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Fig. 1 Structure of vacuum interrupter
1 —Movable electrical terminal; 2 —Flexible metallic bellows;
3 —Insulating vacuum envelope; 4 —Contacts; 5 —End shields;
6, 7 —Metal/ ceramic joining; 8 —Bellows shield;
9 —Metal vapor condensing shield; 10 —End cap;

11 —Stationary electrical terminal
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Fig. 2 Binary phase diagram of Cu-Cr calculated
by thermodynamics method!”!
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Fig.3 New binary phase diagram of

CurCr by experiment!®!
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Fig. 4 Microstructure of Cu-Cr alloy prepared

by powder sintering process
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Table 1 Properties of Cu Cr alloy prepared

by three different processes'® '* !l

Cr content Electric conductivity

%E@%U%E}Eﬁ% R Process 1% I I 2) Hardness
Pow der sinter 25 30~ 32 70~ 110(HV10)
Sinter-infiltrate 50 16~ 17.5 80~ 90( Briell)

5 BBIE L ZA AR A e i 44
Fig. 5 Microstructure of Cu-Cr alloy prepared

by sintering-infiltrating process
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pco= 1.7x10° Pa., i BEIAH] 1400 K I, FHEZS
Z A BT 0 R RO JR R R 22 4, 3R 2 R
I SRR v B AR A A B — 2R R P S B 45 R

T2 WIS R 1) A
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Table 2 Residual oxygen in Cr powder prepared by
carbothermic reduction in

vacuum (7.73 % 10” * Pa)

Condition w(02)/ % w (N2 /%
Original > 0.53 >4x107°

1400 K annealing > 0.53 <5%x10°*
Carbothermic at 1 200 K 0.53 <5%x10°*
Carbothermic at 1300 K 0.12~ 0.14 <5x%x10*
Carbothermic at 1400 K 0.013~ 0.016 < 5x10°*
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A SRR
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it H SRR ', N 0. 1% ~ 4%, FEH
PR EACL R M PUE R EE )5 B, W 2. 5%
~ 15%, FEH K& EWT BT T Er, W0
BN 1%, FEH B2 075 B v 58 ) Fde
gL BT, RN 2% ~ 9%, T H
W HLIR . 55 A0 EH OB R T AR R T S AN [ ) 2
UK, X e % K ER 2 AR B A e T AR 4%
o, R 3 EMBURE AR BUT RV SR .
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Table 3 Limit of impurities content in

high-grade Cu powder or Cr powder ( %)

Impurity Cr pow der Cu pow der
Fe 0.22 < 0.001
0 0. 036~ 0. 064 0.17
S < 0.0005 0.004
C 0. 004~ 0.012 0.03
Al < 0.001 0.004
Si < 0.001
Ph < 0.0005 0. 02
Cu < 0.001
Ca < 0.001 0.002
Mg < 0.0005 < 0.0005
As < 0.0005 < 0.0005
Na < 0.0005 < 0.0005




