Minutes of Meeting September 17 and 18, 2013

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

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

Session 1 — September 17, 2013

Location: San Antonio
Participants: 30 members
22 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 to be ready for ballot for C37.09.

3.) The chairman reviewed the minutes of the meeting (MOM) from Galveston. The MOM from
Galveston was distributed to all committee members and guests of C37.09 on 9-3-13 with an e-
mail from the secretary (Mike Skidmore). The draft MOM was also e-mailed by Mike Skidmore
on 5-5-13 to all members and guests of C37.09. The minutes of the meeting from Galveston, TX
were shown again to the participants on the projector. The Chairman asked if anyone had
questions.

4.) The chairman entertained a motion from Mauricio Aristizabal to approve the MOM from
Galveston. Denis Dufournet seconded the motion. The motion passed unanimously

5.) The PAR Status was reported. The PAR document submitted was shown on the projector and
discussed at the meeting

The title on the PAR document was changed and confirmed to be:

HEEE Standard Test Procedure for AC High-Voltage Circuit Breakers with Rated ea Maximum a
Voltage Symmetrical above Current 1000VBasis

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

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



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

9.) Discussion Topics

The chairman showed a list of topic to be discussed during the meeting. There will be a total of
210 minutes available in two sessions on September 17th and 18" 2013. Prior to the meeting and
during the meeting the chair asked that the volunteers present or discuss their assigned topics
given to them during the last meeting in Galveston and address what their plan is to incorporate
the information into C37.09.

Topic #1 ‘Piecewise testing’ quideline? Should interrupter tested in GIS be acceptable in GCB?
Volumes, supports, gas flow are different? — Ken Edward / Mike Crawford

Ken Edwards started a discussion on the topic; what is a major/minor change to a circuit breaker
and when should you retest? For example, can the tests for a GIS interrupter be used to qualify
the same chamber in a dead-tank circuit breaker? What constitutes a significant change? Should
any tests be repeated? What tests can be completed with a live-tank vs. dead-tank. What changes
in a mechanism are allowed before a complete retest?

Donald Swing provided his experience with using the same interrupter with two different
mechanisms.

Ken discussed differences and change from a GIS to a dead tank breaker. There are additional
insulators, exhaust changes, gas volume, and different tank designs and clearances.

Sushil Shinde said we should identify major components in the circuit breaker that need to be
documented and a list of corresponding tests needed for each significant change.

C37.04 will address different mechanisms. There was discussion about the same interrupter in a
different environment such as a tank. The committee needs to address what constitutes a change
in C37.04 too (Ken). John Webb provided an example of a vacuum breaker change: such as, a
change that affects the bellows, but prove that a travel curve is the same. What are the rules for
common use of tests? Some tests are older and a series of minor changes may have been done.

The chairman said some may possibly use calculations to prove that the tank change, exhaust
volume change leads to a more favorable condition.

Ken Edwards said IEC makes it clear it has to be worst case in the test in order to cover other
variations in the product and maybe IEEE should adopt similar wording.

John Webb discussed retrofit breakers and conversions. C37.59 lists every single test and
indicates if it has been performed or not and includes a justification of why it was or was not
performed.

Chairman asked for volunteers to draft first ideas.



The following volunteered: Helmut Heiermeier, Ken Edwards, John Webb to cover vacuum,
Sushil Shinde, and Donnie Swing.

Topic #2 To incorporate C37.04 and C37.06 into C37.09

Mike Crawford was not available at this time. Discussion will continue in second session
tomorrow.

Topic #3 To incorporate C37.09a and C37.09b into C37.09 — Anne Bosma
a) C37.09a to be incorporated into section 4.10 in C37.09-1999
b) C37.09b to be incorporated into sections (4.7, 4.8, 4.12) in C37.09-1999

The chair discussed implementation of C37.09a and C37.09b into new C37.09. It looks fairly
easy to replace indicated sections in 09 with 09a and 09b.

Roy Alexander: There is no test for CO. Some description is included in C37.100.2. and we
should include this information into the C37.09 test description.

John Webb said we should be careful to not have unbalanced standards. He suggested, depending
on timing and the release of other documents, we could maybe issue C37.04 with already an
amendment to this standard to adjust for changes in C37.09.

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

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

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

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

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

Topic #4 To incorporate C37.017 into C37.09 — Stan Billings

Stan Billings talked about integration of C37.017 to C37.09. He presented information and gave
some background of C37.017 (presentation). He provided a summary of what is in the document,



including test procedures and acceptance criteria. He cross-referenced information in C37.06 and
C37.09 and gave some recommendations (see list in PowerPoint attachment):

We should retain text when applicable and wherever possible in C37.09.

A question was asked to please clarify that C37.017 is not being incorporated into C37.09 or will
we only reference C37.017?

Sushil and Stan and the committee discussed to include or exclude RIV test procedure from
NEMA into the document. The standard currently indicates that RIV test has to be discussed and
requested by a customer as (optional).

In railway systems the bushings are free-standing and are incorporated in the breakers.

The committee discussed to add a note stating that if the bushing is qualified separately from the
circuit breaker then use C37.017. If the bushing is qualified together with the circuit breaker then
C37.09 is applicable.

Gil Carmona asked what if a bushing is replaced in the field? Are separate tests for bushings
required? Should we accept separate tests?

The committee discussed bushing tests in the breaker or mounted off the breaker. When an
alternative bushing is used some suggested that we do not need to completely retest the breaker.
Some bushings can be tested separately off the breaker but a support stand should be used to
simulate how the bushing would be installed on the breakers. For example, simulated BCT
protective covers, strike distance, creep distance, pressures, internal capacitance should be used if
applicable.

Devki Sharma will collaborate with Stan Billings to coordinate items with C37.017 into C37.09.
Topic #5 To incorporate C37.081, C37.081a and C37.083 into C37.09 — Mauricio Aristizabal

a)To be incorporated into section 4.8 of C37.09-1999 (Section 4.8.2.5?)
b)Test duty difference for IEC 62271-101

Mauricio Aristizabal discussed the synthetic testing documents. First we need to address
synthetic testing in C37.04 and C37.09 will define which tests should be performed then add
reference to IEC 62271-101 for the test procedures. C37.081, C37.081a and C37.083 are good
references for description of the test circuits but the IEEE documents do not have detailed
information about tolerances and procedures that are to be used by the laboratory for testing. We
should refer where possible to the IEC standard that is continuously updated and improved. 1EC
62271-101 closely follows 62271-100 not the C37 series. The 62271-101 document is lengthy
and difficult to incorporate as an annex into C37.09. The annex would be longer than the
document. We should reference to the appropriate sub-clauses of the IEC standard.

Denis Dufournet proposed to align the test description of IEEE with the description of IEC
62271-100 if possible to avoid conflicts with references to IEC 62271-101.

The chair said we should review test duties and study possible alignment with IEC.



Denis said the first step was to harmonize the description and parameters of TRVSs. The next
possible step is to bring the test duties closer together.

The chair asked for a task force to compare the differences between power test requirements and
draw up comparison tables.

Individuals assigned to this topic are Mauricio Avristizibal, Victor Hermosillo, Denis Dufournet,
and Steve Cary.

Topic# 6 To incorporate NEMA SG4 into C37.09 — Gilbert Carmona / Mike Crawford

The Chair asked Gilbert Carmona to present his topic in session #2 due to lack of time.

Topic #7 How do we address ‘critical current’ issue? — Roy Alexander to lead the discussion

There are only anecdotal accounts of problems with critical currents with early generations of
self-blast. The issues were maybe around 30% short line faults. IEC compares T10, T30, T60 and
T100 and checks for changes in minimum arcing times (>1/2 cycle). Also, L90 and L75, if min
arcing time changes more than >1/4 cycle then test L60. Recently there were no known reported
needs for additional test duties such as L60.

Roy asked if there should be any concern for new manufacturers that may enter the breaker
market. Should we wait until service trouble? Should we request for someone to continue work
with this topic?

Helmut Heiermeier said the TRV is much lower for <L60 and he may be able to prepare a
presentation.

No manufacturers are reporting having to test L60 or intermediate terminal fault duties with new
designs. Roy does not want to proceed with this topic. It is an old issue and he believes most
manufactures do not have this problem or it is resolved before design tests.

Denis Dufournet commented on the history of critical currents into IEC 62271-100. The
committee was informed that there could be a critical current for some cases 10 years ago.
Currently there have been no further reported incidents. He recommended we should not
introduce a new test requirement.

The chairman asked the committee if there is no major disagreement then he believes the issue of
“critical currents” should not be included with this revision of C37.09. No one objected. A
decision was made not to introduce this topic into C37.009.

10.) The working group committee agreed to adjourn the meeting. A second session will be held
on 9-18-13



Session 2 — September 18, 2013

Location: San Antonio
Participants: 29 members
26 guests

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

2.) Discussion Topics

Topic #2 on agenda - To incorporate C37.04 and C37.06 into C37.09 — Mike Crawford

Mike Crawford said there are plans to define CO in C37.04 and description of the test in C37.09.
This rating is not included in IEC. It was introduced in C37.04a but not on C37.09.

Victor Hermosillo said CO would have the same test procedure as C1 but allowing one restrike
per breaking operation.

There was some additional discussion about class CO for capacitance switching. If C37.04
defines CO class, then we can plan to pull information from C37.09a and 09b directly into C37.09
and then go through a review process. This is a timing issue between the release and approval of
04 and 100.2 and 09. Which documents will be approved first?

A decision was made to directly pull in (09a and 09b) into 09 as written with CO class. At the
time of ballot or before ballot the committee will review the progress of other related documents
such as C37.04 and C37.100.2 to better understand how the documents align. Depending on the
timing and the release of other documents, some adjusted statements may be needed in 09 to
address this issue such as references to C37.04 or “superseded” versions of C37.04. Depending
on the timing, maybe we could start an amendment to C37.09 to add CO back into the document
after 04 is approved.

(Please note: this discussion reversed the decision under day #1 Topic #3)

Mike Crawford also said he is aware of information from NEMA SG4 that needs to be pulled in
C37.04 and then into C37.09.

