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ELEMENTS OF THE THEORY OF FORCE LOADING BY THE TORQUE MOMENT
OF THE VEHICLE WHEEL BY THE JET MAIL IN THE ZONE OF ITS CONTACT
WITH THE SUPPORT SURFACE

When the work process is carried out by the wheel mover, it is loaded by the force of gravity, which leads to deformation
of the tire. The article deals with research issues of the automobile system in the transmission of which an elastic shock
is provided with the use of a resonator nozzle. To develop the elements of the theory, the theorem on the change of kinetic
energy in the proposed automobile system, as well as the Lagrange equation of the second kind, was applied.

The purpose of the study is to create a circuit for the transmission of an elastic impulse, which allows the wheel
drive to provide rotary motion through the accumulated spring-reactive energy balance, which is a factor in the latest
technology of moving the automotive system.

The scientific direction of the article is that the proposed design of the automobile system in which the rotation of the
wheel drive uses the energy of an elastic shock without a transmission, which increases the torque on the wheel drive.

The methodology of the study is to establish a theoretical connection between the force created by the "jet thrust" and
the increase in the dynamics of the automotive system.

The result of the research is the theoretical creation of a car design with a moving platform using damping elements in
the car system, which allows creating "physical discomfort of the support surface". To describe and reveal the concept of
"physical discomfort of a support surface”, we used the theory of differential equations that confirm the existence of such
a surface under certain conditions of car operation.

The value of the presented research material, as well as the results of the work performed, will allow to make a
contribution to the automotive industry.

The proposed structural development of the car is suitable for use in order to increase the traction capabilities of the vehicle.
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EJEMEHTH TEOPIi CLJIOBOT'O HABAHTAKEHHS KPYTHUM MOMEHTOM KOJIECA
ABTOMOBLJISI PEAKTUBHUM IMOIITOBXOM B 30HI KOHTAKTY
MOro 3 OIIOPHOIO MOBEPXHEIO

Tpu suxonannui poo6ouo2o npoyecy KOICHUM PYUIEM 8iH HABAHMAIICYEMbCA CULOIO 842U, WO NPUBOOUMb 00 dehopmayii
wuHu. B cmammi posensinymi numartsi 00CHI0NCeHHS A8MOMODLIbHOI cUcCmeMu 8 MpaHcMICIi Kol nepeddaieHo npyjicHull
NOWIMOBX 3 3ACMOCYBAHHAM Pe30HAMOPHOI HacaoKu. /s po3podku enemenmis meopii 610 3acmoco8ano meopemy, uooo
3MIHU KIHeMUYHOI enepeii 8 3anponoHo8arill asmomoOLIbHIl cucmemi, a maxodc pisHaAnH: Jlazpanica 0py202o pooy.

Memoto Oocniodxcennss € cmeopeHHsa cxemu NiO8e0eHHs NPYHCHO2O NOUIMOBX) MPAHCMICIT, WO 0038019€ KONICHOMY
pyuiio 3abesnevumu 00epmanibHull pyx WIsIiXOM HAKONUYEHO20 NPYICUHHO-PEAKMUBHOZ0 eHEePeeMUYHO20 DANAHCY, KU
€ hakmopom 6 HOGIMHIN MeXHON02iT nepemiujerHs ABMoMOObLIbHOI cucmemu.
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Hayxosuil manpsam cmammi noiseae 8 momy, wo 3anPONOHOBAHA KOHCMPYKYISA A8MOMOOIIbHOI cucmemu 6 AKill
00epmanHs KONiCHO20 PYULisi BUKOPUCTNOBYE eHeP2it0 NPYIHCHO20 6e3 MPAHCMICITIHO20 NOWIMOBXY, AKUL NIOBULYE KPYMHULL
MOMEHM HA KOAICHOMY PYULIL.

Memooonozicio 0ocniodcentsi € 6CMAHOGIEHH MEOPEMUUHO20 36 SA3KY MIdNC CULOI0, SIKY CMBOPIOE «PeaKmuUGHULL
NOWMOBX», 3 NiOBUUEHHIM OUHAMIKU A8MOMODLIbHOT CUCMEMU.

Pesynomamom 0Oocnidoicenns € meopemuyHe CMEOPEHHs KOHCMPYKYII asmomodina 3 pyxaugow niamgopmoro
3 BUKOPUCMAHHAM eleMeHmie OeMNn@ysanHs 6 asmomoOLIbHill cucmemi, wo O003601A€ CMBOPUMU «Di3uUHUL
ouckompopm onopHoi noeepxuiy. [l onucy ma poskpummsi NOHSMMsL «Qi3udHULl OUCKOMPOPM ONOPHOT NOBEPXHIY
HAMU GUKOPUCINAHO Meopiio OUDEPeHYIIHUX PIBHSHb KL NIOMEepONCYIOMb ICHY8AHHS MAKOL NOBEPXHI 8 NEGHUX YMOBAX
excniyamayii agmomooins.

