Minutes of Meeting April 27, 2015

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 — April 27, 2015 (10:15 AM to 12:00 PM)

Location: Saint Pete Beach, FL
Participants: 38 Members
41 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. 084 for agenda presented.

3.) The chairman reviewed the minutes of the meeting (MOM) from Asheville. The MOM from
Asheville was distributed to all committee members and guests of C37.09 on 10-07-2014 after
the fall meeting with an e-mail from the secretary (Mike Skidmore). The draft MOM was also e-
mailed by Mike Skidmore on 4-20-15, to all members and guests of C37.09. The meeting
minutes are also posted on the IEEE PES Switchgear website. The minutes of the meeting from
Asheville were shown again to the participants on the projector. The Chairman asked if anyone
had questions.

4.) The chairman entertained a motion from John Webb to approve the MOM from Asheville.
Roy Alexander seconded the motion. The motion passed unanimously.

5.) The chairman discussed the structure of the meetings for C37.09. He said 2 sessions will be
held on 4-27-15.

6.) The Chairman discussed the project outlook:

1) First Ballot done by Fall 2015 or Spring 2016 Meeting
2) Recirculation No. 1 ~ 4 by Fall 2017

3) Submit to Revcom

4) Revcom decision

5) Completion by Dec. 2017

Xi plans to have the first ballot by Fall 2015 or Spring 2016. Depending how fast issues are
resolved. The working group expects to have one to four re-circulations. By fall 2017, we hope
to submit to RevCom.



No additional comments received from the Working Group (WG).

7.) The Chairman gave an overview of the project status. There were about 27 new topics to be
added to the document. He received contributions to most of the topics. He updated the
information from the 27 topics into several drafts until he achieved Draft 1.9 which was
circulated for comments to members of PC37.09. Draft 1.9 was issued on 3-27-15 where he
received more than 300 comments. He updated Draft 1.9 to version 2.0 and he re-issued it to the
working group on 4-8-15. Before the meeting in Saint Pete, he integrated the majority of the
comments into the document which was not issued yet to the working group members as Draft
2.1. The majority of comments were editorial. The chairperson has made determination regarding
editorial comments. The meeting discussion will focus on a subset of comments. Draft 2.1 will be
submitted to the WG after the spring meeting.

The Chairman reminded the working group there are a total of 84 documents in central desktop
that are available to all members and guests. This includes all presentations and documents that
will be integrated into the new standard. Chair can resend an invitation upon request.

Document 000 - Master documents with all topics, discussion during previous meetings, and
WG document list.

Document 061 — History of draft revisions.
Document 079 — All comments received including disposition/resolutions at this point in time.

The chair presented table from Doc. 000 with a list of all topics with current status and references
to document number of each topic.

8.) Chair asked if there are any other topics to be added to the agenda. No additional agenda
topics were proposed.

9.) The working group membership and guest list was reviewed by the chair. The sign-up sheet
is reviewed and contribution is considered. We propose to move individuals with no participation
from membership to guest. John Webb and Ken Edwards said that a conference call can count as
a meeting but you need two meetings / a conference call / or a face to face meeting to be
reinstated. If you miss two meetings the individual is marked as a guest but if one attends two
meetings and contributes to the project he/she is back on the membership list again.

The WG received several “undeliverable messages” when sending documents by e-mail. These
individuals will be marked as a guest if currently marked as a member and they have not
contributed to the document. The WG believes that several members are not active or have
changed positions and are no longer involved with subcommittee work, etc... The chair
reminded members and guests to update their information in the website. Also, some companies
may limit file sizes they can receive and maybe this was part of the issue. In the end, the central
desktop location is good to have where each and every document can be downloaded.



10.) The Chair moved to cover selected comments received to date

(Olsen 14) - Delete 62271-1 and use C37.100.1

John Webb said to keep this reference. Ted Olsen, defer the decision to the chair. Dave Stone
said the C37.100.1 is being revised and should be done soon. There are new references of
C37.100.1 and there is a lot compatibility with IEC. Anne Bosma said section numbers will
change but IEEE and IEC will have common numbers for the clause/section. There was some
discussion about the use of dated references. A date should be used in the reference if it refers to
a specific clause within another document.

Conclusion: The WG to use C37.100.1 instead of IEC 62271-1 move to bibliography. Xi asked
Denis Dufournet to check the references to -100.

(Olsen 15) - Delete 62271-100

Denis Dufournet said we should check to understand what the reference is for within the
document. Ken Edwards said to move to bibliography. General comments were made to “Delete
if no references are found within the document.”

Conclusion: check all references to this document in text and then decide if necessary to move to
bibliography.

(Olsen 78) - Delete IEC 62271-101

Mauricio Aristizabal: plan to replace 081 with 101. He said that there is a meeting on 4-28-15 to
discuss this and a TF (Task Force) will look into references to -101.

(Olsen 80) - 4.8.1.4.2.2 Test duty T100a -Minimum clearing time

John Webb is satisfied with current contents. Perhaps Ted Olson will prepare a written statement
and then discuss after meeting during conference call/exchange.

Ted Olson said there is confusion since a minimum can be on minor or major loop. He suggested
opening for discussion perhaps after this meeting, may take too long to conclude regarding this
topic.

Chair: There was a presentation by H. Heiermeier during C37.010 showing the relay time plus
min opening time may not occur on major loop, then subsequent major loop is tested.
Determination of minimum arcing time

4.8.1.4.2.2 Line 26-33

Ted Olson: Too complex to understand conditions. Propose editorial review to simplify
understanding.

John Webb: Tolerance on arcing windows. Test completed to IEC with slightly short window
would not be accepted according to this procedure (10% tolerance).

Denis Dufournet: Which part should be revised? We should use the latest draft available at that
time. Changes completed in the meantime have not been included yet. IEC is still a dynamic
document. Second CD just issued and test T100a is as described now in C37.009.

Conclusion: Denis to send Xi the lasted draft “text” on T100a with the latest version from IEC.
Denis to communicate with Ted to further explain this part of the standard. Wording may still



need to be modified to make it easier to read. Xi to send Ted the presentation Helmut made in
C37.010 explaining various arcing times used in tests.

(Olsen 82) - 4.8.1.4.2.2 Comment to be rejected.

Ted Olson accepts to reject comment since new updates will be provided

(Olsen 84) - 4.8.1.4.2.2 Comment to be rejected.

Ted Olson accepts to reject comment since new updates will be provided

(Olsen 91) - 4.8.1.4.3.1 Redundant in document

The Chair explained that the information in this section is not redundant in document. One is for
single phase testing and the other is for three phase testing, so it appeared to be duplicated.

Ted Olson accepts to reject comment.

(Olsen 144 and 145) - 4.8.4.2 Change to i2dt fix the language

Chair: Use RMS or effective value of current. Revise to reflect Simpson’s rule.
Ted Olson: Use Simpson’s rule to calculate.

Conclusion: Chair to review and revise to reflect Simpson’s rule as needed.
(Olsen 157) - 4.9.2 Things that should be normative should not be in a note.

Ted Olson said this can easily be corrected. Instead of using “Note:” add the words “Note that
if”H

Conclusion: The chair will review the document and correct accordingly.

(Olsen 162) - 4.10.1 Change terminology of indoor breakers to S1 and outdoor to S2.

Ted Olson: Need to decide if we use indoor/outdoor or S1/S2.

John Webb: We need to do it. C37.06 already has definitions. Indoor normally connected to
cable. S2 breaker need short-line fault. May match well but it is not guaranteed. Check if all S1
requirements apply to indoor and S2 requirements apply to outdoor.

Anne Bosma: Line or cable connected. Outdoor/indoor is not synonymous with S1/S2.

Kirk Smith: C37.06 already has definitions and should be integrated into C37.04.

Defer to C37.06 and information needs to be coordinated with C37.07.

Conclusion: Accept in principal and make the change. Chair to change all “indoor/outdoor” to
*S1/S2” within the document to match C37.06 and C37.04...

(Olsen 192) - 4.10.10 capacitive switching Table 7.

Comment: There is a long sentence in table.



Chair: t1, t3 well defined.

Ted Olson: Purpose is to include reference to C37.04 not to C37.06 which will disappear. The
goal was to pull in C37.06 into C37.04.

Conclusion: Accept in principle, just change reference. Anne Bosma should review table because
information does not align with other tables in C37.06. When checked the long sentence under
“t1” in table refers to sections in C37.06 which are incorrect tables in latest standard.

(Olsen 214) - 4.14.2 f) What is “ta”?

Victor Hermosillo said that “ta” comes from mechanical endurance test which has not been added
yet. It is a time period between subsequent operations that will not cause overheating, undue
stress on motor changing or coils, other elements of controls.