Topic# 6 To incorporate NEMA SG4 into C37.09 — Gilbert Carmona / Mike Crawford

Gilbert Carmona presented information to pull NEMA SG4 information into C37.009.

He showed comparison between 2000 and 2013 versions. He said topics covered by this standard
and not by C37.04 or C37.09. Information such as: mechanisms, bushing terminals, CT’s, RIV,
noise level, arc furnace, etc... He understands that NEMA SG4 may stop publishing the 2009
revision once the requirements are incorporated into IEEE C37.04/.09. Gilbert showed some
examples that are included in the PowerPoint attachments. He said the topics should be reviewed
and a decision has to be made about where to include each of them.



Denis Dufournet said IEC 62271-4 is a new edition for the IEC document on Handling
Procedures for SF6 and its mixtures and it is a revision of a Technical Report (IEC 62271-303).

A list of suggested topics from SG4 was provided by Ted Olson and is available to the
committee. The list was quickly shown on the projector.

Gilbert Carmona was assigned to take the lead for comparison of SG4 into C37.09. Terrance
Woodyard also offered to help after the meeting. The Chair assigned him to the working group.

Topic #8 Electrical endurance 800% cumulative fault current (IEC/IEEE differences) and
dielectric test after 800% - Sushil Shinde / John Webb
a.) Section 4.8.5.6 of C37.09-1999

John Webb presented information on electrical endurance at 800% cumulative fault and service
capability.

Section 5.8.5.5 has wording and reviews summation of currents, including calibration and low
voltage shots.

He reviewed current information in the standard (see attached PowerPoint slides):
For dielectric withstand test: <72.5 kV 1 min. 80% AC dry withstand,

72.5KkV to less 362KV - 80% of the peak withstand with T10 shape.

Equal or above 362 - 90% of peak SIL.

He reviewed options to use IEC 62271-100.
72.5 kV to less 245 kV test 60% of BIL
TRV waveform for >72.5 kV

In addition he discussed:

Same mechanical conditions

Primary circuit resistance <200%
Opening time <110% of pre-test value

Sushil Shinde said a voltage check is applicable to all power tests in current version of the
standard. Should we allow for flexibility by permitting use of multiple voltage check alternatives
including: AC withstand, % of SIL/BIL from impulse generator, or T10 wave shape from
synthetic lab.

The Chair said we should simplify information in C37.09 and allow for options. We should keep
the breaker in the same conditions for the tests with no disassembly. He asked how many shots
we allow for the tests. There are differences in IEC and IEEE: 1 shot, 3 shots, IEC is 5 shots with
no breakdown allowed.

Denis Dufournet explained reasons for values and specific tests in IEC. For lower voltage AC
was considered the relevant stress. At intermediate voltages BIL is the most significant stress and
at high voltages it is switching impulse. There are options to perform voltage check with 90%
T10 from a synthetic circuit.



Roy Alexander said the reduction were due to alignment for equivalent field test levels on a used
circuit breaker. 80% or 60% are reductions on SIL and BIL given the used condition. Is one shot
enough? Roy did not think so. IEC requires 5 shots, but the behavior is statistical. Perhaps we
should consider stating a probability. The reduction already considers this and he believes we
should use more shots.

Helmut Heiermeier said the wording states after completion of all tests. Medium voltage
breakers will use one test piece for all type tests. For higher voltage circuit breakers these tests
are performed with separate prototypes. He proposed to select some tests for which the voltage
check should be done. For example, IEC indicates voltage check for only some of the tests such
as (L90).

Denis said E2 is a separate test program for MV circuit breakers, not covered in 62271-100.

The Chair recommends that this voltage check is associated with the test object that has seen
800% and not 800% divided by 3 to spread across the entire breaker.

Mike Skidmore stressed he mainly would like to see the tests done without disassembly of the
breaker and moved to a different lab. If this is done, it defeats the purpose of the test. The IEC
synthetic test (90% switching with T10 wave shape) for higher voltage class breakers is probably
the best solution.

Sushil Shinde said the standard states that voltage withstand tests “performed at the end of power
tests” Does this mean that each pole that completes 800% has to be tested?

Kirk Smith said the E2 series is more than 800% in medium voltage breakers. A voltage check is
then made at the end.

Roy Alexander suggested a voltage check at the end of life of each pole.

Helmut Heiermeier said for high voltage circuit breakers it is not possible to run all tests during
subsequent shifts. There is usually several weeks after completion of one or two duties.

John Webb also said there may be similar information in C37.54 conformance testing and this
document should be reviewed.

The chair asked for volunteers and the follow individuals were selected:

John Webb, Steve Cheng, Sushil Shinde, and Helmut Heiermeier. Terrance Woodyard also
offered to help after the meeting. The Chair assigned him to the working group. Helmut only
wanted to be involved with the review of the high voltage equipment and not the C37.54
conformance testing document.

Topic #9 Inclusion of ‘test splitting’ in C37.09 for single phase testing to demonstrate three phase
performance (Denis Dufournet)

Denis Dufournet presented information about splitting test duties. He discussed medium voltage
three-phase direct tests. At intermediate (ex. 145 kV) direct tests are possible but only single
phase. Also, at higher voltages usually synthetic tests are completed at single phase.



Cases for effectively grounded and non-effectively grounded systems have to be covered by
single phase tests. Therefore, single phase tests should consider the first, second and third pole to
clear. The first pole to clear sees the highest peak TRV, subsequent poles to clear see reduced
peak TRVs.

A graph was shown with TRV peak as a function of arcing time to cover first, second, third pole
to clear with different factors for each. He showed factors for the range of arcing times for each
one.

He discussed two possibilities:
Umbrella tests with same factor for all arcing time. Include min, medium and maximum with the
same factor. This leads to higher stress for the second and third pole to clear.

IEC addressed an alternative to umbrella tests allowing the test to be split to prove the
performance of each pole with changing factors for first, second, and third poles to clear. Two
arcing times are tested for each.

Choice is higher stress with umbrella tests (first pole to clear factor for all poles), but less tests
(demonstrate min, medium, max arcing time).

The other alternative is splitting, then the factors are changed between first, second, third, but
there are more shots, two for each with timing to cover each window.

The following topics were on the agenda but not discussed due to lack of time. The topics will be
discussed next meeting

Topic #10 Inclusion of “‘multi-part testing” in C37.09. State the preference is to have full
TRV whenever possible. (Denis Dufournet) Topic #11 should we include inductive load
switching test from IEC62271-110 Benefits for this test — Sushil Shinde

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

Topic #13 IEEE std 693 Seismic Test standard — Xi

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

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

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

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

Refer to latest version of ieee std-4?

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

4.) After the second session Terrance Woodyard volunteered to help with:
a) Topic #3 — addition of C37.09a and C37.09b review
b) Topic #6 - NEMA SG4 review
c) Topic #8 - C37.54 review for conformance testing

He was added to the study groups by the chair.



Meeting Roster For Session #1 and #2 — San Antonio
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C37.09 Standard Test Procedure for
AC High-Voltage Circuit Breakers with
Rated Maximum Voltage above 1000V

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

IEEE Switchgear Meeting, September 17-18, San Antonio, TX





Agenda

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

* Topics for Discussion
— Approval of MOM from Galveston (5mins)

— PAR Status Report (5mins)
« Approved per IEEE-SA May 14, 2013 emall
» Title was corrected to the one agreed in San Diego meeting
« Show the final PAR
— Project Timeline (5mins)
 PAR expiration: Dec. 2017 ( last meeting: Fall 2017)
« Target Ballot Date: by Fall 2015
— Detall Discussions on individual topics(10min/topic)

— New business? (20mins)





6.
1.

Discussion Topics

‘Piecewise testing’ guideline? Should interrupter tested in GIS be
acceptable in GCB? Volumes, supports, gas flow are different? —
Ken Edward / Mike Crawford

To incorporate C37.04 and C37.06 into C37.09 — Mike Crawford

To incorporate C37.09a and C37.09b into C37.09 — Anne Bosma
a) C37.09ato beincorporated into section 4.10 in C37.09-1999
b) C37.09b to be incorporated into sections (4.7, 4.8, 4.12) in C37.09-1999

To incorporate C37.017 into C37.09 — Stan Billings

To incorporate C37.081, C37.081a and C37.083 into C37.09 —
Mauricio Aristizabal

a) To beincorporated into section 4.8 of C37.09-1999 (Section 4.8.2.5?)
b) Test duty difference for IEC 62271-101

To incorporate NEMA SG4 into C37.09 — Gilbert / Mike Crawford

How do we address ‘critical current’ issue? — Roy to lead the
discussion





Discussion Topics

8. Electrical endurance 800% cumulative fault current (IEC/IEEE
differences) and dielectric test after 800% - Sushil Shinde / John
Webb
a) Section 4.8.5.6 of C37.09-1999

9. Inclusion of ‘test splitting’ in C37.09 for single phase testing to
demonstrate three phase performance (Denis Dufournet)

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





11.

12.

13.
14.
15.
16.
17.

Discussion Topics

Should we include inductive load switching test from IEC62271-110
Benefits for this test — Sushil Shindle

Cold temperature test method — IEC or IEEE or other? Indoor
breaker with heaters should be included or excluded — Victor / John
Webb

IEEE std 693 Seismic Test standard — Xi

Share documents for WG members. — progress update — Xi
To incorporate C37.06.1 into C37.09 - ??

Test Duty Summary Table -- ?? (proposed by Ken)

Measurement Tolerance Table -- ?? (proposed by Gilbert)
a) Refer to latest version of ieee std-4?





Thank You

IEEE Switchgear Meeting, Spring
2013, Galveston, TX






Critical Currents

Anecdotal accounts of Self blast breakers failing on 30%
source +- Short Line faults

No oscillography, just circumstantial evidence
A new L27+- SLF test with 30% source proposed

Determine how to decide which breakers need the special
SLF test





|IEC Critical Currents

® QOil And Air Magnetic Breakers

® min arcing time T30 Vs T60, or T10 Vs T30 > 1/2 cycle must
do above and below terminal fault test.

