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Recently, a demand for higher speed snowplowing 
has arison to cope with the increase in traffic. 
However only a few research papers on the resist-
ance of snowplowing and the running stability of 
snow removal trucks are available. This paper 
deals with the resistance of snowplowing and the 
running stability of the snow removal truck at 
high speed. The resistance of snowplowing was 
obtained from the results of field experiments 
and the.running stability of the snow removal 
truck was derived by the calculation of the maxi-
mum speed of the snow removal truck without 
unstable motion on a tangent and curved road 
section. 

This paper deals with the resistance of the 
snowplowing, namely the snow load acting on the snow-
plow as obtained from field experiments in actual 
snow removal truck and its running stability by 
theoretical equations on a tangent and curved road 
section. The field experiment was made by Hokkaido 
Development Bureau using specially designed snow 
removal truck for this research. Table 1 and Figure 
1 show the specifications, the performance and the 
dimensions of the truck. The meaning of snow removal 
in this paper is limited to snowplowing alone. The 
running stability of the truck was derived from a 
calculation of the maximum speed of the truck without 
an unstable motion on a tangent and on various curves 
of a road by application of the running stability 
theory of an automobile. 

Snowplowing Resistance of the Snow Removal Truck 

Snowplowing resistance in addition to the ordinary 
running resistance. acts on the snow removal truck. 

The total resistance of the snow removal truck 
must be considered as (1) running resistance of the 
snow removal truck itself (2) sliding resistance of 
the snowplow on the snow surface (3) resistance when 
snow is flies off by the snowplow, namely the snow 
removal resistance. 

Running Resistance of the Snow Removal Truck 

When the snow removal truck runs during snowplowing  

Table 1. Specification of the snow removal truck. 

Type 	 NISSAN DIESEL Snowremoval Truck MP61D 

Total Length 1,190 ma 	(without snowplow) 

Total Width 	2,480 ma 

Height 	3,450 ma 

Wheel Base 	4,000 ma 

Total Weight 11,460 kg 

Front Axle 	5,560 kg 

Rear Axle 	5,900 kg 

Max. Power 	240PS/2,200rpin 

Max. Torque 	92kg-m/1,400rpm 

Tire 	 11.00-20-14PR 	(Stud Tire) 

on a tangent and level road section, the running 
resistance of the snow removal truck itself R1 can 
be expressed as follows; 

R. =R +R
I 
 =pW+kAv2  

r 	r 	a 

where R = rolling resistance of the snow removal 
r truck. 
R1  = air resistance of the snow removal truck. 

coefficient of rolling resistance; 0.03 
for the truck equipped with the round 
tire chain. 

W = wheel load; 11,569 kg for the truck. 

Figure 1. General plan of the snow removal truck. 
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k = coefficient of air resistance; 0.045 for 
a 	

the truck. 
A = frontage projected area m2; 5.0 m2  for the 

truck. 
v = relative air speed between truck and air; 

rn/sec. 

The running resistance of the test truck is cal-
culated as 410 kg at 60 km/h. 

Sliding Resistance of the Snowplow on Snow 
Surface 

The sliding resistance of the snowplow on the 
snow surface R2  is calculated by 

R2  = pW 	 (2) 

where p = coefficient of sliding resistance; 0.1 
between iron and snow. 

W = weight load on the runner of the snowplow, 
S 	

this weight consists of the weight of 
the snowplow and the weight of the suspe-
ntion system of the snowplow; 600 kg for 
the truck. 

For the test truck, this resistance is calculated 
as 60 kg. In addition' to these resistance, cutting 
resistance by the cutting edge of the snowplow acts 
on the snow removal truck. As a result of the expe-
riment conducted by the Ministry of Construction the 
resistance was 0.7 kg/cm at the cutting edge length; 
this value was adopted in this study. Cutting 
resistance of the test truck is estimated as 175 kg. 