Conclusion: Will include the definition of “ta”. Need to change “ta” to other so it is not confused
with arcing time. We must coordinate with C37.04.

(Olsen 217, 218, 220) - 4.17.1 Delete IEC 62155

Ted Olsen/Anne Bosma: Refer to C37.017 to avoid the conflict. 1f C37.017 changes and the
information is imbedded within the document it is difficult to update C37.09.

Conclusion: refer to 017 and remove table

(Olsen 217, 218, 220) - 4.17.24. Table in C37.017.
Conclusion: same a previous - refer to 017 and remove table
(Olsen 225) - 4.20 RIV Test

Anne Bosma: CCL1 is staying, SG4 is dissappearing.

Ted Olsen: Not relevant test today. Xi will modify his comment to replace with NEMA CC1
which is updated.

(Olsen 228, 240, 243, 245) - S1/S2 has already been discussed.

Conclusion: C37.09 should be updated to refer to “S1” / “S2” instead of “indoor” vs *“outdoor”
(Dufournet 2) — 4.8.4.3 - Service Capability

4.8.4.3 First paragraph not correct anymore and needs to align with C37.04.

C37.04 service capability will change. Text in C37.06 will have to be changed to match with
C37.04.

Conclusion: Keep consistency between both documents, update as necessary.

(Carmona 2) - 4.8.2.4.4 — Wording regarding choice of units to be tested.



Gil Carmona interpretation is that this suggests one to use only one test unit to perform all tests
with retrofitting after tests. This may take too long. It is unclear on the number of test specimens
allowed.

Conclusion: Gil Carmona to work with Victor Hermosillo to come up with correct wording to
clarify the meaning of this section.

(Carmona 3) - 4.8.1.3 Regarding DC<20% to be considered a symmetrical current.

Denis Dufournet: in conflict with proposal T100a.

Clarification by GC: Seems to contradict proposal by D. Dufournet.

Conclusion: All power test laboratories and circuit breaker test reports consider DC<20% as a
symmetrical current. Some measure the exact value, others indicate only DC<20%. It is currently
universal common practice.

(Anne 3and 4) - 4.1 and 4.2 - maximum voltage test and power frequency test

4.1 Maximum voltage test is not a test and should be removed from the document.

Chair: this value is embedded in TRV tests based on the maximum rated voltage.

Bosma / Alexander: remove this section.

Ken Edwards: Tests to confirm maximum rated voltage Where do you get rating?

Neil McCord: Had customer question requiring 252 kV instead of 245 kV. Cannot guarantee that
it will interrupt the current at this voltage because it wasn’t tested...

Kirk Smith: Should say, there is no separate test for rated maximum voltage because it is
embedded in the other tests.

Pat DiLillo: Some utilities operate at the rated maximum voltage. This is a real issue and in some
cases it is operated above maximum voltage for a brief period of time.

Conclusion: Xi Zhu to modify the wording and/or delete the first sentence. Remove “however”..
4.2 Power frequency test

Conclusion: Same revision as 4.1, reword and remove text.

(Anne 6) - 4.4.1 Test conditions

There is a loop in the standards. Section calls for IEEE Std. 4.

Ken Edwards: If we allow correction factors then we should be specific.

Anne Bosma: This standard is for circuit breakers and has to be specific about correction factors.

Ted Olson: Reference item n) of this same clause.
Gil Carmona: Specify dielectric withstand power frequency test.



Dave Stone: Refer to C37.100.1, common requirements has been updated. Any of the tests:
dielectric, continuous current, short-time, peak withstand, RIV, maybe these sections can be
removed and just refer to C37.100.1

Conclusion: We need volunteers to review the document and compare with 100.1 to see if
sections can be removed. Remove e),” this is the apparatus standard.” Add footnote on e) and n)
with standards that allow correction factors (ask Ted Olson). C37.20.2 and 20.3

John Webb to take 4.4 dielectric.

Steve Cary: to take 4.3 continuous current.

Kirk Smith 4.18 sealed pressure systems

Anne Bosma 4.19 PD tests

Anne Bosma 4.20 RIV

Deadline by June 2015.
11.) The working group committee agreed to adjourn the session. Work will resume after lunch

Session 2 — April 27, 2015 (1:30 PM to 3:15 PM)

Location: Saint Pete Beach, FL
Participants: 42 members
37 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.) At the break working group reminded the chairman that short-time current and peak withstand
current are now included in power tests in the table of contents. These may be separated out in
the table of contents from power tests and then reference would be made to C37.100.1 for the
associated tests.

3.) The chairman said they will continue with selected comments where the working group left
off before lunch:

(Anne 9) - 4.4.3.1 Verification of peak as sqrt(2) of rms/effective value
May be solved by reference to IEEE Std. 4 and common clauses C37.100.1.

Pat DiLillo: Does not agree with moving everything referencing or going to another standard.
You have numerous documents open to find a single answer and it is not convenient.

Gil Carmona: Which one is the master standard? He agrees that we do not want to refer back and
forth.

Roy Alexander: Common clauses have the specific purpose of covering multiple products.

Chair: Need to read carefully each test description and procedure and assess if it satisfies all the
requirements.



(Anne 12 and 13) - 4.8.1.4.2.1 Test to be done in sequence O-.3s-CO-3 min-CO
Three-phase tests T10, T20, T60, T100a/s, OP1/2.

Denis Dufournet: We only discuss the arcing time requirement, later we discuss sequence in
Table 2.

Chair: Table 1 has arcing times, Table 2 test sequence.

Conclusion: Disregard this comment if it is covered in another table.
(Anne 14) - 4.8.1.6 Editorial comment regarding tables.

Place table in a location where it is cited first.

Conclusion: Switch Table 1 and Table 2 but this will be major work since the document needs to
be rechecked (wording match the correct tables).

Equation 4, unit should be H vs HENRY..
Chair proposal: Remove units from formula.
Add another line that says LL in [H].

Denis Dufournet: amplitude constant d (peak factor) is not an amplitude constant (line 1511) in

C).
Conclusion: The chair will review again to prevent confusion and make clear.
(Anne 15) - 4.9.2 Load current switching test conditions.

Anne Bosma: What is the significance of testing load current, it is not a common test?

Sushil Shinde: for HV switching of capacitive or inductive load, these are already contemplated.
John Webb: This is a new requirement in 3) 175-250%. What is the purpose? He believes modern
technology not at risk.

Eldridge Byron: To cover performance of new devices. (3) 175-250% came from certain values
of tests, some calibration shots fall in this range. He was trying to cover a complete range of
possible current values.

Leslie Falkingham: These are switching tests, not continuous current overload.

Anne Bosma: If you had 200% of current just before switching this is similar to a fault test. In
addition power factor is 80% lagging.

Gil Carmona: Can be overload condition. For how long?

Pat Di Lillo: There are some current ratings that are not covered and are below T10 level. Could
there be a new technology that has issues with very low currents?

John Webb: Manufacturers will check additional current levels for new technology.

Eldridge Byron: This is a conditional test not a mandatory test.

Anne Bosma: This covers a critical current at the low range.



Kirk Smith: This range of tests may be correlated with overload currents in transformers. We
could check how it compares. He believes this test was added or used to be an issue with air-
magnetic breakers and is probably not an issue today. Do not know of any current technology that
would have an issue.

Sushil Shinde: The last discussion was only in reference to medium voltage equipment.

Carl Schultz: For new technologies users want to know if there is a problem for the range of
currents in 3).

Chair: Fault testing x/r=17, power factor is very small. In this case lightly inductive but mostly
resistive, it does not present an interrupting challenge for the circuit breaker. TRV is small. Is it
different for medium voltage breakers?

Stan Billings: Mostly medium voltage test.

John Webb: This is a conditional test.

Mauricio Aristizabal: There are no definitions of TRV.

Chair: It was added by Eldridge, added only for purposes of medium voltage. Add specific
wording to indicate it is only applicable to MV.

Conclusion: Make clear the test is valid only up to 52 kV rated maximum voltage. Remove 3)
(175 - 200%) range. Byron concurs. Also we need editorial change to note.

(Anne 16) - 4.9.3 Load current endurance switching test

Anne Bosma: Why would you require an endurance test under load current conditions? Propose
to remove.

Pat DiLillo: I do not agree with removing it.

Roy Alexander: This was for air-magnetic issues.

Eldridge Byron: This is already in the standard’s current version.

John Webb: Explain the reasoning for removing load current endurance in the introduction of the
standards. Reason: this test is never performed because the endurance is demonstrated by......
Chair: You always satisfy the other requirement.

Conclusion: Delete 4.9.3 and add comment on the introduction to the standard why section 4.9.3
was removed.