® min arcing time L75 Vs L90 > 1/4 cycle must do L60 Test





Should We Consider Critical
currents?

New Designs have “solved” the low current SLF troubles from
early generation Self Blast (from the reputable suppliers)

What about “other” manufacturers?
Wait until there is service trouble?

Who wants to champion Critical Currents?






GENERAL OVERVIEW
OF NEMA SG 4-2009

REQUIREMENTS

Presented by Gilbert Carmona

Southern California Edison






NEMA SG 4 -2009

TOPIC
= 2009 REVISION Vs 2000 REVISION
= SCOPE COVERED IN NEMA SG 4-2009

» REQUIREMENTS IN NEMA SG 4-2009
NOT INCLUDEDIN IEEE C37.04 &
C37.09

» GENERAL DISCUSSION ON NEMA
REQUIREMENTS WITH EXAMPLES






NEMA SG 4 -2009

NEMA SG 4

m  Material in earlier NEMA SG 4-2000 (R 2005)
dealt with 2 main areas:

= First relating to construction and test issues for
HYV circuit breakers

= Second with recommendations for handling &
maintenance of HV circuit breakers

= NEMA SG 4-2009 (R 2013) which was
published under license from IEEE did not

include the second area which was separately
incorporated in NEMA SG 11-2008






NEMA SG 4 -2009

SCOPE

= The 2009 revision applies to all types of HV
circuit breakers installed in outdoor
switchyards, utility transmission & distribution,
and in large industrial substations

= It covers a special application on AC arc furnace
motots breaker switching requirements

m Circuit breakers used in metal-enclosed, metal-
clad switchgear and automatic circuit reclosers
are excluded






NEMA SG 4 -2009

REQUIREMENTS COVERED IN SG 4-2009
AND NOT COVERED IN IEEE C37.04 & C37.09
= Circuit breaker operating mechanisms
= Bushing terminal connectors

= CT’s thermal & short-time capabilities,
accuracy classes, multi-ratio CT’s tap
connections, CT’s arrangements, terminal
identifications, and polarity conventions

m Free standing CT’s
= Radio Influence Voltage (RIV) tests and limits

® Noise levels for outdoor circuit breakers located
in switchyards

= Repetitive duty for special purpose arc-furnace
switching circuit breakers






NEMA SG 4 -2009

DISCUSSION ON NEMA REQUIREMENTS

® The material in NEMA SG 4-2009 has been offered
to IEEE for inclusion in revisions of C37.04 &
C37.09

m Most of the NEMA material is considered as
important information for those who use or specify
HY circuit breakers

= NEMA continues to publish this standard as a
service to the industry which demonstrates the close
relationship between NEMA SG 4 technical
committee and the IEEE Switchgear Committee
that has existed for several years






NEMA SG 4 -2009

DISCUSSION ON NEMA REQUIREMENTS

= NEMA SG 4-2009 requirements are offered for consideration
only. The IEEE C37.04 & C37.09 members are given the task
of reviewing these requirements and deciding of either
modifying them, adding clarity to them, or including them

verbatim in C37.04 & C37.09

= Although most of the NEMA requirements are considered
important, IEEE members may find that not all of them apply
to the scope of C37.04 & C37.09

= NEMA is planning to discontinue publishing the 2009

revision, once the requirements of 2009 get included in C37.04
& C37.09






NEMA 5SG 4 -2009

Few Examples from NEMA to Be Discussed

m 3.2.1.g: latches, lever, lubrication, separate
enclosure for housing the mechanism, etc....

= 3.2.1.h: means of isolation the automatic means
of charging, i.e. disconnecting motor charging
current, closing the input valve of hydraulic and
pneumatic drivers, etc....

= 3.4.1.1.1: CT’s thermal rating factor to be
specified such that the CT can carry the rated CB
current without overheating

m 3.4.2.2. & 3.6: Shorting blocks, size of CT leads,

terminal lugs, splices






NEMA SG 4 -2009

Q&A







IEEE C37.017 IEEE Standard for Bushings for High-Voltage [over 1000 V (ac)] Circuit Breakers and Gas-
Insulated Switchgear was published in 2010. |IEEE C37.017 defines the special terms used, service
conditions, ratings, general requirements, test procedure, and acceptance criteria for outdoor bushings.
It refers back to C37.09 and C37.06 for test procedures and test levels and provides only minor
supplementary and/or corrective information to C37.09. Therefore, it is recommended that the existing
C37.09 text applicable to bushings be retained wherever possible. Areas where changes will be
recommended include:

e Retain Existing C37.09 text applicable to bushings wherever possible

e Replace “flashover” with “disruptive discharge” throughout

e C(Clarify testing requirements when arcing horns or rings are supplied with bushings

o Reference €37.017 for separate bushing testing, when required

e Remove references to C57.19.00-1991

e Add alternative IEC lightning impulse procedure

e Exclude radio influence voltage (RIV) and partial discharge tests when gas-insulated bushings are
tested separate from the circuit breaker

e Refer to IEC 62155 and IEC 61642 for bushing insulator tests

The following changes are proposed to supplement or replace text currently included in C37.09:
4.4.1 Test conditions

Add “If arcing horns or rings are required for the purpose of system protection, they may be removed or
their spacing increased for the purpose of the test. If they are required for voltage gradient distribution,
they shall remain in position for the test.” to d).

Add a new clause, “If shields or corona rings not normally supplied with the circuit breaker are required
to be added to bushings to allow successful testing of non-atmospheric paths, then the bushings shall be

tested separately.”

Add a new clause, “If bushings are tested separately, they shall be tested according to section 9.1 of IEEE
C37.017.”

Add a new clause, “Radio influence voltage (RIV) and partial discharge tests from gas-insulated circuit
breaker tests may be excluded from separate tests of hollow gas-insulated circuit breaker bushings.”

4.4.3.2 Wet test procedure

Change the C57.19.00-1991 references to IEEE Std 4.
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4.4.4 Full-wave lightning impulse withstand voltage tests
4.4.4.2 Test procedure
After the existing text, add

“NOTE 1— This is the preferred procedure. It is often referred to as the 3 x 9 procedure or
Procedure Cin IEEE Std 4.

As an alternate to the test described in this clause, 15 consecutive lightning or switching
impulses at the rated withstand voltage may be applied for each test condition and each
polarity. The equipment has passed the impulse tests if the following conditions are fulfilled:

1) Each series has at least 15 tests.

2) No disruptive discharges on non-self-restoring insulation shall occur. This is confirmed

by five consecutive impulse withstands following the last disruptive discharge.

3) The number of disruptive discharges shall not exceed two for each complete series.
This procedure leads to a maximum possible number of 25 impulses per series.

NOTE 2— This procedure is referred to as the 2/15 procedure or Procedure B in IEEE Std 4 and
IEC 60060-1.

The determination of the location of the observed disruptive discharges can be done by the
laboratory by dismantling and inspecting the equipment. If punctures of non-self-restoring
insulation or tracking marks on the non-atmospheric side surfaces of an insulator are observed,
the equipment has failed the test.

Some insulating materials retain a charge after an impulse test, and for these cases, care should
be taken when reversing the polarity. To allow the discharge of insulating materials, the use of
appropriate methods, such as the application of three impulses at about 80% of the test voltage
in the reverse polarity before the test, is recommended.”

4.16 Design tests on pressurized components

4.16.1 Pressurized porcelain components

Replace the first two paragraphs with text from C37.017 8 8.1 which requires testing per IEC 62155 and
replace a) and b) with the Cantilever Test Load values in C37.017 Table 1.

4.16.2 Pressurized non-ceramic components
Revise Name to “Pressurized composite components”
4.16.2.3 External components

Immediately following the title, insert text from C37.017 8 8.1 which requires testing per IEC 61642 and
replace a) and b) with the Cantilever Test Load values in C37.017 Table 1.
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5.3 High-voltage circuit breaker bushings tests

Replace reference to C57.19.00-1991 with C37.017. Add “unless tested as a part of the circuit breaker,
as permitted in 8 5.1” to the end of the text.

4. S. Billinge

Advisory Engineer

Mitsubishi Electric Power Products, Inc.
512 Keystone Drive

Warrendale, PA 15086

Phone: 724-772-2171
s.billings@ieee.org
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C37.09 Standard Test Procedure
for AC High-Voltage Circuit
Breakers with Rated Maximum
Voltage above 1000V

Recommended revisions to incorporate
C37.017-2010 IEEE Standard for Bushings
for High-Voltage [over 1000 V (ac)] Circuit

Breakers and Gas-Insulated Switchgear
into IEEE C37.09

IEEE Switchgear Meeting, September 17-18, San Antonio, TX





Background of C37.017

Prior to 1991, the governing standard for bushings was
ANSI C76.1 (NEMA)

In 1991, ANSI C76.1 was replaced by IEEE C57.19.00,
but only included condenser bushings (used on oil circuit
breakers).

In 2000, the sponsoring IEEE Transformer Committee
eliminated coverage of circuit breaker bushings from
IEEE C57.19.00.

IEEE C37.017 IEEE Standard for Bushings for High-
Voltage [over 1000 V (ac)] Circuit Breakers and Gas-
Insulated Switchgear was published in 2010.





IEEE C37.017

o Defines the special terms used

e Defines service conditions

» Defines ratings

« Defines general requirements

o Defines test procedure

o Defines acceptance criteria for outdoor bushings

 Refers back to C37.09 and C37.06 for test procedures
and test levels and

* Provides only minor supplementary and/or corrective
Information to C37.09





Recommendations:

 Retain Existing C37.09 text applicable to bushings wherever
possible

 Replace “flashover” with “disruptive discharge” throughout

« Clarify testing requirements when arcing horns or rings are supplied
with bushings

 Reference C37.017 for separate bushing testing, when required
 Remove references to C57.19.00-1991
e Add alternative IEC lightning impulse procedure

» Exclude radio influence voltage (RIV) and partial discharge tests
when gas-insulated bushings are tested separate from the circuit
breaker

 Referto IEC 62155 and IEC 61642 for bushing insulator tests





MITSUBISHI
ELECTRIC

Changes for the Better

J. S. Billings

Advisory Engineer

Mitsubishi Electric Power Products, Inc.
512 Keystone Drive

Warrendale, PA 15086

Phone: 724-772-2171
s.billings@ieee.org






800 % Endurance Issues

Recommendations for
Working Group on C37.09
John Webb / Sushil Shinde





Service Capability Requirement
C37.04 — 1999, 5.8.2.5:

e C37.04 defines the requirement for the service
capability of an HVCB.

e 5.8.2.5 Service capability duty requirements:
Between rated continuous current and 85% rated
asymmetrical interrupting rating: 800%

* A change to this is being considered by C37.04

I’ll use 800% ‘KSI’ for this discussion but we probably need some other shorthand.





