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4.1,1 Tas! conditlons
4.2.1.1 Power {ector

Frr short-clroul corrent internapring tests. the power faztor of 1ha testing circults shall net exeeed 3.9% lag-
ging, #qubvalent to XA = 17 82 50 Hz or 7.1 % logging eqivalent to X/R = 14 05 50 Hz

4.0.1.2 Frequansy of tast clreult

Tasts demonetrating thert-gircuie curmet ineerupting gapabilitbes sholl b madr of pved power frequency.
Wrhen porforting testd ¢t o frequency odher than tha s power ftpency, special congidernrion shaft e
given b the ine of change of curent AL CTERL T, since performance of some imErapters 4 srongly
influsnced by the ruz of change of current {di/d) at the fngeant of cment zerm.

IF 2 cirewir tireaker containg internipoers that ans pot affecred significantly Try the Ab/dr, B trsty perfirmed
At ) Hz, can bo ured w d e the g « ot 60 Hz and vice vera, However, fior raned power fre-
eetaley abrva 60 it or below 50 Hz. which mhym‘ummwmhnmﬂd.mmmﬂdmﬁm
may b required,

4.8.1.3 Curmnt aaymmetry

Intzrripuing fests aea requived with both, symmetrieal and omymimeical CeTERL. Ay ineerrupking test in
whigh the asymmerry of the currenr, in all phnses at 2ontact parfne time, 8 less thap 20% is comaidersd o
symraamrical test, Asymmetry of less than 30% 1 considerad 1o have neglighle influznes on the performancs
|1 & circiit that has & time conpne of 43 ma (eatrespanding o ¥R valucs of 14 and 17 for rarad pawer Fra.
quemcies of 50 and 60 Hz meapectively). At this Jeval of asymmetry, the rowl marmest fs increased by lesm than
&% and furthermore, the instantaneeus value pf the pewer frequency rreavery vitge, of the jreeant of e
cxtinetion at the snd of 8 major current leap, f within 27 of the preake value, whils at the mad of mner enr-
rent |oop, witin 6%, ‘

For the asymmetricol rears, the cirent value i3 detarmined at tha Ingtant of contack pary, and sinoe the asym-
merry decresges with time, the vale of the de compuneng at the tims of contasct saparnticn ehall be equal 10
ihe value obtrined fram Figurs | for on clapted dme corresporling i the circuit bmaker 1mder pest. This
required preeent of the de eomponent is apecified in Flgure | For  tme qonaiant nf 44 ms. Figurs 2 may be
used wo detormine the required percenmge of the de conponent fivr tesrn wehere the manufactafer may w7 o
demnanstrate tha axymmetrical interrapting curmenk capability for X/R mtios ther than 17 at 60 Kz,

(%)

Ade = looe i}

The deffring equntion for theze Siurves i

arl T

whers

ik

%

1 = contoct, pmsn.gdrjm (1')

3
Twtime constant L'/ Pﬂj& '25
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\ Figure 1=—Percent dc required at contact part for asymmetrical tests

. (values based on a time constant of 45 ms equivalent to X/R of 17)
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Figure 2—Percent de required at contact part for asymmetrical tests
(values based on a range of X/R factors at 60 Hz)

The elapsad time as shown in Figure 1 and Figure 2 is equal 10 the sum of 1/2 cycle of relay time {on the
basis of the applicable rated power frequency) plus the shortest contact opening time of the circuit breaker as
determined in 4.8.5.2.

NOTE—To comvert the 60 Hz based X/R factors to 2 50 Hz base multiply the X/R factor shown in Figure 2 by 0.833. To
comvert X/R, 10 fime constams, multiply the 60 Hz X/R by 2,652 or the 50 Hz X/R by 3.183. The result is the ime con-

- ore %5
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4.8,1.4 Obtaining the most severe switching conditions R

To demonstrate the required interrupting capability of a circuit breaker, it is necessary to show that the circuit
breaker is capable of mesting the requirements for the rted interrupting time, the rated short circuit current,
and related required capabilities in accordance with the requirements set forth in IEEE $td C37.04-199% and
ANS] C37.06-1957, 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 during interruption es a result
of variations of the arcing time that are due to the relationship between contact parting tme of the circuit
breaker and the natural current zeros of the shor-circuit current. It must be shown that the circuit breaker is
capable of interrupting the rated cirrent, within its limitations for asymmetry and interrupting time, with the
cuTTant zeros occurring in such relation o the contact parting as to yield approximately the longest arcing
time,

To satisfy the above conditinns the opening operations for test duties 4, 5, 6, and 7 of Table 1 shall have the
corresponding arcing times, in ms, as ontlined below, For each test duty, the minimum arcing time ghall be
specified by the manufacturer,
\ 4.8.1.4.1 Single-phase symmetrical current tests
Arcing time = minimum arcing r.imet+ 0.75xy (2)
rr-m- hal
where t; = time for'cycle of rated power frequency (10 or 8.33 ms for 50 or 60 Hz respectively)
4.8.1.4.2 Single-phase asymmetrical current tests

' Atcing time = minimum areing time + length of major [oop — [ ms (3}

(The length of major loop is shown in Figure 3.)

Q 10

20 20 40
alapszad time from fauit initiation in milliseconds

Figure 3—Single-phase asymmetrical currents with a 45 ms time constant
for 50 and 60 Hz

ot s

Copyright © 2000 IEEE. Al rights nrsorved. i3
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8. Definllions

The terts and definfitons applicable o this standand and o the related stvndirds fior ge high-volags cirenjt
breakers shall ba fit Bceovdance with IBRE 814 037, 100-1992. These Aefinitions are nof infrndod 1 emhrice
Al prssifile mennings of e rermg, They are jntenred salaly to esmblish tha rocenings of torms mead in

4, Service conditions

4.1 Usual sorvice conditiong
Eirchit bretkers confbrming t this strodard shel] he euitable for apernting o tair Fondnrd ratinps

7} Where the remperaturs of the embear la not sbove A8 °C or betow =30 i~
by  Where the altimde is not phove 1000 m;

) Where the &fioct of solar radintion tg it sighificant {ilve principlos stuted in 1EER Bt C37.24- 1985
tay be nesd for goidance):

4} Whem the selsmie conditions do no# excmed those defined in 6.3.1.3; and
#) Whers vivaral condifions ag listed in TEEE St C37.000-1909 de Nt e,

4.2 Unucunl service coneltions
Vrason] sorviee conditinng am Hpmd In [RER: St C37.010-1999, Spehy eomditions shoutd ba brought o the

oftention of thoee respanatble for the appli , Mentfachin, and oparstion of the equifment, and i
geeideiines for epplication givan in TRER St CI7.010-1999 shenld be follow,

B. Ratinge

The Faking of  cirenit branker b i desiynated. Hmi of opernting charecteristion that is hased URO 2800) Bor.
vies condiviont a5 apecifiod ind.1. The mting of & eirenit brasker phal} inginds the Follewing parmmeters (for
values of prafermed mtings of clreyie breaknres, sea ANST CATN6-1997);

£) riy WmmmnudeHm valtage (5.1); \

B < Rated power fquency (5.); } £
) #  Rawd continugps entrent (5.3 L M
4) B Rated distactric withatand capability (5,4): .
o) #  Ratcd sandnnd Sperating duty (arandnrd duty cpele) (5.5); . F_P Q}?“—’K"
£) &5 Romd imteeraping e (5,51 % . {5 pS s
'5} K Rated shom-chrepit coprent (5.9 D ///—_—
W) Rated tranglent Fecovery yoltage (TRV) (5.9);
D & Rowd copacitance current switching (5.11) /
{NOTE =D fintts morpose 1o sn rptional mting.);

3718 Ratsd conerst voltags (5,153

K) 4 Reted operating prassure for Insuicion andfor uterption (3.16);

V3 25 Ratod operating pregsurn fir mechtnleal aperstion (5.17):

™) 3 Out-ofpitse switching current eapabllity [5.12) (out-nf-phece swittiring currant, i an optionl rap
it thar may be astigmed whem applcabla),

Topyrght © 1059 [EEE AN rignes reasrved. ‘ k]
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4.8.1.4.3 Three phase symmetrical current tests

in order to obtain the most severe condition for these tests it is sufficient to modify the contact parting time
of the west circuit breaker by 40 electrical depress (approximately 2 ms} between each operation.

4.8.1.4.4 Three phase asymmetrical current fest

The contact parting time shall be adjusted such thar:

a)  In one test, the first phase 1o clear is the one with the required % de component and where arc extine-
tion occurs after & major loop of current (see Figure 4). Interruption at the end of 2 miner leop faol-
lowing arcing through a major loop is permissible as long as the maximiin interrupting time is not
excesded.

2N

\ AN
X N

/L AL

/ /N SN AN
N INSJANY [ N2/
AN o A

s e e o

. - T
\\ _. Exaryhe of appracman - / Z"’ F:tm 1o
. pie of mEa aar wer -
7 P T mapr bop

) ] |

Pl Fime T Ul intiation In mhieesnde

Figure 4—Three-phase asymmeifrical current case, a) of 4.8.1.4.4
{exampie shows ungreunded system)

b)  In another test, arc extinction for the last phase 1o clear must ocour in 2 phage thar has the required
% dc component and afier a major extended loop or the greatest part of that loop (ses Figure 5).