(Anne 17) - 4.12 Line closing switching surge factor

Anne Bosma: This is not a test it is a simulation made for 362 kV and above. Users apply the
breaker with closing resistors, surge arresters or controlled closing to address surge factor.

Gil Carmona: Proposal to place in Annex. It helps the user.... Others agreed...
Roy Alexander: Should be added to applications guide C37.010.

Helmut Heiermeier: We just removed this from C37.010.

Chair: Need to agree on placing back on C37.010 or to include in Annex.

Conclusion: This will be moved to the Annex in C37.09

(Anne 18) - 4.14.2 Low temperature operating tests



Anne Bosma: This is a poor copy of the IEC procedure for testing low temperature.

Victor Hermosillo: There are three main differences between the proposed procedure and IEC.
The first is that there is only one soak period of 24 hours in the closed position, at the end of this
period the breaker is opened. This is important to ensure that the breaker can interrupt and open
the circuit. IEC has a second soak period of 24 hrs. in the open position, this is not included.
Nevertheless, there are 50 subsequent operations with C, O and CO cycles. The second difference
is that there is only an initial and final check on leakage, to assess the leakage from start to finish.
IEC requires leakage rates at ambient, hot and cold with specified limits. If a dead-tank breaker
with tank heaters is tested at cold temperature using an accumulation method, then there are
practical limitations in obtaining a steady temperature inside the accumulation volume. The
proposal includes start/end leak checks and an accumulation test could be performed at the end.
The third variation is the two-hour loss of power without lockout. This would lead to over
dimensioning of the tank heaters. In practice, due to wind, the lockout will be reached in a few
minutes.

Conclusion: Victor Hermosillo to review and modify (update) with Anne Bosma, Sushil Shinde
and Mauricio Aristizabal.

(Roy 4, 5) — 4.10.5 - Capacitive switching

General discussion on capacitive switching and this section needs more. He desires a “CO”
operation and this is what the equipment will see in the field.

Conclusion: test lab should be able to accommodate for no drop in voltage. Roy to work with Xi
to update sections accordingly

(Roy 4, 5) - 4.10.9.1.1.3 Alternative of separate making tests

Roy Alexander: No need to explain why it is being done. Delete the note or make it correct.
There was influence of SF6 in the drafting stage. No need to talk about turbulence. CO tests
should be done.

Conclusions: Take note away. Lines (2545 and 2720) to be deleted.

(Roy - 12) - 4.10.11.3 Criteria for class CO

With direct test additional restrikes can be verified. With a synthetic test we know that the first
restrike happened since the voltage goes away during the test. There is no knowledge about
subsequent restrikes. Direct tests this is not a problem.

Anne Bosma: Purpose is for distribution not for HV, which use synthetic tests.

Helmut: Arresters will be used....

Conclusion: Indicate that for CO qualification direct test is required to confirm only one restrike
for operation.



(Roy - 13) - 4.11 Inductive load switching

Roy Alexander: M2 mechanical endurance is not related to electrical endurance.
Conclusion: Proposal is to remove 2943 to 2949, third and fourth paragraphs. Chair agrees.
(Chow - 14) - IEC/IEEE 62271-37-082

No need to repeat references to ANSI S1.1., S1.4 and S1.13. They are already included in
IEC/IEEE 62271-37-082 which is already mandatory.

Conclusion: We need to check if there are referenced in the body of the standard. Reference
could be made to the dual logo standard. 4.21.1 and 4.21.2 of C37.09 includes references to these
ANSI standards. Chow to help the chair review this issue.

4.) General recommendations:

Dave Stone made a comment about editing. We should try to remove hanging paragraphs. This
is the text after the main heading, because it makes referencing difficult. A good example is the
wording between 4.4 and 4.4.1. The wording should start with 4.4.1 and the entire section is 4.4.
This was a suggestion made from other document he worked on with IEEE.

Conclusion: The chair said the document will be updated to remove hanging paragraphs.

5.) The working group committee agreed to adjourn the session.
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AGENDA

Greetings, Introductions, Members & Guests Sign in
Approval of MOM from Asheville

Review of Project Status

— Discussed and concluded 20+ topics (Refer to Doc 000)

— Drafts 1.0, 1.1, 1.2,.... 2.0 sent for WG review around 300+ comments
— Accepted comments above included in Draft 2.1, other TBD today

— 84 documents archived in Central Desk. A few important ones:
* Doc000 — Master document, topics, history of discussion, WG doc List
e Doc061 — History of Draft Revisions
* Doc079 — Internal Comments and Resolutions up to now

Project Outlook

Working Group Membership reCheck

Any Spontaneous Topics?

Discussions and Resolutions on D1.9, D2.0 comments





Status of Topics

Related Documents

Topics ID Description Leader Status Changes Reflected in
Doc. No. Source of Doc

Qoo1l PAR Xi Zhu Close 005 N/A
Q002 Critical Current Roy Alexander Close N/A N/A
Q003 800% Service Capability - condition check Sushil, John Close 075 Sushil email 2015-03-25 Draft 1.7
Q004 |splitting Test Duties Denis Dufournet Close 056 Denis Email 2014-10-14 Draft 1.1
Q005 (1). Making and Breaking test Duties; (2).C37.081, 081a, 083 Mauricio, Denis Close 056 Denis Email 2014-10-14 Draft 1.1
Q006 Piecewise Testing Ken Edwards Open
Qo007 Multi-Part Testing Method Denis Dufournet Close 056 Denis Email 2014-10-14 Draft 1.1
Qo008 Inductive Current Switching Sushil Shinde Close 073 Sushil email 2015-03-23 Draft 1.7
Q009 C€37.06.1 Fast TRV Sushil Shinde Close N/A N/A
Q010  [C57.13 CT Testing Gilbert Carmona Close 044 Gilbert email 2014-09-18 Draft 1.8
Q011  [NEMA SG4 Gilbert Carmona Close 044 Gilbert email 2014-09-18 Draft 1.8
Q012 |Cold Temperature Test Victor Hermosillo Close 052 Victor email 2014-09-22 Draft 1.5
Q013 Seismic Qualification for general and nuclear applications XiZhu Close 051 from Xi Draft 1.6
Qo014 C37.04, 06 Michael Crawford Open
Q015 |€37.09a, 09b, 04a Anne Bosma Close 059 Anne 2015-02-02 Draft 1.2
Q016  [c37.017 Stan Billings Close 045 Stan 2014-09-16 Draft 1.3
Qo17 Summary Table for all Test Duties Ken Edwards Open
Qo18 Tolerance for Testing Gilbert Carmona Close 054 Draft 1.8
Q019 Sharing of WG Documents Xi Zhu Close N/A N/A
Q020 Load Switching Test Eldridge Byron Close 046 Eldridge 2014-09-10 Draft 1.4
Q021 IEC62271-100a testing, arcing window Denis Dufournet Close 056 Denis Email 2014-10-14 Draft 1.1
Qo022 Out of Phase Duty Elimination Jan Weisker Close
Q023 M1 M2 class discussion from John Webb John Webb Close 083 Draft 2.1 (to be sent)
Qo024 €37.09 Errata - 2007 April 18 Xi Zhu Close 072 Xi to make sure changes Draft 1.6
Q025 €37.09 Corrigendum - 2007 Xi zhu Close IEEE Doc |Xito make sure changes Draft 1.6
Q026 Arc-resistant testing for out door breakers John Webb Open
Qaz7 Editing of Graphs and Formulas ;ZELZI;:;Z Close 057 Tom email 2015-01-12 Draft %O






Project Outlook

1) First Ballot done by Fall 2015 or Spring 2016 Meeting
2) Recirculation No. 1 ~ 4 by Fall 2017

3) Submit to Revcom

4) Revcom decision

5) Completion by Dec. 2017

Any comments?





Olsen-14,15,78

2 16 Delete 62271-1 and use C37.100.1 instead.

2 17 Delete 62271-100 as this document (C37.09) should contain everything applicable to an ANSI/IEEE circuit breaker.
4.8.1.3 16 Delete IEC 62271-101 and substitute IEEE Std C37.081, unless HVCB has firmly decided to use the IEC standard instead..
14 2 2 r
15 Equipment with Rated \ oltages Greater Than 1000V
16 IEC 62271-1 (Ed. 1.0)-2007. High-Voltage Switchgear and Controlgear — Part 1: Common Specifications.

17 IEC 62271-100 (Ed. 2.0)-2008. High-Voltage Switchgear and Controlgear— Part 100: Alternating-Current Circuit-
18 Breakers.
9 | 4.8.1.4 Obtaining-the-mostsevere-switching-conditionsDemonstration of arcing time
10 | 48.141 General
11 The procedures described in this section are relevant for the adjustment of prospective arcing times. The actual
12 arcing times may vary from the prospective ones.
13 NOTE 1 The arcing times preseribed in this subclause are adequate to cover the effect of the unintentional non-
14 simultaneitv of the circuit-breaker poles.
15 NOTE 2 The test requirements are based on network conditions and are related to direct tests only. For synthetic
16 tests more detailed requirements may be applicable. see IEC 62271-101.






