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Anti-welding performance of copper-based electrical contacts in
solenoid switch
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Abstract: A simulation device of solenoid switch with simple structure and easy operation, was developed to test the
anti-welding performance of pure copper, typical copper alloys and copper-based materials. The results show that CuTe
alloy and CuW30 composites have better anti-welding performance than pure copper. From the view of decreasing
welding force, the anti-welding performances of different copper-based materials are related to the formation of welding

defects in the welding zone when the contacts are connected. The results are beneficial to improving the anti-welding

performance of electrical contacts in solenoid switch.
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Fig. 1 Principle schematic diagram of simulation test device of solenoid switch
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Fig. 2 Principle schematic diagram of test circuit of anti-welding performance of electrical contacts in solenoid switch
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Fig. 3 Characteristics of contact welding in making process:

(a) Solenoid switch; (b) Simulation test
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Table 1 Test materials and their compositions!'® "

Material Mass fraction/%
CWO004A(Cu) Cu=99.90, 0<0.04
CW109C(CuNilSi) Cu~(1.0—-1.6)Ni-(0.4-0.7)Si
C14500(CuTe) 99.50Cu-(0.4-0.6)Te
C15760(CuAlLO;) 98.77Cu-(1.1-1.2)Al,04
C18150(CuCrlZr) 99Cu-(0.5—-1.5)Cr-(0.05-0.25)Zr
CuW30 70Cu-30W

4 filSkalkE RS

Fig. 4 Dimensions of contact samples (unit: mm)
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Table 3 Test parameters of contacts during making and breaking process in simulation test

Direct adjustable

Indirect adjustable Others

Test Battery = Battery Break  Make Electromagnet Contact Make Contact Switch off Switch on
condition : . . . Test
resistance, voltage, force, force, voltage, current, velocity, gap/ duration of duration of cles
Rp/mQ Us/V F,/N F/N Ug/V I/KA Vm/(m-sfl) mm relay/s relay/s 4
1 15 24 25 10 35 1.0 1.4 3 20.7 0.8 100
2 8 24 25 10 35 0.3 0.3 3 25.7 0.8 100

Air blower was used to cool down temperature of contacts.
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Fig. 7 Anode fracture morphologies of welding contacts with same electrode materials (I;=1.4 kA): (a) Cu; (b) CuNilSi; (c) CuTe;

(d) CuALOs; (e) CuCrlZr; (f) CuW30
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Table 4 Average make arc energy and maximum welding
force of contact pairs with same electrode materials (/.=1.0 kA)
Anti-welding

Contact  Average make Maximum
. . performance
material arc energy/J]  welding force/N
rank
Cu 14.09 169.70 3
CuNilSi 20.83 500.00 6
CuTe 10.66 57.68 1
CuALO; 14.97 267.00 4
CuCrlZr 11.25 443.30 5
CuW30 12.87 128.80 2
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Fig. 8 Relative welding probability of contact pairs with same

electrode materials (/.=1.0 kA)
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