Snowplowing Resistance 

The snowplow of the snow removal truck has an 
angle of 45°  in the forward direction. Therefore 
it is necessary to consider that the snowplowing 
resistance is divided into two resistances; one is 
the resistance in which the snowplow flies off snow, 
namely the backward resistance as opposed to the 
forward direction and the other is the lateral 
resistance at a right angle to the forward direction 

Here the backward is defined as the forward 
resistance. As snow moves in a similar to that of 
liquid when the behavior of snow movement on the 
snowplow is observed, the law of conservation of 
momentum was introduced to estimate the forward and 
lateral load. It must be considered that the speed 
of snow after the snow comes in contact with the 
snowplow decreases because snow is a compressive 
material as compared aginst water which is imcompre-
salve one. Although snow actually moves in a three 
dimensional pattern on the snowplow, in this study, 
it is assumed that snow moves in a two dimensional 
pattern as shown in Figure 2 and 3, because the 
resistance in the upward and downward direction can 
be neglected due to its lesser influence.  
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Figure 3. Side view of snow flow on the snowplow. 

Figure 2 and 3 show the snow moving pattern 
from the top and the side of the snowplow. The 
speed of snow causing in contact with the snowplow 
equals the snow removal truck speed. When snow is 
flung off the snowplow, the speed of snow decreases 
due to the compressibility of the snow and also 
because of the friction between snow and the 
snowplow. The speed of flung off snow is given by 
cV, where V is the speed of the truck and c is the 
decreasing coefficient of the snow speed. The snow 
enters the snowplow at an angle of 45°  and the snow 
flows along the curvature of the snowplow and finally 
it is flung off at an angle of a from the upper edge 
of the snowplow. The magnitude of the snow removal 
resistance which is separated into the forward load 
F and the the lateral load F can be calculated 
Jing the law of conservationyof momentum as follows: 

F = y/gQ[V - (-cVcoa(a - 45°))] 

= ySV2/g11 + ccos(a - 45°) ( Q = SV) ' (3) 

Fy  = y/g.Q[O - {-cVsin(a - 45°))] 

= ysv2/g.csin(a - 45°) 	 (4) 

where y = density of snow. 
Q = volume of snow. 
S = cross sectional area of snowplowing. 

If we substitute a = 90°  and c = 0.6 into 
equations 3 and 4, F and F can be rewritten as 

x 	y 

F = 1.42.y.S.V2/g 	 (5) 

Fy  = 0.42.y.S.V2/g 	 (5)' 

The 'value of c and a were derived from the cine-
film taken during the field experiment. 

The Ratio Resistance of the Snowplowing 

The ratio resistance of snowplowing is introduced 
to allow for a convinient comparison of the snow-
plowing resistance under various conditions because 
the snow removal resistance is affected by the cross 
sectional area of snow removal and snow density. 

The ratio resistance of snowplowing Nr can be 
expressed by 

N = F /yS 
r 	x 	 (6) 

From equation 5, we get 

Nr = 1.42V2/g 	 (7) 

Figure 4 shows the comparison between the ratio 
resistance of the snowploing calculated by equation 
7 and those obtained from the field experiments. 

The solid line is the regression line calculated 
from the field experiments and the broken line gives 
thr calculated value by equation 7. These two lines 
are the slmost the same at speeds from 30 to 50 km/h, 
but at lower speeds the value of the broken line are 

Figure 2. Top view of snow flow on the snowplow 
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Figure 4. Relation between the ratio resistance 
of snowplowing and the snow removal speed. 
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less than those of the solid line. This may have 
arison from the change of the snow flow pattern at 
speed lower than 15 km/h, in other words, when the 
snowplow enters the snow, the snow collapses in 
front of the snowplow and is pushed aside in a 
rolling motion by the snowplow. As the conditions 
of this research is at higher speed, the snowplowing 
resistance may be calculatcd by equation 7. 