Olsen-80

4.8.1.4.2.2 1

This specifies that in T100a, the peak short-circuit current must be between 90-110% of the required value, which means that it
must be a major loop. But, in page 25, line 19, minimum clearing time is defined in terms of a minor loop, and the note says
that this is used only in determining the test parameters for the T100a test. Sounds to me like we have a conflict that must be
resolved, or if not a conflict, explained.

N
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481422 Test-duty T100a

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

to phase.

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

| IEEE PC37.09/D1.0. Malch 13 7015¥E—E%P(?—31—99®9—Ma¥ehﬂ-0-1—’>

rior to the interruption is between 90 % and 110 % of*—

the required value and

b)  the duration of the short-circuit current loop prior to the interruption 1s between 90 % and 110 % of thec\
required value.

Table 1 gives the required values of the peak short-circuit current and loop duration that should be attained by the
last loop prior to the interruption.

When the last current loop parameters are within the preseribed tolerances. the resulting deviations on the DC
component at current zero. the associated di/dt and the following TRV peak value are within acceptable limits

compared to those calculated with rated values.

The intention is to achieve a series of three valid tests and the duty is satisfactory if following conditions are met.
There 1s no preferred order to demonstrate the three valid tests.

IEEE SW|tchgear Meeting, FaII 2012,
San Diego, Oct.3, 2012






Olsen-82

Lines 26-33 (plus the following notes) constitute one tremendously complex sentence that is near impossible to decode. |

4.8.1.4.2.2 26 suggest this be revised into bullet points or in some other manner to clearly distinguish the multiple conditions and the
conclusions. If | could understand it, | could suggest an improvement but since it is not clear, | can't.
12 One operation where arc extinction occurs in the first-pole-to-clear at the end of a major current loop in the+—
13 first phase with the required asvmmetry criteria and with the longest possible arcing time.
14 The longest possible arcing time tarcl for the first-pole-to-clear is achieved. when following condition s\
15 met:
16 tarcl = tal00s + Atal
17 b)  One operation where arc extinction occurs at the end of an extended major current loop in the second phase«
18 with the required asymmetry criteria and with the longest possible arcing time.
19 The longest possible arcing time tarc2 for the last-pole-to-clear for circuit-breakers intended to be used ine—
20 non-effectively grounded neutral systems is achieved. when following condition 1s met:
21 tarc2 = tal00s + Ata2
22 c)  The longest possible arcing time ta3 for the second-pole-to-clear for circuit-breakers intended to be used ine—
23 effectively grounded neutral systems is achieved. when following condition is met:
24 tarc3 = tal00s + Ata3 -
25
26 If the required conditions of a) and b) are fulfilled. in the third operation arc extinction may occur at the end of a
27 | major current loop for first-pole-to-clear conditions. or
28 of an extended major current loop for last-pole-to-clear conditions for circuit-breakers intended to be used in non-
29 | effectively grounded neutral systems. or
30 of an extended major current loop for second-pole-to-clear conditions for circuit-breakers mtended to be used in
31 effectively grounded neutral systems.
32 in the third phase with the required asymmetry criteria as above. There are no further requirements regarding
33 arcing times.
34 | Where
. - . - . - . 7
35 tal00s is the minimum arcing time of terminal fault test-duty T100s.






Olsen-84

4.8.1.4.2.2 |

3 |There is no tal00s. Do you mean T110s or T100s(a)?

N ) B =

\O o0 ~1

IEEE PC37.09/D1.0. March 13 2015 ~— - -

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 mav be reconditioned with renewable parts before the extended operations. An additional test

sample can also be used for the extended operations.

A graphical representation of the three valid breaking operations for the first-pole-to-clear factore——

1.5 is given in Figure 5_and for the first-pole-to-clear factor 1.3 in Figure 6,

1st valid breaking
operation;
first-pole-to-clear on a
major loop with the
required maximum

currert (p.u.)

ta100s= 5 ms)

arcing time (assumption

|
/
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Olsen-91

Most, if not all of this clause looks like a duplicate of clause of 4.8.1.4.2.2 which begins on pdf page 39. Delete all the
duplicated material.

4.8.143.2 Test-duty T100a

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

| IEEE PC37.09/D1.0. March 13 201 5SEEEERC3709/D0 Mareh 2015

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

Table 1_gives the required values of the peak short-circuit cwrrent 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 + AtalA

Another valid breaking operation shall demonstrate interruption at the end of the major loop with an arcing time
equivalent to the maximmum arcing time under three-phase conditions

tare2 for the last-pole-to elear of circuit-breakers intended to be used in non-effectivelv grounded neutral svstems

This is achieved. when following condition is met:

tarc2 = 1tal00s + Ata2

tarc3 for the second-pole-to-clear for circuit-breakers intended to be used in effectively grounded neutral systems.

This is achieved. when following condition is met:

tarc3 > tal00s + Ata3






Olsen-144,145

4.8.4.2 25 Change 12dt to "the square of the average current times the duration of the test".

Fix the language. 12T is a product, so it is not appropriate to say the product of 12T. Also, IA is not defined, nor is IB, so the
4.8.4.2 26 sentence is meaningless. A suggested wording is "... of the specified time, and the actual average current squared multiplied by
the actual test time exceeds the rated current square multiplied by the rated duration (see 7.1.6)."

20  4.8.4.2 Short-time current carrying tests

21 The required short-time current carrying capability of a circuit breaker 1s demonstrated by test duty 10 in Table 1.
22 The duration of the current flow shall be in accordance with the requirements of IEEE Std C37.04-1999 and ANSI
.4 C37.06-1997. In some cases, the duration of the test demonstrating the short-time current carrying capability may
24 not be exactly as specified. However. since the heating of the current carrying parts 1s very nearly proportional to
25 12dt and the cooling time 1s relatively short. the test 1s valid if the duration of the short circuit current 1s within 25%

26 | of the specified time and the product of j3T i2-is equal or greater than the j§T product of the originally specified

27  parameters (see 7.1.6).

29 AT BT

30  4.8.4.3 Service capability and circuit breaker condition

10





Olsen-157

Delete item 3) and delete the note on lines 18-20. If it is determined that this must remain, then convert the NOTE to
normative by changing "NOTE- If..." to "Note if". Also, in line 18, change "Table 1 - Line 1 (T10)" to "Table 2, test duty T10".

4.9.2 17 Lastly, to line 17, add a footnote citation to read: Tests for level 3) are added to those of IEEE Std C37.09-1999. Circuit
breakers previously tested to the requirements of the load current switching tests of IEEE Std C37.09-1999 need not be
retested.

10 | 4.9.2 Load current switching test conditions

11 | Load current switching tests shall be made (when required) under the following conditions to demonstrate the

12 capability of the circuit breaker to switch load currents such as mav be encountered in normal service and test for

13 critical currents:

14 a)  The test current levels shall be at: -«
15 1) 3% to 7% of the rated continuous current: '\
16 2)  95% to 100% of the rated continuous current: and

17 3) 175%

18 :

19 of the circuit breaker then level 3 can be ignored even if the voltage i1s lower than required in sub-Clause

20 4.9.2 (d).

21 b)  The power factor of the test circuits shall be 80% lagging or less with a parallel connected load. —
22 NOTE-Tests at lower power factors are not required but mav be made at the option of the manufacturer. <+—
23 For three-phase tests. three close-open operations shall be made at each cuwrent level. For single-phase+_
24 tests. mine close-open operations shall be made at each current level with the contact parting time to be

25 varied by 30° intervals. on one reference phase. between tests.

26 d) fthree-phase tests are made. they shall be made with power frequency initial and recovery voltages at least

27 equal to the rated maximum voltage of the circuit breaker. If single-phase tests are made. they shall be

?R madas with nawear frammanecv inttial and reravarmr valtacse at leact armal ta R7% Af the ratad mavinmm

11






Olsen-162

Global comment. This refers to outdoor and indoor circuit breakers, terms not defined in C37.09 or in C37.04. Globally, change

4.10.1 4
"indoor" to "Class S1" and change "outdoor" to "Class S2".
1 | 4.10 Capacitance current switching tests «
2 4.10.1 Applicability
3 | Capacitance current switching tests are applicable to all circuit breakers since line charging interrupting current is
4 assigned to all outdoor circuit breakers. and cable charging interrupting current 1s assigned to all indoor ecircuit
5 breakers. Tests are required to demonstrate the following ratings when assigned:
6 — Rated line-charging breaking current (required for all outdoor circuit breakers. optional for indoor circuit
7 breakers)
N
9 breakers)
10 — Rated single-capacitor bank breaking current (optional for all circuit breakers)
11 —  Rated back-to-back capacitor bank breaking current (optional for all eircuit breakers
12 —  Rated back-to-back capacitor bank imnrush making current (optional for all circuit breakers
13 Preferred values of rated capacitance switching currents are given in Tables 1C. 2C. 3E of ANSIC37.06 [B1].

