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Abstract. The paper addresses the problem of improving the technical and economic efficiency of heavily loaded vibra-
tory machines through optimization of the load-bearing frame of the screen box. The main elements providing the spatial
stiffness of the box structure are tubular transverse tie-beams, which operate under conditions of intensive cyclic bend-
ing loads. Analysis of the available literature indicates that these elements belong to the most highly loaded and vulner-
able structural components, for which fatigue failure is the dominant failure mechanism. The traditional approach to in-
creasing the strength of structural elements, namely, enlarging the cross-sectional area, leads to an increase in the
mass of the screen box and the associated inertial loads, which adversely affects the dynamic characteristics of the vi-
bratory machine. The objective of this study was to improve the structural efficiency of the screen box of a vibratory ma-
chine by optimizing the geometry of the tie-beams using a rational material distribution along the length of the element.
An approach is proposed that involves varying the outer diameter of the tubular tie-beam according to a parabolic law
while maintaining a constant inner diameter. Such an approach makes it possible to reduce the beam mass in regions of
low bending moments while simultaneously maintaining or increasing stiffness in the most heavily loaded sections. To
evaluate the effectiveness of the proposed solution, a series of numerical experiments was carried out using the finite
element method. The simulations included calculations of axial compression, bending under transverse inertial loading,
determination of the first natural frequency, and estimation of the critical buckling load for tie-beams with both baseline
and parabolic profiles. The obtained results demonstrate that the use of a parabolic profile makes it possible to reduce
the mass of the tie-beam by 41%, while the transverse acceleration corresponding to the onset of yielding increases by
55%, and the first natural frequency increases by 18%. Stress distribution maps indicate a more uniform loading of the
material in the tie-beam with the parabolic profile. The deformed state of the screen box was also modeled using both
the baseline and the optimized tie-beams. The results show that the change in beam geometry has virtually no effect on
the dynamic characteristics of the box. The first natural frequency of the structure changes only slightly, while the de-
formation pattern and the maximum displacement amplitude remain practically unchanged. The obtained results confirm
the prospects of applying variable-section tie-beams for improving the energy efficiency and reliability of vibratory ma-
chines.

Keywords: vibratory machine, screen box, reliability, structural optimization, stress—strain state, natural frequencies, vi-
bration resistance of structures.

