Minutes of Meeting 27. April. 2015

WG: C37.010 - Circuit breaker application Guide

Chair: Helmut Heiermeier

Vice Chair: Xi Zhu

Secretary: Mike Skidmore

Location: Saint Pete Beach, FL

Participants: 89 participants (including Chair, Vice Chair, and Secretary)
42 members
47 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 chairman reviewed the minutes of the meeting (MOM) from Asheville, NC. The MOM
from Asheville was distributed to all committee members and guests of C37.010 on 9-30-14 after
the fall meeting. The secretary also distributed the draft (MOM) on 4-21-15 to all members and
guests listed on the committee roster. The meeting minutes are also posted on the IEEE PES
Switchgear website.

3.) The chair entertained a motion from Roy Alexander to approve the MOM from Asheville.
Leslie Falkingham seconded the motion. The motion passed unanimously.

4.) The PAR extension was approved and extended until December 2016.

5.) The chair updated the committee on the status of the working group and the work performed
to date. Helmut said he will go over the re-ballot results, and review selected comments of the
ballot recirculation and discuss updates on the completed document. C37.010 Draft 10 ballot was
recirculated on 12-5-14 and ended on 1-4-15. Draft 7 was the first ballot. Draft 8 and 9 were
reviewed and circulated within the working group for updates and improvements. Draft 10 was
the ballot recirculated to the ballot group where 191 comments have been recieved.

6.) Helmut said in order to save time on the comments from the ballot recirculation the Chair
(Helmut), Vice Chair (Xi), and Secretary (Mike Skidmore) met for 2 days to review and update
the document. Many of the comments received from the recirculation were editorial and
accepted. During this time, the Chair, Vice-Chair, and Secretary, reviewed approximately 135
comments out of 191. The chair showed slides on the types of comments received during the
ballot recirculation.

7.) Helmut explained that many remarks received from the first and re-ballot did not seem to be
addressed for several reason. One issue appears to be from how the document was uploaded into
the ballot recirculation website. When it was uploaded, some parts seem to be slightly “altered”
showing less than desirable information in the posted document. Helmut said he is not so sure
what happened since the document he provided seemed to be “cleaner” than what he wanted to
be posted for re-ballot. Also, some commented on the “clean” document versus the “tracked



changes document” so the pages and lines did not exactly match. Much of this needed to be
deciphered during the review.

Also, many comments received were linked to sections of the document that had been moved or
removed within the document, updated andor added again. This work was completed in previous
meetings within the working group. It was a mess to updated and agree to wording changes
when sections no longer existed within the document from draft 8 and 9 but were possibly
inserted again later. When the document was compared to the first ballot it appeared (and is
probably true) that some of the comments for the first ballot were never address.

8.) Helmut asked the committee what should be done with comments received after the ballot
closed. John Webb advised Helmut that he could reject the comments or enter them as “rogue”
comments into the system. Helmut said he would enter them into the system since the comments
received would improve the document.

9.) From IEEE, the proposed path going forward was to:

e Correct spreadsheet from Sponsor Balloting, make sure all disposition status/detail match
what is indicated in the draft and elaborate/edit any comments that RevCom may find
unacceptable. (Comment: Per additional review with Erin Spiewak (IEEE), the working
group (e.g. Chair) can’t go back and correct / update the entered “resolution of
comments” for previous drafts, such as draft 7, at this point. From our understanding,
once a “comment resolution” was entered into the system there is no known way to go
back and update or correct the previously entered comment. This can only be updated
(corrected) with future balloted documents which will be corrected later (e.g. draft 10, 11,
etc...))

e Resolve comments from recirculation (191)

e Recirculate after creating D11 (including both the changes that were promised from the
Sponsor Ballot and the recirc). Upload the 191 recirc comments, and attach the previous
corrected comment file as an "additional file." IEEE advised us that they do not think we
need to include all 698 comments, but just those that were incorrect or need additional
explanation so it is acceptable to RevCom.

e Include a detailed explanation on the Cover Letter during the second recirculation to
explain the above.

10.) Discussion of selected Comments:

So far all comments from the ballot recirculation have been “accepted” or “accepted in principal”
except for two or three that were rejected:

The chair discussed a comment received about 5.2.8 (service capability). He indicated that
C37.010 uses information that is defined in C37.04. This comment was out of scope for C37.010
and was rejected.

