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 Because roller screens are connected to the pelletizing discs on one side and the 
green iron ore induration furnaces on the other side in pelletizing plants, they play a 
crucial role in the plant's productivity and steel production process. Consequently, an 
optimal performance and structural design are essential in this context. A significant 
issue with roller screens during the classification of green pellets is the deformation of 
the rolls caused by the force exerted by the pellets during operation. This deformation 
disrupts the uniformity of the gap between the rolls, thereby reducing the efficiency of 
the screen, and the overall performance of the circuit, as well. Despite the importance 
of this issue, no studies have been conducted to investigate the force exerted by the 
pellets during classification on the screen or the subsequent mechanical behavior of the 
rolls. Therefore, this study employs the discrete element method–finite element method 
(DEM-FEM) coupling simulation technique to examine, for the first time, the 
mechanical behavior of rolls and to optimize their structural design. The results 
indicated that decreasing the roll diameter from 80 mm to 30 mm led to 1088 times 
increase in the average total deformation of the rolls. Furthermore, increasing the 
thickness of the polyurethane liner from 3 mm to 14 mm caused the average total 
deformation to rise by 54 times. 
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1. Introduction 

The roller screen utilized for the classification 
of green iron ore pellets has become increasingly 
prevalent owing to its numerous advantages, which 
play a crucial role in enhancing the efficiency and 
productivity of the pelletizing circuits. Its benefits 
include high efficiency and capacity in classifying 
green pellets, low noise generation, minimal space 
requirements, ability to handle highly sticky 
materials with elevated moisture content, and 
reduced damage to green pellets. These features 
have made this equipment essential for preparing a 
suitable feed for induration kilns. The roller screen 
serves as a vital link between the pelletizing and 
balling equipment, such as pelletizing discs or 
drums and induration furnaces, which effectively 
connect these machines and create a closed circuit. 
Thus, ensuring the optimal design, construction, 

and operational efficiency of the roller screen is 
critical, as it significantly contributes to increasing 
the productivity of the pelletizing plant [1]. Green 
pellets produced from pelletizing disks or drums 
are transferred to a roller screen for size 
classification and typically range from 6 to 22 mm 
in diameter. As illustrated in Figure 1, the roller 
screen utilized in both laboratory and industrial 
settings consists of several rolls with a specific 
diameter, inclined at a particular angle, and rotating 
at a designated speed. This design facilitated the 
movement of pellets along the roller screen. During 
this process, the gaps between the rolls allow for 
the separation of green pellets based on their 
dimensions. According to Figure 1, there is an area 
referred to as the initial three-quarters of the screen 
length that features a gap opening of 9.5 mm. This 
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configuration enables fine-grained pellets 
measuring 6–9.5 mm to pass through. In the 
remaining quarter of the screen, the gap opening 
increases to 15.5 mm, allowing for the separation 
of on-size pellets ranging from 9.5 to 16 mm which 
are subsequently directed to the induration furnace 
as the feed [2]. The appropriate gap opening size 
assigned to each segment of the roller screen area 
depends on the pelletizing plant strategy and 
downstream flow requirements [3]. 

As shown in Figure 2(a), during the sizing 
process of green pellets, the continuous collisions 
of the pellets with the surface of the rolls generate 
an impact, resulting in a sustained force exerted by 
the pellets onto the rolls. Based on Figure 2(b), FT 
represents the total force exerted by the pellets on 
the rolls. Therefore, the rolls remain consistently 
under load throughout the roller screen operation. 

In this context, the application of FT to the rolls, 
along with the reaction forces exerted by the 
supports that connect and stabilize the rolls on the 
body of the roller screen, essentially functioning as 
bearings, can be analyzed. As illustrated in Figure 
3(a), these factors establish the boundary 
conditions for the rolls of the roller screen during 

the green pellet classification process. As shown in 
Figure 3(b), the applied force of FT on the surface 
of the roll consistently induces a bending stress 
along its length. As illustrated in Figure 3(a), the 
bending stress results in elastic deflection. 
Ultimately, when the stress exceeds the yield 
strength, permanent plastic deformation occurs, 
particularly in the central region of the roll [4]. 

 
Figure 1. Different constituent parts of the roller 

screen. 

 

 
b). Applied total force of FT to the surface of the roll a). Classification of green iron ore pellets by roller screen 

Figure 2. Applied forces to the surface of the roll due to the collision of each pellet and consequently the total 
force of FT. 

According to Figure 3(b), the elastic or plastic 
deformation of the roll, essentially roll bending, 
results in a loss of straightness. Under the influence 
of bending, the uniformity of the gap opening 
deviates significantly from the ideal state. As a 
result, transferring on-size pellets to the fine-
grained area and fine grain pellets to the product 
area leads to both a quantitative and qualitative 
decrease in the efficiency of the roller screen [3]. 

