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Modelling of long belt conveyors

Modelowanie długich przenośników taśMowych*
A mathematical model that allows the  analysis of the dynamic states of a belt conveyor was presented. A way of modelling wave 
phenomena in the tape, changes of mass and resistances to motion and elements of the drive system (motors, frequency convert-
ers, couplings, gears and co-operation between the belt and drive pulley) was briefly described. A start up of an exemplary belt 
conveyor was simulated with the use of obtained formulas. The start-up time histories obtained computationally were compared 
with measurements. The verified belt conveyor model can be utilized to examine various phenomena and operating states of a belt 
conveyor.
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Przedstawiono matematyczny model przenośnika taśmowego umożliwiający analizę dynamicznych stanów pracy urządzenia. 
Skrótowo opisano sposób modelowania zjawisk falowych w taśmie, zmian mas i oporów ruchu oraz elementów układu napędo-
wego czyli silników, przekształtników, sprzęgieł, przekładni i współpracy bębna napędowego z taśmą. Rozwiązując komputerowo 
uzyskane zależności, symulowano rozruch przykładowego przenośnika. Porównano przebiegi rozruchowe uzyskane obliczeniowo 
z pomiarowymi. Zweryfikowany model można wykorzystać do badania różnych zjawisk i stanów pracy przenośnika.

Słowa kluczowe: przenośnik taśmowy, modelowanie, symulacja komputerowa, dynamika, napęd indukcyjny.

1. Introduction

 Belt conveyors are economical, efficient and are a more and more 
often used means of transportation. Advancements in belt conveyor 
technology have provided essentially unlimited adaptability, allowing 
conveyors to provide solutions for every geographic region and all 
belts of applications worldwide [1]. During the design and operation 
of longer and more efficient conveyors, new demanding problems 
have appeared which did not occur in shorter structures [15]. The start 
up of a conveyor involves significant variability of belt forces as well 
as strokes of driving torques and accelerations. The threat of belt dam-
age and other subassemblies exists. Additional problems appear in the 
case of the curvilinear belt route [3].

Carrying out investigations on real operative installations are dif-
ficult and expensive. Moreover, results of measurements can only be 
utilized in the evaluation of existing objects. On this base it is not pos-
sible to determine the effects of potential changes or new solutions. 
The formulation of coherent mathematical models of belt conveyors 
which take into account phenomena that occur in dynamic states, con-
siderably expands investigative and design possibilities and gives a 
chance to predict and solve various questions.

Despite many years of using conveyors, many exploitation prob-
lems have not been resolved [14]. Companies exploiting belt convey-
ors expect high reliability and performance to be ensured. Simulation 
studies using a mathematical model of the conveyor, made at the stage 
of design, allows this to be made and they have a significant impact 
on the subsequent process of exploitation and reliability. Examples 
of use of the model to determine dynamic waveforms in mechanical 
elements (speeds, accelerations, forces) is shown for example in [9], 
and both in mechanical and in electrical forms (currents and torques 
of motors) in [21, 22].

The initial stages of the development of dynamic modelling of belt 
conveyors is described in [11]. In the 70’s at the University of Hano-
ver, Germany, the model of the tape was divided into two sections, 

taking into account the viscoelastic properties [2]. Then the model 
was extended, taking into account a larger number of masses [3].

In the 80’s at the University of Newcastle in Australia, a model 
based on the propagation of stress waves in the tape was built [10]. 
Also, the U.S. company Conveyor Dynamics built a model that con-
tains the source variable as a function of time, the driving force, taking 
into account friction and theviscoelastic properties of the tape [31].

In Poland in the 90’s theoretical basis for modeling the belt and 
the whole conveyor was developed at the Technical University of 
Wroclaw [4, 17, 36, 46], Silesian University of Technology [30] and 
the Academy of Mining and Metallurgy in Cracow [24].

Comprehensive modelling which takes into account the trans-
verse conveyor belt moving in a vertical direction was dealt with at 
the Technical University of Delft in the Netherlands [28]. Work al-
lowing the determination of the behavior in the vicinity of the tape’s 
horizontal curves was carried out at the Austrian University of Mining 
and Metallurgy in Leoben [8]. The company Krupp Fördertechnik and 
the University of Hanover focused especially on modelling the drive 
[39, 40]. The created model provides the ability to dynamically calcu-
late the convergence side tape on horizontal curves.

