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Abstract. Problem. The disadvantage of the existing dependencies for determining the possibility of the
automobile drive wheel slip with the maximum use of engine power and indicators of the interaction of the
drive wheels with the supporting surface is that they are correct only if the motion of the car is steady. This
downside is due to the fact that when deriving the equation of the car motion, the assumption is made that
the total tractive force is on the drive wheels, that is, without taking into account the energy losses due to the
increase in the kinetic energy of the rotating masses of the engine, transmission, and drive wheels. At the
same time, the specified energy losses are compensated by a relative increase in the inertia (mass) of the
gradually moving car. Such an assumption is quite correct for determining the traction and speed
characteristics of a car not only during steady motion but also during acceleration. Determining the
possibility of the automobile drive wheel slip during automobile acceleration, this assumption is incorrect
because the drive wheels are not affected by the total tractive force, but by a force that is reduced in
accordance with energy losses due to an increase in the kinetic energy of the rotating masses of the engine,
transmission, and driving wheels. It is necessary to take into account the reduction of the tractive force on
the drive wheels during the acceleration of the car in order to eliminate the mentioned shortcoming. Goal.
The aim is the further development of the theory of the car by improving the dependencies that allow
determining the conditions for the possibility of the automobile drive wheel slip during its acceleration and
the modes of its motion. Methodology. The considered approaches for achieving this aim are based on the
laws of physics, theoretical mechanics and provisions of the theory of the car. Results. Analytical
dependencies have been improved to determine the conditions for the possibility of the automobile drive
wheel slip during its acceleration and the modes of its motion. Dependencies for determining the range of
the automobile drive wheel slip on the speed of the vehicle during acceleration are obtained. During the
theoretical study of the car motion process, it was established that the developed dependencies allow
determining the car driving mode and the possibility of the automobile drive wheel slip both during
acceleration and steady motion. Originality. The obtained dependences for determining the possibility of the
automobile drive wheel slip during acceleration of the car made it possible to clarify the idea of the driving
mode of the car and the possibility of the automobile drive wheel slip both during acceleration and during
steady motion. Practical value. The obtained dependencies can be used in the design of new and improved
sports cars such as dragsters, and for analyzing the dynamics of the car motion during acceleration with
total fuel supply and determining the nature of the interaction of the drive wheels with the supporting surface
depending on the speed of motion.

Key words: automobile (car), equations of motion, dynamic factor, dynamic factor by adhesion,
acceleration, total tractive force, coefficient of adhesion, rotating masses.

Introduction using the transmission. When the car is moving,
the traction force on the drive wheels depends on
the engine torque, transmission parameters,
wheels and driving mode.

The indicators of car traction and speed char-
acteristics characterize the perfection of its de-
sign and make it possible to determine the possi-
bility and mode of motion due to the road

Tractive and velocity characteristics of the car de-
termine the ranges of changes in driving speeds
and maximum acceleration during acceleration
concerning traction control. In traction control,
the power and torque necessary for motion are
supplied from the engine to the drive wheels
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conditions. Drive wheel slip significantly affects
the indicators of its traction and speed character-
istics.

Analysis of publications on determining the
possibility of an automobile drive wheel slip

Automobile drive wheel slip has a significant ef-
fect on the traction and speed characteristics of
the automobile. One often uses the differential
equation of its motion, directed to its longitudinal
axis so as to analyze the traction and speed char-
acteristics of an automobile [1, 3, 4, 6, 10, 14].

. . d?x .
where m, — automobile weight; prey = j, —auto-

mobile acceleration; G, — gravitational force of
an automobile; g — gravitational acceleration; PJ-'

— inertial force of gradually moving automobile
weight; P, — tractive force on drive wheels; P —
the force of air resistance; P,, — rolling resistance.

The solution of the differential equation (1) is
possible by a numerical method. We should note
that the determination of the tractive force P re-
quires a significant amount of calculations of pa-
rameters of the dynamic processes of the engine
and transmission.

