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SPECIFICS OF AUTOMOBILE DUAL WHEELS INTERACTION
WITH THE SUPPORTING SURFACE
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Kharkov National Automobile and Highway University

Abstract. The article deals with the problem of double tire interraction with the road surface. The the-
ory of elastic deformation of tires which are parallely arranged on one axis is given. Theoretical stud-
ies as for the description of the process of double tire interaction with the road surface are presented.
Analysis of changes in the rigidity, depending on the humber of tires on the wheel is carried out.
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Introduction parameters. Physical nature of the implemented
grip is usually presented as a simple dependence
Interaction of the tire with a supporting surface (1)
is determined primarily by grip properties of the R
tire. In the theory of operational properties of fo=== (D)
automobiles and tractors, grip properties are R.

characterized by grip being implemented ( f,)

(specific braking or pulling force), which chang-
es with the change of automobile wheel motion

In dependence (1), the longitudinal force of grip
being implemented ( R, ) is not constant and de-



ABTOMOGMNBLHLIA TPaHCNOPT, Bbin. 39, 2016

pends on various factors: speed of translational
movement of the wheel center, load per wheel
(R.), air pressure in the tire ( p ), tire design and
material of which it is made, tread pattern and
degree of its wear, moment of wheel inertia,
value of supplied braking torque, as well as type
and condition of the road surface. Therefore, its
value is of interest to the automotive industry
researchers.

Analysis of publications

In scientific papers [2, 7-10], the implemented
longitudinal grip force is often taken as a func-
tion of wheel slip S [2]. The graph of

R =f(S) function is called «R —S dia-
gramy. Its visual image is presented in Fig. 1.

It is known that the curve of change in longitu-
dinal grip force being implemented has charac-
teristically expressed points (Fig. 1). It is obvi-
ous that in order to plot a curve, which charac-
terizes grip, it is necessary to know the value of
these characteristically expressed points; but in
practice, in most cases their values are unknown,
which complicates the process of modeling the
vehicle movement dynamics.
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Fig. 1. The curve of change in the longitudinal
grip force implemented between the tire
and the supporting surface: R, is rolling
resistance force with free rolling of the
wheel; R™ is maximum grip force im-
plemented between the wheel and the sup-
porting surface at critical slip (slipping)
S,~0,15+0,3; R’ is grip force imple-
mented between the wheel and the support-
ing surface at full slip (slipping) S,=1

Analyzing the alternative methods for descrip-
tion of longitudinal grip force implemented be-

tween the wheel and the supporting surface, we
paid attention to the method which is based on
the theory of creep [3, 4]. This method allows
determining the longitudinal grip force imple-
mented between the wheel and the supporting
surface on the basis of torsional stiffness and
angular deformation of a pneumatic tire.

The method based on the creep theory is found-
ed on the assumption that the force implemented
in the patch of contact of the tire and the sup-
porting surface is defined as the product of tor-
sional stiffness of the tire and its twist angle re-
ferred to the dynamic radius of the wheel [3, 4]

= )

where C_ is the torsional stiffness of the tire,
N-m/rad; & is the twist angle of the tire, rad;
r, is the radius of the wheel, m.

The parameters used in dependence (2) are not
an innovation; they are regulated by the stand-
ards of different countries [5, 6].

The analysis of scientific and technical literature
showed that the torsional stiffness of the tire and
its twist angle can be determined from depend-
encies 3 and 4 respectively, which are offered by
the authors of papers [3, 4].

C, = [100—#-&““]‘1’2}
g Cym™ A3)
x(635-In(R,)—5060):;
3
ag-S
: +&p- (4)

b s S+ S

To determine the torsional stiffness in depend-
ence (3), operating parameters of the tire are
used: tire pressure ( p) and tire stiffness limit

value, which determine A4, and 4, coefficients
and load per wheel (R.).

In determining the twist angle, the authors of
papers [3, 4] suggest an uncomplicated depend-
ence, which characterizes the interaction of the
wheel with the supporting surface and can be
solved without the use of complex mathematical
approaches and methods.
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The analysis of scientific and technical literature
[8, 9, 12-14] and state standards of different
countries across the world [5, 6], showed that
there are no theoretical advances as to the
determination of the grip force implemented by
the interaction of dual, wide-profile or triplex
wheels. It was only established in the analysis,
that only the questions of vertical load distribu-
tion between the wheels of such type as part of a
wheeled vehicle (WV), and the impact of this
load on the road surface are theoretically con-
sidered. So, the paper suggests considering the
nature of the phenomenon of implementation of
the grip force, which occurs as a result of dual
wheels braking.

