Minutes of Meeting 16. September. 2013

WG: C37.010 - Circuit breaker application Guide

Chair: Helmut Heiermeier
Vice Chair: Xi Zhu
Secretary: Mike Skidmore
Location: San Antonio
Participants: 33 members

18 guests

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

2.) The chairman reviewed the minutes of the meeting (MOM) from Galveston. The MOM from
Galveston was distributed to all committee members and guests of C37.010 on 9-4-13 with an e-
mail from Helmut. The secretary (Mike Skidmore) also distributed the draft (MOM) on 5-2-13 to
all members and guests listed on the committee roster.

3.) The chair entertained a motion from John Webb to approve the MOM from Galveston.
Mauricio Aristizabal seconded the motion. The motion passed unanimously.

4.) Status of Working Group

The chairman discussed the status of the PAR. The PAR expiration date is at the end of 2014.
The chairman discussed the current PAR does not have a “Purpose”. Some commented that a
purpose was not provided in the original PAR submittal because it was not needed. The
chairman discussed that the document should have a purpose. Helmut said he will review a
modification to the PAR and possibly add a purpose. John Webb also recommended that the
committee should ask for a 1 year extension if the PAR needs to be modified.

5.) Performed Work

The chairman provided an update on the work completed after Galveston which mostly included:
Some detailed work on solutions for comments

Rewriting of sub-clause 6.

The chairman discussed some comments received to remove all dated references from the
document if the dates aren’t necessary. Helmut agreed that dated references will be removed if
the date is not necessary.

Carl Schuetz of ATC presented information to modify sub clause 6 for fault current calculations.
The information presented by Carl is included as an attachment.

Discussion from others after presentation:



Roy Alexander was concerned about losing the decrement Figures within sub clause 6. He feared
we will be stuck in a loop if IEEE 551 refers to C37.010 and C37.010 refers back to 551. If the
graphs are removed we still need to point the users in the right direction and information. Some
people felt the graphs may not be accurate and were removed because they were for older
technology. Some commented how we know the graphs are accurate. Others commented how
we know the graphs are inaccurate.

The chair along with the committee agreed we should include the decrement graphs Figures
8,9,10 (the AC and DC decrement curve for three-phase faults, the AC and DC decrement curve
for single-phase faults, the DC decrement curve for all faults, respectively) back into the
document along with an example. Carl agreed to add the information back into the document.

Ken Edwards has the old decrement graphs digitized. Moving forward Carl Schuetz will take the
formulas provided by Ken and digitize to obtain better copies of the graphs and decrement
figures. These graphs or formulas will be added back into C37.010 under sub-clause 6.

The chairman asked the committed about the sequence of events that need to occur and if C37.04
will incorporate C37.06 and if the committee can make reference to other “more current”
revisions of 06 for C37.010. The committee discussed that we should refer to C37.06 and when
it is superseded by the future document. Bill Long recommended including information on the
subject and sequence of document approvals in the front section of the C37.010 document. That
is, we should explain what should occur if we need to refer to a document that are not release or
updated yet.

The chairman commented about some very old standards referenced. Helmut would like to keep
the important information but no future work will be done if it is related to old technology such
as oil breakers.

Carl Schuetz discuss that C37.010 is an application guide for breakers rated on a symmetrical
current basis and there is some older equipment referenced that may be rated on a total current
basis. The committee should review what may be removed.

The Chairman discussed de-rating factors for oil breakers and showed a graph for operating duty
cycle de-rating. It is difficult or impossible to test new HV circuit breakers with extended duty
cycles similar to the graph presented due to limits of the synthetic lab test circuit. Most of the old
de-rating oil breaker graphs were likely established from a direct test circuit and not a synthetic
test circuit. John Webb agreed to provide wording for de-rating for C37.010. Helmut
recommends keeping de-rating for oil and air magnetic and adding wording for SF6 breakers.

6.) Further work/open points
Work will continue to address editorial comments.

Annex A or parts of Annex A will be incorporated into Sub-Clause 6 — The old decrement factors
or curves will be digitized and added back into C37.010



7.) Preparation of next ballot.
The chair plans to re-circulate the document in maybe 2 or 3 months.
8.) The working group committee agreed to adjourn meeting.

