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Abstract. The energy efficiency of transport systems consisting of several belt conveyors is significantly af-
fected by re-direction. The proper sizing of several conveyor belts using deflector plates can significantly affect
their efficiency. At present, there are no uniform rules (models) which specify the methodology and procedures
for their design. This paper brings proposals of design of optimal parameters for energy-efficient operation of
the transport system consisting of belt conveyors based on the new analytical simulation models. Recommen-
dations for the practical application of transport systems at the transfer point have been designed according to
optimization. The results are analysed in detail in three phases of shifting by means of a physical approach with
the support of computing methods and simulation experiments with the transfer model. We can state that the
direction and orientation of material impact have a direct influence on the conveyor’s energy intensity. Thus, the
inevitable condition for operation of arbitrary type of belt conveyor is to pay greater attention to the construction
of the transfer model, particularly the intensity of the energy of the outgoing conveyor.

1 Introduction

Material handling is an important sector of industry (Zhang
and Xia, 2011). Belt conveyors are being employed to form
the most important parts of material handling systems be-
cause of their high efficiency of transportation (Alspaugh,
2004). Belt conveyors are, in most cases, the most cost-
effective solution for handling bulk material mass flows over
short and medium conveying distances. The belt is a key
component of these conveyors, and its dynamic character-
istics determine the working performance to a great extent
(Hou and Meng, 2008). Belt conveyors are basic intra-plant
transport machines, especially in the mining industry. Due
to their numerous advantages, belt conveyors are also used
in other industries, such as in natural resource processing,
smelting, cement and lime production, pulp and paper pro-
duction, sea and river ports, civil engineering, agriculture,
sugar factories, and power plants. The reason for this is that
belt conveyors are simple in construction, flexible in trans-

port system configuration, and versatile in use, and they also
may be used to transport goods over considerable distances
(Mazurkiewicz, 2008). Wensrich and Wheeler researched the
method of optimization for buckling occurring on a conveyor
belt (Wensrich and Wheeler, 2004). During the tumbling and
movement process, motion resistance occurs, which has been
described in detail (Spaans, 1999). The knowledge obtained
is necessary to create the energy calculation model. The
model for energy calculation of the belt conveyor is much
needed for the optimization of its operating efficiency. There
are two categories of models in the literature: one relying on
resistance force calculation and the other on energy conver-
sion through a compensation length. Zhang and Xia (2009)
proposed a model which evolved by the interlinkage of the
two categories. This model is characterized by two compen-
sation length variables. Evidence is provided in comparative
studies in terms of better accuracy and applicability.

One of the most important areas of bulk solids handling is
the efficient flow of materials at transfer points within the

Published by Copernicus Publications.



168 V. Molnár et al.: Energy calculation model of an outgoing conveyor

system. Bulk material transfer points are found in a wide
range of industries, including mining, mineral processing,
chemical processing, thermal power plants, and many other
areas that deal with bulk solids (Huque and McLean, 2002).
Scott and Choules (1993) suggest the importance of the ap-
plication of damping plates or impact boards as being the
most important factor regarding their wear and tear. The sim-
ple use of damping plates and their effectiveness in terms of
functionality, simple maintenance, and maximum lifetime of
the transfer point is a widely discussed topic. The authors
suppose that the angle under which the material impacts the
damping plate can significantly affect its wear. Their arti-
cle presents experiments carried out in a mining enterprise
in which the transport performance of 40 000 t per day re-
sulted in the excessive wear of damping plates. The results
of the experiments indicated that modification of the damp-
ing plate shape to a certain angle of curving resulted in lower
wear by impact of a high abradant. Roberts (2003) presented
criteria for the selection of the most appropriate chute geom-
etry to minimize chute wear and belt wear at the feed point.
He dealt with the determination of optimum chute profiles
to achieve the specified performance criteria. Benjamin et
al. (2010) analysed the problem of transfer chutes as well as
the design concept, maintenance, and operation of the trans-
port system, with practical examples in broad terms. Scott
(1992) analysed conveyor transfer chute design, modern con-
cepts in belt conveying, and handling of bulk solids. Roberts
(unpublished data) described how the relevant flow proper-
ties of bulk solids are measured and applied to chute design.
Chute flow patterns and the application of chute flow dynam-
ics to the determination of the most appropriate chute profiles
to achieve optimum flow are described. Wensrich (2003) re-
searched a small part of chute design, i.e. the choice of the
curve or profile that the chute follows. Overall, this choice re-
lies on minimizing wear in the chute/product and impact on
the belt. Seifried et al. (2005) presented a method to evalu-
ate the coefficient of restitution for multiple impacts between
material bodies.

