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The object of this study is the working process of
a belt conveyor. The task considered relates to design-
ing belt conveyors taking into account the belt tension
during a change in the transportation length.

It was established that when the length of a
non-working conveyor changes, the static and dynamic
load of the belt increases. The change in the static load
of the belt on the drum of the mobile station depends
on the speed of the mobile station and the parameters
of the conveyor. The dynamic load of the belt depends
on the acceleration of the belt, which is associated with
the acceleration of the mobile station during a change
in the transportation length of the conveyor.

The change in the load of the belt on the drum of
the mobile station occurs in two phases: the first phase
is the shift; the second phase is the acceleration and the
change in the transportation length. The first phase
lasts for several seconds, and the belt tension is equal to
the resistance force of the empty conveyor line. The sec-
ond phase lasts while the transportation length chang-
es, and the belt tension depends on the parameters of
the conveyor and the acceleration of the mobile station
at this time.

For a non-operating conveyor that changes the con-
veyor length, the static tension of the belt on the drum
of the mobile station can increase by 2 times from the
initial one. The dynamic loading of the belt can have
a significant increase if the acceleration of the mobile
station is not stretched in time and has large values.

When operating the conveyor, it is necessary to
change the transportation length when the conveyor
is running.

Using the Mathcad software, a stopped conveyor
with a change in the transportation length was test-
ed. Calculations showed that the belt tension was 10 %
higher than for a conveyor with a running drive.

The results make it possible to properly operate
competitive machines equipped with a belt conveyor
with a variable transportation length
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1. Introduction

The current trend in the development of world mechani-
cal engineering is characterized by a constant increase in the
technical level of newly designed machines and equipment,
which ensures their competitiveness in the face of growing
market demands. To a large extent, this applies to lifting and
conveying equipment, which is widely used in various sectors
of the national economy.

Within the large class of lifting and conveying equipment,
there are belt conveyors whose design is aimed at increasing
productivity and reducing the energy intensity of cargo trans-
portation.

One of such structural solutions is the use of a belt
conveyor with a variable transportation length. It is a
semi-stationary installation that can be extended during
operation.
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On this conveyor, the end or remote drum is installed on
a mobile station. Due to the movement of the mobile station,
the transportation length changes. The presence of a telescopic
device with an automatic belt tension control system allows
the conveyor to be extended when the drive is not working.

Its use makes it possible to increase labor productivity
and reduce energy consumption of transportation, with a
flow technology of work execution:

— due to the elimination of unproductive work operations
associated with the transfer of the end station of the conveyor;

- due to the possibility of lengthening or shortening the
length of the conveyor during its operation;

— due to the exclusion from the traditional technological
scheme, namely from the transport chain of overloading
devices.

Therefore, studies on belt conveyors with variable trans-
portation length are relevant.
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2. Literature review and problem statement

The use of belt conveyors with variable transport length
is discussed in work [1], which reports the results of using
such a belt conveyor at the Prosper Haniel mine in Germany.
Noting the great economic effect of using this equipment in
production, the work indicated the need for research related
to obtaining a calculation method for such a conveyor. Ac-
cording to the authors, in order to reliably control all operat-
ing states of the conveyor, it is advisable to develop a program
that would also control transient processes. The program
would make it possible to model calculations of engine con-
trol at drive stations equipped with static frequency convert-
ers. The development of a belt tension procedure could make
it possible to solve this issue.

Work [2] reports the results of research into the develop-
ment of algorithms and software for automated calculation
of the main traction characteristics of a belt conveyor. The
research is based on a well-known method for calculating
a conveyor. Various conveyor variants are considered - sin-
gle- and double-drum, with the presence of a pressure roller
or belt, with a rigid kinematic clutch or connection between
independent drums. A visual form of the user interface is
developed using the example of the main parameters of a
mine conveyor, which are set in the Delphi 7 programming
language. Visual forms of implementation of the calculation
algorithm for the traction power of the conveyor drive are
given. However, this software algorithm does not provide for
its possible application for calculating a belt conveyor with a
variable transportation length.

In works [3, 4], a methodology is considered that makes
it possible to study the dynamic behavior of the belt in DEM
simulation during the transportation processes of bulk mate-
rials. The modeling was implemented in the DEM software.
However, the change in the transportation length was not
considered in the work.

The basic approach to conveyor belt modeling was to
build a belt model by systematically placing individual parti-
cles connected into a mesh using so-called connections. An
additional method of preprocessing the model was developed
to create a conveyor belt in a DEM environment. Howev-
er, the study did not consider the dynamics of belt tension
changes during the extension of the conveyor transport
length. The use of the devised methodology for modeling
conveyor belts is especially suitable for modeling belt convey-
or systems where there is a sufficiently strong deformation of
the belt. This methodology can also be applied to systems in
which the deformation of the belt or the behavior of the belt
as a whole has a significant impact on the functionality of
the systems. These are, for example, curved belt conveyors,
tubular or sandwich conveyors and similar unconventional
belt conveyor systems.

In [5], a dynamic model of a belt conveyor was consid-
ered, and a conveyor modeling algorithm was proposed on
its basis. The study reports the results of mathematical mod-
eling, which were obtained using the developed intelligent
software. According to the author, modeling of the conveyor
belt makes it possible to improve the design scheme of the belt
conveyor. However, the study did not consider the mathemat-
ical model of the belt conveyor, which can change the length
of transportation.

In [6], the method of modeling wave phenomena in the
belt, the change of masses and resistance to movement, as
well as the elements of the drive system, i.e., engines, torque

converters, couplings, gears, and the interaction of the drive
drum with the belt, is described. With the help of a computer
program, dependences were obtained that made it possible to
simulate the start of the conveyor drive. The results obtained
by measuring instruments were compared with the results
obtained computationally during the start of the conveyor
drive. It was established that the resulting model could be
used to study various phenomena and operating states of the
conveyor. However, the transient processes that occur in the
belt during the change in the length of transportation were
not studied.

In work [7], the structure of a belt conveyor using 3D
design software was considered. After performing the cal-
culation according to generally accepted standards, the
parameters of the belt conveyor were obtained. Then, using
the Solid Works software, a 3D model of the conveyor was
built, to the elements of which design loads were applied.
The finite element method was used to obtain the diagram
of stresses in the elements of the belt conveyor. The authors
indicate the possibility of changing the conveyor model in a
computer environment and using the finite element method
to obtain the results of a new design without wasting time on
calculations. The study indicates that the program does not
provide for individual calculations of stresses in the conveyor
belt. Calculations of stresses in the conveyor are considered
only in a generalized form, which is based on the strength
approach to materials. For a belt conveyor that can change
the length of transportation, it is necessary to have special
analytical dependences and software for design.

In [8], the results of research on the dynamic behavior of
a conveyor belt taking into account the uneven distribution
of bulk material for speed control are reported. The paper
describes the results of developing a high-precision dynamic
model that can take into account control over the conveyor
belt speed during uneven transportation of bulk material. In
this dynamic model, a model of uneven distribution of bulk
material based on laser scanning technology is proposed. A
high-precision longitudinal dynamic model is proposed to
study the dynamic behavior of a belt conveyor. Considering
the microunits of the actual load on the conveyor belt, this can
well describe the transient state of the conveyor belt. These
models could be used to determine the optimal speed for safety
and energy saving during operation. However, the paper did
not consider a mathematical model of a belt conveyor that can
change the transportation length. In addition to the missing
necessary mathematical support, no software is provided that
simplifies the design of the transport installation.

