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Abstract

For many years, the hard coal mining industry has been searching for engineering solutions ensuring
greater reliability of the machines operating in difficult underground conditions. The foregoing
applies in particular to the scraper conveyors used in longwall systems, started up very frequently
and exposed to variable dynamic loads, leading to accelerated wear of powertrain components. The
authors of this study have developed a longwall scraper conveyor equipped with a torsionally
flexible metal clutch of novel design. The article provides a description of a mathematical model of a
conveyor featuring two centrally arranged chains along with a main (discharge) and auxiliary
(return) drive, as well as results of the computer simulations performed for two variants of the drive
system setup analysed: one with a typical flexible clutch and the other with the innovative torsionally
flexible clutch. Analysis of these results has revealed that the solution proposed significantly reduces
the amplitude of dynamic loads, which contributes to increased durability and reliability of
conveyors under mining conditions.

Keywords: scraper conveyors; dynamic forces; damping system; simulation studies; drive unit;
vibration minimisation

1. Introduction

What has been observed for many years in hard coal mining, especially with regard to longwall
mining systems, is a demand for drive systems offering increased resistance to loads resulting from
operation in difficult underground conditions [1-5]. Some of the machines particularly exposed to
intense mining processes are scraper conveyors which, due to the abrasive impact of the material
being excavated [6-9], as well as frequent start-ups and variable dynamic loads [10,11], are subject to
accelerated degradation of drive system components, increasing the risk of failure [12,13]. These
conveyors represent a crucial element of underground haulage systems, whose availability factor is
expected to exceed 95% for longwall conditions [14]. In order to achieve such high reliability, they
must be based on structures [15-17] designed to ensure increased fatigue strength and resistance to
impact loads, while offering reduced dimensions, at the same time.

One of the main operational problems related to scraper conveyors is that of the dynamic forces
generated over the course of frequent start-ups and sudden workload changes [18-21]. In transient
states, the above factors cause overloads, increase the amplitude of torsional vibrations, and
accelerate the wear of couplings, gear transmissions and chains. Consequently, the drive system
durability declines while the likelihood of failure grows.
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A typical conveyor drive system [22-25] features an electric motor, a gear transmission, and a
clutch placed between the other two components (Figure 1). The clutch is integrated with the
drivetrain, which is why the dynamic modelling of the former requires taking the mass-elastic
properties of the other system’s elements into consideration. The clutch protects the motor from the
overloads generated by the driven machine, e.g. due to the crushing resistance in crusher systems or
the variable resistance attributable to the motion of both the chain and the coal output being hauled
[26]. It should limit the dynamic torque on start-up and ensure repeatable start-ups without
exceeding the permissible thermal limits. On account of the frequent starts under load and the torque
variability under steady-state operation, the clutch must offer adequate torsional flexibility to enable
controlled torsional angles, torsional vibration damping, and dynamic stabilisation of the entire
system.

1 2 3 4

A

K1 R M

Figure 1. Block diagram of the drive system of a single-clutch driven machine: 1 — drive motor, 2 — K1 clutch, 3

— gear transmission, 4 — driven machine.

A gear transmission operating in a drive system of such a layout is directly exposed to high
dynamic loads [27], including moments resulting from abrupt actuator blocking, e.g. the plough head
stopping while the body of coal is being mined. The clutches traditionally in use, i.e. rigid, insert-
type, and hydrokinetic, offer limited effectiveness in damping these overloads [28-32]. Insert-type
clutches (Figure 2), despite their simple design and low cost, do not reduce dynamic loads
significantly, while the hydrokinetic ones — although more effective — are characterised by high
weight, high price, dependence of operating parameters on the liquid level, and the need to satisfy
the ATEX directive requirements.

Figure 2. Flexible insert-type clutch used in scraper conveyors.

In response to these challenges, numerous researchers, including the authors of this paper, have
been studying new design solutions which are better suited to extreme operating conditions and
enable effective minimisation of dynamic loads [33,34]. Particular attention is paid to the
development of torque damping systems intended for scraper conveyor drives as well as
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mechanically flexible components capable of operating under harsh mining conditions. One of the
deliverables of this research is the torsionally flexible metal clutch in question (Figure 3), whose
operating principle is based on the relationship between the torque value and the axial displacement
of clutch components [35,36].

