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Controlled Switching Method of Circuit Breaker for Capacitive Loads
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Abstract - In this paper the controlled closing
algorithm to locate contact touch  instants
within the span in which the making voltage is
minimized is proposed with the characteristics

of circuit breakers such as RDDS{rate of
decrease of dielectric strength) and a
mechanical operating tolerance taken into

account. The analytic results on the voltages
across circuit breaker terminals upon closing
operation play an important roles as references
to describe the suggested method. Even though
in the case of the isolated neutral capacitor
banks, it is possible to decide the optimum
contact instants without any dedicated
procedures.

.M B

AEAF 544 8E 93 AMEsHe A4
FR3 d9y) B9 AEER Ad #Ase a7 A
¥ A=@84L dAs19E wdoz dA £YAe)
W e ngn HEr] o] F2 AMSEHI Ut o
i} HA ole] i digtem HAFE My H4A
o2 AT EYE THHoZ WAANI A FA e F
71 JRsAolvt4 o] EQle] We TAe dide] Fu ¢l
o1l olg§ FFgdles Adriyd 237 Jles ¢Hdd
AAA e AHr)7] HEe diF A} oS
F4Y 98¢ fatn ok AHAPENE AHEE &
@719 #FAE ol o0ddl 2RE Ad AHd d
ZEY 9F A ¢ Ao B3 Ha Jed 1F9
A 7Hg R F8ude] FdA WA 59 A §9
ARE AFslr] A7 EFog ALEHL Qe Ao
vehga gla2). 29 Wz £9A0ie A 48
238 g4 dMe AHgEe A EAolu
AojAztel eAFT FollM b HEAQFEEY o &
Y AL 27493 Uth AS7A dud #E o
FES TolY F& FAHFC AARY e WA
Had diste FE2 dFogten FA4He ¥ HAR
9 A dsiMe ok HAAR] ARy AAHR
AA e AAolH3-6l vol FAW v FHAY A
+, AYE A4 99 FFAZ FHH) A7 @
AF 2 Agte] vt AdFE thEA HolHez §
48 =S Jdgd Z28 F O RDDS  (rate  of
decrease of dielectric strength)ell uists g A
gkd H4L HolA =v ARfHO R AojAupol Fx
%& 4FE F7) W] old Wi meEst aFHAA
tH7l, & =EdAe FAAHC vl FA @ FdA 9
29 FAAM EYAF AdAS A% A0 Y B
AAHE B9 A Hze AxdAd o sf4F gy
£ B39 AAsigd.

2. FUHOIAMNY MY

Ayl F]laole] Mg 98] ARG BE EulA 9

A9 HEy2e 19 13 2ok 7 4o AYE ¢god

A(Ls)E T899 wye A7z 29A WAyt 42

Holglzz 1 Aleld) AHE HAF Aar|rt x5

o 294 w3 Y e 24AESWIY A

sgeiol wel FfAe 297 28 A A3 dabe

7399 FYNA] W AriME 29X0F dY 34
A HAY B disteg AWRANZ g}

Ls ¢

e o

ve ’/ A el Svy

Q&\\ 5

e
291 ¥ #94 9al ards

ZdM Wz Ae F9 A EYAFE 4480 9
HMe ZFdrig AygoelA(pre- strike)SAol R
el HFEER Aol Adr] IUAY A s
g & e YoM doluEE sjor Pk wElM
oluf mE ool ¥ Aoy AR 2ERI A9 =
7+ AL FAERDDS)F £YAIZEe] #EEYo] 3
=4 X¥Hojof g}