In work [9], an improved method for designing automatic
control systems for electric motors was considered in order to
obtain mechanical characteristics that would ensure reliable
operation of belt conveyors. An automatic control system
based on the Siemens S7-1200 controller was designed, then
a mathematical model of an automated electric drive was
built. Based on the mathematical model, a simulation model
of an automatic electric drive was constructed, and its oper-
ating modes were simulated. However, the work concerns
a belt conveyor with a constant transport length. In [10], a
three-stage method is presented that could be used to de-
termine the correct way to accelerate a belt conveyor with
a regulated speed during transient processes. This method
takes into account potential risks under transient modes and
the dynamic characteristics of the conveyor during start-up.
In the example, the maximum permissible acceleration is
calculated. Simulation with a predicted acceleration time is



performed to determine the acceleration operation and ana-
lyze the dynamics of the conveyor. The modeling is based on
the existing finite element model of a belt conveyor. However,
the work concerns a belt conveyor with a constant length of
transportation.

In a simplified form, the results of theoretical studies of the
process of propagation of elastic deformations in a conveyor
belt, which changes the length of transportation, are reported
in [11]. The main assumption is as follows: the mobile station
at the initial moment of the conveyor extension is uniformly
accelerated. The work proves that when the length of trans-
portation changes, the belt tension on the drum of the mobile
station increases, which exists as long as the conveyor is ex-
tended. During the acceleration of the mobile station, there
is a dynamic and static increase in the belt tension. With a
constant movement of the mobile station (a constant increase
in the length of transportation), there is only a static increase
in the belt tension. It is established that the belt load when the
working conveyor is extended is less than when the conveyor is
extended with the drive stopped. Therefore, the conveyor must
be extended during the operation of the conveyor drive. The
work does not solve the problem of building a mathematical
model that would take into account the acceleration time of the
mobile station (the acceleration time of the electric motor of the
station movement drive to constant speed) to steady motion.

Our review of the literature [1-11] showed that to solve
the problem of designing belt conveyors with a transportation
length, it is necessary to have a calculation procedure that
takes into account the belt tension during a change in the
transportation length.

3. The aim and objectives of the study

The purpose of our work is to devise a procedure for cal-
culating the belt tension of a conveyor with a variable length
of transportation with the drive stopped, which would take
into account the acceleration time of the mobile station. This
will make it possible to find out how to change the length of
transportation with the drive running or not.

To achieve the goal, the following tasks were defined:

- to determine the speed and acceleration of the mobile
station and the belt speed;

- to determine the speeds and acceleration of the loaded
and empty belt lines when changing the conveyor transpor-
tation length;

- to determine the changes in the static increase in belt
tension when changing the transportation length;

- to determine the dynamic increase in belt tension when
changing the transportation length;

- to test the calculation of belt conveyors with a variable
length based on numerical modeling.

4. The study materials and methods

The object of our study is the working process of a belt
conveyor.

Working hypotheses of the study:

- changing the length of transportation of a belt conveyor
under a given mode and ensuring the corresponding param-
eters are implemented by the operation of a mechanism or
device of a technological machine, which together with the
conveyor performs one or another process;

- creating energy-saving belt conveyors with a variable
length of transportation is based on the use of developed
methods, mathematical support and software of justified
rational parameters and operating modes.

The following assumptions are adopted. A rubber-cable
belt can be considered an isotropic-elastic body. Quite often,
when calculating with a rubber-fabric belt, it is assumed that
the traction-bearing body is an isotropic-elastic body.

The following simplifications are accepted. When de-
termining the kinetic energy of the mechanical conveyor
system, associated with determining the speed and acceler-
ation of the mobile station and the speed of the belt during
conveyor extensions, the power of internal forces takes on the
level of zero. The specific static resistance to the movement
of the empty line belt is constant along the entire length of
the conveyor.

Based on previously performed theoretical studies [11],
the results of experimental [12] and industrial [13] studies in-
volving Mathcad software (USA), the calculation of the ten-
sion of the belt of a non-working conveyor during a change in
the length of transportation was performed.

Experimental studies were performed on experimental
benches at the Donbass National Academy of Civil Engineer-
ing and Architecture [12].

Industrial studies were performed at the Zasyadko mine
(Donetsk city, Ukraine) in the period from 1992 to 2000.

5. Results of investigating a conveyor with a variable
length of transportation with a stopped drive

5.1. Determining the speed and acceleration of a
mobile station

When determining the speed and acceleration of a mobile
station during a change in the length of transportation of a
conveyor with a stopped drive, the differential form of the
theorem on the change in the kinetic energy of the system
is used.

The total derivative of kinetic energy with respect to time
is equal to the sum of the powers of all external N¢ and inter-
nal N forces applied to the system:

dT/dt=N°+N', N-m/s. @

The derivative of work with respect to time is equal to the
power of the applied force. The sum of the work of internal
forces, and therefore the powers of internal forces, is taken
to be zero Ni.

The change in kinetic energy of a mechanical system,
the extension of a conveyor belt, can be determined from the
dependence:

T =T, ineater. T Detuction gear. T Tengine. + Tcnnveyur. » N'm. @
where Troqdneader — change in kinetic energy of the tunneling
combine, N'm; Treducriongear — Change in kinetic energy of the
gearbox of the running mechanism of the tunneling com-
bine, N'm; T,ngine — change in kinetic energy of the electric
motor of the running mechanism of the tunneling com-
bine, N'm; Tconveyor — Change in kinetic energy of the moving
conveyor elements, N'm.

From the condition of the equilibrium state of the emerg-
ing tensions in the belt, it is obvious that the kinetic energy
of the moving conveyor elements associated with the mobile



station can be determined from the condition at which the
belt speed of the loaded line Viqrgo.si0p. (Fig. 1.
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Fig. 1. Diagram of a conveyor that changes length with a stopped drive, taking

into account the accepted condition
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T:* - changes in kinetic energy taking into account the accept-
ed condition: empty line, mobile and stationary drums of the
telescopic device, drum of the mobile station, mobile carriage
of the telescopic device, mobile station of the conveyor with the
drive stopped, respectively, N m.
Change in kinetic energy of the empty line taking into

account the accepted condition:

’ efnply stop.m3»6

empty stop. :?’ N-m.

Taking into account the angle of the conveyor installa-
tion, the direction, and the coefficient of resistance of the belt
movement on the rollers, the mass of the belt in the calcula-
tions is equal to:

m(H) = Qemptyl(S—s) /g’ kg’

where Qe — specific static resistance to the movement of
the empty line, N/m; [_¢) — distance from the drum of the
mobile station to the tensioner drum, m:

Qempty = g [(qbelt + q;’ollers )0)' -COos ﬁ * qbelt sin ﬁ] 2 N/m’

where gpe; — running weight of the belt, kg; g, — running
weight of the lower roller supports, kg; »" - coefficient of spe-
cific resistance of the tubular belt; p - angle of installation of
the conveyor, degrees:

2

2

’
empty stop.

, N'm, @

where Vi;q 510p. — Speed of the mobile conveyor station with the
drive stopped, m/s.

Change in kinetic energy of the drum of the mobile car-
riage of the telescopic device taking into account the accepted
condition:

Tr:wvable drum.stop. = Vv;a.s[op.mdrum,’ N.m’ (5)
where Mgy, — drum mass, kg; Ry, — drum radius, m;
Jarum — drum moment of inertia, kg-m?.

