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INTRODUCTION

The separation of loose material (LM) com-
ponents by size is achieved using vibrating per-
forated sifting surfaces (PSS) on separating ma-
chines in various industries [1–3].

The efficiency of PSS depends on the follow-
ing indicators: technological (productivity, com-
pleteness or clarity of separation) [4–5]; strength 
(oscillation frequency, reliability, wear resis-
tance) [6], production (cost of resources during 
manufacture, payback) [7].

The use of holes in the shape of complex ge-
ometry allows to improve technological param-
eters (productivity and completeness of separa-
tion) [8–10]. The epicycloidal hole shape of PSS 
allows increasing the amount of sifted component 
(passage fraction) in comparison with PSS with 
basic round holes [8] or in the form of a regular 
triangle [10]. Application of three- and five-petal 
epicycloidal shapes of holes allowed to signifi-
cantly intensify sifting of LM. Experimental stud-
ies have proved the intensity of loose materials 
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sifting on PSS with Cassini oval holes compared 
to the elongated holes, at which the productivity 
increased by 15–20% [11].

Preliminary studies of the reliability of PSS 
with triangular and three-petal epicycloidal holes 
have shown a significant difference in their stress 
concentrators and durability [12]. Additionally, it 
is found that the natural oscillations frequency of 
PSS, which is necessary to exclude possible reso-
nance phenomena, depends on the shape of holes 
of basic or complex geometry. 

One of the most cost-effective methods to-
day remains the production of PSS through cold 
stamping of sheet metal. Using dies and punch 
in presses, PSS are manufactured, during which 
the hole edges have technological and geometric 
deviations [13], and fatigue cracks [14]. The ap-
plication of appropriate accounting for this effect 
in the numerical FE-model [15] has significantly 
reduced the calculation error to 5% and increased 
its adequacy. 

The application of numerical studies for de-
termining oscillation parameters, measuring 
stress concentrators and other strength indicators 
has shown its consistency in [12, 15, 16]. These 
methods have an advantage in accuracy and du-
ration of studies compared to analytical and ex-
perimental methods. One common practice for 
validating the adequacy of numerical models of 
PSS, developed in Abaqus CAD, is to compare 
the results of FE-modeling with experiments con-
ducted on the Simcenter Test Lab [13] or using 
the PSV-500 vibrometer [17].

This indicates the significance of the influence 
of the shape on the technological and strength pa-
rameters of PSS, their mass production. We can 
also conclude that the application of numerical 
modeling is promising for the identification of the 
natural oscillations of PSS with holes of complex 
geometry. 

However, the prospects of PSS with holes 
of complex epicycloidal shape are insufficiently 
studied and require additional reliability studies. 
There is interest in the dependence of oscilla-
tion frequency of PSS on the epicycloid modulus 
(number of petals), which will avoid resonance 
phenomena and provide the necessary reliability.

The aim of the research is to determine the 
degree of parameters influence of PSS on the 
frequency of their natural oscillations depending 
on the parameters of holes of complex geometry 
using FE-modeling. The novelty of the work is 
to analyze the oscillation frequency of PSS with 

holes of complex geometry depending on the 
modulus (number of petals) of the epicycloid and 
to obtain the corresponding regularities

METHODOLOGY AND MATERIALS 

For research, taking into account the data of 
previous works [13, 18] and existing studies [19, 
20], we accept some conditions and assumptions:
1.	The PSS is considered as a thin rectangular 

plate made of isotropic material.
2.	The arrangement of holes with centers at the 

vertices of the hexagon, according to the prac-
tices of mass production.

3.	We take as a basis the data obtained by numeri-
cally calculating the natural oscillation fre-
quencies of PSS with round and epicycloidal 
holes with a modulus k = 5. 

