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SYSTEM FOR BELT CONVEYORS
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ABSTRACT. In this work are theoretically analyzed the processes witch can produce vibration phenomena in forming process of the traction force between the drum
driver and belt into the two drum driven belt conveyors. There are defined the natural frequencies and conclusions about potentiality resonances into the driver system
in different working regimes.

MATEMATWYEH MOJEN U MOOANEH AHAINU3 HA IBYBAPABAHHA 3AIBUXBALLA CUCTEMA 3A NEHTOBU
TPAHCINOPTbOPHU
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PE3IOME. M3BbplueH e TEOPETUYEH aHanu3 Ha mpoLecuTe, KOUTO nopaxaat konebaTenHu seneHus npu GopMupaHe Ha TErMUTENHa Cuna MeXay 3afBWKBaLLuTe
6apabaHu 1 NeHTOBOTO NnaTHO B BybapabaHHUTE 3afBIKBALLM CUCTEMU Ha NEHTOBUTE TpaHcropTsopu. OnpeaeneHn ca cobCTBEHUTE YECTOTH U Ca HanpaBeHu
13BOAM OTHOCHO Bb3MOXHOCTUTE 3a PE30HAHC B CUCTEMATa Ha 3afiBIKBaHe NPy pasniunyHu paboTHN pexuMu.

1. Preface reason to provoking the cyclic loadings in all of the working
As it is known the rubber - belt conveyor transport systems regimes of the conveyor elements.

with two — drum driver stations are one of the most powerful

and high — productivity machines with continuous production The aim of this research is to establish the risks of inducing

in the mining industry. Working together with mining resonant regimes in belt conveyor leading system.

machines such like bucket — wheel excavators gave the

possibility to realize high — productivity mining technologies in

open coal mining. That is why the work on improvement of

their exploitation - technical parameters and power o %w)
5 4

consumption decreasing is high significant. Prea

2. Problem status

Fig. 1 shows the two — driver leading group for one of the
leading drums working together with steel rope armored
rubber — belt type St 3150 in RBT(Rubber — Belt Transporter)
2250, which are expotated in open coal mines Mini Maritca
Iztok EAD. This construction characterizes by the console
pendulum mountings of the driver — transmissions groups :
(2X1000 kWt) on the both ends of shaft — 1. From previous Fig. 1 Two - sided leading drum from RBT 2250, Mini Maritca Iztok EAD -
FEM analyses of the deformations and stresses under Ileading drum; 2- bearing supports; 3-pendulum - mounted gear
staticial loading of this type shaft (JamsHo 2007) is known reducers; 4 - belt
that it is subjected to the significant cyclic bending
deformations with cycle frequency “fs" about 1 Hz.

3. Modeling and simulation of the two - drum
The other side of the problem is that often in exploitation belt conveyor leading station.

are leading stations with some misalignment in mounting of This type of the researched object is chosen through its wide
the gear reducers to the leading drum shaft. Unsuitable spreading and importance in two — drum leaded rubber belt
combination of these constructive — technically factors is the conveyors, uppermost used in Mini Maritca Iztok EAD
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transporting systems. The exploitation expenses relative to
extracted and transported material unit in these systems are
significantly great than these for the bucket — wheel
excavators. That's why the improvement in exploitation
security of the RBT is with substantial importance. One way
to achieve this is decreasing value of mechanical loadings in
the system elements, subjected to the high statical and also
to the high dynamical loads. Part of these loading is taken by
the vibration loading and circumstances to induce resonant
effects leading to unallowable high values of stresses in the
belt conveyor components.

Main problem of this research is frequency analysis of
modeled two-drum mechanical leading system shown in fig.2

by

FIX

For=150 kN

Fig. 2 Dynamical model of two — drum leading system with two degrees
of freedom, where:

1 - first leading drum;

2 - second leading drum;

3 - elastic - damper units.

There will be considered two typically realizable starting
cases for this system

3.1. Two mass model with two degrees of

freedom

Shown on fig. 2 the reduced two — mass model represents
mechanical system containing rotational moving mass
elements with point masses and referred to leading drums (1
and 2) axles inertial moments (J1 and Jz2) connected through
elastic — damper connection (3).

