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THE INTERACTION OF POTENTIAL AND KINETIC ENERGY
ON THE WHEEL WITH THE POTENTIAL AND KINETIC LOAD
OF THE TRUCK

In the article "Interaction of potential and kinetic energy on a wheel with the potential and kinetic load of
a truck" by the authors L.M. Petrova, I.V. Kishianusa, Yu.M. Petryka, V.A. Nikishina, A.V. Rudenka, materials
are given that highlight the interaction of potential energy pressing on a wheel with a potential and kinetic load
and its transformation into kinetic energy of a wheel with a potential and kinetic load by dividing the potential
and kinetic energy into primary and secondary motion.

The movement of the car is carried out with the help of wheeled motors, which partially satisfy the performance
of technological tasks in the zone close to combat. The main drawback is the fulfillment of the requirements for
moving a military vehicle in difficult conditions, especially when performing combat missions, and in some cases,
the impossibility of moving it, which will affect its survivability. To increase the reliability of the technology of
moving a car in difficult conditions, the development of world-class specialists is aimed at improving the design
of its suspension, as well as the technology of moving vehicles in difficult operating conditions.

The purpose of the study is to improve the design of the load scheme of the wheel drive when it moves
over an obstacle, and as a result, the transformation of the energy supplied to the wheel drive and movements
according to a certain number of kinematically-distributed in the wheel drive into the controlled movement of
the vehicle relative to the wheel with the addition of the traction force of the vehicle with the transfer forces
movement, which is an auxiliary factor to the innovative technology of its movement.

The conducted research showed the results of the work carried out, which will make it possible to make a
contribution to the field of domestic mechanical engineering.

The proposed model of the vehicle is suitable for use in order to increase the driving capabilities when they
perform combat tasks.

Key words: wheel with potential and kinetic load, potential energy, kinetic energy, primary motion,
secondary motion, difficult conditions.

Formulation of the problem. Military vehicles
that perform tasks in difficult operating conditions
receive the action of external forces, as well as
shocks from the side of the road, while various
movements and oscillations of vehicles appear along
the longitudinal, transverse and vertical axes.

In order to pose and solve the problem of the
occurrence of negative forces and shocks during the
movement of the car on its comfort, safety and high-

quality performance of combat tasks, it is necessary to
qualitatively select and perform kinematic connection
to achieve better characteristics of elastic suspension
elements and shock absorbers, and also contribute to
increasing the traction capabilities of the car.

Highlighting previously unresolved parts of the
overall problem

The evolution of the creation and development of
mechanical vehicles began several thousand years
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ago with the creation of the first type of motor — the
wheeled one on the (fig. 1).

Fig. 1. Power load of a military vehicle
P, — traction force of the car; P, — tangential traction
force of the car; P;— the force of rolling resistance of the
wheel drive of the car; P, — the car's lifting resistance;
P,, — inertia force; P, ,, — driving force of the car;
G,, — operating weight of the car; P, — the force of the
road's reaction to the car's transmission

The movement of the vehicle is carried out with
the help of wheel drives, which partially satisfy the
performance of technological tasks in the zone close
to combat. The main disadvantage is the fulfillment
of the requirements for moving the vehicle in
difficult operating conditions, and in some cases the
impossibility of moving it at all.

In order to increase the reliability of the technology
of moving vehicles in difficult conditions, the
development of specialists of the world is aimed at
improving the design of the suspension, as well as the
technology of moving in difficult operating conditions.

Setting objectives. In order to increase the
reliability of the movement of a vehicle performing
a combat mission, the authors proposed a technology
for this vehicle with modernized wheeled motors, the
movement of which, when overcoming difficult road
conditions, is supported by inertial components that
are formed during the movement of the vehicle.

Presentation of the main research material
Scientists of many countries, who are leaders in
the field of creating cars with modern technologies,
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did not pay attention to the interaction of energies
(potential and kinetic).

The scheme regarding the load of the truck is
shown in (fig. 2).
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Fig. 2. A diagram showing a truck before it is loaded
In (fig. 3) shows the loading of the truck with the

operating weight, which creates the primary movement
of the wheel with potential and kinetic load.
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Fig. 3. Scheme of a truck with the primary movement
of a wheel drive

In (fig. 4) shows a truck with a wheel force load
with potential and kinetic load under the action of
secondary motion.
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Fig. 4. Scheme of a truck with a power load of a wheel
with potential and kinetic load under the action
of secondary motion

The physical model of primary and secondary
movements of a car wheel with potential and kinetic
load is shown in (fig. 5, 6).