The most widespread applied method examining interac-
tion of material flow particles during the re-direction by the
help of transfer chutes is the discrete element method (DEM),
and tools are developed according to this simulation. Simula-
tion experiments on the basis of this method are presented by
most of the authors in order to optimize and design elements
of transfer chutes. Bertrand et al. (2005) discussed the current
state of the art in the modelling of granular flows in mixing
processes; the authors then focus on the DEM, which has re-
cently proven worthy of interest for the mixing of granular
materials. There are numerous methods available with which
to analyse particle flow through a conveyor transfer, includ-
ing continuum-based analytical methods, the DEM, and ex-
perimental analysis. Research is presented by Gröger and
Katterfeld (2007), Kessler and Prenner (2009), Grima and
Wypych (2010, 2011), and Dewicki (2003) regarding the in-
teraction caused by the contact of particles of material flow

during impacts on the walls of transfer chutes or damping
plates. Results of simulation experiments indicate that the
shape, material, and construction of transfer chutes affect the
structure and deformation of spherical particles of the ma-
terial as a result of their mutual contact. Minkin (2012) re-
ports about the application of the DEM for an analysis of
the “rock box” transfer stations, which are widely used in
the mining industry. David and Kruses described input pa-
rameters obtained by simulation with current application of
the DEM (for example, static or dynamic loads of material,
material density, adhesion and cohesion of the particles of
material, restitution coefficient, viscosity). Di Renzo and Di
Maio (2004) examined the evolution of the forces, velocities,
and displacements during the collision, emphasizing the im-
portance of correctly accounting for non-linearity in the con-
tact model and micro-slip effects. Chandramohan and Pow-
ell (2005) researched preliminary numerical simulations us-
ing the standard viscous damping model are performed us-
ing the DEM and a comparison between experimental and
numerical results. Bierwisch et al. (2009) investigated the
rapid granular flow from a moving container and angle of
repose formation by means of numerical simulations using
the DEM and experiments. McIlvenna and Mossad (2003)
reported an investigation into a continuum model based on
kinetic theory as an alternative to the DEM for basic trans-
fer chute analysis. Software for the fluent analysis has been
used to perform two-dimensional modelling of chutes, and
the result is compared to traditional design methods. Hastie
and Wypych (2010) detailed their findings regarding three
methods for granular cohesionless materials. The experimen-
tal investigations were performed on a conveyor transfer re-
search facility located at the University of Wollongong, us-
ing high-speed video to capture the flow and subsequently
analysing this with Image Pro Plus. Donohue et al. (2010)
modelled granular flow through a constant radius chute us-
ing computational fluid dynamics (CFD) in which a multi-
phase simulation is considered. This approach provides valu-
able information about the flow of dust, and the results are
confirmed by experimental observations. Jensen et al. (1999)
presented an enhanced DEM for the numerical modelling
of particulate media. This method models a particle of gen-
eral shape by combining several smaller particles of simpler
shape, such as a circle, into clusters that act as a single larger
particle. The clusters more accurately model the geometry-
dependent behaviour of the particles, such as particle inter-
lock and resistance to rolling. The method is implemented
within the framework of an existing DEM program without
the introduction of new contact or force algorithms. Zhang
and Xia (2011) researched the model-based optimization ap-
proach to improve the efficiency of belt conveyors at the op-
erational level.
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Figure 1. Simplified model of material re-direction. DP – damping
plate; IC – incoming conveyor; OC – outgoing conveyor.