9.) All slides provided at the meeting are included as attachments.
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Eldridge Byron Schneider Electric Member X
Donald Cantrelle Georgia Power Guest X
Gilbert Carmona Southern California Edison Member X
Stephen Cary Eaton Corporation Guest X
Steven Chen Eaton Corporation Member X
Chih Chow PEPCO Member X
Michael Christian ABB Member X
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John Webb ABB Member X
Jan Weisker Siemens AG Member
Oon Yek Pacific Gas & Electric Guest
Dong Sun Yoon HICO America Guest X
Richard York GE Gigital Energy Guest
Jiong Zhang MEPPI Member
Vice-
Xi Zhu GE Energy Management Chair X

“X” - individual was at the meeting in San Antonio





CB application guide C 37.010

JAgenda

JPerformed work
_Discussion of se
JWork done to im

September 17, 2013

Jdintroduction of members and guests
JMOM meeting Galveston
JStatus of working group

ected comments

orove subclause 6

JFurther work/open points
JPreparation for next ballot





CB application guide C 37.010

dStatus of working group
JPAR approved
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JWork done after Galveston
1Detailed work on solution of comments
JRewritten subclause 6
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Discussion of selected comments

d Comments I-57, 1-403, i-507 ,i-675 No purpose

s it allowed to bring a purpose in if no purpose Is given
In the PAR

If it i1s not allowed
JStay with no purpose
dSubclaues pupose to be left blank
dDelete subclauses?
dChange the PAR to introduce a purpose

September 17, 2013 4
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Discussion of selected comments

] Generell Comments dated references

1 All dated references will be removed If not necessary, for
example If specific topics have been removed in newer
documents

September 17, 2013 5
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Discussion of subclause 6

JThanks C Schuetz

September 17, 2013
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Discussion of selected comments

 Subclause 5.10.2 Asymetrical requirements
1Several comments recieved

A lot of editorial comments
_1Readibllity of figures

JPartly understanding of asymetrical
background/procedure

_1-> explanations will be rewritten
1-> figures improved

September 17, 2013
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Discussion of selected comments

J Comment 1-223

d "™C37.06 will be combined with C37.04 maybe reference
the latest 2009 C37.06?""

] Can a reference be made to a future document? Can it
even be mentioned that this may be the case?

September 17, 2013 8
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Discussion of selected comments

J Comment 1-589,1-98

" This talks about standards prior to C37.7-1960 but is
confusing. We need to change it to what we mean to
recognize that the factors changed significantly from the
1952 version to the 1960 version. Therefore change
""" Circuit breakers manufactured prior to IEEE Std C37.7-
1960™""" to """ Circuit breakers manufactured to AIEE
C37.7-1952 or earlier versions and to the corresponding
total current ratings basis standards

1 Do we need to discuss this in detail, or is it just enough to
give a hint??

September 17, 2013 9
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«Discussion of selected comments
J Comment 1-592,1-225,1100,1-467,
J X axes values??
1 Problem of conversation

dl=3
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Figure 3 — Interrupting capability factor for reclosing service
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Rejected comments

EII70542I|ne36

""Add a note """Note: The National Electrical Code NFPA 70 article 460.8 (A) and © requires that disconnects and conductors be sized based on 135% of the capacitor

||||||||||||

nominal current at rated voltage.

The National Electrical Code NFPA 70 Article 460.8 (A) & (C) is applicable for less than
1000 V Circuits. (here is the scope of the document: "This article covers the installation of
capacitors

on electrical circuits.

Surge capacitors or capacitors included as a component

part of other apparatus and conforming with the requirements requirements

of such apparatus are excluded from these requirements.

This article also covers the installation of capacitors in

hazardous (classified) locations as modified by Articles 501

through 503". This may not be applicable to high voltage installations

September 17, 2013
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Not understood comments

ad11
 Page 41 subclause 5.19
a

Discuss application duty where the circuit breaker is
Intentionally open (such as in a system tie application).

The voltage across the circuit breaker may be zero or there
may be a significant phase angle across the breaker
meaning a significant voltage across the breaker. Discuss
effect on grading capacitors, failure mode (open or close on
loss of gas pressure), and other factors to consider
dependant on technology.

September 17, 2013 12
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Derating factors for oil breaker
JVacuum circuit breakers
_1SF6 circult breaker
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JdWork on all editorial comments
dImproving of figures

September 17, 2013
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Carl Schuetz
Date: Sept. 2013
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« Remove Fig. 8,9,10 and replace with an
equivalent method of determining
asymmetry factors.






breakers rated on a symmetrical current basis.
o Adjustments for decaying currents was given.

e Two methods of fault current calculation were
given: simplified and E/X with asymmetry.

e Typical machine and system resistances and
X/R ratios were given in Section 6.4.






examples.

 Inquiries were made of software companies to
determine how the fault current is adjusted for

asymmetry.

« Methods of digitally duplicating Figures 8,9,10
were investigated.






IS tTaKen 1rom U1C

|IEEE 551 uses the same data for MV breakers but does
not address HV breakers.

Aspen and Cape also refer to C37.010 as an ANSI
approved method of calculating fault currents.

Both companies use a curve-fitting program to replicate
C37.010 Fig. 8,9,10.

PSS/E calculates fault current by determining machine
and network asymmetry.






current methodology”.

e Section 6 has been revised and information
reordered.