This fact is because the tractive force P, on the
driving wheels depends on the driving mode of
the car. When an automobile is accelerating, the
engine operates in transient modes, which com-
plicates calculations for determining its initial pa-
rameters [3, 9]. In addition, in this case, engine
energy is spent not only on increasing the energy
of the gradually moving automobile mass, but
also on rotating parts of the engine, transmission
and drive wheels. As a result, the tractive force P;
of the automobile during its acceleration is less
by the amount determined by the energy losses
due to the increase in the angular velocity of the
rotating masses.

2
PT=Me'kp'qu‘nTp_‘]e‘qu'nTp""]K. (2)

r r-r

where M, — engine torque in steady mode; k, — a
coefficient considering the design features of the
engine and operating conditions; Je, J« — the mo-
ment of engine inertia and the total moment of
inertia of the transmission and drive wheels;
Ump, Np — Qear ratio and energy conversion

efficiency of transmission respectively; ry,. re —
the dynamic radius and the rolling radius of the
drive wheels, respectively.

Analyzing the traction and speed characteris-
tics of an automobile with acceptable accuracy,
equations of the form are most often used [1 - 4,
8 -10]

P.~P,—P,—P =0, 3)

where P, — total tractive force on the drive
wheels; P; — the force of resistance to acceleration
of the automobile.

When converting equation (1) to type (3), the
tractive force P. is replaced by relative “total trac-
tive force” Py, determined for the steady state of
the automobile motion [1, 4, 8, 14].

M, _M-u,-m,
Po=—t=———, (4)

a A

where M, — torgque on the drive wheels (in steady
state).
In addition, the inertial force of gradually mov-

ing automobile weight Pj' is replaced by the “rela-
tive” acceleration resistance force [1, 4, 8, 14]

P =8y, ©)

2
Je-ug, oM, +2J
G,-r-r

a I K
ficient of consideration of the rotating automobile
masses.

The introduction of the coefficient of consid-
eration of rotating masses ds, relatively increases
the inertia (mass) of the car. The increase in iner-
tia of the car is proportional to the decrease in
tractive force compared to the relative “total trac-
tive force”. In this case, the results of calculations
according to equation (3) differ from the results
of calculations according to equation insignifi-
cantly (2).

It is necessary to point out that the well-known
term “acceleration resistance force” has no phys-
ical significance, because the car, like any other
body, cannot resist. The physical meaning of this
term is the inertia force, which is the sum of all
the forces acting on the car, that is, it is the result
of their action, and not the resistance. The force
must be additionally applied to the car so that it
starts moving with a given acceleration [13].

The equation of the car motion (3) reflects the

where 3, =1+ ~.g - the coef-
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relationship between driving forces and forces of
resistance to motion. It allows determining the
conditions of the possibility of motion and the
mode of the car motion due to the considered road
conditions. At the same time, the traction and
speed characteristics of the car are determined not
only in the steady state, but also in the general
mode of its motion.

From equation (3), the condition of continu-
ous motion of the car is obtained [1 — 4]

PKZPW+PB. (6)

Inequality (6) connects the design factors of
the car with the factors that cause resistance to
motion. Fulfillment of condition (6) is necessary,
but not sufficient for the continuous motion of the
car, since the latter is possible only in the absence
of drive wheel slip. Considering this fact, contin-
uous motion is possible if the condition [1 — 4] is
fulfilled

P¢2PK2PW+PB. (7

where P, — the clutch force of the drive wheels of
the car with the supporting surface.

Taking into consideration uniform motion,
there is no inertial force (i.e., acceleration re-
sistance force), so the equation of motion of the
car will take the following form [1 — 3]

P.-P,-PF,=0. (8)

The condition of uniform motion of the car
without drive wheel slip [1 — 4]

P¢2PK:PW+PB. 9)

To determine the possibility and mode of mo-
tion of the car, equation (3) is presented in the
form of a balance of forces [1, 4]

P.=PR, +P +P (10)

