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The designs and dynamic properties of electromechanical and hydraulic drives for a belt conveyor have been
analyzed to justify their selection. The main advantages and disadvantages of their operation have been formulated.
It has been established that the hydraulic drive has advantages compared to the electromechanical one for
installation in a built-in drive for a belt conveyor.

The design features and principles of operation of these drives have been described. Calculation schemes have
been developed for the electromechanical and hydraulic drives of the belt conveyor. A mathematical model of the
electromechanical drive has been constructed, taking into account the Voigt viscoelastic model for the conveyor belt,
Hooke's laws for the deformation of stretching elements, equations of motion of the mechanical system, and
electromagnetic phenomena in the asynchronous motor. Additionally, a mathematical model for the hydraulic drive
of the belt conveyor has been constructed, which, besides the equations of motion of the mechanical system and
the Voigt viscoelastic model for the conveyor belt, also includes the continuity equations of the working fluid flows in
the hydraulic drive.

The parameters of the belt conveyor for studying the dynamic properties of the electromechanical and hydraulic
drives, which are considered in the mathematical models, have been described. The mathematical models for the
electromechanical and hydraulic drives have been solved using the Mathcad software package. Theoretical curves
for cases of transient processes in the mechanical system of the belt conveyor without load and with load have been
constructed. Transient processes of acting torques and angular velocities have been compared by the dynamic
coefficient, and it has been established that the hydraulic drive has a better indicator by 1.78 times. It has also been
established that the duration of the transient process in the drive with the electric motor exceeds this parameter in
the drive with the hydraulic motor by 3.5 times.

It is recommended to use the built-in hydraulic drive for belt conveyors of mobile working machines because it
has more advantages over the electromechanical one, and the dynamic indicators of the hydraulic drive provide
better performance during operation.
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Introduction

Short belt conveyors are often used on mobile and stationary machines for transporting bulk materials,
providing good performance indicators [1, 2]. They are equipped with a flexible belt, drive and driven drums,
and a motor. To ensure the compactness of belt conveyor drives, built-in drives are usually used together with
the drive drum. These are also known as motor drums. Electromechanical and hydraulic drives are the most
widespread [3].

Scientific works [4, 5] have been considered regarding the study of possible failures of belt conveyors.
Models of dynamic processes [6, 7] in hydraulic drives of machines, which ensure stable operation [8], high-
quality static and dynamic characteristics [9, 10], and rational selection of design parameters of equipment [11,
12, 13], have been analyzed. When checking the efficiency of hydraulic drives, it is also necessary to take into
account the effect of temperature and viscosity of the working fluid in its channels [14, 15]. The results
obtained by researchers allow meeting the current needs for designing new mobile machines in engineering,
transport, agriculture, and other fields [16, 17].

When designing new mobile machines, the choice of the motor type for the belt conveyor is a relevant task
for a modern engineer [18, 19]. It is necessary to analyze the main advantages and disadvantages of the types
of drives, develop mathematical models, and study their operation.

The aim of this work is to justify the type of belt conveyor drive for installation on mobile machines.

Research results

In Fig. 1, a, the well-known structural scheme of an electric built-in drive is considered. The electric motor
1 is installed in an aluminum housing 2, and the gearbox 3, with a regular two-stage coaxial transmission, is
attached to the housing 2 with a casing 4. Hollow trunnions 5 and 6, together with housings 2 and 4, form a
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stationary structure. A fan 8 is installed in the hollow trunnion, in front of which screw-shaped guides 9 with
blades 11 are secured.

Despite the apparent efficiency, the installation of the fan with guides complicates the design and reduces
the efficiency. Despite the wide variety of structural designs of electric motor drums, their use as a drive is
limited by insufficiently high specific power and efficiency, the complexity of smooth regulation of rotational
speed and torque, the implementation of the specified control law, and the requirements for installing cooling
and explosion-proof devices inside the drum housing.