a4 Wz Egols AFED AN Hg A= 2
Agol Z4EF FJAFIE A7) QB Foln
RDDS(=K)¢9} 297l FYAEHaTIE A
EQJAHVmM)E Hagshe 3ol AmAcle EEet
g 4 ok 971N A9 RDDS #es A
A7rAge FHAM 7127] goll distd FEa © g
& ARSI 2 el 11 3$E RDDS7F 97 ke
RN 7l&risk FYRE B8t ZE 9 Ko o
8led HAo HARLFAEE 7] YN e K7 12 A
Foz AL 997 & 992 EYsio sysle Aol
gasly 1y 20 o] F A% Ud =47 Ho
Uy g Jeh

v
P K<t v
/f"w L (Y \\,\‘ o~
Vs / \‘ F 7 \ Vs/ \\\\\ &2)/ TN
/ H\\X /A VAN A
A A \ / R
) RS
‘TN ERG
-aA/' t:,,c. g wi t wt

a) K>191 3% b) K<12 A%
%Y 2 A% RDDS(K)e) 2rid] mg
AR Yo 9%

dx RDDSS 2A o] <y} Aty st Fd gt
z2aEH] He K19 A%e a9 29 a)dlAde 2o)

- 774~



Vmel velud He A7 Addyd g 7iges o4y
g SRl EAsA dd a2dxn YT Vm @e o
A He AFCAM(-eAT,Vm), “B"{eAT,Vm)2
Aves F 34 A (D QR ol AME] 7}
24 e ANFEW, epld TFIA HYE EER
g HPEYNHtued) 2 o189 HEHROLE HAIH
A 5 o] FAF AR HE TAE A (1)-Wg 2
o

7—‘]"3 %)) V=K uwt+(V,— Kuw - AT) —
Vo— Kw AT
wty =~ (1
AN (2 V=— K- -uwt+(V,+ Kuv- AT) —
Vot Kw - AT
thZ*‘——K.—— (2
wt,+ wt Vin
Whger = —A B = 22 (3)

V= sin{w - AT) (4)

£08 1% 2 b)Y KU A$eE Agdidan
9] Z1g718ck Aes1g RDDS/E &7 Wi g
EQIAZte] HFA Rt L dddME & Vmo] A
& slsAol EAstA "ot o] Ase AFANES e
= 7187 K9 A4 (o] A &3 this Hozg
B Agr] BYN7 dIAE(aTING S8 oF
H ANHO tugeol Hedl o] HAHE Hog vehid
A G- Btk & 217 2 byl RDDS/E K3
Aol rtAYA TS HaA He AHa A4 e
A (B 7ra o)ZRE 4B)% 22 HAH A9 Y
st oMol A goegdy Ade Az HH @
M7 4 (Do EAEC ooz o Mo 7ty
3 vhie 2 & HARGANHL 4 (8)9) o] 3
Mo 23 ghel 99 H$ERY FolAA Hu o7
of Aerie] FQIAZ HEAPEE 1Y AolZE~A
Ho] FoAA HAr}.

K= coswt — wt=cos™ 'K 5)
y=—K - wt+b

sin{cos 'K)=—K - {(—cosT'K) + & )

b= sin{cos 'K} — K - cos™'K N

wt ==

b _ sin{cos 'K)— K+ cos™'K

olelg HHoz FAAA St AR AP K1
o A$(RDDS7 U7HAstel FHolN 71erlng &
2999 K<19) 4$(RDDS7 A7bAgel FHAN 7
$7150 2e Aol datd 4 (©), (107 o] 2
2 gas)oly.

biarget (K, AT) = S_W_(%K_A_Tl ©
] “1KY K « -1
tmrgct(K; PaN T) = S'm(co.g KZUKK cos 'K LAT

(10)

K7} “1" 29 & S a7 $34A7te] EEgo)
gl oldEed A HFIEFAAH ArkNte FdHA
dxE 4 JAT ‘U B} A FeE AF 2EREH
el A sdsfotzyt WA=V W) HYFHAH
dHEY RojAA & & 4 Utk 2Y 3& 4 (9
9 4 (102=23Rg Aol RDDSY ATd 9§
targer] BAE UEE Hoz2 Ky} Fold4E agln
A7) T2l EE Yol F54F AGIH A HolxA
Hol Bale]l AMSHstriking voltage)e]l #AX|A sn
E294F dAEds HNoAA HE RodFoh wby
EYARY A 5AE EelrlgdMe RDDS/E 23
59 £39 EEYe] FAe NS AMgsheE ol ¥

st

tmmet (m 3)