2 Energy calculation model

The energy calculation model of the outgoing conveyor with
application of a transfer chute with the damping plate was
determined by a basic model of transport system consisting
of

1. two belt conveyors with the belt (transbelt) with a one-
pulley drive suitable for transport of granular and bulk
material,

2. a firmly and perpendicularly gripped damping plate of
metal material aligned to the x axis of the incoming con-
veyor belt (Fig. 1).

When we examine kinematic and dynamic effects on the
basis of theoretical analysis, we consider the basic model
of the conveying systems with re-direction of one particle
of granular material, not with material flow of particles, or
pieces. Incoming and outgoing conveyors have the same di-
rection and orientation of movement, and the drive pulley has
the same diameter.

2.1 Input parameters of the basic model of re-direction

For the calculation of kinematic and dynamic effects of the
basic re-direction model, the following technical and selected
parameters have been used:

1. speed of conveyor belts v0,

2. radius of pulleys R for rubber–textile conveyor belts,

3. horizontal distance of the damping plate from the in-
coming conveyor dokr,

4. vertical distance among conveyors d3,

5. mass of particles for granular bulk material m,

6. coefficient of restitution ε.

Figure 2. Trajectory of material particle movement during three
phases. DP – damping plate; IC – incoming conveyor; OC – outgo-
ing conveyor.

2.2 The goal of the kinematic and dynamic analysis

The analysis carried out was intended to research the effect
of mechanical energy of a material particle on the energy de-
mand of an outgoing conveyor during three phases (Fig. 2).

The first phase was aimed at the separation of the particle
from the drive pulley of the incoming conveyor (IC) at point
A1 and the movement of the free material particle for impact
on the damping plate (DP) from point A1 to point A2. It was
assumed at the interval of movement A0A1 that the adhesion
among bulk material and conveyor belt is such that there is
no relative movement among the particle of bulk material and
conveyor belt; therefore,

v1 = v0, (1)

where v0 is the speed of the conveyor belt [m s−1] and v1 is
the speed of the particle for bulk material [m s−1].

In the interval A1A2, the trajectory of the material particle
(theoretical depiction of movement kinematics) is at an angle
with input values v1, ϕ1. During this movement, if we neglect
air resistance, the mass point is affected only by the force of
gravity G (Fig. 3).

The second phase focuses on the material particle’s impact
on the DP and reflection→ A2. At the moment of the ma-
terial particle meeting with a fixed damping plate, the phe-
nomenon of impact, in terms of mechanics, occurs. In the
moment of impact on the mass point, the impact force FR oc-
curs. The impact force FR is the result of surface load which
occurs on the contact surface after the impact of the mate-
rial particle with the damping plate (for our case, point A2).
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Figure 3. Movement of material particle from point A1 to point of
impact A2.

Its carrier is a normal line which faces in a perpendicular di-
rection towards the damping plate (Fig. 4). Resulting from
Fig. 4, the change in material particle momentum is only at
the direction of the x axis, so the material particle has an
imperfect elastic central impact. Because the position of the
damping plate is at rest, based on the theory of direct central
impact, their common speed at the end of both phases is zero.
In the direction of the y axis, the material particle performs
an imperfectly elastic direct central stroke and the position
of damping plate is unchanged. The velocity component of
the material particle in the direction of the y axis stays un-
changed.

Furthermore, the dynamics of the impact are affected by
different elastic material properties of the mass point and
damping plate, the effect of which is expressed as the coeffi-
cient of restitution ε. To calculate the input parameters of the
model of rebound, the values for the coefficient of restitution
are selected in the range 0 < ε < 1.

The third phase describes the impact of the material parti-
cle on the outgoing conveyor (OC)→ A3. Figure 5 presents
the movement of the mass point from position A2 to position
A3 as well as the resolution of the velocity components at the
point of the material particle’s impact on the OC as a projec-
tion at an angle. To calculate the distance of the impact of
material particle x3 on the OC from the damping plate, value
d2 was used as defined in the equation in Fig. 5.