‘LSS S S S S

Figure 3. Design (a), model (b), and prototype (c) of a torsionally flexible metal clutch: 1 — clutch shaft, 2 — sliding
sleeve, 3 — assembly of disc springs, 4 — clutch housing, 5 — moving splined coupling, 6 — cover, 7 — clutch hub, 8

— cone bearings, 9 — thrust bearing, 10 — sealing ring.

The torque is transmitted from the active side of the clutch [35,36] by means of the shaft (Figure
3a, item 1) to the sliding sleeve (Figure 3a, item 2) via a multiple-start threaded mechanism. An
increasing torque causes the shaft to rotate relative to the sleeve and the clutch housing (Figure 3a,
item 4), thus producing axial force in the threaded mechanism and initiating plane motion of the
sleeve along the shaft axis. The sleeve’s motion is restricted to the axial direction only by a splined
coupling (Figure 3a, item 5) between the sleeve and the housing. The sleeve’s displacement results in
the compression of an assembly of disc springs (Figure 3a, item 3), adequately selected to achieve the
desired clutch flexibility characteristics. Elastic deformation force is generated in the spring system
which — when in a state of equilibrium — balances the axial force generated in the threaded mechanism
by the running torque. Thus established, the equilibrium defines the momentary position of the
sleeve relative to the shaft and the housing, and by that means, also the angle of relative rotation of
the active and passive members, at which torque is transmitted. Any momentary overload of the
drive system causes additional compression of the springs, while load reduction leads to their
relaxation. Once the drive has been completely relieved of load, the sliding sleeve returns to its initial
position relative to the clutch shaft axis under the impact of the elastic force produced by the spring
assembly.

In order to verify the assumptions underlying the design in practice, the authors built a scraper
conveyor prototype adapted for the installation of a torsionally flexible clutch capable of transmitting
power of not less than 400 kW. This solution made it possible to run operational tests under
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conditions close to real-life ones and to assess the effectiveness of dynamic load damping in the drive
system.

The conveyor prototype designed by the authors (Figure 4) was subject to detailed laboratory
and in-service tests. The goal of these tests was to assess the cooperation between the drive system
and the torsionally flexible clutch, and to verify the latter’s impact on the conveyor’s dynamic
characteristics. As part of the tests, free and forced vibrations were measured, and a modal analysis
was performed to determine the frequency and form of the system’s free vibrations.

d)

Figure 4. Scraper conveyor featuring the innovative flexible clutch: a — conveyor diagram, b — image of the
conveyor designed, c — model of the conveyor drive unit showing the layout of the flexible clutch installation
inside a mounting flange, d — image of the proposed drive unit with the innovative clutch, e — conveyor during

the verification of the clutch operation.

The results thus obtained [37,38] have confirmed that the flexible clutch is capable of cooperating
properly with the conveyor’s drive system, both being fully compatible in structural and functional
terms. It has been concluded that the application of the torsionally flexible clutch reduces both
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torsional vibrations and dynamic loads in the drive system. The results of the in-service tests and of
the modal analysis have shown stable operation of the prototype across the entire rotational speed
range, thus rendering the underlying design assumptions effective and confirming that the solution
in question can be used in real-life industrial conditions. At the same time, given that the researchers
could not install the conveyor at an operating longwall, and that the power of the drive units was
insufficient to fully compress the springs, it was not possible to run the tests in genuine real-life
conditions, and therefore further studies performed to investigate the properties of the conveyor
featuring the innovative clutch were based on mathematical modelling.

Dynamic analysis of the scraper conveyor’s drive system, where the innovative torsionally
flexible clutch has been applied, makes it possible to determine not only its dynamic characteristics
but also other operational and structural properties, such as maximum load capacity, clutch
dimensions, materials to be used, and durability. This is precisely why - if correctly developed and
verified — a dynamic model is a valuable machine engineering tool. Such a model should be simple
enough to allow practical application and accurate enough to enable a quantitative and qualitative
assessment of the dynamic state of the entire drive system.

