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Influence of the length and width of the slots of contact electrode
on axial magnetic field at the mid-gap in 4 segment coil type vacuum interrupter

Byong-Chu! KiM, Jae-Hun-YOON, Seong-Hee PARK, Seong-Hwa KANG* and Kee-Jo LIM.
* Chungbuk University, Chugcheong Collegex.

Abstract - Once high current flows through the vacuum interrupter,
eddy current occurs due to the time-varying axial magnetic field caused
by the current(AC) and it causes a decrease in axial magnetic field
generated by current flowing through coil electrode. but if there are slots
on contact electrode it is possible to increase the amplitude of axial
magnetic field by reducing the influence of eddy current. there has been
many studies about the number of slot of the contact electrode[11{2](3].
In this paper, in addition to these previous results we deal with the
influence of the length and width of the slots on axial magnetic field at
the mid-gap plane in 4 segment coil type vacuum interrupter by using
3D finite element method. software.

.M B

A AARY AYFo FFo2 AFLus gEFsEn 9 /el
HZol go] AT FAUY 24726 digd Fiol ANEA 7]
Z9] SFE7MAE ol 48 Jt2dr]e dedezy AFAGsle dg Al
= AAA HA o] AFAGY X EFol HiE AT UHYH
(vacuum interrupter)$1®]l o] A& o}AE A Fste Ao ue A
(RMF)94 3 2 A(AMP)YA o2 B58 ¢ o SAAEL 4R/
g RS o] 43l ofAE AFdE WA AU YA v
A Fol 43t AR AvLo2 AEHD Utk ofAe AFIH
AN 23HA% AnAFY of2 A LASE FAA Aoldlw HAAS
o]l 2%, g AFGHA 23] Felsle A, & BFAA
b EAA Hed oA AFIAEAA HPAFT A3t FAF
o8 HAEd EXAE FAANAA BBl 22ln AR HAEY o
wAstE AL olaE FAA = AgdE dEgs B EME 3
A AE f884 84 Z2aHE AHEEY 4 segment ZYERY AZ T
29 AF YHHHAN &% Zojst EF HIAANY AFIEY 9
o AFAUAEY o BI2AjoloAe A&TEY A7) FXE HAEASE
o ZaAo] th3t £x9 Zolet Zof 943& motstuz gk

2.8 B

2.1 SHRALY HRO0|E

1.A47] d@e X4
VvxH =], ’ 8Y)]
v:B=0or B=vVvxA (2)
H=vB (3)
vx(vvxA) =], (4)

A AFAFAFLAE b FoAD o AFY AEH el g
AR AEI o2 A8 RAe) SAFst 2RI oAl o] dPF
of ¢ Ade YFAFA I AA dig wdtgez HEa T4
A4S gAgd. old FAAAS Hen 38 (4L AG)H 2| drh

vx(vvxA)=Jy+ ], ®)
VxE = -% or J,=cE, (6
VXE, = —S(vxA) M
ve(E,+-24) =9 @)

H@e BUEA A$olET 1k 4@ 2ol Arland rdd o
o #42 Feg £ 9o
A

E, = — a9t - vo )
Jo= —o(-24 1 vo) (10)

2. A%dy X4,
AFAHARE M4 49 Wl dSHojo} stmg
VeJo=0or Jy=9xT (11
HAAY B¢ vxE=(0°1, J,= cEolzZ

vxE= v (L) 12

vx(Lvxmy =0 13)

viAASE o A7AEE, ©: A7 2@ L4,
Jo: ARUARFUE, T, FHFUE, T 4% 9 ¥4,
A A7 WE EU4,

2.2, 37N REied M Y
(a) (b)

(c)