29 3 A97] FHYRDDS, aT)d ©& Ay
FHERAY (HeFuse =60Hz2 74-9)

a9 4= gM FoiR HARFHAH (tued©] A
WAeg e X P29 A FYAAG 7HA|
e gAE Vel Ao AdAE AT AAAZL Ty
v A (D3 ge] frh
Td = (N * Tﬁe_i'*_ tlargel) - Tclosmg 11)

71 N& AEAZ Tt & &8 7tAe Ha 2
AEFE, Trere YPATY ¥F7E 28D ToosingS
Aekzie] BEQAIZEE veblie] Twe dejef BQ9yA
Blteommana) A HFE R AR Yhie d¥UE 9
A el AREE Sgich

AW awaWa %\/
; / ‘*l ADDS

Random
close command

— i i o
| cioze commeand
H

?
1, Contact touch

ag 4 294 g 7Y s

AgNnAE Foiz A7FASte) gidte] £ 4] HA
BAAEE dAse Wgol dstd dwigten £
A Wae] 430 HAE Aol Zh Aol 4ETA o
o] HYHol7] wRo] 2t Ao FL3A HBY 4 3
o 2y FA4%0] v FAE Ay 2dM a3 %
A Aele zZH4te] AadAR Aste] Ay EUE 49
o] g A ZVist HFX AHS ¥syt vels
ofe} gtek, 19 S5u FA44 vl HA el Ae A
29 A HAHe AF 3 AgHe g o ved
Aoz FA44 Ast dA B9 & 49 dgoz ds
Ad HFX gz 2 X7 AAHSHAA & EAFE
. & AFYTel AviHe Asde Ase AdErY
RDDS® dg@so] BRAY Azl FEE vAA
Heg ds23a0d dolg diiMe 59 A dojve
Ayl o FET o8yt 2asA ¥4 93 A 3
A2 F3AsE Ao dsiMe ey AF o FHA
gtol A7tE Aejolr EUH7Z Wi B9 HEs
Yy = FAH NFAJL B¢ A5E B3 g2
AFE o}y gle deolnz EUARY arrt B4
Heol dgg Bx gev dsez FOHA FU4Y
AT T AR V)& R WA 2] E]lez 7
F479 Ausdg 5 WA Ao ArisEe AgY
olg A (129 ol FIESHAH AsrEgGe =)
Vepvaxe 1§ 71822 8th

- 175 ~



v
Vava
\// \\
A
// \\ }:Tz_q
0 1 L / : L
/I \ / \ /i‘ \ / / "
)\/ y / /
WARN /
Veaiuax \ / Vesa (wt)
Vear (wt)
Veasau Vaz(wl)"\

vmznux

395 3494 NN gHe U4 93 59 A
e 37 A

Ve (wit) = sin (wt— lw) — sinwt

3 .
12)
=— % sinwt— -@coswt

agn A Adel Hox AHe ‘9;’15? =0g g
F3e Aoz A WA B9 AYYYL J12ez @
| 4 (13)3 go] FoiA7 B,

8;15‘:2 :-—%coswt-i- 4sinwt=0 -th=—7r3— (13)
B A3 AFA ALYAZIE A 1) FA A
AN Vo) @o2 A7hagel Holx (Veama)ol
Watel 4 (1409 o] vehdh,