Change in kinetic energy of the stationary drum of the tele-
scopic drum device taking into account the accepted condition:

T! =V: m

drum.sta.stop. sta.stop.

drum.’ N'm. (7)

Change in kinetic energy of the movable
carriage of the telescopic device taking into
account the accepted condition:

G, V:
stop. T.D." sta.stop.
T oo, = — 2 Nem, (8)
movable carriage. 2 g

where mrp=Grp/g - mass of the movable carriage of the
telescopic device, which is identified with the tensioner
force, kg.

The speed of the movable carriage of the telescopic device
is always equal to the speed of the mobile station.

Change in kinetic energy of the mobile station of the con-
veyor taking into account the accepted condition:

2

m_V
sta. 28[(1.510]74, N'm, (9)

stop. _
sta.

where mg, — mass of the mobile station, kg. Substituting the
values of the parameters into equation (3) we obtain:

_ 2
conveyor.stop. — * sta.stop.

X 2W by (M +m, ) 1253, |, Nem. (10)
Change in kinetic energy of the tunneling combine:
2
stop. mmadheader.I/sta.slo 3
ro[agheader. = 2 . ’ N‘m’ (11)

where mroadheader=mharvester(fruhuCOSBiSinB) - mass of the tun-
neling combine moving through the tunnel, kg; m,gyester — mass
of the tunneling combine, kg; f.,n, — coefficient of resistance to
movement (for tracked engines f,,,;,=0.1-0.2).

Change in kinetic energy of the gearbox of the running
gear of the tunneling combine. For simplicity of calculation,
we assume that the gearbox is two-stage:

2 2
_ enginengear wheel x
reduction gear. —

x + mdear wheel. N
ml gear wheel. . > -m,

reduction gear.

(12)

Where Orequction gear — Totation frequency of the travel electric
motor, 1/1ev; Jigear wheel> Jogear wheel — moment of inertia, respec-
tively, of the first and second gear wheels of the reducer, kg-m?;
Migear wheel.» Magear wheel — MAass, respectively, of the first and sec-
ond gear wheels of the reducer, kg; Rigear wheel.» Raogear wheel = 1a-
dius, respectively, of the first and second gear wheels of the
reducer, m; ireduction gear — €A Tatio of the travel reducer.

Change in kinetic energy of the electric motor of the trav-
el mechanism of the tunneling combine:

1
P 2 2 N-m
- 4 M otor rotohRmotor rotor.(’oengine, ’ ’

13)

engine.



where J,o00r rotor — moment of inertia of the rotor of the
travel electric motor of the tunneling combine, kg-m?;
Mupotor rotor — Mass of the rotor of the travel electric motor of
the tunneling combine, kg; Ryot0r rotor — radius of the rotor
of the travel electric motor of the tunneling combine, m.

By substituting equations (11) to (15) into (2), the
change in kinetic energy of the mechanical system of the
tunneling combine - belt conveyor with the drive stopped
is obtained:

2

T _ mroadheadeh‘/sta‘smp, +
stop.
2
1 2 2
+meotor rotor.” “motor rotor."~ engine.
2 2
(")engine.RLgear wheel . m2geav wheel .
4 S m 4 4
4 1gear wheel . i
reduction gear .
s | Pl /8 14
sta.stop. + + / 243 ’ N- m, ( )
(mT,D. msta. ) mdrum.
I/sta.x!opA = l/caterpillan /2 =
Stars.lreduclian gear.o‘)reduclian gear. / 2’ m/s’ (1 5)

where Ry, is the radius of the track drive sprocket of the
travel reducer of the tunneling combine, m (Fig. 2).
Substituting (15) into (16) we obtain:

2
sta.stop.
stop. P
’ 2

+J

]1. gear wheel. 1.gear wheel.lreduclian gear. )
2 22
stars. reduction gear .

RO
4Q 1

empty (3—6)

8

4 ( J +
motor rotor.

x| +m , N-m.

roadheader.

+m__ +6m +
sta. dru

m.

If we assume that the weight of the running gear is in-
cluded in the weight of the tunneling combine, then the sum
of the powers of all external forces of the conveyor with the

drive stopped Nsemp. is equal to:
top.
NxetopA = Nengine. + Njegigtance’ N'm/S, (17)
N:el;)ii;ance. = (N:c[:'jlltji-header. + Nj::ll:z.eyar. ) cos 1800’ Nm/s (18)

The power of the resistance forces during the movement
of the tunneling combine:

stop.
roadheader .

V.

sta.stop.”

=m N-m/s.

19)

raudheader.g

From equation (10), we determine the resistance force of
the moving elements of the conveyor Feiements.conveyor.:

_ 172 Felemems.conveyon N-m (2 0)
conveyor.stop. — * sta.stop. 2 ’ ?
g
elements.conveyor . = mreduced.elemems.conveyor.g’ N’ (2 1)

Where Myeduced.elements.conveyor. — reduced mass of moving ele-
ments of the conveyor, kg.
Substituting equations (20) and (21) into (10), we obtain:

(16)

= 4Qcmwyl}6 /g+
kg. (22)

elements.conveyor.
+mT,D, + msta. + 6mdmm,’
Taking into account equation (22), the power of the
resistance forces during the movement of the elements of a
stopped conveyor:

stop. _
conveyor.

4Qemmy1376 +
X I
Jrg(rnT.D. + mxla, + 6mdrum.) Nm/S

sta.stop. X

(23)

Substituting equations (23) and (19) into (18), we obtain:

resistance. sta.stop. X
x| 40 l + g mroadheader, + mT.D. +
meyEe Sl ym, +6m,,, " N-my/s. (24

The power of the traction asynchronous electric motor of
the tunneling combine N,pgin.. for the conveyor with the drive
stopped is obtained from the formula:

engine. — engine.” " engine

= (Mp - Bengine,wengin& )(Dengine, ’ N~m/s, (25)
where M, is the starting torque of the running electric mo-
tor, N'm; B=(M;-M,)/(n-w,) is the coefficient characterizing
the slope of the mechanical characteristic of the engine of the
running mechanism of the tunneling combine, N-m-s (Fig. 3).
Taking into account equation (15):

2V
stop.__ “7stastop. o

engine. i
stars.“reduction gear.

2V i
MWBMWJ , N-m/s. (26)

X Mp -
Rstars.lreduclion gear.
Substituting equations (24) and (25) in (17), the following
is obtained:
NB

= ‘/sta.stop X

2 (M_ZV

s[a.:to}zB engine.
p
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_4Qemp1y1376 - g[
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' gear- , Nm/s. (27)
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Fig. 2. Scheme for calculating the speed of a mobile station
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Fig. 3. Torque-frequency characteristic of an electric motor



By substituting equation (27) and differentiating by ¢
equation (16) in (1), we obtained:
dv.

sta.stop. x

dt

2(“7’motor rotor. + ]1.gear wheel. + Jdear wheel. reduction gear. )

s[arx.lreductian gear.

4Q 1 =
empty 3-6 + +
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+mTADA + msta. + 6m

X

R, 1. .
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(28
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sto ERV
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4Q /g+m ‘oaaneaaer. +
roadheader. , kg~m; (31)
+m, , +m, +6m
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drum.

stop.

g mraadheader, +m .D. +
X 2Qempghl3—6 += b .
2| +m,, +6m N-m. (32)

drum.

i X
'stars. reduction gear.