AHomauyis. Y cmammi po3ensidaembcsi npobrnema nid8UUWEeHHsT MeXHIKO-eKOHOMIYHOI eqheKmueHOCMIi 8aXKO HagsaH-
maxeHUX 8ibpauiliHux MawuH WsXxoM onmumisayii Hecy4oi pamu epoxomHoi Kopobku. OCHOBHUMU erleMeHmamu, U0
3abesneyyomb MPOCMOPO8Y XOPCMKICMb KOHCMPYKUil KOpobKu, € mpybyacmi rnonepeyHi 6arnku, sKki npautoroms 6
yMo8ax IHMEeHCUBHUX UUKIIYHUX 32UHallbHUX HasaHmaxkeHb. AHaria docmyrnHoi nimepamypu eka3ye Ha me, wo ui
enemeHmu Hanexams 00 Halbinbw HagaHMa)XeHUX ma 8pasfueux KOHCMPYKMUBHUX eniemeHmis, 05si sKux OOMiHyH-
YUM MexaHi3MoM pyliHy8aHHs € 8mMOMHe pyUHysaHHs. TpaduuiliHul nidxio 0o Mid8ULEHHST MiUHOCMI KOHCMPYKMUBHUX
ernieMeHmis, a came 36inbWeHHS MIowWi MornepeyHo20 nepepidy, npu3soOums 00 3b6ifbWEHHST Macu 2pOXOMHOI KOPOOKU
ma rnoe'a3aHux 3 Heto iHepUiliHUX HagaHMaxeHb, W0 He2amueHO 8rnaueac Ha OuHaMi4YHi xapakmepucmuku gibpauitiHoi
mawuHU. Memotro uybo20 AocnidxeHHsT byno nid8uLUEeHHST KOHCMPYKMUBHOI eghbeKmusHOCMI 2pOXOMHOI KOpobKu 8ibpa-
UitiHOI MawuHU winsixoM onmumisayii eeomempii 6ar0K 3 8UKOPUCMAaHHAM pauyioHanbHO20 po3rnodiny Mamepiany rno
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doexuHi enemeHma. 3anporoHoeaHo nioxio, wo nepedbavae 3MiHy 308HiWHbO20 diamempa mpybyacmoi b6anku 3a na-
pabornidyHuM 3aKoHOM ripu 36epexeHHi MocmiliHo2o 8HympiwHboeo diamempa. Takull nioxid 0o3gornse 3MeHWUmuU mMacy
barnku 6 obnacmsx 3 HU3LKUMU 32UHalnbHUMU MOMeHmamu, oOHoyacHo 3bepizarodu abo 36inbuwyroyu Xopcmkicms y
Halbinbw HasaHmMaxxeHuUx rnepepizax. [ns ouiHKu eghekmueHocmi 3arnpornoHo8aHo20 pilueHHs1 byno nposedeHo cepito
4ucriosux eKcriepuMeHmis 3 8UKOPUCMaHHAM Memooy CKiHYeHHUX enemeHmig. ModesntoeaHHs 8KIYano po3paxyHKu
0Cb08020 CMUCKY, 32UHaHHS Mi0 nonepeyHUM iHepyiliHUM HagaHMaXeHHsIM, 8U3Ha4YeHHs Mepwoi 8f1acHoi yacmomu ma
OUIHKY KPUMUYHO20 HagaHMaxeHHs Ha 8uauH Onsi CmsikHUX 6anok sk 3 6azosum, mak i 3 napabosniyHuUM rnpoginsamu.
Ompumati pe3ynbmamu noka3syrms, WO 8UKOPUCMaHHs napaboriyHoeo rnpoginto 0038075€ 3MEHWUMU Macy CmsiX-
Hoi 6anku Ha 41%, modi sk nonepeyHe MPUCKOPEHHs, Wo gidnogidamume noyamky mexky4yocmi, 36inswyemscs Ha 55%,
a nepwa enacHa Yyacmoma 36inbwyemscsi Ha 18%. Kapmu po3nodiny HanpyxeHb eka3ytomb Ha bifibw pieHOMIipHe Ha-
8aHmMaxeHHs mamepiany 8 cmsxHil 6anuyi 3 napaboniyHum rpogpinem. [eghopmosaHuli cmaH cumogoeo Kopoba ma-
KOX 6yr10 3M00esIb08aHO 3 BUKOPUCMaHHSIM sik 6a308020, makK i 0IMuMi308aH020 CmsiXHUX 6arnoK. Pe3ynbmamu rnoka-
3yromb, WO 3miHa eeomempii 6anku npakmu4yHoO He ernnueae Ha OUHaMidHi xapakmepucmuku kopoba. lNepwa enacHa
Yacmoma KoHCmpyKUii 3mMiHrembcs He3HaqyHo, modi ik KapmuHa Oeghopmauii ma makcumarnbHa amnnimyoa 3MiueHHs
3anuwaromscs NPakmu4yHo He3MmiHHUMU. Ompumani pe3ynbmamu nidmeepdxyoms nNepcreKkmusHicmb 3acmocy8aHHs
aHKepHux barnok 3MiHHO20 repepisy 0115 nidsuleHHs eHepaoeghekmueHocmi ma HadiliHocmi 8ibpauiliHUX MawUuH.

Knro4yoei cnoea: sibpayilina mawuHa, 2poxom, HadiliHicmb, cmpykmypHa onmumidauis, HanpyxeHo-0eghopmosaHuli

cmaH, enacHi Yacmomu, 8i6pocmiliKicmb KOHCMPYKUU.

Introduction

Vibratory machines are widely used in continuous
technological processes for the processing of bulk
materials in the mining, metallurgical, and construc-
tion industries. Such equipment belongs to the class
of units with increased requirements for reliability, du-
rability, and stability of technological performance in-
dicators [1, 2]. At the same time, under modern condi-
tions, improving their energy efficiency has become
particularly important. This is associated both with the
rising cost of energy resources and with the need to
reduce the negative environmental impact of industri-
al activities. In particular, reducing the energy con-
sumption of technological equipment directly contrib-
utes to lowering emissions of fuel combustion prod-
ucts during electricity generation, including carbon
monoxide (CO), which is an important environmental
factor [3, 4].

