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ELEMENTS OF THE THEORY OF DYNAMIC DEVELOPED SUSPENSION
MILITARY VEHICLE

The wheel drives of a military vehicle are intended for its movement to satisfy the performance of technological tasks
in the zone close to combat, but this requirement is not fully satisfied. This is related to the performance of the above
tasks in difficult conditions, in off-road conditions. In order to ensure the mandatory performance and reliability of
technological movements in such conditions, construction specialists focused their actions on improving the running gear,
especially the suspensions.

The article deals with the theoretical research of the design of the developed suspension of a military vehicle. 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 off-road conditions, and in
some cases, the impossibility of moving it. In order to increase the reliability of the technology of moving a car in off-
road conditions, the development of world-class specialists is aimed at improving the design of its suspension, as well as
the technology of moving it in off-road conditions of a military vehicle, the number of movements of the system, and the
movement of the center of mass of this system.

The purpose of the study is to improve the technological scheme of loading the wheel drive when it moves the support,
the transformation of the energy supplied to the wheel drive and the quantitative movements kinematically distributed in
the wheel drive into the controlled relative to the wheel disc movement of the car with the addition of the traction force
of the car with the portable forces of quantitative movement, 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 considered technology in
which the law of change of mechanical energy is applied during the rotation of the wheel drive over an obstacle, i.e., the energy
supplied to the wheel drive and the quantitative movements kinematically distributed in the wheel drive in the controlled motion
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of the car relative to the wheel disc with summing up the traction force of the car with the portable forces of the quantitative
movement, and this allows us to approach the consideration of the implementation of the torque on the wheel drive more
expediently. The methodology of the study was to establish a mathematical relationship between the quantitative movements
kinematically distributed in the wheel drive in the car movement controlled relative to the wheel disc and the parameter of
quantitative movements, as well as with the dynamic mobility of the car itself. The result of the research is the development of
the elements of the theory of quantitative movements kinematically distributed in the wheel drive. When revealing the concept
of "dynamically developed suspension”, equations were used that mathematically confirm the connection with the quantitative
movements kinematically distributed in the wheel drive in the controlled movement of the car relative to the wheel disc, which
allows overcoming obstacles on the way and supporting surface in certain conditions of vehicle operation. The value of the
conducted research, the results of the conducted work will allow to make a contribution to the automotive industry. The proposed
car model is suitable for use in order to increase the ability of vehicles to overcome obstacles.
Key words: physico-mathematical model, force, wheel, obstacle, car.
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EJEMEHTHU TEOPIi JUHAMIYHO PO3BUHYTOI NIJBICKH BINCbKOBOI'O ABTOMOBLIS

Konicni  pywii eiticbko602o0 asmomobiis npusHaueHi 0as 1020 nepemiyjeHHs 01 3A008LIbHEeHHS GUKOHAHHS
MEXHONO2IYHUX 3A80AHb 8 30HT HADAUINCEHUX 00 OOUIOBUX, dJle Ysl BUMO2A He 8 NOGHIN MIPI 3a00801bHAEMbCS. Le nos szano
3 GUKOHAHHAM BULENEPeNiKOBANUX 3A60AHb 68 CKIIAOHUX YMOBAX, 8 YMOBAX Oe300pidicics. [l 3abe3neyents 0008 13K08020
BUKOHAHHA MA HAOTUHOCMI MEXHONOSITYHUX NepemMiuyerb 8 MAKUx yMoeax (axisyi 3 KOHCMpPYKYiu c8oi Jii cnpamysaiu Ha
VOOCKOHALEHHS X000801 YACMUHU 8 YACMHOCI NIOBICOK.

