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Annotation. Problem. In the scientific and methodological recommendations of forensic institutions
and in the scientific and technical literature there are currently no universal methods for determining
the braking parameters of cargo multi-axle vehicles that have wheels with double tires, which affects
the results of drawing up the conclusions of the motor-technical expertise. The lack of universal meth-
ods is due to the difficulty of determining the actual braking, especially when the tires of dual wheels
interact with the road surface. Goal. The goal is justification of the method of determining the average
torsional stiffness of tires of a double vehicle wheel during its interaction with the road surface.
Methodology. The approaches adopted in the work to achieve the set goal are based on the theoretical
foundations of the deformation of elastic elements, which are located parallel to each other. Results.
Equations are determined that allow you to calculate the value of the average torsional stiffness of
the tire for wheels that have double, triple or quadruple tires. Originality. The results of the research
provide a general idea of the effect of the pressure in the tires of a double wheel on the value of its
average torsional stiffness. Practical value. The obtained results can be recommended to expert motor
technicians when drawing up a conclusion of an expertise or an expert study. Besides, the results of
the study can be used in the educational process during the training of specialists in the field of
transport or mechanical engineering.
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Introduction

Road safety to a large extent depends on the road
conditions of operation of the vehicle and on the
tires installed on its wheels, therefore, not only
the result of determining the braking efficiency of
the vehicle, but also the conclusions of the auto
technical expertise in expert practice will depend
on the modeling of the "tire-road surface" pair. It
is known that thanks to the friction and adhesion
of the tire of the vehicle wheel with the surface of
the road surface, its stable movement in a given
direction is ensured.

The amount of utilized adhesion between the
tire and the surface of the road surface depends on
many factors, including the speed of rotation of the
vehicle wheel, the condition of the road surface,
the parameters of the pneumatic tire, etc.

If you compare the tires of passenger cars,
trucks and buses, they differ from each other in
terms of dimensions, structure, material structure

of individual layers of the tire. If we compare the
appearance of such tires, passenger car tires have
a lower tire profile height and a more complex
tread pattern.

Most often, the tires of different vehicles are
compared with each other according to the speed
index and the load index, which depend on the
stiffness properties of the tires, so the
determination of the stiffness of the tire is a
fundamental parameter for calculating the actual
adhesion forces realized between the tire(s) and
the road surface.

Analysis of publications

In the theory of the movement of wheeled vehi-
cles, it is customary to characterize the process of
interaction of the tire with the surface of the road
surface by utilized adhesion, which occurs in the
longitudinal and transverse directions relative to
the plane of rotation of the vehicle wheel during
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the deformation of the tire. It is known that defor-
mations of a vehicle wheel tire, which occur un-
der the influence of external forces acting on the
vehicle, can generally be divided into radial (nor-
mal), circumferential (tangential), angular and
lateral deformation.

It should be noted that the indicated defor-
mations of a pneumatic tire of a vehicle wheel in
their pure form almost do not occur, practically
all of them are in close connection with each
other and appear simultaneously during the oper-
ation of a loaded tire, as a result of which the cor-
responding reactions acting in directions opposite
to the forces acting on the vehicle. An increase in
the number of wheels on the axles of the vehicle,
accordingly, changes the ratio between the radial

(normal), circumferential (tangential), angular
and lateral deformation of the tire, but in the sci-
entific and technical literature [1-12], as their
analysis showed, not enough attention has been
paid to the issue of this phenomenon for dual
tires, so in this paper we will consider the inter-
action process of a dual vehicle wheel from the
point of view of the deformation properties of its
pneumatic tires.

Analysis of scientific and technical literature
[12-13] showed that there are several models of
interaction between a pneumatic tire and a road
surface. The main models that characterize the
longitudinal deformation of the tire during its
braking can be presented in the form of the
following diagrams (Fig. 1).