Maintaining appropriate gaps between rolls is 
essential for effectively separating fine-grained 
materials from product materials and improving the 
performance of the roller screen. A review of the 
literature indicates that there is limited research on 
the comprehensive performance of roller screens 
during the pelletizing process. Consequently, the 
impact of key parameters on the proficiency of the 
roller screen remains unclear. Therefore, there is a 
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lack of established knowledge regarding the 
screening process that utilizes roller screens. 
Furthermore, the suboptimal performance of the 
roller screen contributes to losses in pelletizing 
plants. Thus, it would be essential to conduct 
theoretical and practical research to evaluate and 
optimize its design, construction, and performance. 
This research is crucial for enhancing the efficiency 
and productivity of the entire plant, and is both 
justified and necessary [5]. Understanding the 
rolling screening process, particularly the 
interactions between the pellets and the roll 
surface, necessitates particle-scale studies. 
However, conducting experimental research in 
full-scale industrial plants poses significant 
challenges. However, online analysis is often 

hindered by spatial constraints. Even when space is 
available, investment costs associated with such 
installations are frequently deemed unjustifiable. 
While experimental tests yield valuable and 
reliable information, the inherent heterogeneity, 
discreteness, and anisotropy of particulate solids 
complicate the dynamic behavior of bulk materials 
owing to the interactions between particles and 
between particles and geometry. Moreover, the 
complexity and high costs associated with 
manufacturing laboratory equipment, along with 
the time and difficulty involved in conducting 
experimental studies, render it impractical to 
perform comprehensive investigations and 
parametric studies of particle systems [6]. 

Figure 3. Applied forces and resultant bending stress to the roll while classification of pellet. 

Simulations have become a widely utilized tool 
in the design and optimization of industrial 
processes. Owing to the highly discrete nature of 
granular materials, it is anticipated that particulate 
media will require a discrete simulation method. 
Mechanical modeling and numerical simulation 
using the discrete element method (DEM) can be 
employed, in order to investigate the classification 
behavior of green pellets on a roller screen. when 
properly calibrated and validated, this approach 
can effectively predict the dynamic and bulk 
behavior of pellets on rolls by considering both 
pellet-pellet and pellet-roll interactions. DEM is a 
widely utilized research and development tool that 
predicts the macroscopic behavior of particles 
through a microscopic approach [7]. By employing 
DEM, it is possible to simulate the interactions 
between pellets, including pellet-pellet and pellet-
roll interactions. This results in the calculation of 
the force (FT) exerted when a pellet collides with 
the roll surface [8]. After simulating the DEM and 

calculating the forces resulting from the pellet's 
impact on the roll surface, it is essential to evaluate 
the mechanical behavior of the roll, including the 
total deformation and equivalent stress. Finite 
Element Method (FEM) is the most effective 
method for simulating and calculating these 
behaviors. FEM is considered a robust and mature 
approach for addressing complex engineering 
problems involving materials with varying 
properties, intricate geometries, diverse loading 
conditions, and multiple boundary constraints [9]. 
Considering the advantages of FEM for 
investigating the reactions and behavior of roller 
screen rolls under the impact loads generated by 
green pellets, it is essential to transfer the forces 
calculated through DEM simulations to the FEM 
platform. The process of connecting and 
transferring data obtained from the discontinuous 
DEM simulation to the continuous FEM simulation 
is referred to as the coupled DEM-FEM method. 
This approach facilitates an accurate simulation of 

 

 

(b): Applied bending stress to the roll along its length. (a): Applied forces to the roll. FT and reaction forces are 
applied to the roll. by collision of pellet and supports 

(bearings), respectively. 
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the interaction between the forces exerted by the 
impact of the pellets and the resulting deformation 
of the rolls caused by this impact [10]. The coupled 
DEM-FEM numerical simulation method 
effectively integrates the strengths of the DEM in 
characterizing granular particle behavior with the 
FEM which excels in addressing bending problems 
in rolls [11]. In this research work, the performance 
of roller screen rolls was modeled using FEM 
based on the principles of continuum mechanics, 
whereas the pellets were represented as distinct and 
independent particles through DEM to account for 
discontinuities. 

Unlike vibrating screens, which have been 
extensively studied to simulate their operational 
and mechanical behaviors using DEM, FEM, and 
DEM-FEM coupling methods, comprehensive 
research on the functional simulation of roller 
screens using the DEM-FEM coupling method and 
FEM remains limited. Current simulation studies 
of roller screens are primarily restricted to the use 
of DEM alone. Cherepakha et al. employed DEM 
simulations to examine the effects of the diameter, 
length, and rotational speed of the rolls, as well as 
the inclination angle of the roller screen's surface 
and the number of rolls (length of the roller screen) 
on the efficiency and performance of the roller 
screen [12]. Javaheri et al. simulated and 
investigated various regimes of roll rotation speed 
and inclination angle of the roller screen's surface 
on the performance criteria of the roller screen 
using DEM simulations [13].  Jafari et al. also 
employed DEM  to examine the effects of various 
performance parameters, including the inclination 
angle, diameter, and rotation speed of the rolls on 
the efficiency of the roller screen [14]. Silva et al. 
utilized DEM to examine the effects of rotation 
speed and diameter of the rolls, fine grain area gap, 
inclination angle of the roller screen surface, and 
feeding rate on the efficiency of single- and double-
deck roller screens [15]. In another study, Silva et 
al. employed a DEM to investigate the effects of 
the moisture content and granulation distribution of 
the input feed on the performance of a single-deck 
roller screen. They also analyzed the impact of gap 
opening in a fine grain area [16]. Carvalho et al. 
conducted a DEM simulation study on a double-
deck roller screen to investigate its performance 
concerning various factors, including load 
capacity, the number of constituent rolls, the length 
of the first deck, the inclination angle, and the gap 
opening between the rolls of the second deck [1]. 