In numerous cases, it is not only more convenient but also more economically sound to build
dynamic models, since the cost, time, and labour intensity of simulations are many times lower than
the expenses incurred under fully fledged experimental studies, while making it possible to analyse
abroad array of different variants of structural and operational parameters at the same time [39]. This
approach enables a preliminary assessment of the behaviour of the drive system under diverse
operating conditions, both during start-up and steady-state operation, while the results of time and
frequency analyses provide grounds for designing new or modifying existing driven machines.

The main advantage of simulation studies is the capacity to accurately test the response of the
entire mechanical system to various forms of dynamic forcing within a wide range of combinations
of structural, technological, and operational parameters of the clutch. This makes it possible not only
to optimise the system preliminarily, but also to determine with a high degree of precision the
parameter ranges which should then be verified under limited experimental studies. Such an
approach is completely substantiated from a research point of view, as it enables identification of the
key dynamic relationships and prediction of the system’s behaviour under conditions that are
difficult to reproduce in a laboratory or under real-life operating conditions [40-43]. Studies of the
dynamic characteristics of scraper conveyors under real-life conditions are particularly costly,
difficult, and labour-intensive, which is why most researchers rely on laboratory studies conducted
at test benches or numerical simulations [44].

In order to accurately reproduce the actual operating conditions of a conveyor, joint simulation
methods are often applied, employing software suites such as ADAMS, EDEM, ANSYS, or
MATLAB/Simulink. Such an approach enables accurate reproduction of material motion, interactions
between chain links, and the operation of the entire drive system. For example, Swider et al. [45]
developed a simulation model of a conveyor drive system based on ADAMS-Simulink,
demonstrating the dependence of torque on motor load and current. Wang et al. [46] used the MBD-
DEM-FEM simulation to analyse the motion of a conveyor and the forces acting on the chain links
under clamping conditions. Zhang et al. [47] created a three-dimensional model of a plough in the
ANSYS and SolidWorks environment to optimise structural reinforcements which improved the
machine’s mechanical properties and extended its service life.

In order to increase the accuracy of models, the researchers applied various discretisation
methods and different combinations of system elements, e.g. a model of chain segments linked with
the use of the Kelvin-Voigt model, enabling dynamic analysis of sagging in the centre groove [48].
Shprekher et al. [49,50] developed a multi-mass model comprising a motor, a reduction gear, and a
drive wheel, making it possible to simulate start-up under full and no-load conditions. Zhang et al.
[51] created a dynamic multi-body model, which they verified by measuring deformations at fixed
points, and introduced a method for estimating the stress distribution in the chain. At the same time,
experimental studies of conveyor drive systems were conducted. Jiang et al. [52-54] developed a test
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rig to monitor the speed difference between drive wheels at different chain speeds, loads and terrain
configurations, which allowed them to identify key factors affecting the system dynamics, such as
chain tension and the frequency of secondary meshing of the reducing gear. The problem of
modelling and testing of the dynamics of scraper conveyors was also analysed in studies [55-63].

The overall body of research conducted by Dolipski and Sobota [64-71] to date shows that
dynamic modelling of scraper conveyors is crucial for assessing the behaviour of the entire drive
system under the conditions of variable loads, frequent start-ups, and high resistance to motion. The
authors analysed the dynamics of clutches, both hydrokinetic and torsionally flexible, as well as the
interaction between actuators, including plough assemblies, enabling identification of torsional
vibrations, overloads, and the dynamic properties of an entire conveyor.

What these models allow for is not only assessment of the system’s behaviour under various
operating conditions, but also analysis of the impact of the structural and operational parameters of
clutches on the operating stability and durability of the drive unit. This makes it possible to optimise
the clutch flexibility characteristics, project dynamic moments across the entire system, and design
drive systems with increased resistance to overloads and vibrations. When analysing the dynamics
of scraper conveyors, vibration damping related problems are also considered important [72].

A similar approach was adopted in the study addressed in this paper, as a mathematical model
of the entire conveyor was developed by taking the new torsionally flexible metal clutch into account.
This made it possible to verify in numerical terms the impact of the clutch on the reduction of
dynamic loads and the torsional vibration damping in the drive system while assuming conditions
typical of mining operations.