These phases of shifting were analysed as three separate
tasks in which material particle movement analysis was ori-
ented to the determination of input values with the following
defined equations:

Figure 4. Impact force at the moment of the material particle im-
pacting the damping plate and immediately after the impact.

– The angle of bulk material particle separation from the
drive pulley of IC ϕ1 according to CEMA (2007):

cosφ1 =
v2

1
g ·R

⇒ ar cosφ1 =
v2

1
g ·R
[
◦
]. (2)

– Coordinates of bulk material particle impact [x2,y2] at
time t2:

x2 = v1 · t2 · cosφ1[m], (3)

y2 = g ·
t2

2
+ v1 · t2 · sinφ1[m], (4)

t2 =
d1−R · sinφ1

v1 · cosφ1
[s]. (5)

– The size of bulk material velocity at the time of impact
on the DP v2:

v2 =

√
v2

2x + v
2
2y[ms−1

]. (6)

– The angle of velocity direction v2, or the angle ϕ2, under
which the bulk material particle impacts the DP:

tanφ2 =
v2x

v2y
⇒ φ2 = arctan

v2x

v2y
[
◦
]. (7)

– The angle of bulk material reflection from the DP ϕ2′ :

tanφ2′ = ε · tgφ2⇒ φ2′ = arctan(ε · tanφ2)[◦]. (8)

– The size of bulk material velocity v2′ after reflection
from DP:

v′2 = v2

√
sin2φ2+ ε2 · cos2φ2[ms−1

]. (9)
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Figure 5. Decomposition of velocity components at the point of the material particle’s impact on the OC.

– Coordinates of bulk material particle impact [x3, y3] at
time t3:

x3 = v2′ · t3 · sinφ2′ [m], (10)

y3 = g ·
t23
2
+ v2′ · t3 · cosφ2′ [m], (11)

t3 =
−b±

√
b2− 4 · a · c
2a

[s], (12)

where a =
g
2 , b = v2′ · cosφ2′ , and c =[

R · (1− cosφ1)+ y2
]
− d3.

– The size of velocity of bulk material particle at the time
of impact on the belt of OC v3:

v3 =

√
v2

3x + v
2
3y[ms−1

]. (13)

– The change in kinetic energy Ek of the material particle
after the impact on the OC:

1Ek =
1
2
·m ·

(
v2

3x + v
2
dop

)
[J ]. (14)

– Instantaneous engine power of the outgoing conveyor
P :

P =
m

2 · t
·

(
v2

3x + v
2
dop

)
[W ]. (15)

The angle under which the material impacts the damping
plate markedly affects its wear, as also mentioned in Scott
and Choules (1993). The correct setup of the transfer chute
minimizes wear in the chute/product and impact on the belt
of the outgoing conveyor.

2.3 Comparison of energy calculation model for the
velocity v0 = (2 m s−1; 4 m s−1)

The energy calculation model of the outgoing conveyor com-
pares the change in kinetic energy of a material particle after

hitting the OC with dependence on the radius of a drive pul-
ley by doubling of the conveyor velocity. The change in con-
veyor velocity has an equally strong influence on the perpen-
dicular and vertical distance of the material particle’s impact
on the damping plate and OC as well as the change in the ma-
terial particle’s velocity during the three phases of shifting,
with perceptible differences in the values of impact angles,
rebounds, and impacts.

For the calculation of the investigated kinematic and dy-
namic effects by interaction of material with damping plate,
or material with the conveyor belt, the following technical
and selected parameters of the transfer model were used:

1. normalized velocities of conveyor belts;

2. diameters of pulleys for rubber–textile conveyor belts
with allowable stress in tensile force of up to 30 % and
with a polyamide insert according the manufacturer’s
recommendations;

3. horizontal distance of the damping plate from the in-
coming conveyor d1, which is equal to the sum of the
values of the interval dokr=< 0.5 m÷ 1 m > and values
of the radius of the drive pulley R;

4. consistently chosen vertical distance among conveyors
ddop, with the distance d3 determined as

d3 = R · (1− cosφ1)+ y2+ d2[m], (16)

where R is the radius of the drive pulley of IC [m], φ1 is
the angle of material particle separation from the drive
pulley [◦], and y2 is the y coordinate of the material
particle from the place of separation on the upward-
carrying pulley to the place of impact on the damping
plate [m];

5. weight of bulk material particle m= 7.95 g− 8 g;

6. coefficient of restitution ε = 0.5.
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Figure 6. Dependence of kinetic energy Ek and radius R of the
drive pulley at velocity v0= 2 m s−1.