<IE 1 HIPE @QTHTE, (b) Bz, (c)/HEE

B =R ANEUjAL AL F¥84 SHZT2I Maxwell 3DZ
ol g3te] A4tEden AFHolH Rde 1YP1H o] £F AFE
Ad #4E ddsiglon, 43439 A4 L 80mm, FFY FAL 3mm,
A7 ¢ AL 10mmY Fejolh fEAFUALARIAMA FAHAT Al
oA BAste otz Fetzule Ao FAAFH FIE okaF(arc
cylinden)®] Hel2 7pAete] RAd =AY dHAFE 60Hz, 50kAS A
Hgo] WFAFE Agstgen AFs 22 BE A g4HF
(eddy current)d] 4% E& mestgld 22l FFAFY AIZLE A
AZAYE7 Y AF JdHYHe HHAAFHEZ 7HF ol ARHE CuCr
A& Cre] &2 50%% Z$E A4t

Ile] vt e AFTFRE AL AEYA AEE AF JH™
o AFTFHEE A4 A5 42 <F 1> A& Ao

<E 1> @5 (material property)

A EA&[S/m] H] £ 2}
2IAF copper 5.8x107 1
HER copper 5.8x10" 1
oz arc 2800 1
AHAF CuCr50 5.8x10°8 1
AT vacuum 0 1
2 =RAAME 4 segment IYYY A3 429 Ae AFHET 4
o SlE €29 AF7t Y BAM 2F10F 2ol €& Zelg
S HIANATY %9 Zojet T Higld wE XA ALY 2
71¥stg BAslo ot e oYz & A AJY G, £F9
Z2 4709 ZU(coil segment)?te] AT XA A Al WHE Fo

o £%9 Zold] WA £ 552 UHNA ARAE =Feg

- 210 -



2.3 shiM Wy
B critical ™ 3.2(I-9[mT] (14)

A7 &lﬂl’é‘l%l Heo] FA4AE o2E FAATIEY AHREC A A
3% Q*“]/’—J F e Fiarle 44 °‘75ﬂ J{critical value)& +
e qo2A #%(shuman)o] 8-S Fdte] WUE APl 1y 9
AA A o]4e -vxl-?!lil HAe 494 i @,[effective areajo] il
Ak B)7). AF HhPA %XMH 37]'“ axte] 4gAe o
8 FHA JAAES HZE st HRen AFAH (at current zero)ol
Mo ZzAd 271 dAFS A AEstnat ek B wFA
' ATAFE SKAE Atstdenz A(14)& 5 A4 dAAA
0.13tmTIY & 4strh

b) AFFHANY AEYE=LE AFARANH Y A5EEEE

QY 2> A3GMe| TENUZEE

ARANAAN ALUELE TARE FAA9 Fge 2|9l Hel
22 28249 Gl ARAGYAN AdeceE e A
2499 ASVELEE ASad vasisd 193 ARIAANY A%
GebE Az G5 BALdr ANGE Ade Suu 240 Aa
o=z Qo ARdA 4¢ YAstel 1 990 dAA ASLELE
& HlmEH e,

2.4 34y Ayt

wray © o stats

violet @ t0m

bioe T iem !

reen : 20ms

"
B E] ® < ]

bAFHN NN SF2o] ¥zt

—

123 g

red : 2

Vo 3
s A
A vink : 4"
u SN Vel ¥ ki3

blue : &

20 aceen 1 wf

criiest vaten
wE 4

o

% K] o o o ) 3 )

(OAFIMAM EFE A (DEFANHAN £FF W54

<8 3 XSUT BXxd|ad
((a),(b)0lIA] 6= 5[ 1, (c),(D0fIM L =14[mm])E 1)

ABAIL 4
A %9 dol7

A% 2P3)oN A9 2ol ARAHAA ¢FZol W
ZojFef we} 7&%1}7%1(%!&)& I Zopd & FUstao

2 99e o348t ol AP WARAGAN 29 Aoj(L)E A ¢
29 ZoJR-L)7t AA wat A¥ATY F4E §W‘»?—°i dta] AF
*&(circular)zi sAdste ARAEA *7}0}711 Hn wepd 1 J2E o
g 2 AFd U5k Friety] dion gt AFGHNA of F7t
zﬂ o Foll «hﬂ dgste Za4 9 371‘5 Z7tsHAl EI Rolt}. x|
FYHAM £FZ wzAo] B4 FRAALEE 2 z}olh 31% s
:amc)ouxi BE H}ﬂ} Zol £8%ol 1 >3>2>4=55>6=17=%=
8> 919 #& 1ES A 1 AnE vehdidh
a8n ARARRAN $270] WakA 2YIGIAA BE e} 2ol &

