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Abstract

Vacuum interrupters in order to be used in various switch-gear components such as circuit breakers,
distribution switches, contactors, etc. spread the arc uniformly over the surface of the contacts. T1e electrodes

of vacuum interrupters are made of sinter-forged Cu-Cr materials for good electrical and mechanical
characteristics. Since the closing velocity is 1-2m/s and impact deformation of the electrode depends on the
strain rate at that velocity, the dynamic behavior of the sinter-forged Cu—Cr is a key to investigare the impact
characteristics of the electrodes. The dynamic response of the material at the high strain rate is o5tained from
the split Hopkinson pressure bar test using disc-type specimens. Experimental results from both quasi-static
and dynamic compressive tests are interpolated to construct the Johnson-Cook model as the constitutive
relation that should be applied to simulation of the dynamic behavior of the electrodes. The impact
characteristics of @ vacuum interrupter are investigated with computer simulations by changing the value of
five parameters such as the initial velocity of a movable electrode, the added mass of a movable ¢lectrode, the
wipe spring constant, initial offset of = wipe spring and the virtual fixed spring constant.

1. M E
FAA L AEHE AFART)E EZEE
AH a9 gEge 1 £87 Frksln Yok ¢
guatel Agdn] £35S Hal Ry} HE F4
o|BZ o]o] 4o Fyet EF et} &
TFTHIL Yot olH g 2uYg JE&FY 7oA
£ % H(electrode; contact), AFAE T BZ A

TAYAA, 39, ax A%
E-mail : hhuthalst‘ac.kr
TEL : (042)869-3222 FAX : (042)869-3210
#2349 7 AT e

TLG A HEATA

9 AA gt

& AAVleol IsHorh  2FAgr|(VCB;

vacuum circuit breaker)© M 7]l #}HEZ 2t
R CIVEC I S DR
et 7le € APY BRE £70)480 B3R
Hule] NS Azl 24 ayoAw 7
TARA Y B7E F dBE= o2 7% 9
3k A7t gk olF Q1] & E] (vacuum
interrupter)= 2zt A] A= o3 8 ALEHA
A B A7) =(extinguish) 7] F2M X FTAjekr)e

Al BEoltt £3] 2F Qe d2HPA

Aa= ﬂtx}wu NEYSE HASE Fo
R Aojn, Z2AHLS

"6' i R =1
7h ool am R
goll B¢ A7 Basio.

=
T

€

-
pu

\

-
A

=9
o=

3}



W]

b
Kl

54 B4

AE AHEHE B% F msec AEY
7holl e szt o] FoAA HERE %
2 FZAol Aty tsdHe] HHEVE
¥ (chattering) dAro] HASHA Hrh
A71Ago g Qg wdduFo A5 7]
AEAL O ymd £ 7] gE ASF
2 Agel FHEA B A7 s
Al FAE wyo] w9 2 Al U9
of HHAse HWIE &= 5945 1HT
F3stoiof 3},

1
o Gy
i) w2 l'fl‘;
w2 2

S Qoo op o ol >

3

)

-EJN
o ok

ofje

= £
o 12
&%
> oft
ot n‘.lo\
e =
Y
ol =
oft >
> oo
e
o I
E
-
E o
Ay
= 0
b fT
o T
o 2,
o)

& ot o >
o (T off 2 alo ud
2
i @
[HEAE
2 o
ir

ol
)

#e o

>

o

= 4
ox :;C.
T
&
i oft
! o
s P
s
£
Q ox
2 0
)
B £
&% 9

2
2
o
(& oo !
of ok
by L
fe
(r
¥
2
X
>
oo
s}
S
=
=
é
T
@)
[«
[]
=

Az o g ARSI Abg3iot

Agr)e YAEAVIed 84
At AF JHHEY FHE
. o8 98t WA HH Al
Cu-Cr ¢} 53 B4X& F3u
B A}E)

&
o
>y M o
2
52 o 5 %
= o

rr

7

=

[

].