B cmammi poszensinymo numanms meopemuyno20 00CHIONCeHHs KOHCMPYKYIL pO36UHYMOT NiOGICKU BIlICbKOBO2O
asmomobina Ilepemiugenns aemomoobinss 30MCHIOEMbCS 34 OONOMO20I0 KONICHUX PYWiie, 5Ki 6 HEenoGHil Mipi
3a0080bHAIONMb BUKOHAHHS MEXHOLO2IYHUX 3A60aHb 6 30HI HaOIUdICenux 00 Ootiosux. OCHOBHUM HEOONIKOM ABNAEMbCS
BUKOHAHHS BUMO2 NEPEMILeHHs BILICbKOBO2O ABMOMOOLIA 8 YMOBAX DE300PINCIHCA, d 6 OeAKUX BUNAOKAX HEMOICTUBICTD
11020 nepemiwenus. /[na niosunjeHHs HadiliHOCMI MeXHOI02ii nepemiujeHHs agmoMoOiIsA 8 yMO8ax 6e300pixcaics po3poOKU
Qaxisyie cimo6oco pieHsa cCNpAMOBAHI HA YOOCKOHAIEHHA KOHCMPYKYIT 1020 NIOBICKU a MAKON#C MEeXHON02TT nepemilyeHHs
8 YMO8ax 6e300PIidNCIHC 8 CINAMMI PO3AAHYME NUMAHHS OOCTIONCEHHL OUHAMIYHO PO3GUHYMOL NIOGICKU BIICbKOBO2O
a8mMoMOOLISL KITbKOCMI PYXi6 CUCmeMuU, ma pyxy yenmpa Mac yici cucmemu.

104



BICHUK XHTY N 1, 2024 p. IH’KEHEPHI HAYKH

Memoto docniodxcentss € YOOCKOHANIEHHA MEXHON02IYHOI CXeMU HABAHMANCEHHA KONICHO20 pPyuiis npu nepeizoi Hum
onopu, nepemeopeHHs eHepeii niosedeHoi 00 KONICHO20 pyulia ma KilbKiCHUX pPYXi8 KIHeMAamuyHO pPO3CepeoHCeHux
6 KONICHOMY pYyuiii 6 Kepo8anuu 6iOHOCHO OUCKA KOLecd PYX d8MOoMOOLIsL 31 CKIAOAHHAM MA208020 3YCUNISL ABMOMODLIsS
3 NePEHOCHUMU CUTLAMU KLTbKICHO2O0 PYXY, SIKA € OONOMINCHUM (PAKMOPOM 00 IHHOBAYIUHOT MEXHON02I 1020 nepemiuyeHHS.

Hayxosuii ma npakmuunuti Hanpsim pobomu NOS2AE 6 MOMY, WO 6nepuie po3IAHYMA MeXHONO02IsA 6 SKIl npu 00epmanHi
KOJICHO20 pyuiisi N0 nepeutkooi 3acmocoBaHO 3aKOH 3MIHU MEXAHIYHOL eHepeil,moomo, eHepeii nioedeHoi 0o KOMCHO20 pyuiis
Ma KibKICHUX PYXi6 KIHeMAMUYHO PO3CEPe0NHCeHUX 8 KONICHOMY PVl 8 KeposaHull 8IOHOCHO OUCKA Kolecd pyx asmomooina 3i
CKAAOAHHSIM MSI206020 3YCUIISL AGMOMODLTISE 3 NEPEHOCHUMU CUTLAMU KITIbKICHO20 PYXY a Ye 00360751€ Oibul OOYLIbHO NIOImMU 00
PO32I0Y peanizayii KpymHo20 MOMEHNY Ha KOTICHOMY pyuiii. Memooonoaieio 00CiONCeHHS AGTI0CH BCIMAHOGUMU MATEMAMUYHULL
36 130K MIIC KIIbKICHUMU PYXAMU KIHEMAMUYHO PO3CEPEONCCHUMU 6 KOTICHOMY PYWlil 8 KepoBaHull GiOHOCHO OUCKA Kolleca pyx
asmomooiis ma napamempom KilbKICHUX pyXi6, ad MAKoN’C 3 OUHAMIYHOIO PYXTUBICHIIO 0e310cepeOHbo asmoMOoOLTIA.