Fig. 1. Schemes of models of interaction of non-rigid pneumatic tires with the road surface:
a—with linear stiffness; b — with linear stiffness and viscosity; ¢ — with non-linear stiffness and
viscosity; d — with non-linear viscosity and linear stiffness; e — with stiffness, viscosity and dry
friction in the tire; f — with the use of finite-element calculation

The analysis of the features of the
implementation of mathematical models of dual
wheels of a vehicle [14-15] showed that most of
them apply only to models of vertical load of tires
of dual wheels during the analysis of their
influence on the destruction of the road surface.
In general, there are no models of the longitudinal

interaction of dual-wheel tires with the road
surface in the analyzed literature [1-15]. An
exception is the paper [16], which considers not
the model of the interaction of the tire with the
road surface, but the method of determining the
braking force between the double-wheel tires and
the road surface.
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Purpose and Tasks

The purpose of the work is a well-founded
method of determining the average torsional
stiffness of tires of a double vehicle wheel during
its interaction with the road surface.

To achieve the goal, the following tasks must
be completed:

- to consider the scheme of circumferential
deformation (tangential) deformation of the tire
reduced to the plane of the surface of the road
surface;

- on the basis of the considered scheme, obtain
an equation for determining the average torsional
stiffness of tires;

- to consider the possibility of applying the
proposed method of determining the average
torsional stiffness of dual tires for wheels with a
greater number of tires than two;

- carry out simulated modeling of the change
in the average torsional stiffness of dual-wheel
tires depending on the pressure in them.

Determination of the average torsional
rigidity of tires of double automobile wheels

Let's present a mathematical model of dual-wheel
tires in the form of two elastic elements (Fig. 2),
which is based on the scheme (Fig. 1 a) during
the twisting of the tire relative to the surface of

the road surface. Figure 2 shows: R, — the
braking force realized between a vehicle wheel
with double tires and the road surface, N; R

and R — correspondingly, the braking force is

realized by each tire separately during the
interaction of the dual wheel tires with the road

surface, H; C!i® and C!y* —the torsional stiffness

of the corresponding double wheel tires in the
longitudinal direction, during its rolling on the
surface of the road surface, N-m/rad;
y1, Y2 — distance from the axis of symmetry of the
wheel to the axis of symmetry of the
corresponding tire, m; y is the distance between
the axes of symmetry of the double wheel tires,
m; Xi, X2 — longitudinal movement of the
corresponding tires of the double wheel during its
braking, m.

tire tire
Co Ce

Yi Y,

Fig. 2. Diagram of the forces that act during braking of the vehicle on its wheels with double tires

From the similarity of the triangles depicted
on the X plane (Fig. 2), it can be seen that the
average displacement of the tires of a wheel with
double tires is defined as:

x=x2+y—;-(x1—x2):y—;-x1+%-x2, (1)

and since the braking force realized between a ve-
hicle wheel with double tires and the road surface

is equal to the sum of the braking forces realized
by each tire separately:

R, =Ry*+RY, (2

then you can write from the sum of moments of
forces:

\Z Rge =Y R;ilre- (3)
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R_ewriting equation' (3) through the t(_)tal ‘— R, (CUe.p2 e y2
braking force (2) realized between a vehicle Y e _ e ’ (8)
wheel with double tires and the road surface, we o
et: )
g and given that we will determine R =x-C;» the

total stiffness of tires installed on double wheels

Rire _ YR, ¥Y,-R,

= ey = y 4) of wheeled vehicle according to the equation:
1 2
. C)t(ire _C;ire (o +y 2
tire y1 . Rx y1 . Rx C;m = 1tire 22 ( ];ire 22) ' (9)
Re = vty = y , (5) Co v, +Ca =)
1 2

In the case when vy, =vy,, i.e. Ci*=C"e,

and using Hooke's law, for elastic bodies, we equation (9) will take the known form for two

write: parallel springs
Rtire y ‘R (6) ) 4. Ctire X Ctire 2 ) 10
X = o = =2 =Yar, 10
Cxl Cxl -y sz + Cxl i=1
Ry .R, but such a case is possible only when the wheels
= : (7) with double tires are installed on the hub without

