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Effect of doping on electrical arc characteristic of
WClu electrical contact materials
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Abstract: The WCu electrical contact materials containing 0.3%B, 2.0%Nb and 1.5%Ce (mass fraction) were produced

through powder metallurgy technology. The electrical arc characteristic of different doping elements on the electrical arc

characteristics of WCu electrical contact materials and commercial WCu electrical contact alloys were researched by

high-speed camera and arc erosion experiment. The results show that the evolution of arc discharge can be divided into

arc forming, steady burning of arc and attenuation. Compared with the WCu alloys without doping elements, the WCu

alloys with doping elements have the characters, such as longer time for arc formation, shorter time for arc stable burning

and larger volume and lighter color of plasmas plumes. The arc is dispersed and stable, and the burning area on the

sample surface is bigger. The anti-welding ability of the WCu alloys with doping elements is greatly improved. The best

one is WCu-B alloys with anti-welding ability increased by about 30%.
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Table 1 Properties of WCu with different doping elements
. Relative  Hardness, Conductivity
Material density/%  HB (IACS)/% )
Commercial WCu 96.8 220.0 38.0
WCu-0.3%B 99.1 239.4 36.8 21
WCu-2.0%Nb 98.5 230.2 36.6 2 WCu
WCu-1.5%Ce 96.6 233.3 44.5
(e u { } } Anode
—— Sample
] ve
0~10kV c
power S
R, EI High-speed camera
T
o Cathode

1
Fig.1 Experimental circuit diagram of high speed photography (R, is 100 kQ, charging resistor; R, is 38 MQ, measuring resistor; R3

is 2 MQ, measuring resistor; R, is discharging resistor; C is a capacitor; D is a diode; VC represents vacuum chamber)



19 11 WCu 2031
3
0.336 ms 3.696 ms
2 WCu B
0.252 ms
8.904 ms
14.994 ms 1/3
19.026 ms 17.136 ms
20.118 ms
3 03% B WCu 4 20% Nb WCu

2 WCu

Fig.2 Arc evolution process of commercial WCu alloy: (a) 0.252 ms; (b) 4.536 ms; (c) 8.904 ms; (d) 9.618 ms; (¢) 14.994 ms;

() 19.026 ms

(a)

3 0.3%B WCu

Fig.3 Arc evolution process of WCu alloy doping 0.3%B: (a) 0.336 ms; (b) 3.696 ms; (c) 8.652 ms; (d) 10.962 ms; (e) 17.136 ms;

(f) 20.118 ms
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Fig.4 Arc evolution process of WCu alloy doping 2.0%Nb: (a) 0.378 ms; (b) 3.444 ms; (c) 8.316 ms; (d) 10.290 ms; (¢) 16.884 ms;
(f) 19.886 ms

(a)

5
Fig.5 Arc evolution process of WCu alloy doping 1.5%Ce: (a) 0.294 ms; (b) 4.158 ms; (c) 8.820 ms; (d) 11.256 ms; (e) 18.102 ms;
() 20.580 ms
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2 WCu

Table 2 Main parameters of WCu alloy with different doping elements during arc evolution process

Arc formation  Arc stable burning Break of plasma Disappeared time Arc lifetime/ Chopping

1
Sample time/ms time/ms cloud/ms of cathode spot/ms ms current/A
Commercial WCu 0.252 8.652 14.994 19.026 15.02 4.08
WCu-0.3%B 0.336 8.316 17.136 20.118 17.15 3.69
WCu-2.0%Nb 0.378 7.938 16.884 19.886 16.91 3.85
WCu-1.5%Ce 0.294 8.526 18.102 20.580 18.13 3.48
20.580 ms
2
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Fig.6 Mass loss curves of WCu alloys with different doping
elements
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8 WCu 8(a) )
8 WCu Cu \W

7 WCu
Fig.7 Macro morphologies of WCu alloys with different doping elements: (a) Commercial WCu alloy; (b) WCu-B; (¢) WCu-Nbj;
(d) WCu-Ce

8 WCu
Fig.8 Micro morphologies of WCu alloys with different doping elements: (a) Commercial WCu alloy; (b) WCu-B; (¢) WCu-Nbj;
(d) WCu-Ce
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Fig.9 Microstructures of WCu alloys with different doping elements: (a) Commercial WCu alloy; (b) WCu-B; (c) WCu-Nb;
(d) WCu-Ce
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