The law of change of speed of a mobile conveyor station
with a stopped drive is solved by equation (30). For this pur-
pose, the variables are separated:

-~
‘sstop.

M,-N

sta.stop.

RV

stop. sta.stop.

=dt, s. (33)

By integrating both parts of equality, the equation is ob-
tained:

RV =t+C, s.

sta.stop.

Ssto .
_YPIH M,-N 34)

stop. -

At the beginning of the engine displacement at t=0,

Viur o =0, therefore:
C__ﬁln(M N (35)
- ‘R P stop. ) S.

Substitution of equation (35) in (34) leads to the formula:

3
stop. stop.
—Tpln |Mp - Ns[op. - mVsta.ihiftJ =
leup.
=t _?IH|MP - Nswp. S G0

By grouping the terms with logarithms, the following is
obtained:

RV R

sta.stop.

Mp B NstopA B
M,-N 3

stop. ~stop.

In t, s. 37)

After potentiating equation (37) and transformations:

R R
1- Vs[a.stop. = exp(_,t} kg/m'sz; (38)
Mp - Nstup. stop.
9
1- A ‘/XtaAstop, = exp(_,}ntj’ m/s. (39)
MP - NS[OF» ~stop.

Differentiating by ¢ equation (40), the acceleration of the
mobile station of the stopped conveyor is obtained:

R R
1-——V, = exp(—t} m/s?. (40)
M —X sta.stop. ~
P stop. stop.
The acceleration of the mobile station is influenced by the
parameters of the running electric motor of the combine and

the parameters of the conveyor.

5.2.Determining the speed and acceleration of the
belt of the loaded and empty lines

If the resistance forces to the movement of the belt on the
upper line are greater than the resistance forces to the move-
ment of the belt on the lower line, it is obvious that the speed
of the belt on the lower line is greater than the speed of the
belt on the upper line.

When changing the length of the conveyor with the drive
stopped, the speed of the empty line is greater for horizontal,
Brensberg, and slightly inclined conveyors. The resistance
forces to the movement of the belt on the load line and in the
drive area are greater than on the empty one.

When changing the length of the conveyor with the drive
stopped, the speed of the empty line may be less for an in-
clined conveyor, when the resistance forces to the movement
of the belt on the load line and in the drive area are less than
on the empty one.

For a conveyor with the drive stopped, the speed of the
change in the length of transportation is equal to twice the
sum of the speeds on the loaded and empty lines:

ZI/sta.Stap. = I/Curga.s[v:rp. + ‘/emply.stop.’ m/S. (41)
Hence:
cargo.stop. = 2‘/Sta.slop. - ‘/empty.stop.’ m/s' (42)

The change in kinetic energy of the conveyor with the
stopped drive is compared to the change in kinetic energy of
the conveyor with the stopped drive under the adopted con-
dition (Fig. 4, equation (10)).

The change in kinetic energy of a conveyor with a stopped
drive without an accepted condition is equal to:
wine drum.stop.

conveyor .stop. = Tcurgo.stop. Tempty,stop. +

+Treduced,mnveyor.stopA + Tmovable drum.stop. + Tﬁxed drum.stop. +
+Tdmm.sta.stop. + Tmovablecarriage.slop, sta.stop.” N -1m. (43)



Vturgn.slup
——

movable drum.stop.
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Fig. 4. Diagram of a conveyor that changes the transportation

drive stopped

Change in the kinetic energy of a loaded line without an
accepted condition:
2

Q1
__ " cargo.stop.” “cargo.”(7-8) .
cargo.stop. 2g ’ N m,

(44)
where Qg is the specific static resistance to movement of
the loaded line N/m:

’ /
(qcargo + qbelt + qrollers )(’0 -Cos B *
=g , N'm,

45
+(Guugo + o )SIN P @

cargo

where Geqrgo — linear mass of the cargo, kg/m; ¢’y — linear
mass of the upper roller supports, kg/m.
Change in kinetic energy of the empty line without the
accepted condition:
T _ Q;mpty.l(%lo)‘/cirgo.slon Qemp[y.l(l—z)‘/azzrgo.stop. i
empty.stop. 2g 2g
Q 1V Q 1 .V
+

empty”(3-4) " empty.stop. + empty”(5-6) * empty.stop.

,N-m.
2g 2g

Qr — QN

ooty = Lompy = ooy WE Obtained:

Assuming Q)

Gm(? P v _17)
pty. cargo.stop.”(9-2) empty.stop.”(3-6) N-m (46)

28

empty.stop. =

Change in the kinetic energy of the remote drum without
an accepted condition:
2

_ cargo,stop.mdrum. N-m
wine drum.stop. — 4 ’ .

47)

The change in kinetic energy of the conveyor drive, which
includes drive drums, a gearbox, and an electric motor, which
are designated as the reduced mass of the conveyor drive,
without the accepted condition takes the form:

2

_ mreducedfonueyor‘drive.I/cargo,smp. N'm
reduced.conveyor .drive.stop. 2 2 2

48)

where m

reduced.conveyor.drive. drum.

:k(GD)Z i;/(gD2 ) - the reduced
mass of the conveyor drive, kg; k — coefficient taking into
account the inertia of the conveyor drive reducer, equal
to 1.2-1.3; GD - torque of the motor rotor,N*>m?; i, - gear
ratio of the conveyor drive reducer; Dy, — diameter of the
drive drum, m; Vi — speed of the attached line of the
stopped conveyor/s.

The change in the kinetic energy of the drum of the mov-
able carriage of the telescopic device without the assumed

condition is expressed by the equation:

length with the

2
(I/emptystop - I/cargastop, ) mdrumA
= 1 , N'm.

49)

The change in kinetic energy of the mov-
able carriage of a telescopic device without the
accepted condition is expressed by the equation:

G, V:
stop. _ T.D." sta.stop. .
movable carriage. ~ ) , N'm. (50)
g

The change in kinetic energy of the stationary drum of a
telescopic device without the assumed condition is expressed
by the equation:

2 m

|4
__empty.stop.”” “drum. .
Tﬁxeddrumstop, - 4 » N'm.

(51

The change in kinetic energy of the drum of a mobile station
without the assumed condition is expressed by the equation:

2
_ (‘/empty.stop. - ‘/cargmtop,) -~ N
drum.sta.stop. — 4 s m.

(52)

The change in kinetic energy of a mobile conveyor station
without the assumed condition is expressed by the equation:

m 2

_ "sta.” sta.stop.
sta.stop. ) » Nm.

(53)

Taking into account equation (42), substitution of equa-
tions (44) to (53) in (43), the following is obtained:

2
— _ empy.stop.
conveyor.stop. 2

% (QcargaAl(FS) * Qfmpty-l(Q*G) ) / g+ —

+5m +m

drum.

2V v

reduced.conveyor drive.

sta.stop.~ empty.stop. X
x (QcargaAl(FS) + QcmptyAl(%s) ) / g +
+2.5m

+
+m

drum.

Z(Qcargo.lw-s) + Qemp[y.l(Q—z) ) /g+
+(mT»D.+msta.)/2+3m + ,N‘m.

reduced.conveyor drive.

+V2

sta.stop.

54

drum.

+2m

reduced.conveyor drive.