2 = Ctire - Ctire Y
x2 x2 distortions (Fig. 3), the tires have the same design

o _ _ and wear of the tread pattern, and also the same
By substituting equations (6) and (7) into pressure is set in the tires, otherwise the equation

equation (1), we write the equation (8). (9) is valid, and not the equation (10).
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Fig. 3. Schemes of factors that cause unevenness of distances y1, y» from the axis of symmetry of the
wheel with double tires to the axis of symmetry of the corresponding tire on the hub:
a) idealized ratio y1 = y»; b) non-uniformity of tire pressures; ¢) under the condition of unevenness
of the surface of the road surface; d) use of different tire diameters; e) subject to axis deformation

In the case of the location of one elastic ele- (R, ) realized between the vehicle wheel and the
ment to the left and right of the braking force surface of the road surface, we will use the
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diagram (Fig. 4) of the vertical load of vehicle
wheel tires with force to determine the distances.
At the same time, the distribution of vertical loads
between the tires of one wheel will take place rel-
ative to the so-called center of stiffness of the sys-
tem (c.s.), the shift of which in the case of uneven
tire stiffness can be taken into account by the co-
ordinates of the position of the center of stiffness

yf , y;’ and Ay, and relative to the coordinates
of the action y1, y» and vertical force P, =R! +R!.

/ £
R L ) R.

Fig. 4. Load diagram of a wheel with double tires
(one tire is located to the left and one to the
right of the braking force realized between
the vehicle wheel and the road surface)

From the diagram shown in figure 4 and tak-
ing into account the methodology proposed in
[17], we will write down the coordinates y; and
y» for tires with double tires of the wheel and in
the form:

RN -(y—A
Y= : (::l, y) ) (11)
y _R-(y-ay) (12)
2 P )

z

and the coordinates of the position of the center
of stiffness of the system y,, y, and Ay are
written as:

* 'RI
w=%ﬁi, (13)
Vi =Y-Y;, (14)

P Ctire

2722

y |
Ay = R —— - ,
y PZ n R; ( z (C?lre +C;|2re)J (15)

where CU* - corresponding normal stiffness of
the pneumatic tire, N/m.

Determining the distances y; and y, for calcu-
lating the stiffness of parallel elastic elements,
which cause their non-parallel compression or
stretching, will be somewhat more complicated
in comparison with the case of double arrange-
ment of elastic elements (wheels with double
tires), for example, for the cases of the implemen-
tation of vehicle tire tires, which are shown in the
figure 5 and figure 6.

Fig. 5. Appearance of wheels with quadruple
tires: a — wheels with quadruple tires on a
Lotus Esprit Turbo passenger car
(designed by Jerry Juhan) [18];
b — wheels with four tires on the Big Bud
16V-747 tractor

Fig. 6. Appearance of cargo vehicles with four-
wheel tires: a — semi-trailer with four-
wheel tires on the left and right wheels;
b — cargo platform KAMAG SHT for
loads up to 150 tons [24]

Schemes for the implementation of tires on
automobile wheels on such vehicles can have up
to four reference points of contact (see Fig. 7 b),
which will interact with the surface of the road
surface, provided that it is not parallel to the
horizon, at different levels from each other.
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Fig. 7. Conditions of operation of the
vehicle [24]: a - along the vehicle;
b — across the vehicle

To determine the unknown components y; and
y» in equation (9) in the case of using triple or
quadruple tires of the vehicle wheel, we will use
the appropriate wheel tire inflation schemes (see
Fig. 8, Fig. 9 and Fig. 10) taking into account the
redistribution of weight between adjacent pneu-
matic tires by analogy with the method proposed
in [17].

(v-f:'m !

