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ELEMENTS OF THE THEORY OF A MILITARY VEHICLE
WITH A PERMANENTLY DEVELOPED WHEEL DRIVE

The working process of the car is accompanied by the load of the wheel drive by the gravitational force,
which leads to a delay in the movement of the rotation of the tire during its deformation, as well as a decrease
in the power transmitted to the power to the wheel drive. The article deals with the research of the elements of
the theory of a military vehicle with a permanently developed wheel drive using the Lagrange equation, as well
as the theorem on the change in kinetic energy of such a wheel drive. The purpose of the study is to improve
the technological scheme of loading the wheel drive (permanently developed wheel drive) with the developed
transfer of energy to the wheel drive due to the kinematically connected moving wheel, the transformation of
the energy supplied to the wheel drive into the controlled relative to the center of its hub and with assembly
traction force of the car with the carrying 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 was
considered, in which the law of change of mechanical energy is applied during the rotation of the wheel drive
on the road by applying a permanently developed wheel drive, and this allows a more expedient approach to
the consideration of the implementation of the torque on the wheel drive.

The research methodology was to establish a mathematical relationship 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 research is the development of the elements of the theory of a military vehicle with a per-
manently developed wheel drive, which allows to develop a design of a permanently developed wheel drive and
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 permanently developed wheel drive is suitable for use in order to effec-
tively implement engine power and convert it into traction force on the wheel.

Key words: physical-mathematical model, force, permanently developed wheel drive, wheel, moment of
inertia, kinetic energy.

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.
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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
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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 a permanently
developed wheel drive as a system with two degrees
of freedom, (fig. 1).
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Fig. 1. A system with a permanently developed wheel
drive

We tie the coordinate axes directly to the
permanently developed wheel drive. As generalized
coordinates, we choose the abscissa 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 with a permanently developed
wheel drive. [3, p. 19]

The attachment to the beam of the bridge of the
permanently developed wheel drive to the military
vehicle is shown in (fig. 2).
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Fig. 2. General appearance of a military vehicle with
permanently developed wheel drive
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The attachment to the hub of the wheel of a

permanently developed wheel drive to a military
vehicle is shown in (fig. 3).
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Fig. 3. A military vehicle with permanently developed
wheel drive

In figure 4. shows a separate permanent-developed

wheel drive, which has a mechanical connection with
the beam of the driving bridge.
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Fig. 4. A permanently developed wheel drive is
separately allocated, which has a mechanical
connection with the beam of the driving bridge.

To solve the problem of the movement of a military
vehicle with a permanently developed wheel drive,
consider the physical and mathematical model of this
vehicle, (fig. 5), which is closely related to the system with
a permanently developed wheel drive, (fig. 1). [4, p. 22-29]

Fig. 5. Physical model of a permanently developed
wheel drive

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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For the selected system, we will add two Lagrange
equations [1, p. 480]:

d
dt{ax] ax Q M
LTI

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 T, of wheel 2;

7= (3)
7,-"Ve g2 @)

mzyk

where

V. and Vi speeds of points C and K;

o, —angular speed of the wheels of the wheel drive 1;
, — angular speed of wheel 2;

I 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.

So,

m 2 y 2 m 2 y 2
T=T+T,- ;VC+ 2C(n,+ ;VK+ zkmz ®)

We mean

Ve X3V = X3V -5y =1 (6)

X, Ve X (7

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 Xk and Yk
through the selected generalized coordinates:

X, =X+Lsing ®)
y/( = Lol cos ¢ (9)
The derivative of these formulas
XK x+lcosq>q>, _V :flsmcpcp (10)
So,
Vi-X.+V>- ()2:+lCOS(pr;2+ I?sin? g =
x2+2)zcz'c05(;+ lzfcosz(p(;: ? sin? npcf(;2 (11)

=X +2XJCOS(qu)+IZC(p (cos? @ + sin? )

—x+ 12C<p + 2xCICcos<pr
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Let's substitute the expressions of the components
included in the equation for kinetic energy [2, p. 196].