The solution of the force balance equation
(10) is usually performed using a graphic and an-
alytical method [1-4]. At the same time, graphs
of the dependences of the total tractive force Px
and the sum of the air resistance P, and rolling
resistance P, on the vehicle speed va are con-
structed (Fig. 1). And the result of their ac-
tion — the force of resistance to acceleration of the
car is defined as the ordinate between the depend-
ences P=f(v,) and Py+P,=f(va).) [3, 4].
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Fig. 1. The graph of the balance of forces on the
car

The authors [2, 4, 8] claim that if the condition
P>P, is met, the drive wheels of the car slip.
According to Figure 1, this is the motion of the
car in first gear with full fuel supply up to speed
vp. It should be noted that conditions (7), (9) and
equation (10) are determined relative to the total
tractive force P, which characterizes the tractive
force without taking into account the energy
losses due to the increase in the energy of the ro-
tating masses during the accelerated motion of
the car. Therefore, determining the possibility of
the drive wheel slip is correct only under condi-
tion (9) during uniform (steady) motion of the
car.

The authors of works [1, 2, 4, 8, 9] propose to
determine the possibility of the automobile drive
wheel slip based on its dynamic characteristics.
At the same time, they claim (11), if the dynamic
factor of the car for the traction D exceeds the dy-
namic factor for the clutch D, then the drive
wheels slip.

D <D. (11)

¢

The dynamic factor D is determined in ac-
cordance with the total tractive force Py, that is,
without taking into account energy losses due to
the angular acceleration of the rotating masses of
the car. Therefore, the determination of the pos-
sibility of the drive wheel slip during the car ac-
celeration under condition (11) is not correct.

In the scientific work [7], the author provides
a balance of forces acting on the car during accel-
eration, considering the energy losses due to the
angular acceleration of the rotating masses, but
does not determine the possibility of the drive
wheel slip. The dependence of the acceleration of
the car on the speed of motion with slip of the
driving wheels was obtained in works [5, 12].
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Therefore, the issue of determining the possi-
bility of the automobile drive wheel slip during
its acceleration requires additional research.

Purpose and Tasks

The aim of the article is to improve the depend-
encies that allow determining the conditions for
the possibility of the automobile drive wheel slip
during its acceleration.

It is necessary to perform an analysis of the
balance of forces on the car and an analysis of its
dynamic characteristics, taking into account en-
ergy losses due to the angular acceleration of ro-
tating masses, and to determine the conditions for
the possibility of the car moving with accelera-
tion without and with wheel slip.

Analysis of the possibility and mode of
automobile motion according to the balance
of forces

According to condition (9), if the force Py is in-
creased comparing the sum of P,+P;, then it will
lead to the car acceleration in accordance with
condition (8). The car acceleration will continue
until the tractive force is equal to the clutch force
P,. A further increase in P, will cause only accel-
erated wheel slip, without affecting the change in
car motion parameters. At the same time, car mo-
tion parameters are determined by the level of the
clutch force and the sum of the resistance forces.
If the condition is met

P=P >PF +P,. (12)

the car will move with acceleration with the
drive wheel slip. As the speed of the car in-
creases, the resistance to its motion rises. There-
fore, the car acceleration with the drive wheel slip
occurs at the speed at which condition (8) will oc-
cur and the car motion will become steady.

P>P =R, +P,. (13)

As one can contemplate in Figure 2, con-
sidering provided rolling conditions, the
drive wheel clutch force Py1 and the re-
sistance force Py1+Ps, the car moves at an ac-
celerated speed of vi. At the same time, the
level of acceleration determines the ordinate
between the dependencies P,1 and Py1+Ps.

e
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N

1 v, km/n

Fig. 2. Assessment of the opportunity to drive and
the car driving mode

We should state that the relativity adopted
when deriving the equation of motion — the force
on the drive wheels Py refers to the steady motion
of the car. Therefore, analyzing the car accelera-
tion, condition (4) is not correct, because it does
not take into account the loss due to the increase
in the energy of the rotating masses. Considering
Figure 2, it is possible to determine the condition
of the drive wheel slip only for steady motion at
a speed of vy.