Fig. 8. Scheme with triple tire tires (one tire is
located on the left and two on the right of
the braking force realized between the ve-
hicle wheel and the road surface)

For the structured tire of the wheel, which has
the load scheme shown in Figure 8, the equation
for determining the coordinate y; and y» is written
in the form:

Ry +Ry, ) (Y-AY)+R},-
ylz( zl+ 22) (yP y)+ 72 yp, (16)

z

_Ru(y-ay)  Ri-RL,
’ Pz Pz'(Rzr1+Rzrz).

A7)

The coordinate of the position of the center of
stiffness of such a system y’ is determined by

equation (14) by calculating the coordinates y;
and Ay by the corresponding equation:

* yl'Rll_Rzrz'yp
= 18
TRR, o
y(ctire_r +Ctire_r)+ y Ctire_r
z1 22

p~z2 (19)
tire_| tire_r tire_r !
Czl + Czl + CZZ

Ay=y; -

where CI'*! and Ci"™" —normal stiffness’s of the
corresponding pneumatic tire of the wheel with
triple tires (according to the diagram in
figure 8), N/m.

The average torsional stiffness of the tires lo-
cated to the right of the force P; is determined
from a similar equation (9) in the form (20),
which will determine the stiffness of the system
shown in figure 8:

C;f(llre_r ‘C)t(lzre_r . y2

p

Ca'" - ye, +C- '(yp - YSz)

tire_r __
me -

2+ (20)

If we accept the assumption that tires with
stiffness C'*-" and C!y-" are moved by the

same amount, equation (20) can be written in the
form (21):

. 2 .
ci =y e @
i=1

For the structured tire of the wheel, which has
the load diagram shown in figure 9, the equation
for determining the coordinate y; and y, is written
in the form:

Rzrl'(y_Ay) Rzrl'Rll'yl
= + ,
& Pz Pz '(R;l + Riz) (22)

(Ril"'R;z)’(y_AY)"'R;l'}ﬁ
5 :

z

Y, = (23)

The coordinate of the position of the center of
stiffness of such a system y’ is determined by

equation (14) by calculating the coordinates yf
and Ay by the equation:

Y1'(R;1+Rz|2)

= , 24
Y, R (24)
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Fig. 9. Scheme with triple tire (one tire is located
to the right and two to the left of the
braking force realized between the vehicle
wheel and the road surface)

y-Cirr—y, -Ci

C;ilre_l +C;i2re_l +C;ilre_r’

Ay=y, - (25)

where Ci*' and CI*" — are the normal stiff-

ness’s of the corresponding pneumatic tire of the
wheel with triple tires (according to the diagram
in figure 9), N/m.

The average torsional stiffness of the tires,
which determines the stiffness of the system
shown in figure 9, is determined from a similar
equation (9) in the form:

tire_| tire_| 2
Cxl i CXZ Y

tire_l __
me !

C;ilrefl : y521 + C:EU '(y| - y51)2

(26)

or if we assume that tires with stiffness C/*-'

and C!F-' move by the same amount, we can
write equation (26) in the form:

2

tire_| __ tire_|
me _Zcxi .

i=1

(27)

Thus, it is obvious that for the quadruple
wheel tire, which has the load scheme shown in
figure 10, the equations for determining the coor-
dinates y: and y» can be written in the form (28)
and (29), respectively:

(Rzrl+Rzrz)'(y_Ay)+Rzrz'yp N
P

+(Rzrl+Rzrz)'Rz|1'yl
Pz '(R;1+Rzlz)

Y, =
(28)

) ¥,

— —— —

e - A-

A ¥,
Ay
— ] r
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\% (\i‘fPBJ‘

Fig. 10. Scheme  with  four wheel tires
(two tires are located on the left and two
on the right of the braking force realized
between the vehicle wheel and the road
surface)

Ri

St
——
S —

(R;1+R;2)-(y—Ay)+R;1-yl n
P

(Rll—'_ R;z)’ Rz Y,
P, '(Rzrl"'Rzrz) .