One of the promising directions for improving the
energy efficiency of vibratory machines is the en-
hancement of the design of their load-bearing ele-
ments and the application of new approaches to
component shape formation. Traditionally, the
strength of structural elements is increased by enlarg-
ing their cross-sectional area. However, for vibratory
machines this approach has significant limitations. An
increase in the mass of components leads to higher
inertial loads, which in turn adversely affects the dy-
namic characteristics of the system. Thus, a contra-
diction arises between the need to improve the
strength and reliability of the structure and the re-
quirement to reduce inertial loads. With increasing vi-
bration frequency of the working body, this contradic-
tion becomes even more pronounced.

Analysis of published data and problem
statement

The main load-bearing elements of the screen box
of a vibratory machine are the side plates and the tie-
beams. The side plates are manufactured from steel
sheet blanks reinforced with stiffening ribs. They
serve as the supporting base for the installation of
screen panels and transmit the inertial forces gener-
ated by rotating unbalanced exciters mounted on the

box. The spatial stiffness of the structure is ensured
by tubular transverse tie-beams with a circular cross-
section that connect the side plates to each other.
Since the side plates are located in the plane of vibra-
tion, the tie-beams are oriented perpendicular to it. As
a result, they are subjected to significant periodic
bending loads, the direction of which changes with
the operating vibration frequency of the vibratory ma-
chine. Therefore, cyclic bending is the dominant load-
ing mode for these elements, whereas axial tensile
and compressive forces mainly arise due to defor-
mation of the screen box and are not the governing
loads [5].

In the study [6], performed using the ANSYS soft-
ware package, it was established that the tie-beams
of a vibratory machine are among the most heavily
loaded and structurally vulnerable components of the
machine. The authors of [7] determined that fatigue
failure is the primary mechanism of their destruction.
The results of modal and harmonic analyses made it
possible to clearly identify the most critical zones of
the structure that are prone to crack initiation and
propagation.

In publication [8], an approach combining the
analysis of vibratory machine dynamics with crack
growth modeling was proposed. The dynamic behav-
ior of the vibratory machine was described using a
two-dimensional model developed based on the finite
element method, in which the tie-beam was repre-
sented by an Euler beam element with a local defect.
To estimate the crack growth rate, the Paris model
was applied, allowing the variation of system stiffness
during damage evolution to be taken into account. It
was shown that the amplitude of the excitation force
is the dominant factor determining the fatigue life of
the tie-beam, while cracks located near the joints with
the side plates propagate significantly faster due to
increased stress concentration.

A number of studies address the problem of re-
duced durability of tie-beams associated with the ten-
dency to increase both their dimensions and the dy-
namic intensity of vibratory machines. In particular,
study [9] demonstrated that an increase in productivi-
ty and vibration frequency leads to a significant rise in

23



ISSN 3083-7219 (Print), ISSN 3083-7227 (Online)

Teopisi i npakmuka memanypeii, 2026, Ne 1
Theory and Practice of Metallurgy, 2026, No. 1

dynamic loads, which results in the formation of
cracks in tie-beams. To improve structural reliability,
the use of beams with redundant constraints was
proposed, providing additional stiffness and the ability
to sustain loads even in the case of partial damage to
structural elements. Experimental investigations have
shown that such a design contributes to efficient dis-
sipation of vibration energy. It was found that in the
improved beam the amplitude of the input power flow
is manifested mainly in the low-frequency range and
decays more rapidly at higher frequencies, which in-
dicates an increase in the vibration resistance of the
structure.

In [10], a mathematical model for calculating the
dynamic stresses of tie-beams in a vibratory machine
with linear oscillations was presented. The authors
applied the finite element method integrated with the
dynamic model of the vibratory machine, taking into
account the influence of the material mass using the
mass-flow method. It was demonstrated that tradi-
tional quasi-static calculation methods lead to signifi-
cant errors because they do not account for high-
frequency excitation components that may be close to
the natural frequencies of the structure. It was estab-
lished that the tie-beam experiences complex bending
vibrations in both horizontal and vertical planes, while
the maximum dynamic stresses occur mainly in the
end sections of the tie-beams, where fatigue cracks
are most likely to form.