" mi" bop _..--*Lﬂ“",‘;"-‘"
ANV N SN

/AL N A\
/N AL NN
A VAV VAR,
N\ i R /

N ade LI N1~
\71‘ Contas panihg = _ ‘J

{1 _~

|
Empad e fam faut hiatisn i ke e

Figure 5—Three-phase agsymmetrical current ease, b) of 4,8.1.4.4 b
(exampis shows ungrounded system) (Qa,gb 25

14 ; Copyright £ 2000 IEEE. All rights reserved,



BFR.OG8'Z003 08:009 &154598507

IEEE
Sid C37.09-1999

SQUARED

#7470 P.ODS

IEEE STANDARD TEST PROGCEDLIRE FOR AC HIGH-VOLTAGE

|
i

e A

INHERENT TRV OF
TEST CIRCUIT

— e — 1
TESTCIRCUITWITH  CIRCUIT BREAKER -
Z, ANDZ, THATPRO-  INTERRUPTER AND MODIFIED
DUCES A SPECIFIED ~ IMPEDANCEZ, INHERENT TRV
INHERENT TRV (¢ INDICATED) _
5 ) MODIFIED INHERENT TRV
| — & ] o o— {SHOWS EFFECT OF 2y,
cd
Zy e QL
E /
o O
TEST CIRCUIT WITHZ; y -
ANDZ; THATPRODUCES  INTERRUFTER
THE MODIFIED INHERENT VL0
TRV SHOWN ABOVE, pUT  'MPEDANCEZy -
WITHOUT THE CTRCUTT
MODIFIED INHERENT TRV
BREAKER IMPEDANCE Z,, sn?J%ILATEsméFFECT ongb

Figure £—A test circuit designed to simulate the effect of
circult breaker modifying impedance

4.8.1. 6 Short-line fault test conditions

The short-line fault tests are performed on circuit breakers that are intended to be connected directly 10 an
overhead line.

Short-line fault tests are made on a single-phase basis. The tests may be performed on a single pole of 2
three-phase circuit breaker, or in the case of hermetically sealed interrupters, on 2 single intermupter provided
that the conditions listed in 4.5.2.2 are met.

For these tests the bus (source) voltage should be equal to 0.58 V., and the magnitude of the short-cireuit cur-
rent at the circuit breaker terminals shail be as shown in Teble 1. - Wy ';E‘O-‘ﬁﬁ‘[rz \Yj

The peak value E; for the source side companent of the TRV is equal 1o where K, = Amplitude factor = 1.4
for cirouit breakers above 100 kV or 1.54 for circuit breakers below 100 kV. This amplitude is obtained for a
grounded fault at the circuit treaker terminals only. Additional line reactence is then used to reduce the cur-
rent to the test value. This reactance also reduces the amplitude of the source side component of TRV by a

factor of 1+ (Ky— 1)M. 4 /
Yot 25

16 Copyright £ 2000 |EEE. Al rights reservad,
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Table 1—Singlephase or thrse-phase tost dities for short-cirault curtent tests

“Hest Operating | Tert voltegw Making1 1 & compaci L]
duty duiy kY A (pi) pat kA aEpHmTy
I THeE 1% E L] [=IFEA
Thees L1 [ XD NN
3 Tz T B — 051 [CENER]|
T Dt-CO-c-CQ | E e"FigI T =5
o {La) and (401 .
T Ct 0 E Rl F'[“', choud
L] Drp-1d-F -0 E [} = X
3 Thi 8 E w8 0553 S8 ——1 | be foeattd
“Sghe-piase bats
& K= e T T T at 483
‘\ I | By [ woifls | =8 on pigl 15,
' Biop-phiase sl T Tani| fasts
B | Te=in G | R [=® M ‘hr.‘.uts
9 | Threx: Cx "3V | ["A1m.851 <!
S} (&5, V,ee)
1 | Clenderd peviithon ) | Fxl L Trer T seeonds | ,J .
Tha sawlooh line-fide component of the recovery veltage can be depsribed in terms of! ;Il 4*9'3

a}  The lins inductance Iy
" p)  Freguency . and ‘
£ An smplinide conernt, d, which ja the ratio of the peak of the fawtiorh compstent o the peak of U
voltrge t gound, a the circuit breaker rerminals, ot the instant of nrentpren.

Let M7 e fha desired (o5t Surrent. whers M. mpresenis tc rti of tha test anerent 50 L Then the line indse-
ranes Ly, is:

n.58 v
. e [ [ 1)
Ly = M‘ml“ M) Henrys ) [4)

e TRY fFate of the line-side component Ry, for 3 short-line fult i the surge impedanes Z multiplicd by rhe
glope of the CUrTEnt AL dTenE Zar0:

Ry, = JAnMIZ x 10 %Vips %
1# the peak amplinste constane af the line-tide comporert is d. the firs: peak, &, i
kAl - M)SZ058V kY ]

The time Ty, 1 the Jina-side peak is then:

T == o
Ta R,_

and the feequency is:

fage B2

apyrhgit o2 2000 ik, Al AgNTS rmaved, 17
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itertprion and mwst feen withstand rha high recovery voltage of the st source, In flis manner, e duty
of Intermpring the high curment at the high vlrage [ simulared,

The scenracy with which @ aymthetic fese mpresents 3 o3t In which the same wiige cuses the cprent @
frw and provides the reeovery voltage, s i Machoda T and 11, depends on severnl comrlitons. These o
Jisted belmw and mmest b conafdersd in planning and evaliaring a synthetic s

a)  ‘The o velmage should be relerivaly low and shaald canes Tittle o Mo dlgtortiom of te rurment wave.
Sinre the magniude of the ars valioge is larger with respet bo the voltage of the caneny seree tham
it s with respect & the voltage oF the cirmit heing represented. e arc volge has a greater effsr in
reducing tha magnitnds and shortening the durntion of thes loops of Firrent during which arsing,
rakes place, Tf the currant distordion ia sppreciable, the intermpted ciTent axafgried tn the et dhoald

Tie the product of the valua mesmurcd i s comemntions] #ay, a paring, ind a facmnr that
compenaates for the distortion.
\ b} Ther:m!duppenrmnﬂmufnﬁmhnflpulﬂmil:inlhnsm:mmmrnulbcTRVdnuln
" tha tests nrade i accerdange with Methods 1 and 11, and that i

I3 1t should nppear at the precids instant of oz extincrion.

2} The clreuit TRY sheuld [nerease 11 fenst a1 rapidly ad 1 at least o high p valee the circmt
TRY being ahmulnbtd.

3 The paramersrs of the bigh-voliags sources should be sach thae the f¥ack of post-are conductiv-
fry an the TRV it oo greater than that in cha cireair Imeing sirmulated; or fad)ing this, the charae-
teristies nf e TRY should be judged on the begis of the ctunl valtage appearitg cress the
cireutt breaker conieets inaread of the circuie TRY.

&) The arcing time should be conmiled s dint it cowers e mnge of mreing dme thot will sceur when

he circuit brenker scmally iovermipts the pewar being s

4213 Tast dutins

The test dufies uped t demansirae dre performance of a cirenit breaker are Yistedd in Tahls . where the e
parmeters are idencfied s follows:

2 (For pese duties L through 5)
Fof tuee phase teire, '
E = rared mazimwm voleage, V. m;[aymg 1% ot Vﬂfl y
2y Far elngle phnse tett, nﬂf' Jﬂﬂ
E =0.87 = moed maximiiy voltage ¥ for circuin breakerf ppled (00 XV ard by
E m 075 m rated maaimum veltage V for cirewdt hadikeryroted above 100 kY

2

i emual to:

13 153 lar cirsuit brleers that are not i

0.3 # for clrenin brenkers rapsd foxfTe cloaingpnry.

, iv equal to 3 min,

@ THET, ls cqual t the specificd time shown ln [EER 8rd £37.04-1008 nader e subclaues for
Rated elosing, Jrching. and short-Gim carrent caryying capahility,

N F =16 for 60 Mz ar 2.5 for 50 Hz.

luge 9 /8
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4.8.3.1 Text duties 1,2, and 3

Taar ductes 1, 2, and 3 shown fn Tabla § comaist nf at least two symmeizici] (< 20% de) and one aaymmerticl
(weteny A0S and G095} current inkertprion ters made with t sppropriate current valucs, where I oepre-
aanen tha rated shert cirtite Snrerupting current v, At the discrstion of me manufacurer, the ussts may
Also be pexformed as a @) - - CO -« [ - 0, provided that for to opening operations the tst cirent must be
symmetrienl ot the e of contact part. In the eise of three-phuse tests the yinmery requirment, is applies.
ble anly tn one of the phasss. For gomenience in tratlng it is permissthle m parform thms © - opertions
o 2 complepe duty gysle © - - 20 -¢' - CO fstend of the 0 operadans.

These tests demonatrate the capability of the girouit hreakar for switching fow magnindes of mytmmerical
shomesinuin suments. The clrcait THY used bn est duties T, 2, a3 shall be in pocondance wirk: dee relafed
capnbility emvelope givem i IEEE Sef (£37,04-1990 med modified in aconrdanee with the cormeapondig

TRV mulfipliers given in AMST C37.06-1997 or ANS] C37.06.1- 1997,
\‘k plien & ond W}]
N 4£.8.3.2 Taat chuty 4 not we
Test duty 4 in Tahle 1 dermonstroees the stamdnrd oyerurng duty and/or de wycle ot Feed

shem-cireuit snpability by interrupting a symmetries] cuent 1pf the rated valoe with p power Ergeency
roeavery volmgs nasociated with the rated manimum voltage wnd wirh a elreit THY definad by dve rated or
adjustad axponentinl-cosing envelope for ciroult bretkers raned above 100 KV, o by e rited or el jrstnd,
one minus-cosine nvelopa for cirapit breakers raed 100 KV and Telow,

For these =srs the ciment must be symmetrizal (< 30% da} at e time nf coner part for all fhree apening
aperarinng, This mapimment, ¢a1 be mep by delaying the spening, which follaws the close aperatinm,

In the event that ppemting rese dury 4 can not be performad aa shown. e b3 imimarions of the b2 labara.
tary, the alramace methads An and $b gray ke applisd.