The main objective of the study was to perform numerical examinations of the dynamic
properties of a scraper conveyor by developing a mathematical model of the drive system with the
new torsionally flexible metal clutch and to determine the dynamic forces acting under diverse
operating conditions. The novel aspect of the study is the assessment of the effect of the clutch in
question on the reduction of dynamic loads as well as on the damping of torsional vibrations in the
entire drive system compared to traditional flexible clutches. The results of the analyses performed
make it possible to verify the effectiveness of the design assumptions adopted and to provide a solid
foundation for further research and design of conveyors offering increased reliability and durability
under difficult mining conditions.

2. Materials and Methods

2.1. Assumptions for the Mathematical Model of the Scraper Conveyor

For purposes of numerical verification of the impact exerted by torsionally flexible metal
clutches on conveyor dynamics, a mathematical model of the complete drive system featuring such
a clutch was developed. The model was based on previously verified dynamic models of scraper
conveyors [67,68] as well as on a model of a drive system equipped with a flexible clutch [35].

Simulation tests were performed using a discrete mathematical model of a double-chain
conveyor with a main and auxiliary drive unit supported by dedicated computer software intended
for solving systems of differential equations describing motion and for numerical analyses. The
motion in the upper and lower conveyor branches as well as in the main and auxiliary drive units
was described using a system of ordinary second-order differential equations.

In order to develop the relevant physical model, a number of simplifications and assumptions
had to be adopted [67,68], including the following:

—  the upper branch chains were replaced with a finite number of concentrated masses connected
by elastic massless bonds and contact elements; the mass of each section was concentrated in its
centre, also taking scrapers and coal output into account,

—  the lower branch chains were replaced with a finite number of concentrated masses connected
by elastic massless bonds and contact elements; the mass of each section was concentrated in its
centre, also taking scrapers and pulverised fine coal into account,
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—  the drive systems were replaced with rigid polygons, modelling the operation of chain wheels,
linked with solids of revolution via viscoelastic bonds,
—  the following moments of inertia were reduced for the polygons and solids of revolution:
e moment of inertia of the chain drum (4, Is) and the gear transmission (Ia1, Is1),
e moment of inertia of the output element of the torsionally flexible metal clutch seated on
the high-speed transmission shaft (Iaz, Is2),
e moment of inertia of the input element of the torsionally flexible metal clutch seated on the
high-speed transmission shaft (Ias, Iss),
e  moment of inertia of the drive motor rotor (Ias, Iss).

Thus constructed, the model enables simulation tests of the entire conveyor, taking into account
the effect of the torsionally flexible metal clutch on torsional vibration damping, the distribution of
dynamic moments, and the response of the entire drive system to variable operating conditions. The
model provides a solid foundation for assessing the effectiveness of the novel clutch against that of
traditional flexible solutions, as well as for further design work on conveyors offering increased
reliability and durability under harsh mining conditions.

2.2. Dynamic Scraper Conveyor Model

Following the formalisation of the dynamic phenomena occurring in the physical model of a
high-performance double-chain scraper conveyor, featuring a main and auxiliary drive unit,
equipped with two torsionally flexible metal clutches, a mathematical model of the machine was
developed. This model constitutes a system of nonlinear ordinary differential equations of the second
order [73].

The dynamic model thus created comprises a single main drive and an auxiliary drive, each
equipped with a torsionally flexible metal clutch. Engineered in such a manner, the model makes it
possible to analyse the dynamic phenomena observed in the entire conveyor drive system (Figure 5).

e ,/’)sz; qw.

k
Qiy Kizgy 2

Figure 5. Physical model of the upper branch of the scraper conveyor featuring a main drive unit with the

torsionally flexible metal clutch.
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The dynamic model described above enables simulation studies to be conducted in the following
areas:

—  the effect of the torsional stiffness of the torsionally flexible metal clutch on the dynamic loads
in the conveyor,

—  the effect of the damping properties of the metal clutch on the behaviour of dynamic loads,

— theeffect of the conveyor parameters and external loads on the operational dynamics of clutches.

The results of the foregoing studies can be utilised as grounds for selecting the optimal
configuration of drive characteristics for a specific conveyor and clutch parameters, including: spring
assembly setup, number and type of springs, geometric dimensions of the clutch, and the angle of
inclination of the thread helix.