12






Olsen-192

4.10.10

18

In both the CS1 and CS2 rows of the table, change "> t3 (column 6) in Table 1A or 2A of ANSI C37.06 or t1 (column 6) in Table
3A of ANSI C37.06, as appropriate, for a terminal fault" to "> t3 IEEE Std C37.04 or > t1, as appropriate, for a terminal fault."

18

Table 7— Specified values of u1. t1. uc and t2

Test duties

Recovery voltage values in relation to the

peak value of the test voltage

U

_ k. Vv"?

ki = test voltage factor per 4.10.7
J"= Rated Maximum Voltage,

A

Time values

LA
p.u

n

™
(¥
—

LC1 CCl1 BCl

| £

>1.98

< 0.05 r:-kaf”

= t1 (column 6) 1n
Table 1A or 2A of
{column 6) in Table
3A of ANSI C37.06
as appropnate. for a
terminal fault

8.7 ms for 50 Hz

Cs2
(LC2, CC2, BC2)

<005 riffiﬁa}

= t; (column 6) in

Table 1A or 2A of
ANSI C37.060r 1)
(column 6) i Table

3A of ANSIC37.06,

as approprnate_for a
termunal fault

7.3 ms for 60 Hz

NOTE 1—For single-phase synthetic tests the prospective recovery voltage 1s calculated based on the test voltage of

the corresponding single-phase direct test. A longer 1 produces an easier imitial interruption and consequently,

theoretically. a shorter arcing time. Thus 1s a shightly more severe case for capacitance current breaking.

13






Olsen-214

| 4.14.2.1) | 32 |What is ta? Is it 30 minutes? If so, replace ta with 30 min.
1 4.14.2 Low temperature operating tests
2 | In order to demonstrate that circuit breakers are capable of operating at the rated low ambient temperature thes
3 following test procedure is required:
4 a) _ The circuut breaker shall be adjusted in accordance with the manufacturer’s mstructions. -
5 b Before and after the tests the following operating characteristics or settings shall be recorded and
6 evaluated:
27 7
28 betueen de-energization and lockout shmlld be recorded. After a peniod of two hours. heaters should be re-
29 Sl recovery from lockout should be venfied
30 r’\fter co lﬂ.'l.l]E this demansuatmn the anr te: ature shaIl be m-:rensed to a.mblent ar temperature at a
31 - E h . - . aqk &
32 shall be subjected to altemate C — 13— 0 — Ca.udﬂ e f-ta;o_ammw
33 values of su;gpb voltage and operating pmsure The altemate operatin g sequences should be made at 30
34 min intervals so that the circuit-breaker will be in open and closed positions for 30 min periods between
35 the operating sequences
36 g)  After the circuit-breaker has stabilized thermallv at ambient air temperature. a recheck shall be made of thes—

14





Olsen-217, 218, 220

115

4.17.1

30

Delete IEC 62155. The operative IEEE standard is IEEE Std C37.017. Yes, | know that C37.017 cites IEC 62155 but in this
document we should cite C37.017.

116

4.17.1

5

Delete "table 9", and replace with "IEEE Std C37.017". Also, delete table 9 as it is in C37.017 and does not need to be repeated.
Lastly, delete the text on page 117 in lines 9-13.

28  4.17 Design tests on pressurized components

29 | 4.17.1 Pressurized porcalainceramic components

40 | In addition to the above tests. when pressurized poscelainceramic elements with end flanges having an intemal or

41  extemnal gas gauge pressure exceeding 208 kPa (absolute pressure) (with no lmutation on size) are subjected to

| IEEE PC37.09/D1.9 March 27 201 SEEERCIIO0MDL 2 Moech 112015

Lad [ =

[, 8

| cantilever stress in a circwit breaker application, a representative of each sesealasmceramic element, after all glaz-
ing, Finng, and grinding operations are completed, shall withstand for Five minutes a total stress equivalent to the
end plate ll:radmg from maximum allowable working pressure plus three times the maximmum rated cantilever stress.

Where applicable, the maxunum rated cantilever stress shall be based on the load on the pessalasnceranuc as
shownin Tgble O,

15






Olsen-217, 218, 220

115 4171 30 Delete IEC 62155. The operative IEEE standard is IEEE Std C37.017. Yes, | know that C37.017 cites IEC 62155 but in this
o document we should cite C37.017.
116 4171 c Delete "table 9", and replace with "IEEE Std C37.017". Also, delete table 9 as it is in C37.017 and does not need to be repeated.
o Lastly, delete the text on page 117 in lines 9-13.
2 — -
3
Hazzd Hated ourand
Bahcning A
impulze Ua 5o 1250 »1250, = 3150 Over 3150
sathaiand
xolinge
| K
— X e load
M [H-ewlm!
Stardard High Stancard High Stardard Higt Streretn
5{11:'151 S‘t'IF'IEt
Uo to 350 B25 1 000 1000 1575 2 000 2 000
250 10 830 -0 157 1150 ] P R
50 w0 930 B0 a0 1230 2 S0 2 (0 2 300
050 1350 o OO0 13575 ] o S0 o S
Lantilever Test Load
N Newton)
skacdacd Hisk shaogsd Hizh sacds | Hisbotzoon
Strength Stencth
LUp to 350 1230 4000 2000 1150 4000 ADO0
450 to 650 1 600 3 150 2 500 4 000 4 000 4 000
T50 0 950 1 £ 0D 2 500 5 D00 4 00D 5 000
= [V 4 YN 3 000 3 15 3| 3 0 egii ]
Mote 2: The loads are with bushings installed <30" from the vertical
Jeastmce the oparatine ioad,
Note 4: To convert from Newton to pound-force omaltiply N with 0.225

16






Olsen-217, 218, 220

118 4.17.2.3 26 Change table 9 to "IEEE Std C37.017".
11  4.17.2.3 External components
12 External non-ceramic components that electrically 1solate or separate high voltage elements of 1000 V or higher
13 shall be tested according to IEC 61462. Additionally. components that undergo significant pressure cycling
14 vanations due to the operation of the circuit breaker shall be subjected to design cyclic pressure and burst tests
15 in accordance with applicable sub clauses 4.16.3.1. 4163.2 or4.16.3.3.
20 These tests shall be made in a prototype of each design of non-ceramic vessel, msulator, or tube having an
21 internal or external gas pressure exceeding 208 kPa fabsolute pressure jor 104 kPa gauge (30 psi absolute or 15
22 psi_gauges) and having an mside diameter exceeding 152 mm (6 m), after all coating, curing. and fabrication
23 operations are completed.
24 Where applicable, the prototype vessel(s) shall be so loaded as to create the magnitude of bending and shear
2% stresses expected to occur under service conditions. The maximum rated cantilever stress shall be based on the
26 | load shown in Table 9 resulting from en-the-plaste-clomentsasulinsfrom-
27 a) The combination of the short-circuit forces internal to the circuit breaker plus the rated line pull
28 | withstand and a 40 m#/s (90 mv/h) wind velocity withstand; and
29 b) From the combmation of rated line pull withstand and the 0.2 g (static) earthquake shock withstand,
30 whichever 1s the more severe duty; rated requirements for line pull factors will be available 1n a future
31 ANSIIEEE standard.

17






Olsen-225

120 4.20 | 14 |This test is not a relevant test in today's environment. It is time to delete it, or at least make it optional.
14 4,20 Radi¢o Influence Voltage (RIV) Tests
15 The ipment and general method used in making radio influence voltage test shall be in accordance with NEMA
16 | 107-1988
17 Hadm Influence vnlta = ||m|ts a fur cm:un breakers rate-:l 123k‘~.f and abmre Far Inwer voltage
18 - BNCe : ence > > [
19 l"iﬂl..IEI'IEE voltage tEStSi If regmred, shall D‘E COHHUL‘IEG |n EEEDI'dEI"'ICE Wlth NEM!"'& 1ﬂ? 1988
20 Tests at one selected radio uency shall be made with the circuit breaker both in the closed and o
21
22 at a time.
23
24 The case. tank frame and other normally grounded parts shall be connected to ground.
25 When a test is made with the circuit breaker in the open position. the pole or group of poles not under the test shall
26 ‘0ltac 111 be d ;
27 : - - -
28 | any pant of the circuit hreaker or its terminals undﬂr test tlun th:ee times tl:ue l-::-ngeﬁt ov erall dJmensmn of ﬂ'.lE test
29 | piece with a nunimum allowable spacing of 3 feet (0.9m).
30 Where space reguirements under test conditions do not permit the foregoing clearances to be mamntained the test

18





Olsen-228,240,243,245

121 4.21 32 Change outdoor to Class S2.