Figure Distribution of the Snowplowing 
Resistance 

In order to obtain an acting point of the 
resultant force of the snowplowing resistance, it is 
necessary to have a distribution pattern. The flow 
of snow which runs off the snowplow,-...when the flow ef 
snow on the snowplow is observed on the cinefilm, is 
shown in Figure 5. At first the snow runs against 
the lower edge of the snowplow at the same speed as 
the snow removal truck, and second, it moves to the 
left side in a forward direction of the snowplow 
while moving upward and at finally, it runs off from 
the upper end of the snowplow. 

Figure 5. Snow flow pattern observed on 
the snowplow. 

As to the shape of the snowplow of the truck, 
since the height ratio of right to left of the snow-
plow is 1:3, it is assumed that the left side has a 
larger load than the right even when snow is removed 
by the whole snowplow. Moreover as the flow of snow 
on the snowplow may be expressed as In Figure 5, the 
right side snow resistance is much smaller than that 
of the left side. The snow removal resistance 
increases as the snow moves to the left side of the 
snowplow but a further, increase is not seen because 
at some point the snow, begins to run off from that 
point. As a result, the snow removal resistance was 
simulated by a trapozoid as shown in Figure 6. 

Figure 6. Figure distribution of snow removal 
resistance. 
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In Figure 6, 4/4 snowplowing means the state of 
the snowplowing using the entire blade of the snow-
plow, 3/4 means 3/4 of the snowplow from the left 
edge of the snowplow is in use and 2/4 means only a 
half of the snowplow from the left edge of the snow-
plow is being used. The position of resultant force 
which was calculated using Figure 6 is 28 cm to the 
left from the snowplow center for 4/4 snowplowing, 
52 cm for 3/4 and 76 cm for 2/4 respectively. 

Discussion of Lateral Load 

The lateral load was not measured directly but 
instead the bending moment for the suspension arms 
was measured by the load cells installed on the two 
arms which were connected with the snow removal truck 
body and snowplow, because the direct measurement of 
the lateral load was very difficult due to the 
complicated connection mechanism of the snowplow. 

Figure 7 shows the relation betwen the forward 
load and the bending moment of arms. The lateral 
load can be calculated to divide the bending moment 
by, the distance from the acting point of the lateral 
load to the position of load cell by 

Fy  = M/h 	 (8) 

In this equation, N is the bending moment of arm and 
h is the distance from the acting point of the 
lateral load to the load cell. Table 2 shows the 
calculated values of the lateral load for the 
position' of acting point of resultant force for 3/4 
snowplowing which was obtained in the preceding 
section. 

Figure 7. Relation between forward load and 
bending moment of arm. 
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Table 2. Calculated lateral load. 

Forward Load Bending Moment Lateral Load B/A 
A, kg kg-rn B, kg 

500 35.0 125 0.25 
1,000 82.5 295 0.29 
1,500 129.9 464 0.31 
2,000 177.3 633 0.32 
2,500 225.0 804 0.32 

As the load cell is located 23 cm apart from the 
arm end and the distance from the arm end to the 
acting point of resultant force for 3/4 snowplowing 
is 5 cm, the value of h in equation 8 was taken as 
28 cm. From the result, the lateral load is about 
30% of the forward load and this value is of the 
same percentage as obtained from equation 4 and 5 
theoretically. 

Cornering Force and Slip Angle 

When the lateral force acts on the snow removal 
truck during snowplowing, the driver tends to achieve 
balance with the lateral displacement of the vehicle 
using cornering force which is generated by the side 
slip of the front wheels with a slip angle. In this 
case, the side slip of the front wheels or tires 
mean the motion which is not kept in line with the 
central line of the tires and the proceeding 
direction of the tires. Figure 8 shows the forces 

Figure 8. Forces acting on the side slipping 
tires. 

with the slip angle, and especially on the snow 
surface, we found after many skidding tests on the 
snow surface that the sideway force coefficient 
increases in proportion with the slip angle up to 70  
or 8°  and then it becomes a constant value when the 
slip angle is in excess of these angles. The criti-
cal slip angle which is considered from the safety 
side is assumed to be 6°  and the maximum sideway 
force coefficient which correspondes to the critical 
slip angle is assumed to be 0.25. Figure 9 shows 
this relation. The solid line in Figure 9 shows the 
relation between the slip angle and the sideway 
force coefficient which is assumed for this study. 

