Minutes of Meeting May 5, 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 — May 5, 2014 (10:15 AM to 12:00 PM)

Location: Orlando
Participants: 34 members
31 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. 040 for Agenda presented.

3.) The chairman reviewed the minutes of the meeting (MOM) from San Antonio. The MOM
from San Antonio was distributed to all committee members and guests of C37.09 in October
2013 after the fall meeting with an e-mail from the secretary (Mike Skidmore). The draft MOM
was also e-mailed by Mike Skidmore on 4-26-14, and the chairman Xi Zhu on 4-28-14 to all
members and guests of C37.09. The minutes of the meeting from San Antonio, TX were shown
again to the participants on the projector. The Chairman asked if anyone had questions.

4.) The chairman entertained a motion from Mike Crawford to approve the MOM from San
Antonio. John Webb 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 5-5-14. Each session will be 1 hour and 30 minutes so topics will be about 15 min each.
We will complete topics not covered in San Antonio in Session #1. He will ask for updates of
previously assigned topics in San Antonio in Session #2 and the committee will review new
topics as shown in the outline from: Eldridge Byron, Helmut Heiermeier, Denis Dufournet, and
Jan Wisker (presented by Jon Rogers). The chairman said the sessions may overlap and certain
topics may be shuffled around into different sessions if needed.

6.) The Project Timeline was reviewed
a.) The Chairman discussed the timeline and reconfirmed the target date for ballot should
be by the fall of 2015.
b.) Additionally the document completion should be by December 2017

7.) The chairman said that a detailed discussion on individual topics will be presented in the
meeting.



8.) The chair asked before the “discussion on topics” if there was any new business that should be
included in the Agenda. Nothing was added by the working group committee.

9.) Discussion Topics (continued for San Antonio)

Topic #10 (Q007) Inclusion of ‘multi-part testing’ in C37.09. State the preference is to have full
TRV whenever possible. Denis Dufournet

Denis presented information on “multi-part testing”. The presentation is attached in the MOM.
(Doc.017 and 018).

In the case of higher voltage circuit breakers that require testing with four-parameter TRV there
are sometimes test laboratory restrictions that require separate testing of the first (ul, t1) and
second (uc, t2) reference points. The circuit breaker is subjected to double the number of shots.
IEC experience with this method is more than 30 years. This is not the preferred method of
testing but should be allowed since some four-parameter TRV cannot be replicated in the
laboratory.

There were no objections to adding this alternative test procedure. Therefore, wording should be
prepared and the location for this procedure should be found in the document.

The chair will send Denis the C37.09 document in WORD format to modify the relevant C37.09
clauses with specific recommendations for changes and prepare for presentation in the Fall
meeting.

Topic #11(0008) should we include inductive load switching test from IEC62271-110 Benefits
for this test — Sushil Shinde

There was a proposal to add reference to IEC 62271-110 for inductive switching into C37.09.
This standard includes a detailed test procedure consisting of four test duties. IEEE existing
standards (C37.015) only include an application guide that does not specify a test procedure.

Anna Bosma said that Inductive switching is not considered a basic test for the circuit breaker.
Therefore; it should not be added to the table of basic tests.

The committee discussed the possibility to include a reference to the IEC standard and associated
explanatory notes.

Chairman requested guidance from IEEE representative regarding the addition of a reference that
is currently not included in the PAR document. The committee reviewed the PAR and scope and
with guidance from IEEE (Erin Spiewak) The standard can be added at the end of the PAR in the
appropriate section but wasn’t required. Therefore, there is nothing needed from the committee

to adjust anything within the PAR and no action was necessary since the scope would not change.



The chair will send the sub-group chair C37.09 in WORD format to modify the relevant C37.09
clause(s) with specific recommendations for changes and prepare for a presentation in the Fall
meeting.

Topic #12 (0012) Cold temperature test method — IEC or IEEE or other? Indoor breaker with
heaters should be included or excluded — Victor / John Webb

Victor Hermosillo presented information on cold temperature tests. The presentation is attached.
(Doc. 019)

Presentation describing test procedure defined by IEC 62271-100 and by the existing version of
C37.09. List of proposed improvements to C37.09:
e Define initial circuit breaker position throughout test (closed/open)

e Define location of temperature measurement in cold chamber, temperature difference
along height of test object.

e Definition of “10 cycles”, including O, C, CO operations.

e Travel characteristics to be recorded during operation at the start, end and after the 24-
hour soak period.

e Description of ramp-down, ramp up rate.

e Inclusion of graph defining the entire test.

e Possibility to perform tests at multiple low temperature values by performing additional
subsequent test cycles.

e Addition of initial and final leak verification.

e Loss of power, clarification of characteristics that should be recorded.

e Include clarification regarding individual component testing.

Proposal for procedure will be written and submitted for comments before next meeting.

Existing version of C37.09 defines only one temperature equal to -30 deg C. This rating should
be defined in C37.04 and C37.09 should only include the test procedure.

Discussion regarding consideration of indoor, outdoor temperature ranges referred to C37.04.

John Webb presenting information on cold temperature tests for C37.20.2. The presentation is
attached. This presentation reviewed differences in standards for (-30C to +40C). The standard
is for switchgear and there was discussion about differences in switchgear and outdoor breakers.
Maybe the standard should address differences for an indoor vs outdoor rating because one could
interpret ambient temperatures differently. The general feeling of the committee was to leave this
part alone and not to distinguish a difference in indoor vs outdoor. It seems to be working so
why change anything? Refer to Doc. 038.

The chair will send the sub-group chair C37.09 in WORD format to modify the relevant C37.09
clause(s) with specific recommendations for changes and prepare for presentation in the Fall
meeting.



Topic #13 (Q013) IEEE std 693 Seismic Test standard — Xi

Seismic standard maintenance resides in the committee associated with IEEE 693. Xi presented
an overview of IEEE std 693 and how it relates to HVCB seismic requirements. The presentation
is included (Doc. 020)

Reference to the applicable standard could be added to C37.09.

Additional standards mentioned were C37.81. IEEE 323 for safety and C37.82 (specific to
nuclear facilitates). These standards should also be reviewed to maybe reference into C37.09.

Xi recommended that we add a section called 4.18. There were no objections and work will
proceed to add references into C37.09.

Xi will present the specific recommendations for changes in the Fall meeting.

Topic #14 (Q019) Share documents for WG members. — progress update — Xi

Site for C37.09 is already available. Members to create a profile and login. Relevant documents
to be uploaded. This will become important for sharing large documents and to review later.

The chair will upload WG documents and invite WG members to use the site.

Topic #15 (Q009) To incorporate C37.06.1 into C37.09 - ??

Sushil Shinde provided and update for the status of C37.06.1. The committee is still working on
C37.06.1. Today we only have the present released version of the standard available and
eventually they expect C37.06.1 to be pulled into .06 and then into .04. However, the timing of
the release (or updates) for 04 will probably be complete before 06.1 so this may need to be
added later. C37.06.1 is a working group not a (Task Force). Once C37.06.1 is done the working
group will review how this will be pulled into C37.009.

C37.06 to be incorporated into C37.04 and hopefully C37.06.1 will be pulled into C37.06.

No action will be taken on C37.09 WG on C37.06.1 on-going changes since it will not alter the
test procedures in C37.09.

Topic #16 (Q017) Test Duty Summary Table -- ?? (proposed by Ken)

Xi asked Ken Edwards for an update on the status of a summary table. Ken discussed that an
annex will be added and is being worked on. A summary table was in the ANSI 1979 version
and may be added back and look similar with improvements.

The chair will send the sub-group chair C37.09 in WORD format to modify the relevant C37.09
clause(s) with specific recommendations for changes and prepare for presentation in the Fall
meeting.



Topic #17 (Q018) Measurement Tolerance Table -- ?? (proposed by Gilbert)
Refer to latest version of ieee std-4?

4 minutes remaining — Topic moved to session #2 (start)

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

Session 2 — May 5, 2014 (1:30 PM to 3:15 PM)

Location: Orlando
Participants: 31 members
25 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.) Discussion Topics

Topic #17 (Q018) Measurement Tolerance Table -- ?? (proposed by Gilbert)
Refer to latest version of ieee std-4? (continued topic from session #1)

Gilbert presented examples of “vague” information or statements within C37.09 in his opinion
(see attachment Doc.021 and 022). Some committee guests and members did not believe some of
the statements are vague and were sufficient. For example, some were satisfied with test levels
as long as we “meet or exceed the rating”. Gilbert still thought there should be test tolerance
limits. Some said that information is already in IEEE standard #4.

Allowance for “higher control voltage” during power tests

(V. Hermosillo) In cases where very precise timing is required from the circuit breaker during the
opening operation in an interruption test, the voltage to the releases is set high in order to obtain a
repeatable contact part time with respect to the fault current. Examples of this is during T100a
tests in which a certain current loop is targeted to obtain certain peak current and loop duration to
meet an asymmetrical requirement.

Comments were made that maybe “one sided” tolerances may be needed. That is, maybe
sometimes the upper or lower limits are not needed but the opposite tolerance level is needed.

(K Edwards) These tight tolerances may impede testing in some laboratories since precision is
required to fall within certain values, this is the reason why the standard specifies a lower limit
and allows for values exceeding the requirement.

(E. Byron) This allows equipment rated at a higher voltage to be offered for lower voltages. If an
upper tolerance limit is defined then this type of applications would require an additional test at a
lower level. The standard should allow testing at higher values to cover lower requirements.



(L. Falkingham) Does the open-ended upper limit allow the laboratory to overstress the
equipment during tests? There are cases in which the laboratory overshoots the value and
damages the equipment. This is nevertheless covered by terms in the contractual documents
signed between the equipment manufacturer and the laboratory. These terms limit the liability of
the laboratory in these cases.

(B. Long) IEEE Standard 4 has a lot of centered tolerances with plus/minus range. C37.09 went
to single sided tolerance and these documents took different directions.

Xi said that in his opinion, some tolerances aren’t required such as “meeting or exceeding” some
dielectric tests such as BIL and Switching but in some cases maybe there should be a tolerance
for items where is make good sense. For example, if we adopt the IEC procedure for alternative
mechanism testing maybe there should be a tolerance for the travel curve trace (+ and — test
levels).

In general, most committee members didn’t think that any addition work was needed to C37.009.
It was recommended to let the document alone and not add a “Measurement Tolerance Table”. If
it goes to Ballot, concerned members should ask that a tolerance be added specifically to the text,
instead of adding a new table. Most of the committee and chairman agreed so no future work is
needed to address this topic at this time.

Xi asked Gilbert to review the C37.09 text and suggest in each case what better tolerance

wording to be used and prepare for presentation in the Fall meeting.

Topic #1(Q006): “‘Piecewise testing’ quidelines
Assigned to: Helmut Heiermeier, Ken Edwards, John Webb, Sushil Shinde, and Donnie Swing

Xi asked Ken Edwards for an update on this topic discussed in the Fall in San Antonio. No
additional information was available but work continues. Xi asked Ken to try to have a specific
list for the next meeting. “What is a minor change? , What is a Major change?”

(D. Dufournet) IEC 62271-100 procedure for alternative mechanisms to be considered, has been
used for many years. Example is the use of testing performed on one mechanism type (v.g.
hydraulic) and subsequent use of another type (v.g. spring). Travel curves are overlaid and
compared, a tolerance is given with a width of 10% that can be centered (-5%/+5%) or one sided.
No-load curves and curves obtained during power tests are compared after contact part and have
to fall within the range. If they do, then T100s is repeated to qualify the alternative mechanism.
Another example is when an IPO (Individual Pole Operation) breaker with one mechanism per
pole is compared with a ganged breaker with one mechanism for three-poles. In general, a change
in any component along the kinematic chain requires that this demonstration be made.

(J. Webb) For vacuum interrupters a demonstration that the alternative mechanism can break
welds has to be made. Specific mention of contact welds during short-time withstand was made.
(D. Dufournet) The T100s test includes two parts, consisting of making and breaking operations.

Albert Livshitz suggested that we review C37.59 which is a standard that already addresses this
topic and may have some good information we can use.



Xi asked for work to continue. In addition to the subgroup, Albert Livshitz and Neil McCord
wanted to be involved with this committee and they were added to the group.

Xi asked for a specific list to be presented at the next meeting and he asked Ken to be the lead of
the group.

The chair will send the sub-group chair C37.09 in WORD format to modify the relevant C37.09
clause(s) with specific recommendations for changes and prepare for presentation in the Fall
meeting.

Topic #2(0014): Incorporate C37.04 and C37.06 into C37.09
Assigned to: Mike Crawford

Xi asked Mike for an update on this topic discussed in the Fall in San Antonio. Mike said that
work continue(s) to pull C37.06, NEMA SG4, etc. information into C37.04.

Xi said work will proceed on C37.09 assuming this information will be addressed in C37.04.

Ben Bufi prepared a nice presentation on review of CO discussion history. Due to time
constraint, this presentation was not made. But the presentation is attached (Doc. 023).

The chair will send the sub-group chair C37.09 in WORD format to modify the relevant C37.09
clause(s) with specific recommendations for changes and prepare for presentation in the Fall
meeting.

Topic #3(Q015): Incorporate C37.09a and C37.09b into C37.09
Assigned to: Anne Bosma, Mauricio Aristizabal, Roy Alexander, Arben Bufi, Terrance

Woodyard

Xi asked the group for an update on this topic discussed in the Fall in San Antonio. Anne Bosma
missed the meeting in San Antonio and was not aware of his assignment. Some members
suggested that 100.2 be reviewed in addition to looking at C37.09a and C37.09b.

The chair will send the sub-group chair C37.09 in WORD format to modify the relevant C37.09
clause(s) with specific recommendations for changes and prepare for presentation in the Fall
meeting.

Topic #4 (Q016): Incorporate C37.017 into C37.09
Assigned to: Devki Sharma and Stan Billings

Xi asked Stan for an update on this topic discussed in the Fall in San Antonio. Stan said that
specific information was presented and there was no additional update. Devki said that the IEC
bushing standard 62271 is under revision and maybe additional updates are need for C37.017 if
references are made.



Xi asked that Stan and Devki to take into account the discussions on San Antonio meetings and
have those addressed in the revisions.

The chair will send the sub-group chair C37.09 in WORD format to modify the relevant C37.09
clause(s) with specific recommendations for changes and prepare for presentation in the Fall
meeting.

Topic #5 (Q005): Incorporate C37.081, C37.081a and C37.083 into C37.09
Assigned to: Mauricio Aristizabal, Victor Hermosillo, Denis Dufournet and Steve Cary

Xi asked Mauricio for an update on this topic discussed in the Fall in San Antonio. Mauricio said
the intention is not to use C37.081, C37.081a and C37.083 because the information is very
outdated. The plan is to align information and testing with IEC. There was discussion that there
needs to be changes and agreement for new test duties to align with IEC such as T100a. There is
work that also needs to be completed in other standards before such information is accepted.