Pesynemamom 0ocniodcenns € po3podKa enemeHmie meopii KiMbKICHUX pPYXi6 KIHeMAmuyHO pPO3CepeodtCeHuUx
6 konichomy pywii. Ilpu poskpummi noHamms «OUHAMIYHO PO38UHYMOI NIOGICKUY» OVIU BUKOPUCMAHT DIGHAHHA, SKI
MAMemMamuyHo NiOMEEePOHCYIOMb 38 130K 3 KIIbKICHUMU PYXaAMU KIHEMAMUYHO pPO3CepeO#CeHUMU 8 KOMICHOMY pyulii
6 KepoBaHUll 6IOHOCHO OUCKA KOIecd PYX A8MOMOOLISL. U0 00360IAE NOOOJAHHS NEPEUKOO HA ULTSXY MA ONOPHOT NOBEPXHI
6 nesHux ymosax excniyamayii asmomoo6ins. L{innicms nposedenoeo docuiodcenns, pesyivmamu nposedenoi pobomu
003607151Mb 3pOOUMIU BHECOK 8 2AJIY3b ABMOMODLIBHO20 8UPOOHUYMEA. 3anponoOHO8AHA MOOETb A8MOMOOLISL NPUOAMHA
07151 BUKOPUCTNAHHSL 3 MEMOI0 NIOBULYEHHS MONMCIUBOCHIEN NOOOLAHHS NepPeuKo0 MpaHCnOPMHUMUY 3ACODaMUL.

Knrouoei cnosa: ¢izuxo-wamemamuuna mooens, cuid, Koieco, nepeuxood, asmomooins.

Formulation of the problem
A military vehicle carrying out tasks in unprepared road conditions receives the action of external forces as well
as shocks from the side of the road, which contributes to the appearance of uncontrolled movements and oscillations
along the longitudinal, transverse and vertical axes. To eliminate such shortcomings, a car suspension is designed,
which directly perceives the action on the car P movement, Ga and Ra (Fig. 1).

Fig. 1. Scheme of actions of force external loads on a military vehicle

Damping of such movements in the car between the running system and the supporting system is provided by a
kinematic connection — elastic suspensions and shock absorbers. With a high-quality selection and execution of such a
kinematic connection, it is possible to achieve consistency of the characteristics of the elastic elements of the suspension
and shock absorbers, which weakens the negative forces and impulses on comfort, safety and high-quality performance
of the task.

Car suspension is a device that ensures elastic coupling of car wheels with the supporting structure of the body. In
addition, the suspension regulates the position of the vehicle body during movement and helps reduce the load on the
wheels. In the modern automotive world, there is a large selection of different types of car suspensions, the most popular
of which are spring, pneumatic, spring and lever.

Examples of testing a military vehicle in different road conditions are shown in (Fig. 2—4).

la ]

Fig. 2. Movement of a military vehicle in mountainous terrain
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Fig. 4. Movement of a military vehicle when diagonally hung

When developing the suspension structure, we suggest considering elastic elements and a vibration damping system,
which not only provide comfortable movement, but also as an auxiliary factor in realizing the traction capabilities of the
car. Thanks to this combination, the suspensions should not only resist external forces by limiting their transmission to the
car body, but also contribute to increasing the traction capabilities of the car.

Highlighting previously unresolved parts of the overall problem

World-class automotive experts failed to come to the conclusion that the movement of the wheel drive car can be
divided into two movements: the primary movement of the car wheel in the vertical plane and the secondary movement
of the car wheel in the direction of the car's movement (Fig. 5). Taking into account the explanation to (Fig. 5), we have
given a model of the power load of a military vehicle (Fig. 6).

‘s primary motion of
| a car wheel ina

%/ wvertical plane

™/ { secondary
movement of a car
. wheel in the

angular mvelocity direction of travel
vector

Fig. 6. Power load of a military vehicle
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P..x — traction force MEZ; P, — tangential traction force of the MEZ; P;— force of rolling resistance of the wheel drive
MEZ; P; — the lifting resistance force of the MEZ; P;, — inertia force; P, — the driving force of the MEZ; G,, — operating
weight MEZ; P, — the force of the road's reaction to the MEZ transmission.