Figure 9. Relation between slip angle and 
cornering force. 

Here, if we assume cosB = 1, equation 11 can be 
rewriten as 

CpW 	 (12) 

From Figure 9 

p = 0.25/6'8 	 (13) 

C = 0.25/6'W.8 	 (14) 

S 	CORNERING 
FORCE C 

to  

acting on the side slipping tire. In Figure 8, the 
force which acts at right angle to the central line 
of the tire is sideway force S, the force which acts 
at right angle to the forward direction of tire is 
cornering force C and the angle between the forward 
direction and the central line of the tire is the 
slip angle R. These values have the following 
relation: 

C = Scos8 	 (9) 

S=ijW 	 (10) 

where p = sideway force coefficient. 
W = tire load. 

From above equations, the cornering force can 
be given as 

C = pWcos8 	 (11) 

Although the value of p varies in accordance 

For the test truck, W = 5,560 kg then 

C = 0.25.5,560/6.8 	 (15) 

The broken line in Figure 9 shows the relation 
between the slip angle and the cornering force which 
is obtained from equation 15. 

Relation Between the Snow Removal Resistance 
and the Steering Angle 

As mentioned in the preceding section, the front 
wheel of vehicle with the slip angle by steering 
generates the cornering force. The steering is 
expressed by the handling angle that is not an 
actual angle of the steeringhand1e which is rotated 
by the driver but it is the steering angle of the 
front wheel. As the steering angle equals to the 
slip angle when the vehicle body is running in the 
same direction as the forward direction, the 
handling angle means the slip angle which arises 
after this and handling in a counterclockwise 
direction takes a positive direction. The •forward 
load and the handling angle were measured simul-
taniously, but the lateral load was not measured. 

But, as the lateral load equals 30 % of the 
forward load as discussed in the preceding section, 
it can be calculated from the relation between the 
forward load and the handling angle. This relation 
is shown in Figure 10. In this Figure, the reaction 
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Figure 10. Relation Between forward load and 
handling angle. 
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Figure 11. Plan of the snowplow. 

time of 0.5 second is considered. This time was 
obtained by the field experiment. From Figure 10, 
the regression line can be obtained as follows: 

61  = 0.0028F - 1.40 
x 

where 61  = handling angle. 

From the above equation, we can see that the 
handling angle increases proportionally with the 
forward load, namely the lateral load. The handling 
angle shows -1.4°  when the forward load is zero, 
indicating that the handling angle is in a clockwise 
direction. Table 3 shows the handling angle obtained 
from the field experiments when the snow removal 
truck runs without load while the snowplow contacts 
to the ground so that the snow removal resistance 
does not act on the snow removal truck. 

Table 3. Handling angle with no load. 

Test No. Snowremoval Speed 
km/H 

Handling Angle 
degree 

1 25 -1.6 
2 24 -1.3 
3 40 -1.3 
4 33 -1.9 
5 42 0 
6 42 -1.3 
7 47 -1.0 
8 47 -1.3 

The Force acting on the Two Arms 

During the snowplowing, the force rate, acting 
on the two arms of the left and right arms (Figure 
11) varies in accordance with whwther the snowplow 
is used wholly or partially. The forces which act 
on both arms, are shown in Figure 12. The relation 
between the acting point of the resultant force and 
the rate of the force acting on the two arms referred 
to in Figure 12 can be given by 

P = 0.5x + 0.2 	 (17) 

In this equation, P is the ratio of the force acting 
on the left side arm and x is the distance from the 
position of the resultant force to the center of the 
snowplow, which is measured in a right angle 
direction. For 4/4 snowplowing, x = 0.28 m, P = 0.34 
for 3/4 snowplowing, x = 0.52 m, P = 0.46; for 

