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STRUCTURAL IMPROVEMENT OF THE WHEEL DRIVE OF A MILITARY VEHICLE

The movement of the car is carried out due to the loading of the wheel driver by forces: gravitational force and tangential
force of traction, which sometimes leads to a delay in the movement of the rotation of the tire during its deformation, as well as
to the incomplete realization of the power created by the engine and which is transmitted to the wheel driver. The article exam-
ines the questions and presents elements of the theory of a military vehicle with a structural improvement of the wheel drive of a
military vehicle, as well as theorems on the change in kinetic energy of such a wheel drive.

The technological diagram of the developed and improved design of the wheel drive allows the process of transferring
the motion of the car to be carried out at the expense of the kinematically connected with it movable additional wheel, the trans-
formation of the energy supplied to the wheel drive into the controlled relative to the center of its hub and with the addition of
the traction force of the car with the transfer force, which is an auxiliary factor to the innovative technology of its movement.

The scientific and practical direction of the work consists in the fact that for the first time the technology is considered in
which the law of change of mechanical energy is applied during the rotation of the wheel drive on the road by using the wheel
drive with an additional wheel kinematically connected to it.

The research methodology was to establish a mathematical velationship between the speed of the cyclic movement of the additional
wheel, which is associated with the center of the car wheel hub, and this allows to increase the dynamic mobility of the car directly.

The result of the study is the development of elements of the theory of a military vehicle with a new design of a wheel drive with an
additional wheel kinematically connected to it, which allows to increase the dynamic mobility of the vehicle directly.

The value of the conducted research, the results of the conducted work will allow to make a contribution to the automotive industry.

The proposed model of a car with a new design of a wheel drive with an additional wheel kinematically associated with it
is suitable for use in order to effectively implement engine power and convert it into traction force on the wheel.

Key words: physical-mathematical model, force, wheel drive with an additional wheel kinematically associated with it,
wheel, gravitational and tangential force, moment of inertia, kinetic energy.

IHlempos JI. M., Kiwanyc 1. B., Ilempux FO. M., Hikimuun B. A., lllenyxin C. B. Koncmpykuyiine yoockonanenus
KONiCH020 pywiis 8liiCbK08020 A6MOMO0INA

Pyx asmomobing 30iicHioembcs 3a608KU HABAHMANCEHHIO KOTICHO20 PYWIs CUTAMU: 2PAGIMAYILIHOW CUL0I0 Ma 0OMmuY-
HOW CUL010 M2, W0 THOOT nPUBoOUNts 00 3AMPUMKU PYXY 00ePMAaHHs wiuny npu i degopmayii, a maxodic He NOBHOKW peanizayii
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NOMYIICHOCMI, AKY CMBOPIOE OBUSYH | KA NePe0acmvcs Ha KoricHull pywii. B cmammi posenanymi numants ma npugeoenHi
enemMenmu meopii 8ilicbko8o2o asmomooiia 3 KOHCMPYKYIIHUM YOOCKOHATIEHHAM KOMICHO20 PYWLis 8IlICbK08020 a8mMomMo0ins,
a Mmakodic meopemu npo 3MIHY KiHemu4Hoi enepeli makoeo KOMicHO20 PYUlisl.

Texnonoeiuna cxema po3pobieHoi yOOCKOHANeHOI KOHCMPYKYIT KOTICHO20 pyulisi 0038015€ npoyec nepeiayi pyxy
asmomobinio 30iicHI08amU 30 PAXYHOK KIHEMAMUYHO-N08 A3AHO020 3 HUM PYXIUB020 000AMK0B8020 KOJecd, Nepemeopenis
enepeii niosedenoi 0o KonicHo2o pyulis 8 KeposaHuil BIOHOCHO 0CePeOKOM 11020 MAMOYUHYU MA 31 CKIAOAHHAM MA208020
3VYCUNLIA A8MOMODINSL 3 NEPEHOCHOIO CUNOH, AKA € DONOMIJICHUM (Dakmopom 00 THHOBAYIIHOT mexHoN02ll 11020 nepemi-
W eHHA.

