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Dynamic Material Test of Sinter-Forged Cu-Cr Alloy
and Application to the Impact Characteristics of Vacuum Interrupter
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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. The 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 investigate the impact
characteristics of the electrodes. The dynamic response of the material at intermediate strain rate is obtained
from the high speed tensile test machine test and at the high strain rate is obtained from the split Hopkinson
pressure bar test. 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 a vacuum interrupter are investigated with
computer simulations by changing the amount of chromium content.
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Fig. 3 Engineering stress-strain curve of sinter-forged

Cu-Cr alloy from static tension test.
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Fig. 5 Engineering stress-strain curve of 90 % Cu -
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content: (a) yield stress; (b) elongation.

10 % Cr alloy with the variation of strain rate.
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Fig. 8 Stress-strain curve from the compression test
with split Hopkinson pressure bar
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Fig. 12 Stress distribution of the electrodes for 10 %
chromium contents model: (a) fixed electrode;

(b) movable electrode



—o— 90% Cu_10% Cr
o 85% Cu_15% Cr

160 - 80% Cu_20% Cr
J v 75% Cu_25% Cr
= 1405 r -~ 70% Cu_30% Cr
Q b :
g 120 ﬁ
@ 100 V b
8 | 1
®
(]
2
°©
(4]
=
L
Time (ms)
(a)
—a— 90% Cu_10% Cr
-0 85% Cu_15% Cr
160~ & 80% Cu_20% Cr L
- 75% Cu_25% Cr | 0oE
1404 o 70% Cu_30% Cr | Bl s ¢
g 120 9 ‘ !
e Lo
@ 100 B .
2 ‘
£ 80 ;
o ! :
IR
2
; 40# % mEl
0 T T
0 1 2
Time (ms)
(b)

Fig. 13 Stress distribution of the electrodes with respect
to the chromium contents; (a) point A of fixed
electrode: (b) point A’ of movable electrode

=

4 AAe A @A Agse A A ol
A e wreel MR e wel
Fol W7t Aol A A oA Seol
verstow], ZbEgdel gee] ngH

)

o) ol 2 Mo

e o

o (S T < T A O

Hu

o] sk Wl
st S8l M EA dSHE 1
GA7E A EE ]l A AR s
A7F AAAA = A A oA A7t
2 BE¥E Fig. 13 o] verAL. =
o] F7tstel wet 7hs HAH 4
7ok A4S wolth 14 A
%7] & ¥ 0.1ms 3o &Ho] 7
s THEEAe A A oA E27)
< 7

g 34 vehga

il
o2
o
o
N
>~
>,
m o
N

Ho
o 1 oL
RS
REOR U o2
ox
%
o X ot ol

> olo

X
k3
= Oy Hi
(o]
ofj
th ox rlo i o

¥
o

]

dob U lo moh g

N
~
3
w
o
2

I
N
Hu

23 JEHE A=34 2 Aune dFatey)
o] 7B E AAAE T3 QsoH, E F
AES Avof atal JAo] ARTVF s AA
ofof gttt 2 QAEHFHE HAH A= Tt
AES st 243 A5 AHSEY 2 =
woll A= oledt HAe AARl FH-2F% ~E
g AR T4 AsS A5 fste] W E
£5g dElste A4 B44E, 15 A A
H715 o83 Tadk HIPE oA A
g, 7<& vk o] 83 ug dFAYS Tt
Sk JE AHHH HJH AAY AREALES I
galr] flste] FEld B 24 EHe AF B2
ZAH] 10%, 15%, 20%, 25%, 30% = @& 3 -¢]-3

= AAAES $Y-HYE AEE FrEG
AN s g Fe-aF 2dAAR5e 54
S =484 Ag317] 3sle] Johnson-Cook
Arde] AsE AAsta, Fae 244
dolg ol ~E F5ete] T4 A4S
A7 207 FES-E AEHY A
st F Ao geo] aste AWE W

.

O O & 2 oft Jn
Huir—o;ﬂlm{nJﬁo?Ll_‘
¥ B~ o o o

B

o

7|

o

= A Akl o] Aol ojste] 72
HATAEA BN S 02-F-17) FHOZ FH
TAI. ofell #AAL A EA FAFEHY

ikl

P

Mo
ok

(1) Barkan, P., 1966, “A Study of the Contact Bounce
Phenomenon,” |IEEE Transactions 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) Lim, J. H., Song, J. H., Huh, H., Park, W. J., Oh, 1.
S., Ahn, G. Y. and Choe, J. W, 2002, “ Parameter Study
of Impact Characteristics for a Vacuum Interrupter
Considering Dynamic Material Properties,” Trans. Of
KSME(A), Vol. 26, No. 5, pp. 924-931



