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Résumé

A model sledge was caused to slide on the snow cover by means of a rope pulled
by a man, and the drag force acting between the rope and the sledge was registered
by an electrical recording device as shown in Fig. 1. "The force was converted by the
use of magneto-striction phenomenon to electric current which was recorded by means
of an electro-magnetic oscillograph. The frame of .the sledge and its runners were made
of iron; the static pressure exerted by the runners on the snow cover was varied from
27 to 310 gr-wt/cm?® by loading the sledge with various weights. Experiments were made
on two sorts of snow cover: the one being soft fresh snow and the other being hard
snow made by packing under foot fresh or compact snow. Examples of records of the
drag force are shown in Fig. 2 (for hard snow) and Fig. 3 (for fresh snow). The man
began to pull the rope at point A and the sledge started to move at point B. The
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sledge proceeded with a constant speed from point C to point D by “being pulled by
nearly constant drag force. Even at point E-when the drag force had vanished com-

pletely the sledge was still moving to ‘be stopped some fractions of a second later. --The

peak of the drag force at point B must be the force of resistance due to static friction

and the force appearing in the ‘interval between C and D is the force of resistance due

to kinetic friction. Although the kinetic friction shows small fluctuations as indicated

in Figs. 2 and 3, discussion on them will be postponed to the future and here only the

averaged mean value of kinetic friction will be considered. In Table 1 are listed the

coefficients of static friction and those of mean kinetic friction of hard snow.

(1) Static Friction .

Fig. 4 shows the relation between the total weight W of the sledge and the static
resistance F, in the case of hard snow. From this figure it can be seen that the coeffi-
cient of static friction lies between the values 0.2 and 0.5. The dependency of the static
friction F, upon the temperature is shown in Fig. 5, in which the temperature below 0°C
is snow temperature and that above 0°C is that of open air. The light circles indicate
the results of the present writers’ experiment, the dark ones those of Shidei and Miya-
gawa, the crosses those of Pavlov and the triangles those of Bowden. The sledges used
by Shidei and Miyagawa and by Pavlov had runners plated with iron, and the one used
by Bowden had alminium runners. It seems that there is no definite relation between
the static friction and the temperature. But definite differences are found between the
results of different researchers, namely, the values obtained by the present authors are
the largest and those by Shidei and Miyagawa the smallest while those by Pavlov lie
between the two. Then it is likely that these differences found between the various
researchers’ results have their origin in differences in the experimental methods em-
ployed. Indeed, Shidei and Miyagawa determined F, by observing by eye the maximum
elongation of a spring inserted between the rope and the sledge. The time ¢ during
which the pulling force must have been applied before the sledge began to move should
have amounted to at least several seconds. In Pavlov’s case it is expected that r was
reduced, since he used an automatic recording device to measure the force of resistance.
But his device was a mechanical one and r in this case would have been longer than
that in the present authors’ case where an electrical registering device was used. Now
the static frictional force F, can be considered to be the force needed for breaking down
the snow lying directly in front of and below the sledge and it is known that smaller
force is sufficient to break down a visco-elastic matter such as snow when longer time
is allowed for the application of the force. Even in the case of metals, when no lubri-
cant is used, the static friction is known to reduced if the force is applied slowly.
Baker and Preston experimented on glass and porcelain and found that the inverse of
their break-down strength is in proportion to the logarithm of the time of application
of the force. In Fig. 6 the inverse of the coefficient 2 of the static friction of snow
determined by the present authors is plotted against log v, = being the time interval
between points A and B of the oscillograms of which Fig. 2 and Fig. 3 are two exam-
ples. Although no definite relationship can be found between (1/&) and log =, (1/k) does
show a tendency to increase as log t increases. '

(2) Kinetic Friction

The resistance I, due to the kinetic friction is proportional to the total weight W
of the sledge in the case of stamped fresh snow as shown by the dots and the full line
of Fig. 7. In the case of non-stamped fresh snow the relation between F, and W is
‘represented in Fig. 7 by the broken line which lies parallel to and about 7 kg-wt above
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the full line. This increase 4F, in Fj in the case of fresh snow is probably attributable
to the additional force which is needed for the frontal curved parts of the runners to
break down the deep fresh snow lying in front of them. Additional energy required to
overcome' this additive force 4F, while the sledge transversed a given distance was
found to coincide in magnitude with the product Vxw, where V is the volume of fresh
snow broken down and compressed by the sledge and w is the energy, which one of
the present authors determined experimentally, is needed to break down a unit volume
of fresh snow.