Rafer 18 3.2,1.4 fior specifie requiremenes for demonstrating the mest savern switching conditions,

4.5.3.3 Test dwty &

Tieat duty § in Tahfe I cpnalats of three asymmerrieal opening operations made pot mars than 15 min apart,
Tiie required degroe of asymmerry shall b determined in aceardance with Figiee | mnd whers the elapied
time frem fauft indtisdion shall be eqal 1 172 cyele of rated pwer freduincy plus the schil measured open-
ing tima of the clrewit brenksr with maximum eontl valiage.

The required de componsnt, mnar b attalmed at the tmte of spetaer sepnrtion In o hase during one of the
intEImuptions,

Refer to d,8.1.4 for specific mquirerments for demomstrating tha most severe swvitehing coadidons.

4,8.1,4 Tant duties & and 7

Test dities & and 7 in Table 1 ars single-phuse resty made at S4% of the manimum rated voliage. Theee st
are imwanded fo demonstrote the capabilices of the circuit Breaker for ioterrujting a singla phase-r-groned
fault rrder the mast kevems switching rondigon for the elrowit breaker,

Tear dury & is performed with A aymmerrical current squal m the maxiowm et fymmerrical Mg TR
and with & mixdnmum arcing dme a1 indiented in 48141

Tieat dury 7 fs made with an asymsnemical curmnt having a de component, which is derermined as deseribed
in 42,13, md 2 maximinn arcing dme corzspending w those spezificd in 48,142
Pagﬁ. l0f2§
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2} The apaning me of the circuie hreaker alall not exeeed 110% of e comapending inidal value
mcagursd bafore the ast.

4.0.5.8 Voltage withaland tests
The tests desaribed befow shall e parformed after camnplation of shorf-sirntir current interrption tests.

a)  For circuit breakars misd balow 72.5 kV;
A ome-minute power [mquency wirhsrand wsts at BO% of tha original rfed withsrand valus.
B For cireult breakers mbed 72,5 &V and abave, but below 362 kV:

A withttand rasz applying 2 tant volage hving & peak valuc ! £ B0% of the product of 2
times the raisd pewer frequency withstard woltage. ‘The wiveform shall be similar to fhae of the
\ applicable rted TRV as wsed in e duty 1 of Table 1.

. ¢y For cireult breakera raterd 362 kY and abave:
' An imnpulse veltage fest ovith o peak valtage equal 1o 0% of rhe rated sitehing impulee withatmd
altage. The wavefiarm For thin past shall fa e sama as that used fior swirching impulse ests.
The TEC G056-1987 124t methed autlined below ean he tead g2 an altermit: demonsiration of capability.

1t For circuit breakars roted. 72,5 KY and belaw: .
A one-minuie power freqarncy withsmnd tese ap 8% of the ariginal rarad withstnd vajur,

) Forchetl braakers raterd above T2.5 BY, and np po 245 kV: l{’l“ﬂﬂ}

Adt imptlse velege ot with a peak voltags squal ro 6% of the covrespending raced ;
Impnlas, The waveformt shall ba similar w dist of the applicabla Fueed TRY a5 med i o dory T o
Tahle |. '

el Por aireuir bvealers eated above 300 kY and up m 420 KV -

An impilse woltage test wirh a peak volioge sqial ro 30% of te cormpmding rarsd ewitching
jtpulse. The wavaform shall be similar o that af the applinbie rared TRY 08 used jn test dury 1 of
Table 1.

d)  For circowit breakars rofed 550 kY ood up tn 800 KV: }
An impulse voltage st with 3 peak volrage rqual W S0% of the corrcaponding rated switching
ifmpiiles, The waveform shall be similar 10 that of the applicable mizd TRY 25 1tscd i test dury 1 of
Table 1.
4.8.8 Suggented short-alnzult corrent Interrupticon parformance dats form

Test dagd ia prsferaisly prasented in & form with i necompanying tabwlaifon of perrinent data similar t thae
shown in Annax A.

4.9 .oad current
4.0.1 Loed turrent switehing test conditions.

Load cusrent swirching msts shall be made sy the fallowing smditfont i demanstrate the oupabiliy of
the cimuit Breaker to switch [gad citerenes sueh a8 may be ensemprered in pormal service:

&) The rear crrrent Javels shall be of: anq. ll/Zf

Copyright © H00 EEE. A ity reserinid. n
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4.10,3 Tasting conditions
4.10.2.1 Pover factor
Frr capncifanss puorant switching beses, the power factor of the wsting clectit shall ot prceed 0.5 Tending

4.10.3.2 Frequency of teat clrcult *

Tesm demonstraring capacin ¢ awinching copakiliies of eircals breakers arc o be mode ot the et
jower frequency of 60 Ha{X)5%. If tzars are made outside this frequency mnge (for exemple. 50 Hz), the
Inatantaneos fecovery wltage Aoroas the coment intemupedng contcee of the: cireiit tereakoar, during Hw fire
£.33 me shall jyot e [eas than that which would occur far a. 60 Hz st

4,103 Recevery voltage

‘.\‘ In tive awitzhing of capucirance cusrents, beckisee of the charge thas is rapped o the capacitive limd, e

5 recovery wnitage aormas the cirouit breker contacts of the firut phase o fpRTIDG starta Foom 8. very o valoe
at currant Intcmupticn (detsmined by the syszem regulation when the capacitive Jnad b cemoved) and then,
following N fundamental frequency, iocreases to @ valua that cun resch n peak valme approximmrely
erween 2 By and 3 E,, fphase) at o time 172 cycle affer sufrent intarruption, The actuul viling that tha
recovery volfags can atain s determined by e sysrem and shime ceprcings hank grounding, the tystem mg-
ulation when the sapucitive toad [z reowved, cranemission line &r mble comfiguraden or rewshnieTion,
whether HHié GUFTANL is intermpbed AL 3 narural Eursnt zeno (that Is. not chapped), or the semuence of Intermap-
tion in (ke second or timd phwses, For sevaral fypieal types of capocitive imds ther p circait breaker mey
Have o witeh, the appradimane moximum peak recovery voltage thax cen appeds across the conties of e
first phise 1 Inperrupt 1/2 cyels after inwrruption may reach the follywing values:

Type of capacitiye TieS Fopy

rcuit phas-to-griand
(Haunder shunt eopogifor Bk T
on groumded ByStEm A
Vindoaded eallea
{with irdividual grtrarid sheatha) 2
nloaded transmisaion fina (O o 2 0 4
Shum capcitor hank
when =ither hanlke or $y41Em,
ar besth. In ungreanded:
19 T¥ secend and thin phasea interpt 15
it ) pamHl RUTTERE RETO
) IF e and thizel phascs do nc interrupt 3
t XTSI BOTR '

In general, the phenoment ocouming in the awitching of 2 grotnde shunt cupacitof bank or ant shicaded
cable on 3 graunded systam iy simply s would oceur i dwee siogle-phise circuits. In the case of tha
pnleaded transmisxion line, parr of e capacific: if groundesd and part in nogrounded, and in the
ung ted shune capachor bank il M capacidve lowd s sngrovnded. Throngh the coupling beryesn
pivases, recovery voitges greater than 2 B, (phase) am proch d arross the in some cuacs, even
higher peegvery voltages are posaible. peerally resulling from wids worisions fn primary arcing comact
prrtinig herween phises or one phnse remaining connecrad to the sysim,
Pn_gz. [‘2-/ 2§
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Thess mzavery ‘irge will ba slightly lawer noder ficld conditimme e 1 the mgulation octnrying when
the copaciranca jx swikched off, The systom wltage eegulation. of voltaga chrange, when the capacivive Josd
ia awltched, is aquat o

oy

Percane voltnge changs = m

= 100% {15

whem

KVA,, = tymmetrico] three-phate shart simuit kVA at che point of the capacitve fent e
kvar, = nominal thres-phase foyar derermined from open cirguit voltage {asme as reed far kVAL) and e
capacitince of the Joad.

Ts mcvsh short-gintain tact faheratorics, this volage change mny be conalderably Inrger hecaune of lower wvail-
\ abfe kVA, than on u system, fer @ given amount of capacitive load.

In reeagnition of this generlly larger voltge changn during Tabotarery capacifine coment awiteting rests
and the variation in recovery volrige sonditans depending on the type of capacicive load dnd gromding, foc-
tors e specified in 4.10.4 that define tast voliges for three-phie and singla-phase lalormory toats. Bagad
oy these Factors, e racovery voliages strots (he sireit breaker contacks 1/Z qyele affer intarruption will be
rquivalent 1o those sbinine:d opder setal system nditons.

4,10.4 Tast volage
4.10.4.1 Teat valtage, thres-phase tagtx

Tf threr-gitas |abegatory teats ae mads o demanstmee the capachance conrit swirching ratimg of & elrsule
Wrealear. the copacitive Tead shal] be connectsd with e neutral sither grounded, or wmgratnded, ne required.
for thes eype of test being conductad, or for simmiation of unloaded mentmisalen lines. are-half of the il
capicitive Toad stall be imgrounded and onc-half ahall be grounded. The meural of the pourcs may be
grounded. In arder po abtaln @ recovery waltage aemes the rircuit breaker contacrs that [+ equivaienr m tha
wolbage thar securs in a system operming av rated maximum voltage anf having pegligible wltage change
when the capacitive [ond is femayed, iemay be pecessary to have :m open elreuit tesr, yoivage that is lese than
ratzd maximim vahiage depending on reguladon of the labortary clreuit.

The open circie tar voltage 2, is densrrrined ee fiollows:

E GEQaAE) ™ e
. --"—"__-_—-____“
thavge EC T 2

wheme

A= tv matth

and

cloard cireist |ine-tanline voltage,
= opan Enevit linem-line voltags,
1= :tval lable short-circoit chrment, and
L. = rms gapscitmes current.

