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APPLICATION OF ELEMENTS OF THE THEORY
OF UNACCOUNTED CORIOLIS FORCES IN THE PROCESS
OF ROLLING A WHEELED PROPELLER

JIL.M. Ilempos, T.M. bopucenko. 3acTocyBaHHsl eJleMeHTIB Teopii HeBpaxoBaHux cuil Kopuouaica y npoueci koueHHs KoJIicHOro
pyurisi. Pobounii mporiec KOUEHHs KOJIICHOTO pYIis CYNpOBOMKYEThCS CTHCKAaHHAM Ta PO3TATYBaHHAM LIMHHM Tpu ii aedopmarii. Jns
IiIBUILICHHS MPALE3IaTHOCTI MOOUIbHUX CHEPTeTUYHUX 3aC00iB, BEJIMKa yBara NpuilseTbes npodnemi 30inpuenns KKJ komicHux pymiis,
ska repenbadeHa 3akoHoM Ykpainu “TIpo cucTeMy iHKEHEPHO-TEXHIYHOrO 3a0e3IEYeHHs] arpolPOMHCIIOBOIO KOMIUIEKCY YKpaiHu™.
Po3zBuTOK MOpyIIEHOT Npobnemu Oyne crnpsiMoBanuii Ha migsumenHs KKJ{ xomicHOro pymris IUISXOM yJOCKOHaJEHHs HOro KOHCTpPYKIIi.
Bpaxysanns cun Kopuonica 103BOJIHTH KOHCTPYKTOPaM YJOCKOHAJIMTH KOHCTPYKIIIO MPOTEKTOpa aBTOMOOUIBHOTO KoJeca, IO B CBOKO
Yyepry MiBHIINTE HAAIHHICTh KEPYBaHHS TATOBO-TPAHCIOPTHHM 3aCO00M THM caMuM Oyze 30iibIIeHa BiporiaHicTh Oe3MeyHOCTi HOro pyxy.
B crarti posristHyTi nutaHHs BrumBy KoproiicoBoi cmii Ha JMHAMIKy pyXy KOJICHOTO pymris. MeTo JIOCHI/UKEHHS € YIOCKOHAJICHHS
TEXHOJIOTI] KOYEHHsI KOJIICHOTO PYIIisi, IEPETBOPEHHS €Heprii miiBeneHoi o KomicHoro pyurist B KopuonicoBy cuily, sika € JOTOMIXHUM
(akTopom J10 miei TexHonorii. HaykoBa Ta npakTH4HA 3HAYYIIOCTI POOOTH TONIATAE B TOMY, 11O BIIEPIIE 3alPOTIOHOBAHA TEXHOJIOTS B SKii
BpaxoBaHa YacTKa EHeprii, sika BiANoBiae 3a Oe3neKy pyxy i miiBeneHa 10 KOTiCHOro pymris mij Hazsoto Kopuomicosa cina. Mertogomoriero
JIOCIIZPKEHHSI SIBJISJIOCS BCTAHOBUTH MaTEMAaTHYHHMHN 3B’130K KOpHONiCOBOI CHIM 3 AMHAMIKOIO KOYEHHS KOJICHOro pyumris. PesynbraTtom €
po3pobieHa reoMerpisi poOOTH KOJICHOTO PYIIis y LUK JeMI(yBaHHS IPOBATy OIMOPHOI IMOBEPXHi, BUSBJICHI HETaTHMBHI HACTIAKA il
Kopuomnicooi cuimm Ha Oe3neky pyXy TpaHCIOPTHOro 3aco0y. LIiHHICTH NpOBEIEHOTrO MOCIIUKEHHS, Pe3yJbTaTH MPOBEIEHOI poOOTH
JIO3BOJISITH  3pOOMTH BHECOK B Taily3b aBTOMOOUIBHOTO BHPOOHMITBA. 3alpONOHOBAHO MOZAENb Uil IiJBHLICHHS OC3MEeKH pyxXy
TPaHCIOPTHOTO 3ac00y.