Figure 7. Dependence of kinetic energy Ek and radius R of the
drive pulley at velocity v0= 4 m s−1.

Figures 6 and 7 present a comparison of kinetic energy
changes for the material particle after impact on the OC.
These figures indicate that the increasing radius of the IC
results in a decrease in the velocity component for material
particle v3x , thereby also causing a decrease in the kinetic
energy of material particle Ek after the impact.

Figure 7 presents the increase in the kinetic energy of ma-
terial particle Ek after the impact by double velocity v0.

In the first phase of re-direction, the rate of distance x2 at
the point of the material particle impacting the DP depends
on the point of separation of material particle from the drive
pulley of IC, or the angle ϕ1. With regard to the distance of
DP d1, the distance x2 can not be more than d1. When the
angle ϕ1 = 0◦, x2 = d1. The distance y2 gradually decreases
with velocity v1 increasing, and it increases with regard to the
larger radius of the drive pulley R. This is also affected, be-
sides the velocity v1 and radius R, by the horizontal distance
of the DP dokr; therefore, for practical reasons, a smaller dis-
tance dokr between IC and DP is convenient.

In the second phase of re-direction, distance x3 increases
with the change in velocity v1; however, it decreases with
the increase in radius of the drive pulley R. With regard to
the vertical distance from the point of the material particle
impacting the DP up to the point where the material particle
lands on the OC d2 = 0.5 m, the distance y3 stays constant
for both velocities v1 and radiuses of drive pulleys R, i.e.
d2 = y2.

Table 1 presents the comparison of the material particle
distance at the point of impact on the DP (coordinates at point

Figure 8. Graph of the velocity change for the material particle at
v1= 2 m s−1.

Figure 9. Graph of the velocity change for the material particle at
v1= 4 m s−1.

A2) and at the point of impact on the OC (coordinates at point
A3).

In the first phase of re-direction with regard to time t2,
which with an increase in the velocity v1 decreases, the mag-
nitude of velocity component v2x ncreases and the magnitude
of velocity component v2y decreases. In the case ϕ1 = 0◦, the
velocity component v2x is, as a result of impact on the DP,
equal to the velocity v1. In the second phase, after it bounc-
ing off the DP, the material particle reaches the velocity v2′ ,
which, compared with the impact velocity on the DP, is al-
ways smaller. This fact arises by the damping of the impact
of the material particle by the DP.

By increasing the radius of a drive pulley R, the velocity
v2′ increases. The size of velocity component v3x for the ma-
terial particle increases in the third phase of shifting after the
impact on the OC with increasing velocity v1. With a larger
radius of the drive pulley R, the size of velocity component
v3x for the material particle decreases, which leads to a de-
crease in the kinetic energy Ek of the material particle after
the impact.

Figures 8 and 9 present the comparison of material parti-
cle velocity changes during three phases of shifting for both
velocities.
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Table 1. Evaluation of coordinates [x2, y2] and [x3, y3] for velocities v1.