« Two examples are given that uses decrement
factors of local and remote generation.






common parameters has been inserted.

 The flowchart includes guidance for reclosing
de-rating factors

 Annex A has been removed and the user told to
refer to previous editions of the guide.






T
STAC AC —] [] gg @?\
345 KV [ 7T; ~ T - 7
l 138 KV
Component Positive Sequence | Positive Sequence | Zero Sequence Zero Sequence
Reactance X, Resistance R, Reactance X, Resistance R,
G4 X4 =0.0538 0.001
T4 0.0334 0.0006 0.0334 0.0006
G5 X4 =0.0457 0.0004
T5 0.0172 0.0003 0.0172 0.0003
Line AB 0.0202 0.002 0.0404 0.008
Line AC 0.0203 0.0014 0.0406 0.0056
T2 0.0233 0.0004 Xpo=:0302 X,,=.0108
X1,=0.236
T3 0.0388 0.0006 Xpo=:0292 X,,=.0062
X1,=0.1417
G11 X, =0.212 0.0015
T11 0.1117 0.0036
Table 6.2.2-1

Values are on a 100 MVA base

AMERICAN TRANSMISSION COMPANY ®

THE ENERGY ACCESS COMPANY





Breaker
Interrupting
Time

2~ CB, 1-1/2~
CPT

2~CB, 1-1/2~
CPT

3~CB, 2~ CPT

3~CB, 2~ CPT

Type of Fault

Three Phase

Single Phase to
Ground

Three Phase

Single Phase to
Ground

Operating Voltage
adjustment

11 210

13283

11 210

13 283

.Local* adjustment

6965
[11 210*57%*1.09]

8631
[ 13 283*57%*1.14]

7156
[11210*57%*1.12]

8934
[ 13 283*57%*1.18]

»Remote" adjustment

5495
[11 210*43%*1.14]

6683
[ 13 283*43%*1.17]

5784
[ 11 210%43%*1.2]

6969
[ 13 283*43%*1.22]

Value to be
Used

12 460

15314

12 940

15903

AMERICAN TRANSMISSION COMPANY ®

THE ENERGY ACCESS COMPANY





ault currents nas peen retaineada.

The validity explanation provided in Annex A has
been removed.

Two examples of fault current calculation are
Included; one new, one updated.

An application flowchart has been included.

Special thanks to Joanne Hu, Jim Van delLigt,
Steve Cary for their assistance.











Parameter
Generator reactance
Motor reactance

AC decrement + DC
decrement

DC decrement

Operating voltage

Peak Current

C37.010
Same as IEEE 551

Includes ratings of 50 HP and above
Fault current calculated based on X/R at
the fault point and a generator that feeds
“predominant current” through an
impedance <1.5Xd”

Based on separate X and R reduction.
Permits E/Z with the use of separate X/R
reduction.

Accounts for possible differing operating
voltages (ex. 1.02 p.u.)

Assumes peak of asymmetrical wave is
at half cycle (ref. IEEE 551 Table 2-1)

IEEE 551

Similar to C37.010 but excludes
hydrogenerators w/dampers
Includes all applicable ratings
Same as C37.010

Same as C37.010

Defined as rated operating voltage,
1p.u.

Uses an adjustment method to
calculate actual peak

THE ENERGY ACCESS COMPANY





4.4 ANSIIEEE FAULT CURRENT MULTIPLIERS

To take inte account the asymmetnical nature of fault current, ANSLTEEE standard C37-010-1999
recommends applyving a multiplying factor to fault cuurents calculated using the symmetnical sequence
network model. There are two separate sets of multipliers: one that includes effects of de decrements only
and one that includes effects of both ac and de decrements. The standard prowvides two sets of printed curves
to lockup multipher value given 3/F ratio at the fault bus, breaker intermupting time and contact parting

The Breaker Fating program utilizes equation (4.2) for calculating multiplyving factor f] that takes into
account the effects of de decrements. This equation yields the results identical to these obtained from the

comespending ANSLTEEE curves (Figure 4.1):
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t — Circuit breaker contact parting time in cycles
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Figure 4.1. Three phase and line to ground fault nultiplying factors that include
effects of dc decrement only.





The software uses ANSITEEE curve sets in fizure 4 2and 4.3 to determine multiplying factor f; that

mcludes effects of both ac and de decrements.
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Figure 4.2, Three-phase fault multiplying factors that include

effects of ac and dc decrement
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2. The current E/Z computed 1n Step 1 above has to be modified to account for ac and de

decrements. The modification takes the form of a multiplier that 1s a funetion of the
contact parting time of the circuit breaker and the system X/R ratio.