The above considerations highlight the necessity
of paying particular attention to the problem of fatigue
failure of load-bearing elements in vibratory machine
structures, especially tie-beams operating under long-
term cyclic loading.

Considering the characteristics of spatially distrib-
uted inertial loads, improving the vibration resistance
of the screen box of a vibratory machine can be
achieved not by increasing the cross-sectional area of
the transverse beams but, conversely, by rationally

7 Z o

reducing their cross-section in the region of maximum
deflection. Such an approach makes it possible to re-
duce the mass of the structure, decrease inertial
loads, and improve the dynamic characteristics of the
system.

The purpose and objectives of research

The objective of this study was to improve the
technical and economic efficiency of vibratory ma-
chines through optimization of the load-bearing struc-
ture of their screen box by applying new approaches
to the geometric design of tie-beams. This approach
makes it possible to significantly reduce the mass of
the structure while simultaneously improving its vibra-
tion and stiffness characteristics.

Materials and methods

The structure of the screen box of the vibratory
screen GST-62.MF (Fig. 1) was selected as the ob-
ject of the study. The box consists of side plates 1, in-
terconnected by tie-beams 2 and two transverse
beams 3, in which flange-mounted motor-vibrators 4
are installed and connected to the side plates of the
box by flanges.

Considering their structural configuration, the tie-
beams of the box can be regarded as statically inde-
terminate elements clamped at both ends by the elas-
tic side plates. The most critical loading conditions
occur when the operating frequency passes through
their resonant frequencies. According to the analysis
of the dynamic characteristics of vibratory screens
[11], operating frequencies that significantly differ
from the first natural frequencies of the structural ele-
ments of the screen box make it possible to avoid
resonant excitation. Such resonant conditions can
lead to large vibration amplitudes and significant de-
structive effects on the box structure and, conse-
quently, reduce the durability and operational reliabil-
ity of the machine.

/ 2

4 J

Figure 1 — Structure of the screen box of the vibratory screen GST-62.MF.
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An increase in the operating frequency of the
screen during the processing of metallurgical charge
components generates additional dynamic loads,
which necessitates the search for reserves to improve
the structural stiffness of the working body and its
components, primarily the tie-beams.

One of the possible approaches to reducing the in-
fluence of vibration loads is a rational modification of
the cross-section of the tie-beam, taking into account
the distribution of bending moments along its length.
Such an approach involves reducing the mass in re-
gions with small bending moments while maintaining
or increasing stiffness in regions where the bending
moments reach their maximum values. As a result,
the mass of the beam can be reduced without a sig-
nificant decrease in its bending stiffness, which con-
tributes to an increase in the natural frequencies of
the structure. One practical way to implement this ap-
proach is to reduce the cross-sectional area of the
beam in its central part. Provided that technological
manufacturing constraints and longitudinal strength
requirements are satisfied, this makes it possible to
reduce the amplitude of transverse vibrations of the
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beam.

Taking this into account, the geometric shape of
the surface of a tie-beam with a circular cross-section
and a constant inner diameter d can be described as
a circular paraboloid, provided that the outer diameter
of the section varies from the maximum value Dmax at
the junction with the side plate to the minimum value
Dmin in the plane coinciding with the axis of symmetry
of the box, depending on the longitudinal coordinate
according to a parabolic law

D(x)=2-R(x) =2-(a-x?+b). (1)

Considering the specified boundary conditions im-
posed on the shape of the generating curve of the tie-
beam, the functional coefficients are determined by
the following relationships:

a= Dmax - Dmin
05-12 , )
b= 0,5 . Dmin

where L — is the length of the tie-beam.

Fig. 2 shows the baseline profile of the tie-beam
and the profile obtained according to the parabolic
law of diameter variation.

Baseline profile

l)l‘ﬂﬂx

Figure 2 — Baseline profile of the tie-beam and the profile obtained
according to the parabolic law of diameter variation (dimensions in mm).

Results of the Research and Their Discussion

To investigate the influence of static and dynamic
loads on tie-beams with baseline and parabolic pro-
files, a series of comparative numerical experiments
was carried out.

