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Analysis of Electrical Characteristics Due to Deterioration of Electromagnetic Contactor
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Abgract: In this paper, the changes in the electrical characteristics (arc energy, contact resistance, and bouncing
phenomenon) due to the deterioration of the contact are analyzed. The results are generally consistent and can be analyzed
for contact deterioration. The results of the experiment demonstrate that the arc energy is linearly related to the current
when the contact samples and the voltage conditions are the same. The contact resistance varies due to multiple factors,
but is generaly within a certain range, and the contact deterioration can be determined. Contact stabilization can be
detected by the decrease in the bouncing phenomenon due to deterioration (the change of the shape of the contact).
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Fig. 1. Example of magnetic contactor structure.

Table 1. Test conditions.

Contact material Ag/CdO
Circuit condition AC 440V /13 A
Frequency/PF 60 Hz / 1.0
Load type Non-inductive resistance

On/off =0.055/5.95s

10 times / 1 min

Switching mode

Number of operating

Surrounding gas Air

Magnetic contactor

Sample 1
1 1
| I_E;ﬂnnlez
sSample 3
E Load
Bank
AVR source :l Controller
AC 440V [PLC)

Fig. 2. Experimental apparatus.
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Fig. 3. PLC control signal.
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Fig. 4. Example of contact make and break arc waveform.

Table 2. Arc energy according to current.

Current Maximum Arc duration Arc energy
[A] voltage [V] time [mg] [J, Wq]
1 165 0.293 2.65
25 131 0.337 6.19
5 109 0.372 11.98
10 90.6 0.383 22.03
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Fig. 5. Method of least squares of Arc energy.
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Fa: Force of Current flow

Rp: conductor
Resistance

R.: constriction
Resistance

Fg : Electromagnetic
Repulsion Force

Cufrer

Fig. 6. Kind of power and resistance in the relay contact.
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|:| Load-bearing area

|:| Quasi-metallic contact area

. Conducting contact area (a-spot
Fig. 7. Schematic of real contact area [7].
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Table 3. Physical properties of the contact materials.
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Element Ag

Cd

Melting point (C) 961

321

Modulus of elasticity (kNmn) 79

57.5

Hardness (x102 Nmn) 3~7

~35

Resistivity @20C (UQ -+ cm) 1.59

6.83
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Fig. 8. Change of contact resistance due to mechanical impact.
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Fig. 9. Change of contact resstance due to electrical deterioration.
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