Denis presented information on suggested changes for test duties to align IEEE to IEC. The
information will be sent to the committee for review. We need to also consider arcing times etc.,
for alignment. Refer to Doc. 024, 025 and 026.

The chair will send the sub-group chair C37.09 in WORD format to modify the relevant C37.09
clause(s) with specific recommendations for changes and prepare for presentation in the Fall
meeting.

Topic #6 (Q011): Incorporate NEMA SG4 into C37.09
Assigned to: Gilbert Carmona and Mike Crawford

Xi asked Gilbert for an update on this topic discussed in the Fall in San Antonio. Gilbert
presented information to incorporate NEMA SG4 into C37.09. Refer to Doc. 027 and 028. Mike
Crawford also commented that NEMA SG4 is being pulled into C37.04.

Others said that we should include information for SF6 gas handling (62271-4, C37.122.3).
Leslie Faulkinham also suggested we should review 62271-C37-082 for sound pressure levels
and how this applies to C37.09.

Gilbert said that some utilities in California use 17.5kV rated equipment and should go into
C37.09. This needs to be addressed in 04 and 06 first since it is being used in the USA.

The chair will send the sub-group chair C37.09 in WORD format to modify the relevant C37.09
clause(s) with specific recommendations for changes and prepare for presentation in the Fall
meeting.

Topic #7(0002): “critical current’
No action required - Remove from list
Assigned to: Roy Alexander




Ran out of time, moved to session #3

Topic #8(0Q003): Electrical endurance 800% cumulative fault current
Assigned to: Sushil Shinde, John Webb, Steve Cheng, Helmut Heiermeier, Terrance

Woodyard

Ran out of time, moved to session #3

Topic #9(0Q004): Inclusion of ‘test splitting’ in C37.09
Assigned to: Denis Dufournet

Ran out of time moved to session #3

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

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

Location: Orlando
Participants: 32 members
20 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.) Discussion Topics (continued from session #2)
Topic #7(Q002): “critical current’

No action required - Remove from list
Assigned to: Roy Alexander

Xi said that no further action is required for this topic per meeting in San Antonio.

Topic #8(0003): Electrical endurance 800% cumulative fault current
Assigned to: Sushil Shinde, John Webb, Steve Cheng, Helmut Heiermeier, Terrance

Woodyard

Sushi and John said there are not much open items for this topic. Xi asked that they reviewed the
MOM from San Antonio meeting to address the concerns on having to disassemble a breaker to
move it from power lab to dielectric lab for condition check. It would serve the purpose better to
check the dielectric condition of the breaker after 800% current by using TRV circuit to generate
a non-standard impulse wave.

John sent his proposal for changes after the meeting. Refer to Doc. 039.



The chair will send the sub-group chair C37.09 in WORD format to modify the relevant C37.09
clause(s) with specific recommendations for changes and prepare for presentation in the Fall
meeting.

Topic #9(0Q004): Inclusion of ‘test splitting’ in C37.09
Assigned to: Denis Dufournet

Denis presented information on Splitting test duties. Refer to Doc. 030 and 031. Xi said the
method is a more closely representation of real system conditions in comparison with simplified
test method. Roy Alexander expressed some concerns that some extra test “margins” may be
tanking out of the equipment if this is used. Denis said we need to keep in mind test are run at
SF6 and pressures lockouts and the breaker is also testing with addition margin(s) that you may
not see typically on the equipment.

The chair will send the sub-group chair C37.09 in WORD format to modify the relevant C37.09
clause(s) with specific recommendations for changes and prepare for presentation in the Fall
meeting.

3.) Discussion Topics (new)

Eldridge Byron - Consider changing the load current switching test to a similar concept as in IEC
for critical currents. (Presentation)

Eldridge presented new information for “load current switching tests” (C37.09 page 29 section
4.9.1). Refer to Doc. 032 and 033. He wants to make “load current switching tests” conditional
and not mandatory. The test will be reviewed or referenced in C37.20.9 which is a new standard
he is chair. Most discussed that this test is meaningless and some never ran the test. The test is
mostly resistive (with small TRV) and is very easy for the breaker to do. Some thought the test
was in C37.09 for air magnetic breakers when low currents needed to be pulled up into the arc
chute to extinguish and critical currents was possibly a concern for this type of breaker.

Neil McCord said that there are not many labs that can run this test and he wonders if it was
being completed by most companies.

Denis said that the T60 test listed in the PowerPoint is not a very low current and should not be
considered or removed.

Most agreed to make this a conditional test but others said we should maybe remove it from
C37.09.

The chair will send the sub-group chair C37.09 in WORD format to modify the relevant C37.09
clause(s) with specific recommendations for changes and prepare for presentation in the Fall
meeting.

Helmut Heiermeier — Critical Current Discussion and (Presentation)




Helmut did not present the information at the meeting since this was a “dead issue” for IEEE for
C37.09. Helmut said we can reference his PowerPoint for more information if needed. (Doc.
029)

Denis Dufournet

. Update on status of IEC 62271-100 T100a (Presentation)
° Demonstration of arcing times
° Denis Dufournet - Cap switching preconditioning (12-11-13 e-mail)

Denis presented information for T100a and Cap switching preconditions tests. Demonstration of
arcing times was presented and discussed in other meetings. Denis provided an update on the
status of IEC for T100a tests and new wording. This is wording (see PowerPoint) for direct tests
but synthetic tests will eventually have similar wording. Refer to Doc. 034 and 035.

There was discussion that we need to review test duty 6 and 7.
The chair will send the sub-group chair C37.09 in WORD format to modify the relevant C37.09

clause(s) with specific recommendations for changes and prepare for presentation in the Fall
meeting.

Jan Weisker — Out of Phase Switching Proposal

Jon Rogers presented information from Jan Weisker to modify “Out of phase” switching test
duties. Please refer to PowerPoint for recommendations. (Doc. 036 and 037)

Ken Edwards said the out of phase conditions occur more often that we would think. Other
utility members agreed with this comment. Also, Ken said that test duties (with lower currents)
are used to find critical currents.

Most said they did not want to change this test duty.

No action will be taken for this item.

3.) The working group committee agreed to adjourn the meeting
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Arben Bufi Hitachi HVB, Inc. Member X X X
Eldridge Byron Schneider Electric Member X X X
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Steven Chen Eaton Corporation Member
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Hua Ying Liu Southern California Edison Member
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Multi-part Testing in IEC 62271-100
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Multi-Part Testing

Text in the future revision of IEC 62271-100
 6.102.4.3 Multi-part testing

If all TRV and 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 ul and the time t1.

In the second part, the voltage uc and the time t2 shall be attained.

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

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

two-part test
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Multi-Part Testing

 6.102.4.3 Multi-part testing (Cont’d)

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 6.102.10.

The arcing times in separate tests forming part of one multi-part test shall
be the same with a margin 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 two-part testing is used to meet separately the requirements for
TRV and for the recovery voltage, during tests with recovery voltage it is
not necessary to search for the minimum arcing time and arcing times
shall be based on the minimum arcing time obtained during tests with
TRV;
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Multi-Part Testing

 6.102.4.3 Multi-part testing (Cont’d)

The circuit-breaker may be re-conditioned between the parts of the multi-
part testing procedure in accordance with 6.102.9.5.

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.
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Multi-part testing

The proposed text is given on page 1, the other pages are for information only (they may be
added to IEEE C37.09 but this is a separate item of discussion). The content is taken from
IEC 62271-100 (2012).

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 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 6.102.10. 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 accordance with 6.102.9.5.

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

st ot 2 —> t(ms)

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





Addendum 1: Subclause 6.102.10 of IEC 62271-100 (for information)

6.102.10 Demonstration of arcing times

It is preferred that the sequence for performing the three valid breaking operations is such
that the last breaking operation results in a medium arcing time. The procedures described in
this subclause are relevant for the adjustment of prospective arcing times. The actual arcing
times may vary from the prospective ones. Tests are valid as long as the actual arcing times
are within the tolerances given in Annex B.

For circuit-breakers with the rated operating sequence CO - t" — CO, one CO shall
demonstrate the minimum arcing time and the other one shall demonstrate the maximum
arcing time.

The terminal fault tests T100a in 6.102.10.1.2, 6.102.10.2.1.2 and 6.102.10.2.2.2 consist of
three valid operations independent of the rated operating sequence. After the number of
operations provided for in accordance with the rated operating sequence the circuit-breaker
may be reconditioned in accordance with 6.102.9.5.

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

6.102.10.1 Three-phase tests

The procedures given below are for direct tests. Where synthetic tests are performed it is
necessary to establish the minimum arcing time for the first phase to clear before starting the
sequence. The method of establishing this minimum arcing time is given in 6.102.10.2.

6.102.10.1.1 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. For T100s(b), see note in 6.106.

A 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.

6.102.10.1.2 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 changes 60° between tests in
order to transfer the required asymmetry criteria from phase to phase.

The intention is to achieve a series of three valid tests and the duty is considered satisfactory
if the following conditions are met:

a) one operation where in the first pole-to-clear arc extinction occurs at the end of a major
current loop with the longest possible arc duration and with the required asymmetry
criteria as given in 6.106.6 in order to comply with the TRV requirements.

NOTE Some circuit-breakers will not clear at the end of a major loop. Arcing then continues during the subsequent

minor current loop and becomes a last pole-to-clear. However, this test is considered valid if during a subsequent
test it is proven that the longest possible arc-duration was achieved.

one operation where in one of the last poles-to-clear arc-extinction occurs at the end of a
major extended current loop with the longest possible arc-duration and with the required
asymmetry criteria as given in 6.106.6.

A test where the circuit-breaker clears at the end of a reduced major current loop or a
minor loop in the phase meeting the asymmetry criteria is invalid (with the exception of the
situation described in the note to a) above.

one operation with the required asymmetry criteria as given in 6.106.6 to prove the validity of
test conditions outlined in a) and b) above.

The sequence of the tests is of no consequence as long as the series of tests fulfils the test
conditions mentioned in a), b) and c).





If it is not possible to achieve the above requirements because of the characteristics of the
circuit-breaker, the number of operations should be extended to prove that, in this particular
case, the most severe test conditions have been achieved. The circuit-breaker should not be
subjected to more than six opening operations when attempting to meet the above
requirements.

The circuit-breaker may be reconditioned with renewable parts before the extended
operations (see 6.102.9.5). An additional test sample can also be used for the extended
operations.

The recommended procedure is as follows.

For the first valid operation, the initiation of short-circuit and the setting of the control of the
tripping impulse shall be such that

— the required asymmetry criteria are obtained in one phase;

- arc extinction occurs in the phase with the required asymmetry criteria after a major loop
(or the greatest possible part of that loop) in case of the first phase-to-clear or after a
major extended loop (or the greatest possible part of that loop) in case of one of the last
phases-to-clear.

For the second valid operation, the initiation of short-circuit should be advanced by 60° and
the setting of the control of the tripping impulse shall be as follows:

— if the first operation was valid because the arc extinction occurred in the phase with the
required asymmetry criteria after a major loop, the setting of the control of the tripping
impulse shall be advanced by approximately 130° with respect to the first valid operation;

— if the first operation was valid because the arc extinction occurred in the phase with the
required asymmetry criteria after a major extended loop, then the setting of the control of
the tripping impulse shall be advanced by approximately 25° with respect to the first valid
operation.

For the third operation, the procedure for the second operation may be repeated. The
initiation of short-circuit shall be advanced by 60° with respect to the second operation and
the setting of the control of the tripping impulse shall be as follows:

— if the second operation was valid because the arc extinction occurred in the phase with
the required asymmetry criteria after a major loop, the setting of the control of the tripping
impulse shall be advanced by approximately 130° with respect to the second operation.

— if the second operation was valid because the arc extinction occurred in the phase with
the required asymmetry criteria after a major extended loop, the setting of the control of
the tripping impulse shall be advanced by approximately 25° with respect to the second
operation.

If the characteristics of the circuit-breaker are not constant it may be necessary to use other
procedures to achieve the three valid operations described above.

This test procedure is applicable to non-effectively earthed neutral systems (first-pole-to-clear
factor 1,5) and to effectively earthed neutral systems (first-pole-to-clear factor 1,3).

Figures 31 and 32 give graphical examples of the three valid breaking operations.

6.102.10.2 Single-phase tests in substitution for three-phase conditions

The procedures given below are partly derived from synthetic test methods. Where direct
tests are performed the procedure for establishing a minimum arcing time might result in a
valid 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
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 fulfil
the requirements of 5.101. If not, caution shall be exercised when using the following Tables
15 through 22.

6.102.10.2.1 Non-effectively earthed neutral systems

6.102.10.2.1.1 Test-duties T10, T30, T60, T100s and T100s(b), OP1 and OP2

The first 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;,. nin)- 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° (da).

The second valid breaking operation shall demonstrate interruption with the maximum arcing
time. The required maximum arcing time is known as t,,; ax @and is determined by:

150° -da
t >tarcmin + 1 —————
arc max — tarc min 360°
where
tare min 1S the minimum arcing time obtained from the first valid operation;
da =18°;
T is one period of the power frequency.

This is normally achieved by setting the tripping impulse at least (150° — d«) earlier than that
of the first valid breaking operation.

The third 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,.. meq) @nd is determined by

t +1

arc med — (tarc max arc min)/2

The tripping impulse for the third valid breaking operation shall be delayed by 75° (+ 18°) from
that of the second valid breaking operation.

Figure 33 gives a graphical representation of the three valid breaking operations.

6.102.10.2.1.2 Test-duty T100a
a) Arcing times

The first valid breaking operation shall demonstrate interruption at the end of the minor
loop with an arc duration as small as possible. The resultant arc duration is known in this
document as the minimum arcing time (t,,. ni,)- 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 which will be at the end of a major loop. This minimum arc duration is

found by changing the setting of the tripping impulse by steps of approximately 18° (d¢).
NOTE 1 With some circuit-breakers, the minimum arcing time for the minor loop may be so long that the circuit-

breaker will be able to clear the preceding major loop at the same moment of contact separation. In such cases,
the minimum arcing time is demonstrated at the end of a major loop, and no test on the minor loop is required.

The minimum arcing time obtained (tarc min major 100p) 1S USed to calculate the minimum clearing time and to determine
the major loop parameters for all the operations (parameters in Tables 15 through 22). For the second valid
breaking operation with the maximum arcing time, the minimum arcing time (tarc min), to be used in the formula is tar

min = tarc min major loop + Atz-

If additional tests are necessary, reconditioning of the circuit-breaker according to 6.102.9.5 or the use of an
additional test sample according to 6.102.2 are permitted.