Taking into account the power consumption
for the change in the energy of the rotating parts
during the torque transmission to the drive
wheels, the value of P, must be reduced accord-
ing to the coefficient of the rotating masses Oxp.
Equation (10) will be rewritten considering (5) in
the following form:

P.=PR +P+P, =R, +P +PF-5,. (14)

Thus, we will get the balance equation taking
into account the losses due to the change in the
energy of the rotating masses during the torque
transmission to the drive wheels

k=Y 4P,
83p SBp J (15)
Considering the above-mentioned infor-

mation, the condition of the possibility of motion
without wheel slip during the car acceleration
will take the form (16), since the clutch force
does not depend on the inertia of the rotating
masses

P _ P +P
P>r> Y * (16)
"8, S,
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The condition of the possibility of the car ac-
celeration with driving wheel slip is indicated by
inequality

P P +P
£>pP >t 2 (17)
O, ¢ 3,

Uniform motion of the car with skidding of
the driving wheels is possible if the condition is
met

P P +P
L>p =2 (18)
8, 3,

In Figure 3, the steady motion of the car oc-
curs without the drive wheel slip at a speed less
than vi. In the section from v to v», the force P«
exceeds the force P,i, therefore, when the car is
moving at a constant speed with a speed from this
range, the drive wheels slip. In this case, it is ra-
tional to reduce the fuel supply so as to reduce the
tractive force Py to the level of the clutch force
P,

In Figure 3 the total tractive force Px and the
clutch force P, exceed the total force of motion
resistance P, + P, 50 the car will move with ac-
celeration. In such a case, the determination of
the possibility of the drive wheel slip according
to the condition (7) as well as the graph Pc=f(va)
is not correct in the entire speed range of the car.
The correct conclusion about the possibility of
the drive wheel slip is only for a steady mode, that
is, due to the condition (9) at Vamax.

Plil
< — _ _Py

7 Pl
Pl /) xr_a""__P,,2

M

o
:

vV V3V Vamax 3 km/h

Fig. 3. The determination of the drive wheel slip
according to force balance graph

During the acceleration of the car, the tractive
force on the drive wheels will decrease in accord-
ance with the energy expenditure for the

acceleration of the rotating masses. Therefore, a
dependency is added to the traction characteristic

P _f(v)) (Fig. 3).
Bp

As we can see in Figure 3, during acceleration
of the car with the same value of the clutch force
P, of the drive wheels with the supporting sur-
face, in contrast to steady motion, wheel slip does
not occur in the entire speed range.

When the clutch force is reduced to the value
Py, acceleration of the car in the first gear to
speed v3 occurs with the drive wheel slip. Further
acceleration takes place without the drive wheel
slip.

To compare the results of the analysis of the
possibility and nature of the car motion and trac-
tion and speed characteristics, two equations (10)
and (15) were solved on one graph (Fig. 4). A
steady mode of motion is obtained, respectively,
at points b i b', which corresponds to the maxi-
mum speed of the car. The maximum speed of the
car due to the conditions in both cases is equal to
vp. However, the use of equation (10) to deter-
mine the possibility of the drive wheel slip at a
speed lower than vy, is not correct as the car mo-
tion is accelerated.

P,] fa Py,
PB. (PU+PE)’II{83p
P, —-Pp
¥p
N L

Vimin Vg Vp=Vama V. kn].;"h
Fig. 4. Analysis of the possibility and type of car
motion according to dependencies (10)

and (15)

Analyzing the possibility and mode of motion
of the car according to equation (15), it is obvious
that the car will move with acceleration to speed
va With slippage of the driving wheels. The mo-
tion of the car from speed v, to speed vy, is also
accelerated, but without the drive wheel slip, be-
cause of the condition

PQ> <, (19)

Automobile transport, Vol. 50, 2022



3araAbHi IHTAaHHSI ABTOMOOIABHOIO TPAHCIIOPTY 45

When the car reaches the speed Vb= Vamax, its
motion becomes constant. In this case, the full
tractive force Py acts on the driving wheels, and
the condition P=P, is fulfilled

Analysis of the possibility and mode of mo-
tion of the car according to the dynamic char-
acteristics

The graph of the dynamic characteristics of a car
is built according to its dynamic balance

D:\y+%-63p. (20)

At the same time, the graph (Fig. 5) shows the
dependences of the dynamic factor D and the to-
tal road resistance coefficient y on the speed of
motion v,. The second component in the right-
hand part of equation (20) reflects the reserve of
the dynamic factor D at a certain speed of the car
V.. This component on the graph is defined as the
ordinate between dependencies D=f(v,) i y=f(va).