(opyTigit © 2V00 (AL AN fighte remerved, ki)
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The nominal merery valmge across the cirenit hreaker 112 srytle alter corent inerruption will be propor-
thopal to the peak value of;

E,+E, - E,+AE, - Eull+A)
2 2

= (15}

Therefore, the proper open cireult tne-to-line rest voltage, By m result in & recovery witge proportional m
rated rraximum woitage, V. in b systery where A, jx very close 3 1.0 may be defermined by

E‘,ﬂ-*z-ﬁlﬂ (16

2

Bo = V(riz)
4.10.4.2 Tost volags, single-phase heets
By pmper choics of test voltuge to prodoce peoMvery voltzges equivalent o thoss scconing in thres-phase
frons, single-phase tens may be made m demomstrate the capacitmin current awirching ratings of clrouit
peakers, Hesmuse of tha phencrnena occmrring in Heres-phate capacitance curpt swvitching operatioms
denerihed in 41023, & factor, B, e be comsidered o choosing open clreuit tit valtage By far single-
phase teats, in addition to the facror A deseribed [n 41041,
For grounded shunt, capashiar bank or coble charging curiene awitshing teses on p thressphage basia:

Bm[O
Fat ungrounsied shunt capneiter hank curmemt switciting reso on & three-phase hatia:

B=1.5%

For overhend line charging cuprent swinshing ésts on o thres-phate bf;:

(u:, u? c.,;.]FB =12

Therefare., the apen ciroult phass-to-ground est valtage for single-phass tosts is:

E, = 038 V{2=)B )

whers

L, trd I, = tingls-phase vahies of pexilible short-cimeoit cirent and capaditancs ourTent.

fage 4425
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af the i of the | fve et corren ad, thaefiore, A ony e open srull volmges. These
methexts, bowever, can b pyed 10 define condition for e tatr y valtages, partcolarly where [obomtory
SHOTT-CTACRIE CHE i et Hrge.

4.10.5 Contro] voltage and mechanism aperating pressure

Rated valuea of control voltage and robed pressum for meshisieal apevarinn shall ba maintained for the clos-
ing and epping circuits,

4.10.5 Interrupier pressure

Cirzaif, Trtakers that depend on iinamal encrgy of presture o drive an joterropting gas or fluid and that hive

A minimurm permisathle pressure spacified, shall be cipable of perfovming ar minimum permisaiible prezmee

m specified in nmeé@-@_-:-:'} -———e
b

'\'1 4.10.7 Contact spasds during single-pole and unit Intarrupter tests

Thring single-pole and unft imermypter tity, the clasing and opening speada of the contocts throngh the ae-
ing zone sholl be no greater than doring & cormesgonding fest oh & complens sineuir bresier.

A.10.8 Groundcing on the circult braaker and et clmult
The normally grounded ports of the sireuit hreaksr shall be grounded,
Thiting thraesphase tmirs, e penresl of the source eircuic moy be grmnded.

The netrral of the sapacivive toad shall e prounded or ungmundsd op specified TEEE S C37.04-1099,
depending on the type of capneitance cwrrene swilching rest being mare.

During single-phaas taers, tha test cleeait may ba grovnded,

When single-phase tests ors made on o cireuit ket with the three palas in one rank, the ather poles sholl
b grounded,

4.10.9 Reversal of test connections

n. circule breakers tha have unsymmearrical Eraulation patha. the sonnections 1 the satmea and to the capac-
ftive Toad shall be reversed for half of the [0 capacieancs eurment switching tests listed in Table{2yand =

nhltﬂ__-a "2,

£.10.10 Obtalning the moat asvers swilching condltions

tre capacirance curment swirching ogeraions, the voliage regulation is smafl when e capacitancs curenr is
inrarmuprad (ther i3, A i3 very closa o 1.0, o8 would geoersily prevail om @ syseem), the onment, s nsually
inarruptad m the Srst or sacond curment zero after contact Repsrition. In circuit breaters that have s contact
B30 £ ark palt thar incresact o w generally linear mlarion o ime, for eample wil cieuie breakers, de
revovery volfage stresa will he imposed on & reiptively $hive comtacr gap. In i teat lnborstary where the wolr-
nge chohge at curmnk mferropricn is larger. e nal incrmiption may be delayed, allawing # lager contact
gap ai the e of the maximpm recovery voltage than would poeor on 3 sysem, [n eating, it s desimble 1o
duplicate system enditions bn this pespeet as clossly a3 pesible, Ona method of [noreasing the protability
of nmerruptinn a1 the St cr ot cument 2ana after contact seprration is by the addivion of capacimnes 1o
the snuree side nf te t=ot gjrmit breaker (o reduce the toneal faquency. and tereby the raz-pf-changs of

Page 15/2%
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b3 antilever stress In a eirewdr breaker application, a representathe of mach povcefain element, siter ll glaz-
Ing, firing, and grinding opemitions are complated, thall witherand for five mimics 2 fotal smeas squivalent my
the ene! plate londing from macimum allownble working pressure phus three fmes the maximam rted cami-
lmver girmss,

Where applicable, the meximum rated eaprilever stress shiall be bused on tre Toad on the porcelain slement
msulting From:

2y The comrbination of the shore-cireuft foress mpamally of the et breaker plug rmeod lins poil with-
stand nad 240 mUBY mifk) wind velocity withtand: and

by From the combinrtionof rated Iine pul} withsand and the (.2 g (static) earthqoale ahock wizhstand,
whichever Ja tha mam riry; raend requirementn for line pull factors will be gvuilsble in 2

funtre ANSI/IEEE styndard.
\ NOTE—1 Prazal (Pa) ¢ 1.438 = 107 i 40 m/j (mﬂ*ﬁﬁ/&ﬂfmir)
\-‘_‘ 4.16.2 Prosaurized non-caramis componsibe

4.16.2.1 Nor-iaimting veseals

Componenis that paleher Bolart por sepurie bigh
accordanca wirh. the reuirernents of the ASME
Reinforced Plasde Pressirs Yestaly,

oltage elmmems af 1000 ¥ or figher shall te imited in
Boter and Preasure Vista! Cowle. Section X, Fiberglass-

4,16.2.2 1aofating vessels

3 Nan-¢erumie snmponents that elecmrically jghlate or separate high volings slemenis of 1000 Y or higher and
that are presaurized ar 2 constant pressure fwhere the presgure pypieally varies only dis m dinmol s
voriations and ore mintmal compared ro the st ambient prexswrch shall e fested and meet the equirs-.
ments deseribed fn 4161,

4.18.2.3 External companents

Extzpmal components that electrieally isolare or seprrate high walrage slements of 1000 ¥ or bigher and that
undergn significane pressins: syeting viriations due to the operation af the cirouit breaker shal} be mmnd as
per 3.161, Additionaily, o design cycfic prassure and burst rests, in acconfinee with applicable subelnises
416,31, 4,18.3.2. or 4.16.3.3, ahall b performed.

These weaex shall be made in a procg
Intemal or exéernal gat presspre
etar exreeding | 52 mm (6 in),

pe of eoch detign of non=cerxnic vesssl, inslitar, or e hoving on
eeding 208 kPa (absolute pressure) (15 patg) prd having an maids dism-
r all eoaring, curing, and fabricarlon aperations ame cmnplered.

Where applicable, the prototype fvessai(s) shall be so loaded a3 n create the magnitode of bending and shear
serecset mtpected tn occur undey service condltiond, The muxismn rtd catilever stress shall be besed on
the lead on the plattic clement gesulting from:

4) The comhination of e thort-circoit forces mtemal to the clreult prexker plus fhe raed tine poll
(50 /100 mi} wind velesiry withatand; md

) From tha combination of rated line pull withstand and the 8.2 g (st} sarthquake ghock wighsmmd,
whichever is the more severs duty; rired requirementt for line pull factors will be avallabis In a

Muture ANSLTEEE standard.
pﬂ 3 2 fﬁ/ 25
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%) Conprel and secondary wiring check et

iy Cleamnes amd mechanizal adjustment check iests

¥ Mechanica! aperation teats

k) ‘Tirming testy

Iy Brored epergy syswemn tesiz

m)  Conductivity of ctment parh st

8)  Power frequency withstand voltage tests an primary insnladon components

0} Power frequetiey withatand valtags tasts on comol, secondary wiring, and componants, ko inclide
meeors, mlease coils, el

p)  Forindoorchrente breakers used in enelosusss ineschangeshility test efor i IERE Sed C37.20.2- 1903

5.2 Current and linear coupler trafafartmer testa

l\,' All current fransformers used with Righ voltags cirenit brevlars shell be detigned in accordance wdth the
'y ANSHIEEE srandards for rransformers (IEEE Sid CF7.13-1993).

Coreny and Hnaar eoplar eransformens shall recsive the following taty whers aprlicabie:

a)  Fach tronsformer shall be checked for pressnce of cormct Pl inal, and polarity
markings.

% Fach mansformer shall be chekad elacrrically mr ensure proper dimetion of winding ro give the eor-
mrt palarity.

¢} Hach transformer shall be ziven suffizient tests to ensure thar the stecirical and magnefic properres
are within rire necessary limits ks mevt the ratio and accuracy clnssificafion rquiremems.

1) Refaying transformerz shall receive mide of murial reacTAncs beols o CRSUTE [RT FUM Fuice.
Mulg-ratio transfarmers ane given sucient mdo res io enenrs the cortrmess of d winding
for each tap section. For bushing murment rmsformens., rwh check points on tie: cxciraon curve
maAy be made U enswie At the upit meets i3 relaying scalracy clouificadon.