Purpose and problem statement

The purpose of the article is to disclose the key
point of the feature of dual wheels interaction
with the road surface on the basis of elastic and
deformation properties of pneumatic tires.

Interacting weels to the surface

While considering the braking of dual wheels of
a cargo WYV, let us use the well-known Hooke’s
law for parallel elastic bodies [15]. For this pur-
pose, let us present the dual wheels (Fig. 2, a) in
the form of two elastic bodies (Fig. 2, b) having
corresponding degrees of stiffness in the longi-
tudinal direction, which are equivalent to the
torsional stiffness of each dual wheel.
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Fig. 2. Model of dual wheel braking

With such arrangement of the elastic bodies, let
us assume that the angular twisting of the tire
(Fig. 3) will be equal on all parallel tires; and the
angular stiffness according to Hooke's law — will

be added. Then the total force (R, ) implement-
ed under the dual wheels will also be formed by
two forces implemented by separate tires of the
WV dual wheel (R, and R, ). The total force
value cannot be implemented more than the
maximum braking force (R™ ), which is im-
plemented between the relevant type of the tire

and the supporting surface. It is evidenced by
the experimental studies given in paper [1] in
case of dual wheels braking on the verge of
blocking.

Tire twist angle (:v )

Fig. 3. Twisting (& ) of the tire during braking

The analysis of the experimental studies which
are conducted in paper [1, 4] showed that the
maximum values of the implemented force are
described by equation (5)

Cx . éxmax

Ly

R™ = )

If we accept the assumption specified earlier,
then we can write down the equation which will
determine the maximum grip force implemented
between the dual wheel and the supporting sur-
face in the following form

R;‘;X — (Cxl + Cx2)'éx2 . (6)

Ly

Because dual tires will not be able to implement
greater braking force than (R™ ) [1, 4], let us

equate equation (6) to equation (5), as a result of
which we get the following dependence

(tjmax _ Cx ) F?xmax (7)
e Cx] + Cx2 ‘

Similarly, for the tires with triple tiring, the
twisting angle equation takes the following form

max Cx : é;nax
é —

= 8
* Cxl +Cx2 +Cx3 ( )
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By analyzing dependences (7) and (8), it can be
concluded that the increase in the number of
tires on weel with one braking mechanism leads
to reduction in their maximum twist angle with
regard to the same single wheel, because the tire
becomes stiffer. In general terms, the nature of
change in dual wheels twist angle can be pre-
sented as shown in Fig. 4.

Such physical phenomenon leads, for example,
to premature rear wheels blocking with the iden-
tical braking mechanisms and characteristics of
braking drive circuits. To avoid this phenome-
non, it is necessary to increase pressure in the
front wheels tires (or reduce pressure in the rear
wheels tires), thereby, at the expense of tire
stiffness, compensating the growth rate of the
braking force between the dual wheels and the
supporting surface relative to the growth rate of
the braking force on the front wheels.

Tire twist angle
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Fig. 4. Nature of change in the tires twist angle
in relation to WV wheels tiring (i, )

In general terms, the equation describing the
twist angle change because of wheels tiring

(i,>1) can be presented in the following form

max q
E =B, ©)
where i, is the number of tires (tiring); B, and

B, are coefficients, which are calculated re-
spectively as follows

Sy
é max
1 2x 4

max
X i3

where £ is the triplex tires twist angle.

It should be noted that with the use of wide-

profile tires, i, value can be a non-integral

number greater than one.
Conclusions

Using Hooke’s law and the creep theory in the
analysis of interaction of dual, wide-profile or
triplex wheels allowed revealing the following:

— increasing the number of tires on one braking
mechanism leads to reduction in their maximum
twist angle with respect to the twist angle of the
similar single wheel;

—dual wheels mounting leads to premature
blocking of rear wheels under pressures in their
tires close to the tire pressure in the wheels of
the front axle of the car.

The suggested dependences allow clarifying the
theoretical foundations of the dynamics of
movement of vehicles which have dual, triplex
or wide-profile tiring of the rear axle wheels.
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