By equating equation (10) to (54), we obtain the transforma-
tion and determine the speed of the belt on the empty line when
changing the length of the conveyor with the drive stopped:

l 2 {(Qempw.l(g—é) + Qcargo.l(7—8) ) / g +:l _

2 e +50 drum. ™+ Mreduced conveyor drive.
_%‘/sta.slap.‘/empty.smp. X
% (QcargoAl(7—8) + Qempgal(skz) ) / g+ 1212 «
_+2'56 drum. T M reduced.conveyor drive. e
Qcargal(v-s) +
X +QemptyAl(972) -/ 8+ M, uced.conveyor drive. =0, N'm, (55)
_Qempty-l(s—s)




Under the action of this force, the belt is stretched from

=2V s . . . . .
emply:stop- sta.stop- P m/s, (56) point 6 to point 3. As soon as the tension force at point 6 is
sufficient to overcome the resistance to movement of the sec-
A= (Qcargo.l(ﬁs) +Q, ko ) /g+ tion li3.6), this section is stretched and starts moving.
F2.5M, 0+ et comeor i kg, (57) It is obvious that the static tension of the belt at the sec-
' ’ ’ tion I3.6) in the displacement phase will correspond to the
diagram shown in Fig. 5.
QemptyAl(%Z) + l(376)Qempty, + Qcargo.l(%s) +
b= g X - vmrgu.slnp. 53:510/2
+5mdrum, + }’)’I,reduced,conveyor drive. — — 7*"7,: ——————— iy 5m ;é
Qcargo-lU—S) +Qempty.l(9—2> _Qempty.l(s—s) 5" ——— = ":@g 5 g
x 14 ) kgz, (58) Vslusmp. <3 3;: o '. . ISP o L4
+m , Wl sgl 8 7
reduced.conveyor drive. "(/}b‘ L/ig

(59)
+5m +

drum. mreduced.mnveyor drive.

By substituting equation (56) into (42), we obtain the rate
of change of the loaded line during the change in the length
of the conveyor with the drive stopped:

{ Ai\/AZ—cDJ
1-————— |, m/s.

P

2V,

sta.stop.

(60)

cargo.stop.

Since the change in the speed of the empty line varies pro-
portionally to the speed of the mobile station, the acceleration
of the empty line is determined from the dependence:

+VAT—
AENVA D 1)

— 2
-}empry.xmp. - ijta.s[ap. ’ m/s .

Accordingly, the acceleration of the loaded line is equal to:

Ai\/AZ—CDJ )
- |, m/s%

jcurgo.xmp. = 2jx[a.smp. [1 P (62)

The acceleration of the loaded conveyor line is affected by the
acceleration of the mobile station and the conveyor parameters.

5. 3. Determining the static increase in belt tension
during a change in the conveyor transportation length
with a stopped drive

5.3.1.Determining the change in the static in-
crease in belt tension during a change in the conveyor
transportation length

Based on field observations, as well as experimental stud-
ies [12], it was established that during the extension of the
conveyor on the drum of the mobile station, an increase in
the static belt tension occurs.

In work [14] it is indicated that when starting or changing
the length of a stopped conveyor, the belt displacement and
acceleration phases occur.

At the initial moment of time of the conveyor changing
the transportation length with a stopped drive, a belt dis-
placement phase occurs. The belt displacement phase is as-
sociated with the propagation of a quasi-static wave of elastic
deformation from point 6 to point 3 (Fig. 5).

The movement of the elastic deformation wave occurs
under the action of the traction force applied to the mobile
station, which moves the tape from right to left.

Fig. 5. Scheme of changes in static tensions in the belt during
changes in the conveyor transport length with the drive stopped in

the shift phase

In [13] it was established that the speed of stretching the
belt from point 6 to point 3 is inversely proportional to the
change in tension on a given section of the conveyor.

Regarding the calculation scheme (Fig.5), it can be
written that the speed of stretching the belt under the action
of a static load from point 6 to point 3 in the shift phase is
equal to:

dx ‘/empty.stup.EO.dyn.
a = _emplystop T0dyn. -y o (63)
static.empty.stop. dt Q X+ S
empty. 6H

where Eoqy, — aggregate dynamic stiffness of the belt, N.
When considering static deformations, it is correct to
substitute the dynamic modulus of the belt stiffness since
this process occurs during the movement of the traction
element.
Taking into account dependence (56), the transformation
of equation (63) is obtained by separating the variables:
N

stop.
i

M —
x+G,,/2)dx=2E,,, ———*

0.dyn. m
s AN -
P

empty.

(@

x| 1—e ™ dt,N-m (64)

Integrating the right and left sides of the equation
with initial parameters x=0 and t=0yields the following
expression:

j (@ X+ Gy p /1 2)dx =
0
‘ M, -N T A+VA - D
:J'zE0 o, — 21— S | ===~ —df, N'm,
o i R P
Qemptyv 4 GT D.x :2Eod . MP Nxtop- x
2 2 R

,N-m. (65)

~ R

AEVA? —CD( Ssiop. Sy

X t+ e
P W

After transformations of equation (65), the dependence of

change in the length of the belt stretching under the action of
static load during the belt displacement phase was obtained:



empry® G, X _2E 0~ Nuop. 5.3.2. Determining the change in the static in-
2 2 0-dyn R crease in belt tension in the acceleration and length
[ z_ < _%, change phases
AN @ Dp Sy ,N-m After the displacement phase, the belt acceleration phase
P R takes place.
The belt tension at point 6 at the end of the displacement
Hence: phase is always equal to:
Gy N L;+ 10 E M, —Nmp. AENA* O - Ssmp' e’gjzp_t S et = Qempty.l(&ﬁ) +Gp /2,N.
2 4 empty.”~ 0dyn. m P 9{ )
x= ,m.  (66) The resistance force to the
ormpiy. movement of the belt between

It is known that the change in static tension in the belt
during its movement is equal to the product of the specific re-
sistance of the belt to movement by the length of propagation
of the static deformation:

stop. _
static.shift.

Q x, N

empty.””? 0

(67)

By substituting equation (66) into (67), we obtain the
change in the static increase in belt tension on the drum of
the mobile station during a change in the conveyor length
from t=0 to t=tpy:

G

point 7 and point 6 is approximate-
ly zero. Hence, the tension at point 7 in the acceleration
phase is:

stop. __ qstop.  __ qstop. stop. stop.
S7.s[atic. ~ Sﬁ.s[atic. - SﬁH + Sstatic.shift, static.dispersal.® N (71)
The tension of the belt at point 6 is:

stop. _

static.dispersal. + GT.D. / 2= M’ N. (72)

When determining the speed of propagation of the length
of the belt under the action of static loading, the starting point
of the wave front coordinate on the empty line
is taken as point 3, and on the loaded line—
point 7' (Fig. 6).

stop. — _ __T.D.
static.shift. 2 +
R
G, M, N, AR @[ T, 5
T.D. P stop. 1\ T stop.  Syep
+ 74 +4Qemp[y.E0dyn‘ p b t+ p= e

At the end of the shift phase, the increase in static belt
tension is equal to:

stop. _
static.shift.

Q 1

empty.”(3-6)°

(69)

By substituting equation (69) into (68), we obtain the
dependence from which the shift time can be determined

The coordinate of the wave front is denot-
(68) ed by the value x (Fig. 7).
Let the time f=fg; correspond to the
beginning of the belt acceleration and the
change in the length of the conveyor (Fig. 8, a); from this
moment, from the point a along the traction element the
length of the stretched belt begins to change under the ac-
tion of a static load.
By the time t=t;(Fig. 8, b) the point a has traveled the
path a’a, and the wave front has reached the point b.

