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ANALYTICAL MODEL OF ENERGY DETERMINATION VERTICAL
VIBRATIONS WITH MULTI-NUMBER AND MULTI-LEVEL DAMPING OF
MOBILE MACHINES ACCOUNTING FOR ROAD IRREGULARITIES

Matmurodov Farkhod Matkurbonovich
professor of the Chirchik Higher Tank Command Engineering School;
'matmurodov@yahoo.com
?Khalikov Abdiravub Mamarakhimovich
head of the laboratory “New technologies in aquaculture”;
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3Borisenko lvan Borisovich
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“‘Bayzakov Takhir Mirzanovich
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Annotation. The results of theoretical studies of multi-numerical and multi-level
damping, as well as the influence of the relaxation element on the vibration-protective
properties of the suspension of mobile vehicles, are presented. The vertical vibrations
of mobile machines with multi-numerical and multi-level damping and on a relaxation
damper were mathematically modeled. The damping of the main parts of a wheeled
tractor was analytically determined, and the damping of the main parts of a multi-row
relaxation wheeled tractor was also analytically determined.

Key words: damping; multi-level damping; relaxation element; vibration-proof
property; suspension; mobile car; vertical oscillation; relaxation damper; wheeled
tractor.

AHAJIUTHUYECKAS MOJEJIb OIIPEJEJIEHUS S)HEPTUN
BEPTUKAJBHBIX KOJIEBAHUY C MHOT'OUNUCJEHHBIM U
MHOI'OYPOBHEBBIM JEMII®UPOBAHHUEM MOBUJIBHBIX MAIIIUH C
YYETOM HEOJJHOPOJHOCTEM JOPOXHOT O IBUKEHUS

AnHoTaums. IlpeactaBieHbl pe3ynbTaThl TEOPETUYECKUX HKCCIEA0BaHUN
MHOTOYHMCJIOBOTO ¥ MHOTOYPOBHEBOTO JIeMI(UPOBAHUS, a TaKKe BIUSHUS
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pETaKCaIlMOHHOTO 3JIEMEHTAa Ha BHOPO3alIUTHBIC CBOWCTBA TOJBECKH MOOWMIBHBIX
TPAHCTIOPTHBIX CPEACTB. MaTeMaTHYeCKu CMOJICTMPOBAHBI BEPTUKAIBHBIE KOJICOaHUs
MOOWJIPHBIX MAIllMH C MHOTOYHCIIOBEIM M MHOTOYPOBHEBBIM JCMII(PUPOBAHUEM H Ha
nemrndepe penakcaruu. AHaJUTHYECKHA OINPEAesieHO AeMI(PUpPOBAHNE OCHOBHBIX
qacTell KOJIECHOTO TPaKTOpa, a TaKKe aHAIUTHUYECKU OMpEACNICHO IeMI(pUPOBaHNE
OCHOBHBIX YacTell MHOTOPSAHOTO PENAKCAIMOHHOTO KOJIECHOTO TPAKTOPA.
KiroueBbie cioBa: nemndupoBaHue; MHOTOYPOBHEBOE AeMI(UPOBAHUE;
AJIEMEHT peJlaKCcaliK; BUOPOYCTOMYMBOE CBOWCTBO; IMPHOCTAHOBKA; MOOMIHHBIN
aBTOMOOWJIb; BEpTUKAILHOE KoJiebaHue; neMndep peliakcaluu; KOJIECHBIN TPaKTop.

YO‘L HOLDAGI BUZISHLARINI HISOBIGA QO‘YILGAN MOBIL
MOSHINALARNING KO‘P SONLI VA KO‘P DARAJALI SO‘G*ARISHI
BILAN VERIKAL VIBRASYONLARNI ENERGIYANI ANALITIK
TAHLILIK MODELL.

Annotatsiya:. Ko'p sonli va ko'p darajali amortizatsiyaning nazariy tadgigotlari
natijalari, shuningdek, bo'shashtiruvchi elementning mobil transport vositalarining
suspenziyasining tebranish-himoya xususiyatlariga ta'siri keltirilgan. Ko'p sonli va ko'p
darajali amortizatsiyaga ega va bo'shashtiruvchi amortizatorda joylashgan mobil
mashinalarning vertikal tebranishlari matematik modellashtirilgan. G'ildirakli
traktorning asosiy gismlarining dampingi analitik tarzda aniglandi va ko'p gatorli
bo'shashuvchi g'ildirakli traktorning asosiy gismlarining dampingi ham analitik
aniglandi.

