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Abstract

In wear phenomena for a collector friction system (for instance, sliding friction between
a trolley wire and a pantograph contact strip), not only mechanical wear but also wear by
discharge and melt occurs. So, the wear rate under electric current is greatly higher than
that without electric current because of the additional factors. It is very important to
evaluate the tribological characteristics under electric current for the development of current
collector materials since the generation of arc discharge and melt and their damages are
different by the current collector materials. In this study, the evaluation of tribological
characteristics for current collector materials on an electric railway by using an acoustic
emission technique was attempted. Friction and wear experiments were performed with
a pin-on-disk type sliding friction tester. The electric current was impressed between
specimens (sintered Cu/Cu and sintered Fe/Cu). In order to recognize friction and wear
phenomena with electric current, it was focused onto the frequency analysis of the AE
signals detected at arc discharging and melting. It was found that the presence of electric
damage can be predicted by the change in the AE mean value. Furthermore, the difference
in main phenomena (arc discharge and melt) can be identified from the difference in the

frequency spectrum of the AE signal waveform.
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Fig. 1 Appearance of the sliding friction tester.
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Fig. 2 Schematic diagram of the experimental setup and the AE measuring system.
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Table 1 Summary of the experimental conditions

Normal load W 1.5N
(Mean contact pressure) | (0.12 MPa)
Sliding velocity v 0.8 m/s
Sliding distance L 2.0 km
DC20V

1
Source voltage (pin: —, disk: +)

Initial current 4A

AE amplification factor 60 dB

High-pass filter: 100 kHz

AE - filt
band-pass filter Low-pass filter - non-filter

Table 2 Properties of the pin specimens

Material Sintered Cu alloy  Sintered Fe alloy
0,
Cu (87%), Fe (66.8%),
Sn (11%) Cr (16%),
Composition, Cr (5 ‘V)o ? Mo (4.2%),
W% o Pb (0.6%),
C (4%),
P (0.6%) S (2.8%),
e P (0.2%)
Electrical
resistivity, 0.3 or less Uncertainty
pQm
Hardness
v 160 90
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(b) after rubbing without electric current

(c) after rubbing with electric current

Fig. 3 Micrographs of the friction surface of the
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pin (left) and disk (right). Arrows show the
direction of sliding.
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Fig. 4 Wear-sliding distance curves for disk and

pin specimen.
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Table 3 Summary of the wear rate for the pin/disk
(unit: X 107° [mg/mm])

Disk material | Without current flow  With current flow
0.03/0.17 1.3/9.1
1.3/2.9

Sintered Cu

Sintered Fe 0.64/0.82

50 pm

Fig. 5 Micrographs of the wear track damage by
arc discharge and melt caused by rubbing
under electric current flow.
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Fig. 6 Fluctuations of the AE mean value (above)
and the contact voltage drop (below).
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Fig. 7 Fluctuations of the AE signal wave form and the contact voltage drop.
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Fig. 8 Typical AE signal detected at arc discharge:
(a) AE signal wave form; and (b) the AE
frequency spectrum.
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Fig.9 Typical AE signal detected at melt: (a) AE signal
wave form; and (b) the AE frequency spectrum.
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Fig. 10 Change in the frequency spectrum of AE signal
waveforms for sintered Cu pin/Cu disk.
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Fig. 11 Change in the frequency spectrum of AE signal
waveforms for sintered Fe pin/Cu disk.
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Fig. 12 Fluctuation in the voltage drop for sintered

Cu pin/Cu disk.
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