The second valid breaking operation shall demonstrate interruption with the maximum
arcing time. The required maximum arcing time is known in this document as t and

is determined by

arc max





30° +da
360°

where the time interval At, is the duration of the major loop given in Tables 15 through 22.

tarc max = tarcmin + Aty =T x

The time interval At is a function of the d.c. time constant (z), the rated frequency of the

system, the opening time and the minimum arcing time of the circuit-breaker. The time
interval At; is equal to the duration (rounded) of the subsequent major loop (on the
appropriate asymmetrical current waveform) which will occur after the minimum clearing
time. Interruption shall occur after a major loop or after the subsequent minor loop if the
circuit-breaker failed to interrupt after the required major loop. This is achieved by setting
the tripping impulse later than that of the first valid breaking operation.

Tables 15 through 22 consider 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 the appropriate minor loop (Aty) given in Tables 15 through

22.

NOTE 2 In a direct test circuit, any delay of the tripping impulse after the test at tarc min Will result in a subsequent
major loop with an arc duration of:

tarc max =tarc min + Aty =T x

360°

Therefore only an arcing window of 180° can be demonstrated in a single-phase test circuit. This condition may
lead to overstress the circuit-breaker. If that is the case, for non-effectively earthed neutral applications only, it is
permissible to further delay the tripping impulse in order to obtain the required maximum arcing time.
The third valid breaking operation shall demonstrate interruption with an arcing time that is
approximately equal to the average value of those of the first and second valid breaking
operations. This arcing time is known in this document as the medium arcing time
(tarc meq) @nd is determined by:

tarc med = (tarc max *tarcmin)/2

This interruption shall also occur after a major loop or after the subsequent minor loop if
the circuit-breaker failed to interrupt after the required major loop.

NOTE 3 In the specific cases where a circuit-breaker interrupts after a minor current loop during the maximum
arcing time test, the medium arcing time should be determined by using the prospective maximum arcing time
considering an interruption following a major current loop.

The tripping impulse for the third valid breaking operation shall be delayed from that of the
second valid breaking operation in order to achieve this arcing time.

Figure 34 gives a graphical example of the three valid breaking operations.
Short-circuit current during arcing interval
The breaking operations are valid if the following conditions are met:

— 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.

or if the above tolerances cannot be fulfilled:

— the product "I xt", "I" being the required peak value of the last short-circuit current
loop and "t" being the required duration of the last short-circuit current loop, is between
81 % and 121 % of the required values.

Tables 15 through 22 give required values of the peak short-circuit current and loop duration
that should be attained by the last loop prior to the interruption. The required product "I xt"
can also be derived from these tables.

NOTE 4 For direct tests, these conditions apply to the prospective short-circuit current only provided that the
instant of current initiation is within £10° of that obtained during the prospective current calibration test.





NOTE 5 For circuits breakers having relatively high arc voltages, the procedure to obtain the required current loop
amplitude and duration during synthetic tests is explained in IEC 62271-101.

NOTE 6 The corresponding di/dt values given in Tables 15 through 22 are only applicable to the first-pole-to-clear.
For the second and third pole-to-clear, the di/dt can be approximated as the di/dt of the second and third pole-to-
clear in case of a symmetrical fault current. See Table 6 for corresponding TRV values.

6.102.10.2.2 Effectively earthed neutral systems including short-line fault tests

6.102.10.2.2.1 Test-duties T10, T30, T60, T100s and T100s(b), OP1 and OP2, Lgq, L;5 and
Leo

The procedure to obtain the three valid breaking operations is the same as the one described

for non-effectively earthed neutral systems, with the following modifications:

The required maximum arcing time shall be:

180°-da
t >t in+ T —
arc max arc min 360°

This is normally achieved by having the tripping impulse at least (180° — da) earlier than that
of the first valid breaking operation.

The third 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 determined by

t

arc med — (tarc max T tarc min)/2

The third valid breaking operation is achieved by having the tripping impulse 90° (+18°) later
than that of the second valid breaking operation.

Figure 35 gives the graphical representation of the three valid breaking operations.

6.102.10.2.2.2 Test-duty T100a

The procedure to obtain the three valid breaking operations is the same as the one described
for non-effectively earthed neutral systems, with the following modifications:

The required maximum arcing time shall be:

da
360°

tarc max = tare min + Aty =T x

where At; is given in Tables 15 through 22.

Figure 36 gives a graphical example of the three valid breaking operations.

6.102.10.2.3 Modified procedure in cases where the circuit-breaker failed to interrupt
during a test with a medium arcing time

6.102.10.2.3.1 Breaking test with symmetrical current

If the circuit-breaker does not interrupt at the expected current zero during a breaking test
with symmetrical current with a medium arcing time then it is necessary to perform one or two
additional tests.

a) Direct tests

Two cases shall be considered:

- For kpp = 1,3 (systems with effectively earthed neutral)

If the circuit-breaker does not interrupt with the prospective medium arcing time but at
a subsequent current zero, the arcing time on such a test would be known as the

"ultimate maximum arcing time” t .. ,;t max- VhiS test is valid if the circuit-breaker is






able to interrupt during an additional test with the "new minimum arcing time”, which
shall be 18° longer than the prospective medium arcing time. In this case this single
additional test is sufficient with the setting of the tripping impulse advanced by 18°.

— For kpp = 1,5 (systems with non-effectively earthed neutral)

If the circuit-breaker has not interrupted with the prospective medium arcing time and
at the subsequent current zero, two additional tests are necessary:

i) one with the "new minimum arcing time” t
the prospective medium arcing time,

arc new min» Which shall be 18°longer than

ii) another one with the “new maximum arcing time”, which shall be 150° longer than
the "new minimum arcing time”. This test may necessitate a forced re-ignition
circuit at the preceding current zero crossing.

b) Synthetic tests
The first valid additional test shall demonstrate interruption at the "new minimum arcing
time” t,,c new min- THis is found when any extra advancement in contact separation with

respect to the current waveform from that for the test at medium arcing time results in a
successful interruption. The "new minimum arcing time” is found by changing the setting of
the tripping impulse by steps of 18° (d¢).

The second valid breaking operation shall demonstrate interruption with the "ultimate

maximum arcing time” t . i max Which is:
150°-da
t >t intT——— ifk,, =15
arc ult max = ‘arc new min 360° pp
180°-da
tarc ult max = tarc new min "‘TW if kpp =130r1,0

where

tarc new min IS the "new* minimum arcing time;
tarc ult max IS the "ultimate” maximum arcing time;
da = 18°.

If the circuit-breaker fails during the second additional test, it is permissible to carry out
maintenance work on the circuit-breaker according to 6.102.9.5 and repeat the test-duty
by starting with a minimum arcing time which is greater than the failed medium arcing
time.

6.102.10.2.3.2 Breaking test with asymmetrical current

If the circuit-breaker does not interrupt at the expected current zero after a major loop, during
a breaking test with asymmetrical current (test-duty T100a) and with a medium arcing time,
then it shall interrupt after the subsequent minor loop.

6.102.10.2.4 Tests combining the conditions for effectively and non-effectively earthed
neutral systems

Both conditions, non-effectively earthed neutral systems (6.102.10.2.1) and effectively
earthed neutral systems (6.102.10.2.2), may be combined in one test series. The transient
and power frequency voltages to be used shall be those applicable to a non-effectively
earthed neutral system and the arcing times shall be those applicable to an effectively
earthed neutral system.

6.102.10.2.5 Splitting of test-duties in test series taking into account the associated
TRV for each pole-to-clear

It is recognised 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, maximum and medium arcing time
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.

Reconditioning of the circuit-breaker after each test series is permitted and shall comply with
the requirements of 6.102.9.5.

Assuming that the simultaneity of poles during all operations of the rated operating sequence
is within the tolerances of 5.101, 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 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 23 — Interrupting window for tests with symmetrical current

First-pole-to-clear

First clearing pole

Second clearing pole

Third clearing pole

factor o o °
15 0-42 90 - 132 90 - 132
1,3 0-42 77 -119 120 - 162






Addendum 2: Subclause 6.102.9.5 of IEC 62271-100 (for information)

6.102.9.5 Reconditioning after a short-circuit test-duty and other test series

It may be necessary to carry out maintenance work on the circuit-breaker after
performing a short-circuit test-duty or other test series in order to restore it to the
original condition specified by the manufacturer. For example, it may be necessary to

a) repair or replace the arcing contacts and any other renewable parts recommended
by the manufacturer;

b) renew or filter of the oil, or any other extinguishing medium, and add any quantity
of the medium necessary to restore its normal level or density;

c) remove deposit, caused by the decomposition of the extinguishing medium, from
internal insulation.

A class E2 circuit-breaker shall not be reconditioned during the basic short-circuit
test-duties, given in 6.106.
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4.13.2 Low Temperature Operating Tests

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 1s required:
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4.13.2 Low Temperature Operating Tests

IEEE
Std C37.09-1999 IEEE STANDARD TEST PROCEDURE FOR AC HIGH-VOLTAGE

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 Pen'od 10 cycles shall be performed at rated control voltage and
operating pressure, recording operating speeds of the circuit breaker.

b) Tencycles 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.

¢) If testing facilities do not permut this demonstration, then performance of important components of
the circuit breaker may be demonstrated individually at this temperature.
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IEC 62271-1 — Normal Service Conditions - Temperature:

2.1 Normal service conditions
2.1.1  Indoor switchgear and controlgear
a) The ambient air temperature does not exceed 40 °C and its average value, measured over

a period of 24 h, does not exceed 35 °C.
The preferred values of minimum ambient air temperature are -5 °C, —15 °C and -25 °C.

2.1.2 Outdoor switchgear and controlgear

a) The ambient air temperature does not exceed 40 °C and its average value, measured over
a period of 24 h, does not exceed 35 °C.

The preferred values of minimum ambient air temperature are -10 °C, -25 °C, -30 °C and
-40 °C.

2.2.3 Temperature and humidity

For installation in a place where the ambient temperature can be outside the normal service
condition range stated in 2.1, the preferred ranges of minimum and maximum temperature to

be specified should be
a) -50 °C and +40 °C for very cold climates;

b) -5 °C and +55 °C for very hot climates.
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IEC 62271-100 - Measurement of Ambient Temperature

6.101.3.2 Measurement of ambient air temperature

The ambient air temperature of the immediate test environment shall be measured at half the
height of the circuit-breaker and at a distance of 1 m from the circuit-breaker.

The maximum temperature deviation over the height of the circuit-breaker shall not exceed
5K
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|IEC 62271-100 — Procedure

a) Adjustment k) Timing, total leakage check

* b) Timing characteristics at ambient temperature (20 + 5°C), leakage check
Termperature b k

Ta Ial

c) Closed during ramp-down, 24 hr soak

e Circuit-breaker closed

Operate

Cwcunt-breaker croutbrsalar

open
j) Ramp-up (10°C/hr) w/operations
) 0-30min-C-30min-0...

d) Leakage check i 1) 50 C+0: C-ta-0, 3xCO, C-ta-0-ta-C ...

—
e) After 24 hr open, close at rated control voltage Time

f) Disconnect heating devices for t (variable, 2 hr suggested)
g) Open breaker, 24 hr soak
h) Leakage rate
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|IEC 62271-100 — Procedure

6.101.3.3 Low temperature test

The diagram of the test sequences and identification of the application points for the tests
specified are given in Figure 17a.

If the low temperature test is performed immediately after the high temperature test, the low
temperature test can proceed after completion of item u) of the high temperature test. In this
case items a) and b) are omitted.

a) The test circuit-breaker shall be adjusted in accordance with the manufacturer's
instructions.

b) Characteristics and settings of the circuit-breaker shall be recorded in accordance with
6.101.1.3 and at an ambient air temperature of 20 °C &£ 5 °C (T,). The tightness test (if
applicable) shall be performed according to 6.8.

c) With the circuit-breaker in the closed position, the air temperature shall be decreased to
the appropriate, minimum ambient air temperature (T, ), according to the class of the
circuit-breaker as given in 2.1.1, 2.1.2 and 2.2.3 of IEC 62271-1. The circuit-breaker shall
be kept in the closed position for 24 h after the ambient air temperature stabilises at T, .

d) During the 24 h period with the circuit-breaker in the closed position at temperature T, a
tightness test shall be performed (if applicable). An increased leakage rate is acceptable,
provided that it returns to the original value when the circuit-breaker is restored to the
ambient air temperature T, and is thermally stable. The increased temporary leakage rate
shall not exceed the permissible temporary leakage rate of Table 12 of IEC 62271-1.

NOTE 1 A tightness test is applicable if gases are used for operation, interruption and/or insulation. In case

of vacuum circuit-breakers no tightness test is required. However, if the vacuum circuit-breaker is used in an
enclosure filled with an insulating gas. for example SFs. the tightness verification tests have to be performed
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|IEC 62271-100 — Procedure

e) After 24 h at temperature T, the circuit-breaker shall be opened and closed at rated

values of supply voltage and operating pressure. The opening time and the closing time
shall be recorded to establish low temperature operating characteristics. Contact velocity
should be recorded if feasible.

f) The low temperature behaviour of the circuit-breaker and its alarms and lock-out systems
shall be verified by disconnecting the supply of all heating devices, including also the anti-
condensation heating elements, for a duration ¢ . During this interval, occurrence of the
alarm is acceptable but lock-out is not. At the end of the interval ¢, an opening order, at
rated values of supply voltage and operating pressure, shall be given. The circuit-breaker
shall then open. The opening time shall be recorded (and the mechanical travel
characteristics measured, if feasible) to allow assessment of the interrupting capability.

The manufacturer shall state the value of ¢, (not less than 2 h) up to which the circuit-
breaker is still operable without auxiliary power to the heaters. In the absence of such a
statement, the preferred value shall be equal to 2 h.

NOTE 2 The measurement of the mechanical characteristics is feasible if a location is accessible for the
travel sensor to be used.

g) The circuit-breaker shall be left in the open position for 24 h.

h) During the 24 h period with the circuit-breaker in the open position at temperature T, a
tightness test shall be performed (if applicable). An increased leakage rate is acceptable,
provided that it returns to the original value when the circuit-breaker is restored to the
ambient air temperature T, and is thermally stable. The increased temporary leakage rate
shall not exceed the permissible temporary leakage rate of Table 12 of IEC 62271-1.

IEEE C37.09 Revision -V. Hermosillo - P 11 GRID
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|IEC 62271-100 — Procedure

i) At the end of the 24 h period, 50 closing and 50 opening operations shall be made at rated
values of supply voltage and operating pressure with the circuit-breaker at temperature T, .
At least a 3 min interval shall be allowed for each cycle or sequence. The first closing and
opening operation shall be recorded to establish low temperature operating
characteristics. Contact velocity should be recorded if feasible. Following the first closing
operation (C) and the first opening operation (O) three CO operating cycles (no intentional
time delay) shall be performed. The additional operations shall be made by performing C -
t, — O —t, operating sequences (t, is defined in Table 13).

j) After completing the 50 opening and 50 closing operations, the air temperature shall be
increased to ambient air temperature T, 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-t,-0-1,-Cand O-1,-C -1, -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.

k) After the circuit-breaker has stabilised thermally at ambient air temperature T, a recheck
shall be made of the circuit-breaker settings, operating characteristics and tightness as in
ltems a) and b) for comparison with the initial characteristics.