Radius of carrying-up drum
x and y coordinate at point A2 x and y coordinate at point A3

v0= 2 m s−1 v0= 4 m s−1 v0= 2 m s−1 v0= 4 m s−1

R[m] x2(t2) y2(t2) x2(t2) y2(t2) x3(t3) y3(t3) x3(t3) y3(t3)

0.0500 0.550 0.371 0.550 0.093 0.137 0.5 0.548 0.5
0.0625 0.563 0.388 0.563 0.097 0.134 0.5 0.539 0.5
0.0800 0.580 0.413 0.580 0.103 0.131 0.5 0.528 0.5
0.1000 0.600 0.441 0.600 0.110 0.127 0.5 0.515 0.5
0.1250 0.625 0.479 0.625 0.120 0.123 0.5 0.500 0.5
0.1575 0.658 0.530 0.658 0.133 0.118 0.5 0.481 0.5
0.2000 0.700 0.601 0.700 0.150 0.112 0.5 0.458 0.5
0.2500 0.750 0.690 0.750 0.172 0.106 0.5 0.434 0.5
0.3150 0.815 0.815 0.815 0.204 0.099 0.5 0.405 0.5
0.4000 0.900 0.993 0.900 0.248 0.092 0.5 0.373 0.5
0.5000 0.711 1.435 1.000 0.307 0.062 0.5 0.341 0.5

Figure 10. View of re-direction model in the ADAMS environment.

3 Simulation experiments with energy calculation
model of transfer with perpendicular and inclined
damping plate for velocities v0= (2 m s−1; 4 m s−1)

The aim of experimenting with the transfer model was the
verification of the trajectory of material particle movement in
accordance with analytical calculation. We selected the dis-
tance of DP from IC dokr = 0.5 m and the distance between
the IC and OC as input parameters. The starting point for de-
termination of the height of the damping plate was the total
height of shifting d3.

By reason of the absence of the type of material (sand)
taken into account in comparison of the energy model, it was
associate the type of material – steel for material particle
from offered possibilities of the program.

As an alternative, we chose fixed-level supports (incoming
belt), along which the material particle moves with an asso-
ciated speed v1.

Table 2 presents constructive parameters of components
for the transfer model with associated input values.

With the use of construction parameters, a simplified trans-
fer model was created, consisting of two fixed and rigid hor-
izontal trays and the DP placed perpendicularly towards the
trays and material particle, or a steel ball (Fig. 10).

For assurance of the material particle’s impact on the DP
and its impact with the bottom horizontal support, we defined
these contacts in the transfer model:

1. contact of material particle with horizontal support as
IC,

2. contact of material particle with the DP and the coeffi-
cient of restitution 0.5,

3. contact of material particle with the horizontal support
as OC.

v1 velocity was assigned for the material particle, and the
change in velocity during the simulation is affected by grav-
itational acceleration g = 9.81 m s−2.

For the purpose of verification of the model functionality
for the designed and created transfer model, a simulation was
realized in which the material particle impacted on the DP
and fell out on the bottom horizontal support.

3.1 Perpendicular damping plate

Figure 11 shows how the material particle, after leaving the
IC, changes its trajectory of movement with dependence on
changes in input velocity v1.

The general evaluation of the analytical calculation of re-
sults showing the values of coordinates [x2,y2] of the mate-
rial particle at the moment of its impact on the DP for stan-
dardized velocities v1 demonstrated the consistence after the
simulation experiments were carried out.

www.mech-sci.net/7/167/2016/ Mech. Sci., 7, 167–177, 2016
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Figure 11. Trajectory of the material particle’s movement at v1= 2 m s−1 (left), v1= 4 m s−1(right).

Table 2. Parameters of the re-direction model in the workbench of the program ADAMS.

Parameters of re-direction model

Title Length Height Width Radius Weight Material Modulus of Poisson
[mm] [mm] [mm] [mm] [kg] density [kg mm−3] elasticity [N mm−2] number [–]

Horizontal support (IC) 1000 50 400 x x x x x
Horizontal support (OC) 2000 50 400 x x x x x
Damping plate 50 2520 500 x x x x x
Material particle x x x 20 0.26 7.80.10−6 2.07.105 0.29

With the increase in velocity v1, the material particle, af-
ter its separation from IC, gradually achieves a lower vertical
distance y2 at the moment of its impact on the DP. Due to
the absence of a drive pulley in the simulated model, the dis-
tance x2 was the same as in the analytical calculation for all
velocities v1, with the angle ϕ1 = 0◦.

