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The article processes an issue of the strength of a support system of a belt conveyor applying the numerical and 
experimental analysis approach. The support system of a belt conveyor is during the operation exposed to high 
impact forces due to the impact of the foreign objects. The methodology of the numerical analysis is based on the 
finite element modelling and according to the experimental analysis the boundary conditions are estimated. The 
results obtained using the numerical analyses are identical to the results from the experimental analysis. Maximal 
damage of the support system of a belt conveyor is estimated and according to the proposed methodology verified 
by the comparison of the experimental and numerical results, the design and optimization of the support system 
for the practical operation can be performed.
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INTRODUCTION

Tracked traffic with a closed conveyor belt is of a 
global importance, from the point of view of the trans-
port of materials over the long distances of large trans-
port capacity. The main problem in so complex con-
struction of the conveyor belt is the operational reliabil-
ity. When transporting materials, there is a destruction 
of the conveyor belt (the impact of large-sized heavy-
weight material, sidelines from the transport route) and 
particularly for this reason, it is necessary to analyze, 
test and acquire new knowledge about the reliability of 
the conveyor belt operation. An integral part of the 
transfer point is the support system. The methodology 
based on the experiment results and numerical simula-
tions involving the possibility of the impact of the sup-
port systems on the belt conveyor operation, damage 
and even destruction was therefore created and is pre-
sented in the article.

Impact of the material on the conveyor belt is an on-
going subject of scientific and research activities, in or-
der to increase the lifetime of the conveyor belt con-
struction. In order to estimate material and mechanical 
properties large number of experiments and simulations 
needs to be carried out [1].

EXPERIMENTS

Belt conveyor support system test

The usage of impact hammer elements (impactor) 
means better resilience of impact energy, elimination 
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and reduction of dustiness compared to the rollers. The 
advantage of the impactors is that they offer strong sup-
port and protection of the belt in the impact area. In or-
der to verify resistance to the impact it is important to 
carry out the experimental analysis. Two types of sup-
port bed elements are analyzed during the experiment. 
The different material characteristics of the various sup-
port systems can play a key role. In our case the com-
parison of support system beds based on the steel and 
aluminum are analyzed. Using the hoist a hammer 
weighing 105 kg was lifted to the selected impact 
height. From a given height the hammer is dropped 
freely on the test specimen. The impact force is record-
ed by strain gauges. The impact time as well as the re-
flection of the hammer is estimated. The speed of the 
hammer is assessed according to the formula for the 
kinetic and potential energy [2]:

where m is the weight of the hammer, g is the gravita-
tional acceleration, h is the height and v is the speed of 
the hammer.

The value of the maximal force during the testing is 
assumed according to the maximal bending of the tested 
specimen. The results from the tests can be seen in the 
Figure 1, where the maximal deformation was 36 mm.

Numerical simulations

In order to estimate the deformation for the dynamic 
analysis it is essential to carry out the static analysis and 
to calculate the static deformation. The 3D geometry 
model is created in the Creo-Parametric (Figure 2) and 
according to the geometry the finite element model is 
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significant load change in the short time interval. The 
stresses reached during the experiment are therefore 
several times higher than the static stress in the assem-
bly. In the described situation there is a change of ki-
netic energy into the potential energy of the elastic as-
sembly (Figure 4) [4]:

 where 

which represents the static deformation yst that is caused 
by the body ductility during the static loading of the as-
sembly F and k is the stiffness of the flexible system. H is 
the height the hammer is dropped freely on the test 
specimen and yr is the dynamic deformation. The final 
equation for the dynamic impact factor is:

where α is the coefficient of the body mass reduction, 
which the impact absorbs in the place of the contact, Q1 

prepared. The material model is obtained from the tests 
and creates the basis for the properties definition for the 
purposes of the static analysis [3].

Static analysis

Based on the 3D model the finite element model is 
created and the static analysis is performed in the Creo-
Simulate. For the boundary conditions definition the 
same parts of the assembly as in the real test are used. 
The impact hammer is placed in the middle of the im-
pact rod where the force is applied with the magnitude 
F = 1 030,05 N in the Z direction of the global coordi-
nate system. The estimated force is equal to the weight 
of 105 kg testing hammer.

The results of a static analysis are presented in the 
Figure 3. In this Figure the distribution of the deforma-
tion is clearly shown. The deformation is an essential 
input for the dynamic simulations because according to 
the static analysis results the dynamic impact factor can 
be calculated. The maximal static deformation has a 
value of yst = 0,747 mm.