The accumulated leakage during the complete low temperature test sequence from item b)
to item ) shall not be such that lock-out pressure is reached (reaching alarm pressure is
allowed).

ALSTOM
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Improvements and Proposal

ALSTOM
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Areas that need improvement

Temperature rating:

* Only considers -30°C rating
* What about lower temperatures? Same or different procedure?
» Define preferred ratings, temperature series?

* No specific requirements for measurement of ambient temperature

* Rate of temperature change during ramp-down, ramp-up

* No operations during ramp-up phase.

* No verification of leakage

 State of the breaker during test (closed or open?), definition of “cycle”
e Recording of speed, but not opening/closing time

« “..and the control voltage disconnected” for 2 hr period

* Important components to be tested individually due to lab restrictions

ALSTOM
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Practical Applications — Outdoor Circuit Breakers

* Defining a temperature series could be a contentious matter

* Directly linked to the current interruption and dielectric capability
of the circuit breaker (power/dielectric test at lockout density)

* For outdoor circuit breakers applications and specifications exist
for -25°C, -30°C, -35°C, -40°C, -45°C, -50°C, -55°C and -60°C.

* Some SF; circuit breakers are capable of -35°C, -40°C without
tank heaters.

* Requirements for -32°C, -33°C presently exist

* |n some cases, manufacturers standardize to a subset of these
temperature values.

e Could be kept as basic requirement -30°C, then other possible
ratings subject to customer specification.
ALSTOM
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Proposal

* Define -30°C and “other” lower/higher low-temperature ratings
e Measure temperature 1 m from breaker with + 5°C differential over height

 |nitial and final measurement of density (pressure/temp). Individual tests for
leakage allowed.

* For vacuum breakers dielectric verification

 Ramp-down, ramp-up rate of 10°C/hr
* Define “cycles”, circuit breaker state during test

* Purpose “loss of power” (depends on presence of tank heaters on pole):

* Check of alarm and lockout function? Then heaters de-energized,
establish a time to lockout.
* Then reconnect control voltage, heaters, find recovery time and operate.

Define examples, limitations for individual component testing.

GRID
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DISCUSSION ON IEEE STD 693
RECOMMENDED PRACTICE FOR
SEISMIC DESIGN OF
SUBSTATIONS

Xi Zhu

IEEE Switchgear Meeting, May 4-8, 2014, Orlando, FL





IEEE STD 693 SCOPE

* The recommended
practice contains
recommendations for
the seismic design of
substation buildings,
structures and
equipment.

e It covers over a dozen of
substation equipment
including circuit breaker,
transformer, arrester...

$IEEE

IEEE Recommended Practice for
Seismic Design of Substations

|IEEE Mower Enginzering Sociely
Sponsoed by the
Substatons Committes






Recommended Procedures

e 8 Clauses and 22 Annexes
* Annex Cis for Circuit Breakers

Qualification of electrical Equipment

See Clauses 1,5,7,9 & Annex Q. Selectthe seismic]

Qualification Level: Low, Moderate, or High, Select
Equipmenttype. See 52 and 8.5.

!

Circuit Breakers, See Annex C

4

v

v

Mo report required for Low Level or

By Test

Inherently

acceptable equipment. See 852 or A1.4 l‘
1

v

By Analysis

13

Select TestLab, See 5.9
Prepare TestPlan. See 5.5,5.10, A5.1, & Annex T

| Prepare Report & Seismic Outline Drawing. See AS5 & Annex T

Prepare Report
& Seismic
Drawing. See
AB & Annex S

v

Install. See Clailse [






Discussions

At present, C37.09 does not include Seismic Test and
no reference to IEEE Std 693 is made.

Should it be included?

If Yes, what should be included? and
Where in C37.09 to add this content?
Design Test (add section 4.18 to refer to std 693)
Routine Test
Commence Test
Annex?





Discussions

Propose to add section 4.18 in Design Tests to
refer to std 693)

LD =y 1R =T, -SSRSO SO USTSSPRRSSRSUOR,

4.1 MaXimuim VOItage T85TS couie e iiiie e e ee et e e et eerse e ete e rreeeese e s e e e e neeerneeeseeerneessseaenenenennaennneenns
4.2 POWer fTeqUENCY f851S (oot cete et e e e s e e e e e ste e ere e e s aee e e e e eae e e e e e e saeaennneneaneennneeaas O
4.3 Continuous CUITENE-CATTYIIE LESTS ..o.uviiriiiiieiecriiieeereeitessie e e eas e e e eeeeeeesseessaesne e s aeseeeseensaaseees O
4.4  Dielectric withstand tests .. .
4.5 Standard operating duty (staﬂdard duty cycle} tests

4.6 Interrupting time tests ..
AT TRV eSS uiitieeeeiieeiiie e et sttt e e e et e e s se e eas 2t e et e st ees s e en et e e st et e sna e b e s g ann e et e e aenen

4.8 Short-circuit Current IMTETTUPTINE TS5 oooiiiiie e e eeee e e eeee e e e eeern e e seee e e e e s seneennneen

4.9 LOAA CUITEIIE ...ttt ettt ee et e s e eme e s e st ems et a bt et e e eme e b et e 2
4.10 Capacitor sWitching CUITENE TE5TS ....iiiii i eee et r e e rn e eemee e eneeerneeesnaeernees
4.11 Line closing switching surge factor.......cccoooii i snaeenneen 2
4.12 Out-of-phase swWitching CUITENE tESTS ...eiooiieiie i e e e e eeaennnees
4.13 Mechanical endurance teStS ... it et
4.14 Control voltage...

4.15 Fluid operating pressure... e

4.16 Design tests on pIessu.nzed components
4.17 Sealed pressure systems leakage tests...
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TOLERANCES OF TEST
QUANTITIES IN
TYPE TESTS

PRESENTED BY GIL CARMONA
SOUTHERN CALIFORNIA EDISON





TYPE TEST TOLERANCES

= Present edition of C37.09 includes few
tolerances for test quantities of certain type
tests.

= In most cases these tolerances are not

quantitatively defined and are scattered
randomly in the body of C37.009.

m C37.09 uses terms such as “it is preferred” or
“acceptable” or “within acceptable limits” or
“may be used” are vague statements which
seem to belong to IEEE guides rather than
standards.





TYPICAL EXAMPLES OF TYPE
TEST TOLERANCES IN C37.09

@ 4.4.4.1 Waveform for lightning impulse tests

= A peak voltage equal to or exceeding the rated full

wave impulse voltage of the specified equipment
BIL.

@ 4.8.1.5 Recovery Voltage

= Power frequency recovery voltage to be no less than
-5% of the specified recovery voltage of the power
source. Higher voltages may be used at the
discretion of the manufacturer.

= The inherent TRV of the test circuit shall meet or
exceed the rated envelopes as defined in C37.04.





TYPICAL EXAMPLES OF TYPE
TEST TOLERANCES IN C37.09

= 4.8.1.8 Control Voltage

o ]t is preferred that the minimum control voltage be
used for all high current tests. However, it is
acceptable to use a higher control voltage to
minimize the variations in the contact making and
contact parting times

@ 4.8.1.11Conditions during single-pole 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.





TYPE TEST TOLERANCES

=z RECOMMENDATION IS TO INCLUDE IN
C37-09 SOME OF THE RELEVANT
TOLERANCES OF TYPE TEST QUANTITIES
THAT ARE LISTED IN IEC 62271-100.
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Table B.1 — Tolerances on test quantities for type tests

Designation of the test

Test quantity

Specified test value

Test tolerances!
limits of test values

Dielectric tests

Power-frequency voltage tests Test voltage (r.m.s. value) Rated short-duration power-frequency + 1%
withstand voltage
Freguency -- 45 Hz to 65 Hz
Wavwve shape Peak value / r.m.s. value = +2 +5 %
Lightning impulse voltage tests Feak value Rated lightning impulse withstand voltage |+ 3 %
Front time 1,2 us + 30 %
Time to half-value S0 us + 20 %
Switching impulse voltage tests Feak value Rated switch impulse withstand voltage +39%
Front time 250 ps + 20 %
Time to half-value 2 500 ps + 60 %
‘Yoltage test as condition check
ﬂg:?fgita”dard Switehing impulse Peak value of switching impulse voltage See 6.2.11 +3 %
Front time 250 s + 20 %
Time of half-valus 2 500 ps + 60 %
Using TRY circuit of T10 Peak value of switching impulse voltage See 6.2.11 + 3%
Time to peak Standard value for T10 (zee Table 14) _21|é|3 %
Radio interference voltage tests Test voltage See 6.3 of IEC 622711 + 1%

Measurement of the resistance of
the main circuit

O test current I:":

20 A < Ing = rated normal
current






Table B.1 {continued)

Designation of the test

Test quantity

Specified test value

Test tolerances/
limits of test values

Temperature-rise tests

Ambient air velocity

= 0,5 mfs

Test current frequency

Rated frequency

+2

_5%

Test current

Rated normal current

+2

q

These limits shall be kept
only for the last two hours of
the testing pericd.

Ambient air temperature T

+10°C<T<40°C

Short-time withstand current
and peak withstand current tests

Test frequency Rated frequency + 10 %

FPeak current (in one of the outer phases) Rated peak withstand current 5 o
i}

Average of a_c. component of three-phase test | Rated short-time withstand current + 59

current

AC component of test current in any 1 + 10 %

phaseiaverage

Shart-circuit current duration

Rated short-circuit duration

See tolerances for 4t

Value of 5

Rated value =t

+10

0 %%
Low and high temperature tests Deviation of ambient air temperature over - <o K
height of test object
Ambient air temperature for recording 20 =C + 5K
characteristics before test
Minimum and maximum ambient air According to class of circuit-breaker (see + 3K
temperature during tests IEC 62271-1)
Humidity test Minimum temperature of a cycle 25 °C +3K
Maximum temperature of a cycle 40 =C +
Guide for static terminal load test | Forces Ag specified in 6.101.6 +10 o
0






Table B.1 {continued)

Designation of the test

Test quantity

Specified test value

Test tolerances/
limits of test values

Miscellaneous provisions for making, | Maximum arcing time to be controlled Specified test value + 0,5 ms
breaking and switching tests Medium arcing time to be controlled L 1ms
Test circuits for short circuit Power factor (average) - = 0,15
making and breaking tests Power factor of any phase / average - +25%
Frequency Rated frequency +B%
Short-circuit test guantities
Appli_ed vnl_tﬂge before short- Applied voltage See 61041 +10 o
circuit making tests 0
Applied phase voltage / average (three-phase) |1 +5%
Short-circuit breaking current AC component of any phase [ average 1 + 10 %
AC component of the prospective current at Specified breaking current for the =90 %

final arc extinction in last-pole-to-clear

relevant test-duty

MOTE For test duty T100a, the
tolerances on the last cumrent
loop shape (amplitude and
duration) are given in
6.102.10.2.1.2 b) and in
65.106.6.1.

DC component of shori-circuit
breaking current

DC component in T10, T30, T60, T100s

=20 %

DC component at current zero in TO0a

For direct tests:
6.106.6.2 (single-phase) and 6.106.6.1
(three-phase)

= 110% of specified value and
2 95% of the specified value

Average d.c. component at current zero

For direct tests:
6.106.6.2 (single-phase) and 6.106.6.1

(three-phase)

= 100% of specified value and
2 95% of the specified value

Transient recovery voltage (TRWY)
for terminal fault tests

Peak value of TRV

- for circuit-breakers = 52 kY See Tables 24 and 25 _-g %

- for circuit-breakers = 52 kY See Tables 24, 25, 26 and 27 _g ar
Rate of nsze of TRY:

- fior circuit-breakers = 52 kY See Tables 24 and 25 _-g o "
- for circuit-breakers = 52 kV See Tables 24, 25, 26 and 27 _g o
Time delay 14 See Tables 24, 25 26 and 27 +20 %






Table B.1 {continued)

Designation of the test

Test quantity

Specified test value

Test tolerances!
limits of test values

FPower frequency recovery voltage
(RV})

Power frequency recovery voltage

Specified values according to 6.104.7

+5 %

RY of any pole at the end of the time / average | 1 + 20 %
Baszic shor-circuit test-duty Breaking current in T10 10 % of rated shor-circuit breaking current | £ 20 %
Breaking current in T30 30 % of rated shori-circuit breaking current | = 20 9%
Breaking current in TG0 60 % of rated shori-circuit breaking current | = 10 %
Breaking current in T100= 100 % of rated s.-c. breaking current +5 ag
1]
Breaking current in T100a 100 % of rated =.-c. breaking current +10%
Peak short-circuit current in T100s and T100a | Rated short-circuit making current +10 o,
0
Critical current tests Breaking current See 6.107.2 + 20 %
DC component of breaking current = 20 % Upper limit 25 %

single-phase and double earth
fault tests

Breaking current

See Figure 45

+5

g ¥

DC component of breaking current

= 20 %

Upper limit 25 %

Peak value of TRW:

- for circuit-breakers < 52 kY

See 6.108.2 and Tables 24, 25, 26 and 27

+10
0 %
- for circuit-breakers = 52 kYW 5
E e
Rate of rize of TRV See 6.108.2 and Tables 24, 25, 26 and 27
— for circuit-breakers = 52 kY T
0 b
— for circuit-breakers = 52 kKW 18 o






Table B.1 (continued)

Designation of the test

Test quantity

Specified test value

Test tolerances/
limits of test values

Short-line fault tests DC component of breaking current =20 % Upper limit 25 %
Breaking current Ly 90 % of rated short-circuit breaking current | 90 % to 92 %
Breaking current L5 T5 % of rated short-circuit breaking current | 71 % to 79 %
Breaking current Lgg 60 % of rated short-circuit breaking current | 55 % to 65 %
Surge impedance 450 0 + 3%
FPeak value of line side voltage £20
0 %
Rate of rize of line side voltage See Table & and Annex A +5 o
0
Time dela
&%
Out-of-phase making and Power factor - < (0,15
breaking tests - —
DC component of breaking current < 20 % Lpper limit 25 %
Applied voltage and power frequency recovery | As specified in 6.110.2 + 5%
voltage
Peak value of TRV
- for circuit-breakers = 52 kW See Tables 1 and 2 H10 o
o
- for circuit-breakers = 52 kY SeeTables 1.2 3 4and S +5 o
o
Rate of rize of TRV:
- for circuit-breakers = 52 kW See Tables 1 and 2 T
%
0
- for circuit-breakers = 52 kW See Tables 1,2, 3,4and 5 +8 g
0
Inztant of closing in OP2 At crest of applied voltage in one pole + 15°

Breaking current for OP1

30 % of rated out-of-phase breaking

current

+ 20 % of specified value

Breaking current for OP2

100 % of rated out-of-phase breaking

CLrTEnt

=10

n %






Table B.1 {continued)

Designation of the test

Test quantity

Specified test value

Test telerances!
limits of test values

Capacitive current awitching tests

Power frequency voltage variation:

—for LC1, CC1 and BCA < 2%
—for LC2, CC2 and BC2 < 5 e
Yoltage decay of recovery voltage 300 ms < 10 %
after arc extinction
R.m.s value / r.m.s. value of fundamental - < 1,2
component
Test voltage Ag specified in 6.111.7 +3 o,
i)
Freguency of the recovery voltage Rated frequency + 2 9%
Breaking current / rated capacitive breaking LC1, CC1, BC1 10 %% to 40 %
current LC2, CC2, BC2 > 100 %
Dramping facter of inrugh current Circuit-reakers = 52 kV = 0,75
Circuit-breakers = 52 kW > [0,85

Back-to-back current switching: peak value of |BC2 + 10 %. The tolerance on

inrush making current the inherent value of back-
to-back making inrush
current shall be +1E Y.

