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Abstract; To investigate the fretting wear of the contact parts of electrical connectors caused by random vibrations
during operation, resulting in decreased contact performance due to wear debris, stepped stress and constant stress
random vibration tests were conducted. Electrical capacitance tomography technology was used to detect the wear
debris between the contact parts of the electrical connectors during fretting wear. The effects of vibration period,
direction, magnitude, and load current on wear debris accumulation and distribution were studied. Surface
morphology and energy spectrum analysis were conducted on the specimens after testing, and fractal dimension was
used to study the uniformity of debris distribution, quantifying the extent of wear on the contact surfaces. Results of
the tests show that vibration period, direction, and magnitude have a positive cumulative effect on the generation
and accumulation of wear debris between contact parts. The coupling effect of load current, leading to heating and
stress relaxation, delays the performance degradation process. Axial vibration causes the most severe wear, with the
root of the pin being the area of severe wear. The degradation patterns of the electrical connectors under stepped
stress random vibration are similar to those under constant stress, with wear debris characteristic values under
stepped stress showing a certain step-change feature. Significant changes occur in contact surface morphology during
fretting wear of the connectors. The results of surface morphology and spectrum analysis align with the
characteristics of wear debris and the variation in contact resistance.
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Fig.1 Physical drawing of electrical connector specimen
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Fig.2 Fretting wear test device for electrical connector

B3 H{mBREiE

Fig.3 Schematic diagram of specimen installation location
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Fig.4 Schematic diagram of vibration direction
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Fig.5 Schematic diagram of contact area division
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Fig.6 Step stress random vibration test stress level
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Tab. 1 Constant stress random vibration test scheme of
electrical connector
3 REHR N AR, B a]

1K 5 .
77 I7) A (g - Hz™") min
X-1,X-2 X 0 0.04 400
Y-1,Y-2 Y 0 0.04 400
71,72 7z 0 0.04 400
X-3,X4 X 5 0.04 400
Y3,Y4 Y 5 0.04 400
73,74 VA 5 0.04 400
X-5,X-6 X 0 0.06 400
Y-5,Y-6 Y 0 0.06 400
7-5,7-6 A 0 0.06 400
X-7,X-8 X 5 0.06 400
Y-7,Y-8 Y 5 0.06 400
7-1,7-8 A 5 0.06 400
X-9,X-10 X 0 0.08 400
Y9,Y-10 Y 0 0.08 400
79,7-10 A 0 0.08 400
X-11,X-12 X 5 0.08 400
Y-11,Y-12 Y 5 0.08 400
Z-11,7Z-12 VA 5 0.08 400
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Tab.2  Step stress random vibration test scheme of electrical
connector
e TRBD TUERHLIE/ N 17K/ IR 1]/
i .
J7 1) A (g% - Hz™1) min
X-13,X-14 X 0 0.04—0.06—0.08—0. 10 800
Y-13,Y-14 Y 0 0.04—0.06—0.08—0. 10 800
Z-13,7-14 7 0 0.04—0.06—0.08—0. 10 800
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Fig.7  Variation of total amount of wear debris characteristic

values under different random vibration conditions
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Fig.9 Variation of contact resistance under different random vibration conditions
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Fig. 10 Variation of total amount of wear debris characteristic values under different random vibration
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