Most of these centers still improve old models [3, 12, 21, 22, 25, 
29]. Chinese centers also carry out such work [9].

The use of multiple drives in long conveyors entails new chal-
lenges and problems, such as inelastic slip on one of the pulleys and 
different distribution of power between the drives. Work regarding 
these issues include [16, 33, 37, 42].

A new theme is to study possible energy savings [23, 26, 38, 44].
Many authors dealing with the behavior of a model study of con-

veyor belt dynamic states, expanded the model in the desired direction, 
focusing on the improvement of a particular item of equipment, while 
ignoring or assuming a simplified description of other phenomena. In 
a large part of these works motor models were greatly simplified (for 
example, the course of the motor torque was approximated with two 
straight sections), which can result in large differences between the 
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behavior of the model in relation to the actual device. In none of these 
works (apart from the works carried out by the authors of this article 
[17, 18, 20–22]) changes in the parameters of induction motors are not 
taken into account.

In the study, the results of which can be found in the literature, 
little attention was given to modelling the mechanical connection of 
the motor shaft drive drum. Even in many of the advanced models of 
conveyor there was a simplification assumed, consisting of the treat-
ment of the clutch and mechanical gear as rigid elements. When the 
flexible coupling was taken into account [30], models of other ele-
ments were simplified.

There is no fully comprehensive approach where different ele-
ments and events would be described in a similar way. Electricians 
favor the problem of modeling motors, simplifying the mechanical 
issues, and the mechanics behave vice versa. 

In addition to models arising in scientific centers, there are solu-
tions created by companies designing conveyors, but they do not give 
details of used dependence.

So work began on the creation of an extensive conveyor model 
that takes into account:

ring and squirrel cage motors with parameters changing as a  –
result of displacement of current and core saturation,
frequency converters and soft-start circuits, –
flexibility of flexible couplings and clutch slip, –
mechanical deflection of gear teeth, –
the possibility of the belt slipping on the drive pulley, –
one-, two- or three pulley drive and indirect drives, –
different models of belt, which can be divided into any number  –
of segments,
excavated material weight changes as a result of charging and  –
discharging,
changes of resistance to motion as a function of the mass, veloc- –
ity and force of the strip,
components resistance of motion connected with pressing of  –
the belt in idlers or deformation of the belt and excavated mate-
rial between idler sets and traditionally accepted idlers rolling 
resistance and slipping of the belt on idlers,
gradually moving the belt and changing the value of the friction  –
coefficients of static to dynamic,
impact of belt sag between idler sets and transverse forces in the  –
belt to vibration in the vertical plane.

The presented model was created by combining the well-known 
mathematical descriptions of various conveyor components, the use 
of the research results of its subassemblies and taking into account 
the theoretical analysis. Without detailed research it is difficult to as-
sess which elements have a significant impact on the behavior of the 
system. Therefore, attempts were made to take into account in the 
model as much as possible phenomena occurring in the real device. 
Conveyor components were described in a uniform convention with a 
similar degree of accuracy. After verification of the model,  it is then 
possible with its use, to study the impact of various phenomena and 
parameters on the obtained waveforms. These tests can be used to for-
mulate simplified versions of the general model, dedicated to specific, 
narrowly focused goals.

2. The belt Conveyor Model

The functioning of every conveyor element (represented in fig. 1) 
is described with the use of a mathematical relationship remaining in 
a uniform convention to ensure the possibility  of complex solving 
received equations. A block diagram of a drive system model con-
nected with a single motor as well as a block diagram of the overall 
belt conveyor model is presented in figures 2 and 3.

2. 1. The belt Model

The most important part of the conveyor is a rubber belt. The belt 
movement is described by two partial differential equations, of which 
one represents the equilibrium of the forces acting on the belt and the 
other the relationship between the stress and elongation of the belt 
[45]. The models section of the belt may have a different number of 
elements. The simplest model is elastic. A more powerful model is 
the two-element model of Kelvin-Voigt, consisting of springs and 
a damper connected in parallel. The three element model is seen as  
standard. It is made as a  serial connection between the spring and 
Kelvin-Voigt model. Even more powerful is the four element model.