4.	Variable parameters of PSS: surface thickness, 
epicycloid multiplicity, partition width.

5.	Fix the dimensions of PSS: length 640 mm and 
width 260 mm.

6.	PSS material: steel S235JR (yield strength 235 
MPa; density 7.847 g/cm3 ; Poisson’s ratio 0.3).

7.	Conditions for PSS fixing: all four edges are 
rigidly clamped.

One of the important technological param-
eters of PSS is the separating size of hole, relative 
to which the components of LM are separated. 
For a round hole of PSS this dimension is their 
diameter. For an epicycloidal hole – the diameter 
of the internal fixed circle, on the external surface 
of which the movable circle rolls over and forms 
an epicycloid. The ratio of the diameter of the 
fixed circle to the diameter of the movable circle 
forms the modulus of epicycloid (number of pet-
als). Therefore, to study the influence of the hole 
shape on the oscillation frequencies of PSS, these 
diameters were the same. 

Analysis of the works [12, 13, 21, 22] and 
preliminary studies [13, 18] showed a significant 
influence of PSS thickness and hole spacing (par-
tition width) on the oscillation frequency varia-
tions. These parameters were also included in the 
research program. 

We accept the following research algorithm: 
1.	Determining the geometric parameters of PSS 

for the research, and identify the significant 
factors.

2.	Developing the numerical models of PSS with 
epicycloidal hole shapes, using modules k = 7 
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and k = 9, considering the accepted conditions 
and assumptions.

3.	Conducting a comparative analysis of numeri-
cal models and determining the patterns of 
change in the natural oscillation frequencies of 
PSS based on their parameters. 

4.	Conducting an analysis of the geometric pa-
rameters of PSS holes and identifying patterns 
based on the epicycloid modulus and the natu-
ral oscillations frequency.

5.	Developing scientific and technical recommen-
dations for practical application.

We accept the following objects of study 
for rectangular PSS (Fig. 1): with round (basic) 
holes; with holes of complex geometry in the 
form of five-, seven-, and nine-petal epicycloids. 
An epicycloid is a curve that is formed by a mov-
ing circle with radius r relative to a stationary 
circle with radius R (Fig. 1). In this case, the sepa-
ration dimension for dividing the components of 
LM is the hole diameter ds = 2R. In the case of 
round holes, we also have ds = 2R.  There is a non-
perforated (solid) part between the holes, which is 
denoted as рartition width (а) and forms the stiff-
ness of PSS structure. For round holes, this dis-
tance is measured between the circle edges with 
ds, while for epicycloidal holes we have:
	 dh = ds + 2r = 2(R+r)	 (1)

The epicycloid modulus can be conditionally 
determined in terms of the ratio k = R/r. Under 
the condition of fixing the separating hole size 
(i.e. R), the radius of the moving circle (i.e. r) will 
decrease as the modulus increases. This allows 

for maintaining the number of holes on PSS and 
its active sifting area. For convenience during the 
modeling process also used the value of the pitch 
between the hole centers (р), which was defined 
as: for round holes р = 2R + a; for epicycloidal 
holes р = 2(R + r) + a.

The significant factors and their levels of vari-
ation are presented in Table 1. The justification 
for the choice of these data and levels of variation 
is based on the results of preliminary studies, the 
experience of similar studies in this area [12, 13, 
18, 21, 22]. The proposed epicycloidal holes re-
quire the formation of an appropriate classifica-
tion according to the level of geometry complexi-
ty relative to regular shapes (in our case, a circle). 
It is necessary to take into account not only the 
geometry complexity of the hole itself but also 
their general arrangement per unit area of PSS. 

The overall capacity of the perforated plate 
to sift LM components can be determined by the 
cross-sectional area (throughput) of PSS. Free area 
ratio (surface permeability) is defined as the ratio 
of the area of all holes to the area of PSS (Fig. 3):

	

dh = ds + 2r = 2(R+r).     (1) 
 
𝑘𝑘𝑝𝑝 =

𝑆𝑆𝑝𝑝
𝑆𝑆𝑠𝑠
= 𝑛𝑛ℎ𝑆𝑆ℎ

𝑆𝑆𝑠𝑠
,      (2) 

 
𝐾𝐾𝑐𝑐𝑔𝑔 = 𝐿𝐿𝑒𝑒𝑒𝑒 𝐿𝐿𝑐𝑐⁄ ,     (3) 
 