These shortcomings can be eliminated or significantly reduced by using a hydraulic motor in the motor
drum [20].
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Fig. 1. Built-in drives of belt conveyors: (a) electromechanical, (b) hydraulic

The main factor determining the advantages of rotary hydraulic drives compared to electric drives is the
physical principle of operation. The hydraulic motor operates with a specific force stress (pressure) of 6.3 to
25 MPa and above, while in the magnetic gap of the electric motor, the specific force stress is 0.7 MPa. Other
factors determining the advantages of the hydraulic motor are:

— simplicity in transmitting forces and torques with small overall dimensions (the hydraulic motor occupies
12-13% of the volume of the electric motor) and mass (5-10 times lighter than an electric motor of the same
power) combined with the ability to smoothly regulate torque and rotational speed over a wide range;

— the ability to frequently and rapidly change the direction of rotation, with small forces and moments of
inertia of the hydraulic motor (for the same power, the mechanical time constant of the electric motor is 10-
100 times less than that of the hydraulic motor);

— simplicity and reliability of overload protection using safety valves;

— ease of adjusting and setting some other parameters to the required values, especially speed, power, and
torque;

— the overall efficiency of the hydraulic drive over almost the entire range of regulation is significantly
higher than that of the electric drive with rheostat control;

— simplicity in switching on and off in automatic cycles of the actuators;

— low wear of the main working units and, consequently, high durability and relatively low operating costs.

These factors open up broad opportunities for the application of hydraulic drives in built-in drives. In Fig.
1, b, the structural scheme of a hydraulic built-in drive developed by the Department of Industry Engineering
at VNTU is shown.

The structure includes the drum housing 1, into which the drive is built, consisting of hydraulic motors 2
for left and right rotation and a transmission mechanism made up of the drive gear 3 and intermediate gear
wheels 4. The drive gear 3 is positioned coaxially with the axis of the drum, and its support trunnions are
mounted on bearings 5, which are installed in cups 6 fixed on plates 7 and 8 rigidly connected to each other,
forming a support element. Half-axles 9 and 10, inside which hydraulic motors 2 are installed, are attached to
them. The drive gear 3 is mounted on the output shafts of the hydraulic motors 2, which are fixed on the plates
7 and 8 of the support element. Bearings 11 are pressed into the intermediate gear wheels 4, which are in mesh
with the drive gear 3. They are mounted on axles 12, which are secured to the plates 7 and 8 by fixing strips
13 placed in slots on the end surfaces of the axles 12. The intermediate gear wheels 4, protruding beyond the
support element, mesh with the ring gear 14, which is rigidly fixed to the inner surface of the drum housing 1.
The half-axles 9 and 10, together with the support element, form a composite axis of the motor drum. Axial
channels 15 and 16 are made inside the half-axles 9 and 10 for supplying and removing working fluid to and
from the hydraulic motors 2. These channels are connected to the inlet and outlet openings of the hydraulic
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motors 2 by radial channels and pipelines 17 and 18. The drum housing 1 is mounted on bearings covered with
caps with sealing elements.

The motor drum operates as follows. When the working fluid is supplied through the axial channel 15,
pipelines 17, to the working chambers of the hydraulic motors 2, the rotation of their output shafts occurs,
which, through the drive gear 3 and intermediate gear wheels 4, drive the ring gear 14. The latter, through its
rigid attachment to the inner surface of the drum housing 1, transmits torque relative to the composite axis.
The working fluid that has lost energy is discharged through the outlet openings of the hydraulic motors 2,
pipelines 18, and the axial channel 16.

By adjusting the flow rate and pressure of the working fluid, it is possible to control the rotational speed of
the drum housing 1 (and thus the transport speed) and the torque, respectively. The direction of rotation of the
drum housing 1 can be reversed using a hydraulic distributor. The motor drum design allows for the use of a
single hydraulic motor if necessary.

When selecting the type of drive with different energy sources, one should be guided not only by specific
indicators of energy consumption, material consumption, overall dimensions but also by the dynamic
characteristics of these drives. During transient processes, the working links of the conveyor experience
maximum loads, and prolonged oscillatory processes may occur in the mechanical system, potentially causing
undesirable resonance phenomena. Therefore, it is important to compare the dynamic properties of
electromechanical and hydraulic drives.

The principles of modeling these systems have been applied in the construction of simple calculation
models of the electromechanical and hydraulic drives of conveyors to compare their dynamic properties.

In Fig. 2, a calculation scheme for the electromechanical conveyor drive is shown, where the motor shaft 1
with the rotor inertia I, is connected via an elastic coupling, depicted as a spring with an equivalent torsional
stiffness ¢ and damping v, and a gearbox with a gear ratio u, to the drive drum 2, which has an inertia .. The
tail drum, with an inertia I3, is subjected to the resistance moment M, from useful forces. The rotation angles
of the motor shaft, drive drum, and tail drum are denoted by o1, @2, and @3, respectively.
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Fig. 2. Calculation scheme of the electromechanical conveyor drive (a) and calculation scheme of the belt (b)

Tension forces F1, F2, F3, and F4. are applied to the drums. The conveyor belt is represented by the Voigt
viscoelastic model (see Fig. 2, b), according to which

F=AE -e+u-é), 1)

where A — cross-sectional area of the belt; E — static modulus of elasticity of the belt; ¢ — relative elongation of
the belt; p — viscosity of the belt.

