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Summary

As described in the previous paper I, it was found that the friction coefficient of ice
depends on load, frictional velocity, temperature and crystallographic properties of the frictional
surface of ice. In this experiment, a steel or tungsten carbide ball was slid over a flat surface

of ice at very low speed (1.2x107* to 0.18 cm/s) to clarify the friction mechanism of ice.
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The existence of melted water which may be produced by frictional heating can be ignored
because of a very low frictional velocity. The author supposed that the low friction on ice
can be explained by the intrinsic lower shear strength and very large hardness of ice itself,
that is, by the adhesion theory.

According to the adhesion theory, friction coefficient g is expressed by,

pe = (Ais+ As) p/W,

where A, is the contact area, A, the cross sectional area of a track, s the interfacial shear
strength, p the ploughing strength and W the applied load. When a hard ball such as a
tungsten carbide ball slides on a plate of ice, A, and A; are expressed by

2
R

3
A=t A =k-2

6R "’
where ¢ is the frictional track width, R the diameter of a slider, £ and % shape factors of
a contact area.

To find the interfacial shear strength s and ploughing strength p between the ice plate
and the tungsten carbide ball as a slider, a series of experiments were carried out about the
size effects of the slider (1.6 to 12.6 mm in diameter) on the friction of ice. As a result,
values of s and p were determined as a function of velocity, temperature (—1 to —30°C) and
crystallographic plane of the ice surface (0001) and (0110).

Figures 2 (a) and (b) show the relation of p to the inverse diameter of the slider (1/R)
and velocity (V) on both planes of (0001) and (0110) at —10°C. The values of s increased
linearly with 1/R and with decreasing frictional velocity. When R was greater than 9.5 mm,
the value of g was nearly constant. If we may consider that these values of pyy roughly
correspond to pure shears, we can calculate the shear strength s. Therefore, the ploughing
strength p can be determined.

To obtain the value of shape factor &, a real contact area was observed by the use of
a hemispherical glass ball as a slider (Fig. 3). From these observations, the value of k& was
determined approximately 0.8 for (0110) and 1.0 for (0001). It was assumd that %" equals 1;
that is, a bulge in front of slider is ignored.

The values of s and p were calculated for different velocities on the basis of the results
shown in Fig. 2. It was found that the value of s is independent of velocity, and the value
of p decreases with decreasing velocity.

Figure 5 shows the relations among ux and the reciprocal of the diameter of a slider
{(1/R) and temperature (7). It should be noted that the minimums friction were observed for
curves of p—7 as mentioned in the previous paper. The temperature at which the minimums
of friction were observed did not change with the size of a slider.

Figure 8 shows the temperature dependence of the values of s for (0001) and (0110), in
which values of s for (0110) were greater than those for (0001), whereby these values of s
increased with lowering temperature.

The temperature dependence of the values of s and p for both (0001) and (0110) are
summarized in Table 3. It should be noted that the values of p are approximately a hundred
times larger than the values of sin any temperature. These facts are closely connected to

the low friction on ice.