Based on the dynamic model of the double-chain conveyor developed by the authors, including
a main drive (A) and an auxiliary drive (B), simulation tests were conducted for one state of tension
of the scraper chain. Two clutch types were analysed:

— flexible insert-type clutch (FC),
—  torsionally flexible metal clutch (TEC).

The characteristics obtained in such a manner made it possible to assess the impact of the clutch
type on the dynamic loads affecting the conveyor as well as on torsional vibration damping, which
had provided grounds for further design work aimed at increasing the reliability and durability of
conveyors intended to operate under harsh mining conditions.

Equation (1) represents the mathematical notation of the equations of motion applied in the said
model, used to test the conveyor featuring the torsionally flexible metal clutch. Such a notation
enables quantitative and qualitative analysis of the dynamic behaviour of the conveyor’s drive
system, including the impact of the newly designed clutch on the reduction of dynamic loads and on
torsional vibration damping.

My Gy + 23 H[ ] [kh.s : (qlxl — @5 Ros )+ hyg - (q1A-1 — @5 Roys )+ Slxl] +
- Z1x2 o H[ ] 3 [k1~1 . (‘71x2 ~G1a ) 3z hlxl A (qh-z = qlu ) - 51;\-1] ok W1.\-1 =0

my, - dlu it Zlm’ . H[ ] [klx[i—li : (qlu' iy qlx(i—l))+ hlx(i—ll : (C.hu‘ il ‘-:71x(i—u)+ Sm’]+
- le(i-li i H[ ] [klu' ¥ (qlx(i‘—ll i qw)+ hm’ i (‘?h—(iu» i qln‘)+ Sw]+ M/Iu' =0

my; -Gy + an 'H[ ] [kmj-u '(qw o qlx(j-l])+ hl».-(j-l) '(ql;q‘ = qlA‘(}-l))+ Shj]+
_Zlm 'H[ ] [klua '((/’A 'Rom _qW)"‘hlm '((/’A 'Rom _qw)'*'sw]"'vvm =0

A '¢A +Z11A 'H[ ]'[SnA] 'R11A +ZlZA 'H[ ]'[Sle]'Rle ik
= Zzu'H[ ] [kzm(qzu ~—Pa 'Rom)"'hzu '(qzn ~ P4 'Rom)+ Szm]'szA *

_Zzu'H[ ]'[kzu '(CI221_(/’A 'RozA)+h22A '(Q221_¢A 'ROZA)"'SzzA]'RzzA =
kAl '((/’A1 _wA)+hA1 '(¢A1 _¢A)+leA '511A 'RnA +ZIZA 'Sle 'R12A +
_sz 'H[ ]'[Szm]'RzlA _ZZZA 'H[ ]'[SZZA]'RZZA
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+ZIZA 'Sle 'Rm _Zzu 'H[ ]'[Szm]‘Rzm _ZZZA 'H[ ]'[Szu]'RzzA =0
laa " Paa + Kaa '(‘/’44 _‘/7A3)+ hys '(‘/’Aa ‘¢A3)+ Zy1p - S1aa Rusa + 2100 - S1ps - Ripa +
—Zy, 'H[ ]'[Szm]'RuA —Zy, 'H[ ]'[Szu]'RzzA =M,
i=2,3,..,j1
k=12
where:
j - number of sections into which the upper and lower conveyor branches were divided

in the physical modelling process,
- numerical chain designation; for a double-chain conveyor, this is either 1 or 2,
- equivalent damping coefficients,
- specific stiffness of elastic bonds,
translation coordinates,
- rotation coordinates,

e a & 5o &
1

- radiuses of chain run-up onto the chain drum and radiuses of chain run-off from the
drive drum,

[ - Heaviside function,

static loads in the drive chain,

- coefficient determining the point of the drive chain breakage,

- moments of inertia of the masses rotating in the drive systems,
M - driving torque of asynchronous motors in the main and auxiliary drive systems.

