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CONSTRUCTION POSSIBILITIES WITH VARIABLE

UNDERCARRIAGE GEOMETRY

The article deals with the research of elements of the theory of a car with a variable chassis geometry. The

study of a car with a variable chassis geometry was connected with the application of the Lagrange equation.
As a generalized coordinate, the angular displacement of the moving wheel from its position with the contact
in the support surface was accepted — .

The purpose of the study is to create a technological diagram of a mobile wheel drive when transferring
the energy of the wheel drives oscillating motion due to the “transition” of kinetic energy into potential
energy and vice versa due to elastic elements made according to a special geometry with the creation of a
transfer force that acts on the frame of a car with a variable chassis geometry and 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 a technology for
a car with a variable chassis geometry is proposed, in which its movement along the road is applied by the
"transition" of potential energy into kinetic energy by the oscillating movement of the wheel, connected to the
frame of a car with a variable chassis geometry parts with elastic elements made according to a special geometry.

The result of the research is the development of elements of the theory of a car with a variable chassis
geometry with a movable wheel, which allows to create a design of a promising car with a variable chassis

geometry with an oscillating wheel, and thereby offer increased mobility for the car.
The proposed car model with oscillating wheel movement is suitable for use in difficult conditions.
Key words: physical-mathematical model, force, oscillatory motion, potential energy, kinetic energy.

Formulation of the problem. The energy of forward
movement of a car with a variable chassis geometry
can be an indicator of its energy level. When used in
difficult conditions, more advanced technologies are
used to use its energy to support gradual movement. To
maintain the established movement of a vehicle with a
variable chassis geometry, its speed must be supported
by the “transition” of kinetic energy into potential
energy and vice versa [1, 2, pp. 1-3].

Highlighting previously unresolved parts of the
overall problem.
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Modern cars with variable chassis geometry use
a higher level of tangential traction force to perform
the process of gradual movement, which occurs
when the wheel driver contacts the supporting sur-
face and acts directly on the wheel driver. In the
absence of reaction of the support surface, there is
no tangential traction force. For its restoration, more
detailed structural improvements of the wheel drive
are needed in order to forcibly create the reaction of
the support surface, and thereby the tangential trac-
tion force.
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We have proposed constructive improvements of a
car with a variable chassis geometry, where a moving
wheel is proposed in the chassis, the purpose of which
is to convert potential energy into kinetic energy and
vice versa, and thus the wheels of a car with a variable
chassis geometry roll over the support surface
(Fig. 5) [3, pp. 125-136], [4, pp. 85-94].

Fig. 1. The mobile device is made according to the
declarative patent "Frog' method of moving a mobile
energy device designed by L.M. Petrova': 1 — wheeled

motor; 2 — toothed protector; 3 — hub; 4.5 — clamps;
6 — control cylinder; 7 — body; 8 — piston; 9, 10 — rods;
11, 12 — springs; 13,14 — tread joints; 15, 16, 19, 21 —
teeth; 17, 18, 20, 22 — depressions; 23, 24 — hinges; 25,
26 — cavities; 27, 28 — holes; 29 — wire

Fig. 5. Model model of a car with variable
chassis geometry

Setting objectives

The task of creating the proposed car with a variable
chassis geometry is the selection and justification of the
deflection angles of the movable wheel of the chassis,
the deflection angle of which affects the realization of
the energy indicators of the technical capabilities of the
car with a variable chassis geometry.

Presentation of the main research material. We
conducted theoretical studies of the oscillating motion
of the free wheel of the chassis of a car with variable
geometry of the chassis (Fig. 6) in order to identify
the motion parameters of the proposed structure in
any operating conditions.

Fig. 2. General appearance of a car with advanced
wheel drives

Fig. 3.The general appearance of the wheel drive
according to the declarative patent “Petrov-Borysenko
method of increasing the patency of the traction and
transport system”
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Fig. 6. Physical model of a car
with variable chassis geometry

In order to simplify the theoretical studies of the

. . . oscillatory motion of the free wheel of the chassis,
Fig. 4. Drawing according to the Petrov-Borysenko . . . .
method, regarding the improvement of the we present a simplified physical model of a car with a
traversability of the traction and transport system variable geometry of the chassis (Fig. 7).
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Fig. 7. A simplified physical model of a car
with a variable chassis geometry

As a generalized coordinate, we take the angular
deviation of the moving wheel (Fig. 8) from its
position with contact in the support surface — ¢. As
an excess coordinate, we use the amount of lifting the
wheel up to the frame by the amount —y.
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Fig. 8. Drawing for calculating the generalized
coordinate of the angular deviation of the moving wheel