124 5.3 27 Change "outdoor" to "Class S2".

128 5.13 1 Change "outdoor" to "Class S2".

129 6.1 2 Change "outdoor" to "Class S2".

129 6.2 30 Change "Indoor circuit breakers" to "Class S1 circuit breakers for use in metal-enclosed switchgear".

31 | 4.21 Noise (Sound) Level Tests

32 Noise (sound) level design tests are not normally reguired, as the sound levels of modern outdoor

33 circuit breakers are well below the limits of applicable requlations. If necessary, sound level tests

35 are not required for circuit breakers used in gas insulated substations (GIS) and metal-enclosed
36 equipment.

26 5.3 High-voltage circuit breaker bushings tests

27 High-voltage circuit breaker bushings for outdoor circuit _ when tested separately from the circuit breaker.

28 shall be tested in accordance with [EEE Std C37 01 Tereakarsshall batociad i secardanea s TLEE Sid
29 3110001901

28  5.13 Timing tests

| IEEE PC37.09/D1.9 March 27 201 SEEEERCII 0D 2 Maceh 172012

1 Travel-time curves shall be obtained for all outdoor circuit breakers with an interrupting tume of three cycles or
2 less.

1 6. Conformance test

2 6.1 Qutdoor circuit breakers

30 6.2 Indoor circuit breakers

31  See ANSIC37.54-1996 for all conformance test requirements

19






Dufournet - 2

71 4.8.4.3 The first paragraph is not correct anymore, it must be aligned with the new requirements in I[EEE C37.04.

2007 | 4.8.4.3 Service capability and circuit breaker condition \
\

2008 | The capability of a circuit breaker to meet its service capabilities as required in IEEE Std C37.04 is demonstrated

2009 by obtaining the summation of all the cusrents that have been interrupted by the same interrupter during the

2010 | performance of the test duties listed in Table 2 (interruption tests for calibration and interruption tests performed at

2011  reduced voltage may be included in accumulated current summation). In some cases it may be necessary to

2012 | perform additional tests to fulfill this requirement.

2013 Test circuit breaker insulation condition check can be performed after 800% current accumulation duty specified in

2014 the service capability duty requirements of IEEE Std C37.04 The voltage withstand test can be performed by

2015 | direct method in the high voltage laboratory or indirect method using svnthetic circuit in the high power laboratory

2016 | as listed below. The direct method is preferred if high-voltage laboratory is close to high power laboratory and

2017 | does not require recovery of used SF6 gas from the short circuit test to empty bottles for shipment to high voltage

2018 | laboratory.

2019

2020 a)  For circuit breakers rated < 72 5 kKV:

2021 A one-munute power frequencv withstand tests at 80% of the onginal rated withstand value.

2022 For circuit breakers rated =72 KV and < 362KV

2023 1) If the test is done with direct test method. a lizhtning impulse voltage test waveform having a peak+—

2024 value equal to 80% of the rated lightning withstand voltage (3x9 method)

2025 2) If the test is dome with synthetic test method. a lightning impulse voltage test waveform similar to

2026 that of the applicable rated TRV as used in test dutv T10 with a peak voltage equal to 90% of the

2027 comresponding rated lightning impulse.

2028 For circuit breakers rated = 362KV :

20






Carmona-2

45 4.8.2.44

Depending on the limited testing capability of small labs and the extended time that otherwise would have been required to
conduct all design tests on one complete circuit breaker, or complete pole of a circuit breaker, it would be more realistic to
conduct separate tests on more than one circuit breaker having the same design and construction as the prototype breaker to
be qualified.

26

Propose tO Change tO: Tests" and the appicable addition included in IEC 62271-100 Sub-clause

1286
1287

1288
1289
1290
1291
1292
1293
1294

1295
1296
1297
1298
1299
1300
1301

1302
1303
1304
1305

1306
1307
1308
1309
1310
1311

Include a Sub-clause similar to IEC 62271-1 Sub-clause 6.1.1 "Grouping of

6.102.2 "Number of Test Specimens"

4.8.2.4.4 Choice of units to be tested and the test voltage

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

a)

b)

Interrupting tests

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

2) Recovery voltage. The recovery voltage across the terminals of the test unit or group of units 1n senes
should not be less than the highest recovery voltage recorded across the corresponding number of
unmits 1 serites during the deternmnation of the wvoltage distnbution among the units, taking into

consideration the influence of adjacent objects. grounding conditions. and the influence of external
pollution.

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

b) Making tests

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

2) Imtial voltage. The imitial voltage across the termuinals of the test unit or group of umits in series
should be not less than the highest voltage recorded across the corresponding number of units in
series during the determination of the voltage distnibution among the units.

If, during the making tests, the prestrike arc duration is shorter than in tests carried out on the

complete circuit breaker. additional making tests should be made with an increased initial voltage so
that the arc duration is at least equal to that obtained on the complete circuit breaker.






Carmona-3

The concept of percentage of asymmetry at contact separation is only valid if the DC time constant of the actual short-circuit

20&21 48.1.3 35 to 39 |current (in service or during tests) is equal or close to the rated d.c. time constant of the rated short-circuit breaking current.
Delete referenced lines from pages 20 & 21 and replace with " T100a tests shall follow the testing procedures
Propose to|outlined in 4.8.1.4.2.2 of PC37.09 when the DC time constant of the test circuit is different from the rated DC
hanae to: time constant of the rated short-circuit breaking current and are also fully valid when the DC time constant of the
C g " |test circuit is equal to the to rated DC time constant of the rated short-circuit breaking current. Tolerances of the
test parameters are listed in Table 5 for cases of more than one rated DC time constant with a single test series.
The test parameters integrated in Table 5 provide asymmetry equivalence of different DC time constants to assist
the user in establishing equivalence between system needs and circuit breaker rating requirements.
30 48.1.3 Currentasymmetry  JEEE PC37.09/D1.9, March 27 2015
31 Interrupting tests are required with both symmetnical and asymmetrical currents. Any interrupting test in whach the
32 asymmetry of the current, in all phases at contact parting time, 1s less than 20% 1s considered a symmetrical test.
33 Asymmetry of less than 20% 1s considered to have neghgible influence on the performance in a circust that has a
34  time constant of 45 ms (corresponding to X/R values of 14 and 17 for rated power frequencies of 50 and 60 Hz
35 respectively). At this level of asymmetry, the total current 1s mcreased by less than 4% and furthermore, the
36  mstantaneous value of the power frequency recovery voltage. at the mstant of arc extinction at the end of a major
37 current loop, 1s within 2% of the peak value, while at the end of a minor current loop, within 6%.

38 For the asymmetrical tests, the current value 1s determuned at the instant of tonﬁact part, and since the asymmetry
39  decreases with time. the value of the dc component at the time of contact separation shall be equal to the value
1 obtamned from Figure 1 for an elapsed time corresponding to the circust breaker under test. This required percent of
2 the dc component 1s specified in Figure 1 for a ime constant of 45 ms. Figure 2 may be used to determune the
3 required percentage of the dc component for tests where the manufacturer may want to demonstrate the

4  asymmetncal interrupting current capability for X/R ratios other than 17 at 60 Hz.

.






Anne-3 & 4

41 Maximum voltage test. I there is no test, this part should be removed from the standard.
4. Power frequency tests. If there is no test, this part should be removed from the standard.
419  4.Designtests  [EEE pC37.09/D2.0. April 8 2015
420 The design tests described in this test procedure provide methods of demonstrating the capability of a circuit
421 breaker to meet the ratings listed in IEEE Std C37.04.
422 4.1 Maximum voltage tests
423 There 1s no specific test to demonstrate this rating. However. the ability of the circuit breaker to operate
4124 successfully at rated maximum voltage 1s demonstrated by performung short-circuit current mterruption and other
425 current switching rating tests in accordance with Table 1. Table 2. and Table 3 with specified values of circuit
426  transient recovery voltage (TRV). as given in IEEE Std C37.04 and IEEE Std C37.06.
427 4.2 Power frequency tests
428 There 1s no specific test to demonstrate this rating. However, the ability of a circuit breaker to operate successfully
429 at rated power frequency is demonstrated by performing all tests at rated power frequency £10%. or when tests at
430 either 50 or 60 Hz are specifically allowed by the standards to qualify for both frequencies.