Back-to-back current switching: frequency of BC2 Az cloze as possible to the

inrush making current

required value. Shall not be
lower than 77 % of service
condition and not be higher
than 6000 Hz.

Capacitive current awitching tests

with specified TRY

Waveshape of the recovery voltage

Theoretical test voltage waveshape of the
commesponding single-phase direct test (1-
COS cun'e)

+g % of the peak value of

the test voltage (i.e.
approximately 3 % of the
peak recovery voltage u,
shown in Figure 54)

Transient recovery voltage (TRV)
for T30, for circuit-breakers of
rated voltage |ess than 100 KV
intended to be connected to a
transformer with a connection of

small capacitance

Peak value of TRY

Rate of rise of TRW

See Table M1

+10







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





@(@m WG of IEEE Std. €37.09 PIEEE

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






f oo WG of IEEE Std. C37.09 ©IEEE

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.






( WG of IEEE Std. C37.09 < IEEE

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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WG of IEEE Std. C37.09

Testing Procedures for HVCB

$IEEE

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)







IEC 62271-100 Ed 2.1

ANSI / IEEE C37.09-1999

Comment

Demonstration of
arcing times

Three-phase tests

T10, T30, T60, T100s

6.102.10.1.1
tripping impulse advance by 40°between each
operation

4.8.1.4.3
tripping impulse advance by 40° between each
operation

Same procedure in IEC and ANSI/IEEE

T100a

6.102.10.1.2

one operation where in the first pole-to-clear arc
extinction occurs after a major loop with longest
arcing time and required asymmetry

One operation with required asymmetry to prove the
validity of the two previous operations

One operation where in one of the last poles to clear
arc extinction occurs at the end of a major extended
loop with longest arcing time and required
asymmetry

4.8.1.4.4

one test where the first pole clears after a major loop
with required asymmetry

another test with interruption by a last pole after a
major extended loop and required asymmetry

The IEC procedure will be changed by MT36 of SC17A (draftin 2013-11) as
follows

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

b) 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

c) 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.

Single-phase tests
in substitution for
three-phase tests

T10, T30, T60, T100s ,
OP1, OP2
Non-effectively earthed
(grounded) neutral
systems

6.102.10.2.1.1

one operation with minimum arcing time Tarc min
one operation with maximum arcing time: Tarc max =
Tarc min + 132°

one operation with medium arcing time: (Tarc min +
Tarc max)/2

4.8.1.4.1 (no distinction between non-effectively
grounded neutral systems and effectively grounded
neutral systems)

most severe switching condition: long arcing time =
minimum arcing time + 0.75 loop

More detailed and accurate test procedure in IEC. It should be used for
synthetic testing.

T100a

Non-effectively earthed
(grounded) neutral
systems

6.102.10.2.1.2

first operation with minimum arcing time and
interruption after a minor loop

2nd operation with maximum arcing time Tarc max =
Tarc min + duration of major loop - 48°

3rd operation with medium arcing time (Tarc min +
Tarc max)/2

4.8.1.4.2 (no distinction between non-effectively
grounded neutral systems and effectively grounded
neutral systems)

most severe switching condition: long arcing time =
minimum arcing time + length of major loop - 1 ms

The IEC procedure will be changed by MT36 of SC17A (draft in 2013-11)

a) 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 tarc1 of the first pole-to-clear

b) 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

c) 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.

T10, T30, T60, T100s ,
OP1, OP2, L90, L75,
L60

Effectively earthed
(grounded) neutral
systems

6.102.10.2.2.1

one operation with minimum arcing time Tarc min
one operation with maximum arcing time: Tarc max =
Tarc min + 162°

one operation with medium arcing time: (Tarc min +
Tarc max)/2

see above for non-effectively grounded neutral
systems

More detailed and accurate test procedure in IEC. It should be used for
synthetic testing.

T100a

Effectively earthed
(grounded) neutral
systems

6.102.10.2.2.2

first operation with minimum arcing time and
interruption after a minor loop

2nd operation with maximum arcing time Tarc max =
Tarc min + duration of major loop - 18°

3rd operation with medium arcing time (Tarc min +
Tarc max)/2

see above for non-effectively grounded neutral
systems

The IEC procedure will be changed by MT36 of SC17A (draft in 2013-11)
see text for non-effectively earthed systems

Single-phase
terminal fault tests

6.108.3
one breaking operation with Tarc > Ta100s + 0.7 loop
where Ta100s is the minimum arcing time during

T100s

see above for single-phase tests

Small difference between IEC and ANSI/IEEE
(factor 0.7 or 0.75)







Proposal PC37.09

Demonstration of
arcing times

Three-phase tests

T10, T30, T60, T100s

tripping impulse advance by 40° between each operation

T100a

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

b) 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

c) in the third operation arc extinction may occur at the end

— of @ 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.

Single-phase tests
in substitution for
three-phase tests

T10, T30, T60, T100s , OP1,
OP2

Non-effectively earthed
(grounded) neutral systems

one operation with minimum arcing time Tarc min
one operation with maximum arcing time: Tarc max = Tarc min + 132°

one operation with medium arcing time: (Tarc min + Tarc max)/2

T100a
Non-effectively earthed
(grounded) neutral systems

a) 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 tarc1 of the first pole-to-clear

b) 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

c) 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.

T10, T30, T60, T100s , OP1,
OP2, L90, L75, L60
Effectively earthed
(grounded) neutral systems

one operation with minimum arcing time Tarc min
one operation with maximum arcing time: Tarc max = Tarc min + 162°

one operation with medium arcing time: (Tarc min + Tarc max)/2

T100a
Effectively earthed
(grounded) neutral systems

a) 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 tarc1 of the first pole-to-clear

b) 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

c) 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.

Single-phase
terminal fault tests

one breaking operation with Tarc > Ta100s + 0.7 loop

where Ta100s is the minimum arcing time during T100s
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NEMA SG 4 TESTS

= Sound Level Tests.
= Partial Discharge Tests.
= Radio Influence Voltage (RIV) Tests.

= Handling of SF6.

= Additional Technical Requirements to
C57.13 CT’s Tests.

= Adding Industry Standards Relevant to
the Above Tests as References inC37-09.





NEMA SG 4 COMMITTEE INTENT

[=]

The information Sections 1 through 5 in
NEMA SG 4 has been offered to IEEE for
revisions of ANSI/IEEE C37.04 and
ANSI/IEEE C37.09. When these documents
are suitably revised, this material will be
deleted from SG 4. Until this information is
reflected in the IEEE standards, it continues to

be included in SG 4.

ANSI/IEEE C37.09 has been approved by
NEMA and its Committee considers that Radio

Influence Voltage (RIV) tests are important to
be incorporated in the revised C37.09-200X.
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C37.09 Sub_Groups

Title: Have C37.09 incorporate proper contents of NEMA SG4

Members of Sub_Group: Gilbert Carmona, Terrance Woodyard
Chair of Sub_Group: Gilbert

Where item/changes may be inserted /

Topic # Details . Other issues / concerns
addressed in C37.09 standard?
From NEMA SG4-2009 Section 1.2, References, | recommend that we add the in Section 2 of C37-09 the Add to Section 2, References
following references:
IEEE C37.082-1982 (R2006) Standard Methods for the Measurement of Sound Pressure Levels of
AC Power Circuit Breakers
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 Breakers
1 |ANSI S1.4-1983 (R2001) Specification for Sound Level Meters (Acoustical Society of America)
ANSI $1.13-1995 (R1999) Measurements of Sound Pressure Levels In Air (Acoustical Society of America)
IEEE 1291-1993 Guide for Partial Discharge Measurements
IEC 61634 Use and Handling of Sulfur Hexafluoride (SF6)
In relation to the added IEC 61634 as a reference, | recommend that we add Paragraph o) in Section 4.4.1 of [Add to Section 4.4.1, Tests Conditions
C37-09:
4.4.1 Tests Conditions:
2 |o) Handling and use of sulfur hexafluoride (SF6) gas during manufacture, test, and related operations shall be

in accordance with IEC 61634.

Page 1 of 10






C37.09 Sub_Groups

Title: Have C37.09 incorporate proper contents of NEMA SG4

Members of Sub_Group: Gilbert Carmona, Terrance Woodyard
Chair of Sub_Group: Gilbert

Topic #

Details

Where item/changes may be inserted /
addressed in C37.09 standard?

Other issues / concerns

From NEMA SG4-2009 Section 4.3, Noise Requirements, | recommend that we add in C37-09 the following
new Section 4.18:

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.

Add new Section 4.18, Noise (Sound) Level
Tests

1. Excessive noise levels can be generated.
however, 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
Governments regulations are enacted to limit

3 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.
From NEMA SG4-2009 Section 4.3.1, Terminology and Definitions, | recommend that we add in C37.09 the  [Add new Section 4.18.1, Terminology
following new Section:
3 (Cont)| 4.18.1, Terminology:

All terms not modified by this Standard shall be in accordance with ANSI $1.1-1994 (R2004) and ANSI S1.13-
1995 (R1999).

Page 2 of 10






C37.09 Sub_Groups

Title: Have C37.09 incorporate proper contents of NEMA SG4

Members of Sub_Group: Gilbert Carmona, Terrance Woodyard
Chair of Sub_Group: Gilbert

Topic #

Details

Where item/changes may be inserted /
addressed in C37.09 standard?

Other issues / concerns

3 (Cont)

From NEMA SG4-2009 Section 4.3.4, Noise Measurement Equipment, | recommend that we add in C37.09 the
following new Section:

4.18.2, Noise Measurement Equipment:

Noise measurements shall be made with a sound level meter meeting the requirements of ANSI $1.4-1983
(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.

Add new Section 4.18.2, Noise
Measurement Equipment

Check if Section 4.3.3 and Table 4-2 & Table 4-3 in
NEMA SG4-2009 will be included in C37.04-200X

3 (Cont)

From NEMA SG4-2009 Section 4.3.5, Design Tests, | recommend that we add in C37.09 the following new
Section:

4.18.3 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.

Factors over which the manufacturer does not have control shall be considered when making noise
measurements at installations. The tests shall be carried out at maximum rated operating conditions and
corresponding operating speeds. If the circuit breaker is operated for test purposes without its normal
interrupting fluid, the design tests shall be performed under this condition.

Add new Section 4.18.3, Design Tests

Page 3 of 10






C37.09 Sub_Groups

Title: Have C37.09 incorporate proper contents of NEMA SG4

Members of Sub_Group: Gilbert Carmona, Terrance Woodyard
Chair of Sub_Group: Gilbert

Where item/changes may be inserted /

Topic # Details . Other issues / concerns
addressed in C37.09 standard?
In relation to the added IEEE 1291-1993 Std. as a reference, | recommend that we add in C37.09 the following [Add new Section 4.19, Partial Discharge
new Section: Tests
4 |4.19 Partial Discharge Tests
Partial discharge tests are optional. If partial discharge tests are required, they shall be conducted in
accordance with IEEE 1291-1993.
From NEMA SG4-2009 Section 4.2, RADIO INFLUENCE VOLTAGE TESTS AS APPLICABLE (DESIGN TEST), | Add new Section 4.20, Radio Influence Radio Influence voltage limits apply for circuit
recommend that we add in C37.09 the following new Section to include the Section 4.2 of NEMA in its Voltage (RIV) Tests: breakers rated 123kV and above. For lower
entirety: voltage ratings, the radio influence voltage is
relatively low, and radio influence effects
4.20 Radio Influence Voltage (RIV) Tests negligible. Radio influence voltage tests, if
required, shall be conducted in accordance with
4.20.1 The equipment and general method used in making radio influence voltage test shall be in accordance NEMA 107-1988.
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
5> |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.

4.20.4 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.

Page 4 of 10






C37.09 Sub_Groups

Title: Have C37.09 incorporate proper contents of NEMA SG4

Members of Sub_Group: Gilbert Carmona, Terrance Woodyard
Chair of Sub_Group: Gilbert

Where item/changes may be inserted /

Topic # Details . Other issues / concerns
addressed in C37.09 standard?
4.20.6 When a test is made with the circuit breaker in the open position, the pole or group of poles not under Check if IEEE C37.04-200X will include Table 4-1 of
the test shall be grounded and ungrounded, and the radio influence voltage shall be determined for each NEMA SG4-2009
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

5 |orless than those specified in Table ?? in IEEE C37.04-200X. In such cases, a record shall be made of the object,
(Cont) structures, and their distances from the device under test.

4.20.9 Limits of radio influence voltage shall be as in IEEE C37.04-200X. Check if IEEE C37.04-200X will include 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.

Page 5 of 10





C37.09 Sub_Groups

Title: Have C37.09 incorporate proper contents of NEMA SG4

Members of Sub_Group: Gilbert Carmona, Terrance Woodyard
Chair of Sub_Group: Gilbert

Topic #

Details

Where item/changes may be inserted /
addressed in C37.09 standard?

Other issues / concerns

(Cont)

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.

Add new Clause 4.20.11

(Cont)

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.

Page 6 of 10






C37.09 Sub_Groups

Title: Have C37.09 incorporate proper contents of NEMA SG4

Members of Sub_Group: Gilbert Carmona, Terrance Woodyard
Chair of Sub_Group: Gilbert

Topic #

Details

Where item/changes may be inserted /
addressed in C37.09 standard?

Other issues / concerns

5 (Cont)

From NEMA SG4-2009 Section 4.2.14 & 4.2.14.1 thru 4.2.14.4, | recommend that we add in C37.09 the
following new Section:

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.

Add new Section 4.20.15

Page 7 of 10






C37.09 Sub_Groups

Title: Have C37.09 incorporate proper contents of NEMA SG4

Members of Sub_Group: Gilbert Carmona, Terrance Woodyard
Chair of Sub_Group: Gilbert

Topic #

Details

Where item/changes may be inserted /
addressed in C37.09 standard?