Linnicmo suknadenoeo mamepiany OOCHIONCEHHs, A MAKOJIC Pe3yTbmamu GUKOHAHOI pobomu 00360/s1mb 3pooumu
BHECOK 8 2a1y3b A8MOMOOIILHO20 BUPOOHUYMEA.

3anpononosana KoHCMPYKMuUBHa po3podKa asmomoOiis npuoamua Oasf BUKOPUCMAHHA 3 Memolo NiO8UUieHHS
MAL0BUX MONHCIUBOCMEU MPAHCHOPMHOZ0 3ACO0Y.

Knrouosi cnosa: pizuxo-vamemamuuna mooels, pyulil, KOieco, KONICHO-NPYICHUL KOMAEHCAMOP.

Statement of the problem
One of the directions of development of structurally finished motor vehicles are those consisting of several chains
interconnected by various devices. Such chains are parts of specialized rolling stock (SRS), in which a personal trajectory
of movement is applied and can be active or passive.
As a direction of SRS development, SRS with active, passive and combined drive can be proposed, which are respec-
tively presented in fig. 1.
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Fig. 1. Schemes of trucks: a — SRS with active drive; b — SRS with passive drive; ¢ — SRS with combined drive

Analysis of recent research and publications

The transmission consists of a clutch, gearbox, driveshaft, final drive and rear wheel drive shafts. To transmit the torque
generated by the engine to the drive wheels, all components of the transmission must work in perfect harmony. For this pur-
pose, they are connected to each other by a system of joints, shafts and gears. In a Mercedes mobile vehicle [1], the engine
develops sufficient power within a narrow crankshaft speed range. In order for the Mercedes to develop the required tractive
force, a gearbox with different magnetic ratios is provided.

Deutz — Fahr tractors feature the new Sense-Shift transmission, which is fitted to the 6 Series tractors — a huge step
forward in terms of driving comfort and performance. From the gearbox to the gear lever, the shift system has been rede-
signed for quick and easy gear changes. But the real breakthrough is that with the Sense-Shift transmission, gear changes
adapt to the specifics of the job at hand. For the driver, this is a completely new perception, as he only feels a slight hes-
itation when shifting to the next gear. In addition, the new Sense Clutch function is added, which enables the driver to
smooth the power flow.
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To ensure stable operation of the tractor during plowing or transport work, the transmission control has been opti-
mized: electronics control the connection of the four-wheel drive and the differential lock depending on the travel speed
and wheel angle.

The P-version tractors are equipped with an automatic transmission, where the electronic control system selects the
appropriate gears in each range, optimizing engine performance and reducing fuel consumption.

The Lamborghini tractors of the R8, R7, R6 and RS series are equipped with the "PowerShift" automatic transmission
with automatic shifting. The automatic transmission is controlled by an electronic unit that selects the optimum gear
according to the current load and crankshaft speed at a given time. The R8 series automatically shifts under load without
interrupting the power flow, allowing the operator to focus on the job at hand.

Formulation of the research objective

To improve the technology of transmitting torque from the engine to the wheeled propulsion by creating a new trans-
mission design for a mobile energy vehicle.

To develop a design and technological design of a traction vehicle with all-terrain wheeled propulsion.

Presentation of the main research material

Fig. 2 shows the Schemes of mobile energy vehicles with energy resonator interbridge nozzle: a. — general view of
the vehicle with energy resonator interbridge nozzle; b. — mobile energy vehicle with energy resonator interbridge nozzle
in the absence of movement (discomfort of the bearing surface); c. — mobile energy vehicle with energy resonator inter-
bridge nozzle in dynamics (beginning of movement).

Fig. 2. schemes of mobile energy vehicles with energy resonant inter-bridge attachment: a. — general view
of a vehicle with energy resonant inter-bridge attachment; b. — mobile energy vehicle with energy resonant
inter-bridge attachment in the absence of movement (discomfort of the bearing surface); c. — mobile energy

vehicle with energy resonant inter-bridge attachment in dynamics (beginning of movement)

Description of the design of force loading by the torque of a car wheel with a reactive impulse in the area of its contact
with the bearing surface.
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In order to increase the efficiency of the vehicle transmission and reduce fuel consumption for moving a loaded vehi-
cle, a method of moving the "Camel" car by L.M. Petrov, which was performed on a modernized transmission, produced
by the Ukrainian automobile plant, KrAZ-5233, is proposed.