The absolute elongation of the belt Al due to the rotation angles ¢, and g3 and the radii of the drive r; and
idler r, drums, respectively, is determined by the expression:

Al =@,r, @il (2)
According to Hooke's law for tensile deformation
Al=F-1/(E-A), 3)
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where | is the length of the conveyor belt.
The relative elongation and its derivative are defined as:

e=Al/l=(p,r,—pn)/I, 4)
é:(@rz _(psrs)/l :(wzrz —a)3r3)/| , ()

where w2, and w3 are the angular velocities of the drive and tail drums respectively.
Taking into account the obtained relations (2) — (5), expression (1) will take the form

F=A E((Dzrz —(D3I’3)/| + A'ﬂ(a’zrz _a)srs)/l =C; ((Dzrz —§03I’3)+VS (a’zrz _a)srs) : (6)
in which is the stiffness of the tape and its dynamic viscosity (7):
c,=A-E/l, v,=A u/l. (7

The equation of motion of a mechanical system has the form:
| (de /dt) + (g —Ug, ) +V(m —uwm,)=M,,
l,(dw,/dt) +uc(e, —ug ) +uv(@, —ua ) +2¢,(@,r, — ;1 )1, + 2V, (@, —ayr; )1, =0, (8)
I;(de, /dt) +2¢, (@1, — 2,1, )1 + 2, (s, — a1, )1, =—M,

D=0, O, =0y, P =0y,

and M. is the moment on the shaft of the electric motor.

For the correct determination of the electromagnetic moment A7, it is necessary to consider the relationships
describing the electromagnetic state of the motor.

Electromagnetic phenomena in an asynchronous motor, taking into account magnetic saturation of the
magnetic circuit, are described by equations:

To calculate the electromagnetic torque of the motor M,

Me2(3/2)'po'u(irx'isy_iry'isy)'(llr)l (9)
at each step of numerical integration of differential equations

- _. - - _. - - _ .2 .2
I =g+, 1, =iy, +1, By = Ji0+17, (10)

r=i, ly,, p=di,/dy,, (11)

simultaneously with solving the equations of motion, we perform numerical integration of the equations of the
electromagnetic state of the motor

dis/dt:&(u-i_gsl//s_Rsis)_'_Bs (Qrvlr_Riii)’ (12)
di, /dt = A (Q, —Ri,)+ B, (u+Qu, —Ri,). (13)

where is, ir, Us are column matrices of currents and voltages; ix, iy, are projections of currents on the x and y
axes; Ar, By, As, Bs are connection matrices; Q_,Q, are rotation frequency matrices; W,V are flux linkage

column matrices; R, R, are active resistances. The index s indicates the belonging of the quantity to the stator

winding, r — to the rotor.

The calculation of transient processes in the drive system of the conveyor is reduced to integrating equations
(10) and (11) taking into account the dependence (12) and (13).

To investigate the transient processes in the hydraulic drive of the belt conveyor, we use the computational
scheme of the mechanical system of the conveyor, shown in Fig. 3.

In the computational scheme of the hydraulic integrated drive of the conveyor, the hydraulic line from the
pump 1 (see Fig. 3, a), driven by an electric motor, is supplied to the hydraulic motor 2, and from there to the
drain. The maximum pressure created by the pump 1 is determined by adjusting the relief valve 3. The
transmission mechanism of the drive with the gear ratio u is represented by a spring with torsional stiffness c.
The moving parts of the conveyor are represented by two discrete masses 4 and 5. The first combined mass
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includes the rotating parts of the drive device with the moment of inertia I, to the second — the moving links
of the conveyor transporting part with the moment of inertia Is. are attached. The tail drum's resistance moment
M., due to the useful forces acting on the conveyor, is consolidated. The angles of rotation of the hydraulic
motor shaft, discrete masses 4 and 5, are denoted by o1, ¢2, @3, respectively. Forces of tension on the conveyor
belt F1, F2, Fs, Fa. are applied to the discrete masses 4 and 5. In this scheme, the conveyor belt is also
represented by a rheological model, Foigt's model, with elastic-dissipative connections (see Fig. 2, b).