23
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e): | thought this was the specific apparatus standard. Where do | go to see if a correction factor can be
applied?

515  4.4.1 Tests conditions

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

518 b) The circuit breaker shall be clean and in good condition. and shall not have been put into commercial
519 operation.

520 ¢) Sealed interrupters that use a pressurized gas must be tested at the minimum specified operating pressure
521 of the interrupter.

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

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

528 f) The bushing and rod gap correction factors will not always have the optimum accuracy for a specific

24
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4.4.3.1 | cannot see the significance of using SQRT 2 times rms value. Why not use the rms value? HV
T laboratories usually measure rms values.

574  4.4.3 Power frequency withstand voltage tests
575  4.4.3.1 Dry tests procedure
576 These tests are made to determine the ability of the circuit breaker to withstand its assigned rated power frequency
577  withstand voltage. The test shall be made with a sinusoidal voltage having a peak value equal to 1.414 times the
578 rated root-mean-square (rms) power frequency withstand voltage listed in IEEE Std C37.06. The voltage test
579 frequency shall be equal to the rated power frequency £20%.
580 The tests shall be performed in accordance with the requirements of IEEE Std 4. The voltage shall be applied to the
581 terminals of the circuit breaker for duration of 1 min. in any desired order. under the following conditions:
582 a) With the circuit breaker contacts open. apply the specified test voltage to each terminal of the circuit
583 breaker individually, with all other terminals and the frame of the circuit breaker grounded.
584 b)  With the circuit breaker contacts closed. apply the specified test voltage to each phase of the circuit breaker
585 individually. with the other phases and the frame of the circuit breaker grounded.
586  There shall be no flashovers during the tests and no damage to the insulation shall be observed after the tests.

25






Anne-12, 13

4.8.1.4.2.1 | |Should tests not be done in sequence, i.e. 0-0.3 S-CO-3 min-CQO?

F

3.1 Should tests not be done in sequence, i.e. 0-0.3 S-CO-3 min-CO?

777  4.8.1.4 Demonstration of arcing time

778 48141 General

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

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

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

785 48142 Three-phase tests
786 481421 Test-duty T10, T30, T60, T100s, T100s(b), OP1 and OP2

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

789 An example of graphical representation of the three valid breaking operations for the first-pole-to-clear factor 1.5
790 15 given 1 Figure 3 and for the first-pole-to-clear factor 1.3 in Figure 4

1+t valid breaking
operation

nt (p.u.)
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Table 2 is cited first in 4.5 and should be moved there. It does not
4.8.1.6 belong under SLF tests. In Equation (4) the correct Sl unit to use is H,
not Henrys.

714 4.5 Standard operating duty (standard duty cycle) tests

715 The standard duty cycle 1s demonstrated by test duty T100s(a) of Table 2.
IEEE PC37.09/D2.0. A.pl‘i.l 8 2015

866 Table 1—Last current loop parameters in three-phase tests in relation with short-circuit test-duty

867 T100a
Minimum I kpp = 1,5 and kpp = 1,3 kpp = 1,5 kpp = 1,3
clearing time .
first-pole-to-clear last-pole-to-clear second-pole-to-clear
.}u"] Ar,, Af, Ar,, Ar, Al 4
ms ms p.u. ms ms ms ms ms ms

Test for 50 Hz operation

100<¢<27,0 1,52 13,6 3,1 15,0 97 14,4 9,1
45 270< =475 1,33 12,2 29 13,7 8,7 13,1 8,1
475 <r<68,0 1,21 11,4 2,7 12,9 8.2 12,3 7.6
}8%2 Table 2—Single-phase or three-phase test duties for short-circuit current tests an
-
Test Operating Test Making I I @ contact %
duty duty voltage kA (pk) part kA asvmmetry
kV
T10 0-t-CO-t-CO | E 011 <20
T30 0-t-CO-t-CO | E 031 =20
T60 0-t-CO-t-CO | E 061 <20
T100s O-t-CO-t-CO E i =20

1513 Let MI be the desired test current. where M represents the ratio of the test current to I Then the line inductance [T
1514 152
0.58

1515 L, = 7—(1—M) HENRYS ()
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A breaker rarely switches loads. | fail to see the significance of such tests. Suggest to

4.9.2 .
remove this
1562  4.9.2 Load current switching test conditions
1563 Load current switching tests shall be made (when required) under the following conditions to demonstrate the
1564  capability of the circuat breaker to switch load currents such as may be encountered in normal service and test for
1565  cntical currents:
1566 a)  The test current levels shall be at:
1567 1) 3% to 7% of the rated continuous current:
1568 2)  95% to 100% of the rated continuous current; and
1569 3)  175% to 250% of rated continuous current
1570 NOTE: If the calibration test values for Table 1 -Line 1 (T10) are within the and voltage and current range
1571 of the circuit breaker then level 3 can be ignored even if the voltage is lower than required in sub-Clause
1572 4.9.2(d).
Copyright © 2015 IEEE. All rights reserved. 52

IEEE PC37.09/D2.0. April 8 2015
b) The power factor of the test circuits shall be 80% lagging or less with a parallel connected load.
Note that 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
28
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493 A breaker rarely switches loads. | fail to see the significance of such

o tests. Suggest to remove this
1596  4.9.3 Load current endurance switching tests
1597 Load current endurance switching tests may be made to determine the capability of a circuit breaker of performing
1598  the number of load switching operations shown m IEEE Std C37.04 by opening the circuit breaker and interrupting
1599 a current equal to the rated continuous current at rated maximum voltage with a power factor between 80% leading
1600  and 80% lagging and by closing circuits having making currents of 600% of rated continuous current. A
1601 demonstration of this capability 1s not required if the circuit breaker has successfully met the service capability
1602 requirement (see 4.8.4.3).

29
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This is not a type test and this whole section shall be moved to an

4.12
application guide. This cannot be verified in a laboratory test circuit.
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2264
2265

2266
2267
2268
2269
2270
2271

2272
2273
2274
2275

2276

4.12 Line closing switching surge factor

For circuit breakers rated 362 kV and above. the ability of the circuit breaker design to meet its line closing
switching surge factor rating shall be demonstrated byv conducting a series of tests on a simulated standard
reference power system consisting of a simulated standard reference power source. a ssmulated circuit breaker, and
a simulated standard reference transmission line. The system simulation is by mathematical or physical means, and
the study 1s conducted with a digital computer. an electronic differential analyzer (mathematical analog). a
transient network analyzer (physical analog), or by accepted similar methods.

The circuat breaker charactenistics, whach affect the line closing switching surge maximum wvoltage, shall be used to
perform the simulated study. These characternistics shall be venfied by the manufacturer by means of electrical and
mechanical tests on a circuit breaker representative of this same type, style, or model.

This method of demonstrating the ability of a circuit breaker design to perform within the limuat of its rated line
closing switching surge factor recognizes the fact that actual transmission system test facilities of the type required
to demonstrate this rating are often unobtainable. The simulated study 1s accepted as the next best means of
demonstration. Conformance tests mav be conducted by the purchaser on an operating system to demonstrate that a
circuit breaker meets the requirements of its rated line closing switching surge factor. Such conformance tests are
described in 6.1 .3. The rated factors are found in TEEE Std C37.04.

The switching surge factors given in IEEE Std C37.04 are. for the purpose of setting minimum standards for circuit
breakers. specifically designed for line closihg switching surge control. Systems operations or circuit
configurations not in conformance with the standard reference power-system tests could resultr in surge factors
lower or higher than those shown in IEEE Std C37.04.

Copyright @ 2015 IEEE. All rights reserved. 7O

IEEE PC37.09/D2.0. April 8 2015

4.12.1 Standard reference power system

30





Anne-18

This test is a gross simplification of the test procedure given in IEC 62271-100. There is
not even a reference to a leakage test that has to be performed at the low

4.14.2 R . . . . . .
temperature. Utilities should be interested in knowing that their equipment will
operate and have minimum leakage at the lowest specified ambient

2449  4.14.2 Low temperature operating tests

2450  In order to demonstrate that circwit breakers are capable of operating at the rated low ambient temperature the
2451  followmg test procedure 15 required:

2452 a)  The crrcwt breaker shall be adjusted i accordance wath the manufacturer’s mstructions.

2453 b) Before and after the tests the following operating charactenistics or settngs shall be recorded and
2454 evaluated:

2455 1) closing time:

2456 2) opening time;

2457 3) tume spread between umts of one pole;

2458 4) time spread between poles (if nmlt-pole tested);

2459 5) recharging time of the operating device;

2460 6) consumption of the control circut;

2461 7) consumpton of the tpping devices, possible recording of the current of the releases:

2462 8) duration of opeming and closing command mpulse;

2463 9) tightmess. if applicable;

24064 10) gas densities or pressures, if applicable;

2465 11) resistance of the main circut:

2466 12) tume-travel chart:

2467 13) other important charactenistics or settings as specified by the manufacturer.

