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Effect of impregnation by silicon oil on arc erosion resistance wear
of resin-matrix contact strip against copper

TU Chuan-jun, CHEN Zhen-hua, XIA Jin-tong, CHEN Ding, YAN Hong-ge

(College of Materials Science and Engineering, Hunan University, Changsha 410082, China)

Abstract: The resin-matrix pantograph contact strip (RMPCS) was prepared by using hot re-pressing and
vacuum-impregnation process. The tribological behaviors with electrical current of RMPCS against copper were
measured under the indoor simulated conditions of normal running conditions. The characteristics of worn surfaces, wear
debris, cross-section and typical elemental distributions of RMPCS were studied by scanning electron microscopy (SEM)
and energy dispersion spectrometer (EDS), respectively. The results show that the wear rate of RMPCS increases with
increasing sliding speed and electrical current density. The silicon oil can effectively inhibit the alternating current arc of
RMPCS against copper, which is produced periodically between the separating or contacting course. The wear rate of
RMPCS against copper without impregnating technology is about 1.6—2.1 times higher than the value with vacuum
impregnating technology. The main wear mechanism of RMPCS against copper is arc erosion wear and oxidative wear,
which is accompanied by adhesive wear during electrical sliding wear process. Silicon oil has evaporation and thermal
decomposition under the stress of electric arc, which can absorb part of arc heat and is beneficial to arc extinguishing.
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Table 1 Chemical compositions of RMPCS material
Function Raw material Volume fraction/%
Polybismaleimide 12-20
Continuous main phase
FBY 24-32
Electric conductive main phase Electrolytic copper powder 45-55
Lubricating main phase Polygonal flake graphite 6—9
Red copper fiber
Intensifier fiber phase 7-14
Chopped carbon fiber
Arc-suppression phase Tungsten disulfide 02

Proper quantities

Addition agent phase Activated charcoal
Impregnant Methylsilicone oil"” Proper quantities
Addition agent Phosphate Proper quantities

1) Molecular formula of methylsilicone oil is (CH3) 3Si04-Si(CH3)—O],—Si(CH3) ;.

2
Table 2 Physical property parameters of RMPCS material

Test sample Density/(g-cm ) HRB Impact strength/(kJ'm %)  Room temperature resistivity/(u€-m)
Without impregnation 3.94 49.6 8.0 9.7
7.8 132

With vacuum-impregnation 3.96 48.1




1481

Pretreatment of _| Batch _|Grinding | Hot R . i
material surface feeder blending rolling Crushing Sieving
Modified adhesive
preparation
RMPCS ~ Vacuum Hydro-pressurized Dual heated || Heating preliminary
impregnation solidification die-pressing pressure
I }
1
Fig.1 Preparation process of RMPCS material
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Fig.5 Variations of electrical spark tail-height of RMPCS

with sliding speed
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Fig.7 SEM micrographs of wear debris of RMPCS: (a) With vacuum-impregnation; (b) Without impregnation
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Fig.8 SEM micrographs of cross-section of RMPCS: (a) With vacuum-impregnation; (b) Without impregnation

3 3
Table 3 EDS analysis results of worn surface and cross-
section of RMPCS 31
b Mass fraction/%
Test area
Cu W (6] Others
Aa 34.53 1.63 7.93 55.91
3 [14]
Ba 13.93 2.45 8.11 75.51
Ca 47.24 2.69 5.82 4425
Ab 51.44 1.89 12.67 34.01 B
Bb 29.98 1.36 17.09 51.57
Cb 37.18 1.82 5.55 55.45

1) A-White area; B-Surface layer; C-Subsurface; a-With

vacuum- impregnation; b-Without impregnation. -
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