+ 736 ¢ A R R

2001 4F 10 H

3 SESEAESKRY R IERE

3.1 HETEREESD
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il S HHE s AE AR (R 2 T R Y S A R 5 Al
AL, 5 A G fi Sk 2R 10 el H IR Tl ) 4 R Ak
FRIAME SR /N, 1 B H 56D, Al g ms o ok 7
S RST 50~ 450 Bm o SRS, ARATTER HS JLAN T
BEMIR IR 1) W58 & MRS RE N, Fifhskk
T Ak DX PR ST Tl T2 ol ) 0 b YR 62 1 ( &l 2 1
mm, [MHIESA R 150 Bm); 2) 75§k DX 0% it A7 £E
KA B[ A ERORL T . X AN SN A, B Al sk
R ps b o Rz 3, i T o R it
P2, BT X LRORAL I 7EH, 015 2 2 s il Hr 48
b B <5 R 28 VR o R T R RIS L X AR S
SHARBRWEE )RR EF , R, AR
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LA RAZE 12 kV R 20 da B i it 30 kA slifE 7. 2
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il & 44 1R w0 RO PR S B R, s R gt
24 kV EZAIF R A CuCr25 fil kA B4 1~ 3 mm i,
i % B 3% Ec A 100 2 x 10° V/m,
Osmokrovic ! ¢ I W2 Jie W S Al [ 4 375 P L 55
T DA 50 ] % ik K i PR 1 5 5 2 BRI OB ) O R
RIIBERE 73 Wi o E 038 0, s Sk TR] B T H, s 58
B R M, Hoh AMF fil Sk (0T R E B A Db,
R an i, 23d 100 SRS 5, B2 e ol = fil
3k, o H R E T TkV .
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SKAPRHHIT T, R IR 42 R il R B8 T o
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ARAERR, AR BRI TN, B AR
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FACE, RARIMEARESR S A O . X ERR
SRARIT A Z 2 XA HL U 1 PR AR A 2 1 L o
PR A AR R s, DR AT R,
B RER Ly . Xt 2 BOT R B LB a0 R
W1, AR < A~ S A AT R AT i KA T HRL U A 8
%, IR AT R B 7, Al AR 3 R TR v B
IR, RH ARG R 3 B, & 4 Fialhy
ANTRIAA R T 338 T v S de AT vl T, R
ME Z&AEA R, R X LIRSl L R A E X
(K1 o Hr rb ] DUAC B2 (A T B i s e, S TN
o Ja, TR ORI 173 LUF, XREHT
AR s 1ol 50 M < o ) 5 TR s IR A R < g
WA HAEHRSE R . Jalt WC-Ag, CurCrBi tha] L
HATRA BT TR, — R S0 IR BOR T v 37 52 Wi
AR, S0 e R W B T G R 3E T, e Kk
W F AL AE AN ANAR, - 2 AT PR S B T R
#.

R4 AFRORL AT R
Table 4 Chopping current of different

contact materials (kA)

Average chopping M aximum chopping

M aterial

current current
Cu 15.0 21.0
Ag 3.5 6.7
Cr 7.0 16.0
CuCr25 4.0 8.0
CuCr50 4.5 10. 0
CuCr25Bi5 1.1 13.1
CuCr25Bil5 0.78 11.1
CuCr25Sh2 4.0 10.5
WG Ag(25%) 0.5 1.1
WG Ag(40% ) 0.75 1.4
CuW70 5.0 10. 0
CuW70Sb1 3.0
Cur Br Ph(1%) 5.0 11.0
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Fig. 6 Microstructure of Cu-Cr alloy prepared

by qurfast solidification process
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Table 5 Comparison of electric properties in different contact materials

M aterial ) Circuit. Resistapce to Dielectric Current carry Chopping W .elding

interruption erosion strength capacity current resistance

CuCr Excellent Excellent Excellent Good Good Adequate
Cur CrBi Adequate Good Adequate Good Good Good
WC-Ag Poor Excellent Excellent Adequate Good Good
W-Cu Poor Excellent Excellent Good Adequate Good
Cu Bi Adequate Excellent Poor Excellent Excellent Good
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Cu Cr contact materials for high power vacuum interrupters

XIAN Arping
(Shenyang National Laboratory for M aterials Science, Institute of M etal Research,

Chinese Academy of Sciences, Shenyang 110016, P.R. China)

[ Abstract] The recent development of Cur Cr contact materials for high power vacuum interrupters is concluded. It includes the o-
rigination of Cu-Cr alloy and technical advantages; the characteristic of Cu-Cr binary diagram and the difficulties in convenient casting
process; the main preparation processes of Cu-Cr alloy, such as powder sinter, sinter and vacuum infiltrate and arc melting process;
the influence of impurities, such as residual gases, residual carbon and the third element in Cu-Cr alloy, on the properties of Cu-Cr al-
loy etc. Also, it summarizes the effect of CurCr alloy and its microstructure on the basic electrical properties of the vacuum contactor
(such as circuit interruption ability, resistance to erosion by arc, current chop etc.). Finally, the developing direction of the CuCr
contact materials in the future ( Cr particle dispersion, alloy recycle and qurfast solidification process, and spray forming etc.) are also

discussed.

[Key words] copper alloy; contact materials; process; electrical properties
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