2} Metering tranaformers shal] recalve ratlo and phase ongle 1323 ot 104% and 100% rated, primncy
gitrane of oo Mirden oo ansure that the wit mes:s i merering sceurary RRassificamon.

db  After installakion in the cirevi breaker, sach tansfortier shall be giver a | min power frequency
withsrapd tas of 2300V harweer the shorted seepndary winding (Inclnding leads) and ground (ses

5047 e ————

5.3 High-waltade alrcuit brasker bushings tests

High-wimge circuit hreskor taashings For ombdoct circuit breakars shall be vy in accordance with
[EEE 5¢d C57.19.00:1991,

5.4 Gas recelver tents

£.4.1 Matal vazsais

All metal vesscls, cxespt those having an Internal or exfernal operating gas pressure pot exeteling 208 kP
Catrlne precanrs} (15 paig) (with no limitation on size) of thote having an ingide dinmiter pot excreding

137 mm (6 in}, {with oo limiration on prassure), shall be wested i mrerdanse with the ASME Boiler and
Pressurs Vesesl Cods, Seerion YT, Unfired Prossure Viessls, and any state and loctl codes that apply e dhe

point of original insrallation. PA ﬂﬂ_ 'T/ 25‘
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5.1 Power-frequency withstand voltage testa on major ingulatian components

Power-frequency withetnd voltage etz shall be made for one minute afther nn complerely pssembled cir-
it Freaken nt the voltagea and conditions apecified i 4,431 or et mnfer fnanlavion componenm, such as
bushingy, insulation braces, and aperating rods.

%17 Power-frequancy withstand voitage tests on contral and sacondary wiring

Al control wiring associnted with. curment and [Enear coupler trinsformer seeundaries and ot devies
seenndases shall menive p power-fraquendy withstind eeer of 2500 'V for one minurs. All ather copmal wir-
ing zhall receive a powersfrequency withstand test of 1500 W for one minwa or 1800 ¥ for one sccond.

Tf the cirevit bmakar conmel sirmet ineludes 8 moter, the motor may be disconnected ding the diedectric

Feese enn the evrerol cinmit and subaeyuntly teteed, jr place, ar i apecifled disleerrie sithstand voltage bt at
\L not tess than 900 .

8. Conformance test | h'gl,h'mj

6.1 Quidoor CircuR breakets -
£.1.1 Mathod of canducting confarmancs tesls fo w impulse withatand voltage

Whien donformanee ess. ars regulred forffighrngimpalss wiltage, the tests are o be ade i sccordanee
with 4.4.4, 4.4.4.[, and 2.4.4.2, odrh the following axceptions: " .
B ﬁﬁ!’f#ry

@)  The peak w:lr.ng;s valize shall not be required to be gt tha the ribid W" mpulss wolage
valias apacifisd.

®  Thetime o heif-wnhiz on the il of the wove ahall noe be required o be I excess of 53 un.
6.1.2 Method of conducting conformance teats for switehing Impulas withstand voitage
Confarmance (e are (o be made in aecordanes with 4.7, with the following sxcapeion s

a)  The peak voltage valua shall poc be raquired 1o be greater thon the rierd switching impulse wlugp:
valurs specificd.

by Tha et hatfavaline on the il af the wave shatl o be required to be in exeess of 25060 g3,

6.7.3 Mathad of eonducting conformance taats for line ciosing switching surge Iacior on an
operating systam

A parchaser may perform a Meld rest with the ctaonit breakar on an actral operating systom in omder te deter-
mine if it teat performancs conforms o requinements for jis mied 1ine closing switching surge factol, The
circuit Braaker wil? be considered to have paased it comfenranca rar when the cireoit breaker [r closed ona
randorn time basis Inte apped [Ine charges, if in 20 teaty there ie 0o ovirvliage fczors greater than e
rafed line clesing switching suzge factor; or enly s sch event puc of 34 rscr; or owa cut of 48 [ext; or
thres out of 62 resw. Four factors graarer than tha rated fachor, or any foctor greater thim 1.2 it the raned
line tlosing switching surge factor, nepresent nonconfornance,

If tha acmm) gystam is not graacly different frony the ptandard meferance power system, it ix axpeened thar the

field teat results will pov diffar slgnificantly from the mmanlts obtined from the simydand sndy osed to
extblish the mied line closing wwitching sarge Factor, Fowevar, if dve cirenie breaker fails to meet the ahove

Page [8/25
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n"

" ENVELEME
[T LT .

e | V517
REVEAVELY

Figura 14—Massuremant cf the rms valus of a symmatrical wave

7.1.4 FMS value of an asymmatricsl sinusoldal wave ot & paricuisr Instant

\ An asyrmetrical sinuzoide! wava zan ba comaidered to be smpoisd of g sompenents: an altemating cun.
Y e cormponent and & direct curment component. The rrs valve of such a current it o given Instant b the
. seuare mot of the nm of rhe squares of d de mmd oc components of curret ot the irant e mersement

it mobdes (hee Pigere 15).

1 = [amanr for witch mesmmement is made

A" = Major orthnus

B = Minor ardinae

A = Prak-o-peak valom of giemading camponen
= Al AR

D = Dt somponett =

B o rms vihe
oy o)+ (o)
(z8a) +2*

Flgure 15—Muastrement of tha rma valua of an asymmeirical wave

7.1.4.1 Altamnating componsnt
The altarnating component has a peak-to-peak value {A) aqual f the distanc: et r.he Wpper amd [ower

errvelopes of the current, and the axix of the wave s located midwny herwesn the amvelopes. The peak yahse
of this surrent it given by: ’

’
@ P
Peak valus of alnriating compenent o Major ordinate ; Minoy ordinetr > (m

Page 18/5
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7.1.4.2 Direct componant

‘The mmplitude of the direct curreny compomant s meamred with respect e the displacad axis of tha aloarmat.
ify conmpment aid is expaal to: /

/
Majar ardinare = Mingr ardirdte ‘_ ﬁ' - B as
F - ;

7.1.4.3 Caleutation of the rit value of sn asymmetrical éimisoldsl wave

Sen Figurs §5 for the method of enlenlation,
7-1.5 Albwmiute mathods of wiwting the making current

The making curreny may b stated A8 sither ah oo Sment, rmeasvred fom the smeiope of the e wave

\\_ &t the time of the maximom peak, or 35 e instaneanecus valne of the currene 3 the peak, Thess vaines s

1 rqrully signifisant in the description of asymmeirizal making correnta, bit the wnis rmost e tlearly stered 0

' avold confpsion. The rado of the peak. value pf cuprent 1o the rma valne varies with ssymmetry (Tabla 5) a5
fiallerwa:

The rapin of the peals vahie pa the mits value b3 LAY a2% if the asymmnetry if berwsen 229 and 54% and
1.6% +3% if the asymmetry Is from 20% ta [00%. Tl variadon In this mitio is so srmall that 1.59 can be need
withan inroducing serinpe srror, Cirrents having 20% or e aeyimenry are considered o be tymmetrizal
and choftld not be utéd for demansiting required I making capahility.

Tabla 5—Azymmatrical currents tabulated vaiues

LY Prak RME P vuliia tn
Afymmeiry vohae vahe s valoe

100 283 173 1.6
o 7.69 162 1.6
[ FEL] [ED 1.8
70 2.0 141 171
&1 226 11 1,73
E] 212 123 1.
0 1.98 1.15 172
- m 184 .09 1.6
24 1.75 1.06 1.6
o 170 14 1.5
m 1.56 101 134
T 1.41 1.00 1.41

7.1.8 Maasurement of the rms vaiue of & currant during a short circuit of
sarviral cycles durntion

The eaclllogram shown in Fignes 15 mpretents a record of a short ciseint of ..H'.VEHI cycles duration. Teme 1s
shown o the axis 0X and the corent valnes on the Y axla. The arlgin & of the coordinains represents the
beginning of e short cirouit, and T represents the doration of te corment Qowing thimugh e cirmie
[T

ﬂ;ﬂ& 20/? 5
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;
p-—
i s
iy
]
o—..
el
\
\ i

ar
AR
T = jower mvelopa of SUTTRRE e

I;-Tmi rms valtie of symremeirical crrrent dt esch netont
Flgurs 18— Determination of the aquivalent rma valus of & short-time currene

The rma value of the current Ly, during the Sma ineerval 0 1o T 8 givar by the following formuia:

. 7 . " .
- ’% it o .
fa -
where l

t = instentaneous value of the current

The equrivalent rms value of the currnt muy be dewrmined with sufficient aconry by me follrwing appli-
r=atinn of the Simpsan's formira:

a) Divide the time interval DT Inpo L0 squal parts
k) For the cloven lnsaors O tamugh 10, determine the matal rms curnenes, [ mmngh [y fthe metod
described. fn 7,1.4.5 may be ased), The values then are suprtingted in the formuls below:

Tomy =[S Fia By s 82 Boa Ba B By o N a B B )] 2

I using rhis formtula on oumenrs with  de component thas decays ta Tess than 5% of ies indtinl value during
the firat time [nterval, it is more acenmte b ignons e de companent My t conzider it,

In somme cics, the duraiion of A rest d traring stwnT-Cinemit corrent camying sy 2ot be exactly ay spec-
ifled. However, tince the hearing of the mumme carying pars i very pEarly proportonal i3t ind the time
fert cogling ia short, the i toat murrent [, detsymined by this method 38 eensidend fo damonsmare the sl
bty of the circyit breaker w cary e specified cierem By, if the duration T, of the shor-circuit current |

withint 25% of the speeified e Ty i iffu5 Ty Is squal o greatee than Ip2 Ty,
fase 21 /2.5
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7.2 Power-Trequency racovery voliage

Power-frequency recovery valtage thall be dmsrminad from tha anvelape off exch volmge wave at o poiot fr.
fime cotncident with that peak thet ocours mom tam 172 eyele and ot mare Ban ahe cysle afeer final are
expnction in e tase phages wy cienr, Tha power Enaqnency phase-to-phasa meovery voltage for a thres-phase
short cirenit shall be wkan ax 1.73 times the svernge of e et vilies pbeained i rhis manner fior te thres
volrage wives (see Figure 170,