In summary, previous studies on DEM 
simulation of roller screens have primarily focused 
on evaluating the performance of these screens in 

relation to structural and process parameters. 
However, the physical and dynamic behavior of 
particles, particularly the forces generated during 
collisions with the geometry of the roller screen, 
especially the rolls, has not been simulated or 
analyzed. Therefore, a comprehensive study 
addressing the interaction between continuous 
geometry and discrete particles for the design and 
optimization of roller screens, both structurally and 
functionally, is lacking. Several studies have been 
conducted on various types of vibrating screens 
(linear, circular, or flip-flow) using the DEM 
method. These studies not only simulated particle 
movement but also investigated the dynamics and 
interactions between the particles and the screen 
plates and meshes. Consequently, the inertia and 
forces exerted on the screen plates by the particles 
were simulated effectively [17]. Thus, the positive 
outcomes of these studies highlight the potential 
benefits and effectiveness of employing DEM in 
roller screens. It is important to note that all of the 
aforementioned DEM studies of roller screen 
utilized a spherical pellet shape and the Hertz-
Mindlin elastic contact model. Previous research  
[18], along with results from experimental tests 
conducted on a laboratory roller screen and the 
calibration of contact parameters, indicates that 
employing the actual shape of the pellet and a 
hysteretic spring contact model, owing to its 
elastoplastic properties, produces DEM simulation 
results that are more consistent with realistic 
experimental outcomes. So, these results are 
considered more reliable and repeatable. In this 
study, a roller screen is investigated for the first 
time using DEM and FEM techniques to develop a 
coupled DEM-FEM model. Following the 
establishment of this coupling as a novel design 
tool for the roller screen, the mechanical behavior 
of the rolls, including the total deformation and 
equivalent stress experienced, are assessed in 
response to the impact load of the pellets during the 
classification process. The coupled DEM-FEM 
method used in this study represents an innovative 
approach that enables parametric design analysis of 
roller screen. To address issues such as bending 
which can reduce the efficiency of the screening 
process during the classification of green pellets, a 
thorough parametric design analysis is conducted. 
Consequently, optimal construction conditions are 
proposed, along with design recommendations 
concerning the roll diameter and thickness of the 
polyurethane (PU) liner for the rolls. These 
recommendations aim to minimize the adverse 
effects of the deformation and bending of the rolls, 
thereby addressing the significant technical and 
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financial challenges encountered by pelletizing 
plants. 

2. Material and Methods 
2.1. Laboratory roller screen tests 

At the outset, experimental tests of the roller 
screen were conducted using the laboratory roller 
screen illustrated in Figure 4, with the structural 
and functional characteristics detailed in Table 1 
and Figure 5. These experimental studies on the 
roller screening process of green pellets provide the 
foundation for the coupled DEM-FEM simulations 
discussed in this study. They are comprehensively 
detailed in reference [2]. 

 
Figure 4. Performing laboratory roller screen tests 

for classifying green iron ore pellets. 

 

Table 1. Specifications and operating parameters of the laboratory roller screen 
Specification Value 

Construction parameters 

Roll diameter (mm) 40 
Roll length (mm) 480 
Material type of roll liner Polyurethane (PU) 
Material type of roll shaft Structural steel 
Roll number 25 

Operational parameters 

Feeding rate (t/h) 
Feeding conveyor belt speed (m/s) 

1-1.5 
0.35 

Roll rotation speed (rpm) 10-500 
Inclination angle (degrees) Adjustable to 20 

 

 
Figure 5. Specification of the roll of laboratory roller screen. 

2.2. Pellet shape modelling 

Modeling the actual shape of magnetite green 
pellets which contain 8% moisture and 1% 
bentonite, was conducted based on the analysis of 
images obtained from experimental tests. The 
results of these tests are shown in Figure 6. EDEM 
software version 2021.2 (Edinburgh DEM 

Solutions) was utilized to perform both pellet shape 
modeling tests and DEM roller screen tests [19]. 
Additionally, Digimizer software was utilized to 
analyze the pellet images [19]. Details of pellet 
shape modeling, along with experimental tests 
measuring contact parameters and their calibration, 
are presented in reference [19].  

 
  

(a): Real shape of pellet (b): Simulated shape of pellet . 

Figure 6. Modeling the shape of magnetite pellet with 8% moisture and 1% bentonite in EDEM [19]. 
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2.3. Determination of contact parameters 

In this study, for the first time, experimental 
tests regarding the green pellet were conducted to 
determine the contact parameters of the magnetic 
pellet, including drop, inclined plane, sliding, angle 
of repose (AOR), and tumbling drum tests. 
Additionally, physical tests, such as specific 
gravity and dimensional distribution, as well as 
mechanical tests, including Young’s modulus and 
yield strength tests, were performed. Calibration 
tests for pellet-pellet and pellet-roll interactions 
were conducted using DEM simulations as a 
novelty, the results are presented in Table 2 [19]. 