For a symmetrical breaker, this factor 1s obtained from

a) Figure 10 of C37.010-1999 1f only dc decrement 1s to be accounted for

b) Figure 8 of C37.010-1999 if both ac and dc decrements are to be accounted for and

the fault 1s a three-phase fault

¢) Figure 9 of C37.010-1999 if both ac and dc decrements are to be accounted for and
the fault 1s a single-line-ground fault

The decision to account for de decrements only. or both ac and dc decrements depends
on the nearness of the fault to generating units. Faults close to generation will show
appreclable ac decay 1n the first few eycles after fault initiation.

Figure 3 below shows the X/R multiplication factors for a symmetrical breaker, for
three-phase faults, with both ac and dc decrements.

© You replied to this message on 6/13/2013 1:52 PM.

From: Ashok Gopalakrishnan <Ashok@electrocon.com = Sent: Tue 5/21,/2013 7:35 PM
To: ¥ Schuetz, Carl
Ce eii@electrocon. com
Subject: Re: Pwd: Determining rating multipliers for circuit breakers in accordance with IEEE C37.010
N T - R T R e T O O e =
= : . : . : . : : : . : . : ; A
il

Hello Carl -

My name is Ashok Gopalakrishnan and | am the engineer at Electrocon who is responsible for the breaker rating
calculations in CAPE. The procedure CAPE uses to determine the asymmetry current multipliers is as follows:

1. The individual curves in figures 8, 9 and 10 of C37.010 were first digitized. Using a commercially awvailable
curve fitting program, we determined equations for the curves. The equations are stored in CAPE.






9.13.1 How PSS®E Calculates Circuit Breaker Duty

PSS®E contains a special short-circuit calculation which reports circuit breaker interrupting duty for
three phase faults at all buses in a specified subsystem of the working case. It determines the ampli-
tude of the alternating and unidirectional (dc) components of current flowing in symmetrical faults
and in the branches of the network. The alternating and dc components are calculated as indicated
in the previous section for the instant of fault application and for a specified time after the fault initi-
ation. These component amplitudes are then used to determine the following:

*»  The maximum instantaneous current that could flow in any phase at the specified time
after fault application, assuming that the fault was initiated at such a time, in relation to
the voltage wave that the specified time after application corresponds to a current peak
(Figure 9-45).

*»  The rms value of the current at the specified time after fault application (Figure 9-45).

The maximum instantaneous current, kota) peak, @and rms currents, ligta) ms, are determined by

ltotal peak = Idc * lac

2 2
ltotal rms = \v(|dc+ Irms

Instantaneous amplitude of unidirectional component.

o
o
I

FPeak amplitude of alternating component.

Itis convenient to define an instantaneous rms value of the alternating current component, lyns, by

— IHC

IﬂT‘IS _'\IE






enabling the total rms current to be written as

2 2
liotalrms = \'rldc:+ Irms

The breaker duty calculation starts with a power flow case comesponding to system conditions just
before the application of the fault. The values of the initial internal fluxes, y"do, ¥"go. and initial
currents, igg and iqo, are calculated from the prefault machine currents, terminal voltages, and the
characteristic machine impedances, ZSORCE.

The calculation recognizes that the time constants T'gz, T gz, T'qz, T"qz goveming the decay of
machine intemal fluxes and currents are dependent on the relative values of the machine imped-
ances and the impedances of the network between the machines and the fault. The relationships
used to calculate these time constants are shown in Figure 9-46. The L term is calculated at each
machine in the network by dividing terminal voltage by terminal current at the instant the fault is
applied.

If the fault location is close to major machines, it will present these machines with conditions approx-
imating a short circuit at their terminals, Le = 0. In this case the short-circuit time constants result.
If the fault location is remote from key generators or fault impedances are high, open-circuit time
constants result. The calculation process reads the machine reactances, open-circuit time
constants, and shori-circuit time constants, from a Breaker Duty File. The subtransient reactances
specified in this file must corespond to the reactive parts of the impedances, ZSORCE, in the power
flow case.

Total dc offset current is calculated in two different manners.

For method one, the instantaneous dc offset for each branch is set equal to the magnitude of the
difference between the prefault current on the branch and the instantaneous ac current after the
fault. The total dc offset current is the magnitude of the sum of these differences. Decremented dc
currents and hence total rms and total peak currents for each path are calculated by decaying each
path’s initial dc offset current by the Thevenin impedance at the point of the fault looking out each
path.

Again the total dc offset current is the magnitude of the sum of the decayed currents, which have
been stored and decayed as complex values. The values are listed in the output report on the line
headed with FAULT CURRENT.

For method two, the total instantaneous dc offset current is assumed to be eqgual to the total instan-
taneous ac current. This instantaneous dc offset current is decremented by the equivalent Thevenin
impedance of all paths from the fault location. The total dc offset, total rms, and total peak current
are listed following the Thewvenin impedance and initial voltage on the row beginning with the word
THEVENIN.