> N.

in the Mathcad software: Vegrgostop Ostaficeargo
T ] S3=610/2
- %, - TA* s e — 8
_37 shift. / - L 5
t stop. e stop.. — oo I — i 70/'&
i R Vslusmp. \77\15‘?_ : i : T— L a [ :z?% 9
- 3 i staticemp A
N S S
_ P-R- l(3—6) (QcmptyAl(S—G) + GTADA) 20 “ % §L§ i v © !
\/2— , S. ( ) ng l/c/jt‘ e e EMPTYSTOP
4E,,, (M, —Nmpl)(Ai A —q>) 2

The amount of belt displacement is influenced by the
parameters of the combine’s drive electric motor and the
parameters of the conveyor.

X ax

Q emptyX +
Qemp/y/ Emﬁ/}/+M

I
|

{ emply

a

Fig. 7. Plots of change in the tension of conveyor lines with the

Fig. 6. Diagram of changes in static tension in the belt during

changes in the conveyor transport length with the drive stopped

during the acceleration phase and length changes

X ax
§ t o]
a
/[arga

b

drive stopped during the acceleration phase and changes in length:

a — empty; b — loaded
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Fig. 8. Diagram of the length of the spread of belt tension
under the action of static load along the traction element of
the conveyor with the drive stopped during the acceleration

phase and length change: a — =t b—t=t

Tension at any point in this area:

s=0,, o 12 +50 N.

static.dispersal.’

oy X TG, (73)

Since the tension acting on a given element dx on an emp-
ty line is equal to Qepy+M (Fig. 7, a), the deformation of the
element is equal to:

dAlempty. = (Qempty )d‘x / Eg dyn.? (74)
Elongation of the entire section:
L
Al= J’ (Qyppx+M)-dx/E,,, =
0
=(Qy I’ +2M1)/2E, ,, ,m. (75)

Differentiating with respect to ¢ and noting that dAly,,,/dt
is the speed of the traction element of the empty line at point a,
Alempey/dt is the desired speed of propagation of the belt stretch-
ing length under the action of static load on the empty line of
the conveyor at a distance x=l,p, is equal to:

‘/cmp[y.smp.EO.dyn.
astalic.emply. = Q l +M 4 m/S.
empty. empty.

(76)

The rate of propagation of belt compression under the
action of static load on an empty conveyor line at a distance
X=lempry Will be:

I/empty.slopEOAdyn‘

b, =
static.empty. Q l +GT.D. / 2

empty. empty.

, m/s. (77)

The distribution of the belt stretching length under the
action of static loading along the traction element of the cargo
line has the following solution.

Let the time t=fg,; correspond to the beginning of the
belt acceleration and the change in the length of the convey-
or (Fig. 8, ). Starting from this moment, the belt begins to
stretch from point c along the traction element.

At the time t=t;, point c traveled the path cc’, and the
stretching front reached point g (Fig. 8, b).

The tension of the traction element in this section:

S=(r-Q,,,x) N; (78)
Sssltsscdtspersal + Qempty.l(3—6) + GT.D /2’ N. (79)

If the magnitude of the deformation of the section cg is de-
noted by Al, then an element dx can be selected at a distance
x from the point g (Fig. 7, b). Since the tension acting on this
element dx is equal to (Y-QcqrgX) (Fig. 7, b), the deformation
of the element of the load line can be represented in the form:

Alcargo.:(Y_Qcargo.x) dx/EQdyn., m (80)
Elongation of the entire section cg:
1
= _[(Y - Qcargo.x) : d‘x / EU.der =
0
:(Zchargo, - cargo. cargo )/2EO dyn.? m. (81)

Differentiating this expression by ¢, the following is
obtained:

dAlcargu. Y dlmrgo Qcargn lcmgv cargo.

_ _ Feargo. - m/s.
dt E dt E dt

0.dyn.

(82

0.dyn.

Here dAl g0, /dt=V arg0.510p. is the speed of movement of the
traction element of the cargo line, and dl;qyg, /dt is the desired
speed of propagation of the length of the belt stretching under
the action of static load on the cargo line at a distance x=lcqygo.-

Hence:

a _ ‘/cavgo,s[op.EO.dyn,
static.cargo. Y-0O I

‘cargo."cargo.

, m/s. (83)

Compression on the load line fyeeze.cargo. OCCUrs after the
end of the StretChing tstretch.empty. and CompreSSion tsqueeze.emp[y.
of the belt under the action of a static load on the empty line:

tsqueeze. cargo:tstretch.empty+tsqueeze.empty.+ Ir.p.,S. (8 4)

The time of stretching the belt under the action of a static
load on an empty line from point 6 to point 3:

dx (ergo x+M)dx

dt= = . , S. (85)

as[atic.empty. ‘/empty.xwp.EO.dyn.

[ 3-6.
; B ‘J.’ QX +M B
stretch.empty. -
0 ‘/empty.stnp.EO.dyn.
2

_ Q, ke t2Ml, s 86)

2v, E '

empty.stop.” 0.dyn.

Time of compression of the belt under the action of static
load on an empty line from point 3 to point 6:

k)
_ Qemply 0 +GT.D. /2 dx =
squeeze.empty. % E -
0 empty.stop.”— 0.dyn.
2
— empty l(3 6) T. D.l(376) s (87)
2V, E

empty.stop.”— 0.dyn.



Similar to the previous considerations, you can write:

2Yl Q P

_ cargo. - “cargo.”cargo.
tsqueeze.cargo. - P\ E > S. (88)
cargo.stop.”~ 0.dyn.

Substituting the obtained expressions into
formula (84) and performing the transforma-
tion, the following is obtained:

stop. _
static.dispersal.

_ carga.s[op.Qcargo.l(&é) (Qempty.l(_%ﬁ) + C;T.D.) , N. (97)
Vvempty.stnp. (ZQempty.l(?rﬁ) + GT.D. ) - ‘/carga.stnp. cargo.”(3-6)

Substituting equations (61) and (57) in (97) yielded:

(P AN —D )(Qemwy‘l@fﬁ) Gy

Q1

cargo.”(3-6)

Vv Ssxtfsgvc.dispevsal, = \/27 5 N. (98)
ergalczargo, - Zchargo. + ZMX (A VAT -O )<ZQempty4l(376) + Qcargo.l(&e) + GT.D.. ) - PQcavgo,l(}é)
empty.stop.
G
Qcmpry_l(zH) +l(376) [M + T'D']+ Nm The jump in static increase in belt tension during accel-
X 2 =0, ’ eration is influenced by belt parameters, speed of the mobile
+tT,D,E0.dyn,I/emp)§y,stap. station, distance from the mobile drum to the drum of the

At t7p=0:

V.
QB 2YL 2

cargo. cargo. cargo.
empty.stop.

G
2 o || )
X{Qcmml(“) +lag (M + ZD ﬂ =0, N'm.

(89)

From equation (89), the magnitude of length of the propa-
gation of a stretch of the belt on the cargo load is determined:

Y’ -KQ, . +Y

cargo.

, m. (90)

cargo.

where:

K=2

Veanosip. Q, 1o+l o[ M+ e || N on
empiy.(3-6) * (3-6) ) ’ '

empty.stop.