()Z
T= mz'x = MR 2R ﬂ[ +lz‘tpz+2x4°0w¢] zmzrzx =

o (12)
%[[%m‘ + EmzszJr m![l¢2+ 2xq$c05<pﬂ
Let's calculate the generalized force, the time
derivative of the kinetic energy:
For the generalized coordinate x:

Xo=0;
X0 =0; (13)
P, =0:9 =0
For the generalized coordinate ¢:
ﬂ7”11{1np+xcosgpj (14)

o0

Zt(aT] m/(lcp+xcos<p x(psm(pj (15)

oT oo
%=—mzlx<pcs1ncp (16)

The generalized forces Qx and Qg, with respect
to the generalized coordinates, are found using the
following formulas:

— forces P1X and P2X are perpendicular to all, and
therefore P1X = P2X=0.

— forces P1 and P2 are parallel to the y axis, and
therefore Ply and P1; P2y and P2.

Coordinates )/ =0, since the force P1 is applied
at point C.

Coordinates : J/, =Icosg .

Then the generalized forces Qx and Q¢ will be
tied to the formulas:

oy, oy,
QX:P1 o +Pz ox =0. (17)

Q Pl a‘P Pz o0 L=—Plsing=-mplsing (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 P1 and P2,
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 .= Plcoso (19)
S0,
Qx:%; qh=%=—lesin(p=—nglsin(p. (20)

Lagrange's equations take the form:
(%ml+%m2);+m21{q)(:os(p_(’pzsjn(p]:O 21)

(22)

We will take into account that the cell K of the
moving wheel deviates from the cell t. C of the wheel

l(p+);COS(ngSinq):0.
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drive of the car, and therefore Lagrange's equations
take the form:

@mﬁ%mz)ﬂmﬂpzo (23)

24)

From the first equation, we select the generalized
coordinate:

x+lp+gp=0.

m.4

X =g (25)
M + oM.
Having integrated this equation, we get
/
X = —#@ +C, (26)

5 m+ Emz
The second integration makes this equation look
like this;

X-—M i, (27)
2 m+ D) m:

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/

o +lgtgo=0. (28)
or K + M.
Smio+(Sm+imleo-0 (29)
finally:
q,+{1+mzjf<p_o. (30)
let's enter the notation:
(n%?ﬁ:nz (31)
Then the equation into formula (30) takes the form
¢+ I’ZZ‘P =0. (32)

The general solution of this equation will have the form:

¢ =(,cosnt +(,sinnt (33)
Derivative 3 of this equation has the form:

X=C¢ +C2—%(C300snt+c4sinnt) (34)
Kyt S m,

The obtained equations, which are tied to the
generalized coordinates x and ¢ from time t, 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:

mt

Xo:_3 3 (P(,+C|; (35)
Eml + E m;
Xy -5 —g,4Ci (36)
2 m+ 51’)’12
let:
X =0t x0=0; butq)o:o;(; -0. (37)
then
C1=0; n- \/[l +%]§: J[l +%]§; C3=00; C4=0 (38)
Therefore, the final equation takes the form:
9=, cosnt
X = T3 mzl(g" (1-cosnt) 39)
2 hm + KM,
where
n=\/[1+’;n12]§:\/[1+§2]§ (40)
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 proposed permanently 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 a
permanently developed wheel drive can be normalized
when diagnosing a car based on energy indicators.
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Merpos JI.M., Kimsinyc I.B., llerpux ¥0.M., Hikimun B.A. EIEMEHTH TEOPIi BINCHbKOBOI'O
ABTOMOBUISA 3 HEPMAHEHTHO-PO3BUHYTHUM KOJIICHUM PYLIIEM