Demonstrate Service Capability
C37.09 -1999, 4.8.4.2:

e ... demonstrated by obtaining the summation
of all the currents that have been interrupted

oy the same interrupter during the

oerformance of the test duties listed in Table 1

* Includes calibration shots and tests at reduced
voltage.

 Add additional tests if necessary (but rarely is)





Service Capability

Issue #1
Post Test Condition Testing






63 Condition After Testing
W ZAe B (37.09-1999 4.8.5.5;

e Dielectric Capability
0 <72.5kV: 1 min. @ 80% Power Freq. Withstand

0 72.5 kV < 362 kV: 80% of V2 PF Withstand with waveform
~ TRV of T10

0 =362 kV 90 % peak of impulse switching test.
Or
O Testing as specified in IEC 60056-1987 (now 62271-100)
O From 72.5 kV < 245 kV: 60% of BIL
O Allows for ~ TRV waveform in for all > 72.5 kV





(C\ES Condition After Testing
S » Recommendation «

e Substantially Same Mechanical Condition

* Primary Circuit Resistance £ 200 % Pre-Test

e QOpening time £ 110% Pre-Test

e Testing as specified in IEC 60056-1987 (now 62271-100)

* In most high power test labs, the equipment capable of
performing dielectric tests at voltages for > 72.5 kV cannot be
moved to the circuit breaker.

 Moving the CB means disassembly and reassembly which can
prevent detection of a problem from the short circuit testing.





Service Capability

Issue #2
Reconditioning During Testing






Reconditioning During Testing
C37.094.8.5.3

 The expendable parts of a circuit breaker may be
replaced during a test series

except
* no reconditioning is permitted until 800% KSI

e This may occur prior to completing T10 through T100
series (100s, a & 1 phase tests)

e C37.04 is considering class E1 & E2. In IEC, cannot
recondition E2 prior to completion of basic test duties;
but E1 can be reconditioned more often. [6.102.9.5]

e |f C37.04 creates E1 / E2 what are the limits?





Service Capability

Issue #3
Endurance Demonstration

Per

C37.54 Conformance Testing
(UL Cert. for Drawout Circuit Breakers)





UL Endurance Demonstration
C37.54 3.10.1.5

e Requires 400% “KSI”
O Count Only Full Voltage from 40% to 60% Isc [SC2]
O May also count 100% O-t-CO-t’-CO (T100s) [SC1]
O Then demonstrate one additional CO (100%) [SC3]

 Only applies to HVCB’s used in enclosures, but
complicates the testing program.

e |s asingle standard of performance possible?






PC37.09

Submitter Email: xi.zhu@ieee.org
Type of Project: Revision to IEEE Standard C37.09-1999

PAR Request Date: 21-Feb-2013

PAR Approval Date: 10-May-2013

PAR Expiration Date: 31-Dec-2017

Status: PAR for a Revision to an existing IEEE Standard
Root Project: C37.09-1999

1.1 Project Number: PC37.09
1.2 Type of Document: Standard
1.3 Life Cycle: Full Use

2.1 Title: Standard Test Procedure for AC High-Voltage Circuit Changes in title: }£EE Standard Test Procedure for AC
Breakers with Rated Maximum Voltage above 1000V High-Voltage Circuit Breakers with Rated erMaximum aVoltage
Sywrrretricatabove Currert1000VBasis

3.1 Working Group: HVCB - IEEE Standard Test Procedure for AC High-Voltage Circuit Breakers Rated on a Symmetrical
Current Basis (PE/SWG/HVCB-WG_C37.09)
Contact Information for Working Group Chair
Name: Xi Zhu
Email Address: xi.zhu@ieee.org
Phone: 724-834-1202
Contact Information for Working Group Vice-Chair
None

3.2 Sponsoring Society and Committee: IEEE Power and Energy Society/Switchgear (PE/SWG)
Contact Information for Sponsor Chair

Name: T Olsen

Email Address: L.olsen@ieee.org

Phone: 919-365-2208
Contact Information for Standards Representative

Name: Michael Wactor

Email Address: mwactor@ieee.org
Phone: 713-948-4918

4.1 Type of Ballot: Individual
4.2 Expected Date of submission of draft to the IEEE-SA for Initial Sponsor Ballot: 10/2015
4.3 Projected Completion Date for Submittal to RevCom: 05/2017

5.1 Approximate number of people expected to be actively involved in the development of this project: 60
5.2 Scope: This standard applies to ac high-voltage circuit Changes in scope:

breakers with rated maximum voltage above 1000 V. It defines

various tests that are made on ac high-voltage circuit

breakers, except for generator circuit breakers, which are

covered in IEEE Std 62271-37-013 (formerly C37.013). It

specifies the tests and describes the accepted methods used

to verify assigned ratings defined in C37.04. It also describes

test procedures associated with production and field

installation.

The test procedures are divided into the following test
classifications:

a) Design tests

b) Production tests

c) Conformance tests

d) Field tests

5.3 Is the completion of this standard dependent upon the completion of another standard: No

5.4 Purpose: This document will not include a purpose clause.

5.5 Need for the Project: This document will be revised, in particular, to reflect new and updated test methods and
procedures. This revision will also include the changes made in C37.04 and C37.017. It will also incorporate all previously
published errata, corrigenda and amendments of C37.09 as well as relevant portions of NEMA Std. SG4-2009, IEEE Std.
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C37.06-2009, C37.081, C37.081a, and C37.083.

5.6 Stakeholders for the Standard: Users of high-voltage circuit breakers, manufacturers and consultants.

Intellectual Property
6.1.a. Is the Sponsor aware of any copyright permissions needed for this project?: No
6.1.b. Is the Sponsor aware of possible registration activity related to this project?: No

7.1 Are there other standards or projects with a similar scope?: No
7.2 Joint Development
Is it the intent to develop this document jointly with another organization?: No

8.1 Additional Explanatory Notes (Item Number and Explanation): 5.2: This Standard presents general considerations
for the electrical protection of telecommunication facilities serving electric supply locations. This standard contains material
which is common to the 487-family of Standards (i.e., dot-series) including fundamental theory, basic electrical protection
concepts and designs. In general, special protective measures, handling procedures, and administrative procedures are
necessary to provide electrical protection against damage to telecommunication facilities and equipment, maintain reliability
of service and ensure the safety of personnel.

Documents cited in Section 5.5 are listed below:

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

IEEE C37.04a-2003 Amendment 1: Capacitance Current Switching

IEEE C37.04b-2008 Amendment 2: To Change the Description of Transient Recovery Voltage for Harmonization with IEC
62271-100

IEEE C37.04-1999/Cor 1-2009 IEEE Standard for Rating Structure for AC High-Voltage Circuit Breakers Corrigendum 1

IEEE C37.04-1999/ Errata - 2005

IEEE C37.06-2009 IEEE Standard for AC High-Voltage Circuit Breakers Rated on a Symmetrical Current Basis--Preferred Ratings
and Related Required Capabilities for Voltages Above 1000 V

IEEE C37.06.1-2000 American National Standard Guide for High-Voltage Circuit Breakers Rated on Symmetrical Current Basis
Designated -Definite Purpose for Fast Transient Recovery Voltage Rise Times

IEEE C37.09a-2005 Amendment 1: Capacitance Current Switching

IEEE C37.09b-2010 Amendment 2: To Change the Description of Transient Recovery Voltage for Harmonization with IEC
62271-100

IEEE C37.09-1999/Cor 1-2007 IEEE Standard Test Procedure for AC High-Voltage Circuit Breakers Rated on a Symmetrical
Current Basis - Corrigendum 1

IEEE Std C37.09-1999/ Errata - 2007

IEEE C37.017-2010 IEEE Standard for Bushings for High-Voltage [over 1000 V (ac)] Circuit Breakers and Gas-Insulated
Switchgear

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

IEEE C37.081a-1997 Supplement to IEEE Guide for Synthetic Fault Testing of AC High Voltage Circuit Breakers Rated on a
Symmetrical Current Basis

IEEE C37.083-1999 IEEE Guide for Synthetic Capacitive Current Switching Tests of AC High-Voltage Circuit Breakers

NEMA SG4-2009 Alternating Current High Voltage Circuit Breakers
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Recommended changes in C37.04-1999 and C37.09-1999
Submitted by NEMA SG4 Technical Committee
07-Sept-2005

Item

Recommended change to C3704-1999

SG4-2000
Clause

Add to clause 2, References:
ANSI C37.85 2002 X Radiation Limits for AC HV Power Vacuum Interrupters

12

Add to clause 2, References:
IEEE C37.082-1982 Methods for the Measurement of Sound Pressure Levels

12

Add to clause 2, References
IEEE C57.13 1993 Instrument Transformers

1.2

Add to clause 2, References
NEMA CC 1-2005 Electric Power Connectors for Substations

1.2

Add to clause 2, References
NEMA 107-1988 Methods of Measurement of Radio Influence Voltage (RIV)

1.2

Add new definition to clause 3.

Air system (for pneumatic operating mechanism) - An assembly of parts and devices which
provide compressed air for the operation of a circuit breaker or circuit breaker operating
mechanism. It shall be permitted to include equipment external to the circuit breaker,
equipment, or both, that is an integral part of the circuit breaker or circuit breaker mechanism.
(note, used in new clause 6.9.2)

131

Add new definition to clause 3.
Alarm pressure switch - A switch that initiates a signal when the operating pressure is above
or below the desired range. (note, used in new clause 6.9.3)

131

Add new definition to clause 3
Continuous noise - The noise produced by vibrations, fans and blowers. (note, used in new
Table 7)

131

Add new definition to clause 3.