Y, =
(29)
+

The coordinate of the position of the center of
stiffness of such a system vy, is determined by

equation (14) by calculating the coordinates yl*
and Ay by the equation:

. yl'(Rll-’_R;Z)_RZrZ'yp
S C

, (30)

Y- 2 G Y, G -y i
Ay =y, -—+=

2 2

tire_| tire_r
zczi N +Zczi N
i=1 i=1

. (31)

where CI*!' and CI™" — are the normal stiff-

ness’s of the corresponding pneumatic tire of the
wheel with four tires (according to the diagram in
Figure 10), N/m.

The average torsional stiffness of the tires,
which determine the stiffness of the system
shown in Figure 10, is determined from the
similar equation (26) and (20), respectively, or by
assuming that tires with torsional stiffness
Cire-' and Clre-', as well as tires with torsional

stiffness CY°-" and C!*-" move by the same

value, the average tire stiffness can be determined
from equation (27) and (21), respectively, to
solve equation (9).
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Torsional stiffness of the tire for loads from
zero to 40,000 N can be determined by equation
(20) [3, 13, 45, 46], which are semi-empirical in
nature. This dependence takes into account the
effect on torsional stiffness only of the load on
the tire and the pressure in the tire and does not
take into account other factors:

B, .
g-Ci~ -exp(10-B,-p.) | (32)
x(8,6-10% R, ~1,03-10° -R?),

z

C, =/100—-

X

where p. - the tire pressure, MPa; g — acceler-

ation of free fall, m/s?, C/™ — the experimental

value of the torsional stiffness of the tire at the
maximum allowable air pressure in the tire (de-
termined at the maximum allowable load on the
tire), Nm/rad; B, and B, — coefficients deter-

mined from equations;

5 _ 1000-CP 33
° exp(Bl'Pmin)’ ( )
i
In| =5
c,™ (34)
B =2 2,
Pmax - F)min

where C/m — the experimental value of the tor-

sional stiffness of the tire at the minimum permis-
sible air pressure in the tire (determined at the
maximum permissible load on the tire), N-m/rad.

Thus, it can be argued that neglecting the fea-
tures of the distribution of the vertical load be-
tween the tires of the wheels of a vehicle that has
wheels with double, solid or quadruple tires can
significantly affect the magnitude of the utilized
adhesion force between the tires of such wheels
and the road surface, therefore, during modeling it
is necessary to take into account the peculiarities
of the change in the torsional stiffness of the tire
depending on the ratio y; and y».

The normal stiffness of a pneumatic tire, in
equations (15), (19) - (21), (25) - (27) and (31), as
shown by the analysis of scientific and technical
literature [20], is not difficult to determine using
the well-known equation (35), obtained on the ba-
sis of a multifactor bench experimental study:

(2. R)"
&)

n,-a;

(35)

z

where a, ~0.041p,." — the coefficient of influ-

ence of pressure in the tire ( p, ) on the normal

stiffness of the tire, which is determined in [20];
n, ~0.45+0.38- p,, — the coefficient of influence of

pressure in the tire ( p,,, ) on the normal stiffness

of the tire, which is determined in [20]. As noted
in work [20], the use of equation (35) gives an
error in calculations of no more than 17% at pres-
sures in the tire different from the nominal pres-
sures by no more than 25%.

To determine the braking efficiency of freight
vehicles that have single and double tires on au-
tomobile wheels, we determine the value of the
torsional stiffness of the tires installed on the
wheels of such vehicles according to equation (9)
taking into account equations (11), (12) and (15),
and for other cases, taking into account the rele-
vant equations (16), (17), (19), or (22), (23), (25),
or (28), (29), (31).

