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Abstract: Work is accomplished by hydraulic machines using liquid fluid power. A typical
example is heavy construction equipment. The hydraulic fluid in this kind of machine is pushed to
numerous hydraulic motors and hydraulic cylinders located all around the machine and are pressured
in accordance with the resistance present. Through hoses, tubes, or pipes, the fluid is distributed and is
directly or automatically regulated by control valves. With applications and significant ramifications
for many industrial, civil, and environmental engineering problems, hydraulic dynamics is developing
as a fundamental topic.

The article presents the dynamic calculation of the hydraulic system of the trailer unloadingdevice
using equations of force and moments, fluid flow equations and fluid flow balance equations
describing the dynamics of the hydraulic system.

Key words: Transient process, hydraulic cylinder, rod, rod driving force, conditional center of
gravity, dynamic factors.

Introduction. It is important in the production of modern, high-capacity, energy and resource-
efficient trailers for transporting various loads of the national economy, taking into account the
dynamic loads generated during lifting, determining the alternative parameters of strength and
reliability of trailer structures. During the overturning of the trailers, the hydraulic cylinder stock is
affected by the load generated by the load through the platform on the one hand, and by the load
coming from the hydraulic pump on the other hand. In carrying out the overturningprocess completely,
reliably, safely and evenly, it is necessary to take into account the influence of all the dynamic factors
generated during the operation of the hydraulic cylinder.

The analysis of the available technical literature, published scientific works and internet data
shows that this issue has not been fully researched [4, 6, 7,9, 10, 12, 13, 14, 15, 16].

Methodology & empirical analysis.

For the reliable and stable operation of the hydraulic system of trailers, it is important to
accurately calculate the force exerted by the hydraulic cylinder, as well as the correct choice of
parameters of other elements of the hydraulic system. This work is carried out by performing dynamic
calculations during the operation of the hydraulic system of the trailer unloading device [13, 16].

The unloading system of the trailer unloading device is carried out by means of a hydraulic
cylinder acting on the hydraulic pressure. The calculation of the lifting force generated by the driveis
carried out by sequential determination of the forces and moments in the hinged links under the
influence of the gravitational force applied to the conditional center of gravity in the kinematic scheme
of the lifting mechanism (figure 1).
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Figure 1. Kinematic calculation scheme of the lifting mechanism of trailers

I Results.

The equation of forward and rotational motion of the hydraulic system of the hydraulic system
ofthe trailer unloading device is based on the equations of forces and moments, fluid flow and fluid
flow balance, as well as the initial and boundary [4]. In this case, if we choose the hydraulic cylinder
rod as the drive link:

12=12(¢)

will be [5] (figure 2).
In this case, the system of differential equations describing the motion of the hydraulic
cylinder is as follows [13, 17]:
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Figure 2. Calculation scheme of hydraulic system
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dl, 2 do, (1)
dp, _E,(0-v,F)
dt Vo +1LEF,
dp, _ Em(szz _Qz)
dt VOZ +(lmax _12 )FZ
here:
m,, = n mi(vi/vz)z +Ji(wi/"2)za an = n mi(vi/a)Z)z +Ji(a)i/a)2)2’
i=2 =2

Bi=pli—pby, F= Bvcosg /v, + M, /v,
i=2

Mup, Jup— masses and moments of inertia of moving links on the hydraulic cylinder rod; 1, v, @2
— displacement, velocity and angular velocity of the hydraulic cylinder; ks — coefficient of viscous
friction; Prp — is the dry friction force; Pi— is the driving force of the hydraulic cylinder piston; P— is
the applied resistance of the hydraulic cylinder; p1, p» — pressures in the pressure and flow cavities of
the hydraulic cylinder; F1, F> — useful surfaces of pressure and drainage cavities; Ex — is the modulus
of volumetric elasticity of the fluid; Vo1, Vo2 — initial fluid volumes of pressurized and discharge
cavities;; m; — is the mass of the i-ring; J; — is the moment of inertia of the i-ring with respect to the
axis passing through the center of gravity; v;— is the center of gravity of the i-link; @; — is the angular
velocity of the i-ring; P;, M; — are the values of active forces and moments acting on the links;q; —
is the angle between the reference force P; and the velocity vi; /;— is the length of the i-ring; M,— is the
moment of driving force; M. — is the moment of resistance.