Hydraulic system (for hydraulically operated mechanisms) - An assembly of parts and devices
that provides for the control of hydraulic energy for the operation of a circuit breaker or circuit
breaker operating mechanism. (note, used in new clause 6.9.3)

131

10

Add new definition to clause 3.
Impulse noise- The noise produced by a closing, opening, or combination of closing and
opening operations. (note, used in new Table 7)

131

11

Add new definition to clause 3.

Intermittent noise - The noise produced by periodic operation (occurring one or more times per
week) of such devices as compressors, hydraulic pumps, compressor unloader exhausts, air
regulator valves, and air drains. (note, used in new Table 7)

131

12

Add new definition to clause 3.
Lockout pressure switch - A switch that prevents the electrical operation of a circuit breaker if
the operating pressure is below a predetermined value. (note, used in new clause 6.9.3)

131

13

Add new definition to clause 3.

Stroke — The distance covered by the moving contacts between the fully closed and fully
opened (at rest) positions. For circuit breakers with pivoted contact blades, the stroke is the
distance covered by the moving contact blade tip between the fully closed and fully opened (at
rest) positions. (note, used in new clause 6.17)

131

14

Add new clause 6.1 Requirements for Terminals and Bushings (title only)

3.3

15

Renumber existing clause 6.1 to new clause 6.1.1

16

Add new clause 6.1.2, Threaded terminal dimensional requirements
The thread dimensions for threaded terminal studs for circuit breakers shall be in accordance
with Table 6.

331
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fem Recommended change to C3704'1999 iiﬁsiooo
17 (Reference clause 6.1.2) Table 3
Add new table 6, as shown following this table.
18 Add new clause 6.1.3 Flat Terminals 3.3.2
Flat terminal requirements shall be in accordance with NEMA CC 1-2005, figures A-2 to A-6. Figures 3-1
Bolt holes shall be 9/16 inch (14.3 mm) in diameter. to 3-5
Note, differs
from SG4-
2000, to fit
rearrangem
ent of CC 1-
2005.
19 Add new clause 6.1.4 Ground terminals 3.33
The ground terminals of outdoor circuit breakers shall be unpainted, copper faced steel or
stainless steel pad, 2 inches by 3.5 inches (51 mm by 89 mm) minimum area for terminal
connection. The terminal area shall be provided with two holes spaced on 1.75 inch (45 mm)
centers. The holes shall either be 9/16 inch (14.3 mm) diameter through-holes, or,
alternatively, shall be drilled and tapped for a 1/2 inch-13NC thread in accordance with ANSI
B1.1-1989, and shall have a thread depth of 0.5 inch (13 mm). If through-holes are provided,
the pad shall be at least 3/8 inch (9.5 mm) thick.
The grounding provisions for circuit breakers used in metal-enclosed assemblies shall be in
accordance with the requirements of the standards applicable to the metal-enclosed
switchgear assembly.
20 Add new clause 6.9 Operating Mechanism Requirements (title only)
21 Renumber existing clause 6.9 to new clause 6.9.1 Requirements for All Operating
Mechanisms
22 Add new items to existing clause 6.9 (new clause 6.9.1) 32149
d) If required for maintenance of the circuit breaker, a means of manual operation during 3.2.1h
maintenance shall be provided. 3.2.1b
e) Means shall be provided to prevent automatic operation of the mechanism when
maintenance work is being performed.
f)  Electrical control shall meet the requirements of IEEE Std. C37.11-1997.
23 Add new clause 6.9.2 Additional Requirements for Pneumatic Operating Mechanisms 3.2.2

A manually operated valve shall provide for draining the air condensed moisture and oil from
the lowest point of the air system. Pressure switches shall (1) give alarm indication when the
pressure drops to a value approximately 10 percent above the minimum operating pressure of
the mechanism and (2) prevent the mechanism from attempting a closing operation when the
pressure is too low to complete an operation by opening up the closing control circuit. These
features can be combined into one device.
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Item

Recommended change to C3704'1999

SG4-2000
Clause

24

Add new clause 6.9.3 Additional Requirements for Hydraulic Operating Mechanisms

Additional requirements for hydraulic operating mechanisms are as follows:

a. The mechanism, if specified by purchaser, shall be so arranged that manual charging
and manual release for maintenance closing is possible.

b. The manual closing function shall not be operable if the circuit breaker is energized,
unless the stored energy indicator shows that minimum operating pressure for operation
is available.

c. The hydraulic system shall be equipped with a safety relief valve set at approximately 20
percent above the normal hydraulic operating pressure.

d. An alarm pressure switch shall close when the hydraulic pressure drops to a value
approximately 10 percent above the minimum operating pressure of the mechanism. A
lockout pressure switch shall prevent the mechanism from attempting a closing operation
when the hydraulic pressure is too low to complete the operation. (These functions shall
be permitted to be combined into one device.)

e. One manually operated valve shall provide for closing the circuit breaker hydraulically
from the mechanism housing.

3.24

25

Add new clause 6.12, Enclosure and Wiring Requirements

26

Add new clause 6.12.1

The operating mechanism shall be mounted and enclosed in weatherproof enclosure with
door(s) so arranged as to make accessible parts of the mechanism usually requiring
inspection or maintenance. Each enclosure shall have a removable conduit plate or sufficient
conduit knockouts for bringing in conduit.

3.21d

27

Add new clause 6.12.2
The wiring for all control devices shall be included and shall terminate on readily accessible
terminal blocks adjacent to incoming conduit.

3.2.1le

28

Add new clause 6.12.3
To reduce condensation, each enclosure shall have a continuously operating heater, 120 or
240 volts alternating current.

3.2.1f

29

Add new clause 6.12.4

Wire for instrument current transformer secondary leads shall not be smaller than 14 AWG.
Wire for instrument potential transformer secondary leads and for control wiring shall be
electrically coordinated with the inherent current requirements and voltage drop limitations of
the circuit, and mechanically coordinated and designed for its intended application in the
circuit breaker. Splices, when required, shall be brazed or made by permanently fitted
pressure type connectors.

3.6

30

Add new clause 6.13, Noise Requirements

6.13 Noise Requirements

The purpose of this clause is to establish guidelines to provide protection against excessive
environmental disturbance from outdoor switchyard circuit breakers. This clause does not
apply to circuit breakers used in gas insulated substations and metal enclosed equipment.

Outdoor circuit breakers shall be designed to comply with the noise regulations that set forth
measurements and practices with regard to noise levels that are deemed acceptable in
occupational environments without personal protective equipment to reduce the noise level.

Design tests to verify compliance with this clause are not required for most modern outdoor
circuit breakers, as the noise levels are quite low compared to historic designs. If tests are
required to verify compliance, refer to IEEE C37.09-200X for requirements.

4.3

31

Add new clause 6.13.1, Terminology
For terms not modified in this document, the definitions in ANSI S1.1 and ANSI S1.13 apply.

431
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fem Recommended change to C3704'1999 iiﬁsiooo

32 Add new clause 6.13.2, Noise Exposure Conditions 4.3.2
Noise exposure conditions cover the exposure under the following circumstances:

a. Personnel at, or very close to, the circuit breaker during installation, maintenance, or
inspection periods.

b. Personnel at control stations.

C. Persons in the proximity of the equipment as permitted by limiting boundaries.

33 Add new clause 6.13.3, Noise Level 4.3.3
Noise Level
The noise level shall not exceed those values given in Table 7 for the different equipment and
noise classifications. Where intermittent noise recurs several times daily, with each noise level
persisting for 1 second or as long as several hours per day, the accumulated intermittent noise
shall be calculated as follows, using the permissible sound levels and times given in Table 8.

When the daily noise exposure is composed of two or more periods of exposure to different
sound levels, their combined effect shall be considered, rather than the individual effect of
each. If the sum of the following fractions: C1/T1 + C2/T2 ...+ Cn/Tn exceeds unity, then the
mixed exposure shall be considered to exceed the limit value. Cn indicates the total time of
exposure at a specified sound level, and Tn indicates the total time of exposure permitted at
that level. If the period between repeating (intermittent) noise is less than 1 second, the noise
is considered to be continuous. Exposure to impulsive or impact noise shall not exceed 140
dB peak sound pressure level.

34 (Reference clause 6.13.3) 433
Add new tables 7 and 8, as shown following this table. Tag'2534-2

an -

35 Add new clause 6.14, Vacuum Interrupters 1.2
Vacuum interrupters used in high voltage circuit breakers shall comply with the requirements
of ANSI C37.85-2002.

36 Add new clause 6.15, Radio Influence Voltage Limits 4.2 note,
Radio influence voltage limits apply for circuit breakers rated 123kV and above. For lower adapted
voltage ratings, the radio influence voltage is relatively low, and radio interference effects limits in
negligible. Radio influence voltage tests, if required, shall be conducted in accordance with 22‘;"7'1'?
IEEE C37.09-200X and NEMA 107-1988.

37 (Reference clause 6.15) 428
Add new Table 9, as shown following this table. Table 4-1

38 Add new clause 6.16 Current Transformer Requirements (title only)

39 Add new clause 6.16.1 34
The requirements of this standard supplement the basic requirements of IEEE C57.13-1993,
to cover those requirements peculiar to current transformers used on or with outdoor circuit
breakers. The requirements of this clause do not apply to current transformers provided in
metal-enclosed switchgear assemblies.