The results of modeling the nature of the
change in the torsional stiffness of the tire accord-
ing to equation (10) show that with an increase in
the normal (vertical) reaction (R;), which acts in
the spot of contact of the tire with the road sur-
face, a greater non-linearity of the torsional stiff-
ness is  manifested (Fig. 11) at
R; > 20,000 N, than with vertical reactions
R, < 20,000 N.
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40000 " 27300

N .
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- o 28650

20000~ —

R, 10000 0._0 ,0-‘1 0.2 P
Fig. 11. Modeling the nature of the change in the
torsional stiffness of the 11.00 R20
wheel tire with a single tire as a function
of the tire pressure and the normal reac-
tion (R;), which acts in the contact patch

of the tire with the road surface

Analyzing the effect of tire pressure on the
torsional rigidity of the tire, it can be seen from
figure 11 that with an increase in the normal
reaction (R;), which acts in the contact patch of
the tire with the road surface, a significant non-
linearity when the pressure in the pneumatic
tire decreases from 0.6 MPa to 0.1 MPa.
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From figure 11, it can also be seen that at
tire pressures from 0.4 MPato 0.6 MPa, the tor-
sional stiffness of a pneumatic tire with a single
tire varies in a small range from 2500 N-m/deg
to 3000 N-m/deg during the change of normal
response (R;) in the range from 25.000 N
to 40.000 N.

Modeling the nature of the change in the nor-
mal stiffness of the tire (Fig. 12) according to
equation (35) showed that the results of the sim-
ulation, in a wide range of pressure changes in the
tire and the normal response in the spot of contact
of the tire with the road surface, do not contradict
the experimental studies given in work [20],
therefore, the use of equation (35) is appropriate
when determining the distances y, yi, and Yy
(Fig. 4, 8, and 10) for wheels with double, triple,
or quadruple tires.

R 10000

02 » 0.05
0
0
Prie

Fig. 12. Modeling the nature of changes in the
normal stiffness of a 11.00 R20 wheel
tire with a single tire depending on the
pressure in it (psire) and the normal reac-
tion (R,), which acts in the spot of contact
of the tire with the road surface

The results of modeling the nature of the
change in torsional stiffness (C™) of the tires of

the double wheel 11.00 R20 according to the
equation (9), taking into account the change in the
normal stiffness (C;) of each tire according to the
equation (32) and taking into account the change

of the torsional stiffness (C"*®) of each tire of the

wheel with double tires, show that the torsional
stiffness C™ of the tires of such a wheel nonlin-

early decreases (Fig. 13) by 17% in case of a de-
crease in pressure in one of the tires of the wheel
(left or right) and almost 100% loading of the tire
of a double wheel in which the pressure is main-
tained at a level not lower 0.6 MPa.

In the case of simultaneous pressure reduction

in both tires, the torsional stiffness C"® will de-

crease by 33% with an unchanged load on the
double vehicle wheel.
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Fig. 13. Modeling the nature of the change in tor-
sional stiffness (C!"*) of double-wheel

tires 11.00 R20 depending on the pressure
in the left (ps") and right tire ( p/") of

tire tire
the wheel during normal (vertical) reac-
tion R, = 58860 N

If the load on a double 11.00 R20 vehicle
wheel is reduced, for example by two times
(Fig. 14), the nature of the change in torsional ri-
gidity remains the same as with a full normal load
(Fig. 13), but the non-linearity of the torsional
stiffness is expressed to a greater extent when the
pressure in one of the tires of the double wheel
(left or right) is reduced. The reduction in tor-
sional stiffness occurs by no more than 14% at
almost 100% loading of the dual-wheel tire, in
which the pressure is maintained at a level of at
least 0.6 MPa.
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Fig. 14. Modeling the nature of the change in tor-
sional stiffness (C!"*) of double-wheel

tires 11.00 R20 depending on the pressure
in the left (pt™) and right tire (p{") of

tire tire
the wheel at normal (vertical) reaction
R, =29430 N

It should be noted that in the range of pres-
sures in dual-wheel tires from 0.4 MPa to
0.6 MPa, the change in the torsional stiffness of
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the tire occurs in an insignificant range (Fig. 13
and Fig. 14), as in the case of modeling the tor-
sional stiffness of a vehicle wheel with a single
strapping (Fig. 11). Such a change in the tor-
sional stiffness of the 11.00 R20 double wheel
tires indicates that the implementation of the
traction properties of the tires of such a wheel
will take place in a stable range than when the
pressure in one of the tires is in the range from
0.15 MPato 0.35 MPa. The non-linearity of the