The centers of gravity of the links of the hoisting mechanism of trailers are determined by the
following formula [5].
3 3

x,= Gux/ G,
2 i=2

3 @
yu: Giyi/ G"

i=2 i=2
The velocities and moments of inertia of the centers of gravity of the links of the lifting
mechanism of trailers are determined by the following formulas [5]:

v=lw/2, @), J=mx,—x, F+0, -y, | i=2.3. @

Oy epla—i-3BEHOHUHT OFUPJINK MapKa3u KOOpAHHATATIapH.

i

here: x;, yi, - are the coordinates of the center of gravity of the -i-ring.
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In the study of the motion of a fluid in a pipe, the fluid is considered to be compressible and
concentrated in a short length. In this model it is possible to take into account air bubbles insoluble in
liquids [13, 17]:

2 2
pfd—2+27 5— fp dx —+ 0,443 kop +0,5¢p ax sign — dx + Dok = Paxs (5)
dt f dt Jr dt dt
d_p — E)KSTET (QBX _ QBI:IX) , (6)
dt  E.8,+d.E, v,
. oodx 1 v>0, . . .
here: mgnzz i 0 Pex, Osx— pressure and flow of fluid entering the pipe; paux,
— v<O0;

Osux—pressure and flow of fluid out of the pipe; +—time; p, Ex — is the modulus of fluid density and
volumetric elasticity; dr, o1, ET — modulus of pipe diameter, wall thickness and elasticity of the

material, respectively; kg— approximation coefficient, depending on the relative roughness ¢ of the

hydraulic main; {— local resistance coefficient; f and [/ — is the surface and length of the pipe; Vi — is
the volume of liquid in the pipe; x — is the dynamic viscosity of the liquid.

The flow of fluid in the system through the hydraulic distributor is determined as follows [11, 18,

Q,=n,1, "2, —Pul/r, (1)

here: pu — is the pump pressure; f,(y) — is the cross-sectional area of the conductor; 7, — is the
current coefficient.
The cross-sectional area of the hydraulic distributor can be expressed as follows [6]:

0, t<r7,
f,(0)= wd(-7)/(4e, -1), 7 ¢ 1,
md,’ 14, t>1,

here: d, — Conditional conduction diameter; r — delay time; # — full opening time of the
transmission section.

This system of equations (1) - (7), together with the initial and boundary conditions, is a
mathematical model for the dynamic calculation of the hydraulic system of tractor trailers. To solve it,
a computer program in the algorithmic language "PASCAL" was developed, which used to calculate
the numerical values of the change in force and resistance of the hydraulic cylinder rod of the
hydraulic lifting mechanism of trailers, and obtained a diagram of the change depending on the load
shedding during unloading (3- picture). The following values and initial values were taken for the
links in the calculations: /;=0,90 m, /,=0,34 M, 5=0,84 M, ¢; = 22°= 0,38 pax, ¢ =90°= 1,57 pan, @3
=202°=3,52 pan, [12=1,22 M, m»=30 kr, m3=700 kr, m»=3900 kr, P»=300 H, P3=7000 H, P12=39000
H, t=0, 1=0,2, ti=14, Pu= 16 MI]a, DPex— QBX pBLIX:QBbIX =h=v=w~= pi=p2= 0.

19]:
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Figure 3. Dependence of the hydraulic cylinder stock on the change of momentum (Px) and
resistance force (Pc) with respect to time

III. Conclusion. The graphical analysis in figure 3 shows that at P;>=39000H at t=1,0...1,2
seconds, the driving force begins to oscillate sharply to 58 xH when the hydraulic distributor is started,
taking into account the delay, and then over time until the end of the process (resistance force until it
is equal to the value of) decreases and disappears. The numerical results obtained provide a
qualitatively close representation of the working processes of the hydraulic system of the trailer lifting
device.

The results determined on the basis of the developed mathematical model and its calculation
method are close to the actual working process of the trailer lifting mechanism, and it is recommended
to use it in design work.

References

1. Abdulaziz Adilxakovich Shermukhamedov, KHayrullo Raximovich Baynazarov Equations for
Changing the Centers of Gravity of Mass Goods in the Unloading Process in Trailers International
Journal of Advanced Research in Science, Engineering and Technology Vol. 8, Issue 1 , January
2021 ISSN: 2350-0328

2. X. R. Baynazarov, Q. Khalmerzaev Analysis of research work on the working process of the
trailer unloading device. Modern problems in the innovative development of science, education
and industry. International scientific-practical conference. Andijon 2020

3. Shermukhamedov A. A., Baynazarov X.R. Mathematical modeling of the change in the mass of
the load during the operation of the trailer unloading device. FarPI Scientific and Technical
Journal, 2019, Volume 23, Ne 4

4. Baynazarov, K., Yuldashov, J., Ismailov, S., Azimov, S., Khabibullaev, T., & Mahammadjonov,
A. (2025, February). Calculation method of hydraulic operation of trailer unlouding device.
In AIP Conference Proceedings (Vol. 3268, No. 1). AIP Publishing.

