and b) for
comparison with the initial characteristics.
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Arc-Resistant Testing

e C37.20.7 — Guide for Testing Mletal-Enclosed
Switchgear Rated Up to 38 kV for Internal
Arcing Faults

e This is being used by some for Evaluation of
Freestanding (e.g. outdoor) Circuit Breakers






@Es Indicators

Power & Energy Society®

e 150 mm sqg. Cotton ( TW

e Vertical: Located from Floor
to 2 m high, 100 mm from
sample.

e Horizontal: 2 m above floor
out to 800 mm from sample.

* Indicators must not ignite or
have burn through (holes)

Switchgear designed specifically for outdoor application
does not require use of horizontal indicators, unless the

equipment has protected-aisle or walk-in construction
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Test Arrangement (Proposed)

Power & Energy Society®

Do we want to try to protect overhead lines?
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Power & Energy Society®

* (Clause xx.xx: Arc Resistant Circuit Breakers

e Circuit breakers not intended for use in enclosures may be tested
for internal arcing faults in accordance with IEEE C37.20.7 with the
following requirements

— Circuit breaker shall be tested in the lowest possible height [at the lowest
height approved by the manufacturer for installation based on the rated
voltage and construction]

— Horizontal indicators shall be installed, regardless of indoor or outdoor
application at a height of 2 m beginning at a distance of [1 m]| from the
circuit breaker and extending to a distance of [3 m] from the circuit
breaker body. (the surface area here may be an issue)

— Additional horizontal indicators shall be installed 2 m above the top of the
highest part of the circuit breaker (e.g. bushings) and extending from [1 m]
from the perimeter of furthest portion of the circuit breaker to [3 m] from
the perimeter of the circuit breaker. (the surface area may be an issue)
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iSubcIause No.i Test Type Specified Test Value values Suggestions

~ Continuous Teststo Demonstrate that  Test Measurements not to Exceed Deemed
'Current-Carrying 'the CB is Capable of ‘Temperature Limitations C37.04 ‘Acceptable with
Tests 'Carrying its Rated | 'no Change ;

4.3 iContinuous Current at
‘ 'Rated Power Frequency

‘Measurements ' Measurements with a DC | Tests Conducted Before and After  Delete CB Rated
of resistance of Supply of any Convenient |Continuous Current Carrying Tests Normal Current
4.3.6 'the main circuit Value Between 100 A and ' |
| 'CB Rated Normal Current | : 2
! ! ! |
| | i |

Dielectric "Power Frequency, Voltage Levels Equal or Exceed ‘No Change |

‘Withstand Tests |Lightning Impulse Voltage, ithose Specified in C37.06. Tests | |

| 'Switching Impulse, ‘Measurements and Atmospheric |
4.4 | 'Chopped Wave Tests 'Correction Factors for Humidity and

'Pressure in Accordance with Std. 4.

——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

'Standard | 'Demonstrated by Test Duty 4 of 'No Change |
‘Operating Duty Table 1 |
4.5 (Standard Duty | | 2
Cycle) Tests | | | |
'Interrupting 'Rated Interrupting Time | Contact Opening Time Includes 'Acceptable with 2
Time Tests Established by Adding  Elapsed Time Between Energization :no Change |

iContact Opening time to  of Trip Coil and Instant when all | |

| ‘Maximum Arcing Time of Contacts Separate. Arcing Timeis :

4.6 | the CB 'Determined, for many Different | |
; | Currents and Operating Voltages, by | |

the Test Duties in Table 1 | ;

TRV Tests 'CB to Withstand Rated | CB Capability to Withstand Rated  :No Change
1 TRV's as Specified in TRV's as Specified in C37.06 is | |
4.7 'C37.06 for Rated 'Demonstrated during the | ?
' 'Symmetrical Current 'Performance of Short-Circuit Current !
| ilnterrupting Tests | ’
| |
| T}Short—Circuit fDemonstrated by an fTests Conducted Based on an X/R = fNo Change for 7
Current 'Extensive Series of Tests 117, and an Asymmetry Equal or Less i T10, T30, T60 & |
'Interrupting 'to Demonstrate the Rated than 20% in T10, T30, T60 & T100s :T100s :
Tests 'Short-Circuit Current and 'DC Component at Current Zeroin  :For T100a, | |
1 Related Required "T100a suggest to use
'Capabilities of the CB for | the tolerances |
‘Applications in Either 3 'indicated by |
'‘Grounded or Ungrounded | ‘Dufournet in 2
Systems Subclause ;
| | | 4.8.1.4.2.2
4.8 | | | Test-duty T100a,
‘ ‘ ‘ i.e. smalleror |
equal to 110% of ’
'specified value |
‘and equal or |
greater than 95%
of the specified |
'value |
|
|
L 4 L L 1 }
‘Recovery Power Frequency 'Power Frequency Recovery Voltage, :No Change ,
‘Voltage 'Recovery Voltage and ‘Unless Limited by the Capabilities of :
| TRV Capabilities 'the Lab, to be Equal to the Source |
| 'Recovery Voltage within a Tolerance ! |
| | ‘of minus 5%. Higher Voltages may |
4815 'be Used at the Discretion of the | |

'Manufacturer | |
‘The Inherent TRV of Test Circuit to |
'Meet or Exceed the Rated |
[Envelopes as Defined in C37.04
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