𝐿𝐿𝑒𝑒𝑝𝑝 = 𝑘𝑘(𝑙𝑙1 + 𝑙𝑙2),     (4) 
 
𝑙𝑙1 =

𝜋𝜋𝑟𝑟1
180 𝛼𝛼1, 𝑙𝑙2 =

𝜋𝜋𝑟𝑟2
180 𝛼𝛼2  

 
𝐾𝐾𝑐𝑐𝑔𝑔 = (𝑘𝑘 𝜋𝜋

180 (𝑟𝑟1𝛼𝛼1 + 𝑟𝑟2𝛼𝛼2)) 2𝜋𝜋𝜋𝜋⁄ .    (5) 
 

	 (2)

where:	Sp – area of LM sifting through all holes 
of PSS; nh – number (quantity) of holes on 
the test PSS, pieces; Sh – area of one hole, 
mm2; Ss – total rectangular PSS area, mm2. 

For the studied surfaces, we have the follow-
ing hole areas Sh: 

−	 with basic round holes Shc = πR2; 

Figure 1. Prototypes of PSS: a – general view of PSS with round and five-petal epicycloid holes; b – schemes of 
PSS holes; с – schemes of PSS

Table 1. Significant factors and ranges of their variation

Level and range of factors 
variation

Factors

Partition width a, mm Surface thickness s, mm Epicycloid multiplicity k
+1
0

–1

3
2
1

1.2
1

0.8

5
7
9
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−	 with holes of complex geometry in the form of 
an epicycloid were determined using the op-
tions of the Solid automatic design program.

The visualization of the sifting area of PSS with 
round and epicycloidal holes is shown in Figure 2. 
To account for the complexity of the hole geom-
etry relative to the basic geometry (circle, rectangle, 
equilateral triangle), we introduce the correspond-
ing geometry complexity coefficient Kcg. The val-
ue of this coefficient equals the ratio of the curve 
length, which forms a hole of complex geometry, 
to the circumference length of the basic round hole:
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where: Lep – length of the epicycloid curve (com-
plex geometry hole); Lc – length of the 
circle (basic hole); Lc = 2πR. 

The length of the epicycloid curve will de-
pend on the values of the modulus and the cor-
responding radii of the fixed and moving circles. 
We divide the epicycloid curve into sections with 
convex and concave sectors, which have cor-
responding lengths l1 and l2 (Fig. 3). Then, the 
length of the epicycloid curve can be represented 
by the following expression:
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 – lengths of the 
convex and concave curves, respectively 
(Fig. 3); r1, r2 – radii of the convex and 
concave curves, respectively; α1, α2 – the 
angles that define the boundaries of the 
convex and concave curves, respectively.

Taking into account the assumptions of ex-
pressions (3), (4), we have the final expression 

for determining the complexity coefficient of the 
hole geometry:
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Numerical modeling of PSS was performed 
in Simulia Abaqus, with its positive practice dem-
onstrated in [13, 18]. The modeling was carried 
out according to the following algorithm (see Fig. 
4): construct the geometry of the test PSS; input 
material properties; set calculation steps; define 
boundary conditions (fixing of PSS); generate the 
finite element mesh; create and initialize the task; 
visualize the calculations. In the Simulia Abaqus 
modeling, the following settings were used: 
quadrilateral first-order elements S4 and triangu-
lar elements S3; the linear model of elastic ma-
terial; material characteristics: steel S235JR; the 
size of the final element – 1 mm; the total number 
of model elements – 164000 to 167000 FE. The 

Figure 2. Sifting area of LM through the holes of PSS (Sp): а – with round holes; b – with epicycloidal holes

Figure 3. Scheme for determining the length of an 
epicycloid
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result of the modeling was data on the natural fre-
quencies of PSS for different vibration modes.

RESEARCH RESULTS

As a result of the modeling, the natural fre-
quencies of the experimental PSS (with round 
and epicycloidal holes) were obtained for the 
same modes (Tables 2–5, Figure 3). 

