Minutes of Meeting 1. October. 2012

WG: C37.010 - Circuit breaker application Guide
Chair:Helmut Heiermeier
Location: San Diego

Participants: 40 members
19 guests

1.) The chair started the meeting with the introduction of all participants.
2.) The chair reviewed the agenda for the meeting.

3.) The chair asked to approve the MOM (Minutes of Meeting) from the previous meeting in
(Saint Pete Beach). There were three comments to the MOM by the committee:

a.) In the title the location of the meeting was incorrect. The location was listed as
Orlando and should be Saint Pete Beach. This will be corrected and distributed with the
next MOM for approval.

b.) Item #16 of the Saint Pete Beach MOM was listed as; “Several comments provided by
Denis Dufournet for the draft copy provided on 4-20-12.” Denis commented that he
would like acknowledgement that his comments provided on 4-20-12 were reviewed,
accepted, and would be incorporated into the document. Helmut agreed that his
comments were accepted and will be added to the revised MOM.

c.) Helmut commented that topic #17 in the Saint Pete Beach MOM was not completed.
During the last HVCB meeting it was recommended that we wait until the new balloting
process is reviewed before we go for ballot. Topic #17 from the Saint Pete Beach
(MOM) was listed as follows: “In general, the committee suggested that PC37.010 be
submitted for ballot. There is much work that needs to be done but if a ballot is issued
then more formal comments can be obtained and revisions will follow.” The chair
commented the document will be released for ballot but will be discussed later.”

4.) The committee discussed the work completed to date. A draft copy was e-mailed by Helmut
on 8-28-12 (Draft 3b) to listed members and guests. Some members and guests commented they
did not receive the document. Helmut will review the list again and verify contact information.

5.) The chair reviewed the status of the PAR and expiration date. The PAR will expire on 12-31-
14,

6.) The list of topics discussed at the meeting is attached below to the Minutes of Meeting.

7.) Section 5.26 Circuit Breakers used on the high side of a GSU (generator step up transformer)
was reviewed at the meeting. Some commented the word “missing” should be replaced with
“delayed” So the new proposed wording should be “In rare case it may be possible to experience
delayed current zero’s” The working group chair will review the comments and revise the
section accordingly.



8.) Section 5.25 Influence of circuit breaker behavior to other devices was reviewed. Comments
were made that the wording in paragraph #3 of the agenda for 5.25 be changed to: High over-
voltage may be created when switching reactors”. Technically, the breaker does not cause the
over voltage but station components and system conditions and how the breaker is switched, may
cause the over voltage and not just the breaker. Helmut will review the wording. Additionally he
will see if C37.015 can be referenced into the document too.

9.) The chair reviewed suggested changes to Figure #2 — operating time graph in C37.010. He
added additional information for closing resistor applications. Several comments were made and
most seemed to like the new graph. The information will be added to the document for ballot.

10.) New proposed wording for Section 5.7 was reviewed. The committee discussed 300 ms
reclosing time within the duty cycle. The draft information presented by Helmut for PC37.010
provided some rational or clarification why 300ms reclosing time is used to allow time to de-
ionize the flashover region in air.

11.) The chair reviewed several issues and contradictions to the definition for “rated interrupting
times” between several different guides. The wording for IEC, C37.04, C37.09, and C37.010 do
not seem to be aligned and correct. Additionally, there are some differences in the wording for
additional interrupting cycle time if asymmetrical faults occur at normal or elevated X/R values.
Helmut reviewed the new proposed wording for interrupting times. Helmut plans to keep the
wording for ballot as discussed in the meeting. He will also review the information again but
other guides should also be aligned better with the definition.

12.) The committee briefly discussed comments for switching lines with series capacitors.
13.) Section 5.24 closed pressure systems were reviewed with no comments.

14.) Section 5.27 Circuit Breakers — Resistor Energy Limitations was reviewed with no
comments.

15.) At the very end of the meeting some discussion took place to remove all the old references
in C37.010 that did not apply. Many agreed that old information that does not apply should be
moved to an annex. Carl Schuetz and Jim van de Ligt volunteered to check all the applicable
information to be moved to the Annex.

16.) Sean (Xi) Zhu reviewed Table A2 of section of C37.06 for “Switching Surge Factor.”
Notes in the guide suggest this topic and table should be moved to C37.010. He asked others if
they remember the history why the table or topic should be moved into C37.010. After some
discussion the chair and others agreed the information for Switching Surge Factor should be
moved into C37.010. Helmut said he would review the information.