The dimensional distribution of the pellet feed used 
for the simulation is illustrated in Figure 7 [19]. 

A DEM simulation test of the roller screen was 
conducted based on the contact parameters listed in 
Table 2. The specifications of the roller screen used 
to conduct the DEM tests are shown in Figure 8. 
The DEM simulation test is illustrated in Figure 9. 
In this test, the operational parameters were as 
follows: feed rate=1.5 t/h, deck angle=13°, roll 
speed=225 rpm, roll diameter=40 mm, roll 
length=480 mm, undersize gap=9.5 mm, on-size 
gap=15.5 mm, and particle shape=real shape. 

Table 2. Properties and interaction parameters utilized in EDEM simulation of the roller screen test for 
magnetite pellets with actual shape 

Parameters Unit Values 
Pellet properties 

Pellet type - Magnetite 
Pellet moisture content % 8 
Pellet bentonite dosage % 1 
Pellet density (ρ) kg/m3 4893 
Geometry density (ρ) kg/m3 1215 
Poisson’s ratio (ν)-(Pellet; Geometry) - [0.25; 0.41] 
Shear modulus (G)-(Pellet; Geometry) Pa [2.015e+06; 1.02e+08] 
Pellet yield strength Pa 0.0554e+06 
Pellet shape model - Overlapping spheres 
Pellet size distribution mm 6–22 
Test method - Bulk pellet 
Pellet mass kg 26, 30, 40, 50 and 70 
Feed rate kg/s 0.417 
Time step s 2.93e-05 
Time step % 20 
Simulation time s 85 

Contact parameters 
Physics for interaction of Pellet-pellet - Hertz-Mindlin with JKR 
Physics for interaction of  Pellet-geometry - Hysteretic spring 
Surface energy for the interaction of 
pellets 6–9.5 mm to pellets 9.5–22 mm 

J/m2 1.9 

Damping factor - -0.0077 
Stiffness factor - 0.125 
1CORP-P; CORP-G - [0.104; 0.09] 
2μsP-P; μsP-G - [0.23; 0.6] 
3μrP-P; μrP-G - [0.31; 0.2] 

 

1CORP-P and CORP-G = coefficient of restitution for pellet-pellet and pellet-roll interactions, respectively 
2μsP-P and μsP-G = static friction coefficient for pellet-pellet and pellet-roll interactions, respectively 
3μrP-P and μrP-G = rolling friction coefficient for pellet-pellet and pellet-roll interactions, respectively 

 

 
Figure 7. Different particle sizes of pellet for DEM simulation of roller screen [19]. 
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Figure 8. Specification of applied roller screen for DEM simulation tests. 

  

 

(b) (a) 
Figure 9. EDEM simulation of roller screen to classify green pellets. 

2.4. Modeling roll geometry 

To conduct FEM simulation tests on the roller 
screen, analysis of the mechanical behavior of the 
rolls, including the total deformation and 
equivalent stress are aimed in response to the forces 
exerted by the pellets during dimensional 
separation. According to Figure 10(a), the 
geometry of the roller screen, particularly its rolls, 
was modeled using Autodesk Inventor software 
and Design Modeler in ANSYS version 2022 R2, 
in accordance with the specifications provided for 
the laboratory roller screen (Table 1). The 
boundary conditions for the roll shown in Figure 5, 
utilized in the FEM simulations, are illustrated in 
Figure 10(b). 

2.5. Investigation of affecting parameters on 
mechanical behavior of roll 

After conducting a simulation of the DEM-
FEM coupling method for the roller screen, 
investigation of the mechanical behavior of the first 
roll of the roller screen which is the most critical 
component during the roller screening process, 

aimed to establish a comprehensive study 
methodology. In this section, additional simulation 
tests for performing parametric study of roller 
screen roll were examined for the first time which 
includes some of the most significant parameters 
that influence the structural design of the roll. 

2.5.1. Diameter of roll 

Because the diameter of the roll is a critical 
geometric parameter that influences its mechanical 
behavior, various FEM simulations of the first roll 
were conducted to examine the effect of the roll 
diameter. The conditions for the FEM simulation 
were as follows: roll diameters of 30 mm, 40 mm, 
50 mm, 60 mm, 70 mm, and 80 mm, a PU thickness 
of 10 mm, and PU shear modulus of 102 MPa. 

2.5.2. Thickness of PU 

Because PU is used as a liner for roller screen 
rolls owing to its high wear resistance, various 
FEM simulation tests of the first roll were 
conducted under different PU thickness conditions. 
The parameters for the FEM simulation were as 
follows: roll diameter=40 mm, PU thickness=3 
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mm, 6 mm, 8 mm, 10 mm, 12 mm, and 14 mm, and 
PU shear modulus of 102 MPa. 