Fig. 3. Computational diagram of the hydraulic integrated drive of the belt conveyor

A simplified mathematical model of the hydraulic drive can be presented as a system of equations that takes
into account the condition of fluid flow continuity and the equations (14) of motion of the mechanical part.

q,-n,—o-p,—q,-n,—K -V,(dp, /dt)=0,
| (dey/dt) + (g —Up, ) +V(@ —uwm,)=M,,
l,(da, /dt) +uc(g, —ug ) +uv(@, —ua )+ 2¢,(@,r, = @s1, )T, + 2V, (@1, —ary )1, =0, (14)
I;(de, /dt) +2¢, (@1, — 2,1, )1 + 2, (s, — a1, )1, =—M,
M, =0y - Py,

D=0, O, =0y, P3=0;.

To compare the dynamic characteristics of electromechanical and hydraulic conveyor drives, we will
investigate the transient processes during their start-up. The parameters of the mechanical conveyor system
with electromechanical and hydraulic drives are presented in Table 1.

Table 1

Parameters of the belt conveyor for studying the dynamic properties of electromechanical and hydraulic drives
Parameter Numerical value Parameter Numerical value
E, N/m? 13.2:10° p1, kgs?m 20.21

n, kg/m 164.3 P2, kg's?/m 2.14

Om, kg/m 12.4 c1, m/s 298.4

Ny, rpM 226.7 c2, mls 917

Nm, FpM 184.9 I, m 5

I, kg'm? 225 lo, m 10

L5, kg'm? 22.5 I5, m 100

I, kg'm? 18.35 ls, m 20

Po 4 ls, m 15
p, g/m® 2.5 le, m 85
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Theoretical curves were constructed for cases of transient processes in the mechanical conveyor system
without load (Fig. 4) and with load (Fig. 5).

Calculations were performed using absolutely identical parameters of stiffness and viscosity of the drive
system, as well as identical parameters of stiffness, viscosity, and inertial characteristics of the conveyor's
transport section.

Comparison of transient processes of the acting torques and angular velocity of the drive drum in
electromechanical and hydraulic drives shows that the dynamic coefficient for the hydraulic drive, K¢ = 2,8,
while for the electric drive, Ky= 5. The duration of the transient process to establish a stable speed in the motor
drive exceeds this parameter in the hydraulic drive by 3.5 times.
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Fig. 4. Comparative characteristics of the dynamic properties of hydraulic (a, b) and electric (c, d) embedded drives without load

5.5
ME ®® 3
66.667

Ia) 3 4 5 -'. 1 2 b)

500 ,WNWWWWWWVWW"‘
o - M”w
C) 3 2 5 ’ ’ N d)

Fig. 5. Comparative characteristics of the dynamic properties of hydraulic (a, b) and electric (c, d) embedded drives with load

Thus, to reduce dynamic loads in the mechanical system of the mobile conveyor belt machine, preference
should be given to the hydraulic embedded drive, which has better dynamic properties than the
electromechanical one.

The scientific article and the work performed were prepared with the support of the National Research Fund
of Ukraine 2022.01/0135.

Conclusion

It is recommended to use a hydraulic drive for the belt conveyor of the mobile machine, which is justified
by the advantages in terms of structural, specific, and dynamic indicators. It has been established that the
application of a hydraulic drive allows for a 3.5-fold increase in the speed of transient processes compared to
an electric drive. The coefficient of dynamism for the hydraulic drive is 2.8, which is 1.78 times lower than
that of the electric drive.
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JI. K. Hoaimyk
O. B. IlionTkeBU4
M. C. bypaeiinuii

B. O. Tpery6oB

OOrpyHTyBanHsl BUOOPY THIIY IPUBOJY CTPiYKOBOI0 KOHBEEpa

BiHHHMIBKUH HalliOHANBHUI TEXHIYHUI YHIBEPCUTET

lNpoaHanizoeaHo KOHCMPYKUii ma OuHamiyHi eracmueocmi efeKmpomMexaHiyHo20 ma 2idpaeniyHoeo npueodie 0Ons
CmMpIi4K0B8020 KOHBEEPa 3 Memoto 0brpyHmyesaHHs ix subopy. CehopMyribo8aHO OCHOBHI nepegaau ma HedosliKU ix eKcrinyamauii.
BcmaHoeneHo, wo eidpasniyHuli npueid mMae rnepesacu 8 rOPIBHSHHI 3 eflekmpoMexaHiyHuM Ors yrawmyeaHHs1 o200 y
8MOHMOB8aHOMY rpueodi CMPIHKOBOMY KOHEEEPI.