D1
a_-._ \a\ b D
b ---—A?\‘Ak__‘ _ ¢
DT
» “:\ Dl/6Bp
b \\Dz
—O p
11
k\\\{ D> |
L \V \
Vimin Va Va A Vimax
Fig. 5. The graph of the dynamic characteristics
of the car

We note that the total tractive force deter-
mines the dynamic factor of the car D without
taking into account the energy losses due to the
increase in the frequency of rotation of the trans-
mission elements and drive wheels. To take into
account these losses during acceleration of the
car, we transform the dynamic balance equation
(20) into the form

D_v i
5 5 + g (21)

Bp Bp

Equations (20) and (21) characterize the mo-
tion of the car if the drive wheels do not slip.

From equation (20) we understand that the neces-
sary and sufficient condition for uniform motion
of the car without the drive wheel slip

DQ2D=\|1. (22)

From equation (21), we obtain a necessary and
sufficient condition for the accelerated motion of
the car without the drive wheel slip

v
> 8_ . (23)

Concerning equation (21), we also write down
the condition of accelerated motion of the car
with the drive wheel slip

D v
—>D >—/—.
85p @ SBp (24)

In order to analyze the possibility and mode of
motion of the car according to the dynamic char-
acteristic, dependencies are added in Figure 5

D, = f(v,) Ta %: F(v,).
The dynamic factor of the car by the clutch is
defined as a ratio [1, 4, 8, 9]

D, =——. (25)

Accordingly [1, 4, 8, 9] the drive wheel slip is
possible when moving in the first gear with a
speed the value of which corresponds to the in-
terval vmin - vb. But this is not correct, because
with a given coefficient of motion resistance v,
the motion of the car is accelerated. Condition
(25) should be used to determine the possibility
of the drive wheel slip during acceleration of the
car. Accordingly, in Figure 5, the acceleration of
the car from the speed vmin to v, occurs without
the wheel slip. When the car is moving at a speed
in the interval v, - vp, the drive wheel slip is pos-
sible, if the fuel supply is not reduced. Acceler-
ated motion of the car at a speed greater than v,
occurs without the drive wheel slip.

Theoretical studies of the driving mode of the
car

Theoretical studies of car driving modes have
been conducted to compare the results of deter-
mining the speeds at which the drive wheels can
slip with the results provided in works [5, 12].
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For the study, the record-breaking racing car
KHADI-37 was chosen with the following pa-
rameters: total weight m, = 732 kg; maximum en-
gine power Nemax =220 kW at crankshaft rotation
frequency ny =5800 rpm; base L=2.545 m; the
height of the center of gravity hy =0.668 m, its
front longitudinal coordinate a=1.742 m. The
possibility and nature of the car motion on a hor-
izontal surface with the clutch coefficient of the
drive wheels was studied ¢x=1,2.

According to the results, the car can move
with acceleration up to a maximum speed of 242
km/h (Fig. 6). It is obvious that according to con-
dition (16) when accelerating the car to speed Va,
the drive wheels cannot slip. At the speed v, to
the speed v. ~ the motion of the car due to the
condition (17) can occur with the drive wheel
slip. Further increase in the speed of the car oc-
curs without slip. The obtained data coincide with
the results provided in works [5, 12]. In Figure 6,
the points of intersection of the dependences of
the acceleration of the car j, and the maximum
possible acceleration under the conditions of the
clutch j, on the speed of motion correspond to the
values of the interval determined by condition
(17).

