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Abstract: A series of experiments on friction and wear properties of carbon strip rubbing against copper contact wire is
performed on high-speed friction and wear tester with electric current. The results show that the friction coefficient is
generally maintained between 0.24 and 0.37. In the absence of electric current, the coefficient of friction is higher than
that in the presence of electric current. The wear rate of carbon strip materials is generally not more than 0.014g/km. In
particular, the wear rate under the electric current of 240 A is 14 times more than that in the absence of electric current.
By observing the scar of worn surface with optical microscope, it can be found that there are obvious slip scars and arc
erosive pits. The dominated wear mechanisms are abrasive wear and arc erosion in electrical sliding frictional process.
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1. INTRODUCTION

The pantograph-catenary system is composed of collector
strip, supporting pantograph, contact wire, droppers,
supporting rods, carrier and suspension in electrified railway,
as shown in the Fig. (1). The driving power of the electric
railway locomotive has been up to 8000~10000kW [1-3],
which is transmitted to the running train through a collector
strip rubbing against a contact wire. The service life of
pantograph/catenary system mainly depends on the wear life
of the pantograph strip and contact wire materials. Increasing
wear service life of the collector strips is a main concern to
operators and investigators. From the viewpoint of friction,
the wear service life depends on wear mechanisms occurring
in the process of electrical sliding friction. In the literature,
several wear mechanisms such as abrasive wear, adhesive
wear, arc erosion and oxidation wear were reported in
electrical sliding frictional process [4-6]. The effect of
electric current on the wear mechanism was emphasized in
an action of Joule heat and arc discharge heat [7, 8].
Especially, several investigators reported that wear of
contact strip materials is related to interface debris generated
on contact surfaces [5, 9-11]. With increase in high-speed
train, the wear of the collector strip and contact wire
materials becomes severer and severer in a pantograph strip
rubbing against a contact wire. In order to reveal the effects,
influence of electric current and normal force on tribology
properties of carbon strip rubbing against copper contact
wire is used to investigate damage mechanism of contact
materials for pantograph-catenary system.
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2. EXPERIMENT DETAILS

The tester has been introduced in the previous texts [3,
12, 13]. At present, a ring-on-block tester was developed for
the present test purpose. The schematic of test ring and
collector strip/copper contact wire couple is shown in Fig.
(2). The rotational disc is driven by a variable-frequency
motor of 58 kW. The sliding velocity of the rotational disc
with respect to the collector strip varies from 0-400 km/h.
And the collector strip frame can oscillate at a frequency of
0.3-3Hz in the vertical direction. The collector strip frame is
driven by a servo motor to provide a steady normal force
between the collector strip and the contact wire. And the
normal force varies from 10 to 300 N. In the tests, the
normal force F, is set to 30, 90 and 150N. The electric
current intensity / of 0, 180, 200, 220 and 240 A are chosen.
The sliding velocity v is set to 160 km/h and the sliding
distance of each test is set to 200 km. Before each test, the
carbon strips are polished with 1000 and 1200 abrasive
papers and are cleaned with alcohol. Its surface roughness is
about R,=1.6 pum. The contact wire surface is abraded with
1600 abrasive paper to obtain a good contact surface. Run-in
between the carbon strip and contact wire is carried out at a
sliding speed of 15 km/h for 5 minutes in order to obtain a
good contact of sliding contact coupe.

3. RESULTS AND DISCUSSIONS
3.1. Friction Coefficient

The variation of friction coefficient with electric current
and normal force is presented in Fig. (3). It can be seen that
the friction coefficient is generally maintained between 0.24
and 0.37 in the process of the carbon strip rubbing against
the copper contact wire. The friction coefficient without
electric current is higher than that with electric current. And
the friction coefficient reduces with increasing intensity of
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Fig. (2). Test rig: (a) schematic of the tester; (b) collector strip/copper contact wire couple.

electric current. That is attributed to the formation of an
oxide layer at the contact interface. The oxide layer is
favored by high temperature oxidation due to an
accumulation of Joule heat, frictional heat and arc heat [7, 8,
14]. Moreover, the friction coefficient increases with
decrease in normal force. As the normal force reduces, the

arc discharge becomes stronger and stronger in the contact
interface. The arc erosion and thermal wear are a key factors
to result in severe wear due to arc discharge. The
accumulation and removal of debris lead to the increase in
friction coefficient [15-17].
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Fig. (3). Variations of friction coefficient with electric current and
normal force.

3.2. Wear Rate of Carbon Strip

Fig. (4) shows the effect of electric current and normal
force on wear rate of carbon strip. From Fig. (4), it can be
seen that the wear rate without electric current is the lowest,
about 0.0013 g/km. And the wear rate with electric current is
14 times more than that without electric current. It can also
be found that the wear rate increases with increasing electric
current, and decreases with increasing normal force. Under
the same electric currents, the wear rates of the carbon strip
increase slightly with increase in sliding velocity. At the
same time, it can also be found that the wear rate of the pure
carbon strip increases with increasing electric current. The
wear rate of the carbon strip is the lowest without electric

Wear debris
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current, whose value is only 0.00096 g/km. As the electric
current increases, the wear rate of pure carbon strip
significantly increases. When the electric current is equal to
240 A, the wear rate reaches 0.0135 g/km. That result
suggests that the electric current plays a role on accelerating
materials damage due to arc erosion and thermal wear.
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Fig. (4). Variation of wear rate with electric current and normal
force.

3.3. Worn Surface Morphology of Carbon Strip

Fig. (5) shows the surface morphology of carbon strip
after wear. Fig. (5a) shows the area and depth of worn scar
being very small without electric current. It can be seen that
there is a great deal of wear debris and worn scars on the
strip surface. However, the area and depth of worn scars
increase significantly when the electric current is equal to
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Fig. (5). Surface morphology of carbon strip after wear: (a) /=0; (b) /=200 A.
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Fig. (6). Optic morphology of carbon strip after wear: (a) /=0; (b) /=240 A.

200 A. It can be seen that there are arc ablation pits, worn
scar and dark arc ablation stream-lines, as shown in Fig.
(5b). In the electrical sliding process, there is a great deal of
spark discharge and arc discharge. The arc ablation pits and
arc ablation stream-lines occur in the worn surface of carbon
strip due to arc discharge. At the same time, it can be found
that the temperature of contact couple reaches 300°C at the
electric current of 200A. The high temperature leads to the
occurrence of abrasive wear. Therefore, it suggests that
abrasive wear and arc erosion occur in the process of
electrical sliding friction.

3.4. Surface Micro-morphology in Worn Region

Fig. (6) shows the microstructure of a worn surface of the
carbon strip with and without electric current. It can be seen
from Fig. (6a) that there are clear sliding scars and wear
debris on the worn surface. It suggests that the main wear
mechanism is abrasive wear without electric current. From
Fig. (6b), it can be found that clear sliding scars, arc ablation
pits and metal melting exist on the worn surface. It also
suggests that the main wear mechanisms are abrasive wear
and arc erosion with electric current.

CONCLUSION

The normal force, sliding velocity and electric current
have distinct effects on friction and wear properties of
carbon strip/copper contact wire. The friction coefficient
generally maintained between 0.24 and 0.37. The wear rate
of carbon strip is not more than 0.014g/km. When the
electric current is equal to 240 A, the wear rate is 14 times
more than that without electric current. Abrasive wear and
arc erosion are the major wear mechanisms in the process of
electrical sliding friction.
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