17.) During meeting for C37.012 the chair Anne Bosma suggested that C37.010 may need to take
breaker with closing resistor information in C37.012 and move it into C37.010. The working
group chair added this to the list of tasks.

18.) The chair again said the document should be balloted and comments should be available
prior to the next meeting in Galveston. In order to meet this, the document should be out for
balloting by February 2013. The working group needs to apply for the allowance to go for ballot.



19.) The working group chair briefly reviewed comments from a draft compilation of comments
(PC37.010-D3). This is a running list of revisions and comments made to the guide.

20.) The working group committee agreed to adjourn meeting.

The following is information is from the PowerPoint presentation during the meeting:
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JAgenda
UIntroduction of members and guests
L Patent slides
OMOM meeting St Pete
L Performed work
LDiscussion on the need to rework graphs
L Further work/open points
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dStatus of working group
LUPAR approved
LPAR expires end of 2014
Lassumed document by than

October 4, 2012




CB application guide C 37.010

UWork done after St Pete
L Complete document based on Word format
LAl equations made editable
L Editorial changes
QlIntroduction
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Ultems to be discussed
How to adress different temperature ranges
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Ultems to be discussed new
Use as generator circuit breaker

5.26 Circuit breakers used on high side of GSU( generator step
up transformer

The present standard don't cover this specific case. However in some
cases standard breakers may be used in such applications. In this case
special attention need to be drawn to the following conditions.

High number of load current switching

Special condition which may occur when synchronizing a
generator with a network

Higher than standard asymmetries ( mainly related to lower
short circuit currents)

In rare case it may be possible to experience missing current
Zero's

CctoBiricetthese cases are rare it is necessary to threat them on a case by 5
case base.
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ltems to be discussed new

Influence of circuit breaker behaviour to other devices
5.25 Influence of circuit breaker behavior to other devices

A circuit breaker may influence the required capabilities of other devices in the substation by it's
inherent behavior. Examples where special attention should be paid are given below,

In case a circuit breaker has a bigger spread in mechanical ¢loing time between it's phases ( either by
intention or by it's inherent behavior) a higher peak cumrent when making a short circuit may occur. In
such a case other devices in the substation may be overstressed with regard to the maximum short
circuit peak and the next higher current rating for these devices may be necessary.

A circuitbreaker may create high gyenvoltage when switching reactors. Theses guervoltages may
exceed the maximum allowed voltages for other eguipment in the substation. In such cases additional
measures may be necessary like controlled switching to reduce the gyervoliages, arrestors or
equipment with higher voltage withstand capability.

Most circuit breakers are supplied with additional equipment such as; bushing current transformers
(BCT), free standing current transformers, liner couplers, or bushing potential devices. Although a
circuit breaker may have adequate continuous current, fault current, and voltage rating capability; the
user should review the rating of the accessory equipment supplied with the circuit breaker. Typically
devices such as, current transformer will have REF (rating factor) for associated primary and secondary
taps. Depending ontap selection, the circuit breaker's cumrent transformers may be underrated for the
application and could possibly result in a failure of the device andfor breaker. The user should
consider such equipment in the application and the circuit breaker manufacturer should be consulted
for possible de-rating requirements. Normative Annex in C57.13 provides additional information far
Ogtabsrd, 201t transformers along with standard SG-4. &
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Ultems to be discussed New

Is this figure correct? Do we need to consider
resistorapplication?
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Llitems to be discussed new
Clarification on 300ms reclosing time (5.9 )

The rated reclosing time is defined to be 300ms. This time should no
service. The rational behind the 300 ms is the tj j— o de-ignise the

flashover region in air. If permanent one a succesfull reclosing should
be ; e.

«The rated reglosing time is 300ms. This time should not be shortened in service. The
rational behind the 300 ms is the time which is need to de-ignise the faulty position in air.
This time depends also on the nominal voltage of the system, but the defined time of
300ms is assumed to cover all cases. If the fault was not a permanent one a succesfull
reclosing should be than highly probable. Special attention is needed if a probability of
secondary arc’s exists. These secondary arc’s may occur if gapagitve coupling between
the healthy phases and the faulty phases exist. In such cases additional measures may
be necessary to extinguis or to commutate the secondary arc.

October 4, 2012 g
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Ultems to be discussed new
Closed pressure systems (5.24)

5.24 Closed pressure system ( gas filled )

appended by:

Gas filled circuit breakers are designed to have a maximum leakage rate as defined in
7?7?77 or given by manufacturers. Frequent check of the filling condition is necessary to
determine possible losses. In case the losses are higher than the allowed losses action
need to be taken to avoid releasing too much gas into the environment.

