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Abstract: The main aim of the research in the paper is to determine the optimum geometry of the cover for closing and 
sealing of the conveyor rolls of ribbon. The basic criteria for optimization this geometry is minimization the stress 
concentration as a reason for beginning the micro crack in some zones of the steel sheet cover rolls. In a stress-
deformation state research on the cover made of sheet metal with the technological process of extraction will be 
analyzed and other possible constructive solutions that will extend the life of the cover, roll and transporters in 
general.  Using FEM analysis of the existing constructive solution, it finds some zones with huge stress concentrations. 
In that zones, it’s officially start some micro cracks with very progressive expanding in the period of deep drawing of 
sheet metal. With reshaping the geometry of the cover rolls, especially on the zones with a huge stress concentration, 
using FEM analysis again is given a new, better constructive solution of the cover rolls construction with significantly 
decreasing the stress concentration and avoidance the possibilities of beginning the micro crack in dangerous zones.  
The results of the practical implementation of a new constructive solution shows significantly improvement in stress 
domain without failure in the process of deep drawing of sheet metal 
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1. INTRODUCTION 
 
Transmission of large amounts of material from one place 
to another is very old processes which evolve methods of 
primitive and expensive to advanced and economical. 
Today's ribbon conveyors can continuously transmit 
material through different terrains and environments. 
With today's carriers along the transport is unlimited, and 
also components of the transporter. 
 

 
Fig.1. Carriers in the transport bar 

 
The functionality of each part of the transporter is of 
importance. Carriers in the transport bar (Figure 1), a 
series of rolls that stick tape is one such area. They are 
present along the entire length of the transporter and they 
require strict examination. 
Carriers tapes (Fig.2) are a series of rolls that adhere and 
protect the transport bar. Table carrying straps are most 

used for high loads. They are made of three equal rolls; 
two rolls are placed at an angle, and a central horizontal. 
Typical materials are transported sand, earth, stones. 
Rolls (Fig.3) are the most important parts of the carrier 
tape. Rolls are made of a cylindrical part that rotates 
concentrically around the axle. Axle lies on the edge of 
the carrier tape. At each end there is housing (heads) that 
is located bearing and is closed with tin lid. 

 

Fig.2. Trapezoidal carrier conveyor belt 

 
 

Fig.3. Rolls 
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When the tape roll is moving, the outer part of the bearing 
range and axle and the inner part of the bearing are idle. 
Usually roll, or its components failure first. The most 
common failure of rollers is shown in Fig 4. 
 

 

Fig.4. Failure of rollers 

The biggest problem in the phase of the final shaping the 
geometry of the cover of the roll exist in the process of 
deep drawing the metal sheet. The first crack on some 
zones of the geometry of the cover shows in one moment 
of deep drawing the metal sheet. 
Deep  drawing  is a process that is implemented  in 
several  phases  over  a  few  tools  and  very  rarely 
carried  out  in  one  stage  of  extraction.   Sheet metals 
which  are  extracted  are  placed  between    the  holder 
and  the  die  (Figure 5).   Holder is loaded with a force 
that  is necessary  to  prevent  the  creation  of  folds  of  a 
piece  that  draws.  Punch  moves  in  a  cavity  of  the die  
giving  the  shape  of  the  piece  of  metal  sheet as  the  
die. Deep  drawing of  sheet  metal  is  divided  in  deep 
drawing  of hollow cylindrical  body with a  straight 
bottom (Figure 5) and  deep drawing, where the entire 
piece  receives  irregular  geometric  shape  which  is 
identical  with  the  shape  of  the  die. 