The choice of these modes is explained by 
their potential practical use in the technological 
equipment of separation machines. However, if 
necessary, the developed methodology can also 
be used to identify the vibration parameters of the 
PSS under different conditions. The obtained pat-
terns provide insight into the changes in the natural 

oscillations frequency, as well as potential reso-
nance phenomena when using PSS with various 
types and parameters of holes. The trends in oscil-
lation frequencies are similar with different modes.

It was also established that:
−	 an increase in the epicycloid modulus 

causes a decrease in the natural oscillations 
frequency of PSS by 0.2–3.7%;

−	 the natural oscillations frequency of PSS 
with epicycloidal holes exceeds 3.1% (at k 
= 5), 4.6% (at k = 7), and 1.9% (at k = 9) 
compared to the round holes;

−	 an increase in the surface thickness leads 
to an increase in the natural oscillations 
frequency by 32.17–32.37% (at k = 5), 
by 32.1–32.4% (at k = 7), and by 32.32–
32.45% (at k = 9);

Figure 4. Some stages of numerical modeling of PSS: a – defining boundary conditions; b, c, d – constructing 
the finite element mesh of PSS with modules k = 5, k = 7, k = 9; e – visualizing the calculations
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Table 2. Visual representation of the vibration modes of the experimental PSS
Modе Visual images Modе Visual images

1 5

2 6

3 7

4 8

Table 3. Dependence of the natural oscillations frequency steel PSS with holes of complex geometry on the plate 
thickness and the partition width between the holes (k = 5)*

Modе

Рartition width between the holes 
а = 1 mm

Рartition width between the holes 
а = 2 mm

Рartition width between the holes 
а = 3 mm

Thickness s, mm Thickness s, mm Thickness s, mm

0.8 1.0 1.2 0.8 1.0 1.2 0.8 1.0 1.2

1 53.19 65.05 76.36 55.86 69.32 82.57 56.82 70.70 84.46

2 141.17 172.66 202.71 147.94 183.62 218.76 150.31 187.03 223.43

3 61.98 75.82 89.02 65.44 81.17 96.62 66.86 83.20 99.38

4 150.21 183.70 215.66 157.79 195.78 233.13 160.58 199.81 238.67

5 78.14 95.63 112.36 82.96 102.86 122.41 85.25 106.06 126.69

6 165.72 202.65 237.86 174.73 216.68 257.90 178.25 221.78 264.90

7 188.21 230.19 270.23 199.11 243.83 293.66 203.76 253.49 302.76

8 217.92 266.60 313.06 231.24 286.59 340.90 237.37 295.30 352.68

Note: * research results from [18].



262

Advances in Science and Technology Research Journal 2025, 19(1), 256–268

Table 4. Dependence of the natural oscillations frequency steel PSS on the plate thickness and the partition width 
between the holes (k = 7)

Moda

Рartition width between the holes 
а = 1 mm

Рartition width between the holes 
а = 2 mm

Рartition width between the holes 
а = 3 mm

Thickness s, mm Thickness s, mm Thickness s, mm

0.8 1.0 1.2 0.8 1.0 1.2 0.8 1.0 1.2

1 52.42 64.41 75.97 55.33 68.68 81.83 57.88 72.04 86.09

2 139.34 171.29 202.15 146.75 182.17 217.11 152.89 190.32 227.44

3 60.42 74.09 87.23 64.43 79.89 95.11 67.69 84.23 100.62

4 147.69 181.36 213.80 156.17 193.77 230.81 163.02 202.89 242.42

5 75.10 91.95 108.08 81.05 100.44 119.48 85.62 106.52 127.21

6 161.97 198.61 233.78 172.32 213.68 254.34 180.39 224.46 268.13

7 182.60 223.62 262.89 195.60 242.41 288.36 205.43 255.56 305.21

8 209.83 256.73 301.53 226.24 280.28 333.27 238.40 296.52 354.06

Table 5. Dependence of the natural oscillations frequency steel PSS on the plate thickness and the partition width 
between the holes (k = 9)