2.5.3. Shear modulus of PU 

In addition to the thickness and geometric 
characteristics of PU, its mechanical properties, 
such as the shear modulus, are crucial for analyzing 
the mechanical behavior of rolls during the roller 
screening process. As PU is a polymer and a 
chemical substance, altering its molecular 
structure, particularly its molecular weight, 

changes its mechanical properties. To optimize the 
mechanical behavior of the roll in response to 
impact forces, it is essential to consider the effects 
of these changes on the characteristics of PU. 
Accordingly, various FEM simulation tests were 
conducted under different PU shear modulus 
conditions. In these tests, the parameters for FEM 
simulations were as follows: roll diameter=40 mm, 
PU thickness=10 mm, PU shear modulus=5 MPa, 
10 MPa, 20 MPa, 50 MPa, 102 MPa, 150 MPa, and 
200 MPa. 

 

 
a) A three-dimensional geometry of the roller screen prepared by Autodesk Inventor software and imported to the ANSYS 

software. 

 
b) Applied boundary conditions for FEM simulation of roll 

Figure 10. Modeling geometry of roller screen rolls and applied boundary conditions for FEM simulations. 

3. Results and Discussion 
3.1. Applied force resulting from impact load of 
pellets 

The total force (FT) applied to each roll during 
the pellet classification process, along with the 
average total force exerted on the rolls, is shown in 
Figure 11. The highest force is exerted on the first 
roll where the pellets collide during their transfer 
from the chute to the roller screen. This force 
measures 6.67 N, which is 3.05 times greater than 
the average force applied to the rolls of the roller 
screen. 

3.2. Analysis results of mechanical behaviors of 
roll 

The results of the analysis of the mechanical 
behaviors of the first roller screen roll, along with 
their distribution, are presented in Figure 12. 

Based on Figure 12(a), it is evident that total 
deformation reaches its maximum value in the 
central region of the roll, encompassing its entire 
cross-section, including the surface area near the 
point of force application and the roll axis. A 
concentration of deformation was primarily 
observed in these areas. Conversely, the minimum 
value of the total deformation occurs at the edges 
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of the roll, specifically at the base where the 
support and bearing are connected. According to 
Figure 12(b), the equivalent stress applied to the 
surface and axis of the roll which demonstrates a 
uniform distribution, was minimal. However, at the 
connection points between the structural steel shaft 
and PU liner in the upper and lower sections of the 
roll shaft axis, there is a concentration of stress. As 
the stress concentration approaches to the axis of 
the roll, its magnitude diminishes, ultimately 
reaching a minimum value. According to Figure 
12(c), the stress applied to the surface path of the 
roll was maximized in the central region. As one 
moves toward the edges of the roll, values 
decrease, ultimately reaching their minimum at the 
edges. Furthermore, Figure 12(d) indicates that the 
stress along the roll axis path is at its minimum in 

the central region, with values rising toward the 
edges and ultimately reaching a maximum value. 

 
Figure 11. Analysis results of applied total force by 

collision of green pellets on the rolls. 

 

  

 

(a): Total deformation (mm) along roll length and across its cross-section 

  

 
(b): Equivalent stress (MPa) along roll length and across its cross-section 

 

 

(c): Equivalent stress in surface path (MPa) 

 

 

(d): Equivalent stress in axial path (MPa) 
Figure 12. Distribution contours of mechanical behaviors of roll 1 along its length and across its cross-section, 

accompanied by a legend to illustrate the corresponding values. 
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3.3. Analysis of effects of structural variables on 
mechanical behavior of rolls 
3.3.1. Diameter of roll 

As illustrated in Figure 13, for a roll with a 
diameter of 30 mm, the average values of total 
deformation and equivalent stress applied were 
1088 and 51 times greater than those for a roll with 
a diameter of 80 mm, respectively. This indicates 
that the diameter of the roll has an inverse 
relationship with the average values of its 
mechanical behavior in response to the forces 
generated by the pellet impact. In this scenario, 
with the force exerted on the roller screen roll held 
constant, the general relationship of the stress 
suggests that as the diameter of the roll increases, 
the surface area also increases, leading to a 
decrease in the stress experienced by the roll. 
Under a consistent load, increase in roll diameter 
enhances the resistance to deformation within the 
roll, which consequently results in reduced strain 
values. Therefore, the deformation resulting from 
the collision and impact of the pellet on the roll 
surface is also reduced. To mitigate the 
deformation and stress and to minimize the 
negative effects on the alignment and spacing 
between the rolls, it is recommended that the 
diameter of the primary roll, designated as the 
impact roll, be larger than that of the other rolls. 

3.3.2. Thickness of PU 

In this section, the impact of variations in the 
thickness of the PU liner on the mechanical 
behavior of the first roll of the screen was 
examined. As illustrated in Figure 14, the roll with 
a PU liner thickness of 14 mm exhibited average 
values of total deformation and equivalent stress 
that were 54 and 8 times greater, respectively, than 
those of the roll with a PU liner thickness of 3 mm. 
This indicates a direct relationship between the 
thickness of the PU liner and the average 
mechanical performance of the roll in response to 
the forces generated by the pellet impacts. The 
underlying reason for this phenomenon is the lower 
shear modulus of the PU compared to that of the 
structural steel shaft; the shear modulus of the roll 
shaft is 754 times greater than that of the PU liner. 
This disparity is resulted in increased deformation 
and stress on the roll. To mitigate deformation and 
stress and ultimately reduce bending effects on the 
rolls, thereby preserving their straightness and 
maintaining the gap between them, it is 
recommended to minimize the thickness of the PU 
liner on the first roll as much as possible while still 
considering its anti-wear function. This should be 
balanced with the maximum thickness of the 
structural steel shaft. 