 
Fig.5. Deep drawing of cylindrical body 

 
It will be analyzed the deep drawing where the mark 
is a circular profile. The analysis  will  assume  that it 
comes to the  deformation  of  the  sheet  metal  on  the  
side  where  the  sheet metal  fastened  around  the 
surface of the tool, the load acting on the stamp sheet 
metal is  indifference  in  terms of  the  flow  stress  of 
 sheet  metal.  The analysis  will  assume  that it  comes to 
the  deformation  of  the  sheet  metal  on  the  side  where  

the  sheet metal  fastened  around  the surface of the 
tool, the load acting on the stamp sheet metal is 
 indifference  in  terms of  the  flow  stress  of  sheet  
metal.  On  Figure 6 it can  be shown 2D model in the 
process of deep drawing, 
 

 
 

Fig.6. 2D Model of extracting cover with all parameters 
 
where: 
FDV – the stamp force impact on the sheet metal [N] 
FTP – the ring force impact on the sheet metal     [N] 
RF– the stamp radius [mm] 
RP – radius on the stamp ends [mm] 
RD – die radius [mm] 
 
2. PREVIOUS GEOMETRY OF THE COVER 

(THE OLD SOLUTION) 
 
In this paper are analyzed stress conditions of the cover 
rolls of ribbon conveyer obtained by deep 
drawing of cylindrical body and displayed on Figure 7.  
 

 
 

Fig.7. Previous constructive solution of the ribbon 
conveyer cover roll obtained by deep drawing of metal 

sheet 
 
Table 1. Presents data on steel DC01 sheet 

 
 
Existing nominal stress on the differential element for the 
old constructive solution given on Fig.7 is: 
 

67.45422006.2Re
1631

31
=⋅=

−
=norσ  MPa (1) 
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2.1. FEM analysis the stress-strain field 
distribution 

 
The stress-strain field distribution in the process of deep 
drawing and shaping the geometry of the cover was 
obtained by the Finite Elements Method (FEM). 
The Finite Elements Method (FEM) is a method 
developed for numerical solution of the complex 
problems of stress-strain conditions on mechanics of the 
rigid bodies. The basic steps of FEM are: 

 Defining the body geometry (2D or 3D) 
 Mesh of the FE (sampling) 
 Material defining 
 Defined boundary 
 Defined the load 
 Post processing and defined Von-Misses stress 

condition 
 Analyzing the stress condition 

Cover roll geometry was drown with software package 
SOLIDWORKS and imported in software package 
FEMAP 9.2 (Figure 8) 
 

 
 

Fig.8. One quarter of cover roll geometry in FEMAP 9.2 
 
The sampling of the tools as a rigid bodies was done with 
the R3D4 (4- node’s 3-D bilinear rigid quadraterall 
element), and for the sampling of the worked sheet metal 
is used S4R (4-node’s shell element). In next pictures is 
given the samplings of the stamp, sheet metal and the 
matrix (Figure 9). 
 

 
 

Fig.9. Sampling of the 2D model of the worked sheet 
metal after extracting 

 
In deep drawing of the worked sheet metal, the material 
had some plastics characteristics. These characteristics are 
given with the curve of the strengthening, defined by the 
experimental researches for each material used for deep 
drawing process. Also, it’s necessary to defined 
material density and elastic properties (Figure 10). 
 

 
 

Fig.10. The curve of the material strengthening [5] 
 
Boundary conditions restrict the movement of bodies 
in FEM analysis. Since  there  are  about  four  bodies  
need  to be specifically  defined boundary conditions,  
which  means   that  all  boundary conditions  are  set  in  
the  first  part,   while  the  movement  of  punch  and  
strength  of  the  mark  is  defined  in the second  half.   
The  punch (mark)  has  banned  all  rotations  and 
 translations  at X  and Y axis  and on  Z  axis  
movement is allowed in order to be able to perform the 
function of extracting.  For the holder, it is the same 
as punch and means allowed movement along Z axis to 
allow the pressure on work piece. The movement of 
the punch can be defined with several ways of setting the 
strength, length of movement, speed of movement. The 
analysis  is  taken  to  deal a  certain  speed  and  it  
usually does  in  such  a  way  that  the  velocity  vector  is  
tied  to  a  reference  point  which  is  determined  in 
advance.  In holder is mounted force that matches in a 
way as a speed with punch. Due to  better  review  all  
boundary  conditions  are  shown  in  the  Table 2. 
 