Moda

Рartition width between the holes 
а = 1 mm

Рartition width between the holes 
а = 2 mm

Рartition width between the holes 
а = 3 mm

Thickness s, mm Thickness s, mm Thickness s, mm

0.8 1.0 1.2 0.8 1.0 1.2 0.8 1.0 1.2

1 52.01 64.31 76.27 54.29 67.41 80.37 55.64 69.23 82.70

2 138.31 170.86 202.71 143.91 178.68 213.03 147.40 183.39 219.07

3 60.36 74.41 88.08 63.60 78.94 94.07 65.55 81.55 97.40

4 146.89 181.29 214.88 153.51 190.56 227.15 157.57 196.03 234.15

5 75.55 92,99 109.91 80,62 100.03 119.18 83.66 104.05 124.27

6 161.61 199.22 235.84 169,98 210.96 251.39 175.02 217.70 260.01

7 182.88 225.19 266.27 193,73 240.38 286.39 200.17 248.97 297.32

8 210.92 259.49 306.55 225.01 279.15 332.51 233.29 290.13 346.44

Table 6. Dependence of the natural oscillation frequency steel PSS on the plate thickness and the epicycloid 
modulus (а = 2 mm, R = 3.5 mm)

Moda

PSS with holes of complex 
geometry k = 5*

PSS with holes of complex 
geometry k = 7

PSS with holes of complex 
geometry k = 9

PSS with round holes 
(ds = 7 mm)*

Thickness s, mm Thickness s, mm Thickness s, mm Thickness s, mm

0.8 1.0 1.2 0.8 1.0 1.2 0.8 1.0 1.2 0.8 1.0 1.2

1 55.86 69.32 82.57 55.33 68.68 81.83 54.29 67.41 80.37 54.11 67.20 80.11

2 147.94 183.62 218.76 146.75 182.17 217.11 143.91 178.68 213.03 143.86 178.65 212.96

3 65.44 81.17 96.62 64.43 79.89 95.11 63.60 78.94 94.07 64.21 79.73 95.04

4 157.79 195.78 233.13 156.17 193.77 230.81 153.51 190.56 227.15 154.16 191.43 228.19

5 82.96 102.86 122.41 81.05 100.44 119.48 80.62 100.03 119.18 82.62 102.58 122.27

6 174.73 216.68 257.90 172.32 213.68 254.34 169.98 210.96 251.39 171.89 213.43 254.39

7 199.11 243.83 293.66 195.60 242.41 288.36 193.73 240.38 286.39 197.43 245.12 292.15

8 231.24 286.59 340.90 226.24 280.28 333.27 225.01 279.15 332.51 231.04 286.83 341.83

Note: * research results from [18].

−	 increasing the partition width between holes 
leads to an increase in the natural oscillations 
frequency by 7.7–9.8% (at k = 5), by 10–
13.7% (at k = 7), and by 7.5–10.6% (at k = 9).

One of the tasks set was to rank factors 
based on their significance. It was found that the 
PSS thickness has the maximum impact (up to 
32.45%), the average impact has partition width 
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Table 7. Dependence of the natural oscillation frequency steel PSS on the partition width between the holes and 
the epicycloid modulus (s = 1 mm; R = 3.5 mm) 

Moda

PSS with holes of complex 
geometry k = 5*

PSS with holes of complex 
geometry k = 7

PSS with holes of complex 
geometry k = 9

PSS with round holes 
(ds = 7 mm)*

Partition width between 
holes а, mm

Partition width between 
holes а, mm

Partition width between 
holes а, mm

Partition width between 
holes а, mm

1 2 3 1 2 3 1 2 3 1 2 3

1 65.05 69.32 70.70 64.41 68.68 72.04 64.31 67.41 69.23 63.11 67.20 68.72

2 172.66 183.62 187.03 171.29 182.17 190.32 170.86 178.68 183.39 167.85 178.65 182.59