Each model can be completed with a module with Coulomb fric-
tion by taking into account changes in friction. The coefficient of fric-
tion that occurs in the formulas on resistances to the motion section 
of the belt changes from static to dynamic. When a section of the belt 
starts moving, the ratio decreases from static value µs to movement 
μr. Further growth of some components of motion resistances with 
speed increases must be reflected by calculating these resistances. 
By taking into consideration the impact of Coulomb friction, from a 
one-element model, a two-parameter model is achieved, and from a 
two-element model a three-parameter model is achieved , etc. [28, 31, 
46]. Therefore, a distinction between the number of elements and the 
number of model parameters was introduced.

There were tests carried out which presented how the choice of 
rheological model of the belt influences the obtained dynamical proc-

Fig. 1. Belt conveyor system with marked numbers of drive pulleys

Fig. 2. Block diagram of a single drive system model
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esses. By using  the developed conveyor model, starting waveforms 
were calculated.

The calculations were made for the conveyor system shown in 
figure 1, with a length of 3620 meters, equipped with a steel cord belt 
with a width of 1.8 m and nominal speed 5.24 m/s. The drive consist-
ed of five ring induction motors with a power of 630 kW each and a 
rated voltage of 6 kV, coupled with three drum drives (two in front and 
one at the end). The effect of using the 1, 2 and 3-element belt model, 
which includes changes of friction,  making  the model to be 2, 3 and 
4-parameters, on strength waveforms in the belt which tensions the 
drum was examined. The results – the top three waveforms in Figure 4 
– were compared with the results of measurements carried out by the 
staff of the Institute POLTEGOR [35] (lower course). Parameters for 
each model should be selected so that they correspond to the approxi-
mation of the same creep curve. Due to this, the dissimilarity between 
the characteristics are caused by the differences between models, and 
not by differences in parameter values.

Vibration forces obtained with the 2-parameter model possess too 
large an amplitude and are insufficiently suppressed. The most simi-
lar to the measuring results are  the results of the application of the 

three-parameter model (two-elements with variable friction). Some 
differences are mainly caused by a slightly different frequency of vi-
bration force in calculations and measurements. This may be due to 
inaccurate estimation of the belt load factor during the measurements. 
Adding springs to the four parameter model resulted in the generation 
of additional vibration which did not occur in the measured wave-
form. A similar effect can be expected in the case of a five-parameter 
model. Models with greater than 4 parameters are rarely used and 
have not been studied.

In most tasks it is enough to use the two-element model including 
a variable friction, that is three-parameters. This model was used in 
further studies. A high impact on the quality of the results is the appro-
priate selection of the variables in the model. Parameters of models 
for transient analysis to be determined in a specific way so as to en-
sure that approximating the measured waveforms in the time duration 
of the transient, that is up to periods of tens of seconds. It is possible 
to use the free vibration tape sample analysis method [45].

2. 2.  Mass calculation

In the mass of a particular segment, the influence 
of idler inertias or non-drive pulleys (converted into 
equivalent mass), as well as masses of the belt and 
load, were taken into account.

An exemplary formula which determines the 
mass of the i-th segment of the upper strand is:

 
2

4
( ) ( ) ( )

( )
kg kg

jt jn
zg kg

z J
m i m m i l i

l i D

 ⋅ ⋅
 = + + ⋅
 ⋅ 

 [kg] (1)

where: 
mjt   – belt mass per unit length [kg∙m-1],
mjn(i) – load mass per unit length on  
   the belt segment between i and i+1  
   point [kg∙m-1],
l(i)  – length of i-th segment [m],
zkg  – number of rolls in each upper idler  
   rolls station,
Jkg  – roll moment of inertia [kg∙m2],
lzg(i)  – idler rolls stations spacing for upper  
   strand [m],
Dkg  – idler diameter for upper strand [m].