) . G'ﬂ_ Eﬁl
MG P TRt e

ot e il !‘7 Tronts 00

4t & instar. e inacrvad ; o £

[

m « porwer frermeney recovery voltge, Plase A
% -mmmﬂﬂﬁ.mﬂﬂ
&,

EE:E = prwer fredurity MCOVRTY oithee. [ &

At PO TN DOLE-TTHT Fesavery wEe
o (B /2808 «E /2800 4 E, /L.028)
3

Poover frmquency phasesio-plumr cowry st
ATLER VT
- 'ﬁ (wlﬁﬂlmwlw@

Pags. 22/1%
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A2.3 Rating aesigred by menufacture:

x)  Volge (V)
b}  Rared continnous current (A)
£} Raterd powsr freqiesney (H2)
d)  Shortciycuit breoking eorment:
1}  RMS value of the sc companent af surrens (A}
Z} Percentige do component
a)  Minimum opening troe (ma)
i TRV
1} Peak valme (kV)
5 Raw-of-risa (kV/ins)
5 g ShortJine fanle mrge impedancs (0 snd amplinude fsnor)
x b)  Short-cireyit peak making current (kA )
i} Our-of-phase breaking cimenr (lA)
it Durtion of shorr circuis (2)
k) Operating sequenca
1} Tine-charging breaking current (A}
m) Cable charging brenking cormnt {A)
nl  Capacieor kank breaking (and making) ctrent (A)
#)  Small inductive breoking curane (A)
P! Supply volinges (V): -
I} Closing devies (mtjgqumlfb)’ ﬂﬂf

; MPa
2} Cpening devica .
q) Diaemﬁng 8 pressure mgﬂW "fﬂ [m"”:'aqﬁmb)

A.2.4 Test conditions for &ach aerles of testx

") Mumber of poles

by  Power facrr

¢)  Frequency (Hz)

d)  Gemerror seutml [grounded ar izolac=d)

¢ Transformer nsumral (grousded or izoluted)

0 Shorechreie point or load-side newmal (gronodsd or isolatzd)
B)  D¥agim of veat circuit inchading cometion{s) to ground

A 2.5 Short-clreuit breaking and making lasts

m)  Opemting sequenca and tme inberals
B Appiled valuge (kY)
g)  Making coment (peak vatna) (kA)
4} Breaklng cwrreniz
1y BMS valie of a cumpopent for eachk phase aned avarngs (kA)

2} Percenmge de evmponent ant. 25/ Z‘
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r}
n

[]
h)

h

)]

Porovty fraqmemay recovery volohge (V)
Prospective TRV

Asming Bme (ma)

Opening fime (o}

Interrupting Hma (ms)

$7070 P.,026

[EEE
Sud CEXT 10

Where applicable, brek timen op b the instant of sxinction of the main are and op o te ntant of

the hreaking of resi shall ba given.
Piyical behavior:

1y Bmission of Rume, s, oil. s and

7} Behavior, conditions, and remarks.

A2.6 Short-time currant fest

)

m
]

Commt

It RMS value (KA}
) Peak vl (KA
Duration (5)

Mayakeal behavior

A.2.7 Na load operatlon

)
b}

Bafore making mivd Irenking risea
After meking ond brooking trats

A28 Qut-of-phase making and broaking tests

1)
1)
&)
)
&}

Ma

Rireakeing currene in mach phasa [eA)
Wolrage acyods such phate (XV)
{Fna pressurs bofare (et (when applicnblc} ot bara}

Hreak v (ma)
Rsinn cinrert i epch phages Gochen applicable) (A)

A.2.9 Capacitive current ewitehing tests

a)
)
£)

dy
s}

n
b

Teeer vohage (V)

Breaking emremt in cxch phase (A)
Peak values of tha voliage betwean aach phase ovd gramd (KV):
1) Sopply side of cirenit teesker

2)  Load side of ciewit hreaksr
MNumber of recrikes [H any)

Mumber of et operations

Details of poiot-on-wave asting
Details of =t crenit et

Rehaviar of cincuin breaker during e
Candilan of eirenit breaker after trak

Cotyyrhiyt 12 2001 (S, AN right ekt
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Annex B
{Informative)

IEEE
Sl Cv.00- 1060

Test tables from C37.09-1979

Note: ln Aaatx B, laless atheswise indicard, aft
rofertnus 19 tlaes are o those is (£37.09-1977,

rece
N ‘”’?/

Page. 25/
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Introduction A eneus Nﬂm‘szsz_
" 732- 52~ 3628

(This introduction is not part of [EEE Std C37.04-199%, IEEE Standard Rating Structure fior AC High-Voltage Clrenit
Breakers.)

In 1964, consolidated standards for circhit breakers rated on a symmetrical current basis were published (o
take the place of standards established on the 1otal current basis of rating. This 1999 revision was undertaken
to update the standard to reflect woday's circuit breaker technology and application on mademn power sys-
rems. The revision also continues harmonization with TEC 60036 Ed. 4.0b: 1987, a process that first began in
1951.

This documenr makes significant changes in the rating structure for ciccwit breakers, such as the change of

the voltage range factor, K. and the standard dury eyele, With these changes. information needed o properly

apply circuit breakers rated in accordance with the 1979 or 1964 editions of TEEE Std C37.04 are eliminated

from this new edition. Accordingly, users muost refer to the prior editions of the relevant standards {including

[FEE Std C37.04-1999, ANS] C37.06. [EEE Std C37.09-1999, ete.) in order to properly select and apply cir-
3 cuir breakers rated in accordance with the older standards.

NOTE=—These older standards are part of the IEEE archives. Conracr the IEEE Standards Association for ordering
information.
The changes in this standard are explained in the following clanse-by-clause summary:

L. Scope—The scope was expanded 1o clarify the type of circuil breakers specifically covered by this
standard.

2. References—A complete updated listing of references is supplied.
3. Definitions—MNo substantial changes.
: 4, Service conditions—The usual and unusual service conditions are given, [nformation given on how

1o deal with unusual service conditions has been moved to IEEE 5td C37.010- 1995,

5. Ratings—The rated voltage range factor. K. defined in garlier versions of [EEE Sid (C37.04 is comn-
monly recognized as being equal tn 1.0 for modern interrupting technologies: consequently. the rar-

ing structure has been simplified, because the use of a K factor of 1.0 has effecrively eliminated K

from the rating structure. The rated permissible tripping delay, Y, has been incorporated in the rated

closing, litehing, and short-rime current sarrying capability (5.8.2.3)

51 Rated maximum voltage—No major changes.

3.2 Rated power frequency—No major changes.

5.5 Rared continuous cusrent—Changes were made 1o Table ! (Limits of temperature and temper-
ature rise for variows paris and materials of circuit breakeﬂ) This table has been browght into
better harmony with I=C.

54 Rated dielectric withstand capabilicy—Changes elarify basie dielectric requirements.

5.5 Rated standard operating duty (standard dety cycle}—Changed and expanded to inchrde zir-
cuit breakers for rapid reclosing and to coordinate with TEC.

5.6 Rared interrupting time—The definition was clasified and updated for modern circuit breaker
performance.

This definirion was modified to alert users of high-voitage circuir break-
ers that it may be necessary to add external delay to sccount for fanit deionization times on
power systems.
M, MM 5.8 Rated shont-cireuit current and related required capabilities
QCC_L.Q«;! e 3.8.]1 Rated short-circuit current—Np major changes.
. TIHE 5.8.2 Related required capabilities—The required asymmetrical intermapting capability for
] thres-phase foults (5.8.2.2) defines the percent de component based on the standard time

constant of 43 ms (corresponding to an X/R of 17 for 60 Hz or 14 for 50 Hz). Th:s

(&“«‘?) \\ \

Copyright & 1959 IEEE. All rights reserved. it
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3. Definitions

The terms and definitions applicable to this standard and to the related standards for ac high-woltage circuit
breakers shall be in accordance with IEEE St C37.100-1992. These definitions gre not intended to embrace
all possible meanings of the terms. They are intended solely to establish the meanings of terms used in
power switchgear, - -

4. Service conditions

4.1 Usual service conditions
Circuit breakers conforming fo this standard shall be suitable for operating at their standard ratings

3} Where the remperature of the ambient is not above 40 °C or below =30 °C;
. b)  Where the altitude is not above 1000 m:

¢)  Where the effect of solar radiation is not sienificant (the principles stated in IEEE Sid C37.24-]1986
may be used for guidance);

d)  Where the seismic conditions do not exceed those defined in 6.3.1.3; and
e)  Where unusual conditions as listed in TEEE Std €37.010-1999 da not exist,

4.2 Unusual service conditions

Unusual service conditions are lisied in JEEE Std £37.010-1999. Such conditions should be broughr 1o the
atrention of those respamsible for the application, manufacture, and operation of the equipment. and the
guidelines for application given in IEEE Std C37.010-1999 should be followad.

5. Ratings

The rating of a eircuit breaker is a designated limit of operating characteristics that js based upon usnal ser-

vice conditians as specified in 4.1, The rating of 2 circnit breaker shall include the followin  parameters (Far B

values of preferred ratings of circuit bregkers, see ANSI C37.06-1997): ‘ ;
8). RoroperatienfSt i — -'?—')W

by~ Qut-of-phase switching current (5.12), rated maximum voltape (5.1);

<) \'Rated. power frequency (5.2);

d), “Rared continuaus current (3.3}

e) \Rmd dielectric withstand capahility (5.4);

fh, “Rated standard operating dury (standard duty cvcle) (5.5);

,)\\Ra.ted interrupting time (5.6):

h \Rar.ed shott-circuit current (5.8);

i)\ Rated transient recavery voliage (TRV) (5.9):

s ™ Rated capacitance current switching ¢5.11)
(NOTE—Definite purpose is an optional rating. );
k)« Rated contral voltage (5.15).