 

  
a). Effect of roll diameter variation on the total deformation b). Effect of roll diameter variation on the equivalent stress 

Figure 13. Variation of the mechanical behaviors of roll 1 with different diameters. 

3.3.3. Shear modulus of PU 

This section examines the impact of variations 
in the shear modulus of the PU liner on the 
mechanical behavior of the first roll of the roller 
screen. As shown in Figure 15, for the roll with a 
PU liner modulus of 5 MPa, the average values of 
total deformation and equivalent stress are 1.07 and 
1.02 times greater, respectively, compared to those 

for the roll with a PU liner modulus of 200 MPa. 
This finding indicates an inverse relationship 
between the modulus of the PU liner and the 
average values of its mechanical behavior. To 
minimize deformation and stress, as well as the 
bending caused by the collision of pellets with the 
roll, which adversely affects the efficiency of the 
roller screen, it is recommended that the modulus 
of the PU liner for the first roll be maximized. 
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a). Effect of PU thickness variation on the total deformation b). Effect of PU thickness variation on the equivalent stress 

Figure 14. Variation of the mechanical behaviors of roll 1 with different PU thickness. 

  
(a): Effect of PU shear modulus variation on the total 

deformation 
(b): Effect of PU shear modulus variation on the equivalent 

stress 
Figure 15. Variation of the mechanical behavior of roll 1 with different PU shear modulus . 

The results of the examination of the 
mechanical behavior of the roller screen’s initial 
roll related to structural design factors were 
analyzed using statistical methods and the Pearson 

correlation coefficient with a 95% confidence 
interval using SPSS software. These findings are 
presented in Figure 16. 

 

 

  
(a) (b) 

Figure 16. Analysis results of Pearson correlation coefficient of mechanical behavior of initial roll related to 
structural design factors. 

Based on Figure 16(a), it is evident that the total 
deformation of the first roll exhibits an inverse 
relationship with the PU shear modulus and a direct 

relationship with the PU thickness whereas Figure 
16(b) indicates that the equivalent stress is 
inversely related to the shear modulus of PU. 
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Therefore, the following relationships can be 
derived to describe the mechanical behavior of the 
roll in relation to its structural parameters: 

∝ ݊݋݅ݐܽ݉ݎ݋݂݁݀ ݈ܽݐ݋ܶ ௉ܶ௎

௉௎ܩ
 (1) 

∝ ݏݏ݁ݎݐݏ ݐ݈݊݁ܽݒ݅ݑݍܧ
1

௉௎ܩ
 (2) 

Where are: 
TPU = thickness of PU (mm) 
GPU = shear modulus of PU (MPa) 
By identifying the stress concentration points 

during the operation of the screen used for 
classifying the green pellets, it is possible to extend 
the lifespan of the rolls, which are the most critical 
components of the screen. This can be achieved by 
modifying the geometric characteristics, such as 
the roll diameter and mechanical properties, 
including the shear modulus and thickness of the 
PU liner. Consequently, utilizing the obtained 
results allows for the design of an optimal 
structure, thereby enhancing the performance of 
the screen. This improvement ultimately increases 
both the quantitative and qualitative efficiencies of 
the screen, as well as those of the induration 
furnace and pelletizing circuit. The frequency and 
duration of screen downtime were significantly 
reduced, which, in turn, enhanced plant 
productivity. A larger volume of material can be 
processed using a roller screen. The results 
obtained can be applied to the study of other 
processing equipment such as ball mill lifters.  

3.4. Validation of obtained results 

Considering the low values of the forces exerted 
by the pellets during the laboratory tests, as well as 
the industrial studies conducted, it is evident that 
the stresses applied to the rolls occur over extended 
periods of screen operation. This prolonged 
exposure leads to deformation of the rolls and, 
consequently, a decrease in their efficiency. To 
validate the findings of the laboratory tests and 
coupled DEM-FEM simulations regarding the 
effects of roll diameter, particularly for the first 
roll, which serves as an impact roll and endures the 
highest levels of force, deformation, and stress, as 
well as the mechanical strength and thickness of its 
liner in industrial screens, the diameter of the roll 
should be increased. Additionally, a polyurethane 
liner with a higher shear modulus and reduced 
thickness should be used. After a specified period, 
the results should be examined and compared with 
the state prior to the changes, which will be the 
focus of future research. 

4. Conclusions 

According to studies and simulation tests 
conducted in the fields of DEM and FEM, and 
more importantly, the coupled method employed in 
this study, the following results were obtained: 

 The actual shape of the green pellet, determined 
through image analysis and employing the 
elastic-plastic hysteretic spring contact model, 
was utilized in the DEM studies of the green 
pellet classification process. 