Kalit so'zlar: damping; ko'p darajali damping; dam olish elementi;
tebranishlarga chidamli xususiyat; to'xtatib turish; mobil avtomobil; vertikal tebranish;
dam olish damperi; g'ildirakli traktor.

Introduction. The movement of mobile vehicles occurs under the influence of
unevenness on the supporting surface of the road on its wheels, which leads to
vibrations of the body, driver and passenger seats and is accompanied by vibration loads
on the human body and vehicle mechanisms. Much attention is paid to reducing
vibration loads when creating new equipment.

One way to solve this problem is to regulate the vibration damping of the sprung
masses of the suspension system of mobile vehicles.
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American scientists D. C. Karnopp and M. J. Crosby in 1973 proposed the
principle of damping control, called semi-active suspensions (semi-active regulation)
[1].

D. Karnopp also proposed the concept of a smooth change in damping - skyhook
[2]. A similar solution was considered in 1965 by R.l. Furunzhiev [3]. During the
research and testing process, a number of significant shortcomings of such suspensions
were identified. The main one is the instability of the functioning process, caused by a
significant increase in the amplitudes of mass oscillations as the frequency of influence
approaches the natural frequency of oscillations, which leads to the wheels being lifted
off the road and the vehicle losing stability and controllability.

To solve this problem, the Czech scientist M. Valasek proposed a concept called
grondhook [4].

In [5], a detailed analysis of the results of the research carried out by its authors
on the mentioned principles of regulating vibration damping is presented and their
futility is shown, since the oscillatory suspension system turns out to be unstable.

In [6] a structural diagram of a suspension with a relaxation element is given.
The relaxation element is a set of elastic and dissipative elements connected to each
other in series. It is installed in the suspension system between the sprung and unsprung
masses instead of a conventional shock absorber parallel to the main elastic element,
i.e. parallel to the spring.

The relaxation element model was proposed by Maxwell in connection with the
study of the properties of thick solutions, suspensions and other bodies with the
properties of viscoelasticity and creep under elastoplastic deformations [7]. Maxwell's
model represents a sequential arrangement of elastic and damping elements.
Viscoelasticity models are used, in particular, to describe the physical properties of
polymer materials, which are characterized by the phenomenon of creep propagation
of deformation.

However, a detailed analysis of the physical properties of the given structural
diagram was not carried out in [6]. At the same time, many researchers are showing
interest in this scheme [8,9,10]. The solution to this issue will be discussed further.

Studying the physical properties of the vibration damping process in the
suspension system of mobile vehicles with a relaxation element and identifying its most

rational location in the suspension system.
68

=
—

: 2% 8% 5 Ty
: e e

=
&
-



https://journalseeker.researchbib.com/view/issn/2181-4570

IBOORBO0TBOORE (oIt T o Tu T ToTat T .ok}

.............. JOURNAL OF UNIVERSAL SCIENCE RESEARCH .....ccccccccsccsas

ISSN (E): 2181-4570 ResearchBib Impact Factor: 6,4 / 2023 SJIF 2024 = 5.073/Volume-2, Issue-5

Research methods. Maxwell's model allows for the sequential arrangement of
elastic and damping elements. In analytical simulations, the theory of vibration for a
suspension system is between sprung and unsprung masses instead of conventional
damping parallel to the main elastic element.

Research results.

Vertical vibration of mobile machines with multi-number and multi-level
damping [11-13].

G 5 7

Figure 1 - Equivalent design scheme for multi-numerical and multi-level
damping of mobile machines (cars, tractors, self-propelled vehicles, etc.) / or stationary
machine
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myz; + (k(i1)1 + ka2 + o+ Kanaret - HRanre + oo k(il)n)zl
+ +(canr + canz + -+ 2(canyire- - Feanyrre) o o F Cin) %
— (cap1 + cizyz + -+ 2(Caytres - Hayrre) v o F Caizynre )22 =
= (k@jms1 + kgj-s)2 + -
+ kij—syiret-- HKj—synre -+ K(ij—synre)Zij—s n
= (Cgj-sn + CGij-syz +
+ 2(cj-syire- HC(ij=syrre) = F Clij—synre)Zij—sn
— (kyiret--+kannre)Z (11.nre
= k191 + k@292 + -+ kanireQure - FRnn redire
+ o+ kayn dn + Cap1q2 + €292 - Canyredire T Cannrednre -