October 4, 2012
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UProposals for added wording new

5.27 Circuit Breakers — Resistor Energy Limitations (For Consideration)

Circuit breakers with tripping and/or closing resistors may require a limited duty cycle. Factors such as resistance value
{ohrny, applied woltage, pre-strike conditions, out of phase voltage conditions, resistor insertion time, cooling interval of
resistor, and circuit breaker operating duty cycle should be considered by the user and manufacturer. Several
uncontrolled closing and/or opening events on a circuit breaker with an opening or closing resistor may exceed the
resistor energy capability and result in a failure of the eguipment.lsually the closing at out of phase conditions is the
limiting factor with regard to energy input. Closing at precharged [ trapped charged ) lines is not considered to be critical
with regard to energy input. The manufactures should be consulted for enerdy and operating duty cycle limitations to

the circuit breaker with such equipment.

October 4, 2012 10
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Ultems to be discussed new

5.7 rated interrupting time

. For line-to-ground faults, the interrupting time is estimated to exceed the rated ;

. interrupting time by 0.1 cycle. For asymmetrical faults, it is estimated that the interrupting

._time may exceed rated time by.an additional 0.2 cycle. Hence, for grounded ... ..
asymmetrical faults, the last phase to clear is estimated to be 0.3 cycle slower than the
rated interrupting time. This extension of the rated interrupting time is based on standard
X/R ratios. In case of much higher X/R ratios an even bigger extension may be seen. The
rationale behind is the fact that the current zero’s at which the breaker is able to interrupt,
are delayed. Additionally, rated interrupting time may be exceeded during extreme cold
weather (see 4.2.1) or when the breaker has been closed for an extended period of time.
Also, the breaker may be slower at the lower limits of control voltage and/or mechanism
stored energy. These longer interrupting times are in the range of several milliseconds
and may have system stability

October4, 2012 11




CB application guide C 37.010

é’;‘“iﬁﬂﬂ th Extinction of Making of
ort circul Short circuit current Arcing contacts
Shunting of
Energization

Resistor current

Of trip circuit (if applicable)

Initiation of
Resistor current
(if applicable)

Parting of
Arcing contacts

»
Resistar
Relay Interrupting time Insertion time
tirne If applicable
opening arcing Reclosing time @
time time
Contact parting
time Recloging time is the time interval between energizing the trip circuit and making

the arcing contacts. This is the shortest possible time the breaker itself is able to

achieve. Where low ohmic resistors are used, making the resistor contact on

Octoberd. 2012 [g\g\l,gm may be mare Slgnlﬂcgnt In service an additional time delay (300ms) is 12
! inserted to allow the fault location to be deionised.
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ltems to be discussed new

2.27 Switching lines with Series Capacitors

The line side component of the TRV may have a dc offset. The magnitude of the dc
offset, depends on several factors:

The degree of compensation of the line.
The loading (or fault current) of the line at the instant of opening.
Whether or not the remote end of the line is still connected (i.e. networked or faulted line)

If the remote end is open, it depends how much line is beyond the series capacitor, and
the phase sequence of the opening.

This is a multifaceted issue and needs to be carefully studied with switching transient
simulation.

In most cases the TRV Peak will be higher than a non-series-compensated line. However
it has to be carefully checked whether the existing type test evidence cover this special
switching case. This might be the case since the type test evidence is often based on
worse case assumptions with regard to phase factors. The manufacturer may be
consulted if further evidence is needed.

ROAISARGE B2
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0 ltems to be discussed new

IEEE
AC HIGH-VOLTAGE CIRCUIT BREAKERS Std C37.04-1999

5.6 Rated interrupting time

The rated interrupting time of a circuit breaker is the maximum permissible interval between the energizing
of the trip circuit at rated control voltage and rated operating pressure for mechanical operation, and the
interruption of the current in the main circuit in all poles. The interrupting time for a close-open operation
shall not exceed the rated interrupting time by more than 1 cycle of rated power frequency for circuit break-
ers with mtermpting times of 5 cycles or more, and 1/2 cycle for circuit breakers with mtermupting times of
3 cycles or less. (Cycles are based on comesponding rated power frequency.)

o Wording in C37.010 ( black is existing wording)