The mass of belt segments on drive pulleys de-
pends on conditions of cooperation between the belt 

and pulley. If the belt has the same velocity as a pulley’s lining, mass-
es of the pulley and other elements which are connected with it in a 
rigid way (i.e. slow-speed wheels of toothed gear) will also be taken 

Fig. 3. Block diagram of the mathematical model of a belt conveyor

Fig. 4. Comparison of the forces in the belt on the take-up pulley obtained using different models of 
the belt with the measurement results



Eksploatacja i NiEzawodNosc – MaiNtENaNcE aNd REliability Vol.16, No. 2, 2014182

sciENcE aNd tEchNology

into account in calculations (fig. 5). Masses of further elements of the 
drive system (following wheels of toothed gear, couplings, motor ro-
tors) are connected in a flexible way. Their motion is described by ap-
plying other equations. If the belt starts to slip on the pulley’s lining, 
the motion of the pulley and part of the gear should also be described 
by applying a separate equation.

The load level of the upper strand can change. The model ena-
bles the simulation of conveyor start-up with a belt that is unloaded 
(empty), fully loaded or loaded in a specified degree. There is a pos-
sibility to simulate the start-up of a conveyor included in a sequence 
of conveyors, that is preceded by an earlier conveyor  which drops a 
load onto the conveyor (fig. 6).

Dropping a load from the belt on the head station causes the 
emptying of the following belt segments (area npz – npl), whereas the 
feeding conveyor fills the terminal segments from loading point npl. 
Variability of the mass and load distribution along the carry strand are 
functions of the belts’ velocities of  both the examined and feeding 
conveyor. Differences of moments of switching on of the conveyors 
and duration of each start-up were taken into account.

2. 3. Resistance of motion variability

The motion of the belt is opposed by motion resistances W. Both 
passive resistances involving friction forces and active gradient re-
sistance connected with downhill or uphill haulage were taken into 
consideration. A method of elementary resistances [43] and its modi-
fications [4, 5, 6, 7] are used in the model with the aim of determin-
ing friction resistances. The resistance of motion components such as 
resistance of the idler bearing rolls rotation Wtk [27] and resistance of 
belt slipping on idlers surface Wst [43] are taken into account. Moreo-
ver, the trampling resistance [13], that is compounded of indentation 
rolling resistance Wtt [4, 41], flexing belt resistance Wpt and flexing 
material resistance Wdu  is taken into account:

 ( , , , , )tk st tt pt duW f W W W W W= [N] (2)

and:

  ( , , )tkW f m v T= ,

  ( , )stW f m v= ,

  ( )ttW f m= ,

  
( , , )ptW f m v F= ,

  ( , , )duW f m v F= .

where: m – mass on given belt segment [kg],
  v – belt velocity [m∙s-1],
  T – ambient temperature [oC],
  F – belt force [N].

Example calculations were performed for the conveyor with the 
parameters given in section 2.1.

Dynamical changes of values of particular components of pri-
mary motion resistances of the belt during start-up were determined. 
Examinations for two variants according to the used way of motion 
resistances modelling were performed:

variant  I – using method of elementary resistances, –
variant II – using method of calculation of the components of a  –
belt conveyor flexure resistance. 

Courses of the actual values of particular components of primary 
resistances of motion of the whole belt for variant I during a period of 
start-up which last for 60 s, are presented in fig. 7.

At the beginning of start-up all the resistances increase from zero 
in connection with the gradual start of the moving of subsequent seg-
ments of the flexible belt. The further slow increase of idler rolling re-
sistances results from their dependence on belt velocity. Belt slipping  
and motion resistances have the highest values at the moment when 
the whole belt starts moving. When the belt velocity increases, fric-
tion factors decrease from static to dynamic value and therefore both 
these resistances have lower values. The belt slipping on idler surface 
resistances and belt motion on idler resistances depend on the quality 
of conformance and the parameters of the belt which are invariable 
during the start-up period. Futhermore, they depend on  the stage of 
belt loading which is only variable on short segments of the conveyor. 
Therefore in further parts of start-up, after the first several-seconds of 
the period of changes, these resistances only changed insignificantly. 

In fig. 8 courses of changes of primary motion resistance compo-
nents achieved in variant II which means taking into consideration the 
resistances dependence on belt tension are presented.