+ Cinynqn
If the support has a mover, then it will ride on an uneven road according to the
law g_i=hcos(w _i t), and so for our system the equation will take the form

ki1)1-n G1-n + Ci1)1-nG1-n = w1k;hsin(w,t) +

" W(in rek(il)n rehSin(w(il)n re t) ot w(il)lrek(il)lrehSin(w(il)lret) +

wpky,hsin(w,t) + c;hcos(w t) + c(il)lrehcos(w(il)lret) +

Ctinyn rehcos(® iy ret) + cohcos(wyt),

myZ; + (kgay: + Kazyz + - + kazyiret-- Hhazynre - + Kaizyn re )22

+ (caayr + cazz + - + 2(Czyires - HCiizyrre) o + Clizyn re )22
— (kgayr + kazyz + - + kiyre+ - Hhzynre -+ kiayn re )21
— (a1 + cazyz + - + 2(Cazyire- - HCiizyrre) o + Clizynre)Z1
- (k(ij—(sz))1 + k(ij—(sz))z + o
+ k(ij—(sz))lre+' . +k(ij—(52))n re = T k(ij—(sz))n re) Zij—(sz)n
- (C(ij—(sz))l T Clij-(s2))2 T
+ 2 (C(ij—(sz))lre' . +C(ij—($2))T re) """ + C(ij—(sz))n re) Zij—(s2)n
- (k(iz)lre'l'- FK @2 re)Z(iZ)l...n re =0
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My_1Zy_1 + (k(iv—l)l + Kip-1)2 + -+ Kv—naret - FR(p—1)r re
+ o+ ku-1yn re ) Zv—1
+ (c(iv—l)l + Cliv-1)2 T 2( + Cliv—1)1re T C(iv—l)lre)
+ Cliv-1)n) Zv—1
— (k-1 + k(v-2)2 + -
+ k(i-2)1re - R(v-2)nre -+ K(iv-2)n re) -2
— (c-21 + Clw-2y2 +
+2(C(iv-2)1re- - FC(iw—2)mre) e oo + Cliv-2nre)Zp—2 =
= (kaj-n1 + k-2 +
+ kj—1yiret-- HRaj—nre -+ Kj—nre)Zij-1n
= (cij—1 + cajonz + -
+ 2(cj-1)ire- HCj—1yrre) = oo + C(ij—1)nre ) Zij-1n
— (k(i-1)1re - +Kv-1)rre ) Ziv-1)1..mre = 0,

MyZy + (Kyr + Kwya + -+ k@yrre - Heoyrre + ot Ky re )20 +
(camr + Cavz + 2(+ Cavyare + Cavyre) =+ Civyn)Zo — (Kgv-1)1 + Kav-1)2 +
4 Ky—iret - FRy—1ynre -+ Kv-1ynre) Zv-1 — (Cav-1)1 + Ciw-1)2 + -+ +
2(cv—1y1re- - FC(iv—1)rre) - + Civ-ynre)Zo—1 — = — (kap1 + k@joyz + - +
k(ijoyiret Hhjamre -+ kjamre) Zijn — (Ciyt + €z + - +
2(cjnyare-- Heijzyrre) o oo + cijzynre)Zijn — (Kavyiret-- vy re) Zvyr.mre =

0,
On a relaxation damper. On the relaxation of the lower first subdampers
Miy1reZin)ire T k(il)lrez(il)lre - k(il)lrezl + ClinytreZ(in)ire =
k(il)l re C.I1 re + C(il)l reCI1 Y@y *ovcessecccctentcccteonnnns

Main rez(il)n re T k(il)n reZ(il)n re = k(il)n rez.l + C(il)n reZ(il)n re
= k(il)n reQnre + Civnre9nre
The support has the following dependence [k_((i1)1-n re ) q° (1-n re)+c]
_((11)1-n re) g_(1-n re) If the support has a mover, then it drive on a rough road
according to the law g_(i re)=hcos(w_(i re) t), and so for our system the equation will
take the form
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k(il)l—n re éh—n re +
Cini-nreQi-nre = W@ Dn rek(il)n rehSin(w(il)n re t) ot
w(il)1rek(i1)1reh5in(w(i1)1ret) + C(il)lrehcos(w(il)lret) +
Clin rehcos(w(il)n ret)v

Mi2y1reZiz)ire T Ki2)1reZ@iz)1re T Ci2)1reZin)1re — Ki2)1reZ1 +
CizireZ1+1 =0,

M(i2)n rez(iz)n re + k(iz)n reZ(iZ)n re + Ci2)nreZ(i2nre — k(iz)n rezl + Cli2)nreZ1+1
=0,

my_q 1re2v—1 1re + k(iv—l) 1reZv—1 1re + C(iv—l)lrezv—l 1re — k(iv—z) 1reZv—1 +

CimireZp =0
My_1n rezv—l nre T +k(iv—1)n rezv—l nre T Cliv—=1)nreZv-1nre — k(iv—z)n rezv—l
+ Cliv)nreZy = 0

my 1re2v 1re T k(iv)lrezv 1re T Cliv)ireZv 1re — k(iv—z) 1reZv—1 + Cliv) 1reZv =

0
my, nrezv nre + k(iv)nrezv nre + C(iv)nrezv nre k(iv—z)n reZv—l + C(iv)n rely = 0

where -is the mass of the corresponding mechanisms; z", z’, z- acceleration, speed
and displacement; k, k_re — damping and relaxation damping coefficient; c,c_re —
coefficient of rigidity and rigidity of relaxation.