> 4 o B o8 o
[
o
it
a
1o
% e
[
fo
B>

[H o op i 3
u g
132 @ W

o

o &

ol fo
P>
=
tlo
oft -
e
-
B
o
4N
19,
i
i
X
42
_(|)l_:’
K

2

e
N

o 0% bo oo au ff gl my rl

B2 e
N

N
-

— o
0‘9?“‘
oft no of
A
=
o

>
i)
L

Bl ot ) mt 24 do rob X © i ox N

oX

o 2%

o 2
X0

o:

l; ot

[ o> o
ot :l)-

2.1 XA TE Qe e
A Y A JHPEE Fig. 1 3 2ol 1
A7 d(fixed contact), 7}&“d % (movable contact), ©}

d¢ AF QY A5 JPAA Y 925

Bellows

Arc Shield

Ceramic

Movable
Contact

Fixed
Contact

Fig. 1 Structure of a vacuum interrupter
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Fig. 2 Split Hopkinson pressure bar apparatus
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Fig. 3 Fitted stress—strain curves of sinter-forged Cu-Cr
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Fig. 6 Effective stress vs. time in the fixed electrode
with the velocity of 1.2m/s
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SEFEEEERERE DRI 929

Ol

b 2 b ol
o] w2t

. o] A5l

4 lo
32
Lo r

34 HUATY Mol o3 g
A2z Faghed me 7 Alele

AFE AP A9 A &ATEe] FopA & 2
#5 Btk ol HYAZHY et AXEH A
dHE vlgste FrtstH et 8 Al 1
o wbre g AdAste] A A 2719 AEHAIZE
o] 2+A28A H&= Rolth Fig. 15 & 7HEEAE Ul
9 A #3 oA HUAEZH A4ghe] WE wo -
HsE EAF aoith HY2TY A5t A
AFE HHF MR E Po) F7Hshr) W] 7t
FAAY nAPY 25 S0 Friste BAHE

250
~m- k=50 N/mm
k=118.5 N/mm
2001 .o k=150 N/mm
= - k=200 N/mm
s Fx 5 1l
< 450+ i ‘
. A b
¢ ") '
- A ' .
£ ]
o 1004 i,
2 i
2 IR
D i
= 50+ -
o ‘ : : —r
0 1 2 3 4 °

Fig. 15 Effective stress at the point #3 of the movable
electrode with the variation of the wipe spring

constant
0.6
—a— offset=20 mm
- - offset=30 mm
-o— offset=40 mm
0.4 -x— offset=50 mm
’ --o— offset=60 mm

Gap between electrodes (mm)

Time {(ms)

Fig. 16 Distance between the fixed and movable
electrodes with the variation of the initial offset of
the wipe spring



930 AA S - £AF - SE - WA - 2004 - kU . HES
Bt HAAZE A4ad F/HATIE AHHY Fig. 18 & 7Hd 22Z¥ A43ko] 10, 20, 100,
AHAAE Aol FHNAW Wrel AMAE 1000 KNmm 2 DeHd W Al AHE £A
$8e o 37kshl Hef AFe) NXEWE Ba @ aYoloh T A 213 44} 20
A7 KN/mm o]3te] Aol AEY @arol Aol
35 Heamae) £7] Yagol o A Aopx @ d o AR 100 k/mm < 795
AL PPANEA AEUYe neags U 2BE AFRn AHL Gdel daasis
2 2oy Y AYAZHY 27 gz z = & T AT UFEHAY B 4 #3 9 A
N i sl ol o & 101 o 20
AT}, Fig 16 9 Fig. 179 Aool s} o) = A HHSHl 283U 10 kNmm <] 35
3 e A ol 71 ZA " Fig.