40 Add new clause 6.16.2 3.4.1
The ratings of a current transformers used on or with outdoor high voltage circuit breakers
shall include those terms used in IEEE C57.13-1993 and the following additional terms:

a. Maximum voltage
b. Dielectric withstand
c. Thermal short time current capability
41 Add new clause 6.16.3 Ratings (title only)
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42 Add new clause 6.16.3.1 Continuous Thermal Current Capability 34111
The continuous thermal current capability of a current transformer shall be equal to the rated
continuous current of the outdoor circuit breaker with which it is used when connected on a
ratio having a primary current rating equal to or greater than the continuous current rating of
the circuit breaker.
Note—If connection is made on a lower ratio, the circuit breaker can carry a current equal to
the primary current of that ratio including the thermal factor without causing overheating of the
current transformer.
43 Add new clause 6.16.3.2 Mechanical Short-Time Current Capability 3.4.1.1.2
The mechanical short time current capability of any tap of a single ratio or multiratio current
transformer shall be the lesser symmetrical current value of either (1) 120 times the rated
primary current of the tap under consideration or (2) the closing and latching capability of the
circuit breaker as shown in ANSI C37.06.
Note—Where item (1) is the lower value, the effects of the power system parameters,
secondary burden, and thermal short time current capability shall be considered in the
application of current transformers.
44 Add new clause 6.16.4 Thermal Short-Time Current Capability 34113
The thermal short time current capability of a single ratio transformer or any tap of a multiratio
current transformer shall be the lesser symmetrical current value of either (1) 60 times the
rated primary current of the tap under consideration for 1 second, (2) 42.5 times the rated
primary current of the tap under consideration for 2 seconds, or (3) the short time current
carrying capability of the circuit breaker as defined in ANSI C37.06.
45 Add new clause 6.16.5 Accuracy Class Rating 34114
The accuracy class ratings of current transformers used on or with outdoor circuit breakers
shall be as shown in Table 10.
46 (Reference clause 6.16.5) 3.4.1.15
Add table 11, as shown following this table. Table 3-2
47 Add new clause 6.16.6 Polarity and Lead Marking 3421
Polarity and lead marking shall be as shown in IEEE C57.13-1993 and in accordance with the
following additional requirements.
48 Add new clause 6.16.6.1 Bushing Type Current Transformers 3421
Polarity and lead marking for bushing type current transformers shall be as shown in Figures 9
and 10. The two leads for single ratio current transformers such as those used for metering
service shall be marked X1 and X2.
49 (Reference clause 6.16.6.1) 34.21
Add figures 9 and 10 as shown following this table. Figduge; 3.6
an .
50 Add new clause 6.16.6.2 Secondary Leads and Terminations 3422
Secondary leads shall be brought out to accessible terminal boards with polarity, phase, and
lead designations shown on suitable connection diagrams. Terminal boards shall be equipped
with means for short circuiting individual secondaries. Where applicable, secondary leads shall
be brought out through suitable oil and gas tight seals.
51 Add new clause 6.16.7 Typical Connection for Secondary Burdens 3.4.24

Typical connection for secondary burdens to bushing type current transformers shall be as
shown in Figures Al through A4 in Annex A Similar connections shall be made for the various
secondaries of free standing current transformers, except that all four secondaries shall be on
the same side of the circuit breaker.
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52 Add new clause 6.17 Undervoltage Trip Device 35

An undervoltage device trip is a device in which the coil is energized without an auxiliary

switch. The armature may be released for tripping at any point in the closing stroke of the

circuit breaker.

The dropout voltage range of an undervoltage trip device shall be 30 to 60 percent of its

voltage rating for both DC and AC applications.

An electrically reset undervoltage trip device shall pick up, and a mechanically reset

undervoltage trip device shall seal in, at 85 percent or less of its rated voltage.
53 Add new clause 6.18 Specialized Applications. 5

Specialized applications should be referred to the manufacturer. Arc furnace switching is such
a specialized application. The requirements for circuit breakers intended for switching of arc
furnace transformers are contained in Annex B.
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54 Replace existing clause 7.4 with the following 34.1.15
7.4 Current Transformer and Linear Coupler Nameplates
This clause defines requirements for nameplates for current transformers used on or with
outdoor circuit breakers. This clause does not apply to nameplates for current transformers
used with metal-enclosed switchgear assemblies.

Current transformer and linear coupler nameplates shall be provided that contain the following
data, as applicable. This information shall be provided in an area convenient to the respective
terminal blocks. This requirement is in addition to the nameplate required by IEEE C57.13 on
the current transformer itself.
a. Manufacturer's name
b. Manufacturer's type designation
C. Manufacturer's serial number
d. Year of manufacture
e. Rated frequency
f. Rated maximum voltage
g. Rated impulse withstand voltage
h. Rated power frequency withstand voltage
i. Rated switching impulse withstand voltage
j- Rated primary current
k. Rated secondary current
l. Rated continuous thermal current factor
m. Rated thermal short time current
n. Rated mechanical short time current
0. Weight of complete current transformer
p. Gallons of oil or weight of gas per current transformer
g. Instruction book number
r. A connection diagram showing full winding development, and including:
1. The primary terminal markings
2. The position of each secondary core
3.  The terminal designation of each core
4.  The polarity markings of the primary and each core
5. The turns ratio between each terminal
6. The full winding ratio expressed, for example, as 3000:5 MR
7. The accuracy class of each core and the ratio for which the accuracy is
expressed
S. Accuracy curve identification
t. Mutual reactance (for linear coupler transformers only)
u. Self-impedance (for linear coupler transformers only)
1. Resistance;
2. Reactance;
3. Impedance.

55 Add new Annex A (Informative) Typical Connection of Secondary Burdens for Bushing Type Figures B-1
Current Transformers through B-4
Add figures Al through A4 as follows this table.

56 (Reference clause 6.18)

Add new annex, Annex B Repetitive Duty Circuit Breakers for Arc Furnace Switching
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57 Add new clause B1 Repetitive Duty Circuit Breakers for Arc Furnace Switching 51
Power operated circuit breakers particularly designed for arc furnace switching, when
operating under usual service conditions, shall be capable of operating at least the required
number of times given in Table B1. The operating conditions and the permissible effect upon
the circuit breakers are given in the following paragraphs. For each column, all paragraphs
listed shall be considered.
58 Add new clause B1.1 Servicing 511
Servicing shall consist of adjusting, cleaning, lubricating, and tightening, as recommended by
the manufacturer. The operations listed are on the basis of servicing at intervals of 6 months
or less.
59 Add new clause B1.2 Circuit Conditions 5.1.2
Each operation referred to in Table B1 consists of closing and opening of the circuit breaker
under the specified load conditions.
60 Add new clause B1.3 Operating Conditions 5.1.3
Operating Conditions
The frequency of operation shall not exceed twenty in 10 minutes or thirty in 1 hour. Rectifiers,
air systems, or other auxiliary devices may further limit the frequency of operations.
Servicing shall be applied at intervals no greater than those shown in the third column of Table
B1.
61 Add new clause B1.4 Conditions of the Circuit Breaker 514
After the operations shown in Table B1, the following shall have taken place:
a. No parts shall have been replaced.
b. The circuit breaker shall meet all of its current, voltage, and short circuit current ratings.
62 Add new clause B1.5 5.15
Minimum Operations Under Fault Conditions
If a fault operation above 9,000 amperes occurs before the completion of the permissible
operations, maintenance shall be performed according to the manufacturer’s instructions.
63 Add new clause B1.6 Schedules (Refer to Table B1) 5.1.6
64 Add new Table B1, as shown following this table. Tlable 5-1
us
gchedules
80 Add new Annex C, Requirements for Free-Standing Current Transformers
81 Add new clause C1, Rated Primary and Secondary Current 3.4.13.2

The maximum rated primary current of a wound type current transformer shall be at least
equal to the rated continuous current and the load current carrying capability of the circuit
breaker with which the current transformer is to be used. Current ratings for multi-ratio wound
type current transformers for relaying service shall be as shown in Table 10. The current
ratings for single ratio current transformers for metering service shall be 300:5, 600:5, 800:5,
1200:5, 1500:5, 2000:5, and 3000:5.
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Item

Recommended change to C3704'1999

SG4-2000
Clause

82

Add new clause C2, Polarity and lead markings

Polarity and lead markings for multi-ratio and single ratio secondaries for current transformers
shall be as shown in Figure C1. Single ratio secondaries with two leads shall be marked with
suitable prefix letters and suffix numbers. A fourth secondary with a single ratio secondary for
metering service shall use secondary terminal markings W1 and W2. If this fourth secondary is
a multi-ratio secondary for relaying service, it shall use secondary terminal markings W1, W2,
and W3.

As shown in Figure C1, H1 shall be the marked primary terminal. This terminal shall be
electrically and mechanically connected to the upper structure of the current transformer. The
H2 terminal shall be electrically insulated from the upper structure and from H1, and it shall
connect to the circuit breaker.

3.4.21.2

83

Add new clause C3, Secondary Leads and Terminations

Secondary leads shall be brought out to accessible terminal boards with polarity, phase, and
lead designations shown on suitable connection diagrams. Terminal boards shall be equipped
with means for short circuiting individual secondaries. Where applicable, secondary leads shall
be brought out through suitable oil and gas tight seals.

3.4.2.2

84

Add new clause C4, Primary Terminal Connection Mechanical Loading

The maximum mechanical loading which may be applied to the primary terminal connection of
a current transformer shall equal that required for a circuit breaker terminal connection as
shown in 6.3.

3.4.23

85

Add new clause C5, Typical Connection of Secondary Burdens

Typical connection for secondary burdens shall be as shown in Figures B-1 through B-4 in
Appendix B, except that all secondaries shall be on the same side of the circuit breaker.

3.4.2.4

86

Add new clause C6, Test Procedures

The following design and production tests shall be made on instrument current transformers
for use on or with circuit breakers.