The chair discussed a comment received about waiting to align C37.010 with C37.04 and other
documents. This issue (i-431) was rejected. This issue was discussed in several working group
meetings before and it was determined to proceed forward the best way possible without the
updates to .04 and other documents, since there is much work to be done. The chair said again



that we can’t wait on the completion of all other documents until the last minute to make updates
into C37.010.

The chairman provided an explanation of Asymmetrical test procedure. A presentation was
given to address the comment received about 5.10.2.1. and figure 5 of draft 10. The presentation
is attached.

Some suggested that he should add the information within the presentation as an annex or
improve wording in 5.10.2.1. There was some concern if the color parts of the graphs in the
presentation would show up in the document once printed. The chair said he would look into this
and improve wording or possibly create an annex.

Helmut needs to fix Figure 8. “1.57 in the figure is in the wrong place and needs to be on loop 2
of the graph.

Roy Alexander asked if .010 should ask .04 to provide information (maybe on the nameplate)
such as (duration of last half wave) to use the figures as listed in .010 per clause 5.10.2. He
believes the method is more exact than the older total current method approach.

Roy offered to help review this section in more detail.

Gilbert Carmona and Roy said that maybe later it would be good to compare the older total
current method to the new approach as listed in clause 5.10.2. Helmut said this would be a good
idea but there is no time to add this information to the document.

11.) Helmut discussed that some comments received related to US versus Metric [SI] — The
official ruling from IEEE is that Metric [SI] should be used. It is up to the sponsor of the
working group to determine if US/Imperial values should also be included as brackets within the
document next to Metric [SI] units. Does this mean at every and each place? Does it mean for
every and each dimesion? Helmut asked for the opinion of the working group. The working
group said it is best to use metric. Helmut asked if someone could review the document and
examples and update the sections as needed to incude metric units of measurment.

Donald Swing offered to help. Later James van de Ligt also offered to help review and correct
the document. Helmut is to send the document to both individuals to review and update.

12.) Future work/open points. The chair plans to resolve all comments by the end of May 2015.

13.) Preparation for next ballot. The chair plans to have another ballot recirculation by June of
2015.

14.) The working group committee agreed to adjourn meeting.
15.) All slides provided at the meeting are included as attachments.
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CB application guide C 37.010

JAgenda

diIntroduction of members and guests
IMOM meeting Asheuville

dStatus of working group

JPerformed work

JResults of reballot

JExpalantion of asymetrical test procedure
Discussion of selected comments
JdFurther work/open points

JPreparation for next ballot

May 7, 2015
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JStatus of working group
JPAR approved
JPAR extension approved to dec 2016
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Status: Modification to a Previously Approved PAR for the Revision of a Standard
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JWork done after Asheville
dPreparation for reballot
(JReballot started 5 dec. 2014 until 4 Jan 2015

May 7, 2015
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JSome remarks to reballot

dUnfortunately the reballot period has been
moved for several reasons over the christmas
time

JReballot period was relativly long ( 30 days )

JProblems occured with document with marked
changes ( nearly unreadable )

JDue to several reasons a lot of agreed changes
have not been introduced in the distributed
document

May 7, 2015 4
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1Some remarks to balloted document

dDue to the big amount of comments on Draft 7
draft 8 and 9 has been circulated only within the
working group for good preparation of draft 10

dThe tracked changes therfore included 3 steps
of changes which made it not that easy to follow

JFor some reasons specifc comments have not
peen removed

JHowever a clean copy of draft 10 was submitted
toghether with the document

dSeveral comments which have been accepted

INn resolution of comments to draft 7 have not
"' Peen made °
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dDetalled result of reballot
JResponse rate 90%
188%approval

110 persons participated
1191 comments recieved

Distribution of comments

May 7, 2015
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BALLOT OPEN DATE: 05-Dec-2014
BALLOT CLOSE DATE: 04-Jan-2015
TYPE: Revisicn
DRAFT #: D10_3
BALLOTS RECEIVED: 11
VOTE CHANGES: &
COMMENTS: 191

MUST BE SATISFIED COMMENTS: 115

RESPONSE RATE
This ballot has met the 753 returned ballot requirement.

126 eligible people in this ballot group.

93 affirmative votes

12 total negative votes with comments
& negative votes with new comments
0 negative votes without comments

2 gbstention votes: (Lack of expertise: 1, Lack of time: 6, Other: 2)

114 votes received = 90% returned

7% abstention

May 7, 2015 7
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dWork performed

[ Detailed work performed on resolution of comments
[ Meeting hold in the US in a small group to resolve the comments
 Document is not completely done yet

May 7, 2015 8
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dComments recieved after reballot closing
date

112 comments where recieved late

_1Technical as well as editorial comments

JHow to deal with?