5. Astanov B. J. Substantiation of parameters of hydraulic suspension system of high-energy
universal-mowing tractors. PhD dissertation. Toshkent 2019.

6. Shermukhamedov A.A., Annakulova G.K., Astanov B.J., Umarova D.F. Definition of kinematic
and dynamic parameters of hydro-hinged system of a tractor of high load-carrying capacity //
European sciences review. Scientific journal. Vienna Prague. 2017. Ne 9—10. —p. 64-71.

Page 989 Vol 12.No 7. July 2026



7.

HSR (LONDON),

HOUGHTON STREET REVIEW JOURNAL

ISSN: 2058-5519|Impact factor-15.9
htep://houghtonstreetreview.com/index.php/hsr

F. U. Yuldashev Development of method for calculating the unloading mechanism vehicles.
Disertation for kandidate of technical sciences, Tashkent, 2015y.

Shermukhamedov A.A., Togaev A.A., Astanov B.Zh. The choice of design parameters of tractor
trailers of category O3 // Bulletin of TADI. - Tashkent, 2012. - No. 1-2. - S. 60-65. (05.00.00; No.
15).

Shermukhamedov A.A., Usmanov LI, Salimdzhanov R.T., Togaev A.A. Methods for calculating
and testing Russian-made autotractor trailers. Monograph. Tashkent: Fan, 2011.-134 p.

. P. R. Bartosh, I. G. Selevonchik Dynamic calculation of the hydraulic drive of the overturning

mechanism of the dump truck platform. Road transport, vol. 29. Moscow, 2011, p. 135-138

. Baynazarov, K., Turayev, S., Giyasidiniv, A., Ismailov, S., Maxammadjonov, N., & Sotvoldiyev,

X. (2024). Calculation for variations in resistance force during trailer unloading device operation.
In E3S Web of Conferences (Vol. 471, p. 04014). EDP Sciences.

F. M. Matmurodov Justification of the dinamic parametrs of the unloading device of the body of
the tipper vehicles . Disertation for kandidate of technical sciences. Tashkent 2002 y.

. A. A. Shermukhammedov Development of scientific foundation of modeling working processess

in hudraulic drivers of cargo mobile machine in explatition of exteme conditions. Disertation for
Doctor. of science. Tashkent. 2000 y.

. Shermukhamedov A.A., Lebedov O.V., Malikov R.Kh., Matmuradov F.M. Dynamic aspects of

the cotton picker hopper hoist mechanism. Uzbek magazine "Problems of Mechanics". No. 5-6,
1996. S. 47-50

Matmuradov FM, Malikov R. Kh., Shermukhamedov AA Analysis of the kinematics of the lifting
and tipping device of the cotton harvesting machine. // Uzbek journal "Problems of Mechanics",
No. 5-6, Tashkent, 1995, pp. 55-58

. Shermukhamedov A.A. Mathematical model of the process of unloading the body of a heavy-duty

vehicle. Sat. scientific works of the 2-republican scientific colloquium on the topic “Uzbekistan
mustakilligi uning fani wa tekhnalogiyalarini rivozhlantirish kafolati”. Tashkent, State Committee
for Science and Technology and Higher Attestation Commission of the Republic of Uzbekistan,
volume 1, 1998, p. 98-102.

. Metlyuk N.F., Avtushko V.P. Dynamics of pneumatic and hydraulic drives of vehicles. -M .:

Mechanical engineering, 1980. - 231s.
Barskiy 1.B., Anilovich V.Ya., Kutkov G.M. Tractor dynamics. —M .: "Mechanical engineering",
1973.— 520s.

. Bashta T.M. Engineering hydraulics. M. Mechanical Engineering, 1971. - 693 p.

. http://www.evrotraktservis.ru/claas-axos.html
. http://www.claas.ru

. https://www.newholland.com

. http://uzagrotechmash.uz

. https://www.deere.ru

. http://www.belarus-tractor.com

. http://arduino.ru/

. http://www.sendo-sensor.com

Page 990 Vol 12.No 7. July 2026


http://www.evrotraktservis.ru/claas-axos.html
http://www.claas.ru
https://www.newholland.com/
http://uzagrotechmash.uz
https://www.deere.ru
http://www.belarus-tractor.com/
http://arduino.ru/
http://www.sendo-sensor.com