 It was evident that the DEM simulation 
facilitated the calculation of the average force 
exerted on the roller screen rolls owing to the 
impact load from the pellets during the screening 
operation. Furthermore, this method allows for 
the identification of both the maximum values 
and specific locations where these forces are 
concentrated. 

 According to the DEM studies on the rolls of the 
roller screen, the average force resulting from the 
impact of the green pellet on the first roll is 3.05 
times greater than the average force applied to all 
rolls, respectively. 

 The highest levels of total deformation occurred 
in the central section of the roll. This deformation 
results in a loss of straightness, which 
subsequently affects the uniformity of the gap 
opening between the rolls and ultimately 
diminishes the efficiency of the roller screen. 

 As the diameter of the roll decreased from 80 mm 
to 30 mm, the average values of the total 
deformation and equivalent stress applied to the 
roll increased by 1088 and 51 times, respectively. 
Therefore, the diameter of the roll, particularly 
the first roll, can be increased to mitigate the 
negative effects of deformation on the roll and 
resulting gap. 

 By increasing the thickness of the PU liner of the 
rolls from 3 mm to 14 mm, while maintaining a 
constant roll diameter, the values of the total 
deformation and equivalent stress applied to the 
roll increased by 54 and 8 times, respectively. In 
this context, it is advisable to reduce the 
thickness of the PU  liner while maintaining its 
anti-wear properties, considering the relationship 
between the liner thickness and the deformation 
and stress experienced by the roll. 

 By decreasing the shear modulus of the PU liner 
of the rolls from 200 MPa to 5 MPa, the values 
of the total deformation and equivalent stress 
applied to the roll increased by 1.07 and 1.02 
times, respectively. Therefore, maximizing the 
shear modulus of the PU liner is advisable to 
minimize the deformation of the roller screen 
rolls. 
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 Finally, it was concluded that the coupled DEM-
FEM numerical simulation method is a suitable 
and effective approach for improving the design, 
structure, and efficiency of roller screens. 

References 
[1]. Carvalho, R.M., Thomazini, A.D., Cunha, E.R., e 
Silva, B.B., Tavares, L.M., (2023). Simulation of 
Classification and Stratification in Double-Deck Roller  
Screening of Green Iron Ore Pellets using DEM. Trans. 
Indian Inst. Met. 

[2]. Asghari, M., Noaparast, M., Jahani Chegeni, M., 
(2024). Investigation of cigarette effect and elastic-
plastic behavior of gree n iron pellets on the roller screen 
efficiency. Adv. Powder Technol,  35, 104321. 

[3]. Andrade, A.G., Beaudin, S., Athayde, M., (2022). 
Impact of key parameters on the iron ore pellets roller 
screening performance. Metall. Res. Technol, 2022, 119, 
311. 

[4]. Beer, F.P., Johnston, E.R., DeWolf, J.T., Mazurek, 
D.F., (2020). Mechanics of materials (Eighth). 

[5]. Javaheri, M., Jafari, A., Baradaran, G.H., Saidi, A., 
(2021). Effects of Rollers Speed Regime on the Roller 
Screen Efficiency. Miner. Process. Extr. Metall. Rev, 1–
8. 

[6]. Aikins, K.A., Ucgul, M., Barr, J.B., Awuah, E., et 
al., (2023). Review of Discrete Element Method 
Simulations of Soil Tillage and Furrow Opening. Agric. 

[7]. Yang, Z.J., Lian, X., Savari, C., Barigou, M., (2024). 
Evaluating the effectiveness of CFD-DEM and SPH-
DEM for complex pipe flow simulations with and 
without particles. Chem. Eng. Sci, 288, 119788. 

[8]. Brandt, V., Grabowski, J., Jurtz, N., Kraume, M., 
Kruggel-Emden, H., (2024). DEM and DEM-CFD 
modeling of systems with geometric constrictions using 
a new particle location based multi-level coarse graining 
approach. Powder Technol, 436, 119447. 

[9]. Xu, N., Wang, X., Lin, D., Zuo, W., (2024). 
Numerical Simulation and Optimization of Screening 
Process for Vibrating Flip-Flow Screen Based on 
Discrete Element Method–Finite Element Method–
Multi-Body Dynamics Coupling Method. Minerals, 14. 

[10]. Cheng, H., Thornton, A.R., Luding, S., Hazel, 

A.L., Weinhart, T., (2023). Concurrent multi-scale 
modeling of granular materials: Role of coarse-graining 
in FEM-DEM coupling. Comput. Methods Appl. Mech. 
Eng, 403, 115651. 

[11]. Shen, J., Wheeler, C., Ilic, D., Chen, J., (2019). 
Application of open source FEM and DEM simulations 
for dynamic belt deflection modelling. Powder Technol, 
357, 171–185. 

[12]. Cherepakha, D., Johnson, J., Kulchitsky, A., 
(2019). Proc. 8th Int. Conf. Discret. Elem. 
Methods(DEM8), pp. 1–7. 

[13]. Javaheri, M., Jafari, A., Baradaran, G.H., Saidi, A., 
(2022). Effects of rollers speed regime on the roller 
screen efficiency. Miner. Process. Extr. Metall, Rev., 43, 
648–655. 