Hayxosuii ma npaxmuuHuii Hanpsam pobomu noiseac 6 Momy, Wo enepuie po3enaHyma mexHono2is 6 Axiu npu 0bepmanni
KOILICHO20 PYulisi N0 00PO3i 3CMOCOBAHO 3AKOH 3MIHU MEXAHIYHOI eHepaii UTIAXOM 3ACIOCYBAHHS KOTICHO20 PYMis 3 KiHeMamuy-
HO-N08 A3AHUM 3 HUM 000AMKOBUM KOTIECOM.

Memodonozieio dociodicerns A6NANOCA BCIAHOBUMU MAMEMAMUYHUL 36 A30K MIJC WBUOKICMIO YUKTIYHO20 nepeMi-
ujenHa 000amKo802o Koiecd, AKy no8 3aH0 3 0cepeOKOM MAMOYUHU A8MOMObIIbHO0 Kollecd, d ye 0036074€ NIOGUWUMY OUHA-
MIUHY PYXTUBICIL 0€31n0CepeoHb0 a8MmoMOoOIIA.

Pesynromamom docnioxcenua € po3podka enemenmie meopii 6iicbkogoeo agmomooina 3 HOB0 KOHCHPYKYIEID KOTICHO20 pyulis
3 KIHEMAMUYHO-N08 SI3AHUM 3 HUM O00ANKOBUM KOTECOM W0 0036015€ NIOGUWUMU OUHAMINHY DYXTUBICHTbL Oe310Cepeobo agmomooLs.

Linnicmy nposederoeo 0ocnioxcents, pe3yivmamii npogedeHoi pooomu 003601Mb 3p00UMU 6HECOK 8 2aTY3b ABMOMODITBHO0
BUPOOHUYMEA.

3anpononosana modenv agmomo0ins 3 HOBOIW KOHCIMPYKYIEIO KONICHO20 PYWisi 3 KIHEMAMUUHO-N08 SI3AHUM 3 HUM 000am-
KOBUM KONeCOM NpUOamua Onsl GUKOPUCIAHHA 3 MENOIo e(eKmusHoi peanizayii nomysicHocmi 08u2yHa 3 nepemeopentam ii
6 MA206€ 3YCUILIA HA KOTECI.

KitrouoBi ciioBa: ¢hizuko-mamemamuuna Mooenv, Cuid, KOMCHUU pyulill 3 KIHeMAmuuHo-no8 S3anuM 3 Hum 000aAmKOBUM
KOLeCOM, KOJleco, 2pasimayiiina ma OOMuyHa cuid, MOMeHN iHepyii, KIHemuyna enepeis.

Formulation of the problem. The kinetic energy of the car’s gradual movement can be an indicator of its
energy level. When the technical condition of the car deteriorates, greater (than for a technically sound condition)
engine energy consumption is required to maintain the given level of kinetic energy of the gradual movement
of the car. At a fixed speed, the car’s speed fluctuates relative to its average value. Fluctuations and levels of kinetic
energy resulting in additional engine energy consumption.

Highlighting previously unresolved parts of the overall problem. The level of kinetic energy of the car’s
gradual movement can be an indicator of the car’s energy load. Previously conducted studies between kinetic energy
and additional energy consumption during car movement show the existence of a relationship between them.

Setting objectives. It is necessary to solve the problem of choosing and substantiating indicators that affect
the implementation of energy indicators of the technical capabilities of the car.

Presentation of the main research material

We consider a system with the design of a wheel drive with an additional wheel kinematically connected to it,
as a system with two degrees of freedom, (fig. 1).

m; m,

Fig. 1. A system with a wheel drive design with an additional wheel kinematically connected to it:
1 — an additional wheel, 2 — a wheel drive
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Coordinate axes are tied directly to the wheel drive with an additional wheel kinematically connected to it. We

choose the abscissa as the generalized coordinates
X of point C and the angle ¢ of deviation of point K, which is located on the flexible element, from its initial

state. In accordance with this, two Lagrange equations are formed for a system of a wheel drive with an additional

wheel kinematically connected to it [3, p. 99—-103].
Bridge beam attachment of a wheel drive with a kinematically associated additional wheel to a military

vehicle is shown in (fig. 2). [2, p. 25].
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Fig. 2. General view of a military vehicle with an additional wheel kinematically associated with it

The attachment to the wheel hub by the kinematically-related additional wheel wheel to the military vehicle
is shown in (fig. 3).