For line-to-ground faults, the interrupting time is estimated to exceed the rated interrupting time by 0.1 cycle.
For asymmetrical faults, it is estimated that the interrupting time may exceed rated time by an additional 0.2
cycle. Hence. for grounded asymmetrical faults. the last phase to clear is estimated to be 0.3 cycle slower than
the rated interrupting time. This extension of the rated interrupting time is based on standard X/R ratios. In
case of nmich higher X/R ratios an even bigger extension may be seen. The rationale behind is the fact that the
current zero's at which the breaker 1s able to interrupt, are delayed, Additionally, rated interrupting time may
be exceeded during extreme cold weather (see 4.2.1) or when the breaker has been closed for an extended
period of time. Also, the breaker may be slower at the lower linuts of control voltage and/or mechanism stored

energy. These longer interrupting times are in the range of several milliseconds and-mavtavesystemstabius
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Q0 ltems to be discussed new

QO Wording in C37.06 2000

(5) The ratings in this column are the maximum time interval to be expected during a breaker
opening operation between the instant of energizing the trip circuit and the interruption of the
main circuit on the primary arcing contacts under certain specified conditions. The values may
be exceeded under certain conditions as specified in ANSI/IEEE C37.04, sub-clause covering
"Rated Interrupting Time."

o Can the application guide beign used to clarify?
o Would a requestto C 37.04 be needed to clarify?
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L Definition in C37.09

4.6 Interrupting time tests

The rated interrupting time is established by adding the contact opening time to the maximum arcing time of
the circuit breaker. The contact opening time of the circuit breaker shall be measured prior to the mitiation of
the short-circuit tests, under the pressures and control voltages specified in the rated mtermupting time of
IEEE Std C37.04-1999. The contact opening time corresponds to the elapsed tume between the energization
of the trip coil and the instant when the contacts separate. The arcing tume of the circuit breaker 1s deter-
mined,

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

4.8.1.4 Obtaining the most severe switching conditions

To demonstrate the required interrupting capability of a circuit breaker, it is necessary to show that the cirewt
breaker is capable of meeting the requirements for the rated interrupting time, the rated short circuit current,
and related required capabilities in accordance with the requirements set forth in IEEE Std C37.04-1999 and
ANSI C37.06-1997, under the most severe switching conditions. The most severe conditions are considered
to be those where the maximum arcing energy input is seen by the interrupter dunng interruption as a result
of vanations of the arcing time that are due to the relationship between contact parting time of the circuit
breaker and the natural current zeros of the short-circuit current. It must be shown that the circuit breaker is
capable of interrupting the rated current, within its limitations for asymmetry and interrupting time, with the
cument zeros occurnng in such relation to the contact parting as to yield approximately the longest arcing
tume.

To satisfy the above conditions the opening operations for test duties 4. 5. 6. and 7 of Table 1 shall have the
comesponding arcing times, in ms, as outlined below. For each test duty. the minimum arcing time shall be
October 4, 2C specified by the manufacturer. 16
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L Rated interrupting time, proposed wording

Interrupting timeq]
The rated -interrupting time-of -a-circuit ‘breaker-is-the maximum -permissible interval between the-energization of*
t]:le r.rip ci.rcuil at-rated - control- \ol'l:age a.ud ratcd mechanism- pmsu.rc md the- i.ntmup‘l:icm of 'L]:Le cuwment in-the:

classify-breakers-of- d.lffcrtnt ‘opening times speeds-.r

The-rated- interrupting - time- may- be- exceeded- for- close-open- operations.- The-increase-in-interrupting - time-on-
close-open- operation- may- be-important - from- the- standpoint - of -possible-system-instability. - For-low - values-of-
current, these-considerations-are-less-important

At- duties-below-25%- of - the required-interrupting - capability-at-rated -maximum - voltage, the-time-required- for-
interruption-for-oil-and -air-magnetic-breakers-may-be-greaterthan the interrupting time-by-as-much-as-50%-for-5-
cycle-and-8-cycle breakers, and-1-cycle for breakers-of 3-cvcles-orless

Short: interrupting- times- may- be- mgmﬁca.n.l where system- Stib]]ll}' is- critical - App].lcatmn can51dctat1on.s-
including required margins-should ‘be incorporated in-determining -expected clearing time ¥

For-line-to-ground- faults, - the-interrupting - time-is- estimated - to- exceed -the rated interrupting -time-by-0.1-cycle.-
For-asymmetrical - faults, it-is-estimated - that - the-interrupting - time-may- exceed rated -time-by-an-additional -0.2-
cycle.-Hence, for-grounded-asymmetrical -faults, the-last -phase-to-clear-is-estimated to-be-0.3-cycle-slower-than-
the rated-intemmupting -time_-This-extension-of -the-rated-intenupting time-is-based -on-standard -X/R ratios. -In-case-
of much-higher-X/R ratios-an-even bigger-extension may be seen. The rationale behind is the fact that the-current-
zero's- at- which- the- breaker- is- able- to- interrupt,- are- delayed.- Additionally, rated- interrupting - time- may- be-
exceeded during-extreme-cold ‘weather(see-4.2.1)-or-when the breaker has been closed for-an-extended period of
time.- Also, the breaker-may-be-slower-at-the-lower limits- of control- voltage-and/or- mechanism -stored energy.-