This model characteristics cases which starting of the
system is by the simultaneously switching both of the leading
drum groups. The model loadings contain both of leading
groups load. In this case:

- Kinetic energy of the system is:

1

T ={ ‘]l'¢12 + J2-¢221|;

2

- Potential energy of the system is:

1 2
H=2{C1-((P1-R1)Z + Clz.((pl.Rl—goz.sz}

- Dissipative energy of the system is:

B:;{ bl{gbl.lez ; blz.[(pl.Rl—(pz.szz]
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Considering using LaGrange differential equations from
following form:
d|or | ot o B _

dt a0 o
"og) % % o

Q “

Differential equations describing the system’s dynamics are:
Jl-¢1+ (:1'¢1-R12 +012-R1-(¢71-R1_¢2-Rz)+ (5)
+ b1(p1 -R12 + b12-R1~(¢’1 'R1 - (bz 'Rz) =0

3,0, C Ry (@R = 9,.R,) = 0,.R,. (9, R - 9, .R,) = Fon.R,

Following this logic it is easy to determine the elements of the
stiffness matrix by potential energy twice differentiation:

o°T1
" 8,00,
which leads to stiffness matrix:
RZ(c,+¢C,) —CuR.R,
-C,.R.R,

: (6)

ij

C= (7)

2
C,-R,

Analogically it is possible to determine damper coefficients
matrix:

R (b, +b,,) —b,.R.R, @

-b,.R.R, blz.Rz2
and mass elements matrix:
m=| > O, 9)
0 J,

The values of mass inertial moments of the leading drums with
corresponding to them reduced point masses of the belt and
burden are: Jr = 98953 [kg.m?]; J2 = 29356 [kg.m?]

Stiffness of the belt depends on the length of the interested
section. For transporter belts with steel rope armors similar to
type St 3150 is accepted resulting stiffness to be equal to the
steel wire stiffness and neglecting stiffness of the rubber
material.

Parameters of RBT belt type St 3150 are:

Number of the steel ropes — n =146;

Steel rope diameter- d = 8 mm;

Steel rope section area - A = 7.d%/4 = 5,03 m?;

Elasticity modulus value for steel used in the armoring ropes:
En=2.10" N/m?

Considering ropes section to be continuous the used elasticity
modulus is need to be reduced in: — E = 5§ En/8 = 1,25.10"
N/mz; (Cnusakosckui, 1982 Laxmeiictep, 1978)

Length of the first section is - L1=246m, of the second is - L12
=20m.

In this case the length of the first section is 1/6 from the full
length of burden carrying line (de'Silva 2001), and the length of
the second section is equal to the full length between the two
leading drums.

In these conditions the stiffness of the belt is calculated by the
following:



c, = ”'C‘E ~3,729.10° N
m

¢, ="AE 45867107 N
m

2

Damper coefficients br and b2 are accepted to be 0,5%
from the ¢1 and C: (according to de’Silva 2001) and are
calculated to be:

b, =1,8645.10° NS
" (1)
b,, = 2,2934.10° %

Definining amplitude — phase matrix in the following view:

W=[c-o’M +i0B[" (12)
and using Matlab to calculate the natural frequencies for the
system: f=0,6850 [Hz] and f,= 5,7454 [Hz]; also Matlab

gave the view of the amplitude — frequency characteristic
shown on fig. 4.

Fig. 3 Amplitude - frequency characteristic of two - drum driven system
-f1=0,69uf,=574

These results are confirmed with FFT spectrum analysis —
shown on fig. 5. — of the elastic force — shown on fig. 4 —
witch is produced between the leading drums when rising
difference between their angular velocities(damsHos, J1a30B,
Hepasnkos 2007).

o1t

%

=
;
éz*z
§

; - ;
Fig. 4. Diagram of elastic force between the leading drums using two -
mass dynamical model.