Let's consider a number of analytical examples.

Analytical determination of damping of the main parts of a wheeled tractor

z4 | operator’s

seats

T .c3$ : |_|_ﬂ-i3 c4$' ‘ |T1ik4 c5$4 : L!.J ks ca? : L[Jks'
H . - »
215*—| T | the skeleton Jj\ﬁ[ ‘ of the nraktor | |
cl I k1. c2 I K2
h q1 gz,

Figure 2 — Equivalent design diagram of damping of the main parts of a wheeled
tractor
If g, = hcos(w4t), g, = hcos(w,t) TO
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My + (k1 +2ky + ks +1/3ks + 1/3k6)z'15 + (c1 +2c e+ 1/
2 2 . . . .
3cs + 1/3C6) Zy5 — (g ks + §k4) (Z21 + Z22) — (1/3ks + 1/3ke) (231 + Z32) —

2 2 )
(g C3 + §C4) (221 + 2Z22) — (1/3c5 + 1/3¢6) (231 + 233) = k1G1 + €191 =
w1k hsin(w;t) + c;hcos(w;t),
2 . 1 1 ) 1 1
§m1Z16 + (kz + §k3 + §k4_ + 2/3k5 + 2/3k6) Zl6 + (Cz + §C3 + §C4 + 2/

3cs + 2/3C6) Z16 — G ks + §k4) (Z21 + 222) — (2/3ks + 2/3kg) (231 + 232) —

1 1 )
(g c3 + 504) (221 + 233) — (2/3cs + 2/3¢6) (231 + Z32) = k42 + C2q; =
w,k,hsin(w,t) + c;hcos(w,t),

1 . 1 . 1 . 1
Em2Z21 + (k3 + Ek4) Z71 + (k4_ + Ek3)222 + (C3 + EC4) Z21 + (C4, +
%C?))ZZZ - (2/3k3 + 2/3k4 + 1/3k5 + 1/3k6)215 - (1/3k4 + 1/3k3 + 2/3k5 +

2/3kg)z16 — (2/3c5 +2/3c4 +1/3¢cs + 1/3¢c6)z15 — (1/3c4 +1/3¢c3 + 2/3cs +
2/3¢g)z16 = 0,

“myZs + (ka + 5k ) 22y + (s +3ka) 21 + (Ca+303) Z0 + (5 +
~4) 21 — (2/3ks + 2/3ky + 1/3ks + 1/3ke)zns — (1/3ky + 1/3ks + 2/3ks +
2/3kg)z16 — (2/3c3+2/3c4 +1/3cs + 1/3¢¢)zys — (1/3c4 +1/3¢c5 + 2/3¢s +
2/3¢c¢)z16 = 0,

1/2maZsy + (ks + 1/2kg)zs1 + (kg + 1/2ks) 235 + (cs + 1/2¢6) 231 + (cg +
1/2¢5)z5, — (2/3ks + 2/3k, + 1/3ks + 1/3ke)2s — (1/3k, + 1/3k5 + 2/3ks +
2/3kg)z16 — (2/3¢3 + 2/3c, + 1/3¢s + 1/3c¢) 215 — (1/3c, + 1/3¢3 + 2/3¢s +
2/3¢e)Z16 — 1/2kqz, — 1/2¢42, = 0,

1/2MsZ30 + (kg + 1/2ks) 235 + (ks + 1/2kg) 231 + (co + 1/2¢5) 235 + (cs +
1/2¢¢)z3q — (2/3ks + 2/3ky + 1/3ks + 1/3kg) 2,5 — (1/3k, + 1/3ks + 2/3ks +
2/3kg)z14 — (2/3c3 +2/3c4 +1/3¢c5 + 1/3¢c6)z15 — (1/3c4 +1/3¢c3 + 2/3c5 +
2/3¢g)Z16 — 1/2kyzy — 1/2c42, = 0,

MyZy + KaZy + Cazy — ky(Z31 + Z35) — C4(231 + 233) = 0.