Fa

o '
QU

BN A S

Fig. 3. A military vehicle with an additional wheel kinematically associated with it
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In figure 4 shown separately by a kinematically-related additional wheel drive, which has a mechanical

connection with the beam of the driving bridge.
To solve the problem of the movement of a military vehicle with an additional wheel kinematically associated

with it, consider the physical and mathematical model of this vehicle in (Fig. 5), which is closely related to the system

with an additional wheel kinematically associated with it, (Fig. 1).
A system with two degrees of freedom is considered. As generalized coordinates, we will choose the abscissa x

of the point C of the wheel drive and the angle ¢ of the deviation of the SC rod from the vertical position.
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Fig. 4. A separately by a kinematically-related additional wheel wheel drive, which has a mechanical connection
with the beam of the driving bridge

Fig. 5. A physical model of a kinematically linked wheel drive.

For the selected system, we will add two Lagrange equations:

d(or) or
— — .—= 1
dt(axj ox O W)
d(or\ or
E[%j‘%—% @

We denote the total mass of the wheels of wheeled vehicle 1 by m,, and the mass of wheel 2 with a center
at point K by m,,

Let’s find the kinetic energy T of the formed system:

— kinetic energy T, of the wheels of the wheel drive 1;

— kinetic energy 7, of wheel 2;

mV?: ®

L=—5+1— (3)
m)V;} ®’

neT Ly “

where

V. and Vy speeds of points C and K;

o, — angular speed of the wheels of the wheel drive 1;

, — angular speed of wheel 2;

1 is the moment of inertia of the wheels of wheel drive 1 relative to the axis of rotation that passes through
point C;

I is the moment of inertia of wheel 2 relative to the axis of rotation that passes through point K.
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So,

T=T+T, = 5
b 2 2 2 ®
We mean

mR m,r’

v=x;v, =x; ¥ =""12;,Y =—2—;
¢ k c 2 k b (6)
mlzv—czﬁ; (Dzszzi; (7)

R R r

R is the radius of the wheels of wheeled vehicle 1;

r is the radius of wheel 2.

Let’s represent the speed of point K through generalized coordinates

To determine the speed of movement of point K, we determine its Cartesian coordinates Xy and ¥y through
the selected generalized coordinates:

X, = X+Lsing ®)
Y.=L-Lcoso )

The derivative of these formulas
XK =% +1cosQp; Y, =—Isin@p. (10)

So,

V=X, +Y; z()'c+lcoscp-('p)2+12sin(p-(p2 =x" +2x-lcosp+1*-cos’ @-¢° +[*sin*@-p* =

=x"+2x-lcos@-p+1° -(p2(cosz(p+sin2(p)=)'c2+l2 *+2X-1-cosQ- ¢ (11)

Let’s substitute the expressions of the components included in the equation for kinetic energy [2, p. 196].

mx® 1 x> m 1 x*
T=-""t—mR — (X" +1-¢" +2x-1cosQ-{)+—m,r’ —=
2 2" 2R 2( ® (P(P) 27 27
1{(3 3 = .5 ..
=3 Eml+5m2 X +m21(1(p +2x(p005(p) (12)

Let’s calculate the generalized force, the time derivative of the kinetic energy:
For the generalized coordinate x:

x,=0; x,=0;

®, =0; ¢, =0. (13)
For the generalized coordinate ¢:
oT
—=ml(lp+xcosp); (14)
" (7o ?)
d|(oT L .. 15
—| — =m,I(lp+Xcos@—xsinQ); (15)
dt( a(.pj (16 ¢ ?)
a—szzl)'cq)-sin(p (16)
¢
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The generalized forces O, and Q,, with respect to the generalized coordinates, are found using the following
formulas:

— forces P,X and P,X are perpendicular to all, and therefore P, X = P,X = 0.

