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Summary

The first thing a snow plough does is to kick up snow with its front edge. The

main purpose of this Paper I and the following Paper II is to derive formulae for
velocity v or w¢ which the snow has immediately after the kick up. As the shape
varies among ploughs, the motion of snow given rise to by a plough will conveniently
be determined by using the value of v or vc as an initial condition for the movement
of snow on the sloping surface of the plough. Use is made of coordinates moving
together with the plough. The following assumptions are made:
(1) The snow to be removed by a plough is homogeneous in nature, of density p, of
thickness 4, and lies on a flat ground; (2) the plough runs at a constant speed V along
a straight line; (3) the front edge of the plough is perpendicular to this straight line;
(4) the snow undergoes uniaxial compression with the axis always in the direction of
its instant motion, not only when it is nearing the plough but also during the very
short interval in which it is being kicked up; (5) uniaxial stress p of the snow increases
in proportion to an increase in its uniaxial strain ¢, that is, there holds relation p=ke,
during a loading process, while p decreases with no change in ¢ during an unloading
process: the uniaxial compression of the snow is completely plastic; (6) the snow is
pulverized when p reaches a critical value p¢ which shall be called ‘stress of pulveriza-
tion’.

A weak plastic deformation is propagated within the snow at the speed given by
c=+kfp,. Let 7 be defined by

7= (V/cP = pVk. (1)

If ¥>1, that is, if V>¢, it is shown that the snow undergoes no compression before
it reaches the edge of the plough. In Papers I and II, the term ‘high speed’ means
V is greater than ¢ and studies are limited to the kick up of snow caused by a plough
moving at ‘high speeds’.

There are two types of kick up: flow type and spray type. In case of the flow
type the kicked-up snow flows up the sloping surface of a plough, maintaining its own
consistence and keeping in contact with the surface. In case of the spray type the
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snow is pulverized by the kick up and flies in a direction deviating from the horizontal
by more than scooping angle a of the plough. The two types of kick up will be
studied separately in Paper I and Paper II. Velocities v and v¢ written above are those
of snow just after kick up of the flow type and of the spray type respectively.

As uniaxial stress p in the snow flowing up the sloping surface of the plough will
be small, let it be assumed zero. Then the law of energy gives

1—(v/ V7 = p4lkp,V?, (2)

where p4 is the maximum value that p attains during the flow-type kick up. The
value of p4 is estimated in the following way. In Fig. 4 (a) of the text, AB is a small
area at the edge of the plough over which are distributed forces f’s to kick up the
snow. The thin arrows represent f’s and the thick arrow F represents the resultant
of f’s. I the plough were fictitiouly removed and the snow were let go straight be-
yond the position of the edge of the plough with the horizontal components fz's of
f’s acting on it as shown in Fig. 4 (b), the stress in the snow would increase to attain

a maximum value given by
Pa= —F/(r—=1) hy, (3)

where F, is the horizontal component of F. It is assumed that p’ gives the value of

2a. The law of momentum gives
~Fiho= 0V {1-(@/V) cos a}. (4)
From equations (2), (3) and (4), v/V is obtained as a function of 7 with « as a prameter:
-U/Vz{Tcos a+(T—1)J(7”——1)2_:T—sinTcr—}/{Tcosza+(T——1)2}. (5)
Running resistance of the plough due to the flow-type kick up is equal to —F,. If
—F, is written in the form of CiAyp,V? coefficient of running resistance C; is given by

C,=1—(w/V)cosa. (6)

In Fig. 5 of the text, curves of v/V and C; are drawn against ¥ for three different
values 30°, 45° and 60° of «. The flow-type kick up does not occur in the regions of
7 ranging from 1 to 7ys which are the values of 7 corresponding to the cross marks
located at the left extreme of each curve. It will be shown in Paper II that kick up

of snow is realized in the form of the spray type in these regions.