For each beam configuration, the following anal-
yses were performed in the simulation environment:

axial compression until the stress corresponding to
the yield strength of the material was reached at any
point of the beam;

bending under transverse inertial loading (maxi-

mum transverse acceleration) with clamped ends until
the yield strength of the material was reached;

determination of the first natural frequency of the
beam with clamped ends;

determination of the critical compressive load cor-
responding to the buckling of the beam with clamped
ends.

As a result of the numerical analysis, stress distri-
bution maps were obtained (Fig. 3), while the corre-
sponding quantitative characteristics are presented in
Tab. 1.
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Baseline profile
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a)
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Parabolic profile
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Figure 3 — Stress distribution maps: a — axial compression; b — bending at maximum acceleration.

Table 1 — Calculation results for tie-beams with different profiles.

it

Parameter Profllg - Deviation, %
baseline parabolic

Axial compressive force at the yield limit, kN 1830 770 -58
Transverse acceleration at the yield limit, m/s? 4600 7110 +55

First natural frequency with clamped ends, Hz 218 258,06 +18
Resonant vibration amplitude, mm 0,17 0,226 +33

Critical buckling load for clamped supports, kN 1830 900 -51

Mass of the tie-beam, kg 88,16 52,39 -41

The stress distribution maps demonstrate a more
uniform loading of the material in the tie-beam with a
parabolic profile, reducing the extent of underloaded
regions and increasing the vibration resistance of the
structure. Such a distribution contributes to more effi-
cient utilization of the material and improves the op-
erational reliability of the structure.

The analysis of the calculated characteristics of
tie-beams with different profiles shows that the tie-
beam with a parabolic profile exhibits a significant
mass reduction of 41% compared to the baseline de-

a)

sign, which provides a potential reserve for reducing
the overall mass of the working body. At the same
time, the axial compressive force corresponding to
the yield limit decreases by 58%, and the critical
buckling load decreases by 51%.

The analysis of transverse dynamics indicates that
the acceleration corresponding to the onset of yield-
ing for the parabolic profile increases by 55%, while
the first natural frequency of vibration increases by
18%. At the same time, the resonant vibration ampli-
tude also increases by 33%.

b)

Figure 4 — Deformation distribution map of the screen box of the GST-62.MF vibratory screen:
a — baseline profile of tie-beams; b — parabolic profile of tie-beams.
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In the real screen box structure, the boundary
conditions of the tie-beams differ from those adopted
in the simplified model. The elasticity of the side
plates results in limited stiffness of the beam end re-
straints, while interaction with other beams through
the side structural elements affects both the stress
distribution and the dynamic characteristics of the
system. This necessitates additional investigation of
the frequency behavior of the tie-beams directly within
the screen box structure.

Fig. 4 presents the deformation map of the screen
box of the GST-62.MF vibratory screen.

The obtained results show that the first natural
frequency of the screen box structure, compared with
the baseline design, changes only slightly, increasing
from 12.481 Hz to 12.662 Hz. The maximum resultant
displacement amplitude of the box remains the same
in both considered cases and equals 1.9-1072 mm.
The configuration of the deformed state of the struc-
ture in both variants is practically identical. Analysis of
the deformation distribution maps indicates that the
character and spatial distribution pattern of the de-
formations for both screen box models are also es-
sentially the same.
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Conclusions

The conducted study has shown that tie-beams
are important load-bearing elements of the screen
boxes of vibratory machines and are subjected to sig-
nificant cyclic loads. To improve their operational effi-
ciency, the use of tubular beams with a variable outer
diameter following a parabolic law while maintaining a
constant inner diameter has been proposed. Such a
geometry ensures a more rational distribution of ma-
terial along the beam length in accordance with the
distribution of bending moments.

The results of numerical modeling demonstrate
that the use of a beam with a parabolic profile makes
it possible to reduce its mass by 41%, while simulta-
neously increasing the allowable transverse accelera-
tion and the first natural frequency of vibration. Analy-
sis of the stress—strain state indicates a more uniform
distribution of stresses within the beam material.It has
been established that the use of such beams practi-
cally does not change the dynamic characteristics of
the screen box of the vibratory machine. This con-
firms the feasibility of their application for reducing the
structural mass and improving the energy efficiency
and reliability of vibratory machines.
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