Other issues / concerns

From NEMA SG4-2009 Section 3.4.3 & 3.4.3.1.1 thru 3.4.3.1.4, | recommend that we add in C37.09 the
following new Section:

4.30 Instrument Current Transformer Tests

4.30.1 Design Tests

The following design and production tests shall be made on bushing current transformers or free-standing
current transformers for use with circuit breakers.

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.

Add new Section 4.30, Instrument Current
Transformer Tests

Page 8 of 10






C37.09 Sub_Groups

Title: Have C37.09 incorporate proper contents of NEMA SG4

Members of Sub_Group: Gilbert Carmona, Terrance Woodyard
Chair of Sub_Group: Gilbert

Topic #

Details

Where item/changes may be inserted /
addressed in C37.09 standard?

Other issues / concerns

(Cont.)

4.30.1 Design Tests (Cont.)

c. Dielectric tests shall be made in accordance with this Standard. 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 this Standard.

4.30.2 Production Tests

a. Accuracy tests on free-standing current transformers shall be made in accordance with ANSI/IEEE
C57.13. All other tests shall be made in accordance with this Standard.

b Free-standing current transformers shall be tested to meet the power-frequency withstand voltage test
values required by ANSI C37.06.

Add to Clause 5.1, Types of Tests:

TOLERANCES ON TEST QUANTITIES FOR TYPE TESTS

Suggest to add an ANNEX and a
table to include appropriate
percent tolerance values to each
type test.

17.5kV DISTRIBUTION SYSTEMS ARE OWNED AND SERVICED BY CERTAIN UTILITIES IN THE WEST COST

Suggest to add appropriate test parameter values
in C37.04-200X for a 17.5kV system.
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C37.09 Sub_Groups

Title: Have C37.09 incorporate proper contents of NEMA SG4

Members of Sub_Group: Gilbert Carmona, Terrance Woodyard

Chair of Sub_Group: Gilbert

Topic #

Details

Where item/changes may be inserted /
addressed in C37.09 standard?

Other issues / concerns

13

Number of test specimens

Suggest to add a new clause to
indicate the number of test
specimens allowed for all type
tests.

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.

Page 10 of 10
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Reflections about critical current tests

A discussion about the critical current tests
took place at the IEEE switchgear
committee meeting San Antonio fall 2013

dSome comments and thoughts are given at
the following pages

May 19, 2014 Helmut Heiermeier ABB Switzerland 1
Helmut.heiermeier@ch.abb.com





Reflections about critical current tests

Critical currents

If a breaker has a critical current region it does
not mean the breaker is not good for service

Critical currents mean the breaker a experience
a longer minium arcing time at intermediate
currents

dIn such a case it Is mandatory to check a
current within the vicinity of the tested one with
regard to the minimum arcing time

JThe breaker should be able to clear the full arc
extinguishing window

May 19, 2014 Helmut Heiermeier ABB Switzerland 2
Helmut.heiermeier@ch.abb.com





Reflections about critical current tests

«|EC procedure

6.107 Critical current tests

6.107.1 Applicability

These tests are short-circuit tests additional to the basic short-circuit test-duties covered by
6106 and are applicable only to circuit-breakers which have a critical current. It shall be
assumed that this is the case If the minimum arcing times in any of the test-duties T10, T30 or
TE0 is one half-cycle or more longer than the minimum arcing times in the adjacent test-
duties. For three-phase tests the arcing times of all three phases shall be taken into account.

May 19, 2014 Helmut Heiermeier ABB Switzerland
Helmut.heiermeier@ch.abb.com





Reflections about critical current tests
IEC procedure

6.107.2 Test current

Where applicable, the behaviour of the circuit-breaker with respect to the critical current shall
be tested in two test-duties.

The test currents for these two test-duties shall be equal to the average of the breaking
current corresponding to the test-duty in which the prolonged arcing times occurred (see

6.107.1) and:

a) the breaking current corresponding to the next higher breaking current for one test-duty;
and

b) the breaking current corresponding to the next lower breaking current for the other test-
duty.

In the case of prolonged arcing times in test-duty T10, the critical current tests shall be
performed at a current of 20 % of the rated short-circuit breaking current for one test-duty and
at a current of 5 % of the rated short-circuit breaking current for the other one.

6.107.3 Critical current test-duty

The critical current test-duty consists of the rated operating sequence at the current according
to 6.107.2 with a d.c. component at contact separation less than 20 %. The transient and
power frequency recovery voltage shall be that associated with the basic short-circuit test-
duty having the breaking current the next higher to the critical current.

The critical current test-duty may be performed on a reconditioned circuit-breaker.

May 19, 2014 Helmut Heiermeier ABB Switzerland
Helmut.heiermeier@ch.abb.com





Reflections about critical current tests

Example of IEC procedure in graphical representation

tested arcing times =F ( Isc) -Assumed critical current
25 —_
] /
20 <1 -Additional currents to
= " be tested
E ” «20% Isc
= * - (30%+10%)/2
£
= - e tarc min =45% |Isc
E 10 % ¢  miarc max -2 (30%+60%)/2
o
5
0
0 20 40 60 80 100
Percentage of short circuit current
May 19, 2014 Helmut Heiermeier ABB Switzerland 5
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Reflections about critical current tests

-Conclusion on testprocedure

 If an unexpected behaviour with regard to minimum arcing
times is found during testing a detaliled testprocedure to
evaluate this current region is given.

 As long, as the testobject is able to clear the «critical»
currents with it’s full arc extinguishing window, there is no
doubt that such a breaker is suitable for use

 These additional tests provides additional evidence for
service

May 19, 2014 Helmut Heiermeier ABB Switzerland 6
Helmut.heiermeier@ch.abb.com





Reflections about critical current tests

-Thermal behaviour ( short line fault evidence )

J The short line fault tests are limited to L 75 as well as L90

1 Only in case that the testbreaker experiences an at least
1/2 cycle longer minimum arcing time at L75 an additional
L60 test is required ( defined by IEC)

 No further shortline fault tests are required today with
currents smaller 60 %

May 19, 2014 Helmut Heiermeier ABB Switzerland 7
Helmut.heiermeier@ch.abb.com





Reflections about critical current tests

-Thermal behaviour ( short line fault evidence )

. Short line fault

O The transient recovery voltage is split in a line as well as source
side TRV

d Line voltage
0 Du/dt = Z * di/dt
Q Line peak = U*1.41/1.73*(100-%Isc)

O Source voltage
QO TRV peak = U*1.41/1.73*%Isc

 Terminal fault
O TRV peak increases with decreasing short circuit current
O Du/dt increases with decreasing short circuit current

May 19, 2014 Helmut Heiermeier ABB Switzerland
Helmut.heiermeier@ch.abb.com





Reflections about critical current tests

-Thermal behaviour ( short line fault evidence )

600

TRV shape 10%

500

400

i

TRV shape 30%

600

500

400 -

2 300 ,’ . % 200 P = 4 i
i st il pennd il e %
100 ," / 100 ’,’/
. / i %
0 50 100 ?E(Jms) 200 250 300 360 0 20 40 ﬂit]]s) 80 100 120
O A comparison based on a 300 kV 50 kA 60Hz
. TRV shape 60% breaker is given
- a2t O The line side TRV, for 30 and 10% rated short
" ,,/’ circuit current, has a lower rate of rise as well
2 0 o as a lower peak than the terminal fault TRV
c ™ i defined by the standard
| A O It can be concluded that testing a
O/f" shortlinefault duty with lower short circuit
. & o B e currents than requested in actual standards
will not give any additional information
May 19, 2014 Helmut Heiermeier ABB Switzerland 9
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Reflections about critical current tests

Example of TRV Peak/line side peak and du/dt as function of short circuit current
for 300kV 50kA 60 Hz requirementﬁs{.}o

12

O . .
" o O -
10 ) 500
|
|
8 400
—_ [ | o=
3 " A A A A A A A A 2
= A
£ O >
. * = 2
4 200
- [
@
5 = E] - B du/dt for short lline fault with 450 Ohm
0O a ® du/dt for terminal fault
" 0 OTRV peak short line fault
0 o OTRV peak Terminal fault
: 2 il & 0 100 ATRV+Sheet1!$15:315 SLF source
fraction of short circuit current (%)
U  The du/dt of the short line fault stress equals with the terminal fault du/dt at approx 40 Isc
U The TRV peak of the terminal fault TRV is always higher than the SLF TRV
May 19, 2014 Helmut Heiermeier ABB Switzerland

Helmut.heiermeier@ch.abb.com
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Reflections about critical current tests

d Summary

O The terminal fault TRV peak is for all fractional voltages higher than
the short line fault TRV

 The du/dt of the short line fault TRV is higher for currents above
approx. 40-50 % of the rated short circuit current

[ The time delay line side is smaller than the time delay of the
terminal fault

U Present designs ( as known from literature ) are most critical around
90% Isc ( SF6 ) and around 75% ( Air ) no critical regions known for
vacuum

J Conclusion

1 Using the IEC definition of critical currents will give good
evidence to find and to test critical current regions

1 Testing critical currents with short line fault stress will not give
more margins or confidence

May 19, 2014 Helmut Heiermeier ABB Switzerland 11
Helmut.heiermeier@ch.abb.com
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Splitting of Test Duties

Denis Dufournet
2014-05
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Splitting of Test Duties

Part 1 - What is the recovery voltage on each
pole during a three-phase fault interruption ?

Slides from TRV tutorial in San Antonio, done on
september 19t 2013

ntation title - 01/01/2010 - P 2 G R' D
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Terminal Fault Recovery Voltage

Three-phase faults in non-effectively grounded systems
or three-phase ungrounded faults

O
Eg <—> -

In these cases, the
recovery voltage for the
first pole to clear k,, Is 1.5

< on 8h 10n  12n  ldn  18a  18a  20m  2m 24 26 (8

ALSTOM
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Terminal Fault Recovery Voltage

In systems with non-effectively grounded neutrals, recovery

voltage for the second and third pole to clear:
After interruption of the

\/5 3 poles, the recovery
Kk op = 720.87 voltage is 1 p.u.

(V)
(A) 150k
60k
50k
100k
40k-|
30k 50k
20k
10k
0
-50k
-10k
20k 100k
=30k
150k §
-40k|
-50k] =200k
\
-60k !
"""" T T T . T T T T T T T
70k T 1 T T T T T T T T T T 147.5m  150m  152.5m  155m  157.5m  160m  162.5m  165m  167.5m  170m  172.5m  175m t(s)
140m  142m 144m  146m 148m  150m 152m  154m  156m  158m  160m  162m  164m  166m t(s)

Current in each phase TRV in each phase

ALSTOM
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Terminal Fault Recovery Voltage

Three-phase fault in system with effectively grounded
neutral

Voltages Currents

(V)
250k

200k

150k

100k

50k

=50k~

-100k

-150k

=200k~

.....
T T T T T T I T T T
150m 152m 154m 156m 158m 160m 162m 164m 166m 168m 170m 172m t(s)

The three poles interrupt at separate current zeros with
different arcing times
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Terminal Fault Recovery Voltage

First pole to clear factor - Three-phase to ground fault in

effectively grounded neutral systems

The value of k,; is dependent upon the sequence impedances from the
location of the 1Pault to the various system neutral points (ratio X,/X,).

«__ 3Xo
PP X, +2X
1 0
where X, IS the zero sequence reactance of the system,

X, the positive sequence reactance of the system.
For systems up to 800 kV, the ratio X /X, is taken to be < 3.0.

Hence, for systems with effectively grounded systems k, is 1.3.

TRV HV Circuit Breakers P 6 G Rl D
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Terminal Fault — Recovery Voltage

In systems with effectively grounded neutrals, the second pole clears

with a factor o \@\/X(f +XOX1+X12
PP X, +2X,

If X,/ X, =3.0 the second pole to clear factor is 1.27.

(A) (V) \
60k 250k
/’_*\
/
50k SN \
200k
40k
150k
30k
20k\ 100k
\
Currents ‘ RVs
10k Y 50k
\
4 Y
\
A0k )
-50k]
-20k]
-30k- -100k-]
|
|
- - A
40k 150k Y
[ERY]
[T
1
-50k \i
W
-200k 1
-60k-
.....
10k T T T r
T T T T T T 50m  1Stm ISim 1S6m  ISm l60m  lem  16m  le6m 168 Tm  17m t(s)
135m 140m 145m 150m 155m 160m 165m 170m t(s)
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Recovery Voltage & Arcing

~10k—
=20k~
-30k-
-40k—
-50k{

\,

~60k-

(4)
60k

T T T T T T T T T
148m  150m  152m  154m  156m  158m  160m  162m  164m

Currents

16¢

m

t(s)

S0k

40k~ !

30k~

20k

10k

BUS

20k

30k

40k

50k~

~60k

T T T T T
145m 150m 155m 160m 165m

TRV HV Circuit Breakers P 8

17¢

0m t(s)

V)

150k.

100k

50k

-50k

~100k-
-150k
-200k-

1.5

-250k—

T T T T T T T
147.5m 157.5m  160m  162.5m  165Sm  167.5m  170m  172.5m

~ TRVs (pole factor)

UM 1zom 13m

-

=60 Hz

175m t(s,

0k 1 2 7
.
150k~

100k

50k~

-50k{
~100k-
-150k~
=200k

1.3

250k

T T T T
150m |5|2m lS‘lm 15‘6m 15|5m 160m 166m 168m 170m

172m t(s)

Three-phase faults in
non-effectively grounded
systems or three-phase
ungrounded faults

Maximum arcing time

= Tmin + 132°
=Tmin + 6.1 ms

Three-phase faults in
effectively grounded

systems

Maximum arcing time
=Tmin + 162°
=Tmin + 7.5 ms
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Terminal Fault Recovery Voltage & Arcing Times
I

Pole to clear factor

1,6 | |
_ 1 --| Neutral effectively grounded |
1.4 e
1.27 g \
\
1,2 '
\ / 1-Phase \
1 h |
o \ 0.87
o
x 0.8 \ ]
0,6 —
' Neutral non effectively
grounded
0.4
0,2 _ ]
Arcing time
0
0 42 77 90 119120 132 162

\ / °el.

Reference = Minimum arcing time first pole  Minimum arcing time + 180° -18°
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Splitting of Test Duties

Part 2 — How to perform single-phase tests in
substitution for three-phase tests ?

GRID

ALSTOM





Terminal Fault - Single-phase “umbrella tests”
I

Single-phase "umbrella" test with
Pole to clear factor kpp=1.5 or 1.3

[

1, 1927 | f’ “' __{
1 Higher = Higher
1-Phasg  SLIESS stress
| . !
o 0.87
& 0,8
0,6 Neutral non effectively
grounded
0,4
0,2
0
0 42 77 119120 132 162

°el.