2.3. Methodology for Dynamic Scraper Conveyor Simulation

The dynamic simulation of the scraper conveyor was performed using proprietary computer
software composed of three modules: a pre-processor, a solver, and a post-processor. The pre-
processor and post-processor were developed in a database management system (DBMS), enabling
effective management of model parameters and simulation results. The pre-processor is intended to
prepare input files for the solver, defining all geometric and mechanical parameters as well as initial
conditions of the conveyor components, including torsionally flexible metal clutches and drives. The
post-processor is used to process calculation results, generating time characteristics and dynamic
analysis reports.

The solver was deployed as a separate executable file in Embarcadero’s Delphi environment.
Delphi was chosen on account of the high performance of the machine code it generates, which
proves crucial when solving complex systems of nonlinear differential equations of the second order.
The system of equations describes the dynamics of the masses concentrated in the conveyor branches,
drive units, and torsionally flexible metal clutches, and it is solved by the Runge-Kutta-Fehlberg
method (RKF45) with an adaptive time step. This method automatically adjusts the calculation step
to maintain the pre-set local error, ensuring simulation stability and accuracy over a wide range of
dynamic loads.

The results were analysed using the Matlab environment from Mathworks, enabling
visualisation of the time characteristics, dynamic loads, and torsional vibrations in the conveyor drive
system.

On account of the complexity of the mathematical model, three-element indices were used to
uniquely identify each dynamic quantity in the model: the first character denotes the conveyor branch
(1 -upper, 2 —lower), the second character denotes the chain number, and the third character denotes
the position in the chain outline. The letters A and B refer to the main (discharge) and auxiliary
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(return) drive units, respectively. Having assumed such a convention, one can accurately assign
dynamic parameters to individual elements and efficiently configure simulations for different drive

system variants.

2.4. Model Input Data

The scraper conveyor assumed for the numerical studies was characterised by the following
parameters:

—  conveyor length: 230 m,

—  drives: main and auxiliary, each with a 315 kW asynchronous motor,

— evenly distributed coal output: 170 kg/m,

—  heading inclination: 0°, lower branch unloaded,

—  34x126 link chain of constant stiffness along the entire outline,

—  identical mechanical characteristics of the motors,

—  simultaneous activation of motors in both drives,

- no variation in the pitch of the scraper chain links,

—  values of torsional stiffness and damping of the drive system featuring the torsionally flexible
metal clutch taken from previously defined ranges (see section 6.5).

The mathematical model of the conveyor takes two types of clutches into account:
— flexible insert-type clutch, used in the main and auxiliary drives,

—  torsionally flexible metal clutch, introduced into the model by way of the characteristics obtained
in the experimental studies (Figure 6).

8000
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Figure 6. Experimental characteristic curve of the torsionally flexible metal clutch adapted for use in scraper

conveyor drive systems.

3. Results and Discussion

Figure 7 and Figure 8 show the characteristic curves of the angular velocities of the chain drums
and the dynamic loads of the clutches operating in the main drive (blue) and auxiliary drive (red) in
the conveyor subject to tests, relative to time, for setup no. 1 and setup no. 2, respectively. In both
setups analysed, the conveyor start-up time was less than 5 seconds. The harsh conveyor start-up
was attributable to the very high load of the coal output hauled on the upper branch. The assumption
adopted for purposes of the computer simulation was that the output would be transported at a rate
of 500 kg/m. The significant irregularities observed in the angular velocities of the drive chain drums
during the conveyor start-up represent a familiar phenomenon [74]. They usually occur in conveyors
of considerable length, loaded by a stream of coal output transported at a very high rate. Where this
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is the case, and especially during machine start-ups, excessive elastic chain elongation occurs,
accumulating at the point where it runs off the drive drums in the main and/or auxiliary drive.

radis
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Figure 7. Scraper conveyor setup no. 1: a) angular velocities of chain drums in main drive ¢, and auxiliary

drive ¢4, b) dynamic moments of clutches in main drive Msp, and auxiliary drive Mgpp.
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Figure 8. Scraper conveyor setup no. 2: a) angular velocities of chain drums in main drive 4 and auxiliary

drive 04, b) dynamic moments of clutches in main drive Mgp, and auxiliary drive Mgpp.