Vepa,max = V3 Vg 14

ol

T oA ol FRIE AeielA 34 A”N(Vme 4
(15)sh 2ol A WA A7t 43 F A A7 4o B
o2 FojAA "t
Vy(wt) = 3 (sinwt + sin(wi— =)
(15)
= % (sinwt — /3 cos wt)

webd opAet EQlge] AT b A7 Vg o)
449 A9 vkAT ol AVtE A Aoz
4 (16)7% o] vehtA "ot

Vers (wt) = sin(wt + —§—7r)— Vy

(16)
= :31- (v/3 coswit — sinwt)

2Ry ozt 49l Ao Age L o8 @
3t AFLE A AR 39 AYGIE NFoR 7}
| 4 (173 Zo] ¥4

Ve 3 . -
Sui =1 (/3 sinwt— coswt) =0

- wt= %” an
= Agx AL Astagte HhXe) thated 4
(18)s} &t}
3

Veps,max = 3 Vg (18)

oA AW 7] At G bE AF 3 At
R A5 AL E 17 2ol %5 F 3k

E 1 A% 9% ge A3 A 2 94
A 44 & 71§)

. AFAY aA AFA AH
= A8 24 Vemmax= vV3Vepyax | Ti=1/7
A AR | Vess,max=3/2Vep max | To=5/bx

ZfReZ 4|y 4 Ad HIRI} ZEAH
(tage) = A WA F AFIHL 71F02 4 (19)-
(2D9} o] FAH o] ABM Kizze A4 AZF
o A7tE AY(Ves, Vemy, Vem)e FHAAN 71&
71e) ¥ AG7] RDDSY #F£38 e, ATe A7)
9] R ARty W3R S T QALY FrE
b,

R AR bigger = barger (K1, AT),

K, — _RDDS

w Vot max 19

“?“ﬂ”ﬂ )&(S) ttfrgct = ttaryet(KZI A T) + % T:
RDDS
wVeps, max
D]-Z]E‘.}- %(T) ttz‘rget = ttarget(KSJ A T) + _g' T,

RDDS
w Vcea, MAX

K,= (20)

K= 1)

3.d £

€ =RdME UM B0 29037 dAE A%
FHA ] AP At it AgsATh FUA
A MAee Adr] RDDSe Avle) whe} 19 @& 7
sl ¥ 9H9oE2 TR FYPPo =z RDDS7 W
¥ =2 FYAG] Y F JYE NH54E TR
e & e 71EPYNIE el Aojalde] 4

g =S FA4Y viAA 729 43 2A7 nE
HAdo

(B 22 8l

[1] Hlto, "Controlled switching technologies,
State-of-the-Art,” IEEE/PES Trans- mission and
Distribution Conference Proceedings, Vol.2, pp. 1455-1460,
Oct. 2002.

[2] HTsutada, T.Hirai, HKohyama, HIto, and K.Sasaki,
"Development of synchronous switching controller for gas
circuit breaker,” IEEE/PES Transmission and Distribution
Conference Proceedings, Vol.2, pp. 807-812, Oct. 2002.

[3] Task Force 1300, “Controlled switching - A
state-of-the- art survey(partl),” ELECTRA, No.162, pp
65-96, October 1995

[4] Task Force 13.00, “Controlled switching - A state-of-
the-art survey(partll),” ELECTRA, No.164, pp 40-61,
February 1996

[5] Working Group 13.07, "Controlled switching of HVAC
CBs guide for application lines, reactors, capacitors,
transformers (lst Part)” ELECTRA, No.183, pp 43-73,
April 1999

[6] Working Group 13.07, "Controlled switching of HVAC
CBs guide for application lines, reactors, capacitors,
transformers (2nd Part),” ELECTRA, No.185, pp 37-57,
August 1999

[7] HHamada, A.FEto, T.Maekawa, etc, "RDDS(Rate of
Decrease of Dielectric Strength) Measurement for Gas
Circuit Breaker, "IEEE/PES Transmission and Distribution
Conference Proceedings, Vol.3, pp. 1755-1759, Oct. 2002.

% fo ey

oX

- 776 -



