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Preparation and thermal wear properties of modified resin-matrix
pantograph contact strip

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

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

Abstract: With polybismaleimide resin(PBMI)/cashew nut oil modified phenol formaldehyde resin(YM) as bonding
agent, and other electric conductive phase, lubricating phase and intensifier fiber, modified resin-matrix pantograph
contact strip was produced by the processes of hot rolling, dually heated die-pressing and hydro-solidification technology.
The thermal properties of resin matrix were characterized by TG, DTG and DSC. The wear properties of the contact strip
against copper were evaluated by the ring block wear tester at elevated temperature under dry sliding conditions. The
morphologies of the worn surfaces of YM and PBMI/YM contact strip samples were examined by scanning electron
microscope(SEM), and the wear mechanism of the contact strip against copper was also studied. The experimental results
indicate that the heat resistance of the PBMI/YM modified resin is better than that of the YM resin. The PBMI/'YM
modified resin-matrix contact strip against copper has superior wear resistance at elevated temperature than that of
unmodified one under the same conditions. At initial environmental temperature of 350°C and wear time of 30 min, the
wear rate and the kinetic friction coefficient of the YM resin-matrix contact strip are 23.57x10"" cm*/(N'm) and 0.232;
while those of the PBMI/YM modified resin-matrix contact strip are 9.88x1077 cm*/(N-m) and 0.144. At elevated
temperature, the wear mechanism of the resin-matrix contact strip against copper evolves from adhesion wear to thermal
wear with slight delamination wear.
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Table 1 Specification of main raw materials and composition of resin-matrix contact strip specimens

Function Raw material Quality requirement and index Mass fraction/%
PBMI Thermosetting, particle size 40—60 pm 4-8
Continuous phase
YM Free phenol <<4%, particle size<<74 um 8-12
Electric conductive main phase Electrolytic copper powder  Copper content=99.5%, particle size<<74 pm 68—78
Lubricating main phase Flake graphite Carbon content™>99%, particle size<<35 pm 9-14
Carbon fiber Average length 1-3 mm, average diameter 20 pm
Intensifier fiber phase 4-10
Copper gauze Average diameter 70—80 um
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Fig.1 Preparation process of resin-matrix contact strip
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Fig.7 SEM micrographs of worn surface of resin-matrix
contact strip under initial temperature of 200 C: (a) YM;
(b) PBMI/'YM
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Table 2 Thermal wear rate of different kinds of resin-matrix

strips at different temperatures

K T'107°K! (cm}TIl\[IﬁTrll{l)] (cmf;\[ﬁﬁfl)]
4732 2.11 4.89 6.45
5232 1.91 4.26 6.06
573.2 1.75 4.06 5.39
623.2 1.61 3.84 4.71
673.2 1.49 3.57 4.30
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Table 3 Active energy data of oxidation reaction for different

resin-matrix contact strips

Material E,/(kJ-mol™") r
YM resin-matrix contact strip 16.7 0.985
PBMI/YM resin-matrix contact strip 30.1 0.988
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