Figure 9 shows the curves of the dynamic load observed in the upper branch of the chain at the
point where it runs up onto the chain drum in the main drive (blue) and at the point where it runs
off the chain drum in the auxiliary drive (red).
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Figure 9. Dynamic loads in the chain at the point where it runs up onto the chain drum in main drive Fj14 and

at the point where it runs off the chain drum in auxiliary drive Fj1p: a) setup no. 1, b) setup no. 2.

For the time characteristics of the dynamic loads observed in the chain at the point where it runs
up onto the chain drum in the main drive, amplitude spectra were established. They have been
provided in Figure 10. The spectrum determined for the conveyor version featuring a conventional
insert-type clutch has been shown on the left-hand side, while the right-hand graph corresponds to
the spectrum established for the machine equipped with the highly flexible clutch, representing
setups no. 1 and 2, respectively.
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Figure 10. Amplitude spectrum of the dynamic load in the chain at the point where it runs up onto the chain

drum in the main scraper conveyor drive Fj;,4: a) setup no. 1, b) setup no. 2.

The time characteristics obtained in the numerical tests of a 230 m long scraper conveyor loaded
with coal output along its entire length made it possible to assess the effectiveness of the torsionally
flexible metal clutch installed in the machine’s drive units. The following quantities were assumed as
the clutch assessment criteria (Table 1):

-  maximum load torque of the clutch in the main drive (Mspamax) and (peak-to-peak) amplitude of
this load (AMspa) (Figure 7b and Figure 8b — blue),

- maximum load torque of the clutch in the auxiliary drive (Mspsmax) and (peak-to-peak) amplitude
of this load (AMses) (Figure 7b and Figure 8b — red),

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.2624.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 December 2025 d0i:10.20944/preprints202512.2624.v1

13 of 18

- maximum value of the dynamic load in the chain at the point where it runs up onto the chain
drum in the main drive (Fi1amax) and the amplitude of this load (AF114) (Figure 9 — blue).

Table 1. Comparison of the dynamic loads observed in a scraper conveyor with a length of L =230 m for drive

unit setup no. 1 and setup no. 2.

Parameter Unit Configuration No 1 Configuration No 2 Change, %
Mspa max kNm 6.56 5.15 215
AMspa kNm 5.56 2.79 49.8
MspB,max kNm 4.75 4.45 6.3
AMses kNm 2.84 0.41 85.6
F11a max kN 557.93 510.26 8.5
AFua kN 293.76 172.53 41.3

The numerical studies performed on a 230 m long scraper conveyor loaded with a stream of
output hauled at a high rate (500 kg/m) made it possible to conduct a detailed analysis of the
dynamics of the system during start-up as well as to assess the impact of the type of the clutch
installed in the machine’s drive units. Thus obtained, the time characteristics of the angular velocities
of the chain drums and of the dynamic loads affecting the clutches (Figures 7-8) clearly imply
significant motion irregularities in the initial phase of operation. Their main cause is probably the
accumulation of elastic elongations of the chain, especially in the zone where it runs off the auxiliary
drum. This phenomenon is also evident in the chain load profiles shown in Figure 9.

The analysis of the dynamic loads observed in the chain (Figure 9) revealed explicit differences
between the two drive system setups subject to tests. In setup no. 1, featuring a conventional flexible
clutch, short-lived, yet evident, load peaks were observed, implying periodical chain slackening. In
setup no. 2, where a metal clutch of high torsional flexibility was used, there was virtually no
complete slackening, which can be attributed to more effective vibration damping and smoother
torque transmission.

Under operating conditions, the slack between chain links tends to accumulate at the auxiliary
drive, which contributes to the phenomenon of scraper chain slackening. As shown in the numerical
graphs, this condition manifests itself as the sections of the dynamic chain load curve in the zone
where the chain runs off the auxiliary drum, coinciding with the horizontal axis of the coordinate
system (Figure 9b). Furthermore, the short-term force peaks observed in some configurations (Figure
9a) imply periodical chain slackening, which is highly detrimental to both drive systems and the
service life of the chain itself.

