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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 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
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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 NIJABICKH BINCbKOBOI'O ABTOMOBLIS

Konicni pywii sitlicbko6020 agmomobing npuznaueni 0Jist 1020 nepemiujertst 0Jist 3a008LIbHEHHs. 6UKOHAHHS MEXHON0-
2IYHUX 3a80aHb 6 30Hi HADAUICEHUX 00 OOUOBUX, Ale Ysi BUMO2d He 8 NOBHIU MIpI 3a00601bHAEMbCA. L]e no6’si3ano 3 uro-
HAHHAM SUU4eNepeliKo8aHUX 3a80aHb 8 CKIAOHUX YMO08ax, 8 ymogax bezdopidxcocs. [nsa 3abe3neuents 0008 13K08020
BUKOHAHHSA MA HAOIIHOCMI MEXHONO0TUHUX nepeMilenb 8 MAaKux yMosax (axisyi 3 KOHCMpYKyii coi 0ii cnpamysanu Ha
YOOCKOHANEHHS X00060i YacmUHU 8 YaCMHOCMI NiOGICOK.

B cmammi posensinymo numanms meopemuuno2o 00CaiONHCeH st KOHCMPYKYIT pO36UHYMOT NiOBICKU BIlICbKOBO20 a8MO-
Mmobins Ilepemiugenns asmomodins 30iCHIOEMbCSL 30 0ONOMO20I0 KOMICHUX PYULil6, SIKI 8 HEeNOGHIL MIPI 3a0080IbHIOMb
BUKOHAMHS MEXHONOTYHUX 3A80AHb 8 30HI HAbUNCEHUX 00 60U06UX. OCHOBHUM HEOONIKOM ABNAEMbC BUKOHANHS GUMO2
nepemiwenHs iticbKo8020 agMomMoDiis 8 YMOBAX 6e300DidIcIHCs, A 8 OEAKUX GUNAOKAX HEMOICTUBICTG U020 NepeMilyeHH L.
Jlna nioguwenus HaOiliHOCMI MeXHON02ii nepemiujeHHs: A8MoMoOIA 8 YMOBAX Oe300pidciHcs po3pobKu paxisyie caimo-
6020 PIi6Hs CNPAMOBAHI HA YOOCKOHALEHHS KOHCMPYKYIT 11020 NiOGICKU a MAKOMIC MEXHON02ii nepemiuents 8 ymosax
be300pidcocs 6 cmammi pO32SIHYMI RUMAHHS O0CTLONCEHHST OUHAMIYHO PO3GUHYMOT NIOBICKU GilICbKOBO20 A8MOMOOLIS
KIIbKOCMI pyXi@ CUCeMU, ma PyxXy YyeHmpa Mac yiei cucmemu.

Memoro docniddicentss € YOOCKOHANEHH MEXHONOZIYHOT cXeMU HABAHMANCEHHS KONICHO20 PYWiisi npu nepeizoi Hum
0Onopu, nepemeopenHs. eHepeii nidgedeHoi 00 KONICHO20 PYWis Ma KibKICHUX PYXi6 KIHeMAMUYHO PO3CepeOtCeHUX 8 KOLiC-
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HOMY pywiii 6 Kepoganuti 6i0HOCHO OUCKA KOLeca pyX a8momoois 3i CKIAOAHHAM MA208020 3YCULISL AGMOMODINs 3 nepe-
HOCHUMU CULAMU KIIbKICHO20 PYXY, KA € OONOMINCHUM (DAKMOPOM 00 THHOBAYINIHOT MEXHON02IL 1020 NepemMitjeHHsl.