[14]. Jafari, A., Javaheri, M., Baradaran, G., (2022). 
Computer simulation to optimize roller screen settings 
providing higher efficiency in green pellets 
classification, Computers & Chemical Engineering, 
161, 107767.  

[15]. Silva, B.B., Carvalho, R.M., Cunha, E.R., 
Cavalcanti, P.P., Tavares, L.M., (2017). Modeling of 
classification of iron ore green pellets on roller screens 
using the discrete element method. 5o Simpósio Bras. 
Aglomeração Minérios, 47, 211–221. 

[16]. Silva, B.B., Cunha, E.R., Carvalho, R.M., Tavares, 
L.M., (2018). Modeling and simulation of green iron ore 
pellet classification in a s ingle deck roller screen using 
the discrete element method. Powder Technol, 332, 
359–370. 

[17]. Moncada, M., Rodríguez, C.G., (2018). Dynamic 
Modeling of a Vibrating Screen Considering the Ore 
Inertia and Force of the Ore over the Screen Calculated 
with Discrete Element Method. Shock Vib. 

[18]. Asghari, M., Noaparast, M., Jahani, M., (2024). 
Improving the roller screen efficiency to classify green 
iron pellets using DEM simulation , novel roll design 
and implementing banana configuration. Adv. Powder 
Technol, 35, 104675. 

[19]. Asghari, M., Noaparast, M., Jahani, M., (2024). 
Implementation of DEM to calibrate contact parameters, 
as a novel simulation of the elastoplastic behavior of 
green iron pellet classified by roller screen. Adv. Powder 
Technol, 35, 104457. 



  چاپ آنلاین  زیستپژوهشی معدن و محیط -نشریه علمی  و همکاران  ياصغر
  

 ) م. نوع پرست(  noparast@ut.ac.irنویسنده مسئول مکاتبات:  

 

 
 دانشگاه صنعتی شاهرود 

 

 نشریه مهندسی معدن و محیط زیست 
 www.jme.shahroodut.ac.ir: نشانی نشریه

 
 انجمن مهندسی معدن ایران 

  
 يبند در طبقه یسرند غلتک  ي هاغلتک  یکیرفتار مکان   ی بررس  ي برا DEM-FEMاجرا روش کوپل  

 خام سنگ آهن   ي هاگندله
  

  2یچگن یو محمد جهان  *1، محمد نوع پرست1يمهرشاد اصغر

  ران یدانشگاه تهران، ا  ،یفن   يهادانشکده   سیمعدن، پرد یدانشکده مهندس. 1
  ران یشاهرود، شاهرود، ا یدانشگاه صنعت  ک،یزیمعدن، نفت و ژئوف یدانشکده مهندس. 2

  چکیده     اطلاعات مقاله
  2025/ 04/ 09:  تاریخ ارسال 

  2025/ 09/05: تاریخ داوري 
  2025/ 09/06:  تاریخ پذیرش

  
DOI: 10.22044/jme.2025.16201.3131 

  

و از طرف  يسازگندله  يها سکیطرف به د کیاز  يسازگندله  يهادر کارخانه  یغلتک ياز آنجا که سرندها
  د ی تول ندیکارخانه و فرآ يوردر بهره یاتینقش ح نیپخت سنگ آهن خام متصل هستند بنابرا يهابه کوره  گرید

مسئله    کی است.    يضرور  نهی زم  ن یا  درها  آن   يساختار  یو طراح  نهیعملکرد به  جه، ی. در نتکنندی م  فایفولاد ا
اعمال    يرویاز ن  یها ناششکل غلتک   ریی خام، تغ  يهاگندله  يبنددر طول طبقه   یغلتک  يمهم در مورد سرندها

و در   کندی ها را مختل مغلتک   نی فاصله ب  یکنواختیشکل،    ریی تغ  نیکار است. ا  نیها در حشده توسط گندله 
  ي برا يامطالعه  چ یموضوع، ه  نیا تی. با وجود اهم شودی مدار م  یکل  عملکردباعث کاهش راندمان سرند و  جهینت

ها انجام نشده  غلتک   ی کیرفتار مکان  ایسرند    يرو  يبندها در طول طبقه اعمال شده توسط گندله   يروین  یبررس
  ي را) بFEMمحدود (  ياجزا-)DEMگسسته (  يکوپل اجزا  يسازهیبار از روش شب  نیاول  يمطالعه برا  نیاست. ا

نشان داد که کاهش   ج ی. نتاکندی ها استفاده مآن  يساختار یطراح يسازنه یها و بهغلتک  یکیرفتار مکان یبررس
ها  غلتک  یشکل کل رییتغ نیانگ یدر م يبرابر 1088 شیمنجر به افزا متری لی م 30به  متری لیم 80قطر غلتک از 

  ي برابر  54  شیباعث افزا  متری ل یم  14به    متری لیم  3از    اورتانیضخامت آستر پل  شیافزا  ن،ی. علاوه بر اشودی م
  .شودی شکل کل م رییتغ  نیانگیم

    کلمات کلیدي 

  ی غربال غلتک
DEM 
FEM 

  نگ ی کوپل
  ی شکل کل  رییتغ

  

  
 
 
 