It results from Fig. 11 that, with increasing velocity v1,
the angle ϕ2 increases. This fact is evidenced by the results
obtained by analytical calculation.

With gradually increasing velocity v1, the kinetic energy
of the moving material particle increases; Table 3 presents
its values at the moment of the impact on the DP and the
impact on horizontal support OC. By calculation of kinetic
energy, the coefficient of restitution was reflected as ε = 0.5.

3.2 Inclined damping plate

With regard to the transfer model with the material parti-
cle velocity v1 = 2 m s−1, the simulation created the impact
of material particle on the DP with the angle of inclination
α = 20◦ and also α = 40◦. In both cases, the material particle
continued in the movement oriented at the positive direction
of the x axis, as shown in Fig. 12. To achieve the effect of
lower energy intensity in the case of the belt conveyor with
the same direction and orientation of movement, the better
alternative is the situation displayed on the right in Fig. 12.

The distance from the horizontal support IC defined as
DP 0.1 m at the inclination angle α ≤ 20◦ for the velocity

v1 = 1 m s−1 indicated a sharp shock and bounce from the
DP, after which the material particle continued in the negative
direction and orientation of the x axis. At the angle of inclina-
tion α = 40◦ of the DP and the velocity of material particles
v1 = 2 m s−1, the particles featured the identical direction of
impact movement on horizontal support OC (Fig. 12).

The effect of the energy efficiency of the belt conveyor is
increased if, with this velocity v1, we choose a larger angle of
the DP, for example α= 60◦, by which the material particle
almost “matches” the position of inclination of the DP and
moves in a positive direction and orientation of the x axis
(Fig. 13). With a larger angle of inclination of the DP, the
material particle does not impact on the DP. Therefore,if it
is applied only for purpose of the direction of transported
material, it is possible to exclude the DP.

From simulation experiments of energy calculation model,
it results that, with higher velocity v1 and angle of inclination
of DP, we get the effect of smaller resistance of OC as a re-
sult of material particle impact in the positive direction and
orientation of the x axis.

4 Design of recommendations for the practical
application of transport systems at the point of
rebound

By changing selected input parameters it was found that the
energy intensity and instantaneous engine power of OC are
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Table 3. Values of the kinetic energy for selected velocities v1.

Velocity of the material particle Kinetic energy at impact Ek1 [Nmm] Kinetic energy at impact Ek2 [Nmm]

v1= 2 m s−1 17 675.36 19 997.61
v1= 4 m s−1 34 846.60 93 569.14

Figure 12. Trajectory of the material particle movement at v1= 1 m s−1, α = 20◦ (left), v1= 2 m s−1, α = 40◦ (right).

Figure 13. Trajectory of the material particle movement at
v1 m s−1, α = 60◦.

affected by the horizontal distance of the DP from the IC
d1 and the coefficient of restitution ε. With 0 < ε≤ 0.5, we
determined the decrease in kinetic energy of material particle
Ek after the impact, and with 0.5 < ε < 1 the increase in Ek.
Because the value of the coefficient of restitution depends
on the mathematical and physical properties of transported
material and the character of the DP material, operators of
conveying systems can not affect the coefficient of restitution
by constructive change in the place of rebound. Therefore,
optimization of d1 was only considered for the value of the
coefficient of restitution ε = 0.5.

The vertical distance from the point of particle impact on
the DP to the point at which the material particle falls onto

the OC d2, the magnitude of the kinetic energy of material
particle Ek after the impact is not affected. This distance af-
fects the velocity of the material particle’s impact v3, which
decreases by d2 < 0.5 m, and it results in a decrease in ki-
netic energy of the material particle after the impact. Con-
versely, the velocity of material particle reflection v3 and ki-
netic energy of material particle at the moment of impact in-
creases by d2 > 0.5 m. With regard to d2 and vertical distance
y2, which the material particle has at the moment of impact
on the damping plate, engineers and operators can determine
the height of the DP.