2468 ¢) With the circuit breaker in the closed position, the ambient tenperature shall be lowered to the rated low
2469 temperature, and mamtamed for a penod of 24 howrs. Duning this period the normally installed heating
2470 elements shall be energized and thermostat-controlled heating elements should be energzized at the
2471 appropriate temperature levels during the ramp-down period.

2472 d) At the end of the 24-hour period. 50 closing and 50 opening operations shall be performed at rated control
2473 voltage and operating pressure, recording operating speeds of the circuit breaker. These should include at
2474 least three CO operating cycles.

~NATTL =% TR o dih b -aan oo i e I L e e I e i S e T e e e L S T e, L e e SO I - s e
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2400 needs more insert a sentence: Each voltage application must be immediately preceeded by a CO operation

We should discuss whether this

2397 -2404 |separate delayed restrike Discuss in the meeting

"dielectric test" should be allowed

2386
2387

2388
2389
2390
2391
2392
2393
2394

2395
2396

2397
2398
2399
2400
2401
2402
2403
2404

2405

4.10.5 Characteristics of the capacitive circuit to be switched

The following abbreviations apply:

— Line-charging current. test-duty CS1I1.C1

—  Line-charging current. test-duty CS2 LC2

— Cable-charging current. test-duty CS1 CC1

— Cable-charging current. test-duty CS2 CC2

— _ Capacitor bank current, test-duty CS1 BC1
—  Capacitor bank current. test-duty CS2 BC2

dividers) be such that the decav of the \oltaoe across the circuit b:eaka does not e\ceecl 10% at the end of an

interval of 300 ms after final arc extinction.

In case the test circuit is unable to sup])lt, the recovervy \oltaoe for 300 ms. the w 1t115.tand abilitv of the circuit

without current. applying the required recovery \olraoe 20 ms after contact separation for circuit breakers rated 50
Hz and 16.6 ms after contact separation for circuit breakers rated 60 Hz. The required recovery voltage can be

obtained by applving. for example. a d¢ voltage at one terminal and an a.c. voltage to the other terminal for the

required time duration. The number of voltage applications shall be the same as the number of opening operations
in test-dutv CS1 (LC1. CC1. and BC1). When capacitance current switching tests are performed three-phase. this
additional dielectric test shall be carried out on each of the three phases.

4.10.5.1 Line-charqging current switching tests
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discuss whether separate making

2531
tests should be allowed.
statement is not correct. In many
cases the opening operation is . . . -
2545 . L. should say... may or may not be influenced by the preceeding making operationj
influenced by the preceeding inrush
current. For vacuum definitely,
. add text" the separate making tests must be done before any interruptions. These may be more difficult for
2550 need more explanation ) .
restrike perperfomance, perhaps unrealistically so.
2715 same applies as in the C2 test program these sections should be identical same as line
25457
2531 4.10.9.1.1.3 Alternative of separate making tests
2532 Where. due to limitations of the test plant. it is not possible to comply with the requirements during the CO
2533 operation. then it is permitted to perform the requirements of test-dutwv €S2 (I.C2. CC2. and BC2) as a series of
2534 separate making rests followed bv a series of CO tests.
2535 The separate making tests of this test series shall comprise the following:
2536 ——  The same number of operations.
2537 — The making current shall be appropriate to the capacitance current switching dutv. to demonstrate back-to-
2538 back capacitor bank switching ratings. the making curent shall be equal to the rated back-to-back
2539 capacitor bank inrmish making current (Ibb). and the fregquencwv shall be at least equal to the rated back-to-
2540 back capacitor bank inrush making frequency (fbb).
2541 —— The test voltage shall be the same as for test-duty CS2 (I.C2. CC2. and BC2).
2542 —— Closing shall occur within 15° of the peak value (on the same phase for three-phase tests).
2543 i
2544
2545
2546 the preceding closing operation. but mav be impacted bv the actual behavior of the fluid for interruption caused bv
2547 the closing operation (e.g.. local differences in densitv. turbulence. fluid motion). Therefore. the closing and the
2548 opening operations mav be separated as mentioned above with regard to the electrical stress but not with regard to
2549 the motion conditions of the fluid for interruption. A no-load closing operation prior to the opening operation is
2550 necessary for these reasons.
2715 NOTE—When switching capacitance currents. the opeming operation 1n a CO operation i1s not influenced by the
2716 pre-arc of the preceding closing operation but mav be impacted by the actual behavior of the fluid for intermuption
2717 caused bv the closing operation (for example local differences in densitv, turbulence. fluud motion). Therefore. the
2718 closing and opening operations mavy be separated as mentioned above with regard to the electrical stress. but not
2719 with regard to the motion conditions of the fluud for intermuption. A no-load closing operation prior to the opeming
2720 operation 1s necessary for these reasons.
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Need to add text on how to test that there are no multiple restrikes. Do we need to
insist on dirct test only for CO?

2893
How do we prove only one restrike per operation for C1 or C2? Must insist ona test
circuit capable of having the correct voltage stress after a cleared restrike.
2837 4.10.11 Criteria to pass the test
2838 Where combined testing in accordance with 4.10.9.1.1.6 (class C2) or 4.10.9.2.1.6 (class C1) is carried out. the
2839 criteria to pass the test applv to each of the following combinations of test-duties:
2890 4.10.11.3 Criteria for class C0 «
2891 Class C0O mav be demonstrated by completing either the C1 test program (4.10.9.2) or C2 test program (4.10.9.1)
2892 allowing up to one restrike per operation. External flashover and phase-to-ground flashover shall not occur. The
2893 condition of the circuit breaker after the test series must correspond to the conditions givenin 4.10.11.5.
2894 | 4.10.11.4 Behavior of circuit breaker during capacitance current switching tests «
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s

M10 does not guaranteee electrical endurance. Separate tests are required for electrical endurance especially
on shunt reactor switching

such endurance tests do not exist this area needs study and we need endurance tests as breakers are failing
after a few hundred shunt reactor switching operations

2935

2936
2937
2938
2939
2940

2941
2942

2943
2944
2945
2946
2947

2948
2949

2950
2951

2952

4.11 Inductive load switching

No rating is 21551_.118(1 n IEEE Std C37.04. This switching test duty is optmnal and applu.able to cncmr bleal\elw

voltage shunt reactors) is described in application glude IEEE Std C37 01'* Reactor switching is an operation
where small clltielences in circuit )alamerﬂs can produce large differences in the severity of the duty. The results

circuit b:eaken

Shunt reactors are switched frequently. often daily. to control and compensate for changes in svstem loading and
configuration. This test duty proves capability of high voltage circuit breaker to switch inductive currents and
demonstrates the chopping characteristics. This test does not cover the electrical endurance required to cairy out
frequent switching. In the selection of a circuit breaker for this duty. consideration should be given to this matter
(i.e.. by specifying a circuit breaker with extended mechanical endurance).

Tests mav be carried out at 50 Hz with a relative tolerance of £10 % or 60 Hz with a relative tolerance of =10 %.

Tests performed at either frequency shall be considered as valid for the other frequency.

number of the circuit breaker.

4.12 Line closing switching surge factor
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In addition to the requirements of Subclause 6.114.9 of IEC 62271-110. the test report shall include a chom)ing«';





For Line Nos. 571, 573 and 574.

It should be noted that ANSI/ASA 51.1-1994 (R2004), ANSI/ASA 51.4-1983 (R2001) and ANSI 51.13-2005 are
already listed in the Bibliography section (on page 19) of IEC/IEEE 62271-37-082 document.

Chow-14

IEEE Std C37.11, IEEE Standard Requirements for Electrical Control for High-Voltage Circuit Breakers Rated on
a Symmetrical Current Basis.

IEEE Std C37 .20.2, IEEE Standard for Metal-Clad Switchgear.

IEEE Std C37.24, Guide for Evaluating the Effect of Solar Radiation on Outdoor Metal-Clad Switchgear.

JEEE Std C57.13, IEEE Standard Requirements for Instrument Transformers.

IEEE Std £37.017 Bushing standards>>>>>> to be added _
JEEE _C37.301. Partial discharge >>>>>> to be added

ANSI S1.1. Acoustical Terminologyv (Acoustical Society of America Standard Methods for the Measurement of
Sound Pressure Levels of AC Power Circuit Breakers

ANSI S1.4-1983. Specification for Sound I evel Meters (Acoustical Societv of America)

ANSI S1.13. Measurements of Sound Pressure Levels In Air (Acoustical Society of America)
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Thank you!
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