1Since technical valid take them Iinto account
JHow to document the resolution?

May 7, 2015
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dSubclause 5.10.2
More detailed presentation given

May 7, 2015

10
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Discussion of selected comments on draft 10 from reballot

JUse of US dimensions instead/in addition to metric
JIEEE rule is to use metric dimensions

JUS dimensions can be used in addition
Does this mean at every and each place?
Does it mean for every and each dimesion?
dOpinium of the group?

May 7, 2015 11
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Discussion rejected comments

15.2.8

dComment: The service capability should not be
reduced because the short circuit duty in our
system has been steadily increased in the last 15
years.

JResolution: Service Capability is defined in C37.04
and not in the scope of this document. Section
5.28 wording will modified according to reference
C37.04

May 7, 2015 12
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Discussion rejected comments

JGenerell

JComment; comment i-431 suggests that C37.010 revision be

coordinated with C37.04 revision, and hence that balloting occur at about the
same time. This was done for the 1999 revisions and resulted in better
documents (all three, C37.04, C37.09, and C37.010). There are many things in
this D10 revision that are not necessarily coordinated with the upcoming
C37.04, extremely unfortunate.Resolution: Service Capability is defined in
C37.04 and not in the scope of this document. Section 5.28 wording will
modified according to reference C37.04

JResolution:The subcommittee work can not wait. The discussion was

held in the working group meeting to try and align various documents including
(all three, C37.04, C37.09) but the decision was made to proceed forward with
the work to correct C37.010. There was much work that needed to be done
before the PAR would expire

May 7, 2015 13
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Discussion rejected comments

15.10.2.1

JComment: on figure 5, the numbering of the major loops needs to be
incremented down. Itis presently 1 2 3 4 5 The minor loop numbering is
correct. Think of it this way: The initial minor loop is "0" and has no width. The
rest of the zero'th cycle is the major loop "0", and the first little part of the
minor loop 1. If one works out the numbers this is how it must be to work out
further down in the text and in the figures 6,7,8,9.

L Resolution:The be discussed in detail

May 7, 2015 14
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Further work, open points

JResolution of comments by end of may
J Recirculation ballot by june
a

Resolution of comments by august ( depending on
nr. of comments )

dDepending on nr. and quality of comments reballot
before or after fall meeting

May 7, 2015 15
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Summary

= Clearing of asymetric currents with 100% terminal fault level will lead to highest
stress for the circuit breaker

- Highest current level

- Highest peak values of current

- Longest time between natural current zeros

- High TRV stress

- High D.C. time constants
= Testing is defined different for three phase as well as single phase stress
- Testing is based on «normalised» worse case condition

- D.C time constant

- Relay time

- Clearing after major or intermediate loop

©ABB AL 1D
May 7, 2015 | Slide 2 "l.
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First clearing possibility based on network situation

current (P.U.)
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Clearing possibility with slightly increased opening time
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Clearing possibility after major loop
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Remarks based on example

= Operating the breaker under worse case condition
= Min relay time ( 0.5 cycle)
= Shortest mechanical opening time
= Shortest min. arcing time
= Initiation of short circuit at voltage zero
= > will lead to clearance after minor loops
= —> assumed to be low stress for circuit breaker
= Operating the breaker under
= Little longer relay time ( 0.5 cycle )
= Little longer mechanical opening time
= Shortest min. arcing time
= Initiation of short circuit at voltage zero
= > will lead to clearance after minor and intermediate loops

= = assumed to be low stress for circuit breaker

© ABB
May 7, 2015 | Slide 10





- Highest possible stress ( peak current ) under first pole to clear condition is
assumed to be worse case for the circuit breaker

= This condition should be tested for all circuit breakers
- Same, standardised test condition( procedure ) for all designs

- Rated asymetry must be reached for min arcing time ( first pole to clear )

= Definition of rated asymetry condition:
- First clearing possibility after major loop as first pole to clear

- Only possible by delaying the opening command

- = set of values based on minimum clearing time, frequency and D.C. time
constant (X/R ) for Peak and duration of last current loop

ADD
May 7, 2015 | Slide 11 "l. l.