change in torsional stiffness (C™) of dual-

Xxm

wheel tires in the pressure range from 0.15 MPa
to 0.35 MPa is caused primarily by the non-lin-
earity of the change in distances y; and y-
(Fig. 6) and the additional load of the tire (R;)
in which the pressure remains at the level of
below 0.6 MPa when the pressure in the other
tire drops below 0.35 MPa.

The non-linear change in distances y; and ya,
as can be seen from figure 15, depends on the
vertical load on the double wheel by no more
than 10%, when the pressure in one of the tires
drops to a level that is in the pressure range
from 0.15 MPa to 0.35 MPa, and by 44% de-
pending on the tire pressure.

13'4 NP, AtR =58860N[ v %

0.35 - R,

0.05

0 0.1 02 0.3 0.4 MPa 0.6
P
Fig. 15. Modeling of the nature of the change in
distances y; and y, for a double wheel
11.00 R20 depending on the pressure in

the right tire ( p;2") of the wheel during

normal (vertical) reaction R, = 29430 N
and R, = 58860 N

When modeling the nature of the change in
the distances y; and vy, (Fig. 15), the
redistribution of the vertical load between the
dual wheel tires occurred according to a linear
law, therefore the non-linearity of the distance
change is related to the non-linearity of the
influence of the pressure in the dual wheel tires
on the normal stiffness (Cz).

Conclusion

The performed theoretical study of the nature of
the interaction of a double vehicle wheel with the
road surface showed that the magnitude of the uti-
lized adhesion force between the tires of such a
wheel and the road surface depends on the nature
of the change in the average angular stiffness of
the tires. If there is a difference between the dis-
tances associated with the axis of symmetry of the
wheel and the axis of symmetry of the correspond-
ing tire, there is a decrease in the average angular
stiffness of tires of wheels that have other than sin-
gle tires, when the pressure in one of the tires of
such a wheel is reduced.

A theoretical study of the nature of the effect
of the average torsional stiffness of the tires of
wheels that do not have a single tire showed that
the value of the average stiffness of the tires of
such wheels does not linearly affect the adhesion
properties of the "tire-pavement surface" friction
pair due to the full implementation of the angle of
rotation of the tire relative to the road surface
coating.

Analysis of the nature of the change in the tor-
sional stiffness of the tire from the weight param-
eters of the vehicle showed that an increase in the
mass of the vehicle leads to a decrease in the trac-
tion properties of its tires, and therefore to a de-
crease in the amount of deceleration. Reducing
the mass of the vehicle, on the contrary, increases
the traction properties between the tire and the
road surface, which accordingly has a positive ef-
fect on the braking efficiency of the vehicle, since
its deceleration will increase in proportion to the
decrease in the weight of the vehicle.

If there is a difference between the distances
associated with the axis of symmetry of the wheel
and the axis of symmetry of the corresponding
tire, there is a decrease in the average angular
stiffness of the tires of wheels that have other than
single tires by 14%, when the pressure in one of
the tires of such a wheel is reduced by 80%.

A theoretical study of the nature of the influ-
ence of the average stiffness of tires of wheels
that do not have a single tire showed that the
value of the average stiffness of the tires of such
wheels does not change when the tire pressure
changes in the range from 0.15 MPato 0.35 MPa.
This is caused, first of all, by the non-linearity of
the change in distances y1 and y, and the addi-
tional load of the tire (R;) in which the pressure
remains at a level not lower than 0.6 MPa when
the pressure in the other tire drops to a level not
lower than 0.35 MPa.
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It was established that the non-linear change
in the distances y; and y. depends on the vertical
load on the double wheel by no more than 10%,
when the pressure in one of the tires drops to a
level that is in the pressure range from 0.15 MPa
to 0.35 MPa, and by 44% depending on the tire
pressure. In the case of a simultaneous decrease
in pressure in both tires, the torsional stiffness
will decrease by 33% with an unchanged load on
the double vehicle wheel.
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BusHayeHHs1 cepelHbOI KPYTHJIBHOI KOPCTKOCTI
IIHH 3IBOCHOT0 aBTOMOOIIHHOI0 KoJieca MpH iHoro
B32€MO/il 3 MOBEPXHEIO TOPOKHBOT0 MOKPHUTTS