3.4.3
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Item SG4-2000
Recommended change to C3704'1999 Clause
87 Add new clause C6.1, Design Tests 3431
34311
The design test requirements and procedures shall be as specified in C57.13 and in 34312
accordance with the following additional requirements. gjgii
a.  When rated dielectric strength is not demonstrated in accordance with C57.13, the test
requirements and procedures as specified in C37.06 and C37.09 shall be used
b.  Wet dielectric tests shall be made with values in accordance with C37.06 and C37.09.
When the current transformer is part of the circuit breaker structure, the wet tests on the
circuit breaker shall include the current transformer. When the current transformer is not
part of the circuit breaker or when it can be set apart from the circuit breaker, the current
transformer shall be tested separately.
C. Dielectric tests shall be made in accordance with C37.09. Where current transformers
are closely associated with the circuit breaker, that is mounted on the circuit breaker
supporting structure or on separate pedestals at the end of the pole units, the dielectric
tests shall be made on the combined circuit breaker and current transformer, unless it
can be established otherwise that there is no reduction of insulation withstand strength
because of the adjacent apparatus
d.  Switching surge withstand voltage tests shall be made in accordance with C37.06 and
C37.09
88 Add new clause C6.2, Production Tests 3.4.3.15

a.

Accuracy tests on free standing current transformers shall be made in accordance with
C57.13. All other tests shall be made in accordance with C37.09.

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

Page 10






(Reference clause 6.1.2) Add new table 6, as follows:

Table 6
Thread Dimensions for Threaded Terminal Studs

Stud Minimum length
di Number of Thread Length Usable
iameter .
. threads per inch Class of stud thread
inches . .
inches(mm) inches (mm)
3/4 16 UNF-2A 2 (50) 1-1/2 (38)
1-1/8 12 UNF-2A 2-1/2 (63) 2-1/8 (53)
1-1/4 12 UNF-2A 2-1/2 (63) 2-1/8 (53)
1-1/2 12 UNF-2A 2-1/2 (63) 2-1/8 (53)
1-3/4 12 UN-2A 2-1/2 (63) 2-1/8 (53)
2 12 UN-2A 3 (76) 2-1/2 (63)
2-1/2 12 UN-2A 3 (76) 2-1/2 (63)
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(Reference clause 6.13.3) Add new table 7, as follows:

Table 7

Sound Level Limits

Impulse noise limit

Intermittent noise limit

Continuous noise limit

Maximum Horizontal Maximum Horizontal Maximum Horizontal
Equipment classification sound distance to sound distance to sound distance to
kV range pressure | measurement | pressure | measurement | pressure | measurement
level point, level point, level point,
daB* feet (m) daB* feet (m) daB* feet (m)
General-purpose Outdoor
Equipment
362 kV and Below 140 3t (1) * 501 (15) 90 501 (15)
Above 362 kV 140 3t (1) i 100t (30) 90 100t (30)
2% (0.7)
Definite-purpose outdoor
equipment (These limits are in
addition to those required for
general-purpose equipment.)
362 kV and Below 105 1501 (50) 90 1501 (50) 85 1501  (50)
95 500t (150) 80 5001 (150) 75 500t (150)
Above 362kV 105 300t (100) 90 300t (100) 85 300t (100)
95 1000t (300) 80 1000t (300) 75 1000t (300

*  The sound level limits are based on no-load operation since personnel are not expected to stand adjacent to the circuit
breaker when it is opening under fault conditions. Measurement shall be made 5 ft (1.5 m) above ground level.

¥+ —+

Measured from perimeter of circuit breaker with cabinet doors closed.
Measured at location of the control switch of the circuit breaker with the cabinet doors open.
See 6.12.3 for maximum allowable sound level.

Note—It is considered that the routine operation of the switching station will not submit a person to continuous or
intermittent exposure unless he/she is at least at or within the specified minimum distance from the noise,
depending on the circuit breaker voltage rating.
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(Reference clause 6.13.3) Add new table 8, as follows:

Table 8 Permissible Noise Exposure *

Duration per day, Sound level,

hours (T) dBA
8 90

6 92

4 95

3 97

2 100
1-1/2 102

1 105

Ya 110

1/4 or less 115

*  Care shall be taken so that measurements will not be influenced by noise reflection, focus, or amplification from
walls, buildings, or other surfaces.

(Reference clause 6.15)
Add new Table 9, as shown following this table.

Table 9 Limits of Radio Influence Voltage ® ¢
Circuit breaker Test Limit of
Rated maximum voltage voltage Radio influence voltage
kV kV uV at 1000 kHz
155 9.4 500
25.8 15.7 650
38.0 23 650
48.3 29 1250
72.5 44 1250
123 73 2500
145 88 2500
170 103 2500
245 147 2500
362 219 2500
550 335 2500
800 485 2500
a. Measurements shall be made with circuit breakers in the non-current-carrying or non-operating condition.
b. In the case of circuit breakers having voltage ratings not covered by this table, the test voltage shall be 10

percent above the line-to-neutral voltage corresponding to the maximum voltage of Range B as given in
Table 1 of ANSI C84.1-1995.

C. Circuit breakers having two voltage ratings shall be tested at the higher voltage rating.

d. RIV limits for rated voltages below 123kV are listed for historical reference only.
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(Reference clause 6.16.5)
Add new table 10 as follows:

Table 10 Accuracy Class Ratings for Current Transformers used on or with Outdoor Circuit Breakers

Circuit breaker ratings

. a
Accuracy class ratings

Relaying service

Metering service

Maximum Continuous — : :
voltage, current 60 Hz Mélltrl;ra;[;o Accuracy Slgg Irei-rr?:m Accuracy
kV, rms amperes, rms urre b Class © urre d class ©
Transformers Transformers
155 600 600:5 100 300:5 0.6B--0.5
through 800 1200:5 200 600:5 0.6B--0.5
48.3 1200 2000:5 400 800:5 0.6B--0.5
2000 3000:5 800 1200:5 0.3B--0.5
3000 4000:5 1500:5 0.3B--0.5
4000 5000:5 2000:5 0.3B--0.5
5000 3000:5 0.3B--0.5
72.5 1200 1200:5 400
2000 2000:5 800
3000:5
123 and above 1200 1200:5 800
1600 2000:5
2000 3000:5
3000 4000:5
4000 5000:5

a. These values apply only when current transformers are used on 60 Hz circuits.
b. These current transformers normally have a primary current rating that corresponds to the continuous current

rating of the circuit breaker, except that circuit breakers rated 800 and 1600 amperes use current transformers

rated 1200 and 2000 amperes, respectively.

c. These secondary terminal voltage values for C or T classifications apply to the full winding as specified in IEEE

C57.13 for 10 percent error.
d. Minimum ratios shall not be less than 50 percent of the continuous current rating of the circuit breaker.
e. These values apply only to those secondary windings specified for metering service.
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INSTANTANEOUS DIRECTION
OF PRIMARY CURRENT .
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)
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INSTANTANEOUS DIRECTION “
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THE MARKED SECONDARY,
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Figure 9 Typical arrangement of two bushing-type current transformers on one pole of dead-tank-type circuit
breakers, showing taps and numbering systems on connection board. When intermediate taps are used, the tap
numerically nearest X1 has the same polarity as X1.
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Figure 10 Current transformer and lead identification of bushing-type current transformers for dead-tank-type circuit
breakers. Exact location of current transformers, leads, polarity marks, and terminal blocks shall be shown on
manufacturer’'s connection diagram or instructions. When one current transformer per pole is used, current
transformers are located on primary terminals 1-3-5 unless otherwise specified.
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Reference clause 6.16.7
Add following to Annex A, figure Al

xI x2| x3| x4 “xs

A\

INSTRUMENTS,
RELAY COILS,
OR TRIP COIL

Figure Al Typical connection of secondary burdens with one current transformer per circuit breaker pole

Reference clause 6.16.7
Add following to Annex A, figure A2

X1 X2 X3 X4 X&

L oo

RELAY COILS INSTRUMENTS
OR TRIP COIL

Figure A2 Typical connection of secondary burdens with two current transformers per circuit breaker pole connect
independently
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Reference clause 6.16.7
Add following to Annex A, figure A3

X5 X4 3 X2 |

| Jr

INSTRUMENTS,
RELAY COILS,
OR TRIP COIL

Figure A3 Connection of secondary burdens with two current transformers per circuit breaker pole connection in
series used when burdens are large

Reference clause 6.16.7
Add following to Annex A, figure A4

errrerprrfY—e—grrrra Y o ik Al AT Tl % A R R
l:%xa% xs|  xi X2 X5 %xa; X3 %xz X1 [xs {X‘t }K3 {xz Xt

RELAY COILS INSTRUMENTS INSTRUMENTS,
RELAY COILS,

TRIP COIL OR TRIP COIL

Figure A4 Connection of secondary burdens with four current transformers per circuit breaker pole two per terminal
connected independently and two per terminal connected in series
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Reference annex B, clause B1
Add following to Annex A, Table B1

Table B1 Operating Capabilities — Circuit Breakers for Arc Furnace Transformer Switching

Circuit breaker rating

Maximum number

: Number of operations
of operations

Rated maximum Rated continuous Between servicing No-Ioa_d S_witching_and
voltage, kV current, amperes mechanical interrupting
4.76 through 38 | 1200, 2000, 3000 250 20,000 | SeeSchedulel

through 5

Schedule 1: 10,000 operations interrupting no-load or load currents of less than 100 amperes,
plus 5000 operations interrupting fault currents up to 350 amperes, plus one
opening operation (O) at rated short circuit current.

Schedule 2: 2500 operations interrupting no-load or load currents less than 1200 amperes, plus
200 operations interrupting fault currents up to 3600 amperes, plus one opening
operation (O) at rated short circuit current.

Schedule 3: 2000 operations interrupting no-load or load currents less than 2000 amperes, plus
200 operations interrupting fault currents up to 6000 amperes, plus one opening
operation (O) at rated short circuit current.

Schedule 4: 1000 operations interrupting no-load or load currents less than 3000 amperes, plus
50 operations interrupting fault currents up to 9000 amperes, plus one opening
operation (O) at rated short circuit current.

Schedule 5: 12,000 operations interrupting no-load or load currents less than circuit breaker

continuous current rating, plus 3000 operations interrupting fault currents up to
4000 amperes, plus one opening operation (O) at rated short circuit current.
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Reference Clause C2, add figure C1:
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Figure C1 Current Transformer And Lead Identification Of Current Transformers For Live-Tank-Type
Circuit Breakers

Exact location of current transformers, leads, polarity marks, and terminal blocks shall be determined from the
manufacturer’'s connection diagram or instructions.