Kniouosi crosa:. disuko-mMaTeMaTHYHa MOJENb, pymIiil, koneco, KopromicoBa cuia ¢i3uko-MaTeMaTHyHa MOJeNb, PYLIi, Kojieco,
Kopuomnicosa cuna

L. Petrov, T. Borisenko. Application of elements of the theory of unaccounted Coriolis forces in the process of rolling a wheeled
propeller. The working process of rolling the wheel propulsion is accompanied by compression and extension of the tire during its
deformation. To improve the operability of mobile energy, much attention is paid to the problem of increasing the efficiency of wheeled
propellers, provided for by the Law of Ukraine “On the system of engineering and technical support for the agricultural sector of Ukraine”
The development of the problem will be aimed at increasing the efficiency of the wheel propulsion by improving its design. Consideration of
Coriolis forces will allow designers to improve the design of the tread of a car wheel, which in turn will increase the reliability of driving a
towing vehicle, thereby increasing the likelihood of its safety. The article considers the influence of the Coriolis force on the dynamics of the
movement of wheel propulsion. The aim of the study is to improve the technology of rolling the wheel propulsion, the conversion of energy
supplied to the wheel propulsion into the Coriolis force, which is an auxiliary factor in this technology. The scientific and practical
significance of the work lies in the fact that for the first time a technology is proposed which takes into account the fraction of energy that is
responsible for the safety of movement and is brought to wheel propulsion called Coriolis force. The research methodology was to establish
the mathematical relationship of the Coriolis force with the rolling dynamics of the wheel propulsion. The result is the developed geometry
of the wheel mover in the damping cycle of the failure of the supporting surface, the negative consequences of the Coriolis force on the
safety of the vehicle are revealed. The value of the study, the results of this work will make it possible to contribute to the automotive
industry. A model is proposed to increase vehicle safety.
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Introduction

Vehicle development extends the nomenclature of wheel drive designs on pneumatic tires and
stimulates the intensification of research and development work aimed at better meeting operational
requirements, reducing weight and improving the technology of wheel torque implementation.

The peculiarity of the working process of the wheel drive of the vehicle is the volatility of its di-
mensions, which is caused by the elastic deformation of the pneumatic tire when it interacts with the
support surface. The degree of resizing depends on the elastic properties of the tire. This characteristic
is of great theoretical and practical importance, as it directly enters into the equation of oscillation of
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the dynamic system road-wheel-machine and is used in solving the problem of improving the quality
of rolling wheel drive.

Analysis of recent research and publications

The technique of transmitting torque through an elastic wheel is known [1]. When creating a
model of the driving wheel rolling process, the author is invited to take into account that the wheel rim
has a particularly high tangential elasticity. Thanks to this theory, it has been established that the car
tire has considerable elasticity not only in the radial but also in the tangential directions, and therefore
the transmission of tractive force significantly changes the rolling radius of the drive wheel.

To increase the efficiency of mobile energy facilities (MEF), great attention is paid to the prob-
lem of increasing the efficiency of wheel drives, which is provided by the Law of Ukraine “On the
system of engineering and technical support of the agro-industrial complex of Ukraine” [2].

Researchers have developed the most complex and difficult application problem of rolling of an
elastic wheel on soil, which is solved on the basis of preliminary choice of the curve formula, which
corresponds to the longitudinal line of contact of interacting bodies [3]. In order to increase traction
possibilities it is proposed to use the gravitational moment by introducing into the transmission of the
tractor a gravitational thrower, equations for the force of support of the movement of the tractor are
obtained. Theoretical calculations have established the factors of influence on the change of the geom-
etry of the flexible bandage [4, 5].

In [6], the parameters of the angular load of the wheel propulsion and the equation of the speed of
energy transfer to the wheel propulsion, depending on the speed of change of the torque, were revealed.

In studies on the quality of wheel propulsion [1, 2], little attention is paid to providing a given di-
rection of movement in the appropriate operating conditions of cars and tractors. Substantial im-
provement of wheel propulsion is possible only on thorough theoretical and experimental researches.
The urgency is to identify the factors that influence the stabilization of a given direction of movement
of cars and tractors. Therefore, studies of the factors that influence the stabilization of their movement
are relevant.