Fig. 5. Drive system connected with k-th drive pulley: m(i) – mass of segment 
on drive pulley, moments of inertia of: Jw(j)- j-th motor rotor, Js(j)- 
j-th coupling, Jp(j)- j-th gear, Jb(k)- k-th drive pulley

Fig. 6. Scheme of load distribution on the conveyor belt

Fig. 7. Courses of actual values of particular components of belt primary 
motion resistances during start-up determined by the method of el-
ementary resistances



Eksploatacja i NiEzawodNosc – MaiNtENaNcE aNd REliability Vol.16, No. 2, 2014 183

sciENcE aNd tEchNology

In calculations using the method of calculation of the components 
of a belt conveyor flexure resistance two analogical components oc-
cur like in the method of elementary resistances. They are idler roll-
ing resistance and belt slipping on idlers surface resistance. For both 
variants the same formulas describing these two components were ap-
plied. Therefore both shapes of courses as well as values of these two 
components in both variants are very similar, which is visible in fig. 6 
and 7. Strictly speaking, slight vibration appeared in the idlers rolling 
resistance. Small differences are also connected with a tiny extension 
of starting time in variant II.

Belt motion on idler resistance that is presented in variant I was 
replaced by flexure resistance in variant II shattered into three differ-
ential components. Except in the period of initial increase, indentation 
rolling resistance (fig. 8) is in fact invariable. However, in courses of 
contraflexure belt resistances and even more of load deformation re-
sistances, oscillations connected with dependence of these resistances 
on belt tension occur.

The courses of sum of belt primary motion resistances for both 
variants are presented in fig. 9. 

At the beginning of start-up the value of sum of resistances in-
creases suddenly in connection with the gradual start in the movement 
of following belt segments. This phenomenon is partly compensated 
by higher values of static resistances during transition from static 

to dynamic friction at the moment of the start in the movement of 
following segments. In the further part of the course, the resistance 
increases, together with a velocity, until the belt achieves a steady 
velocity.

Values of resistances corresponding to particular phases of mo-
tion in variant II are much higher than in variant I. This explains the 
fact, that when used in the model of the conveyor method of elemen-
tary resistances, underrate values of currents drawn by the motors are 
obtained [20]. In further studies, the method of the components of a 
flexure resistance was used.

2. 4. Model of the belt sag

Except for longitudinal oscillations, transverse displacement of 
the belt as belt sag between adjacent idler stations is taken into account 
in the model. Examination of the belt sag effect is aimed at preventing 
the appearance of the belt lifting above idlers within concave curves 
in a vertical plane during dynamic states (fig. 10). Curves along the 
conveyors route are applied in order to limit ground works costs.

Based on the catenary equation, belt sag f is expressed as follows:

 
2

8
zl Gf

F
⋅

= [m] (3)

where: lz – length between adjacent idler stations [m], 
  F – horizontal component of force acting on a belt  

 segment between idler stations [N], 
  G – weight per unit of belt and load [N∙m-1].

2. 5. Model of conveyors drive

In the conveyor belt model, circuit models of driving induction 
motors, both wound-rotor and squirrel-cage, were utilised. 

The form of flux equations is as follows:
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current equations:

Fig. 9. Courses of sum of belt primary motion resistances during start-up 
calculated for both methods

Fig. 8. Courses of actual values of particular components of belt primary 
motion resistances during start-up determined by method of calcula-
tion of the components of a belt conveyor flexure resistance

Fig. 10. Model of belt sags between idlers within conveyor route concave 
curves in a vertical plane
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The following electromagnetic moment formula and equation of 
motion was assumed

T p L i i i i i i i i i ie M s r s r s r e s r s= − ⋅ ⋅ + ⋅ + ⋅ ⋅ + ⋅ + ⋅
2
3 1 1 2 2 3 3 1 2 2[( ) sin (ϑ  rr s r e

s r s

i i

i i i

3 3 1

1 3

120+ ⋅ ⋅ + °

+ ⋅ +

) sin( )