2/4 snowplow.ing, x = 0.76 m, P = 0.58 are obtained 

Figure 12. Relation between forces acting on 
the two arms. 
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Running Stability of the Snow Removal Truck 

Running Stability of the Snow Removal Truck on 
a Tangent Section of the Road 

When we treat the running stability of the 
vehicle, it is sufficient to consider the force and 
the moment equlibrium acting on the vehicle on the 
assumption that the vehicle is a rigid body. For 
the force equilibrium, the force in the forward 
direction to the center of gravity of the vehicle 
(direction to v, level), the force to the right angle 
and level direction to the road surface are 
considered. However, when we consider the running 
stability of the snow removal truck, it is most 
important that the snow removal truck rotates around 
the perpendicular axis passing through the center of 
gravity of the truck due to the snow removal 
resistance acting on the snowplow. Therefore, it is 
needs to consider the moment equilibrium around the 
vertical axis passing through the center of gravity 
of the truck. Although the snow removal force 
acting from the Out side to the snow removal truck 
was discussed in the preceding section, it is 
sufficient to consider the snow removal resistance, 
running resistance of the snowplow and the moment 
equilibrium to the moment due to the cornering force 
of the front wheel around the center of gravity of 
the snow removal truck. The moment due to the snow 
removal resistance is divided into two moments, that 
is the moment due to theforward direction and the 
transverse direction. The moment due to the trans-
verse load can be obtained as the product of the 
distance from the acting point of the resultant 

(16) 

0 
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force of the transverse load on the snowplow to the 
center of gravity of the snow removal truck and the 
transverse load. On the other hand, the moment due 
to the forward load can be obtained as the product 
of the distance from the snowplow to the center of 
truck body and the load acting on the two arms of the 
snowplow. 

Next, numerical calculations are discussed. 
Assume that the F 

L  is the force acting on the left hand arm and F 
R  s the force acting on the right hand arm, thenx 

F =PF 
XL 	x 

F 	= (1 - P)F xR 	 x 

The moment (clockwise direction is plus) due to 
the sliding resistance of the snowplow is -668 kg-rn. 
Therefore, the moment around the center of gravity 
of the snow removal truck can be given as follows: 

M = FxR 0.5 - F
xL 	y 

0.5 + F (4.11 - x) - C2.06 

- 668 	 (18) 

where x is the distance from the center of gravity 
of the snowplow to the acting point of the resultant 
force of the snow removal resistance. The handling 
angle e2  is adjusted so that the moment which is 
calculated from the equation 18 may zero may be 
given by 

02 = M/2.06 x 6/0.255,560 
	

(19) 

When the handling angle 0 which is the moment around 
the center of gravity comes to zero, it may be 
calculated by 

0 = 0 + 02 	 (20) 

If. 0 is under 6 degrees, the snow removal truck can 
run in stable state. 

Assuming that the snow density is 0.1 g/cm3, snow 
depth h is 0.2m, snow removal speed v is 16.7 m/sec. 
and S is 0.2 x 2.5 = 0.5 m2  for 4/4  snow removal, we 
can obtain 4.110  of 0. As 4.11°  of the handling 
angle less than 6°  is obtained from the assumed  

conditions, the snow removal truck can be driven in 
stable state. Table 4 shows the handling angles 
obtained under the following conditions; 3/4 snow 
removal, snow density is 0.1 and 0.2 g/crn3, snow 
depth is 10 and 20 cm. From the results of calcu-
lation, we can assume that the snow removal truck 
may enter unstable motion state such as yawing or 
spinning over a speed of 50 km/h for the conditions 
of 4/4 snow removal and over 65 km/h for 3/4 snow 
removal, 0.2 of snow density and 0.2 m of snow 
depth. 