Assuming that the belt is an isotropic elastic body, the re-
sulting increase in belt tension when the conveyor is length-
ened is equal to:

S stop. E

static.dispersal. = Scargv. 0.dyn.”

N. (92)
Relative elongation of the load lime of the traction body:

€ =Ax /1

cargo. cargo.

cargo.* (93)
Absolute extension of the load line of the conveyor during
the movement of the mobile station:

Ax =V t m.

cargo. cargo.stop. ~ squeeze.cargo.’

(D)

Substituting equations (86) and (87) into (84) and simpli-
fying it through K(91) at t7.p =0, we obtain:

squeeze.cargo. = K > S (95)
cargo.stop.EO.dyn.
Substitution of equation (93) to (95) in (92) yielded:
2 Q K
(S5 ot ) =S8 et ¥ b 20, N, (96)

Having isolated the value Sy .. from the values K

and M and having performed the transformation, we obtain:

mobile carriage, and tension on the telescopic device.

5. 4. Determining the dynamic increase in belt ten-
sion when changing the conveyor transport length
with a stopped drive

A distinctive feature of our calculation of the dynamic
belt load on the drum of a mobile conveyor station with a
stopped drive is the presence of belt shift and acceleration
phases (Fig. 9).

The dynamic belt load on the drum of the mobile station
of a stopped conveyor is determined as the sum of the dynam-
ic belt load in the belt displacement and acceleration phases:

S __ shift.
dyn.stop. — * dyn.stop.

+ S dispersal. N.

dyn.stop.

99

When determining the dynamic belt load on the drum of a
mobile station of a stopped conveyor during the shifting phase:

shift. . shift.
den.s[ap._adyn.xtap. qbel[. ‘/emply.stop.’ N.

(100)

Similar to the previous considerations given in [15], the
propagation velocity of an elastic deformation wave on an
empty conveyor line with a stopped drive in the displacement
phase will be written as:

E
shif . _ 0.dyn.
dyn.stop. ~ shif . _Cshif. > m/s. (101)
zstop. stop.
Lt g
J empty.stop.

Having determined the change in the gradient of the
static tension of the belt in the displacement phase before the
start of the movement of the mobile station ¢*/- and during

B stop.
the displacement phase zj[h;i - of the conveyor with the stopped
drive, we obtained:

stop.
shif. _ S6H S

2, N/m, (102)

stop.
-6)
where S)P =G, , /2 is the belt tension at point 6 before the

start of movement of the mobile conveyor station with the
drive stopped, N:

S =S
2oy == N/m, (103)
E)
where S, =Syt . + G p /2 is the belt tension at point 6

during the conveyor belt movement phase with the drive
stopped, N.



5.5. Verifying the calculation of belt conveyors
with variable length with a stopped drive
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Fig. 9. Calculation diagram of tensions arising in the belt when

changing the length of the conveyor transport with the drive stopped

Substituting equations (102) and (103) into (101), we obtain:

¢shift. I E

dyn.stop. =
qbeltA

When determining the dynamic belt load on the drum of
a mobile conveyor station with the drive stopped during the
acceleration phase:

0.dyn.

slop

:[a[lc shift. / l(3 6)
+shift.
empty.stop.

,m/s.

(104)

S mstop. = qbelt N.

dyn.stnp dyn stop empty stnp

(105)

Similarly to the previous considerations, the propagation
velocity of the elastic deformation wave on an empty line of
the conveyor with the drive stopped in the acceleration phase
will be written as follows:

E
di; 1. ’ 0.dyn
ispersal. _ : Ly, : , m/s. (106)
dyn.stop. dispersal. _ dispersal.
4 zxmp stop.
qbelL sdispersal.
-] empty.stop.

Having determined the change in the gradient static ten-
sion of the belt in the acceleration phase after the shift phase

dispersal.

Chorentt and during the change in the length 2" of the con-
veyor with the drive stopped, we obtained:
c;i[l[;sgersal (Sdlspersal )/1(3,5)’ N/m, (107)
dispersal. : s
where SO =Q 1. +G,, /2 is the belt tension at

point 6 before the start of the conveyor belt acceleration
phase with the drive stopped, N:
zdlspersal ( S//

stop. 6stop. ) / 1(3,6) , N/m, (108)

=S atedispersat, T Lempyls-ey + Cr.p. /2 18 the belt ten-
sion at point 6 during the acceleration phase of the conveyor
belt with the drive stopped, N.

Substituting equations (107) and (108) into (106), we obtain:

"
where Smp

E
dispersal. __ I 0.dyn.
adyn,stop, - stop. /l ) m/S. (109)
+ static.dispersal. ' "(3-6)
qbelt, -dispersal.
empty.stop.

The dynamic increase in belt tension is influenced by a
jump in static tension and belt parameters, the speed and
acceleration of the mobile station, the distance from the
mobile drum to the drum of the moving carriage of the
telescopic device.

To compare the conveyor with a running drive with a
conveyor with a stopped drive, a calculation of the jumps in
tension on the drum of the mobile station was performed.

The calculation of the increase in belt tension on the
drum of the mobile station consists of 5 stages:

First stage. Determining the speed Vi s0p. (depen-
dence (39)) and acceleration jyq s0p. (dependence (40)) of
the mobile station.

Second stage. Determining the speed Vempiy.siop. (de-
pendence (56)) and acceleration jempsy.siop. (depen-
dence (61)) of the empty conveyor line during the change in
the length of transportation with the drive stopped.

Third stage. Determining the magnitude of the jump of
the static increase S . (dependence (68)) and the shift

time fg. (dependence (70)) during the shift period and the
magnitude of the jump of the static increase S***** (depen-

static.stop.

dence (98)) during the acceleration period of the belt during

the change in the length of transportation of the conveyor
with the drive stopped.

Fourth stage. Determining the magnitude of the jump

in dynamic loading Sj: ~ (dependence (100)) during the
shift period and dynamic loading dey’fi:;';’ (dependence (105))
during the belt acceleration period when changing the con-
veyor transportation length with the drive stopped.

Fifth stage. Determining the magnitude of change in belt
tension on the drum of the mobile station when changing the
conveyor transportation length with the drive stopped:

S shift.

S dispersal.
static.stop.

static.stop.

S shift.

S dispersal.
dyn.stop.

dyn.stop. °

Seuop. = S2% 4

65top.

,N.(110)

Below is an example of calculating the resulting jumps in
belt tension in an extension conveyor, spreading from the drum
of a mobile station with the drive stopped. The following initial
data were accepted for the calculation in the Mathcad software:

- 1(3.6)=835 m;

- Mgrum =100 kg;

= Jmotor.rotor.=3 kg'mz;

= J1motor.rotor.=0.01 kg'mz;

= Jomotor.rotor. =25 kg'mz;

= Rperr.=0.5 m;

- Mg, =1,000 kg;

-f=0.8;

- mTD_:ISO kg,

= Myoadheader.=3,500 kg,

= Qempry.=5.33 N/m;

- l(7.g)=800 m;

- Mp=700 Nm;

- Bengine=2 N-ms;

-1,=0.0064;

- Qcargo:lZ.S N/I’Il;

- 1(9,6)2915 m;

- E¢.dyn.=2,600,000 N;

- mreduced.conueyondrive.=1v250 kg»

- l(9=65 m; qpe;;=10 kg/m.

Fig. 10 shows the velocity and acceleration of the mobile
station.

Fig. 11 shows the velocity and acceleration of an empty
conveyor line.