(

ϑ

                     22 1 3 2 120⋅ + ⋅ ⋅ − ° ⋅i i ir s r e) sin( )]ϑ  [N m]                                                      

 d
dt

p
J

T Te
e m

Ω
= −( )  [rad∙s-2] (6)

  d
dt

e
e

ϑ
= Ω  [rad∙s-1] (7)

where:
 ψs1, ψs2, ψs3 – actual values of stator fluxes [Wb],
 ψr1, ψr2, ψr3 – actual values of rotor fluxes converted into stator  

  [Wb],
 is1, is2, is3 – actual values of stator currents [A],
 ir1, ir2, ir3 – actual values of rotor currents converted into  

  stator [A],
 ul1, ul2  – actual values of the supplying line phase  

  voltages [V],
 Rs, Rr  – stator and rotor resistances converted to the  

  stator side [Ω],
 Rl,, Ll  – resistance and inductance of the motor supplying  

  line [Ω], [H],
 Lz, Lsz’  – substitute inductance and stator transient induc 

  tance [H],
 ϑe, Ωe  – „electrical” angle between axes of the first st  

  tor and rotor phase in the modelled motor with  
  pole pairs number of p = 1 and „electrical” value  
  of rotor ‘s angular velocity [rad], [rad∙s-1],

 Te   – electromagnetic torque acting on the motor’s  
  rotor with pole pairs number of p [N∙m],

 Tm   – sum of motor mechanical losses torque and the  
  torque transferred via coupling connected with the  
  motor [N∙m],

 J   – inertia of spinning masses connected rigidly with  
  the rotor [kg∙m2],

 t   – time [s].

The variability of motor parameters caused by current displace-
ment and saturation was taken into account. Each drive in the program 
was modelled independently.

2. 6. Modelling of frequency converters and soft start equip-
ment

Squirrel cage motors can be supplied by frequency converters. A 
model of frequency converter with bipolar pulse-width modulation 
with the assistance of carrying a signal was applied [32]. Each of the 
conveyor squirrel-cage driving motors may be supplied via a frequen-
cy converter with a scalar control of velocity, according to the prin-
ciple of control that assumes stabilization of voltage amplitude with 

stator flux [34]. There is a possibility to assume an arbitrary shape of 
the start-up ramp in the program.

The model takes into account the possibility of supplying drive 
motors with soft-start devices. To this end, during the simulation igni-
tion time of the suitable thyristor in each half-period of voltage was 
determined, thus changing the value of the effective voltage.

2. 7. Modelling of driving torque transmission systems

Elasticity of gears, flexibility of flexible couplings and slip of hy-
drodynamic couplings are taken into account [18]. Characteristics of 
each flexible coupling is approximated as:

 T a b a b d
dtc s= + + +∆ ∆ ∆
∆

φ φ τ φ
φ3 23( ) [N∙m] (8)

where: Tc – moment transmitted via coupling [N∙m],
  Δφ – torsional angle measured between coupling’s  

 elements [rad],
  a, b – factors which determine participation of linear and  

 nonlinear term of an equation in couplings   
 characteristics   [N∙m ∙rad-1], [N∙m ∙rad-3]

  τs – delay time, i.e. time-constant of torsional angle  
 growing after step change of torsional moment [s].

2. 8. Belt slip of drive pulley

The driving force that is delivered to the drive pulley is transmit-
ted to the belt by means of the friction effect [19, 46]. If the force 
winding on drive pulley is too high in relation to the value of the force 
winding off drive pulley, the belt will be too weakly pressed against 
the pulley and a belt slip will appear. The occurrence of inelastic belt 
slip phenomena is undesirable. One should then choose preliminary 
values of belt forces or use the starting torque control to prevent the 
belt slip. The conveyors model involves the belt slip effect and it per-
mits the determination of velocity difference between the belt and the 
pulley.

The maximal value of the force which can be transmitted from a 
drive pulley to the belt is determined as [19]:

 PD k F i e W i m i dv i
dt

( ) ( ) ( ) ( ) ( ) ( )
= + ⋅ − + + ⋅⋅1 1µ α  [N] (9)

where: PD(k) – driving force which can be transmitted to the belt  
  without belt slip [N],

  F(i+1) – force in the belt winded off the drive pulley [N],
  μ   – factor of friction between the belt and the drive  

  pulley,
  α   – pulleys wrapping angle [rad].