Simulation of test conditions

The maximal deformation is calculated for the static 
conditions as discussed in the previous chapter and ac-
cording to this value it is possible to calculate the dy-
namic impact factor. Once there is a contact between 
the hammer and the specimen during the test, there is a 

Figure 1 Tests results – max. deformation

Figure 2 3D assembly CAD model

Figure 3 Static displacement / mm

Figure 4 Elastic assembly
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Material properties are acquired from the material 
tests. For the dynamic analysis it is essential to define 
Young´s modulus, density and Poisson ratio for every 
material of the assembly. The impact hammer is placed 
0,5 mm above the contact area between the impact ham-
mer head and the support system of the belt conveyor.  
For the contact areas friction and other nonlinear prop-
erties are defined. The applied force in the Z direction is 
equal to 49,56 kN. The lower part of the support system 
is fixed as can be seen in the Figure 2 [5].

RESULTS AND DISCUSSION

The dynamic analysis was solved in the ABAQUS 
software and the results are presented in the form of com-
parison of the experimental tests with the simulation re-
sults. The experimental results are presented in the Fig-
ure 1, where the deformation with the magnitude of 36 
mm caused by the impactor can be clearly seen. The 
simulation results are presented in the Figure 5, where the 
maximal deformation is approximately 34 mm.

is the gravity of the body absorbing the impact and Q2 is 
the gravity of the body creating the impact. Then:

Fr = Fst · βr, σr = σst · βr

where βr carries the information about the ratio of the 
dynamic deformation yr and static deformation yst. 
When the yst = 0,747 mm from the static FEM analysis 
is applied, the dynamic impact factor has a value βr = 
48,116 for the impact of the hammer from H = 2 000 
mm. Once the dynamic impact factor and the static de-
formation are known, it is possible to calculate the de-
formation during the dynamic test yr. Also it is possible 
to calculate the impact force Fr and the impact stress σr 
according to the dynamic impact factor. Applying the 
dynamic impact factor, the deformation calculated dur-
ing the dynamic test is yr = 35,92 mm while  the impact 
hammer is fallen down on the conveyor rod from the 
height of 2 000 mm. The estimated force is 49 583 N. 
During the dynamic experiment (Figure 1) the meas-
ured deformation is 36 mm and the stress obtained dur-
ing the test is 55,28 MPa.

Dynamic simulation

The simulation of the experimental measurement is 
in this case carried out using the dynamic coefficient. 
The assembly of the whole device used for the testing is 
created in the 3D software Creo-Parametric but in order 
to perform the dynamic analysis it is essential to sim-
plify the model. For the purpose of the dynamic analy-
sis the assembly with the impact road and the impact 
hammer is created (Figure 2). The diameter of the im-
pact hammer is 50 mm. In the numerical analysis the 
impact hammer with the steel structure is studied. When 
the dynamic analysis is solved it is better to place the 
impact hammer near to the impactor hammer (Figure 
2). In the case of the high speed impact analyses that are 
solved in the explicit dynamics it is optimal to place the 
impact hammer on the impact hammer surface. Such a 
placement reduces the solving time significantly and in-
creases the accuracy of the solution. This type of a 
placement also ensures better definition of the contacts 
between the particular parts of the assembly. The con-
tact needs to be defined in a way which simulates the 
real conditions as the friction and other nonlinear ef-
fects. One of the boundary conditions in the proposed 
analysis is the speed of the impact hammer defined just 
before the impact (Table 1). The impact speed v is esti-
mated according to the previous formula [2].

The boundary conditions correspond to the experi-
mental tests. The degrees of freedom of impact hammer 
were considered only in the Z direction, in which the 
translation of the impact hammer is performed.

Table 1 Boundary conditions

Force / kN Height / mm Speed / ms-1

49,56 2 000 6,26468

The estimated relative error 6,322 % could be caused 
by the uncertainty of the measurements and by the ide-
alization of the material characteristics during the cal-
culations. Results of experimental tests and calculations 
are summarized in the Table 2.

Table 2 Experimental test and analysis results

Test Calc. FEM
Weight / kg 105 105 105

Height / mm 2 000 2 000 2 000
Force / kN 46,56 49,56 49,56
Def. / mm 36 35,92 33,763

CONCLUSION

The main purpose of the proposed research is to ex-
perimentally and numerically asses the belt conveyor 
support resilience to the mechanical impacts during the 
operation. Conveyor belts are used in various industry 
sectors and since they are one of the most expensive 
parts of the system, it is important to know their me-
chanical properties. According to the presented results 
it will be possible to design a convenient belt with re-
quired properties. In the article the experimental results 
and finite element analysis are presented and compared. 
The difference in the maximal deformation was only 

Figure 5 Dynamic displacement / mm
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6,322 %. The obtained results are highly valuable not 
only for research but also for the practical applications, 
because according to the presented methodology it will 
be possible to design new conveyor belts.
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