12 — ‘ 14
kN P, Ja, m/c?
A A4 0 {12
10 === N A
RIS P
g i \b = 1 10
4 AT PKI/SB 1
v T J 8
6 T Py
SipuiEESryRNiY
4 I’D______.,___ :\\ P k47| Ja
L
2 mi PW+PB/ v 4 2

V, Var Vb max
A Py

0 = T
0 20 40 60 80 100 120 140 160 180 km/h 240
Fig. 6. Analysis of the possibility and type of the
car motion according to the balance of
forces

The possibility of wheel skidding according to
the graph of the dynamic characteristics of the car
(Fig. 7) was determined according to conditions
(23) — (25). The results of determining the range
of speeds during car acceleration according to the
balance of forces and dynamic characteristics are
the same.

During the operation of the car, the clutch ra-
tio changes in a significant range so that the total
tractive force on the drive wheels and in higher
gears can exceed the clutch force. In this case, in
order to determine the traction and speed

characteristics of the car and the possibility of the
drive wheel slip during the acceleration and a
steady mode of motion, it is necessary to solve
equation (15) on the force balance graph.

16 14
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Fig. 7. Analysis of the possibility and type of the
car motion according to the dynamic
characteristic

Figure 8 shows the balance of forces of the
KHADI-37 car according to equations (14) and
(15). Since the clutch force is equal to P«>Pgr,
when accelerating the car, the drive wheels of the
car cannot slip (condition (16). Determination of
the possibility of the drive wheels slip according
to condition (7) [1 — 4], i.e., when Px>P, is not
correct because the motion is accelerated. Con-
sidering the value of Py, due to the condition (7),
it is possible to determine the limit of slip (point
d), but only with uniform motion, that is, when
P=Py=Py+Py,.

12
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10 S d Py
a.4--.|b b P
g T @2
8 \-/lelélzpl
6 T = 2 PK2/83p2
P r N ™
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£ =T\ g
Ell|Val Vv &
) = _i-‘fg | (PW+PB)/5BP4 N
km/h 240

0 20 40 60 80 100 1\%0 140 160 180

a

Fig. 8. The schedule of the balance of forces of
the KHADI-37 car

The acceleration of the car during acceleration
will be the highest if the drive wheels do not slip.
Therefore, the correct determination of the possi-
bility of the drive wheel slip is of practical im-
portance. Points a and b in Figure 8 correspond
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to the initial and final speed of motion with the
possibility of the drive wheel slip on the road with
the coefficient of clutch ¢.. To avoid the drive
wheel slip and to ensure full use of their traction
characteristics, it is necessary to reduce the fuel
supply so that equality is achieved

—=F,. (26)

[Ipu 1bOMy KpYTHHI MOMEHT JIBUTYHA BUpa-
3UMO Yepe3 HOro MOTYXKHICTh MPH TEBHOI dac-
toti ooepranus we will find the left side of equa-
tion in order to an analytical determination of the
range of the automobile speed, where the drive
wheel slip is possible, (27). At the same time, the
torque of the engine is expressed in terms of its
power at a certain rotation frequency ne.

PK _ Me 'qu 'n'rp _ 9550Nemax 'u'rp nrp %
Sy Oy 1y Oy 'y Ne

2 3 , (27
{Al.n_e%.(n_e} _(&j] @n
rIN r]N nN

where Nemax — maximum engine power, kW;
Ne, NN — crankshaft rotation frequency is the an-
swer to the torque Me, rpm; Az, Az — coefficients
of the polynomial describing the dependence of
the engine power on the rotation frequency [3, 8,
10, 14].