N\

Reference = Minimum arcing time first pole Minimum arcing time + 180° -18°

ALSTOM
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Splitting of Test Duties

When tests cannot be performed three-phase, another
possibility is to perform separate series of single-phase tests
that reproduce the stress for each pole to clear

This method is called by IEC “splitting of test duties”

It was first introduced in IEC 62271-100 in 2001.
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Splitting of Test Duties

Text from IEC 62271-100

6.102.10.2.5 Splitting of test-duties in test series taking into
account the associated TRV for each pole-to-clear

* Itis recognised 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.

sentation title - 01/01/2010 - P 13 G Rl D
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Splitting of Test Duties

6.102.10.2.5 (Cont’d)

esentation title - 01/01/2010 - P 14 G R' D

Assuming that the simultaneity of poles during all operations of the
rated operating sequence is within the tolerances of 5.101, 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 k,, 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.

ALSTOM





Splitting of Test Duties

UHV

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

First-pole to-clear Multipliers
factor - -
Z2nd clearing pole 3rd clearing pole
Ko RRRY u, RRAY 1,
For effectively earthed systems

1.3 (Terminal fault) 0,595 0,593 0,70 a,77
20 (Out-of-phase)
1.2 (Terminal fault) 0,595 0,595 0,83 0,83
20 (Out-of-phase)

For non-effectively earthed systems
1.5 (Terminal fault) a,70 0,558 0,70 0,55
2.5 ([Out-of-phase)

GRID
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Splitting of Test Duties

Table 23 — Interrupting window for tests with symmetrical current

First-pole-to-clear

First clearing pole

Second clearing pole

Third clearing pole

20 (Dut-of-phase)

factor o o
1.5 (Terminal fault) a-42 a0 - 132 a0 - 132
25 (Dut-of-phase)
1.3 (Terminal fault) a-42 77119 120 — 162
20 (Dut-of-phasze)
1.2 (Terminal fault) 0-42 71 =113 120 - 162

Presentation title - 01/01/2010 - P 16
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Splitting of Test Duties

—
B

"y
n

1 pole 2™ pole

p.u.
L

1,27
3rd pole

—
i

1.0

=
w

Voltage factor kj

=
_.4

=
i

1] 42 77 119 120 162
Interrupting window in electrical degrees

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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Splitting of Test Duties

1.7

1St pole

1.5

p.u.

1.3

1,1

End and Erd poles

0.9

0,87

Voltage factor kg

0,7

0.5

0 42 80 132 180
Interrupting window in electrical degrees

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
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Thanks for your attention

Questions ?
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Splitting of test-duties in test series taking into account the
associated TRV for each pole-to-clear

It is recognised 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 and shall comply with
the requirements of 6.102.9.5.

Assuming that the simultaneity of poles during all operations of the rated operating sequence
is within the tolerances of 5.101, 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 nd - rd ;
2"" clearing pole 3" clearing pole
Kpp RRRV U RRRV Uc
For effectively earthed systems

1,3 (Terminal fault) 0,95 0,98 0,70 0,77
2,0 (Out-of-phase)
1,2 (Terminal fault) 0,95 0,95 0,83 0,83

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

factor ° ° °
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
2,0 (Out-of-phase)
1,2 (Terminal fault) 0-42 71-113 120 - 162

2,0 (Out-of-phase)
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Figure 37 — Graphical representation of the interrupting window and the voltage factor
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kp, determining the TRV
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Addendum 2: Subclause 6.102.9.5 of IEC 62271-100 (for information)

6.102.9.5 Reconditioning after a short-circuit test-duty and other test series

It may be necessary to carry out maintenance work on the circuit-breaker after
performing a short-circuit test-duty or other test series in order to restore it to the
original condition specified by the manufacturer. For example, it may be necessary to

a) repair or replace the arcing contacts and any other renewable parts recommended
by the manufacturer;

b) renew or filter of the oil, or any other extinguishing medium, and add any quantity
of the medium necessary to restore its normal level or density;

c) remove deposit, caused by the decomposition of the extinguishing medium, from
internal insulation.

A class E2 circuit-breaker shall not be reconditioned during the basic short-circuit
test-duties, given in 6.106.
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Load Current Switching Test

Proposal:

To make load current switching a conditional test rather than a
required as it is today.

To eliminate the requirement for unnecessary testing of modern
circuit breakers by employing techniques to determine if load
current switching tests are necessary for 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.

Last meeting, we determined that critical current test were not
necessary for any circuit breaker.

|IEC does not require load current switching test for breakers.

Historically this type of testing was necessary for air magnetic types
and some oil types and maybe need in the future for new
technologies.





Load Current Switching Test cont.2

4.9 Load Current Switching Tests

4.9.1 Determination of When to Test

Load current switching tests are additional to the basic short-circuit test-
duties covered by Table 1 and are preformed only on circuit-breakers when
any one of the listed conditions exist:

(A) the minimum arcing times in any of the test-duties 1, 2 or 3 (T10, T30 or
T60) or calibrations for the test duties 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.

(B) there are specific components in the breaker to aid in low current
interruptions

(C) itis a new technology and uncertainty exist over its ability to handle
normal low currents





Load Current Switching Test cont. s

4.9.2 Load current switching test conditions

Load current switching tests shall be made (when required) 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 Table 1 -Line 1 (T10) are within these current ranges of (3) then
level 3 can be ignored even if the voltage is lower than required 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.

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.





Load Current Switching Test cont. 4

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.
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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.
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Amendment 2 IEC 62271-100 Ed 2.0 / Chapter 3

Chapter 3: Definitions

¢ 3.7.159 Minimum clearing time (see Annex)

sum of the minimum opening time, minimum relay time (0,5 cycle) and the
shortest arcing time of a minor loop interruption in the phase with intermediate
asymmetry that starts with a minor loop at short-circuit current initiation

NOTE This definition is applicable only for the determination of the test parameters
during short-circuit breaking tests according to test duty T100a

: Minimum C'ea””g time > Interruption by the 2" pole after
a major extended loop of
current.

This 3 major loop is the one to
consider for testing in this case.

With a slightly longer opening
time the first pole will have to
interrupt this major loop with the
maximum possible asymmetry.

| | : | | £t | Note: example for a MV circuit
'?M-Inﬁm an "RDM Mnm : E»?i'.m B0 Om breaker

Non-interruption after minor loop with intermediate asymmetry
by pole with arcing time slightly less than minimum
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Amendment 2 IEC 62271-100 Ed 2.0 / Chapter 6

¢ 6.102.10.2.2 Test duty T100a (Three-phase tests)

The intention is to achieve a series of three valid tests and the duty is
satisfactory if 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 tarcl for the first-pole-to-clear is
achieved, when following condition is met:

tarc1 2 ta100s + Atal

Atal is defined in a new Table 41

tal00s is the minimum arcing time for T100s.
Note: there is a -1 ms tolerance on arcing obtained during test
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Amendment 2 IEC 62271-100 Ed 2.0 / Chapter 6

¢ 6.102.10.2.2 Test duty T100a (Three-phase tests)

Table 41 - Last current loop parameters in three-phase tests in relation with short-

circuit test-duty T100a

r Minimum I kpp = 1,5 and k,, = 1,3 kpp = 1,5 kpp = 1,3
clearing time first-pole-to-clear last-pole-to-clear second-pole-to-clear
At Alsi Atz Ataz Atz Atsz
ms ms p.u ms ms ms ms ms ms
Test for 50 Hz operation
10,0 =:227.0 1,52 13,6 3,1 15.0 Q.7 14,4 g1
45 27, 0= =475 1,33 12,2 2.9 13,7 8.7 13,1 8.1
475 <t =68,0 1,21 11,4 2.7 12.9 8,2 12,3 7.6
10,0=r2270 1,61 142 3,3 15,6 10,1 15,1 9.5
270 =r=475 1,44 12,9 3,1 14.3 g2 13,8 8,7
80 475 <t = 67,5 1,31 121 2.8 13,6 8.7 12,9 8.1
67,50 =r=880 1,22 11,4 2,6 13,0 8,2 12,3 7.6
10,0 = v =270 1,67 14.8 3,4 16,1 10,3 15,6 9.8
270 =r=475 1,51 13,4 3,1 149 9.6 14,3 91
75 475 <t £ 67,5 1,39 12,6 3,0 141 9.1 13,4 8.4
67,5 <r=875 1,30 12,0 2.7 13,5 8,6 12,8 7.9
B7,5=r=108.0 1,23 11,5 2.6 13,1 8,3 12,4 7.6
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Amendment 2 IEC 62271-100 Ed 2.1 / Chapter 6

¢ 6.102.10.2.2 Test duty T100a (Three-phase tests)

b) 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 tarc2 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:

tarc2 =2 tal00s + AtaZ2

The longest possible arcing time ta3 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:

tarc3 = tal00s + Ata3

Ata2 and Ata3 are defined in Table 41.
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Amendment 2 IEC 62271-100 Ed 2.0 / Chapter 6

¥ i3

¢ 6.102.10.2.2 Test duty T100a (Three-phase tests)
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1stvalid breaking
operation;

First-pole-to-clear
ona majorloop
with the required
maximumarcing
time

(assumption
fa100s=> MS)

2" valid breaking
operation;

Currentinitiation
delayed 607 from
that of the first
breaking operation

Last-pole-to-clear
on an extended
majorloop with the
required maximum
arcingtime
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Amendment 2 IEC 62271-100 Ed 2.0 / Chapter 6

¢ 6.102.10.2.2 Test duty T100a (Three-phase tests)

c) 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.

© ALSTOM 2013. All rights reserved. Information contained in this document is indicative only. No representation or warranty is given or should be relied on
that it is complete or correct or will apply to any particular project. This will depend on the technical and commercial circumstances. It is provided without
liability and is subje Reproduction, use or disclosure to third parties, without express written authority, is strictly prohibited.

ct to change without notice.





Amendment 2 IEC 62271-100 Ed 2.0 / Chapter 6

¢ 6.102.10.2.2 Test duty T100a (Three-phase tests) k,,=1.5

7 o

contact separation

current (p.u.)

0 e LT Lo o

7 o

contact separation

408

current (p.u.)

time (s)
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L

3rd valid breaking
operation, option
1:

Currentinitiation
delayed 60° from
that of the second
breaking operation

First-pole-to-clear
on a majorloop,
no requirement
regarding arcing
time

3rd valid breaking
operation, option
2;

Currentinitiation
delayed 60° from
that of the second
breaking operation

Last- pole-to-clear
on an extended
majorloop, no
requirement
regardingarcing
time
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¢ 6.102.10.2.2 Test duty T100a (Three-phase tests) k,,=1.3

2 00y

current (p.u.)

current (p.u.)

contact separation

contact separation

time (s)
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379 valid breaking
operation, option
1;

Current initiation
delayed 60° from
that ofthe second
breaking operation

First-pole-to-clear
on a major loop,
no requirement
regarding arcing
time

39 valid breaking
operation, option
2;

Current initiation
delayed 60° from
that ofthe second
breaking operation

Last-pole-to-clear
on an extended
major loop, no
requirement
regarding arcing
time
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Amendment 2 IEC 62271-100 Ed 2.0 / Chapter 6

¢ 6.102.10.2.2 Test duty T100a (Three-phase tests)

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 tal00s, 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 (see 6.102.9.5). 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 31 and for the first-pole-to-
clear factor 1,3 and 1,2 in Figure 32.

© ALSTOM 2013. All rights reserved. Information contained in this document s indicative only. No representation or warranty is given or should be relied on
that it is complete or correct or will apply to any particular project. This will depend on the technical and commercial circumstances. It is provided without
tttttttttttttttttttttttttttttttttttttttttttt production, use or disclosure to third parties, without express written authority, is strictly prohibited





Amendment 2 IEC 62271-100 Ed 2.0 / Chapter 6

¢ 6.102.10.3 Test duty T100a (Single-phase tests)

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 tarcl of the first pole-to-clear.

This is achieved, when following condition is met:

tarcl = tal00s + Atal
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Amendment 2 IEC 62271-100 Ed 2.0 / Chapter 6

¢ 6.102.10.3 Test duty T100a (Single-phase tests)

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

— tarc2 for the last-pole-to clear of circuit-breakers intended to be used in
non-effectively earthed neutral systems

This is achieved, when following condition is met:
tarc2 = tal00s + Ata2

— tarc3 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:

tarc3 = tal00s + Ata3
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¢ 6.102.10.3 Test duty T100a (Single-phase tests)

separation 1st valid breaking
: operation;
Demonstration of
“ maximum arcing
time for first-pole-
- U to-clear conditions
contact separation
2nd valid breaking
operation;
- Demonstration of
maximum arcing
- ' time for second-
bf pole-to-clear
“" ' ' conditions
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¢ 6.102.10.3 Test duty T100a (Single-phase tests)

contact separation
3rd valid breaking
. operation;
Demonstration of
. medium arcing time
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Amendment 2 IEC 62271-100 Ed 2.0 / Chapter 6

¢ 6.102.10.3 Test duty T100a (Single-phase tests)

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.

— tarc med = (tarcl+ tarc2)/2 for circuit-breakers intended to be used in
non-effectively earthed neutral systems;

— tarc med = (tarcl+ 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 according to 6.102.9.5 or the use of an additional test sample
according to 6.102.2 are permitted.
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Amendment 2 IEC 62271-100 Ed 2.0 / Chapter 6

¢ 6.102.10.3 Test duty T100a (Single-phase tests)

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 six,
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 (see 6.102.9.5). An additional test sample can also
be used for the extended operations.
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Annex
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Annex : Basis for the new T100a Test Procedure

e Case 1: Interruption of the first pole with the shortest arcing time

after a minor loop in the phase (blue) with intermediate asymmetry
that starts with a minor loop at short-circuit current initiation

Z

20
00 Hz 1R=-0 &4
s 18 IpcR=0.715
12
pp 0 [t=2500ms
q|d=1208m
00 |
ms
04
08

0
1T=130
L€ |pcT-n.434

~

Inerease window height (1] 15 30 t[ms]
to shew zesult dislog.