3 75.82 81.17 83.20 74.09 79.89 84.23 74.41 78.94 81.55 74.64 79.73 81.76

4 183.70 195.78 199.81 181.36 193.77 202.89 181.29 190.56 196.03 179.69 191.43 195.93

5 95.63 102.86 106.06 91.95 100.44 106.52 92.99 100.03 104.05 95.71 102.58 105.53

6 202.65 216.68 221.78 198.61 213.68 224.46 199.22 210.96 217.70 199.99 213.43 218.81

7 230.19 243.83 253.49 223.62 242.41 255.56 225.19 240.38 248.97 229.27 245.12 251.77

8 266.60 286.59 295.30 256.73 280.28 296.52 259.49 279.15 290.13 267.83 286.83 295.11

Note: * research results from [18].

Figure 5. Dependencies of the natural frequencies of the perforated plates on the surface thickness and the 
modulus of the epicycloid in 3D: mode_1, a = 1 mm

Figure 6. Dependencies of the natural frequencies of the perforated plates on the modulus of the epicycloid and 
partition width between holes: mode_1, s = 1 mm
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Figure 7. The natural oscillation frequencies of PSS under different modes (1–8):  – k = 0 (round holes); 
– k = 5; – k = 7;  – k = 9

between holes (up to 13.7%) and the smallest 
impact belongs to the epicycloid modulus (up to 
3.7%). The next stage of the research involved a 
comprehensive linking of geometric parameters 
to the frequency characteristics of PSS.

Using expression (2), the free area ratio (sur-
face permeability) kp was determined (Table 8, 
Fig. 8), and using expression (5), the value of the 
geometry complexity coefficient of the hole was 
established (Table 9, Fig. 9).

The use of coefficient Ksg allows analyzing the 
level of complexity of the hole geometry through 
the length of the curve that forms it. For example, 
the use of such a coefficient will be appropriate 
for a comparative analysis of PSS with different 
shapes of holes in the form of: epicycloid, hexa-
gon, Cassini oval, epitrochoid, etc.

ANALYSIS AND DISCUSSION OF RESULTS

After obtaining the main (Fig. 5–7) and 
additional (Fig. 8, 9) dependencies, it is necessary 
to integrate them. Such a combination will 
enhance the capabilities of systematic analysis 
and practical application of the results. The 
obtained dependencies of the natural oscillation 
frequencies of PSS on the free area ratio and the 
complexity coefficient of the hole (Fig. 10, 11) 
at different epicycloid modules were established.

Approximation of the data allowed us to ob-
tain the corresponding equations:
a)	for mode 1 (Fig. 10) we have:

−	 at k = 5 y = 87.669e-0,386x R² = 0.9922; 
−	 at k = 7 y = 94.293e-0,531x R² = 0.9875;
−	 at k = 9 y = 84.662e-0,4x R² = 0.9915;

Table 8. Geometric parameters and values of the free area ratio (surface permeability kp ) for the tested PSS, (ds = 
7 mm, D = 9 mm, Ss, mm2)

k a, mm L, curve length, mm Sp, mm2 kp

0 (round base)

1

21.99

389.98 0.75

2 325.74 0.63

3 257.29 0.50

5

1

27.74

400.19 0.77

2 320.91 0.62

3 284.23 0.55

7

1

30.01

367.16 0.71

2 318.25 0.61

3 261.36 0.50

9

1

32.96

356.11 0.69

2 290.58 0.56

3 261.82 0.51
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Table 9. Geometric parameters and values of the geometry complexity coefficient of the hole of PSS, (ds = 7 mm, 
D = 9 mm)

k r1, mm r2, mm Lер, mm Lc, mm Kcg

0 - - 21.99

21.99

1

5 1.5 2.35 27.74 1.26

7 0.94 1.23 30.01 1.36

9 0.68 0.83 32.96 1.5

Figure 8. Change in free area ratio of the perforated plate depending on the modulus of the epicycloid 
and partition width between holes

Figure 9. Change in the geometric complexity coefficient of the hole of PSS depending 
on the epicycloid modulus

−	 at k = 0 y = 81.899e-0,339x R² = 0.9357;
b)	for mode 3 (Fig. 11) we have:

−	 at k = 5 y = 87.669e-0,386x R² = 0.9922;
−	 at k = 7 y = 94.293e-0,531x R² = 0.9875;
−	 at k = 9 y = 84.662e-0,4x R² = 0.9915;
−	 at k = 0 y = 81.899e-0,339x R² = 0.9357.