Let’s write the equation of moments relative to
hinge A, which is a fixed point of the system — the
point of suspension to the frame of the moving wheel:

Mgion + Mkon + Minep = 0
Msgion = —mg -1 - sin ¢
We will take into account that the angle is small, then
Megion = —mg - lo
Moment of the wheel — M ; we will neglect
Mron =0

The moment of inertia of the moving wheel
together with the suspension:

Minep = -1 - (p” = —m[2 . (p”

The equation of motion of the wheel together with
the suspension will look like this

mgl-cp—m[2~(p”:0
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To check the created mathematical model, we use
the Lagrange equation, the components of the energy
of the suspension wheel will have the form:

— kinetic energy

T:.VG@2 :mCZZO@Z

— potential energy
II=mg-h=mg-y,
where y — is the lifting height of the wheel (excessive
coordinate)

Y =1 —1-sin(p) = 2/ - sin® @)
At small angles

y=1I-

\SIES]

Then the expression for the potential energy will
have the form ,
IT=mg-I %
The general Lagrange equation has the form
d [dTJ_aT+aH+a®
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Then the equation of motion will have the form:
m-g-l-g-m-1>¢" =0
Changing the position of the wheel relative to the
support surface:

y = L(1-cos )
at small deviation angles

2
g
Y=

The amount of displacement of the point of
attachment of the elastic element and the damper
I, =1-sing at small angles @:/, =/ ¢

Within the limits of small deviations, the
deformation of the elastic element will be considered
to be close to the amount of displacement, /,

As a basis for calculations, we will use the
Lagrange equation (1) Kinetic energy of the proposed
system:

and potential energy of the system
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Yioa-(¢')  ml (o)
p_ Yeor-(o')" _mP’-(o') 2)
2 2
H:m-g-y+i:m'g'L'q)2+cllZ'(P2:(m-g-L+c-[2)~¢i (3)
2 2 2 2

Energy of the generalized deflection angle of the
moving wheel: ,
61 ((p' )

o= )
The derivatives of (2, 3, 4) would have the form
i ﬂ — 2 11
dt \ o¢’
o
o
a—z(m g-L+c 12) ®
0
el

The equation of motion of the car will look like this:
m-I' ¢ +6-1" ¢ +(m-g«L+c-12)(p=0
The canonical form of this equation has the form
o' +2n-9' +p - 9=0;
2
where 2n = S—IL - relative damping coefficient;
m .

P2:(m-g-L+c~12)
m- I

system.

If the coefficients n i p are permanent, and n > p then
) — cle—(n-v-\ n-p* )x+cze—(n—\ n’-p*)x

- natural frequency of the

o(x

Ifn <p, then i = V-1

(p(x) — Cle*(mi\ pr-n*)x +Cze—(n—i\ pr-n*)x

or

o(x) = c,e”™ (cospx — sin Bx) + c,e ™ (cos fx + sin fx) ,
where B =/ p’ — n> — generalized damping coefficient,
natural frequency of the system.

@(x) = e (¢; cos Px + ¢, sin Bx),

ne B =+p> -n*,ne c',cc,c*—HeBigoMi KoeilieHTH,
11O BU3HAYAKOTLCA ITOYATKOBUMHU yMOBaMI/I.
If o(x)=0, then
o(x) = ¢ (e’(’“v"z’”Z X —e"”’v”z"’z)")

o(x) = c,e™ sin Bx , where B =+/p> - n’

Conclusions

1. The design of an improved car with variable
undercarriage geometry is proposed, with the
undercarriage of an additional movable wheel, the
purpose of which is to convert potential energy into
kinetic energy and vice versa, and thus the wheels of
a car with a changed undercarriage geometry roll over
a support surface.

2. The substantiation of the angles of deviation
of the movable wheel of the chassis, the angle of
deviation of which affects the implementation of the
energy indicators of the technical capabilities of the
car with a changed geometry of the chassis, has been
substantiated.