F= 50 Hz relay time = 10ms, opening time = 11.5ms, shortest arcing time
(blue phase) =5 ms, Minimum clearing time =10 + 11.5+5=26.5ms
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Annex : Basis for the new T100a Test Procedure

e Case 2: Contact separation delayed by 1 ms

r =500 | He 20 e 7
ar -000 H| 16 |pepeoos
T S4500 s 12

I =150 0 |t=2500ms
Pruinare. t= 500 pi) 04 dt = 12.08 ms
Srinarc.t =500 s DID

Tminar. t=500 s

Rmakingt = 1000 s -04

Swakingt = 1000 s 08 —
T makingt = 1000 ms 12

Fcont.sep=3250 ms 14
Scontsep.=32.30  ms 20
Teontsep=3250 ms “o 15 30 1[ms] 45 &0 75
20
KPPLY 150555 :
L& pos=n 314
IR=-122 12
Is=1.22 _
IT=0008 03 :“ FEUUUS’“S /—
DCR=-0 545 04 "7 L
DCs=0.23% 1
DCT=0 308 o
t=37.08 ms 04
08
12
16
20
0 15 30 1] 45 &0 75
20
1T=130 H

L& |poT=n.43¢

12
g ft=2143ms
na [t=1565 s

oo

Inerease window height “o 15 0 ] 45 &0 5
to show result dialog

Pole R (red) interrupts after a major extended loop with maximum asymmetry
and with the longest arcing time. It is a condition for which interruption must be
demonstrated. This major loop is the one to consider for a circuit breaker having
a minimum clearing time equal or less than 27 ms
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Annex 1: Basis for the new T100a Test Procedure

e Case 3: Contact separation delayed by 5 ms

f =3000 Hz
df =000 Hzls
T =4500 s

[

-

1[ems]

Inezease window height
to show result dialog

RN

1[ims]

45

iE

A

-

1fms]

Pole S (yellow) is the first one to clear after a symmetrical current, Pole R (red)
Interrupts after a major extended loop with full asymmetry but with an arcing
time shorter than in case 2. Not a required condition to prove interruption as it is

considered less severe than case 2.
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Annex 1: Basis for the new T100a Test Procedure

« Case 4. Contact separation delayed by 6 ms

f =50 H e =rn !
daf =000 Hzs L8 ncr=0.715
T 4500 ms 12

kpp =150 08 [t= 2500
Rrinar =500 s 04 |22 1247 a
Sminare.t =500 s ’

Trinare. t=500  ms
Rmakingt = 1000 ms 04
Smakingt =1000 ms 08
Troakingt = 1000 s .12

Reontsep.=3750 ms 08

Scontsep.=3730 s

T contsep.=3750 | ms o 15 30 tlgs] 45 60 75
20
LPPLY | HELP | 15=0.596 Z
18 Ipcs=0314
IR=130 1z
I5=1.1% -
IT=0.114 08 :l"_szsf“
DCR=-0.541 040 e
DCS=0238 —
DCT=0.304 0o
=347 04
08
12
L6
210
q 15 Ef] ] 45 60 75
20
IT=1.23 Z
L8 IpcT-n
12
0 ft=2500ms
04 e
0
04 V
08
12
L6
20
Inczease winderw height q 15 Ef] tlms] 45 60 75

1o show result dialog

Pole R (red) is the first pole to clear after a major loop with maximum
asymmetry and the longest arcing time. It is a condition for which interruption
must be demonstrated. The major loop with maximum asymmetry to consider
for the first pole to clear is the same as in case 2 (for a last pole to clear).
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Annex 1: Basis for the new T100a Test Procedure

The example considered corresponds to the first line of Table 41 in IEC
document 17A/1059A/CD i.e. with a minimum clearing time in the interval

10,0<t=< 27,0 ms.

As shown in the Figure, it can be verified that the amplitude of the major
loop to consider in this case is 1.52 p.u. as indicated in the third column of
Table 41.

f =50.00
df =0.00
T =45.00
kpp =1.50

Hz
Hzls

Frinarc. t = 500
Sminarc. t =500
Tranarc, t =500

F. making { = 10.00
5 making t = 10.00
T making t = 10.00

R cont.sep.= 3750
5 cont.gep. = 3750
T cont.sep.= 3750

=

20
14
12
ng
04
oo

-0.4
-0
-12
-l
-2.I:ID

IR=-1.52
DCR=-0.515

t=35974 ms
dt = -2.27 ms

~

ES

15 a0 ] 45 &0

The other intervals of minimum clearing time given in Table 41 are the
intervals between each possible instant of interruption after a minor loop in
the Blue Phase.
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Thanks for your attention
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Capacitive current switching
4.10.9.1.1.1 Preconditioning for class C2 circuit breakers

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.)

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

In IEC 62271-100 the text is the same but T60 (or test duty 3) is performed with 3 opening
operations with a symmetrical current.;

In IEEE C37.09, T60 is performed with 3 opening operations , 2 with a symmetrical
current and 1 with an asymmetrical current.

The two preconditioning tests should be the same in order to have harmonized tests for
class C2 (it was the aim of the revision made in 2005). There is no real justification for
having in T60 an operation with asymmetrical current as it is obviously covered by those
made in T100a.

Proposal to have harmonized test procedures in IEEE & IEC: revise T60
in IEEE C37.09 with 3 interruptions of a symmetrical current and arcing
times as in IEC: minimum, medium and maximum.
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Proposal on PC37.09/4.1.2 Out-of-phase
switching current tests
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SIEMENS

Out-of-phase condition is a rarely occurring event.
It may occur during synchronizing operation on out-of-phase condition.
Even rarer is the case where systems drift due to heavy loads.
In that case the systems would be separated by a single O.

A sequence of O-CO to reclose on an existing out-of-phase condition is very
unlikely.

Restricted © Siemens AG 2013 All rights reserved.
Page 2 2014-05-02 Jan Weisker / Head of Electrical Engineering / E T HP CB R&D ENG 1





SIEMENS

Proposal to cover

Replace the O-CO of test duty 2 with a sequence CO — O - O.
In that case the duty starts with a closing on out-of-phas€ voltage what is even
more severe than before,

Change Table 4 as following

Table 4 — Test to demonstrate the out-gf#phase capabilities

Test duty Operating duty urrent |
1 0-0 0.051t00.10 I
2 CO-0-0 0.251
2a C*-—C*0O-0-0 |0.251
C* = C at full voltage
C*=C atLrjloj10ad A

As an alternative method, the test duty 2a is adapted to the common procedure
for high-voltage circuit-breakers, starting with full C and repeating the C in no-
load during the make-break operation sequence.

Page 3 2014-05-02 Jan Weisker / Head of Electrical Engineering / E T HP CB R&D ENG 1





SIEMENS

Test duty 1 is not a challenge for a typical medium voltage circuit-breaker and
even more not for high-voltage circuit-breakers.
The very low test current keeps good insulation capability after clearing.

Proposal:

Require the test duty 1 only in case of the test circuit-breaker is showing a
“critical current”.

Restricted © Siemens AG 2013 All rights reserved.
Page 4 2014-05-02 Jan Weisker / Head of Electrical Engineering / E T HP CB R&D ENG 1
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New Wording for 4.12.6

4.12.6 Test duties

“The out-of-phase switching current test duties are shown in Table 4. A minimum
of one sequence of test duty 2 is sufficient to demonstrate the out-of-phase
switching capability of the circuit breaker. The test duty 1 is only to be made if the
minimum arcing times in any of the test-duties T10, T30 or T60 is one half-cycle
or more longer than the minimum arcing times in the adjacent test duties.”

Page 5 2014-05-02 Jan Weisker / Head of Electrical Engineering / E T HP CB R&D ENG 1





: : : SIEMENS
Remove inappropriate Reference in

4.12.7 Condition of circuit-breaker after tests

Reference is made to 4.8.5.6 Voltage withstand test
Following the Procedure given in 4.8.5.6 for High-voltage circuit-breaker

results in Test voltages even lower than TRV peak during
Out-of-phase switching.

Proposal:

Remove Reference to 4.8.5.6 Voltage withstand test

Page 6 2014-05-02 Jan Weisker / Head of Electrical Engineering / E T HP CB R&D ENG 1





SIEMENS
Contact

Jan Weisker
Head of Electrical Engineering
ET HP CB R&D ENG1

Nonnendammallee 104
13629 Berlin, Germany

Mobile: +49 (173) 3679447
E-mail: jan.weisker@siemens.com

siemens.com/answers

Restricted © Siemens AG 2013 All rights reserved.
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4.12 Out-of-phase switching current tests
Change Table 4 as following

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

Test duty Operating duty Current |
1 0-0 0.051t00.101
2 CO-0-0 0.251
2a C*-—C*O0-0-0 |0.251
C* = C at full voltage
C** = C at no-load

Explanation:

Generally, the out-of-phase condition is a rarely occurring event. It may occur during
synchronizing operation on out-of-phase condition. Even rarer is the case where systems drift
due to heavy loads. In that case the systems would be separated by a single O. A sequence of
O-CO to reclose on an existing out-of-phase condition is very unlikely.

Therefore, | propose to replace the O-CO of test duty 2 with a sequence CO — O — O. In that
case the duty starts with a closing on out-of-phase voltage what is even more severe than
before.

As an alternative method the test duty 2a is adapted to the common procedure for high-voltage
circuit-breakers, starting with full C and repeating the C in no-load during the make-break
operation sequence.

4.12.6 Test duties

As the test duty 1 is not a challenge for a typical medium voltage circuit-breaker and even more
for high-voltage circuit-breakers.

Because of this | propose to require the test duty 1 only in case of the test circuit-breaker is
showing a “critical current”.

Therefore | propose the following new wording:

The out-of-phase switching current test duties are shown in Table 4. A minimum of one
sequence of test duty 2 is sufficient to demonstrate the out-of-phase switching capability of the
circuit breaker. The test duty 1 is only to be made if the minimum arcing times in any of the test-
duties T10, T30 or T60 is one half-cycle or more longer than the minimum arcing times in the
adjacent test duties.

4.12.7 Condition of circuit-breaker after tests

Reference is made to 4.8.5.6





From my point of view there is no indication to perform the voltage withstand test after the out-
of-phase switching current tests. Following the procedure given in 4.8.5.6 the withstand voltage
to be applied is lower than the test voltage of out-of-phase switching current tests.

Therefore | propose to delete the reference to 4.8.5.6.






PC37.09 — 201x

Discussion Points
WG C37.09 — Test Procedures for HVCBs
John Webb





WG Mtg: Spring 2014

Discussion Points

e 800 % Electrical Endurance Testing

— (C37.54 provides no additional requirements

e Alternate Mechanisms

— No agreement with |IEC on STC Test Requirement
for Vacuum Breakers.

— Recommendation continues that for alternate
mechanisms, general guidance be given similar to
IEC, but test report list every test and confirmation
from Mfg. re: test requirements.





@Es WG Mtg: Spring 2014

gy Discussion Points

e Low Temperature Tests 1979 Requirement

To demonstrate that an outdoor breaker can
operate with an ambient of =30°C, a few of
these tests should be made on it after the
breaker has come to a steady temperature in
that ambient. However, if testing facilities do
not permit this demonstration (as is usually the
case), the performance of important compo-
nents of the breaker may be demonstrated in
this ambient temperature.





@Es WG Mtg: Spring 2014

e Discussion Points

* Low Temperature Tests

— Prior to 1999 Low temp. Tests were outdoor breakers
only. [C37.09 -1979 Clause 4.18]

— 1999: -30 °C x 24 hrs soak prior to operation with
“normally installed heaters in operation”. However
indoor drawout CB’s don’t have heaters installed, they
are part of the switchgear. (Switchgear is too big for
most test chambers).

— Do we really need to test drawout CB'’s for low
temperature? (But what about outdoor aisle-less?)

— If yes, is -30 °C really necessary?
— But really our obligation is to prove C37.04.
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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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Agenda

 Introductions (10mins)
« WG Membership / Guest (Sign in sheet)

e Topics For Discussion

— Approval of MOM from San Antonio (5 mins)

— C37.09 — Will cover three sessions (May 5th 2014)
o Session #1 - Covered Topics missed in San Antonio
o Session #2 - Follow up on items assigned in San Antonio
e Session #3 - New Topics

— Review items discussed in San Antonio and members
assigned to tasks (Session #2)





Agenda
(continued)

— Project Timeline (5mins)

PAR expiration: Dec. 2017 ( last meeting: Fall 2017)

» Target Ballot Date: by Fall 2015
— Detaill Discussions on individual topics(15min/topic)

— New business (Session #3)

Eldridge Byron — Load Current Switching per IEC — (Chair for
C37.20.9)
Helmut Heiermeier — Critical Current Discussion and
Presentation
Denis Dufournet — Update of IEC 62271-100 for C37.09

— T100a

— Demonstration of arcing times
Denis Durournet - Cap switching preconditioning (12-11-13
e-mail)
Jan Weisker — Out of Phase Switching Proposal





Discussion Topics
(Session #1)

ltems not covered in San Antonio (continued)

Topic #10 (QO007) Inclusion of ‘multi-part testing’ in
C37.09. State the preference is to have full TRV
whenever possible. Denis Dufournet

Topic #11(Q008) should we include inductive load
switching test from IEC62271-110 Benefits for this test
— Sushil Shinde

Topic #12 (Q012) Cold temperature test method — I[EC
or IEEE or other? Indoor breaker with heaters should be
Included or excluded — Victor / John Webb





Discussion Topics
(Session #1)

ltems not covered in San Antonio (continued)

« Topic #13 (Q013) IEEE std 693 Seismic Test standard
— Xi

 Topic #14 (Q019) Share documents for WG members.
— progress update — Xi

 Topic #15 (Q009) To incorporate C37.06.1 into C37.09 -
?7?

« Topic #16 (Q017) Test Duty Summary Table -- ??
(proposed by Ken)

« Topic #17 (Q018) Measurement Tolerance Table -- ??
(proposed by Gilbert)

— Refer to latest version of ieee std-47?





Discussion Topics

Session #2
o Topic #1(Q006): ‘Piecewise testing’ guidelines
Assigned to: Helmut Heiermeier, Ken Edwards,
John Webb, Sushil Shinde, and Donnie Swing

o Topic #2(Q014): Incorporate C37.04 and C37.06 Into
C37.09

Assigned to: Mike Crawford

e Topic #3(Q015): Incorporate C37.09a and C37.09b into
C37.09

Assigned to: Anne Bosma, Mauricio Aristizabal, Roy
Alexander, Arben Bufi, Terrance Woodyard





Discussion Topics
Session #2

e Topic #4 (Q016): Incorporate C37.017 into C37.09
Assigned to: Devki Sharma and Stan Billings

e Topic #5 (Q005): Incorporate C37.081, C37.081a and
C37.083 into C37.09

Assigned to: Mauricio Aristizabal, Victor Hermosillo, Denis
Dufournet and Steve Cary

e Topic #6 (Q011): Incorporate NEMA SG4 into C37.09
Assigned to: Gilbert Carmona and Mike Crawford





Discussion Topics

Session #2

o Topic #7(Q002): ‘critical current’
No action required - Remove from list
Assigned to: Roy Alexander

o Topic #8(Q003): Electrical endurance 800% cumulative
fault current

Assigned to: Sushil Shinde, John Webb, Steve Cheng,
Helmut Heiermeier, Terrance Woodyard

e Topic #9(Q004): Inclusion of ‘test splitting’ in C37.09
Assigned to: Denis Dufournet





Discussion Topics

Session #3

Eldridge Byron - Consider changing the load current
switching test to a similar concept as in IEC for critical
currents. (Presentation)

Helmut Heliermeler — Critical Current Discussion and
(Presentation)

Denis Dufournet
— Update on status of IEC 62271-100 T100a (Presentation)
— Demonstration of arcing times
— Denis Dufournet - Cap switching preconditioning (12-11-13 e-mail)

Jan Weisker — Out of Phase Switching Proposal





Thank You

IEEE Switchgear Meeting, Spring
2014, Orlando, FL
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