The application of the metal clutch of high torsional flexibility (setup no. 2) significantly changed
the dynamic characteristics of the drive system. Owing to its increased torsional flexibility, this clutch
effectively acts as a high-performing torsional vibration damping element, limiting the transmission
of rapid torque changes between the motor and the chain drum. The foregoing was confirmed by the
results of the spectral analysis of the chain loads (Figure 10), where setup no. 2 showed a clear
reduction in the amplitudes of the three main frequency components and a notable disturbance
reduction in the higher frequency range. This means that the equivalent stiffness of the drive train is
reduced and that the clutch is more capable of straining elastically and — by that means — supressing
vibrations. Consequently, the novel clutch solution effectively limits the propagation of torsional
vibrations to the chain and improves the stability of the entire system.

The data compiled in Table 1 clearly confirm the effectiveness of the clutch with increased
torsional flexibility. The largest relative reductions apply to clutch load amplitudes AMsrs (85.6%)
and AMsra (49.8%), which shows how greatly the oscillatory nature of the load torques is reduced.
The smaller, yet significant, reduction in maximum torque values (21.5% for Mspamax and 6.3% for
Msps,max) indicates that the clutch is also effective in decreasing maximum peak loads, albeit to a lesser
extent than the amplitudes of cyclic vibrations.
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In terms of the dynamic chain loads, the application of the torsionally flexible metal clutch
resulted in a 41.3% reduction in the amplitude of force AF11a and an 8.5% reduction in the maximum
value of Fi1amax. The higher reduction of the amplitude than of the maximum value implies that the
clutch primarily suppresses the oscillatory components responsible for the occurrence of local
dynamic overloads, while the overall level of forces associated with the mass of the output stream
being hauled remains limited by the mass-geometric characteristics of the system.

The torsionally flexible metal clutch applied in setup no. 2 has significantly improved the
dynamic properties of the conveyor by:

—  reducing the irregularity in the angular velocity of the drums,

—  limiting the chain slackening phenomenon,

—  strongly damping torsional vibrations,

— reducing peak as well as amplitude loads in both the clutches and the chain.

5. Conclusions

As part of the study, a detailed dynamic model of a scraper conveyor equipped with a torsionally
flexible metal clutch (TFC) has been developed and analysed. The model comprises both the most
essential elements of the drive system, such as the chain, drums, transmission and clutch, as well as
the dynamic phenomena related to variable loads and transient states. Due to technical and logistic
constraints, it was not possible to conduct fully-fledged tests of the prototype under real-life mining
conditions, which is why the effectiveness of the TFC was assessed by way of advanced computer
simulations. The results obtained under various analyses have made it possible to assess the
performance of the clutch in terms of dynamic load reduction and to confirm the utility value of the
chosen design parameters of individual drive system components.

What the analyses have revealed, and explicitly evidenced, is that the torsionally flexible metal
clutch (setup no. 2) ensures reduction of the dynamic effects associated with the conveyor operation,
which makes it a solution particularly recommended for drive systems exposed to high dynamic
loads.

Based on the numerical studies of a 230 m long scraper conveyor operating under heavy duty
conditions (haulage rate of 500 kg/m), the following conclusions have been drawn:

1. The conveyor dynamics on start-up are significantly conditioned by the torsional flexibility of
the clutch.

2. The application of a metal clutch characterised by increased flexibility has effectively eliminated
the phenomenon of chain slackening.

3. Offering higher torsional flexibility, the clutch ensures adequate damping of torsional
vibrations.

4. In setup no. 1 (typical mining clutch), evident irregularities were observed in terms of the
angular velocity and chain slackening in the auxiliary drive area.

5. In setup no. 2 (highly flexible clutch), no force behaviour typical of periodic chain slackening
was observed in the section where the chain runs off the drum.

6. Spectral analysis has revealed reduced amplitudes of the three dominant frequency components
and a decrease in the intensity of high-frequency disturbances.

7. The application of the flexible metal clutch has effectively decreased the amplitude of the
maximum load torque of the clutch operating in the auxiliary drive (AMses) — by as much as
85.6%, as well as in the main drive (AMsra) — by 49.8%, while the maximum load torque of the
main drive (Mspra,max) was reduced by 21.5%, and that of the auxiliary drive (Msrsmax) — by 6.3%.

8.  The amplitude of the dynamic loading force affecting the conveyor chain at the point where it
runs up onto the chain drum (AFi1a) was reduced by 41.3%, while the maximum force acting in
the main drive (Fi1amax) dropped by 8.5%.
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