To increase the stability of a given direction of movement of tractors and cars at high speeds, it is
suggested to take into account the horizontal jet moment. Operation of the traction power means that
when its deviations are not programmed from a given direction of movement, each cross-section of its
design returns relative to a predetermined direction of motion (axis Z) as a rigid bar, with the trajectory
of motion is transformed into elements of the helical line BS.

Objective

To improve the technology of transferring energy from the engine to the wheel motors and to
create a physico-mathematical model for the interaction of the deformed wheel drive with the de-
formed support surface.

Presentation of basic material

When rolling the wheel propulsion 1 (Fig. 1), point K moves along the line of contact of the de-
formed part of the tire AB with rigidity c. Assume that at point K is the concentrated force of the
weight of the operating mass m. To determine the dependence of
the unstable position in the contact spot area of the application of
the reaction of the reference surface in its relative motion along
the contact line of the deformed tire with the reference surface of
the angular velocity o of the wheel propulsion 1. To this end, con-
struct the axes of the moving coordinate system starting at the
point O, when propulsion 1 was stationary.

In determining the forces acting on the position of the point
of application of the reference reaction in the zone 4B of the de-
formed part of the tire, a physico-mathematical model of Fig. 1.
When rolling a wheel propulsion 1, the reaction of applying a refer-
ence reaction to it will shift by the value of Ax. In this case, the part
of the tire 2 that is sandwiched between point A and point O will be
compressed, and the part of the tire that is released from the load
when rolling the wheel drive, ie between points O and B, will be Fig. 1. Model of a wheel drive at rest
released, that is, stretched. The force that will be contained in the
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compressed part of the tire and the extended part of the tire in accordance with the law of Hook will be
proportional to their Ax magnitude and directed to the cell of the deformed part, that is, to the point O.

Therefore, the reaction position of the support surface on the deformed part of the tire will be af-
fected by the active force:

F=—cAx,

where Ax — the size of the deformed part of the tire.

In order to improve the accuracy of rolling wheel rolling calculation 1, we propose to detect the
influence of Coriolis forces, @, — portable and @, — rotary on its deformed part of the tire.

Determine that the wheel propulsion is acted on by the transmissible inertia force, which is equal
to the product of the operational weight m for the portable acceleration of that wheel propulsion:

Foor =Ma?r = ma?4/h? + (AX)? ,

where h is the distance from the center of the wheel to the upper point of the deformed part of the tire.

The rolling of a wheel propulsion is influenced by the rotating Coriolis force, which is taken into
account as the product of the weight on the wheel propulsion and Coriolis acceleration:

Frot =MmmX.

The formula for determining the impact on the rolling motion of a wheel drive on a deformed

part of the tire will be:
mX = —CX + M?X + Mo X .

The process of rolling the wheel drive on the support surface is impossible without friction of the
tire on this surface. Such friction is caused by normal pressure on the deformed part of the tire. In turn,
the effect of the normal pressure on the tire deformation is related to the effect on it of the turning
force and the normal carrying force of inertia.

The turning power of Coriolis:

D =2mmA X,
that occurs when rolling a deformed part of the tire varies in magnitude and direction. This force is
directed perpendicular to the plane of the deformed part of the tire. When the compression zone de-
creases, this force becomes more important, and when the compression zone of the tire increases, this
force becomes smaller, until its direction changes.

The friction force that occurs when rolling a wheel propulsion on a support surface is always di-
rected against the relative velocity, so the friction force that arises under the action of the Coriolis rota-
tional force pressure can be determined from the formula:

Fg = fmmAX.

The normal component of the transfer force of inertia of the deformed part of the tire is constant

in magnitude. To determine Coriolis' portable force is necessary:

D, = mw?+vh? + Ax2.

__h
JhZ +(Ax)?
Then the normal component of the endurance of inertia will be determined from the formula:
Fr=mo°h.
The total effect on the Coriolis rotary force wheel and the Coriolis transfer force will be deter-
mined from the formula:

multiply by directional sinus:

sina =

MAX = —(C — mw?)AX + fm(2wAX + »?h). (D)

The sign “+” in formula (2) will correspond to the condition of the tire in the support surface, and
the sign “~" will correspond to the condition of the compression zone of the tire.