OnucaHo KoOHcmpykmueHi ocobrugocmi ma npuHyunu pobomu Ha yux rpueodis. Po3pobneHo po3paxyHkosi cxemu Ons
efleKmpomMexaHiyHo2o0 ma  eidpaesniyHo2o npueody cmpiykogoao KoHeeepa. [lobydosaHo MamemamuyHy MoOesb
efieKmpoMexaHiyHo20 rpueoldy, sika epaxoeye 8’a3Ko-npyxHy modesns @olema Ons cmMpidKu KOHeeepa, 3akoHu [yka 0ns
Odehopmavyii posmsicy enneMeHmi8, PIBHSIHHS PyXy MexaHi4HOI cucmemu ma esleKmpoMazHimHi seuwia 8 aCUHXPOHHOMY O8U2YHI.
Takox nobydosaHo MamemMamu4yHy Mooesnb Ons 2idpassnidyHo20 rpueody CMpPIHKOBO20 KOHBEEpa, sika 8pax08ye KpiM PiHSIHb
PyXy MexaHiYHOi cucmemu i 8’s3Ko-rpyxHy modesib @oliema O0nsi CMPiYKU KOHBEEPI, We PIBHSHHS HEepO3pue8HOCMi MOMOKig
poboyoi piduHu & 2idpaeniyHomy npueodi.

OnucaHo napamempu cmpidkoeo20 KoHeeepa 0rsi O0Cnio)eHHsT QuHaMiYHUX erlacmueocmell efleKmpoMexaHiyHo20 ma
2i0paeniyHo20 npueodie, sKi 8paxoeaHO 8 Mamemamu4Hux Mmodesnsx. [Posg’ssaHo MamemamuyHi  modeni  Ons
eflekKmpomMexaHidyHo20 ma e2idpaersiyHo20 npusodie 3a Aornomo2oro nakemy npoepam Mathcad. lMobydosaHO meopemudyHi Kpusi
0ns sunadkie nepexiOHUX npouyecie y MexaHi4Hili cucmemi cmpiykogoeo KoHeeepa 6e3 Oii HagaHMaXXeHHs ma 3 HaBaHMaXKEHHSIM.
lNopieHsHO nepexidHi npouecu diro4ux MOMEHMI8 ma Kymosux weudkocmedl 3a koegiuieHmom OuHamiyHOCMIi, ma 8CmMaHo8EeHO,
wo eidponpusio mae Kpawuli nokasHuk e 1,78 pasu. Takox ecmaHo8/eHo, Wo mpusarnicmb nepexiOHo20 npouecy 8 npusodi 3
enekmpodsueyHom 8 3,5 pasie nepesuwiye uel napamemp y npugodi 3 2i6poOMomopom.

PexkomeHdo8aHO sukopucmosyeamu 2idpasiyHuli MoHmMosaHul npueod Orss CMPIYKOBUX KOHBEEPI8 MOBINbHUX poboyuUX
MawuH momy, wo 6iH mae binbwe nepesaz Had efleKmpoMexaHiYHUM, a OuHaMiYHi MOKa3HUKU 2idpassniyHo20 npueody
3abesneyqyroms Kpawi xapakmepucmuku rid Yac ekcrislyamaujii.

Knro4yoBi cnoBa: cTpiukoBUIA KOHBEED, MAPONPUBOA, €NEKTPONpMBO, MaTtemMaTuyHa Mogenb, nepexiaHi npouecu.

Honiwyk Jleonio Knaeoitioguu — n-p TexH. Hayk, npodecop, 3aBigyBay KadelpH rajiry3eBoro MalliHOOYyBaHHS,
e-mail: leo.polishchuk@gmail.com

Ilionmxkeeuu Onez Bonooumupoeuu — KaHA. TeXH. HAyK, JNOIEHT KadeApH TEXHOJOTIM Ta aBTOMAaTH3alil
MamnHoOy1yBanHs, e-mail: piontkevych@vntu.edu.ua
Bypoeinuii  Muxona  Cepziiiosuu — acmipant kadeapu Tany3eBOro  MaimudHOOyayBaHHs,  €-mail:

1m.14b.burdeinyi@gmail.com
Tpezy6oe Baoum Onexcandpoeuyu — acmipanT Kadeapy TEXHOJIOTIH Ta aBTOMATH3allii ManmHOOy xyBaHHs, e-mail:
vadym.trequbow@gmail.com
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