Fig. 2 shows a drawing of a car with a modernized transmission in a stationary state. The method of mov-
ing the vehicle "Camel" includes: engine 1, wheeled propulsion 2, drive 3 to the wheeled propulsion 2. A cylinder 5
is attached to the half-frame 4, in which a piston 6 with a rod 7 is located with the possibility of movement. A com-
pression spring 9 is located in the cylinder 5 between the end wall 8 and the piston 6. The elastic element 10
is fixed to the rod 7 and the subframe 12 at one end with the help of the connecting element 11, and the other end is connected
to the cylinder 5 with a clamp 13. A flexible guide 14 is fixed on the elastic element 10. In the guide 14, with the possibility of
movement on rollers 15 and 16, there are cylinders 17 and 18, which are fixed on a gravity weight 19. In the cylinder 17 there
are holes 20 and 21, and in the cylinder 18 there are holes 22 and 23, wherein hole 20 is connected to hole 23, and hole 21 is
connected to hole 22.A wheel 24 is rotatably connected to the subframe 12.

The method of moving the car *Camel* by L. M. Petrov is performed as follows. When the car is moved from the
engine 1, the drive 3 supplies torque to the wheel motors 2. The car starts to move. The following operations are per-
formed. The semi-frame 4 together with the cylinder 5 is moved in the direction of movement of the car, and the rod 7
together with the subframe 12 and the wheel 24 with the compression spring 9 slows down the movement of the wheel 24
together with the connecting element 11 fixed on the rod 7 and the subframe 12. The compression spring 9 is stretched,
the elastic element 10 is deformed in the opposite direction under the action of the gravitational weight 19. The gravita-
tional weight 19 under the action of the inertial component moves on rollers 15 and 16 along the guide 14 and tracks the
movement of the bulge of the elastic element 10 in the opposite direction to the direction of movement of the car. Such a
combination of interrelated operations between the wheel movers 2 and the supporting wheels 24 accumulates potential
energy [3; 4].

Theoretical studies of the design of force loading by the torque of a car wheel with a jet impulse in the area of its
contact with the bearing surface

In order to describe the motion of a vehicle with an energy resonator bridge nozzle, we draw up its equation of motion,
Fig. 2. To draw up this equation for a vehicle with an energy resonator bridge head, we replace rollers 15 and 16 with one
and assume that the technological weight m will move along the flexible guide 14 [2; 3; 4; 5].

Let us represent the active forces:

P is the weight of the technological platform

Pt is the traction force acting from the rod 7. Let's release the point M from the ties by replacing the action of the ties
with a reaction. The link is the roughness of the flexible guide 14. The reaction of the flexible guide is decomposed into
two components:

X is the normal component and F is the tangential component (friction, sliding force).

Let's connect the coordinate axes to the technological platform. Then the differential equation of motion of the tech-
nological platform in the usual form will be as follows:

do o

m=—=R m—=R,
a7 or 1
In vector form, the equation of motion will look like this:
RT:Pl'+FT+NT+PTT (2)
R, =P +F +N_+P, (3)

After mathematical transformations, the general solution to the differentiated equation of motion of the technological
platform and the car will be as follows:

VZ=e?" 4+ Acosp+Bsing (4)
To determine the free constant ¢, we write the initial conditions:

Under the assumed initial conditions: ¢ = 0;p(0) = 0;(0) = 0
After substituting the initial conditions of the car's movement into Equation (4), we obtain:

—A=e°
Then the final equation of motion of the car takes the form:

Vi=-A47""+2fgcosp+2gsing

V?=-2gfe”” +2fgcosp+2gsing
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Fig. 3. Graphical display of vehicle movement by the '"Camel" method

Conclusions

As a result of the research, a car with modernized wheel propulsion systems was tested:

1. The conducted patent search for directions of improvement of wheel propulsion of the car allowed to identify
possible directions of modernization of the wheel propulsion.

2. To modernize the wheeled propulsion system, it is proposed to include a moving weight in the contact and exit
zone that acts on the flexible element within its deflection (150-250 mm).

3. For the modernization of the wheeled propulsion system, it is proposed to include a movable weight within the
vehicle lifting capacity (10000N-20000N) in the contact patch and exit zone, which acts on the flexible element included
in the truck transmission.

4. The experiments carried out at the OF NATI test site revealed the advantage of modernized wheel thrusters in
comparison with the existing ones in the force of traction by 15%.

5. According to the results of the experiments, graphical dependencies were built.

6. A model of a car with modernized wheel propulsion systems was developed.
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