Running Stability of the Truck on Curved 
Road Section 

When the vehicle runs along a curved road 
section, the front wheel of the vehicle rotates with 
a certain slip angle. In the case of the snow 
removal vehicle, when it runs on a curved road 
section in a counterclockwise direction, the front 
wheels have a counterclockwise slip angle, and in 
addition to this slip angle the excess slip angle 
which responds to the snow removal resistance. Then 
the snow removal truck has a larger slip angle than 
that of an ordinally vehicle. If this slip angle of 
the snow removal truck is over a certain angle, 
namely the critical slip angle, the cornering force 
which increases linearlly with the slip angle does 
not increase further with a slip angle over the 
critical slip angle and when a larger force acts on 
the front wheels, the cornering force does not 
resist the force. As a result, the snow removal 
vehicle skids outerwards from the curve or it may 
fall into a spin motion. Therefore the running 
stability of the vehicle is achieved by obtainning 
a maximum slip angle without an unstable motion of 
the vehicle. To obtain the radius of curvature, the 
slip angle and the handling angle, it may be 
sufficient to consider the force equilibrium in the 
right angle direction to the forward speed V and the 
moment equilibrium around the center of gravity of 
the vehicle. If we consider the force acting on the 
vehicle during the turning motion on a curved road 
section as shown in Figure 13, the equilibrium of 
the right angle direction to the forward direction 
can be given by 

Table 4. Relation between snow removal resistance and the handling angle 
for the stable running of a snow removal vehicle at various speeds. 

y = 0.1 5/cm3  
h2Oco 

y 	0.2 glcm3  

h=20cm 
y = 0.1 glcm3  

h=lOcm 
y = 0.2 5/co3  

hlOcm 
Speed Fx Py 0 Fx Fy 0 Fx Fy 0 Fx Fy 0 (km/h) (kg) (kg) (Deg.) 	(kg) (kg) (Deg.) 	(kg) (kg) (Deg.) 	(kg) (kg) (Deg.) 

20 168 50 -1.00 336 101 -0.61 84 25 -1.20 168 50 -1.00 
25 262 79 -0.78 523 157 -0.17 131 39 -1.09 262 79 -0.78 
30 377 113 -0.52 754 226 0.36 189 57 -0.95 377 113 -0.52 
35 513 154 -0.20 1,027 308 1.00 257 77 -0.79 513 154 -0.20 
40 671 201 0.17 1,341 402 1.73 336 101 -0.61 671 201 0.17 
45 849 225 0.59 1,698 509 2.56 426 128 -0.40 849 255 0.59 
50 1,048 314 1.05 2,097 629 3.49 526 158 -0.17 1.048 314 1.05 
55 1,269 381 1.56 2,537 761 4.52 636 191 0.09 1,269 381 1.56 
60 1,510 453 2.13 3,020 906 5.65 757 227 0.37 1,510 453 2.13 
65 1,772 532 2.74 3,545 1,064 6.87 889 267 0.68 1,772 532 2.74 
70 2,053 616 3.39 4,107 1,232 8.18 1,029 309 1.01 2,053 616 3.39 



As m is very small, C' = sina = Wtano = Wi. 

Then the left member of equation 21 becomes to 
W/g.V2/r - W1. 
Similarly, 

(V2/g - r.i) x W x 9.i/t - 114.6 x kr X 

8= 
2k x r 
r 

(33) 

81, 82 and S are the same as equation 32. The 	- 
calculated result which are expressed the relation 
between B and r related to the speed of the snow 

Figure 15. Relation between radius of 
curvature and slip angle. 
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W/g x V2/r = C1  + C2 + C3  + C1 
	

(21) 

Figure 13. Forces acting on the vehicle. 
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The moment equilibrium around the center of 
gravity of the vehicle can be expressed as follows: 

(Cl + C2)i1 = (C3  + C)f2 	 (22) 

Here, the force and the moment due to the air 
resistance are neglected because the values are 
small. The relation between the cornering force 
and the slip angle within a linear relation are 

C1  = kB1, C2  = kf82  C3 = kr831 C4 = k611 	(23) 

where kf  = cornering force of front wheel. 
k r = cornering force of rear wheel. 