Page 20





ftem Recommended change to C3709'1999 (S;Eﬁsiooo

101 Add to clause 2, References: 1.2
IEEE C37.082-1982 Methods for the Measurement of Sound Pressure Levels

102 Add to clause 2, References: 1.2
ANSI S1.1-1994 (R2004) Acoustical Terminology (Acoustical Society of America).
Add information on source:
Acoustical Society of America, Suite 1INO1,
2 Huntington Quadrangle, Melville, NY 11747-4502 (http://asa.aip.org)

103 Add to clause 2, References 1.2
ANSI S1.4 1983 (R2001) Specification for Sound Level Meters (Acoustical Society of
America)

104 Add to clause 2, References: 1.2
ANSI S1.13 1995 (R1999) Measurements of Sound Pressure Levels in Air (Acoustical
Society of America)

105 Add to clause 2, References: 1.2
IEEE 1291-1993 Guide for Partial Discharge Measurements

106 Add to clause 2, References: 1.2
IEC 61634 Use and Handling of Sulfur Hexafluoride (SF6)

107 Add to clause 4.4.1, Tests conditions: 1.2
0) Handling and use of sulfur hexafluoride (SF6) gas during manufacture, test, and

related operations shall be in accordance with IEC 61634.

108 Add new clause 4.18, Noise (Sound) Level Tests 4.3
4.18 Noise (Sound) Level Tests
Noise (sound) level design tests are not normally required, as the sound levels of modern
outdoor circuit breakers are well below the limits of applicable regulations. If necessary,
sound level tests for outdoor circuit breakers shall be performed in accordance with this
clause. Sound level tests are not required for circuit breakers used in gas insulated
substations and metal enclosed equipment.

109 Add new clause 4.18.1, Terminology 431
4.18.1 All terms not modified by this standard shall be in accordance with ANSI S1.1-
1994 and ANSI S1.13-1995.

110 Add new clause 4.18.2, 4.3.4

Noise Measurement Equipment

Noise measurements shall be made with a sound level meter meeting the requirements of
ANSI S1.4-1983. The reference pressure for all measurements shall be 0.0002 microbars.
ANSI S1.13-1995 shall apply unless otherwise modified by this standard. Impulse noise
limits shall be specified as peak values without weighting. The peak sound pressure level
shall be measured with a sound level meter in combination with either an impact noise
analyzer or an octave band noise analyzer using the all-pass range.

Continuous and intermittent noise measurements shall be made with a sound level meter
giving an rms response, using the A scale and a "slow" meter speed.

Care shall be taken so that measurements will not be influenced by noise reflection,
focus, or amplification from walls, buildings, or other surfaces.
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Item

Recommended change to C3709'1999

SG4-2000
Clause

111

Add new clause 4.18.3, Design Tests

Design tests to determine the levels of impulse, continuous, and intermittent noise shall
be made in accordance with IEEE C37.082-1982 under no load conditions on a
completely assembled circuit breaker.

If a complete three phase circuit breaker is not assembled at the place of manufacture,
the tests shall be made at the installation site.

4.35

112

Add new clause 4.19, Partial Discharge Tests
Partial discharge tests are optional. If partial discharge tests are required, they shall be
conducted in accordance with IEEE 1291-1993.

1.2

113

Add new clause 4.20, Radio Influence Voltage (RIV) Tests

114

Add new clause 4.20.1
The equipment and general method used in making radio influence voltage test shall be in
accordance with the recommendations given in NEMA 107-1988.

421

115

Add new clause 4.20.2
Tests at one selected radio frequency shall be made with the circuit breaker both in the
closed and open position.

422

116

Add new clause 4.20.3
In the case of multi-pole circuit breakers, one pole or terminal or groups of the same shall
be permitted to be used at a time.
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Add new clause 4.20.4
The tanks of the circuit breakers shall be filled with the prescribed amount or pressure of
insulating fluid.
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118

Add new clause 4.20.5
The case, tank, frame, and other normally grounded parts shall be connected to ground.

4.2.5

119

Add new clause 4.20.6

When a test is made with the circuit breaker in the open position, the pole or group of
poles not under the test shall be grounded and ungrounded, and the radio influence
voltage shall be determined for each condition.

4.2.6
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Add new clause 4.20.7

No other grounded or ungrounded object or structure (except mounting structure when
required) shall be nearer any part of the circuit breaker or its terminals under test than
three times the longest overall dimension of the test piece, with a minimum allowable
spacing of 3 feet (0.9 m).
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Add new clause 4.20.8

Where space requirements under test conditions do not permit the foregoing clearances
to be maintained, the test will be considered satisfactory if the limits of radio influence
voltage obtained are equal to or less than those specified in Table 4 1. In such cases, a
record shall be made of the object, structures, and their distances from the device under
test.

4238

122

Add new clause 4.20.9
Limits of radio influence voltage shall be as in IEEE C37.04-200X.

4.2.8
Table 4-1

123

Add new clause 4.20.10

Tests may be made under the conditions prevailing at the time and place of test.
However, it is recommended that tests be avoided when the radio influence voltage of test
equipment (including the influence voltage of irrelevant electrical devices) with the circuit
breaker under test disconnected from the test equipment exceeds 25 percent of the radio
influence voltage of the circuit breaker to be tested.

4.2.9

124

Add new clause 4.20.11
The frequency of the supply voltage shall be within 5 percent of the rated frequency of the
circuit breaker.

4.2.10
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Add new clause 4.20.12
Tests shall be conducted under the atmospheric conditions prevailing at the time and
place of test.

It is recommended that tests be avoided when the vapor pressure is below 0.2 in (5 mm)
or exceeds 0.6 in (15 mm) of mercury. Since the effects of humidity and air density upon
radio influence voltage are not definitely known, no correction factors are recommended
for either at the present time. However, it is recommended that barometric pressure and
dry-bulb and wet bulb thermometer readings be recorded so that suitable correction
factors, if determined, can be applied to previous measurements.

4211

126

Add new clause 4.20.13

It shall be permissible to connect conductors of the largest size intended for use with the
test piece to each terminal. The length of the conductors, when used, shall be equal to or
greater than the longest overall dimension of the test piece, except that the length need
not exceed 6 feet (1.8 m). The free end of such conductors shall terminate in a sphere
having a diameter of twice the diameter of the conductor, plus or minus 10 percent, or
shall be shielded in some other suitable manner to eliminate the effect of the end of the
conductor as a source of radio influence voltage.

4.2.12

127

Add new clause 4.20.14

The test shall be made without removing any component part, and the test voltage shall
be determined by the lowest rated voltage of any component part. The limiting radio
influence voltage shall be identical with the highest value fixed for any of the component
parts that determine the test voltage.

4.2.13

128

Add new clause 4.20.15

The following precautions shall be observed when making radio influence tests.

a. The circuit breaker shall be at approximately the same temperature s the room in
which the test is to be made.

b. The circuit breaker shall be dry and clean

C. The circuit breaker shall not be subjected to dielectric tests within 2 hours prior to
the radio influence voltage test.

d. If the radio influence voltage falls off rapidly after the supply voltage has been
applied for a short time, the circuit breaker may be pre excited at normal operating
voltage for a period not exceeding 5 minutes before proceeding with the tests.

4.2.14

4.2.14.1
4.2.14.2
4.2.14.3
42144
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MEMORANDUM OF COPYRIGHT TRANSFER

This ASSIGNMENT is entered into and effective this 6" day of August, 2007, by
and between the National Electrical Manufacturers Association, (NEMA) hereinafter
referred to as “Assignor,” whose principal place of business is located at 1300 North 17"
Street, Suite 1752, Rosslyn, VA 22209, and the Institute of Electrical and Electronics
Engineers Inc., hereinafter referred to as “Assignee”, a corporation organized and
existing under the laws of the State of New York with a place of business at Three Park
Avenue, New York, New York 10016-5997.

WHEREAS, Assignor is the sole and exclusive owner of all right, title and
interest in and to a work entitled Alternating Current High Voltage Circuit Breakers,
NEMA $G4-2000 (R2005); and

WHEREAS, Assignes desires to acquire the entire right, title and interest in and
of Assignor in Sections 1-5 and Appendices A and B of NEMA SG4-2000
(R2005)(hereinafter referred to as the “Work”).

NOW THEREFORE, in consideration of the mutual covenants and promises
contained herein, and other good and valuable consideration, the receipt and sufficiency
of which are hereby acknowledged, Assignor hereby assigns, transfers, and conveys its
entire right, title and interest in and to the Work, and in the copyright therein, to
Assignee, its legal representatives, successors and assigns, together with the right to
secure renewals, reissues and extensions, if any, of such copyright, which interest and
right shall be held to the full end of the term for which such copyright or any renewal or
extension thereof is or may be granted, and the right to recover for past infringement
thereof.

IN WITNESS THEREOF, the parties hereto have cased this Agreement to be
executed as of the day and year first written above.

ASSIGNOR ) ASSIGNEE
National Electrical Manufacturers Association The Institute of Electrical
And Electronics

Engineers, Inc,

Date: 2(&0(’2/?“0 > . %: Péugm’;?éf)?'







Splitting of Test Duties

Denis Dufournet

San Antonio (USA), 19/09/2013
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Three-Phase Short-Circuit Current Interruption

E,

" Time

Interruption of current in a first pole, followed 4 cycle later by
interruption of the two other poles in series
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Three-phase Short-Circuit Current Interruption

Three-phase fault in network with effectively grounded
neutral (U. 2 245kV)

Voltages Currents
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The three poles interrupt at separate current zeros with
different arcing times
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m t(s)

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

Maximum arcing time

=Tmin + 132°
=Tmin + 6.1 ms

Three-phase faults in
effectively grounded
systems

Maximum arcing time
= Tmin + 162°
= Tmin + 7.5 ms
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Terminal Fault TRV & Arcing Times

Pole to clear factor
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Terminal Fault TRV & Arcing Times

Pole to clear factor Single-phase "umbrella” test with
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Thanks for your attention
Questions ?
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