Hayxoseuii ma npaxmuunuii Hanpam pobomu ROAALAE 6 MOMY, WO 8nepuie po3IAHYMA MeXHON02IA 6 AKIl npu obep-
MAHHI KONICHO20 PYULisi N0 NEPeUKooi 3aCmMOCO8AHO 3AKOH 3MIHU MEXAHIUHOI eHepeil,mobmo, enepaii niosedenoi 00 Koic-
HO20 pyulisi ma KilbKIiCHUX pYXi6 KiHeMamuiHO po3cepeddiCeHux 8 KOLCHOMY pYulii 8 KepogaHutl 6i0HOCHO OUCKa Koiecd
PYX asmomo0iis 3i CKAAOAHHAM MA2068020 3YCUNISL AGMOMODINA 3 NEPEHOCHUMU CULAMU KIIbKICHO20 PYXY a ye 003605€
Oinbu doyinbHO NICIUMU 00 o320y peanizayii KpymHo2o MOMeHmy Ha Konichomy pyuii. Memoodonozicto 00cnioxcenHs
ABNANOCA BCMAHOGUMU MAMEMAMUYHUU 36 A30K MiIC KITbKICHUMU PYXaMU KiHeMamuiHo po3cepeodtceHUMU @ KONICHOMY
Pyl 6 KeposaHuil BIOHOCHO OUCKA KOAeca pyxX aemoMoOiisi ma napamempom KilbKiCHUX PYXi6, a Makoic 3 OUHAMIYHOIO
pyxaugicmio 6e3nocepeorHbo asmomoobisa.

Pezynomamom 0ocniodxcents € po3podxa enemenmie meopii KiibKiCHUX PYXi6 KIHEMAMUYHO PO3CEPeONCeHUX 8 KOTIC-
Homy pywiii. Ilpu poskpummi noHamms «OUHAMIYHO PO36UHYMOT NIOGICKUY» OYIU BUKOPUCMAHT DIBHAHHS, SKI Mamema-
MUYHO NIOMBEPOIICYIOMb 36 A30K 3 KIbKICHUMU PYXAMU KIHEMAMUYHO PO3CEPEOAHCEHUMU 8 KONICHOMY PYULii 6 Keposanuil
BIOHOCHO OUCKA KOJeca pyxX aGMoMOOiNA. w0 0036018€ NOOONAHHA NEPEUKo0 HA WNAXY MA ONOPHOI NOGEPXHI 6 NEGHUX
ymosax excniyamayii agmomo6ina. L{innicmo npogedenozo 00caiodcenis, pesyibmamu nposedenoi pobomu 003601amy
3pOOUMU 6HECOK 8 2aNY3b ASMOMODINLHO20 6UPOOHUYMEA. 3anPONOHO8AHA MOOETb A8MOMODINA NPUOAMHA 01 6UKOPUC-
MAKHSA 3 MEMOI0 NIOGUWEHHS MONCTUBOCTEN NOOOAAHHS NEPEUUKOO MPAHCROPIMHUMU 3ACOOAMU.

Kniwouosi cnosa: gizuxo-mamemamuyna mooeis, Cuid, Koieco, nepewrood, agmomodis.

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).

Fig. 2. Movement of a military vehicle in mountainous terrain

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
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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.

Fig. 3. Movement of a military vehicle when Fig. 4. Movement of a military vehicle when
overcoming a stationary obstacle diagonally hung

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).

Fig. 5. Scheme of a new approach to determining the movement of an automobile wheel drive

Fig. 6. Power load of a military vehicle
P... — 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; Py, — 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
suspension 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].
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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 modernized
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.

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 OO,; moving wheel; rod AB.
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The amount of movement of the system will be in vector form

K=K, +K+K; (1)
Where, K; amount of lever movement;
K, the number of wheel movements;

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

P
Kl*;l['{:; (2)
K= 2V, 3)
Lt
_Ey 4
K;= g (4)

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:

_ __ P, p_
K=""Ve, + Ve, + V. ®)

Where, V5, Ve,, 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¢, Tal}y perpendicular to OO, and
correspond to:

.
Ve, = Em Ta Vg, = I'w. (6)

We assume that the rod AB moves gradually, then
V.a_-__ = VA- (7)

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

II'so
Va AC Zrsing

or = or - r = 2sing, ®)
Where, @ = twt — angle of rotation of the lever OO,.
From the ratio (3) follows
Vi = 2ug,sing = 2rw sin (wt), )
Corresponding projections of the number of movements of this system
By _ Fw i _ _ rocoswt .
Ky =~ Ve,coso=—— (g)— - (P, +2P) (10)
r P i £ ; Prpp BTy L i 5i 2P s 5 -
K, = 2 Ve sin ¢ +gV[,__smqo+ . == 2 w sinwt +g?m Sinwt +—rw sinwt =
1w sinwt .
==, (P +2P+4P) (11

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).

Fig. 10. Display of the operation of a dynamically developed suspension of a military vehicle
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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 5kH 1012 xH.
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