These dependencies give an idea of the chang-
es in frequency characteristics depending on other 

possible values of the parameters of holes of com-
plex geometry. Thus, despite the established oscil-
lation parameters, it is possible to investigate the 
parameters for PSS with other epicycloidal mod-
ules, surface thickness, or hole spacing. 

One of the main tasks we set ourselves was to 
develop a methodology for identifying the natu-
ral oscillations of perforated surfaces with holes 
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Figure 10. The natural oscillation frequencies of PSS depending on the free area ratio and the epicycloid 
modulus (mode №1, s = 1 mm): 1 – k = 5; 2 – k = 7; 3 – k = 9; 4 – k = 0 (round holes)

Figure 11. The natural oscillation frequencies of PSS depending on the free area ratio and the epicycloid 
modulus (mode 3, s = 1 mm): 1 – k = 5; 2 – k = 7; 3 – k = 9; 4 – k = 0 (round holes)

of complex geometry. This methodology can be 
used for studies with other parameters, including 
material. In one of our other papers, we studied 
and compared the natural frequencies of perfo-
rated plates made of steel and aluminium [23]. 
Of course, we obtained different values, but the 
trend of changes remained constant (in relation 
to the vibration modes). If necessary, you can use 
correction factors to correct the results that may 
occur when changing the material.

The wide range of applications of sifting 
surfaces in various technologies results in a sig-
nificant amount of different kinematic param-
eters in serial separation equipment. The value 
of the amplitude and frequency of forced oscil-
lations is optimised depending on the properties 

of the loose material. Therefore, it is difficult to 
make a comparison with a specific type of serial 
separation equipment. For this reason, we have 
identified the natural oscillation frequencies for 
the different eight modes, which will allow us 
to take into account all variants of serial separa-
tion equipment.

The developed methodology and obtained 
data create the opportunity for research and de-
sign of PSS with high reliability, sifting capacity, 
and economic profitability in their production.

Among the prospects of using the method-
ology, in particular, the integration of geometric 
parameters for system evaluation, is the potential 
possibility of analysis in terms of the criteria of 
stress concentrators and separation efficiency. 
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CONCLUSIONS

As a result of the research, a method for de-
termining the influence of parameters by holes of 
complex geometry on the frequency character-
istics of PSS, which is based on numerical FE-
modeling. Adequate conditions are obtained for 
modeling the frequency characteristics of PSS 
with holes of complex geometry in the Abaqus 
CAD program. To study the level of influence 
of the design of epicycloidal holes on the natu-
ral oscillations of PSS, the identification of their 
values for round, epicycloidal (with a modulus of 
5, 7 and 9) hole shapes was carried out. This also 
allowed us to determine the natural frequencies 
of PSS while varying parameters such as the epi-
cycloid module, distance between holes, surface 
thickness, and to assess the significance levels of 
these factors. In addition, the analysis involved 
studying eight common modes of oscillation en-
countered in practice.

For a comprehensive analysis and practical 
application, new coefficients have been intro-
duced that account for the structural parameters 
of the holes – the complexity coefficient of the 
hole of the entire PSS – the free area ratio.

The established dependencies of the natural 
oscillation frequencies of PSS on these coef-
ficients allow for assessing trends and making 
predictions.

The conducted research, through the devel-
oped methodology and established results, al-
lows for the optimization of the structural-kine-
matic parameters of PSS with holes of complex 
geometry at the stages of their research, design, 
manufacturing, and operation. Studies enable 
the prediction of resonance phenomena and 
damage between the holes of perforated sifting 
surfaces, the absence of which determines their 
reliability.
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