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 the suspen-
sion of a military vehicle used in off-road conditions, and in some cases the impossibility of moving it. To increase the
reliability of the technology of moving a car in off-road conditions, the development of world-class specialists is aimed
at improving the latest models of its suspension design with the improvement of the technology of moving it in off-road
conditions [1, pp. 15-16, pp. 306-307].

Setting objectives

In order to increase the reliability of the movement of a domestically produced military vehicle, we proposed the
design of a dynamically developed suspension of a military vehicle and the technology of its use for a vehicle with a mod-
ernized wheel drive, the movement of which is designed to overcome various obstacles and its movement is supported by
inertial components that are formed during the movement of the vehicle.

Presentation of the main research material

According to the assigned task, we have developed a diagram of a model model of a car with a dynamically developed
suspension (Fig. 7), which is additional to the main spring suspension.

Fig. 7. Military truck with dynamically developed suspension

1. The car frame is modernized with dynamic elastic elements;

2. Dynamic and dynamic elements are built into the frame of the car;

3. The vertical rack is hinged on the wheel axis;

4. Vertical elastic element;

5. Movable lever;

6. The wheel drive of the car.

(Fig. 8) shows an example of the implementation and installation of a dynamically developed suspension with a wheel
drive in the frame of a military vehicle.

Fig. 8. Axenometric image of a dynamically developed suspension with a wheel drive

A physico-mathematical model (Fig. 9) was created to calculate the dynamically developed suspension.
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Fig. 9. Physical model of the interaction of a car wheel with a dynamically developed suspension

The dynamically developed suspension system consists of three bodies:
weight OOy; moving wheel; rod AB.
The amount of movement of the system will be in vector form

K=K, +K, + K3 (1

Where, 4 amount of lever movement;

K5 the number of wheel movements;

K3 the number of movements of the AB rod.
Each of the number of movements will have a mathematical form:

P
Ky = ch; @)
K, = %Vcl; 3)
Ky =2y, )

g

Where, P, P,, P;— forces that are applied according to the lever OO; moving wheel 1, rod AB.
Then the equation of the number of movements of the system takes the form:

= _Pi5—  Pp— | P
K:ch1+ch2+gVo %)

Where, v, V,,,V, ‘speed points O, C, center of gravity of the lever OO,, C, — center of gravity of the rod AB. Points

O; ta C, are on the lever OO,, which rotates about the axis O, therefore vectors V_C1 taV, perpendicular to OO, and cor-

respond to:

— T
Ve, = 50 Tavy, =10 (6)

We assume that the rod AB moves gradually, then
Ve, =Va )

Vector ¥ directed along the rod AB. Instantaneous center of rotation of the wheel I is at a point C wheel contact I and
II so

Va _ AC _ 2rsing _

Vo = 0rC 2sing, ®)

ne ¢ = wt —angle of rotation of the lever OO;.
From the ratio (3) follows
Va4 = 2vg,sing = 2rw sin (wt) 9)

Corresponding projections of the number of movements of this system

__h — _To(P\ _ _rwcoswt
Ky = —2 V,cosp =~ (g)_ S (Py + 2P) (10)
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P ) P ) P P P ) 2P .
Ky == V¢ sin @ + =V, sing + -2V, == = ~w sinwt + -rw sinwt + —rw sinwt =
g g "t g g 2 g g

(11)

rw sinwt
= 29 (P, + 2P + 4P,)

Research results
Research was conducted in the Excel environment. The results of calculations of the work process of a dynamically
developed suspension are shown in (Fig. 10).

x

Fig. 10. Display of the operation of a dynamically developed suspension of a military vehicle

Conclusions
1. When considering the article elements of the theory of the dynamically developed suspension of a military vehicle,
the equation of the projection of the number of movements of the dynamically developed suspension along the X and Y
axes was obtained.
2. For the first time, the influence of the number of movements of a dynamically developed suspension on increasing
the traction capabilities of a military truck was revealed.
3. The additional working area is shown on the graph (Fig. 10), and begins with 5xH m1012 xH.
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