3. The deviation angle ¢ of the movable wheel
is more influenced by the natural frequency of
oscillation of the movable wheel than the relative
damping coefficient.
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Hetpos JI.M., Kimsnyc 1.B., BepniBebknii C.M., MaaunoBcbkuii O.A., Hikimmun B.A., eayxin C.B.
KOHCTPYKHWBHI MOKJIMBOCTI 3 MHEPEMIHHOIO TEOMETPIE€IO XOJ10OBOI YACTUHHA
Y emammi pozensanymi numanms 00CHONCEHHS eeMeHmis meopii 8ilCbK08020 asmMomMo0biist Ol A8MOMO-

01151 3 NEPEMIHHOIO 2eOMEeMPIEI0 X00080T YACMUHU 31 3MIHEHHAM KONICHOL hopmynu x00060i wacmunu. J{ocni-
02iCeH sl ABMOMODLIS 3 NEPEMIHHOIO 2eOMEMPIEI0 X000801 yacmuHy OY10 NO8 sI3aH0 3 3ACMOCYBAHHAM pi6-
Hauna Jlaepamnoica B sikocmi y3aeanvuenoi koopounamu 6y10 npuiiHsamo Kymoeutl 3¢y8 pyXaueoo Koieca 6io
11020 NONONCEHHSL 3 KOHMAKMOM ) ONOPHIL NOGePXHI — ¢. B sikocmi HaOauwKo8oi Koopounamu 6y10 UKOpPUC-
MAaHo 8eIUYUHY NIOUOMY Koleca 820py 00 pamu Ha eeauduny — y. Taxodc, 6y10 cKi1a0eHo pigHAHHA MOMEHMI8
BIOHOCHO WAPHIPA, AKULL € HEPYXOMOIO MOYKOI0 CUCHEMU — MOUYKOI0 Ni08icy 00 pamu pyxaueo2o Koieca. J{ns
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piwenns piensinus Jlacpanoica 6y10 8UKOPUCTIAHO MeopemMu NPO 3MIHY KIHemuyHo! ma nomenyitiHoi enepeii
MAKo20 PyXau8o20 KONICHO20 PYUlisl.

Memoio docnidoicents € CMEopeHHs: MEeXHON02IUHOI cXeMU PYXAUB020 KONICHO20 PYyulist npu nepeoayi enepeii
KOIUBANLHO2O PYXY KOMICHO20 PYULIsl 34 PAXYHOK «Nepexo0yy» KiHemuyuHoi 6 nomenyitiny enepeito ma Haenaxu
3G PAXYHOK NPYICHUX elleMeHMi8 BUKOHAHUX NO CNeYlanbHili 2eoMempii 3i CIM8OPeHHAM NePeHOCHOI CUlU, Kd
di€ Ha pamy agmomodins 3 NePeMiHHOI0 2eOMEeMPIEI0 X000801 YACMUHU | € OONOMINCHUM PAKMOPOM 00 THHO-
8ayiliHOI MeXHON02IT 1l020 nepemiuyeHHs.

Hayxosuii ma npaxmuunuil Hanpsm pobomu noisedae 6 momy, wo enepuie 3anponoHo8aHo mexHonoz2is 0ns
asmomo0ins 3 NEPEMIHHON 2eOMEMPIEI0 X00080T YACMUHY, 8 SKIll 11020 NepeMileHHs N0 O0PO3i 3aCMOCOBAHULL
«nepexio» nomeHyilHoi enepeii @ KinemuyHy WAXoM KOTUBATLHO20 PYXY KONecd, 38 A3AHUL 3 PAMOI0 Ad8MoMO0LIA
3 NEPEMIHHOIO 2eOMEMPIEI0 X000B80I YACUHU NPYICHUMY eleMEHMAMU BUKOHAHUX N0 CReyianbHill 2eomempii.

Pesynomamom docniosicennsi € po3pobra enemenmie meopii asmomooijisi 3 NepemiHHOI0 2e0Mempier X000-
601 YacmuHu 3 PYXIUGUM KOIECOM WO 00360IAE€ CIMEOPUMU KOHCMPYKYIIO NEPCHEKMUBHO20 A8MOMOODINs 3
NEePEMIHHOI0 2eOMEMPIEI0 X00080T HACTUHU 3 KOIUBANLHUM KOECOM, d MUM CAMUM 3anponoHysamu niogu-
weny pyxaugicme 0151 asMoMOOINs 3 NEPEMIHHOIO 2e0MEMPIEI0 X00080i YACMUHU.

Jlocniooicenns 0036015mb 3p0OUMU BHECOK 8 2AIY3b ABMOMOOIILHO20 UPOOHUYMEA.

3anpononosana mooens asmomoding 3 NepemMinHOI 2eoMempicto X00060i YaCMUHU 3 KOTUBATLHUM PYXOM
Koseca npuoamHum OJis BUKOPUCTIAHHS 8 CKIAOHUX YMOBAX.

Knwwuogi cnosa: gizuxo-mamemamuyna Mooens, Cuia, KOTUBATbHUL PYX, NOMEHYIIHA eHepais, KiHemuuna
eHepeis.
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