From equation (27) taking into account de-
pendence (28), we get

p 'l
We transform equation (29) into
N +p-n,+q=0, (29)

where p=-A,-ny;
3
= Ro T O - Ny —-A-n.
9550N N
The solution of equation (30) has two roots

q

emax'um'nTp

p, [(pY
non=—2x (2] _q. 30
e(1,2) 2 [Zj q ( )

The shaft rotation frequency ne; corresponds
to the initial speed va (Fig. 8), at which the drive

. (28)

wheels can start to slip, and ne2 corresponds to the
final speed of the vehicle v, on the road with the
clutch force Py. A further increase in the rotation
frequency ne will lead to an increase in the car
speed without the possibility of the drive wheel
slip. Analytical determination of the values of v,
and vy is performed according to the well-known
formula [9].

n -r
v, =0,377=%2 1 31
a,b uK 'uo ( )

When the KHADI-37 car accelerates on the
road with a clutch force of P,,=8616 N, the drive
wheel slip can start at the engine shaft rotation
frequency ne;=1570 rpm. In order to avoid the
drive wheel slip, it is necessary to reduce fuel
supply so that equation (27) is fulfilled. After in-
creasing the rotation frequency above ne;=4232
rpm, the drive wheels of the car will not be able
to slip, so it is rational to increase the fuel supply
to the maximum. Concerning this engine control,
one can ensure better acceleration dynamics of
the car (Fig. 9).

13 :
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OV/ZO 40 60) 80 1VOO 120 140 160 180 km/h 240

min jliml jlim2 a
Fig. 9. The acceleration schedule of the car with-
out the drive wheel slip

The motion of the car in the range of speeds
Vjiim1 — Vjtim2 takes place with the maximum — limit
acceleration due to the clutch jim. The values of
the speeds v, and vy are determined by formula
(32) are 24.1 km/h and 64.7 km/h, respectively,
and correspond to the values obtained graphically
in Figures 8 and 9.

Conclusions

In the article, the obtained dependencies that al-
low determining the conditions and modes of the
car, the conditions of the possibility of the
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automobile drive wheel slip, both during steady
motion and during acceleration. These dependen-
cies are based on the equation of the car motion
and represent the balance of forces acting on the
car and the dynamic balance. Graph and analyti-
cal methods of solving the balance of forces and
dynamic balance allow determining the traction
and speed characteristics of the car in the general
case of motion due to normal and extreme condi-
tions of the clutch of the drive wheels. Analytical
dependences were obtained, which allow deter-
mining the value of the engine parameters and the
value of the speed of the car at the beginning and
at the end of the section with the boundary con-
ditions of the clutch.
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BusHauyeHHsI MOKJINBOCTI OyKCYBaHHS Bey4HX
KOJIic aBTOMOOis
Anomauia. Heoonixom

Ilpoéonema. ICHYIOUUX

3anedcHoCmell  GUSHAYEHHA — MOJCIUBOCMI
OyKCYy8aHHA 8e0yHUX KONIC aA8MOMOOINsL npu
MAKCUMATLHOMY  BUKOPUCMAHHI  NOMYHCHOCHI
08U2YHA | NOKAZHUKIG 83A€MOOiT e0YYUX KOJIC 3
ONOPHOI  NOBEPXHEI0