Table 2. Boundary conditions 

 
 
Boundary conditions for our model together with the 
forces are given in Figure 11.   
 

 
 

Fig.11. Set boundary conditions and forces 
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2.2. Post processing and analysis 
 

Post processing represents processing and adequate 
presentation of the data obtained by the analysis.  As 
parameters  that  follow  the  analysis are:  reaction forces, 
moving the  punch, the change in  thickness of the work 
piece  and the  stress  of the work piece. Force –
displacement diagram is given in Figure 12, changing the 
thickness of sheet metal and the distribution of strain is 
given in Figure 13. 

 
 

Fig.12. Force-displacement diagram 
 

 
 

Fig.13. Changing the thickness of sheet metal and the 
stress distribution on the previous solution 

 

 
 

Fig.14. Cover rolls Von Misses Stress distribution 

From images of the stress condition it is clear that the 
change of stress is most typical in the zones 
of folding the sheet metal. The draw is quite complex 
process of plastic deformation which changes the 
thickness of sheet metal are constantly changing, and thus 
the geometry.  Thus,  the  final  form  of drawing  at the 
time of occurrence  of  maximum stress  on  the  
transitions  worth 994MPa, we can calculate the effective 
stress concentration factor which contain the plasticity of 
the material that has  slight  positive  reducing  the 
maximum  stress. 
In the particular case of the analyzed geometry 
and material of the cover (the previous solution), 
geometric / effective factor concentration is  

max 994 2.186
454.67k

nor

σα
σ

= = =     (2) 

which is rather high value indicates that the site appeared 
micro crack and that will rapidly expand. 
Therefore,  it  is  evident  that  it  is  necessary  to redefine 
 the  geometry of  the  cover  to avoid the  radii  
of curves in the critical  points  of  the  bending  of  sheet 
metal  during  plastic  deformation  in the extraction 
process . 
 
3. RESHAPING GEOMETRY OF THE 

COVER (NEW CONSTRUCTIVE 
SOLUTION) 

 
By analyzing the critical points and the distribution 
of strain-stress lines of the cover geometry, we come to 
the conclusion that it should to reduce height (width) of 
the cover, the cervical cover and increase the radii 
of transitions.  This made peak decreasing of the extreme 
stress values. The new constructive solution with all 
necessary dimensions extracted by a series of tests and 
analysis the stress concentration condition is given on 
Figure 16. 

 
 

 
 

Fig.15.New constructive solution to the cover 
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With the new geometry of the cover, and the results of the 
analysis that we obtained, it gives following results for the 

change of stress distribution for the new constructive 
solution (Fig.15). 
 

Table 3. Geometric parameters of all analyzing variant’s of the cover 
 

D/dxB 51/21x14 67/26x14 78/31x16 98/41x19 118/51x21 115/51x23 

d1 40.6 44.5 57 74.6 88 / 

d2 47.5 62.5 72.5 90.5 110.5 110.5 

H 10 10 10 11.5 13 / 

J 5.5 5 5 5 6 / 

R1 4 4 4 8 8 8 

R2 2 2 2 3 4 2 

A 30 30 45 45 45 90 

Маса (kg) 0.032 0.050 0.065 0.090 0.135 0.110 

 

 
 

Fig.16. Stress distributions during deep drawing of a 
new constructive solution 

 

 
 

Fig.17. Mesh sampling of - a) the previous 
constructive solution;-b) the new constructive solution 

 
The new constructive solution of the cover is achieved 
by avoiding the critical points with complex stress  
 

 
concentration and the occurrence of crack at the process 
of drawing.  This can be easy recognizing with the 
comparison of the mesh that is shown on Figure17. 
The nominal stress in the new cover constructive solution 
is 

26 2.16 220 476.67( )
26 14nor o MPaσ σ= = ⋅ =

−
(3) 

In the particular case of the analyzed geometry 
and material of the new cover, geometric / effective factor 
concentration is  
 

max 891 1.87
476.67k

nor

σα
σ

= = =                                   (4) 