From Figure 13, the slip angle 6 and 63 are 

= (S - tan'(Pi - rsin6)}/(rcos8 - b1/2) 

= S + 6 - 2.1/r = 62 
(24) 

83 = {tan 1(2.2 + rsin6)}/(rcos6 - b2/2) 

= B + 2,2/r = 64  

From equations 23 and 24 

C1 = C2, C3  = C 	 (25) 

Substituting equations 23 and 24 into equations 21 
and 22, we get 

Wig x V2/r = 2kf B1 + 2k83 	 (26) 

2k6392 = 2kf 81Q1 = 0 	 (27) 

Converting equation 24 into degrees, we have 

8i = 62 = S + 	- 57.3f1/r 	(degree) 	(28) 

63 = Bt = 8 + 57.39,2/r 	(degree) 	(29) 

From equations 28 and 29, S is obtained as 

S = B - 6 + 57.3i/r 	(degree) 	 (30) 

In the above four equations, there are six variables 
V,r,8,61,63 and S, then it is necessary to give the 
two variables in advance of the six variables to the 
equations. Here we give equations V and r. 

Solving equations 28 and 29 for B by sustituting 
into equations 26 and 27 gives 

(W/g x v2  x i/t - 114.6 x kr  x  2) 
(31) 

2k x r 
r 

81' 63 and S can be obtained from equations 28 to 30. 

63 = 8 + 57.3 x 

01 = (kr x 2.2/kf  x 1)B3 	 (32) 

S = Bi - 6 + 57.3 x 

Next, when the vehicle runs on the road surface 
with superelevation, the component force C' due to 
the superelevation i acts on the center of gravity 
of the vehicle (Figure 14). 

Figure 14. Force component by superelevation. 
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removal truck V without snow removal resistance is 
shown in Figure 15. In this case, the calculation 
was made under conditions where kf  is 116 kg/deg., 

is 2.06 m, L2  is 1.84 m, k is 123 kg/deg., 2. is 
4.0 m and W is 11,560 kg. ASrBl  equals 0.9903  from 
equation 31, we assumed that B3 = B1. From Figure 
15, for example, we can find that the radius of 
curvature for the stable running of the snow removal 
truck is more than 100 m at a 6 % superelevatjon for 
a speed of 60 km/h. 

Next, the slip angle of the snow removal truck 
which runs on a curve to the left hand with snow 
removal resistance can be obtained by adding the 
handling angles due to the slip angles on the curved 
road section which were obtained in the preceding 
section. Figure 16 and 17 show the calculated 
results which express the relation between the slip 
angle and the radius of curvature in the case of 4/4 
and 3/4 snow removal under the conditions where snow 
density is 0.1 and 0.2 g/cm3, snow depth is 10 and 
20 cm and the superelevation is 6 %. 

Figure 16. Relation between radius of 
curvature and slip angle. 
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Figure 17. Relation between radius of 
curvature and slip angle. 
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In these Figures, the critical slip angle was 
decided to be 4.8 degrees when the sideway force 
coefficient is less than 0.2 considering safety on 
the curved road section. The radius of curvature at 
the 4.8 degrees of the slip angle was decided to the  

minimum radius of curvature for each running speed 

of the snow removal truck speed. From these Figures, 
we can find that the snow removal truck can run at 
a higher relative speed than we expected at first. 

Concluding Remarks 

In this paper, the snow removal resistance and 
the running stability of the snow removal truck 
during.snowplowing were discussed and some results 
by numerical calculations were obtained. Although 
these do not give sufficient results because this 
study is the first of its kind to approach the 
various problems involved and in addition because 
of the lack of data which can be used directly from 
field experiment, numerous assumption were used. 

But it is considered that from the calculations 
of the running stability of a snow removal truck 
which depends largely on experience and sixth sense 
alone, we have obtained a rough outline of the 
operation. Numerous problems such as the visual 
field of the following vehicles remains unsolved. 

We are now continuing this reasearch including 
the above problems for ordinary snow removal vehicle 
which were not specially designed for research 
purpose. 
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