As can be seen from (fig. 3, 4), the following
forces are applied to ensure the movement of the car:
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Fig. 5. Physical model of a car wheel with potential
and kinetic load under the action of primary
and secondary motions

— load of the wheel with potential and kinetic load
from the operating weight (primary movement of the
wheel with potential and kinetic load from the vertical
component of the operating weight G, which deforms
the flexible part of the wheel with potential and
kinetic load and which contributes to the emergence
of a vertical reaction from the support surface);

— the load of the wheel with potential and kinetic
load from the torque applied to the wheel with
potential and kinetic load from the car transmission
(secondary movement of the wheel with potential
and kinetic load, which contributes to the appearance
of the horizontal reaction of the support surface and
the moment of rolling resistance of the wheel with
potential and kinetic load) .

This distribution of many forces on the wheel with
potential and kinetic load contributes to the appearance
of both useful and negative moments that can improve
or worsen the movement of the car [2, 3 p. 1-3].

For the proposed mechanical system "wheel with
bi-dynamic load", the Lagrange equation was drawn
up, in which the perspective of the competition
of the kinetic and potential energy of the wheel
with the potential and kinetic load is embedded.
In the general case, for the degree of freedom, the
Lagrange equation, taking into account the kinetic
and potential energy, is reduced by the author to the
formula (1):

oL

d (oL
dt(@qu - 67% - Qia
where,

L=T-I1 — the Lagrange function; T, IT — total stock,
respectively, kinetic and potential energy of the
system; O, — generalized non-conservative forces.

Also to the authors [1, p. 123-133,145-147] as
generalized coordinates, the following variables are
adopted: horizontal movement of the wheel with
potential and kinetic load — x and angular movement
of the wheel driver — o.

(1)

At the same time, the kinetic and potential energy of
interaction on the wheel with the potential and kinetic
load of the truck will be2 determined by the2 formulas:

T:m,+%%+%lx@cos¢+J%;

1T = -myglcos @,
where, J=/>m, — moment of inertia of operating
weight;
m, — car weight;
m, — operational weight
Thus, the Lagrange function for a truck can be
written as:

2 2
L:T—H:ml+mzx7+n121xcpcos¢+J g+n12glcos¢ 2)

P

The generalized forces corresponding to the
accepted generalized coordinates will have the form:

0. =F )

0,=0 “

F — is the force responsible for the secondary
movement of the wheel loaded with the primary
movement with potential and kinetic load.

The potential energy of a flexible tire is similar to
the case of translational movements, except for the
angular stiffness of the elastic metal cord:
E = I"\T::.t + =03,

F

)

Here k; are the constants of the angular stiffness
of the metal cord. Substitution of the obtained
expressions of kinetic and potential energies into the
Lagrange equation leads to rather large equations
that are difficult to analyze. At the same time, these
equations are nonlinear due to the presence of
sinusoidal and cosine functions from the generalized
variables o, 1 a,.

However, taking into account
suspensions usually do not allow.

large angular deviations, it is reasonable to assume
that angles o, i 0, are small [4, p. 331-335].

Calculations of kinetic and potential energy were
carried out in the environment Excel.

Table 1 shows the calculations of potential energy
carried out depending on K, and o?.

that elastic

Table 1
Calculation of potential energy
E, K, a,
0,2 10 0,2
28,8 40 1,2
169,4 70 2,2
512 100 3,2
1146,6 130 42
2163,2 160 52
36518 190 6,2

Table 2 shows the calculations of kinetic energy
carried out depending on R, m, .
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Table 2
Calculation of kinetic energy

E, R m [0}
0,004 0,2 5 0,2
4,608 0,4 40 1,2
65,34 0,6 75 2,2
360,45 0,8 110 3,2
1278.9 1 145 4,2
3504.,4 1,2 180 5,2
8099,3 1,4 215 6,2

The results of the calculations are shown in (fig. 5).