Pobouuii npoyec asmomobins cynpogooriCcyeEmvcsi HABAHMAICEHHAM KOMICHO20 pyulis  epasimayitinoio
CUNO0I0, WO NPUBOOUMb 00 3AMPUMKU PYXYy 0bepmanHs wiunHu npu il degpopmayii, a maxoc 3MeHuieHHs.
NOMYACHOCHE, KA NepeddacmvpCs NOMYICHOCMI Ha KOMicHuul pywiiu. B cmammi pozenanymi numanms
00CTIOMNCEHHs eleMenmie meopii GilicbK08020 a8MOMODLNISL 3 NEPMAHEHMHO-PO3GUHYIMUM KOMICHUM PYULIEM 3
3acmocysannam pieusanua Jlaecpanoica, a maxooic meopemu npo 3MiHy KIHEMUYHOI eHepaii makoeo KoaiCHO20
pyuiia. Memotwo 0ocniodxnceHHss € YOOCKOHALEHHSI MEXHONO2IYHOI cxeMu HABAHMANCEHHA KONICHO20 DYWLzl
( nepmanenmHoO-po36UHYMUM KOLICHUM DPYWIEM) NpU po38UHymoi nepedaui enepeii na KoaicHutl pywiill 3a
PAXVHOK KIHeMAMUYHO-N08 SI3AH020 3 HUM PYXJIUB020 KOJlecd, nepemeoperHts enepeii niogedeHoi 00 KoaicH020
PYulisi  Keposanull BIOHOCHO 0CEPEeOKOM 1020 MAMOYUHU MA 3i CKIAOAHHIM MA208020 3YCUNLIAL ABMOMODLIN 3
NEPEHOCHOIO CUNLOIO, KA € OONOMINCHUM (PAKMOPOM 00 IHHOBAYIUHOT MEXHON02IT 1I020 NepeMiueHHs.

Hayxkoesuti ma npaxmuunuti Hanpam pobomu noJsA2A€ 8 MOMY, WO 8RepULe PO3IAHYINA MEXHOLO02IA 8 AKIU npU
00epmanti KoNiCHO20 pyulis no 00Po3i 3aCMOCOBAHO 3AKOH 3MIHU MEeXAHIYHOI eHepeii UIIXOM 3ACMOCYBAHHS
NePMAHEHMHO-PO3BUHYIMUM KOLICHUM PYWLIEM, d Ye 00380/15€ Diblid O0YiIbHO NIditimu 00 po3ensady peanizayii
KPYMHO20 MOMEHMY HA KONICHOMY DYWlii.

Memodonozieio 00Cai0HCeHHA ABNANOC BCIMAHOSUMU MAMEMAMUYHUL 36 130K MINC ULBUOKICIIO YUKTITUHO20
nepemiujents 000amK08020 Kouiecd, Ky N8 s3aH0 3 0CePeOKOM MAmOouUnuU agmomMoobilbHo20 Koleca, a ye
00360/15€ NIOSUWUMU OUHAMIYHY PYXIUBICIb OE3N0CEPEOHbO A8MOMOOLI.

Pesynomamom Oocnidoicenns € po3podka enemenmis meopii GiliCbK08020 aA6MOMOOINA 3 NEPMAHEHMHO-
PO3BUHYIMUM KOTICHUM PYULIEM WO 0038015€ PO3POOUMU KOHCIMPYKYII0 NEPMAHEHMHO-PO3BUHY 020 KOAICHO20
pyutist i niosuwumu OUHAMIYHY PYXIUBICIMb 6e3n0CepedHbo asMoMoOLAL.

L[innicmos nposedenoco 0ocniodcenHs, pe3yrbmamu nposedeHoi pobomu 00380J5Mb 3P0OUMU BHECOK 6
2any3b asmomoObiIbHO20 8UPOOHUYMEA.

3anpononosana mooens agmomooiis 3 NEpMAHEHMHO-PO3BUHYIMUM KOTICHUM PYULIEM BPUOGIMHA OIS BUKOPUCIAHHS
3 MemOoio eqheKmusHol peanizayii NOmyM’cHOCHI 08UCYHA 3 NEPEMBOPEHHAM il 8 Msi206e 3)CUNISL HA KOECI.

Knwuosi cnoea: @izuxo-mamemamuuna mooens, Cuild, NepmMaHeHmHO-pO3GUHYIMUM KOJICHUM DYULIEM,
KONleco, MOMeHm IHepyii, KIHeMmUuyHa eHepaisl.
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