29 dol7t A9 ldmmolstd WHE & Fleffective area)’t 85% R &
7} 51?14 ugbs & £0] o7t 20[mm], 25[mm]Y ALolE oA E A
A7171 $# ZMM wrl‘i°§°“°] ”}-0}‘4 2y 288 W
ol ARRE B =R olag NI A% EAdle fEYY

(effective area)o] %A’ HE 3’1 o] £R9 HolF ‘é¥7ﬂ€‘%7a’°]

(critical length of slot)2}i HH&HT 9 ZA2RH JAeRPol:
4mmlgts & £ 9erz 59 Zoj7t mmlY 9 &% E& ¥
A1 A *%14 4gs delpgth A= 1Y3(d)st 2toen 17517
A7 AA ol AL FrAGALH 679°1Y BHoE FEGGe] FEA
el

m!o

0} o
wo

%

RIS

3.148804006

1015326009

(c) L = 0 (no slots)
<Ogl4> MRYEMM HEXI0

5 2

AdePElE 2dYs dg =
E FYstA Fu %9 Holg %3 BEAATY S e
&% dolg %o o] & gotpgth 1 FIe o F R

L BF9PAM €29 ol 7‘0{7‘ﬂ1 W ddFE %
= 2o

FoME 4 segment RYEY AF
o
—

&35k 2 o

it &% Zol7} woidel W AAAIY 2L %Qi ga 4
o2 s|dste ARARI FASW] dE 015}.
2 AFRAARYAA 229 dol7t MmmlolstlA FEYHo] BRAZE

FASAY. gy B =Rod A4d 2do AL R Zolst

Umm]Y Z$& ¢3#9 A2 (critical length of slot)ghn Hw3tglch

3. 222 dAERZ o ldmmid e s €% Zolg 14mmlz

2HANA £29 T2 9HANA 2 JFE Sesiged o Z3 757 ¢

7 %ol 8% AT #AYF (effective area)& A 35T

4. AA2302 5 Wk of UG AT AA AF 9151?351% 7«?]’5}‘?}5}
€39 Zojx 14dmmlelste P47t Agstglen &2 F2 175

7t Agditte 2ES AT AR £89 dolst 0o 77t VVLS' X*

FAHAM HART o) 2t FAF o FFAYA ?17‘]

ol A& no#or B Aotk

ZAl2 2

SAYAFAY AQAIe Adez oFfo
nﬂ 7‘*}':@4‘4.

(& 22 8]

2 e Ay
o8, olo] AR #

{11 Paul N. Stoving, E. Fred Bestel “finite element analysis of AMF

vacuum contacts.”IEEE. 1998, ]

[2] Yoshihiro Kawase, "Numerical Analysis of Axial Magnetic Field

Acting on the Arc in Vacuum Circuit Breakers by 3-D Finite Ele

ment Method Taking into Account Eddy Currents.” Y. Kawase.” 1

EEE, 1997.

[3] st &, FAAY AF A HEAA ’S%ﬂ’d% &3] g B¢ ¢
7, ANAAAE 20029 99 %334 FR4AHAE o] &3 FAAY

zw NEEEEEY EEY

[4] Liu Zhiyuan et al. “Vacuum Interrupter with Cup-Type Electr

ode-Simulations of 3D Axial Magnetic Field and Eddy Current in

the Contact.”

{5] Liu Zhiyuan et al, "Analysis of Axial Magnetic Field Characteristics
of Coil Type Axial Magnetic Field Vacuum Interrupters”. IEEE, 2006.

[6] Xiu Shixin et al, "Analysis of Axial Magnetic Field electrode applied

to high voltage Vacuum Interrupters”, IEEE, 2006.

[71 M. B. schulman, "Effect of an Axial Magnetic Field upon the
Development of the Vacuum arc between Opening Electric Contacts.”
IEEE, 1992.

- 211 -