 
It is obviously that the new construction of the cover for 
the roll with reshaping geometry has more uniformed 
stress field distribution improved with the value of the 
geometrical stress concentration factor. 
Next step is to defined the plastics deformation of the 
material and the influence of the stress-strain field 
distribution. It will be realized using some corrections in 
the phase of defining the material parameters and 
changing step by step in each phase of deep drawing the 
metal sheet. 
Some researching for the purpose of improving the 
Closures of the rolls are required to protect the lubricant 
from dirt, maintaining low rolling resistance and 
maximize the lifetime of use. A closure usually makes the 
manufacturer of tape carriers. It is important to 
understand the impact of impurities present. Despite the 
advanced leather and methods of lubrication yet 
penetration dirt in bearings, which phenomenon is 
responsible for 50% defect of bearings.  
In the vicinity of dirt and dust which is mixed with the 
lubricant can form abrasive layer which damages deposit. 
If the metal bearing surfaces come into contact with water 
to form iron oxide that condition will also damages the 
bearings. Impurities can be sufficiently large to make the 



Tale Geramitchioski, Ljupco Trajcevski, Vangelce Mitrevski: Reshaping the Geometry of the Cover From the Roll of Ribbon Conveyor  
Using FEM Analysis; Machine Design, Vol.4(2012) No.3, ISSN 1821-1259; pp. 151-156 

 

156 

cavity contact surface of the channels for rolling 
elements; this significantly reduces the lifetime of the use 
of deposit. Manufacturers of cover have developed a 
range of rubber seals to prevent penetration of dirt in 
place. 
 
4. CONCLUSION 
 
The main reason to start the researching of the geometry 
of the cover for the roll was production the huge number 
of the covers with micro cracks. In the process of deep 
drawing with existing tools, many pieces had 
detectable cracks on the cervical cover. It is obvious that 
the stress distribution field with high stress 
concentration is the main problem and it was need to 
analyze in more details. 
The analysis in the paper gives these conclusions:  

 The new  constructive  solution include  increasing 
the  diameter of the  cervical  cover of  26mm to 
 31mm, reducing  the amount of  cover from 16 mm  
to  10mm  height,  and increasing the radii of  the 
 extraction curves  of  r = 1,5 mm at r = 2mm 
(fig.15). This is the geometry with very most uniform 
stress-strain field distribution (fig.16) and lower αк 
without any micro crack on the metal sheet in the 
process of deep drawing. 

 Most adequate method for the analysis of the stress-
strain condition is the FEM; it was used isoperimetric 
finite elements for the tools and the matrix, and 
bilinear rigid quarterly element for the covers sheet 
metal. 

 The analysis  is  performed  using  the  software 
 package NASTRAN (NASA structural analysis) that 
allow accurate definition of the matrix geometry, 
the tool geometry and the  work  piece  itself  in all  
stages of deep drawing - from the  initial  stage  of  
flat  sheet  metal  piece until to the  final  form  as  
cover. 

 The analysis is quite credible because in the process of 
deep drawing is taken the strengthening of the 
material by importing the strengthening curve 
extracted by experimental means and change the 
thickness of sheet metal stage to finally form. From 
the beginning of deformation to the final form, 
reducing the thickness was about 27-30%  

 The results  of the analysis  has fully  confirmed the  
practical  knowledge  of  the  occurrence  of  crack  in 
the  cover  in the process  of deep  drawing.  
The analysis and visual analytic distributions gives the 
stress-strain field distributions in the transverse cross 
section which is visible zones with the highest stress 
concentration. The conclusion is that was needed a 
geometry change of the cover which has affected the 
stress-strain distribution field. 

In the future, there is a possibility to obtain a new 
theoretical and experimental researching in the process of 
deep drawing the metal sheet with defining the effective 
factor of stress concentration. Also, some different 
materials with the different parameters will be analyses as 
a intention to find more appropriate construction of the 
cover for the rolls. There is a huge interest from the 
ELEM Macedonia, some foreign companies from Greece 
(Kozani) to obtain an optimal construction with the 
highest efficiency in the working process. 
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