€ me, WO 60HU €

KOpEeKMHUMU MITbKU AKWO pYyX asmomooins €
cmanum. Leii nedonix 00yMO8IeHUL MUM WO HPU
8UB00I DIGHAHHA DYXY ABMOMOOLIA NPUUHAMA
VMOGHICMb, WO HA 8e0YYUX KOolecax Oi€ NosHA
cuna mseu, mobmo 0Oe3 6paxy8aHHs Gmpam
eHepeil Ha 30inbueHHs KiHemuuHoi enepeil
00epmosux mac 08USYHA, MPAHCMICIL, 8edyuux
xonic. Ilpu yvomy e6xazani empamu eHepeii
KOMNEHCYIOMbCsl VYMOBHUM 30inbUEeHHAM
iHepmHOCMi Macu agmomoOiis, Wo pyxXaemovcs
nocmynogo. Taxe npunyujenHs yiikom KOpeKmHo
onst BUZHAYEHHSL MA2080-UBUOKICHUX
eracmugocmeti Aa8MoOMoOLIsL He MITbKU HpU
cmanomy pyci, ane i npu npUCKopeHomy. Ane npu
BUSHAYEHHI MOJICIUBOCMI OVKCYBAHHA BedyUuUx
Koic npu po3eoHi  A8MOMOOINA  npuliHame
NPUNYUEHHS He KOPEeKIMHO MakK, K HA 8e0y4ux
Kojlecax Oi€ He NOBHA cuna msazu, a Cuid, sKd
3MeHUWeHa B8i0Nn0siOHO empamam eHepeii Ha
30i1bUeR s KIHeMmUYHOI enepeli 0bepmosux mac
osucyna, mpauncmicii, eedyuux xoxaic. Il[o6
VCYHYmMU  3a3HAYEHUll  HeOONiK  HeoOXiOHO
8PAX08Y8AMU 3MEHULEHHS CULU MAU HA 8e0YUUX
Kojlecax npu npuckopeHHi agmomoobins . Mema.
Mema pobomu - noodanvuiuii po3eumox meopii
asmomoois VOOCKOHANEHHS
3anexchocmetl, AKi 00380JAI0Mb  GUIHAUAMU
VMOBU MOANCTUBOCHE OYKCYBAHHS 8e0YYUX KOJIC
a8momoO0ins npu 1020 NPUCKOPEHHT A PedCUMU
tio2o pyxy. Memodonozia. I1ioxoou, nputinami 6
pobomi O0nst docsieneHHs yiei memu 6A3VI0MmMbCs
Ha 3aKOHAX (DI3uKU, MeopemuyHoi MexaHiku i
NON0JICEHHSIX meopii asmomobins. Pesynemamu.

WIAXOM

Yoockonaneno amanimuuni 3anexcnocmi 074
BUBHAYEHHSI YMO8 MOJNCIUBOCHI  OYKCY8AHHS
eeoyuux  Kouic  aemomooiii  npu U020
NpUCKOpeHHi ma pedcumu tioeo pyxy. Ompumano
3anedCHOCMI 0N GU3HAYEHHs  OiandasoHy
OyKCY8aHHs 8edyUUX KOIC 8i0 WBUOKOCTI PYXy

npu poszoui agmomodina. [lpu meopemuunomy

docniodcenHi  npoyecy — pyxy — asmomodins
BCMAHOBIEHO, WO PO3POONEHI  3aNeHCHOCI
00360IAIOMb  BUBHAYUMU — XAPAKMED — PYXY

aBmMoMoOIIs | MONCIUBICIb OYKCYBAHHS 80YUUX
KOJIiC AK Npu po320HI, MAK I NpU CMAIOMY PYCI.
Opuzinanvuicmos. Ompumani 3anedcHocmi 014
BUSHAYEHHST MOJCIUBOCMI OYKCYBAHHA BeOYUUX
KOAiC npu po320Hi asmomoobins 003601UlU
VMOUHUMU ~ VAGIEHHA NpO  Xapakmep  pyxy
ABMOMODINA | MONCTUBICIb OVKCYBAHHSL 8€0YUUX
KOJiC 5K Npu po320Hi, MaK i npu cmajiomy pyci.
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Ipakmuune 3nauennsn. Ompumani 3a1e2iCHOCMI
MO2HCYMb OYMU GUKOPUCTHAHT NPU NPOEKINYBAHHI
HOBUX 1 npu  YOOCKOHANEHHi CHOPMUBHUX
aemomobinie muny opeecmep, ma Oas AHANIZY
OUHAMIKU PYXY asmomo0iis npu 1020 po320Hi 3
nogHOi  noodauero

naiuea ma  6U3HAYEHHA

Xapaxkmepy 63a€MO00ii 8e0yuuUx KOAIC 3 ONOPHOT

NOBEPXHEID 8 3ANEeHCHOCMI 8I0 WBUOKOCTIE PYX)Y.

Kntouosi cnosa: asmomob6ins, pigHAHHA pYXY, OUHAMI-
YHUL Pakmop, OUHAMIMHULL PaKmop 3a 34enieHHsIM,
NPUCKOPEHHS, NOBHA Cula ms2u, Koegiyienm 3uen-
JIeHHs1, 00epmosi Macu.
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