The lowest instantaneous engine power of OC is achieved
if the material particle, after rebound from the perpendicu-
larly placed DP, falls onto the OC in a vertical direction, i.e.
ϕ2′ = 0◦. This recommendation is applicable to all standard
velocities of conveyor belts.

All the same, it is necessary to consider to what extent
there is an increase in the value dokr from a practical point
of view, i.e. that with regard to the vertical distance between
conveyors ddop it does not create a convergence of material
particle to the DP after its separation from the drive pulley
of IC. Tables 4 and 5 present change of the total height of
shifting d3 with regard to dokr for both velocities.

Globally, in order to achieve a lower energy intensity of
OC, a lower velocity of IC should be selected with a larger
radius of the drive pulley along with the highest allowable
distance of DP from the IC in the conveying system with
material shifting from IC to the OC by application of DP; in
addition, to achieve a lower total height of material shifting
between IC and OC, it is suitable to choose a higher velocity
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Table 4. Change in rebound height d3 with regard to dokr by v1= 2 m s−1.

R [m]
Change in the total height of rebound d3 with regard to dokr [m]

dokr= 0.5 dokr= 0.6 dokr= 0.7 dokr= 0.8 dokr= 0.9 dokr= 1

0.0500 0.87 1.02 1.19 1.39 1.61 1.85
0.0625 0.89 1.04 1.21 1.41 1.64 1.88
0.0800 0.91 1.07 1.25 1.45 1.68 1.93
0.1000 0.94 1.10 1.28 1.49 1.73 1.98
0.1250 0.98 1.14 1.33 1.55 1.79 2.05
0.1575 1.03 1.20 1.40 1.62 1.87 2.14
0.2000 1.10 1.28 1.49 1.73 1.98 2.27
0.2500 1.19 1.39 1.61 1.85 2.12 2.42
0.3150 1.31 1.53 1.76 2.02 2.31 2.62
0.4000 1.49 1.73 1.98 2.27 2.57 2.90
0.5000 2.03 2.38 2.77 3.19 3.65 4.15

Table 5. Change in rebound height d3 with regard to dokr by v1= 4 m s−1.

R [m]
Change in the total height of rebound d3 with regard to dokr [m]

dokr= 0.5 dokr= 0.6 dokr= 0.7 dokr= 0.8 dokr= 0.9 dokr= 1

0.0500 0.59 0.63 0.67 0.72 0.78 0.84
0.0625 0.60 0.63 0.68 0.73 0.78 0.85
0.0800 0.60 0.64 0.69 0.74 0.79 0.86
0.1000 0.61 0.65 0.70 0.75 0.81 0.87
0.1250 0.62 0.66 0.71 0.76 0.82 0.89
0.1575 0.63 0.68 0.73 0.78 0.84 0.91
0.2000 0.65 0.70 0.75 0.81 0.87 0.94
0.2500 0.67 0.72 0.78 0.84 0.91 0.98
0.3150 0.70 0.76 0.82 0.88 0.95 1.03
0.4000 0.75 0.81 0.87 0.94 1.02 1.10
0.5000 0.81 0.87 0.94 1.02 1.10 1.19

of IC with a smaller radius of drive pulley and the lowest
allowable DP distance from IC.

5 Conclusions

Belt conveying has an unsubstitutable place in many tech-
nological processes of the mining and processing industry.
There is a constant need for its continuous improvement, in-
cluding questions relating to construction and, in turn, the
design of new or improved types of conveyor belts. Major
attention should be paid to the places of movement where
the material is transported off the conveyor belt. It is at this
place where serious situations can occur which result in belt
degradation or complete breakdown. The most frequent situ-
ations are a conveyor belt breakdown and high wear. In order
to increase the effectivity of belt conveying, much attention
should be paid to construction solution of shifting places in
order to minimize the occurrence of serious situations result-
ing in conveyor belt breakdown. This, of course, is not the

only way to deal with this. The other issue to be considered
is the direction and orientation of material impact.

The direction and orientation of material impact have a
direct influence on the conveyor’s energy intensity. For the
effective operation of conveyor belts, attention must be paid
to the construction of the place of impact, especially in OC.
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