7l 4&EFE 28M HAYES FHA1E A

771k A Azo] BaHAT Hkaxy gt 9 S IEEH W 5 S SHUNE =

& F7H71E AT e ERE polmz o T LHIT AARAIY Ahglel REPS A

Fgste e8o] ZrtslA "ok B HHe SHPFo] B dedes AH S

UR2ZRY 27 YRR zuse ygn  EAE LA AT A9 edsl 2y

& HBRNIE AL A PPol AgHE ¢ FUHT TS aAWAU 2R A o7t
el 34540 2 9%

o Nz gutse ZA3E Yerdr] g

% % ok 47

o
=
£~ 27 BB ARaF o e FFFRES HAHE AEF S AAGHD
3.6 NEEo JpatAT Y Aol o|5F F3} 0-“}
AF AHHHE 2HY o uFFe AN —- Fixed
Jaha e e - . T i —=—k=1000 kN/mm
ZFAEALA %S & & Aok AT dEHHHAG £ 0.3 —o— =100 kN/mm
7 % 5] 7A olow =7 e = P —»— k=20 kN/mm
i?ﬂoﬂ %?‘{jﬁ] —L‘-OQ /\1—-9 K3 ’1°ﬂL1/qa =) § —a— k=10 kN/mm
T8 F odv gFTFERE 7] uFe HAHd £ 0.2
gt FAYY 271G Aol Fhsn 2
DAY 22Y3 gL $FAYL He wEd §
Adso] gow AN ARE AA¥t 3
Far] dgel AHel AL $39 9ol ¥ 8
234 9tk AA 27 AEHETL 422 9 A ©
Ayt 2233 ge 4¥e Hma o Y2 R I
ol o wEM AR JHA 2Z Yol Time (ms)
ATt 7R D AR AZES Algghd] WE & Fig. 18 Distance between the fixed and movable
AEAN S u#sac elegtrodes with the variation of the virtual fixed
spring constant
250 7 --m--offset=20 mm 250 -
offset=30 mm Fixed
---x--- offset=50 mm i
2001 - offset=60 mm 200- j_j;j:t;]gg"k;’fnﬁ"r;m
& © -3~ k=10 kN/mm
2 S
o = 150
£ 8
173 =
2 % 100
3 2
2 8
w & 501
0
0

Time {ms)

Fig. 17 Effective stress at the point #3 of the movable Fig.

electrode with the variation of the initial offset of
the wipe spring

Time (ms)

19 Effective stress at the point #3 of the movable
electrode with the variation of the virtual fixed
spring constant



4 BAAE 2o AT JEHYE $4549 98Aa B4 931

TR A3 AFE 25y G5E WA}
= a9 By Aot}

5.9l Johnson-Cook RE L WHEE £
ARG A4 dFea 9, nARY A
Zzi0] kA mAo] olu]7] Wi FIaA HA
Aok vmsld A AF AP Zgaes
L o ¥ oy, bty H24FHE AN
Andve 34 € oz gd"n

33t

il

4. & B
B =B AE du YUY dAAR] =4
ARE 47 sty o8 ENE uE A} L35

Cu—Cr 2Z4AFS} 45y BAAF 23
sttt AddnzRY 53 A%g ve
#3519 Johnson-Cook FAAWAAL A3}
FA4 HAFA S Hste 48 Tz
YNA 3D & AM&3Qich HEY 354

N
F“:‘"—’_l),
o:LOng

J8 4 1 ot S 32 T ot & mo
UJ
g:i

Setels] fatel EHel 2A4E 5
of Wb, WgruYe Axy 44, Pos
9ol 27] 4P, 1P AP 22 4
S A M Aol Big B deld el $
A AHY B8 v s

A9 FAQA7L AF AHYH FAS e

PlAe 9% A E}%»} g 7he
27)45% RG] 7SS Y Yol
T7rstn AEPe A7)k A{AHel T}
Bl FHgAxy A4l Axgo) xy) ¢&Egko

2 AYHS FE AEY 2719 A&
& Zasn B Agae gaddel 3le
of W ol Frhehe ity AHE wAY

Y AERY $99L A4 2xgoz v

@ A, by 2z
3 APl BT %
& AsuAe 2
Agazqe 27 9awel /8 2339
A2 @3t Fol e W2 FYB APl wh
2P P2 oA Aoz HAHU.

(1) Barkan, P., 1966, “A Study of the Contact Bounce
Phenomenon,” [EEE  Tramsactions on  Power
Apparatus an Systems, Vol. pas—86, No. 2, pp.
231~240.

(2) Kolsky, H., 1963, Stress Waves in Solids, Dover
publications, New York, pp. 41~98.

(3) Johnson, G. R. and Cook, W. H., 1983, “A
Constitutive Model and Data for Metals subjected to
Large Strains, High Strain Rates and High
Temperatures,” in Proceedings of the Seventh
International Symposium on Ballistics, The Hague,
The Netherlands, pp. 541~547.

(4) Meyers, M. A. 1994, Dynamic Behavior of
Materials, John Wiley & Sons, New York.

(5) Kang, W. J,, Cho, S. S., Huh, H. and Chung, D. T.,
1998, "Identification of Dynamic Behavior of Sheet
Metals for an Auto-body with Tension Split Hopkinson
Bar," SAE Int. Congress, Detroit, U.S.A..