I Rated operaring pressure for insulation and/or interruption (5.16);
m)\Rated. operating pressure for mechanical operarion (5.17);

M Qut-of-phase switching current eapability (5.12) {out-of-phase switching current is an optional rat- ‘
/ ing that may be assigned where applicable). l

Qu® QR
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S CAT 01599 . IEEE STYANDARD RATING STRUCTLIRE FOR

NOTES TO TABLE |

I—According ro its function. the sams par may belong to several wategories a5 listed Table |, In this case, the permissi-
hle maximum values of total tsmperature and emperature rise to be considerad ore the lowest among the relevant cate-
gories,
- 2—For sealed interruprers. the values. of total temperamre and temperanire-rise limits are not applicable for parts inside
" the sealed interrupter. The remaining™parts shall not exceed the valpes of temperatire and temperature rise given in
Table 1.
3—The temperatures of condugrors between cornracts and connections am not covered in Table 1, as tong as the temper-
ature ot the point of conract between conductors and insulation does nat exceed the limits established for the inswlating

marerial, & Q.C..

4—The classes of insulating marerials are those given in IEC 60694 Ed. 2.0b: 1096,
3—The top oil (upper [ayer) lemperajure shall not excesd 40 °C rise or 80 °C rotal. The
the haltast spor temperatitre of parts in contact with oil. . ;
6—When contoct parts have different coatings. the permissible remperatures and remperatire rises shal] be thase of the
part having the lower value permitted in Table 1,
7—The quality nf the coared contacts shall be such that & layer nf oating materia] remains ot the contast area
) After making and breaking tests (if any);
\\ by After shom-time withstand enrrent tests;
£) Aftar the mechanical endurance test: 2ccording to the relevant specifications for each pisce of tquipment. Other-
wise. the eontacts shall be regarded as “hare,”
B—When conneetion parts have different coatings. the permissible temperamres and ternperature rises shall be those of
the part having the lower value permitiad in Table 1.
9—wWhen maretials other than those given in Toble | are used. their properties shall be considered in arder to determins
the maximum permissible lemperaturs rises,
10—The valuss of temperarure and temperarire rise are valid even if the condurtor to the terminals is bace.
L1—The temperature shall nof reach 2 value where the temper of the material is impaired. ‘
12=For indoar circuit breakers used on switchgear assemblies. the temperatus Fmits given in IEEE 8rd £37.20.2-1993
shall not be axceeded.

Jand 90 °C values refer to

Ete

5.3.2.2 Limitations on main contacts
The remperature of the main contacrs used in circuit breakers shali not exceed the values listed in Table L.
2.2,.2.3 Limitations on connections

a)  The temperaiere of connections in the main power eircuirt of 1 circuit breaker shal] not exceed the
values listad in Takle L.

b)  Termimals of circuit breakers designed for direct cable connection shall not exceed 45 °C rise or
83 “C hottest spot total temperature when connected to an 85 °C maximum insulated cable, rated for
the full continuows current rating of the circuit breaker.

€} Connections of indoor circuit breakers to switchgear asscmbj.iés shall .confom'l only to the thermal
requirements given in [EEE Sid £37.20.2-1993,

5.3.2.4 Limitations for parts subject to contact by personnel

Circuit breaker parts handled by the operator in the normal course of duty shall have no higher toral temper-
ature than 50 °C. Circuit breakers having external surfaces accessible to an operator in the normal course of
duty shall have no higher total remperature on the surfaces than 70 °C,

5.3.2.5 Limitations on rmaterials

Materials shall be chosen so that the maximum ftemperatures to which they may be subjected shall not cause
accelerated deterioration over the life of the circuit breaker. \ I 'l

Qe

6 Gopyright © 1999 lIEEE. All fights resarved.
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5.6 Rated interrupting time

The rated interrupting rime of a circuit breaker is the maximuem permissible interval between the energizing
oF the Irip cireuit 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 | eyele of rated power frequency for sircuit break-
ers with interrupring times of 5 cycles or more, and 1/2 eyele for circuit breakers with interrupring times of
3 cyeles or less. (Cycles are based on corresponding rated power frequency.)

5.7 Contact parting time

The arcing contact parting time shall be considered aqual to the sum of 1/2 cyele (practical minimum relay
tim#) plus the minimum opening time of the particular eircuit breaker specified by the manufacturer (see
[EEE 5td C37.010-1999),

6.8 Rated short-circuit current and related required capabilities

The short-circuit current rating of a circuit breaker is the symmetrical component of short-circuit eurrent in
rms zmperes (5.8.1) m which all required short-circuit capabilities are related, All values apply to both
grounded and ungrounded shorr-circuits on predominantly inductive three-phase circuits, with rared power
frequency and phose-ra-phase recovery volinge equal to the rated maximum voltage.

. 5.8.1 Rated short-circuit current

The rated short-circuit current of a eircuit breaker is the highest value of the symmetrical component of the

three-phase, short-circuit current in rms amperes measured from the envelope of the current wove at the
instant of primary arcing contact separation that the circuit breaker shall be required 1o interrups ar rated
maximum voltage and on the standard operating duty. It also establishes. by fixed ratios as defined in 5.8.2,
the highest currents that the circuit breaker shall be required to close and larch against, to carry, and to inter-
rupt. For numerical values of rated short-circuit current. refer to the tables of preferred ratings in
ANSIC37.06-1997,

5.8.2 Required related capabilities

The circuit breaker shall have the required related capabilities described in 5.8.2,1 through 5.8.2.5,

5.8.2.1 Required symmetrical interrupting capability for three-phase fauits

For three-phase faults, the required symmetrical interrupting capability of a eireuit brezker is the value of the
symmetrical component of the short-circuit current in rms amperes at the instant of arcing contact separation
that the circuit breaker shall be required to interrupt at o specified aperating voltage, on the standard operat-
ing duty eyele, and with a direct current component of less than 20% of the currentgvalue of the symmerrical
component, L P2 0
5.8.2.2 Required asymmetrical interrupting capability for three-phase faults

The required asymmerrical cument interrupting capability of a circuit breaker is the vaiue of the total ms
short-circuit current (/) at the instant of the arcing contacr separation that the circuir breaker shall be

required ro interrupt at a specified operating voltage and on the standird operating duty cycle,

The required percent value of the dc companent is based on 2 stapdard time constant of 45 ms {eorrespond-
ing 1o X/R values of 17 and 4 for 60 Hz and 50 Hz. respectively) and an assumed relay time of 1/2 cycle, as

Lapyright & 1999 IEEE. All righis resarmg, | Q
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illustrated in Figure 1. The elapsed time shown in Figure 1 is equal to the sum of 1/2 cycle of relay time {on
the basts of the applicable rated power frequency) plus the contact opening time of the sircuit breaker,

1o

Lo

BR
™m \

g . Pargant de = 100 gt—/48)
£ w ‘\\ t = contact parting fime in ms
-
é 5} ey
:s 40 \
P

3 "y iy

u -"'-__________-‘-—-

m h-_-"-—-—__

[+]
[a] m 2n a0 A} 20 )] ™ R 2 ] 1
EIAFSED TIME( t) FROM FALLT INTTIATION TO CINTALT PART ‘ﬂ I‘ ‘ﬁl"' v
‘*‘ 9.

Figure 1—Percent de compenent of asymmetric current as
a function of contaet parting time

Covyremd
The required asymmetrical currenr inferrupring capability shall be determined from the rated value of the
symmetricaand the direct current component of the currant. expressed as 2 perceninge of the peak vilue of
the'symmetrical current, f,,. in accordance with the following formula:

ti=1,, L+ 2[%’) (2)

NOTE—Far time constants greater than 43 ms, see IEEE 5td C37.00. 1999 and [EEE 5rd £37.010-1999.
5.8.2.3 Rated closing, latching, and shori-time current carrying capability
The circuir breaker shall be capable of the following:
a)  Closing and latching any power Frcquéncy making current whose maximum peak (peak making cur-

rent) is equal 1o or less than 2.6 for 60 Hz power rated frequency or 2.5 for 50 Hz power rated fre-
quency times the rated short-circuit current; and

b) Carrying a short-circuit current (short-time cwrrent). 1, for a period of time as specified in
ANSIC37.06-1997 under the list of prefarred ratings. Thess time durations establish the maximum
permissible tripping time delay. Y. for each circuit breaker group.

5.8.2.4 Required reclosing capability

Derating factors for interrupting capacity for reclasing duty cycles other than the standard operating duty
can be determined, when required, using the method contained in IEEE Std C37.010- 1999,

5.8.2.5 Service capability duty requirements

The circuit breaker shall be capable of the following interrupting performance:

1n Cepyright © 1999 IEEE, AN tights resarved,
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The rated time 12 peak of the 1-cosine wave, E;, varies with circuit breaker rated voltage, as given in
ANSI C37.06-1997 and ANSI (37.06.1-1897,

m

NoLTAG €

".r"i.ME:I "

Figure 2—1-cosine TRV waveform

5.9.1.2 Circult breakers ratad 100 kV and above

For circuit breakers rated [0 KV and above. the rated TRV waveshape is defined by the higher of an expo-
nentizl waveform and a L-cosine waveform. as shown in Figure 3, The magnimde of the exponential compo-
nent, E). is

E| = K,x(%}xv | (5Y
whare

Ky = first pole-ro-clear facior = L.3:
Qar

E, =106 x Y

Since most. if not all, systems operating at 104 kV and above are effectivelv grounded. a first pole-to-clear
factor of 1.3 is required.