The solution of equation (2) corresponds to the dynamics of motion of the point of application of
the equivalent gravitational force from the operating mass, which accounts for the deformed part of the
tire of the wheel drive.
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If the wheel drive suddenly crashes into the pit, that is, h will be “0” (h=0), then we get viscous
damping, which will depend on the speed of the car.

Suppose a physical system (a moving car) has one degree of freedom, with the motion of the car
being accompanied by an accumulation of kinetic and potential energy. We choose as the generalized
coordinate the angle ¢ of rotation of the wheel 1, Fig. 1 from the balanced position (at equilibrium
¢=0 and SD=S;=0); when moving the system (moving car), we state that we consider small oscilla-
tions, and also assume that the angle ¢ is not large enough.

To mathematically describe the interaction of kinetic and potential energy of a moving MEF, we define
the kinetic energy T of a system (a moving car), which is equal to the sum of the kinetic energy of all bodies:

T=T1+T+Ts. 2

As the wheels 1 and 2 rotate about the axes O; and O,, and the loaded car 3 moves gradually, so

formulas for describing kinetic energy will have the form:

1 1 1
Ty ZEJl(Df, T ZEJz(D%, Ts ZEmg(D%, (3)
when
2 m RZ
Jl—mlle,JF o 4)

All velocities in Ty, T, 1 T (o1, @y, L3) are expressed by the generalized velocity ¢. Fuse for eve-
rything, o=@;. In what follows, in an exactly equilibrium configuration vB=vA, that is, w,r,=m:R;.

Where from 0)22(1)1R1/r2 and U3=O)2R2=(1)1R1R2/r2.

Finally, given that R;=R,=R, r,=0.5R, we obtain:

®O=01, ®=2 ¢, V3= 2RQ. (5)

Substituting the value of equation (4), where R;=R,=R and (5) in equation (3), we obtain from

equality (2) T=ao@/2 , where:
do = (0,5m1 +2m, + 4mg})R2 .

The potential energy IT of a system (a moving car) in mathematical form will be:
1
II= ECO\'STAT + Ao )? + maghcs.

Fig. 2 shows the continuation of the wheel drive.
Fig. 3 shows the Coriolis-loaded wheel with the possibility of increasing its traction capacity or
the emergence of a dangerous situation in its rolling.

Fig. 2. Model of the wheel propulsion Fig. 3. Model of a wheel drive
in the phase of beginning of movement in the phase of Cariolis forces
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Results

The solution of equation (3) corresponds to the dynamics of motion of the point of application of
the equivalent gravitational force from the operating mass, which is on the deformed part of the tire of
the wheel drive.

If the wheel drive suddenly falls into the pit, that is, h will be “0” (h=0), then we obtain viscous
damping, which will depend on the speed of the car, Fig. 4 a, b, c.

The frgiectary of mavement
for the damped wheel drive

Fig. 4. Model of a wheel drive: in the pit (a); out of the pit in the bouncing phase (b); in the phase of pressing
against the support surface (c)
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Conclusions

1. An overview of existing technologies for converting the energy of a wheeled vehicle into the
work of moving a vehicle is given.

2. A physico-mathematical model of the process of rolling a wheel propulsion with Coriolis force
is developed.

3. The geometry of the wheel drive in the cycle of damping of the failure of the support surface is
developed.

4. The working process of rolling a wheel drive is a set of sequential processes: compression and
stretching of the tire when it is deformed in the area of contact with the support surface.

5. Part of the duty cycle in the area of the contact area of the tire wheel drive with the support
surface, periodically repeated depending on the speed of the wheel drive.

6. On the basis of the presented material was obtained the patent of technological direction
“Method of movement of traction and transport system” test wheel drive.

In the future, the development of the problem will be aimed at improving the efficiency of the
wheel drive by improving its design. The solution to the problem of Coriolis forces will allow design-
ers to improve the design of the tread of a car wheel, which in turn will increase the reliability of the
control of the traction vehicle, thereby increasing the likelihood of its safe movement.
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