Anomauin. Ilpoénema. Ha Oanuil uac 8 Haykoso-
MEmMOOUYHUX ~ PEeKOMeHOAyisax cy0080-eKCNepmHUX
YCMaHo8 ma 8 HAYKOBO-MeXHIuHill jaimepamypi
8IOCYMHI YHIGEPCANbHI MEMOOUKU WOO00 BUSHAYECHHS.
napamempis 2a1bMY6AHHSL BAHMAICHUX
6a2amosiCHUX MPAHCROPMHUX 3Ac00i6, SKI MaArOmMo
Koneca 3 NOOGIIHUM OWUHYBAHHAM, WO 6NIUBAE HA

pesyiomamu  CKAA0aHHs BUCHOBKIG ABMOMEXHIYHOL

excnepmusu. Biocymuicme yHIgepcanibHUX Memoouk
00YyMOBIeHA  CKIAOHICMIO — BU3HAYEHHS  OIlICHUX
2aNbMOBUX, CUN  0COONUBO NPU  G3AEMOOIL  WUH
3080€HUX KOTIIC 3 NOBEPXHEIO OOPOHCHLO2O NOKPUMMSL.
Mema.  Oorpynmysanna  memody — BU3HAYEHHS
Cepeonboi KpYMUIbHOI HCOPCMKOCII WUH 3080€H020
asmomobinLHo20 Koleca npu 1oeo 83aeMo0dii 3
nogepxmero 00podicHb020 noxkpumms. Memoodonozis.
Hpuiinami 6 pobomi nioxoou 01 OO0CACHEHHSA
nocmasneHoi memu 0A3yIOMbCA HA MEOPemuyHUxX

OCHOBAX 0epOPMYBAHHS NPYICHUX eNleMenmie, sKi
pO3MAUI08aHi napanenvHo 00uH 00HOMY.
Pesynomamu. Busnaueno pienanns, axi 003601510mb
PO3PAxXyeamu  GeIUHUHY — CEPeOHbOl  KPYMUIbHOL
HCOPCMKOCME WIUHU 0151 KOJIIC, SIKI MAloMb NOOGIliHe,
nompiiine abo uemeepHe OWUHYBAHHSL.
Opuczinanvuicme. Pezynomamu npogedeHoco
00CiOHCeHHs 0alomb 3a2aNibHe YABNIeHHS NPo 6NIUE
TMUCKY 8 WUHAX 3080EH020 KOAeca HA BeUYUHY U020
cepeonvoi kpymuavHoi swcopcmrocmi. IIpakmuune
3nauennsa. Ompumani pe3yibmamu Moxicyms O0ymu
PEKOMEHO08AHI  eKChnepmam —asmomexHikam npu
CKIAOAHHI BUCHOBKY eKCnepmu3u abo eKcnepmuozo
O0CNIONCECHHS, A MAKONC Pe3yIbmamu 00CAI0NCEHHs
MOJICYymb Oymu BUKOPUCIAHT 8 HABYALLHOMY NPOYeCi
npu nideomosyi @axisyie eanysi mpawcnopm abo
MEXaHIUHOI IHJHCEeHepIi.

Knrouosi cnosa: xpymunvha dcopcmricms, MUcK 6
WIUHE, HCOPCMKICMb WUHU, NOOGIlIHE KONeCo, 3080€He
KOJIeCo, NapanenbHi nPysCUHU.
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