Finding first
loop
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Remarks for testing high voltage circuit breakers

= Most high voltage circuit breakers are tested single phase

= Most high voltage circuit breakers are tested using
synthetic test circuits

- TRV values need to be adjusted separately
= Arcing times will have to be defined
- Di/dt values need to be adjusted seperately

- The D.C. time constants in test labs are given by available
Generators, Transformers and other equipment

- The D.C. time constants in test labs are mainly not
adjustable

- The available D.C. time constants may not correspond to
the D.C. time constants required by standards

= Network D.C. time constants may not correspond to
standard or tested time constants

©ABB AL 1D
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Considerations for «similar testing « of asymetrical
currents Iin different testlabs

= Assumption:
= Circuit breaker stress for major loops is highest

= All circuit breakers should show ability to clear the first possible major loop
followed by min clearing time

- - all circuit breakers will be equally tested

- Additional considerations:
- The peak and duration of the «first» possible major loop is defined based on
- Time constant ( requirement from standard )
- Frequency

= Min clearing time ( sum af relay time, min. opening time, min arcing time )

© ABB ‘l I.
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Testing of asymetrical currents single phase

- Determination of necessary test values
= required peak and duration ( IEC 62271- 101 table L 9-L14 )
= Required arcing times ( window )
= Adjustment of inherent current wave shape in test lab to corresponding values
= By adjusting making angle
- By adjusting RMS test value$
= Possibly testing with different frequency
= Test of necessary arcing time window

= Min. medium max arcing time

©ABB AL 1D
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Table L.12 — Required test parameters for different asymmetrical conditions in the case of .irpp =1,5,f =60 Hz

TRV peak (p.u.) for symmetrical currents 15 | 1,5 I 0,87
Rated asymmetry Intermediate asymmetry ° Arcing window
Column 1 2 3 4 5 i 7 B ] 10 11 12 13 14
1 Minimum b - Duration | dildr 1* ditdr 2™ difdr 3" Ioox Duration | difdr 1* 1" pole Maximum Medium Maximum
ims) clearing time of the pnle-ti- pDIE-t-::L_- pole--t-::— of the pnle-t-:z- to clear arcing '.ir_ne aﬁing tir_ne ar_{ging tin_'ue
(ms) loop clear clear clear loop clear after major 2" pole to 27 pole to
loop with TRV clear after clear after
1% pole to major loop | major loop
clear
(pu) (ms) (%) (%) (%) ip.u.) (ms) (%) ") 1 "} ]
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8.5<r=18,5 1.72 12.5 77 73 73 1.35 10,0 Bs o] a4 106G 180
18,5<¢£35.5 1.57 11.5 B7 78 78 1.28 10,0 a7 o] 58 102 178
5 35,5552 5 1.46 11.0 g2 B2 a2 1.22 8.5 ] 4] 55 100 168
5252885 1.37 10.5 g5 a4 a4 1.18 8.5 gl o] 52 g8 1681
Gl 52885 1,30 10,0 a7 a5 a5 1,14 8.0 100 u] 50 et 165
26,5<¢2103.5 | 1.24 2.5 o8 86 ag 1,11 8.0 100 o] 4g g5 150
8.5<r=18.0 1.81 13.5 Gl a7 67 1.40 10,5 B3 o] 70 110 200
18,0<¢<35.0 1.71 12.5 76 72 72 1.35 10,0 BS o] il 106G 180
35,0<¢<52.0 1.62 12.0 gz 78 76 1.30 10,0 BE o] 81 104 182
12 52,0<¢£88.0 1.54 11.5 87 a0 a0 1,26 8.5 a7 o] 58 102 175
G9,0<¢<86.0 1.47 11.0 81 a1 81 1.23 8.5 B2 o] 58 100 169
86,0<¢£103.0 | 1.41 10.5 23 B2 a2 1.20 8.5 ] 4] 54 ] 164

a Intermediate asymmetry is the asymmetry level obtained in a three-phase direct test in the phase having the reduced asymmetry.

b Comesponding difdt at current zero (percentage of the di/dt of the rated symmetrical current).

A

ZL0Z2:031 @ L0L-L LEEs





Example of test performed for Tau 45 ms with an
available time constant of 60 ms
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Example of test performed for Tau 75 ms with an
available time constant of 60 ms
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|dentification of necessary test or system requirements
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Figure 8 - —Duration-and-peak-of-current-loop-for-major-loops-at-60-Hz{
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Figure 5 - —Graphical-representation-of-asymmetrical-current-wave-shape-
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