According to the results of the conducted scientific
work, for the first time, an unaccounted part of the
energy of the interaction of kinetic and potential
energy was discovered, which manifests itself on
the graph in the form of an area that is sandwiched
between the lines that create: 1 line — potential energy;
the second line is kinetic energy. Kinetic and potential
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Fig. 5. Dependence of kinetic and potential energy
on variables a i ®

time. The smaller this area on the graph, the faster
potential energy is transformed into kinetic energy

energy on the graph are functions depending on the
change in angle o by time and angular velocity o by

and the more dynamic the "wheel with bi — dynamic
load" becomes
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B3AEMO/ISI MOTEHIIMHOI I KIHETUYHOI EHEPI'Ii HA KOJIECI
3 HOTEHIIHHUM TA KIHETUYHUM HABAHTAKEHHSIM

Ilpusedeni mamepianu, AKi 6UCBIMIIOIOMb 3AEMOOII0 NOMEHYIUHOI eHepeii, KA MmucHe Ha Koieci
3 NOMeHYiliHUM ™Ma KIHEeMUYHUM HABAHMANCEHHAM i ii nepemeopenHs HA KiHemMuuHy eHepeilo Koiecd 3
NOMEHYIUHUM MA KIHeMUYHUM HABAHMAINCEHHIM ULISIXOM PO30LIeHHs NOMEHYINHOI | KiHemuuHoi enepeii Ha
NepeUHHULL | BMOPUHHULL PYX.

Pyx mawunu 30iticnioemsbcs 3a 00nomMo2010 KOMCHUX O8USYHI, AKI YACMKOB0 3A0080bHAIOMYb BUKOHAHHS
MEXHONO2IYHUX 3a60aHb Y 30HI, HAOAUdICEHTU 00 06011080i. OCHOBHUM HEOONIKOM € GUKOHAHHA BUMOZ U000
nepecy8anHsl 8itiCbK080I MAWUHU 8 CKIAOHUX YMOBAX, 0COONUBO NPU BUKOHAHHI ODOUO0BUX 3A60AHb, A 8 OKPEMUX
BUNAOKAX I HEMOJNCIUBICMb ii nepecysanHs, wjo GnauHe Ha i dcusydicmv. [is niosuwenHs HAOitiHOCMI
MEeXHON02IT pyXy aemoMoOiis 6 CKIAOHUX YMO8AX pPO3poOKU (axieyie Ceimoeoco pPieHs CHPIMOBAHI HA
B00CKOHANEHHS. KOHCMPYKYIT 11020 RIOGICKU, A MAKONC MEXHONO2IL PyXy MPAHCHOPMHUX 3ACO0I8 8 CKAAOHUX
YMOBAX eKCHILyamayi.

Memoto OocniodxicenHs € YOOCKOHANEHHA KOHCMPYKYII cxeMu HABAHMANCEHHS KONICHO20 Npusooy Hpu
tio2o nepemiuyenHi yepesz nepeurooy i, IK HACIi00K, nepemeopeHHs ni0gedeHoi 00 KONICHO20 NPUBOJy eHepeii
ma nepemiuyenb 3a NEBHOI KIIbKICMIO KiHeMAMuyHO-po3noo0ilenux 8 KOAICHOMY npueodi 8 Keposanull
PYX mMpaHcnopmuo2o 3acoby 8IOHOCHO Koieca 3 000ABAHHAM MA208020 3YCULISL MPAHCNOPMHO20 3AC00) 3
nepeoasaitbHUM 3YCUILIAM PYXY, WO € OONOMINCHUM YUHHUKOM [HHOBAYILIHOI MeXHON02il 1l020 PYX).

Ilposedene 0ocnioxncenHs: NOKA3AN0 pe3yTbmamiu NPoeeoeHol pobomu, wo 00380JUMb 3P0OUMU BHECOK
2any3b GIMYUZHAHO20 MAUUHOOYOYBAHHSL.

Ilpononosana modenv asmomobins npudamua Oisi GUKOPUCMAHHSA 3 MEmOI0 NIOSUWEHHS X0O008UX
MOodiCIUBOCMeEl NPU BUKOHAHHI HUMU DOLLOBUX 3A80AHb.

Kniouoegi cnosa: xoneco 3 nomenyitinum i KinemuyHUM HABAHMANCEHHAM, NOMEHYIUHA eHep2isl, KihemuyuHa
enepeis, NepeUHHULL PyX, GMOPUHHUL PYX, CKLAOHT YMOBU.
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