— forces P, and P, are parallel to the y axis, and therefore P,y and P,; P,y and P,.

Coordinates Y. = 0, since the force P, is applied at point C.

Coordinates: Yy =1 - cos o.

Then the generalized forces O, and O, will be tied to the formulas:

oY, oY,
=P —<+P—%=0. 17
Qx 1 ax 2 ax ( )
oY, oY,
0, :Ra—(;+ga—(;=—1>; sin @ =—m,glsin (18)

At the same time, taking into account that the wheel drive of a car with a movable wheel relative to the cell K
is under the influence of weight forces P, and P,, which exist as a force function for the car, then the force function
for these forces will be written in the form:

L=PY +PY =P Lcos¢ 19)
so,
L L . .
0.-%; 0, -% _Psino=-mgising 0)
ox op
Lagrange’s equations take the form:
3 3 . o .
Eml+5m2 x+m2((pcosq)—(p sm(p)=0 (21)
lp+xcos@-gsine=0. (22)

We will take into account that the cell K of the moving wheel deviates from the cell t. C of the wheel drive
of the car, and therefore Lagrange’s equations take the form:

3 3
(Eml+5m2]x+mé(p=0, (23)
x+lp+gep=0. (24)

From the first equation, we select the generalized coordinate:

/
m
X=c——"2__ . 25
3 3 ° (25)
—m, +—=m,
2 2
Having integrated this equation, we get
m,
X=- 3 o+C, (26)
5 m, + 5 m,

The second integration makes this equation look like this;

i
X:—%+qt+c2 (27)

Em, +5m2
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The function of the generalized coordinate ¢ is the most decisive in creating (giving) dynamism and power to
the wheel drive. To determine this function from Eqs into formula (24) and formula (25):

m,l
I — 2 3¢ +1g+ g =0. (28)
—m, +—m,
2 2
or
3 3 3
Emll(p+(§ml+5mng(p:0 (29)
finally:
¢+[ul@)§¢=o (30)
m, )1
let’s enter the notation:
LN (31)
m, )1
Then the equation into formula (30) takes the form
d+n’p=0. (32)
The general solution of this equation will have the form:
¢ =C,cosnt+C,sinnt (33)
Derivative 3 of this equation has the form:
!
X=C +C, - 3 ™ (C, cosnt + C,sinnt) (34)
—m, +—m,
2 2

The obtained equations, which are tied to the generalized coordinates x and ¢ from time ¢, determine
the dynamics of the car wheel and the force on the wheel drive of the car.
Let’s define the free constants: C,, C,, C;, C, at t=0, we have:

X, =550, +C; (35)
—m, +—m,
. ml
X, :ﬁ@o +C; (36)
2m1 + 2m2
let:
x,=0; x,=0,but =0; ¢,=0. (37)
then

C,=0; n:\/£1+%]§=\/(1+%j§; Ci= ¢y C= 0 (38)
1 1

Therefore, the final equation takes the form:
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¢ =@, cosnt

!
X =22 (1-cosn) (39)
Em1+§m2
where
n= 1272 |82 128 (40)
m, )1 B )l
Conclusions:

1. The proposed scientific and methodological approach allows to increase the level of technical use
of the energy indicators of the wheel drive of the car.

2. The scheme of the kinematically connected wheel drive is developed wheel drive allows to increase
the efficiency of using the power of the car engine to overcome the forces of external resistance to its movement,
and thus, with the help of the generated kinetic energy of gradual movement, it is possible to determine the rational
speed of the car, at which the task of the work process is more efficiently performed.

3. The maximum value of the efficiency of using of the kinematically connected wheel drive is developed
wheel drive can be normalized when diagnosing a car based on energy indicators.
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