These- longer- interrupting - times- are- in- the- range- of* several- milliseconds- and-may—have-system—stability
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chehows = 518.2-bq= = (a)lEC-notationssuch-as-R-5-T,-R- |z Done.d-addedA-B-Cnexttodit,-not- |
Y-B-wereused.+ sure-fit-is-right=
(b)IEEE-notationssuch-as-A-B-C-
shouldbeusedorlisted-sideby-
side_-7l-amnotsure-whaty-and 8-
standsforin{EEE-notation).s
chehowsal s | figures- (= )*(a)There-are-a-numbersoffigures{ = Dontknowhowio changethist i
16,17= beingre-drawnbutsome-data-are-
eithermissingoroverlaid+
"
chehowa|a ] Table3=|= Somesymbolsdonotprint-out- o Dontknowhowto changethiss r
correctlyon-paper.“For-example, the
symbolfor“allowablehottest-spot-
totaltemperature™inTable 3 [second
column,second-andthirdrows -as-
well-as-inthefootnotesforthistable].
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Gilbert- |5 Tlause-|= H B Suggest- to- include- thel = d
Carmonal 1.2- following:- “This- guide-is-intended-for;
Purpose general-use-in-the-application-of-“AC
High-Voltage- Circuit- Breakers-Rated
On- a  Symmetrical-  Current
Basis.- Familianty- with- other
American-MNational-Standards-specific|
to-other-breaker-applications-such-as
switching- capacitance- banks,
reactors,-and-generators-is-assumed,
and-provisions-of those-standards-are
indicated- in- this- guide- only- when
necessary- for- darity- in- describing
applicationTequirements. =
Gilbert- |5 Clause-|= H B Add- a- 4th- parameter- that- stresses{ = d
Carmona) 510.2- breakers;- Location- of- the- generatar
Asymm and-number- of-transformation-to-the
etrical- fault.-For-instance,-a-"local"fault,-i.e.
Require a-fault-close-to-the-generator,-the-ac
ments:= initial- short-circuit-current- due-to-the
jent- : ofj
generators- and- motors- must- be
compared- to- the- close- and- latch
capability-of the-breakeras-well =
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Tableo (Genaral
TadmicaEdnar o)
Gilbert- = Clause- | = [l " The-statement-that- the- stresses- are{ donen
Carmang 510.2- unlikely-to-occur-looks: like-the-guide
Asymm is-giving-pemission-to-the-application
etrical- engineer- to- accept- somehow- an
Require overstressed- breaker-where-the-fault
ments= exceedsthe-breaker-symmetrical-and
close- and- latch- rating- of- the
breaker.- SUGGEST- TO- DELETE
THIS-PARAGRAPH =
Gilbert- |5 Clause- |= H Ll Capadtor- Bank- De-gpergization:| dones=
Carmong) 51820 Suggest- to- replace- the- phase
Capacit sequence- designator- from- R-S-T-to
or-Bank- A-B-C- to- be- consistent- with- the
De- Americanfhasedesignation.=
ENEergiz
ation=
Gilbert- [= Clause- |2 H H Add- as- breaker- with- insertion| a-correctplaceneediobefounds
Carmang 5182h resistance- and- capacitance- across
) the-transfommer-winding-as-addtional
Transfor acceptable- means- of- reducing
mer- transformerinrush-current.z
Energiz
ation=
Gilbert- [= " Figures-[= Total-Current= o =
Carmonal A3&
Adm
San- H 5260 H El El The-word-missing-should-be-replaced{ donex
Diegos by-delayed...currentzero'se
San- n 526m [ [ L changehigh gy ervoliages-may -be-created| dones
Diego= when-switchingreactors=
San- n £ Z6n ] E] E] maketeferenceio C37.015z donenr
Diego=
San- " 6r = = Ll maove-all-oldrefemcesrelatedto-older| =
Diego= technologiesto-an-Annexs
Zan- [] [] E] E] El table-AZ for-switching-surgefactors-off donen
Diego= C37.06shouldbeintroduceds
San- H BT [H 2 B the- figure- from- C37.012- should- be| =
Diego= introduced- (- basic- dosing- resiston
outline ]
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Diegon capability in= service-capabilityin{C37.04)e
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