If the force on the circumference of the drive pulley is smaller 
than the maximal force, which the pulley can transmit to the belt, 
then all the force, produced by driving motors and transferred to the 
pulley’s circumference, will be transmitted to the belt. If the above-
mentioned condition isn’t fulfilled then the force transmitted to the 
belt via the drive pulley will only be equal to the maximum force pos-
sible to transfer. It is expressed by the following equations:

 

P
PS PS PD v

PDb
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≤ =          for       and  

         in ot

0,
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   [N]       
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where: Pb – driving force transmitted to the belt via drive pulleys 
[N],

  PD – maximal force possible to transmit to the belt by drive 
pulley [N],

  PS – force on the circumference of the drive pulley, 
originated from driving motors [N],

  v(i) – belt velocity in point of winding on the pulley 
[m∙s-1],

  vb  – linear velocity of points on pulleys circumference 
[m∙s-1],

  vpos – rubbing speed between belt and drive pulley [m∙s-1].
A surplus of driving moment accelerates the drive pulley. The belt 

slip then appears between the pulley and the belt. When the surplus 
of driving moment fades, the belt catches up with the pulley and the 
belt slip disappears.

3. Measuring verification

Simulation program was developed to solve the model. The pro-
gram enables the simulation of diverse operating conditions of a con-
veyor and the investigation of the influence of particular phenomena 
on obtained courses of forces, moments, velocities, accelerations, 
voltages, currents and powers absorbed by driving motors.

The measuring verification was performed by matching selected 
computational and measured time histories. The measurement was 
made on a 3620 meter long conveyor described in section 2.1 [35]. 
The conveyor was driven by five wound-rotor motors, 630 kW each, 
connected with three drive pulleys. The take up device was operated 
periodically, ensuring 228 kN of belt pretension.

Analysis was carried out for start up time courses of belt forces at 
points near the take-up pulley, velocities at points near the first head 
drive pulley and for a current of one of the driving motors for cases  
when the belt is loaded at 33% (fig. 11, 12 and 13) and 75% (fig. 14 
and 15) of nominal value. Computational time histories are slightly 
different than results of measurement but the character of changes is 
similar which reflects the correctness of the model. Maximal differ-
ences between instantaneous values from computations and measure-
ment for forces do not exceed 30% of the measured value. Differences 
for currents do not exceed 27% of the rated current of motor (75 A). 
Velocities differ no more than about 7% of steady velocity. The maxi-
mal differences are often achieved once, after the appearance of a step 
in the course of given quantity. In most parts of the start-up period dif-
ferences are much smaller. Bearing in mind how many elements and 
phenomena influence results, the obtained accuracy of computations 
seems to be satisfactory.

4. Summary

The conveyor model is a universal tool which can be utilised 
to optimize conveyor operation, check new solutions or to verify a 
project. Tests performed during the design of the conveyor allows pa-
rameters to be properly chosen. This has an important impact on the 
exploitation and reliability of the work of the device.The simulation 
program based on the model can be applied to determine the ways of 

controlling driving systems which ensure limitation of critical me-
chanical quantities in the system’s elements, especially values of the 
belt forces in dynamic states. The model enables the examination of, 
among others, the influence of drive location, time of start of par-
ticular motors, kind of motors’ selection, way of control of frequency 
converters for squirrel-cage motors or selection of resistance starters 
and program of start-up control for wound-rotor motors. The criterion 
of start-up control assessment is to achieve the shortest possible start-
up duration with assurance of not exceeding the specified belt forces 
level. The control of steady work should ensure such a belt velocity 
control that will maintain the nominal level of belt load, regardless of 
the value of the fed material stream.

Fig. 11. Time histories of belt forces on take-up pulley (33% of belt load): a) 
computation, b) measurement

Fig. 12. Time histories of belt velocities near head station(33% of belt load): 
a) computation, b) measurement

Fig. 13. Time histories of starting current of motor driven pulley No 2 (33% of 
belt load): a) computation, b) measurement

Fig. 14. Time histories of belt velocities near head station (75% of belt load): 
a) computation, b) measurement

Fig. 15. Time histories of starting current of motor driven pulley No 2 (75% of 
belt load): a) computation, b) measurement
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