Analytical determination of damping of the main parts of a wheeled tractor with
multi-row relaxation
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z4 operator’s

~ seats
. 7 % HJIG
| engine '— the cabin

' I c4r cSe |

B L1_Jk3 t‘E'
{ kdre | kgre .
213 - - the skeleton LA of the nraktor

c2 k2
Q

. | Iln.

Figure 3 — Equivalent design scheme for damping the main parts of a wheeled
tractor with multi-row relaxation

myzis + (ko + 2 ks + Skare + 1/3ks + 1/3kere ) Z1s + (o1 + 203 + 24 +
1/3s + 1/3¢5) 215 — (53 + 2 Kare ) (a1 + Zzzre) — (1/3ks + 1/3kre) (231 +
Z32re) — (g c3 + §C4) (Z21 + Zazre) — (1/3¢5 + 1/3¢6) (231 + Z3zre) = k1G1 +
€1q; = w1k hsin(w,t) + c;hcos(w;t),

Smyzie + (ko + 3 ks +2/3ks) 216 + (C2 + 3 C3 + 3 Care + 2/3¢5 + 2/
3C6re) Z16 — (% ks + §k4) (Z21 + Zaare) — (2/3ks + 2/3ke) (231 + Z3zre) — G C3 +
§C4re) (Z21 + Zazre) — (2/3¢5 + 2/3C6re) (231 + Z3zre) = K22 + C2q2 =
w,k,hsin(w,t) + c,hcos(w,t),

%mzzzl + k3zy + %k4reZ.22re + (Cs + %C4 + C4re) Zy + (C4 + Cype T
%C3) Zyare — (2/3ks + 2/3kyre +1/3ks + 1/3kere) 215 — (1/3kare + 1/3k3 + 2/

3k5 + 2/3k6re)z.16 - (2/3C3 + 2/3C4 + 1/3C5 + 1/3C6)215 - (1/3C4 + 1/3C3 +
2/3C5 + 2/3C6)Zl6 == 0,
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1 . 1, . . 1
5 MaZz + 5k3221 + kareZoore + (C4 t Cape + Ecs) Zy t (C3 t Care +

~C4) Za1 — (2/3ks + 2/3Kare + 1/3ks + 1/3kere)zas — (1/3Kape + 1/3k3 + 2/

3ks + 2/3kgre)Z16 — (2/3c3 +2/3c4, + 1/3cs + 1/3c¢)z15 — (1/3c4 +1/3c5 +
2/3cs + 2/3cg)z14 = 0,

1/2mgZ3q + ksZ3q + 1/2kereZsore + (€5 + 1/2¢6 + Core)Z31 + (€6 + Core +
1/26'5)232 - (2/3k3 + 2/3k4re + 1/3k5 + 1/3k6re)z'15 - (1/3k3 + 1/3k4re + 2/
3ks + 2/3kgre)Z16 — (2/3c3 +2/3c4 +1/3¢cs + 1/3¢6)z15 — (1/3c5 + 1/3¢, +
2/3cs + 2/3¢c¢)z16 — 1/2ky24 — 1/2¢724 = 0,

1/2m3Z3; + KereZaare + 1/2ksz31 + (€6 + 1/2¢5 + Core)Z3a + (c5 + 1/
2c6 + C6re)Z31 - (2/3k3 +2/3kyre +1/3ks + 1/3k6re)215 - (1/3k4re +1/
3ks + 2/3ks + 2/3kgre)Z16 — (2/3c5 + 2/3c4 + 1/3¢cs + 1/3¢6)z15 — (1/3¢c5 +
1/3c, +2/3cs + 2/3¢c¢)z16 — 1/2k72, — 1/2¢524 = 0,

MyreZz2 = KareZzare + CareZzz — Kare(Za1 + 222) /2 + Care(Z21 + 222) /2,
MereZsz = KereZazre + CoreZaz — Kere(Zo1 + Z62) /2 + Core(231 + 232) /2
—1/2k,z, — 1/2¢;2,.

Conclusions. The energy definitions of vertical vibrations with multiple and
multi-level damping of mobile machines are analytically modeled, in particular
analytically modeled as an example of the action of a wheeled tractor taking into
account uneven roads. The influence of the relaxation element on the vibration-
protective properties of the suspension with multiple and multi-level damping has been
theoretically studied. multi-numerical and multi-level damping, These new analytical
modeling will serve to determine the values of vibration and their damping of the
complex design of modern mobile machines, which will improve the quality of design
and technological work of newly created mobile machines.
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