Fig. 5. Amplitude spectrum of the elastic force between the leading drums

3.2. Dynamical model with single degree of
freedom

This part of the research deals with dynamical model of the
same double drum driving station but when is switched on brake
of the first driving drum. This case represent the real situation for
the switching process with overtaken (2 seconds) switching of
the second drum before switching the first drum. Using this
control function of the driving electrical engines ensures always
the needed value of the tension force in the belt witch is
precondition for forming sufficient tractive force for the starting
process (damsHos 2007).

The scheme of dynamical model with single degree of freedom
is shown on fig. 6. Moving elements are — second leading drum
and belt unit between first and second drum.

Fig. 6. Dynamical model of the double — drum driving system with single
degree of freedom

Differential equation of motion is:

J,.¢,—C.R>.p, —b.RZ.¢, = FOon.R,

., CR;  h.R} . _ Fon.R,
@, 3, -, 3, P, J,
. ) Fon.R
Py — 2N, — @ p, = J—Z
2
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where:

c.R?
0)2 = 2 N
‘]2

_bR?
2.3,

n , .
& = — - relative damping;

o
J2 = 29356 [kg.m?] — reduced mass inertial moment with
added belt mass.

Here is accepted greater value of relative damping factor ¢ -
10%. Reasons to accept greater values for this factor are —
using the maximal value of relative damping that will not
change significant natural frequencies of the system(cause
small influence over the natural oscillations of the system); -
the value of this factor is not well known; - to permit
experimental verification of model.

o, =+J1-E%.0=0,99.0 (15)

The values for stiffness of the belt are the same like two —
degree of freedom model — n, A n E but with different value
for L2=20 m, result is — ¢12 = 4,5867.107 [N/m]. Drum radius is
the same— R2=0,8 [m].

Hence the natural angular frequency is - @ = 31,622 rad/s
and the cycle frequency is — f = @ /27 = 5,0346 Hz. In this
case the frequency witch can cause resonant phenomena is
only one.

x10° Elastic Force, [N]

time, [s]

Fig. 7 Diagram of elastic force between the leading drums using single
- degree of freedom model.

4. Conclusions

The upper results afford to draw general conclusions:

4.1 — Quantity appraisal of the results relates only for RBT
2250 from Mine 1 in Mini Maritca Iztok EAD and the quality
appraisal relates for all RBT systems with double — drum
driving and overtaken switching of the second drum.

4.2 — Model with single degree of freedom characterizes a
brief starting part (2 to 3 seconds), in which oscillation
processes envelop only second drum and belt unit with length
20 m - between two leading drums. In this case the
circumstances for resonance are lacking because of high
natural frequency — fr =5.0346 [Hz] and is greater than
working frequency in steady state regime f,=1,17 [Hz]

4.3 — In system represented with two — mass model there
are preconditions for stimulation of resonance when leveling

the first natural frequency frr = 0,6850 [Hz] and variable
working frequency — fy=var (0 to 1,17 Hz) ;
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44 - Resonance phenomena which can cause linear

oscillations are unacceptable because of the following reasons:

= Pulsing tension force — tension force in the belt start
pulsing in the first drum outgoing section which decrease it's
traction limit and increase preconditions for skidding;

= Additional pulsing loads — additional pulsing changes
of the tension force in this section increase general loading
acting at all mechanical elements of driver system — bearings,
welding construction of the drum driver, drum shaft and etc.

Knowledge about and decreasing of vibrational loadings in
powerful multi — driver leading stations of rubber - belt
conveyors is important technical — exploitation problem. By this
analysis and conclusions about existing possibilities for creation
of low frequency resonance oscillations with high amplitude of
tension force in the belt and all connected mechanical elements
are shown the importance of researched problem and work
about minimization of unfavorable effects about exploitation
security and power consumption should follow the next
generalities:

—  Précising dynamical model according to constructive —
technical parameters of the system for starting and stationary
regime;

— Research about influence of tension force over
frequency parameters of the system;

—  Optimization of the control function of tension system;

— Organize the comparison experimental research and
validation of the results;
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