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EXPERIMENTAL INVESTIGATION ON THE EFFECT OF ELECTRICAL
CURRENT FLOW ON THE COEFFICIENT OF FRICTION BETWEEN TWO DRY
RUBBING SURFACES
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ABSTRACT
The main object of this paper is to determine experimentally the effect of electrical
current flow on the coefficient of friction betwesen two dry rubbing surfaces.

The tests were performed utilizing 2 pin-disc machine (Tribometer) with a pin having a
giameter of 6 mm and 200 mm diameter disc. The current was be varied from 0 10 8
amperes with a constant potential difference of 12 volts.

The coefficient of friction was calculated, at different loading and electrical current,
based on the measured friction force. The measurement was carried out via strain
gauge and FFT analyzer.

A parametric study was carried out ta highlight the effect of material, velocity and load
on the coefficient of friction with the electrical current flow. Three sets of materials were
used; steel-steel, copper-copper and aluminum-aluminum. Sliding velocity was
increased up to 700 r.p.m., while the load changed from 1 to 8 Newion.

As a result of this investigation, it was found that the coefficient of friction is depending
strongly on the electrical current flow at all operating conditions.
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INTRODUCTION

The coefficient of friction between two rubbing materials is an important parameter for
both design and tribological purpose. Therefore many investigations [1, 2, 3]
determined the coefficient of friction at different materials and loading conditions.

In general, the determination of the coefficient of friction between two dry rubbing
surfaces has been experimentally achieved by the measurement of friction forces
existing between these surfaces. The friction force is defined, generally, as the
resistance to motion which is experienced whenever the solid body slides over another.

Rabinowicz [4] studied the nature of the static and kinetic friction and, then, introduced
what is denoted as the mean kinetic coefficient of iriction. Also, Alesten et al. [5], Zhao
et al. (8] and Wang et al. [7] have measured the friction force in stable smooth sliding
material. The effect of material properties on the coefficient of friction in cold rolling has
been studied by Lenard [8].

Bowden and Leben [9], studied the kinetic coefficient of friction between different
materials. A typical experimental record of friction force versus time is given.

Boden and Tabor [10], summarized the results of their study concern contact properties
of pura iron at dry friction, They used the “Pin-Disc' apparatus to perform their
experimental work.

Kato et al. [11] and Bristow et al. [12] also measured the kinetic coefficient of friction in
stable smooth sliding. They concluded that the coefficient of friction versus sliding
vejocity, drastically change with temperature. The effect of velocity and the surface
roughness on the friction force was studied by Jeng [13] and Berther et al. [14].

Despite many attempts, there is a lack of understanding of the influence of the electrical
current fliow on the coefficient of friction.

The object of the present research is to determine experimentally the coefficient of
friction with the electrical current flow through the contact point during rubbing at
variable loads, variable speed and variable electrical current for different materials. Also,
the coefficient of friction at the same conditions without the effect of electricai current
has been determined.

EXPERIMENTAL TEST RIG AND INSTRUMENTATION

Figure 1, shows the test rig together with the utilizes instrumentation for the present
investigation. The test rig consists mainly of the tribometer; which is a stationary pin
sliding against a rotating disc, and a dead weight loading system.
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The pin has 6 mm diameter and is firmly held in the specimen holder, which is fixed by
free joints by means of two set screws. The pin was pressed against the disc by varnable
static load. This load is applied by means of a dead weight loading system via the pin
holder. The disc is driven by a variable speed motor. The pin and its accessories were
kept horizontai by using the counter weight shown in the figure.

The electrical current flow through the contact point was induced by using 12 voits
battery. This current is changed from 0 to 8 amperes by using variable resistance.

Three combinations of materials were used; these are steel-steel, copper-copper and
aluminum-aluminum.

The friction force was measured via a strain gauge apparatus. The strain gauge is fixed
on the lever between the specimens holder and the frame, as shown in Fig.2. This
gauge measures the friction resistance and changes it into a proportional electrical
signal. This signal was read by a strain meter and FFT analyzer which determines the
maximum and the average resistance force. The advantages of the strain meter are the
high resolution, cheeper, high stiffness and small size.

RESULTS AND DISCUSSIONS

As mentioned above, the present investigation is concerned with the experimentat
determination of the effect of the electrical current on the coefficient ot inicton Detween
two dry rubbing surfaces.

The experiments were carried out at different lcading, speed and material conditions.
These operating parameters as well as electrical current are varied as outlined in
Table 1. '

Table 1: Operating parametars variation

Material Steel, Copper and Aluminum

Load 1-8 Newton

Speed 100 - 700 r.p.m.

Current 0-8 Amperes

The resuits of these experiments would be summarized in the following sections:
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STEEL AGAINST STEEL EXPERIMENTS

Figure 3, illustrates the relation between the coefficient of friction and electrical current at
different loading conditions. It shows that the coefficient of friction increases with the
increase of both current and applied loads.

Figure 4, shows the relation between the coefficient of friction and speed at different
values of electrical current. It is obvious that the coefficient of friction decreases with the
increase of speed up to a certain value and then increases with the increase of speed.
The minimum value of the coefficient of friction in this figure could be defined as critical
speed. It may be also noted from Fig.4, that the location and magnitude of this critical
speed depends on the applied load.

However, it may be concluded from Fig.3 and 4, that the electrical current has a great
effect on the coefficient of friction at ali speed and loading conditions.

COPPER AGAINST COPPER EXPERIMENTS

Figure 5, illustrates the relation between the coefficient of friction and current at different
loading conditions. 1t is clear that the coefficient of friction increases with the increase of
current at different loads. Whereas, Fig.6, shows the relation between the coefficient of
friction and speed at different loads. it is obvious that the coefficient of friction decreases
with the increase of speed to a certain value and then it increases with the increase ot

speed. Tne spesd al which the minimum cosificient of Triction occurs is called critical

speed and its location and magnitude depends on the aoplied load.
ALUMINUM AGAINST ALUMINUM EXPERIMENTS

Figure 7, illustrates the relation between the coefficient of friction ard current at different
constant loads. It is clear that the coefficient of friction increases with the increase of
both current and load. While, F1g.8, shows the relation between the coefficient of friction
and speed at different loads. It is obvious that the coefficient of friction decreases with
the increase of speed up to a certain value, and then increases with the increase of the
‘speed. The value at which the minimum coefficient of friction occurs is called the critical
speed and its location and magnitude depends on the applied load.

The three dimensional representation of the coefficient of friction against current and
speed as illustrated in Figs.9, 10 and 11, which give the advantage to estimate the
magnitude of the coefficient of friction with a speed ranging from 100 to 700 r.p.m. and
current ranging from 0 to 8 amperes. It is clear that the coefficient of friction increases
with the increase of current and speed.
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CONCLUSIONS

1- The electrical current is positively correlated to the coefficient of friction between two
dry rubbing surfaces at all loading conditions.

2- The relative speed between the rubbing surfaces is concavely relates to the
coefficient of friction and there is a critical speed where the coefficient is minimized.
The critical speed varies with the material as well as electrical current.

3- Applying electrical current to the rubbing surfaces in clutches and brakes will increase
the coefficient of friction and hence improve these devices performance.
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Fig. 2: Schematic diagram of the experimental apparatus.
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