The rate of rise of the exponential component, R, has been established as 2 kVips, a5 shown in ANSI
C37.06-1997,

The rated magnitde of the exponential cosine component. E;. in ANSI C37.06-1997 is

2
E,=icxxx(-—)xv
AR W

12 Gopyright © 1899 IESE, Al rimmumd..
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NOTE=—A transient amplitude factor of 14 is used for circuit breakers rared 100 kY and above, instead of the 154 value
nsed for efreuil brenkers rated below 100 KV. ‘

The rated times to peak of the L-cosine component, T4, vary with circuit breoker rated voltage, as given in
ANSIC37.06-1997.

Figure 3 shows a slight delay, T}, in the initial build-up of the TRY wave. This delay is due to the capaci-
tance of the cireuit breaker, faulted bus, and any other connected equipment. The rated values of T, are
shown in ANSI C37.06-1997 and ANSI C37.06.1-1997. T does not apply to circuit breakers rated helow

100 KV

—

NooTHags

The rated TRV parameters are summarized in Table 2 and are further described in TEEE Std C37.01 11594,

Et ~ - .

e e - ——
-m=

Tz

TTME

Figure 3—Exponential-casine TRV wavefarm

Table 2—Rated TRV parameters
Breaker
rating _ Envelope E; T, R E, Ty
Below 1-cios [.88xY See ANSI MA NA NA
10g kv Figure 2 C37.06-1997
[0 kY and Exp-cns [.49 x VY See ANSI See ANSI 106=V Sem ANS]
abwve Figure 3 C37.06-1997 | C37.06-1007 C37.06-1997

Capyright © 1993 IEEE. All fights reservad.
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The TRV for this shortline fault is illusirated in Figure 6. The voltage, Vap, represents the source side tran-
sient which, for purposes of this illustration, is indicated as an exponential-cosine with a. time delay, tyr,
starting at an initial voltage of Vop,.

* Figtre & shows that there.is a time delay of the lineside recovery voltage as n result of the capacitance of
apparatus on the lineside,

LENGTH OF LINE

°1

J = IVepoe = Veop!

Yzog

& Mta
Figure 6—Shartline fault terminalogy

5.9.2.3 Initlal TRV

Cireuit breakers rated 100 kV and above. with rated short-circuit enments of 31.5 kA and above, shall have
an imitial TRV capability for phase-to-graund faults as defined by the envelope shown in Figure 7.

Exponential-cosine

Eovelope —X/

Vaoltage —e—

I/ e
& E -:f'":ﬁ’
L : ..---_'."::.' -
J THTE =t
T
\ . Figure 7—Initlal TRV Envelope

16 Copyright © 1580 IEEE. Al rights resarnd,
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The initial TRV envelope rises linearly from the origin w the firsi peak voltage, E;, at time T; (see Table 3).
The first peak voltage and the time 10 the first peak voitage are determined by the fault current, bus surge
impedance, bus wave velocity, and the distance from the circnit breaker o the first major discontinuity of bus
surge impedanee. ‘

NOTE—As an example, the first major discontinuity of bus surge impedance may be a lumped capacitance of 1000 pF-
ot more eonnscted e the bus or @ reductiof of the tus surge impedance (i,e., the interconnection of two or more buses or’
lines}. The apparent wave velocity is approximately 280 m/s for outdoor substations.

The times to first peak voltage, T, for phase-to-ground fanlts are given in Table 3,

Table 3—Time to first peak of Initial TRV

Rated maximpm | Time Lo first
voltage peak valtage
(k¥ rms) (T p2)
\ ‘ 123 0.3
K 145 0.4
' 170 0.5
245 0.5
k.74 0.8
350 o |n
200 [ 1.1
The first peak voltage, E;, is
E, = 0XJ/2xI%Zyx T 108(kV) ‘ )
where L B C -
2400~
Zy, (the bus surge impedance) = {outdoar substations. phase-to-ground faults only);
T; is in microseconds; ‘
Lisin kA;

m = 2rf (see IEEE Std £37.09-1999).

For breakers installed in gas-insulared subsiations. the initial TRV can be neglected hecause of low bus surge
impedance and small distances (o the first major discontimuity.

5.10 Rated operating endurance capabilities

The rated operating endurance capabilitics specified in ANSI C37.06-1997 are the types and numbers of
complete closing-opening operntions that the circuit breaker shall be capable of performing. The frequency
nf user operation shall not exceed 20in 10 minor 30in L h.

5.11 Rated capacitance current switching

NOTE—Requirements for capacitance switching are currently under review by a joint [EEE/TEC Warking Group.

Q%’q \
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2 rimes the rated maximum voltage divided by /3 for grounded systems, and 2.5 times the rated maximum
voltage divided by /3 for nngrounded systems (see IEEE Std €37.09-1999). If a circnit breaker has an
assigned out-of-phase switching current rating, the preferred rating shall be 25% of the rated (symmetrical)
short-circuit current expressed in kA, unlass otherwise specified.

5.12.2 Interrupting time for out-of-phase switching
The interrupting time for out-of-phase switching is permitted to exceed the rated interruptin g ime by

2} 50% for five or more cycle circuir breakers:
) Omecycle for three or fawer cycle cirenit breakers.

5.13 Shunt reactor current switching capability

This applies to eircnit breskers intended for switching shunt reactors. Since shunt reactor switching is
required for only certain cirenit breaker applications, it is not included s a standard rating for general pur-
pose circuir breakers,

IEEE Std C37.015-1993 can be used to evaluate the shunt reactor switching application for specific cireuft
breakers,

5.14 Rated line closing switching surge factor

The rated line closing switching surge factor is the rated value assigned 10 a circuit breaker rated 362 kV and
thove (rated maximum voltage}, which has been specifically designed to conirol the line closing switching
surge maximum voltage. The rating establishes that the circuit bregkar is eapable of controlling line closing
switching surge voltages with 2 98% probability of nor exceeding the rated factor when switching the stan-
dard reference transmission line from the standard reference power source. Furthermore, all of the line elos-
ing switching surge factors shall remain below 1.2 times the rated line closing switching surge factor when
switching the standard reference line with the standard reference source {see ANSI C37.06-1997, [ERE St
(C37.09-1999. and [EEE $id C37.010-1999.) .

5.15 Rated control voltage tg

The rated control voltage of a circuit breaker is the designated veltage as specified by Tal:ul‘f ANSI
C37.06-1957. The transient voltage in the entire control circuit. due ta the interription of the control current.
shall be limired 1o 1500 V, peak.

5.16 Rated operating pressure for insulation and/or interruption (P,,)

The pressure in Pascols (Pa), for insulation and/or for interruption, refers to the srandard atmospheric air
conditinns of +20 °C and 101,32 kPa (absalute) for density). which may be expressed in relative or absolute
rerms, to which the assembly is filled before being put into service or automatically replenished.

NOTE—I Pa= 145 x 10~ psia

5.16.1 Alarm pressure for insulation and/or Interruption

The pressure in Pascals. for insulation and/or for fnterruption, refers to the standard atmospheric air condi-
tions of +20 *C and 101.3 kPa fabsolute) (or density). which may be expressed in relative or absolute terms,
at which a moniroring signal may be provided to indicata that replenishment is Becessary.

20 Copyright © 1933 IEEE. All rights resarved.
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6.7.3 Power-cperated mechanism

The mechanism shall be trip-free and have an anti-pump feature (for definitions, see 6.9 and IEEE 5td
C37.100-1992).

£.7.4 Shunt release (irip) device with necessary control auxillary switches

A shunt release coil with necessary control auxiliary switches shall be capable of tripping the circuit breaker
when any voltage throughout the control voitage range is appliad (see ANSI C37.06-1997),

6.7.5 Stered energy indicator

A stored energy indicator that ean easily be read by the local operator shall be supplied. For stored energy
systems nsing compressed gas, 2 pressure gauge shall be supplied. For stored epergy systems using springs,
a reliable indieator with the following ¢olars shall be provided:

a}  Yellow background with black lettering to indicate “charged™ mechanism; and
b)  White background with black lettering to indicats “discharged” mechanism.

6.7.6 Manual releases

Indoor circuit breaker mechanisms shall have o manual relesse to OPEN the circuit breaker, and a manal
release to CLOSE the circuit hreaker, They shall be labeled clearly so that a local aperator can easily read
and eperare them. Manual releases for outdoor cireuit breaker mechanisms. if provided, shall meet the same
requirements described in 6.7.5.

Manual releases shall have the following cotors:

a)  Red background with the word “open™ and/or *rip™ in contrasting letrers 1o indicate that the release
opens the circuit breaker: and

b)  Green or biack background with the word “close™ in contrasting letters o indicate that the release
closes the circwit hreaker.

6.7.7 Functional interlocking companents—indoor drawout gircult breakers
All indoor drawout circuit breakers shall have the necessary drawout position (racking) and mechanism

imterlocks. primary and secondary disconnects. primary insulation. and control wiring 1o fully correfate and
coordinate with IEEE Std €37.20.2-1993 requirements. ‘

6.8 Stored energy requirements for operating mechanisms

Operating mechanism stored energy requirements depend on time to recharge after a CO (close-open) oper-
ation of the circuir breaker. Mechanism recharging requirements given in Table 5 are the maximum permis-
sible recharging times for recharging the operating mechanism to restore rated conditions of energy swrage
(i.e.. spring charge. pneumatic pressure, hydraulic pressure, efc.) after one (O operation starting ar rated
conditions. Rated control voltages shall be used in determining the recharge time.

6.9 Operating mechanism requirsments

al  The cireuit breaker operating mechanism(s) shall be degigned so that the tripping function shall pee-
vail aver the clasing function. ( Tt P ? e éu h.c—'fl“‘&')
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