In Fig. 12, the static jump in tension on the drum of the
mobile station during the period of belt displacement and
acceleration.
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Fig. 10. Plot of changes over time, when the conveyor
is extended with the drive stopped: a — speed of the
mobile station; b — acceleration of the mobile station
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Fig. 11. Plot of changes over time, when the conveyor is
extended with the drive stopped: a — speed of the lower line;
b — acceleration of the lower line

Plots of changes in static and dynamic jump in tension
during the period of belt displacement and acceleration are
calculated separately.

Fig. 13 shows the dynamic jump in tension on the drum
of the mobile station during the period of belt displacement
and acceleration.

Fig. 14 shows the belt load on the drum of the mobile station
during the extension of the conveyor with the drive stopped.
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Fig. 12. Plot of change in the static jump in the belt load
over time on the drum of a mobile station with the extension
conveyor drive stopped: a — during the shift period;

b — during the acceleration period
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Fig. 13. Plot of change in the dynamic jump in the belt load
over time on the drum of a mobile station with the extension
conveyor drive stopped: a — during the shift period;

b — during the acceleration period

Analysis of our calculations revealed that when changing
the conveyor transportation length with the drive stopped
on the drum of the mobile station, there is a jump in the belt
tension, which is equal to 2. In the initial period of time, the
jump is maximum and changes depending on the accelera-



tion of the mobile conveyor station. At a constant speed of the
mobile station, the jump in the belt tension is constant and
exists as long as the station moves.

During experimental studies for different operating
modes of a belt conveyor operating at a variable transporta-
tion length, the following results were obtained: Fig. 15.
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Fig. 14. Plot of belt load change over time on the drum of a
mobile station with the extension conveyor drive stopped
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Fig. 15. Plots of belt tension changes at the mobile station
of the experimental conveyor for different initial speeds
of the traction-bearing body during unequally accelerated
changes in the length of transportation: a — when the belt
tension on the tensioning device is 400 N; b — the belt
tension on the tensioning device

6. Discussion of results based on the study of
parameters of belt conveyors with a stopped drive
during the change in the transportation length

Our research result is the methodology devised for calcu-
lating belt conveyors with a variable transportation length.
The study examined how the change and acceleration of the
transportation length with a stopped conveyor drive affects
the belt tension.

The results indicate that the transportation length should
be changed when the conveyor is running.

The following was found out for a conveyor with a
stopped drive.

It was established that during the uniformly accelerated
elongation of the conveyor on the drum of the mobile station,
the belt tension increases due to the increase in static and
dynamic belt loading. The increase in belt tension occurs
first in the phase of displacement, then in the phase of belt
acceleration and change of the transportation length.

It has been determined that the change in static belt ten-
sion on the drum of the mobile conveyor station at the end
of the shift phase is equal to the resistance force to the belt
movement in the section from the drum of the mobile station
to the moving drum of the tensioning mechanism.

In contrast to the results given in [11], the time of the
shift phase, the magnitude of the static and dynamic loading
of the belt on the drum of the mobile station in time were
established, which is a fundamentally new result.

Our result is very important because it provides an under-
standing of the reasons for the occurrence of changes in belt
tension during an unevenly accelerated change in the length
of transportation with a stopped conveyor drive. The result is
also important because it allows us to give recommendations
for the correct operation of such conveyors.

It became possible to correctly design the mechanism
for moving the end station of the conveyor, taking into ac-
count the characteristics of its electric motor.

It was investigated how the speed and acceleration of
the mobile station and the belt of the stopped conveyor
change during a change in the length of transportation.
Dependences were obtained that allow us to calculate the
resulting dynamic jump in belt tension that occurs at the
beginning of the movement of the mobile station when the
conveyor is extended.

When determining the speed (dependence (39)) and
acceleration (dependence (40)) of the mobile station of the
stopped conveyor, the characteristics of the electric motor
of the end station movement mechanism were taken into
account.

When determining the speed (dependence (56)) and ac-
celeration (dependence (61)) of the empty line belt, the char-
acteristics of the conveyor and the speed and acceleration of
the mobile station were taken into account.

When determining the static increase in belt tension (de-
pendences (68), (98)), the shift time (dependence (70)) and the
characteristics of the conveyor were taken into account.

When determining the dynamic increase in belt ten-
sion (dependences (100), (105)), the propagation speed of
the elastic deformation wave on the empty conveyor line in
the displacement phase (dependence (104)) and acceleration
phase (dependence (106)) of the belt was taken into account.

It was established that the static jump in belt tension on
the drum of the mobile station significantly depends on the
type of distance to the tensioning device. The magnitude of
the dynamic increase in belt tension jump during conveyor
elongation is primarily influenced by the acceleration and
speed of the mobile station.

The results of the studies allow us to determine the
operational parameters of a belt conveyor with a variable
transportation length.

The studies reported here are a continuation of previously
performed theoretical investigation of the loads arising in



the belt during a change in the transportation length on the
drum of the mobile conveyor station [11].

By reducing unproductive technological operations and
reducing the number of overload devices, the use of a belt
conveyor with a variable length of transportation makes it
possible to increase productivity and reduce energy con-
sumption in continuous flow technologies. It is recommend-
ed to perform calculations for predetermined maximum
output data, such as productivity, transported load, length,
and angle of installation of the conveyor.

The practical application of our results is significantly
affected by the distance from the mobile station to the ten-
sioning device.

The next stage of research may be the development of a
transient process of lateral descent of the belt from a drum
with insignificant curvature.

When the mobile station of the conveyor is moved,
the drum turns relative to the longitudinal axis of the belt
movement.

Construction of a mathematical model of the transient
process of lateral descent of the belt on a drum with in-
significant curvature could make it possible to design a
system for automatic centering of the belt on a drum with
a curvilinear generator with optimal parameters. This is
very important when operating a conveyor with a variable
transportation length.

7. Conclusions

1. Before the length of transportation is extended, the
speed of the conveyor belt is zero. The speed and accelera-
tion of the mobile station depend on the design parameters
of the extension mechanism, the design parameters of the
belt conveyor, and the acceleration time of the electric mo-
tor during start-up.

2. The speed and acceleration of the loaded and empty
conveyor belt lines with the drive stopped are affected by
the speed and acceleration of the mobile station, as well
as the conveyor parameters. The speed and acceleration
of the empty line are 3 or more times higher than the
loaded one.

3. Static increase in belt tension occurs during the phase
of displacement and acceleration of the belt. The maximum
value of the phase of displacement is equal to the force of stat-

ic resistance to movement in the area from the mobile station
to the tensioning device and lasts several seconds.

4. The dynamic increase in the jump in the belt tension
occurs during the phase of the belt displacement and acceler-
ation and depends on the acceleration and speed of the mo-
bile station. It also depends on the technical characteristics of
the belt, the gradient of the increase in the belt tension during
the extension of the conveyor to the sections from the drum
of the mobile station to the drum of the mobile carriage of the
telescopic device.

5. Analysis of our calculation of the above example re-
vealed that when changing the length of the conveyor trans-
portation with the drive stopped on the drum of the mobile
station, a jump in the belt tension occurs 2 times larger. The
maximum jump value is recorded at the maximum accelera-
tion of the mobile station. At a constant speed of the mobile
station, the jump in the belt tension is constant and exists as
long as the station moves.

According to the results of our calculation, the belt tension
at a constant speed of the mobile station increased by 2 times.
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