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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.  
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1. Introduction 

What has been observed for many years in hard coal mining, 

especially with regard to longwall mining systems, is a de-

mand for drive systems offering increased resistance to loads 

resulting from operation in difficult underground conditions 

(Wang, 2024, Doyle et al., 2025, Onifade et al., 2024, Brodny 

et al, 2017, Stecuła et al, 2017). Some of the machines partic-

ularly exposed to intense mining processes are scraper con-

veyors which, due to the abrasive impact of the material being 

excavated (Xia et al., 2019, Li et al., 2019a , Tylczak, 1992, 

Hawk et al., 2001), as well as frequent start-ups and variable 

dynamic loads (Wieczorek et al., 2024, Głodniok, 2014), are 

subject to accelerated degradation of drive system compo-

nents, increasing the risk of failure (Wang et al., 2020a, An-

geles et al., 2020). These conveyors represent a crucial 

element of underground haulage systems, whose availability 

factor is expected to exceed 95% for longwall conditions (An-

toniak, 1998). In order to achieve such high reliability, they 

must be based on structures (Suchoń, 2012a, Suchoń, 2012b, 

Wieczorek, 2015) 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 con-

veyors is that of the dynamic forces generated over the course 

of frequent start-ups and sudden workload changes (Sikora et 

al., 2020, Gramblička et al., 2017, Wieczorek et al. 2022, 

Wojnar et al., 2021). In transient states, the above factors 

cause overloads, increase the amplitude of torsional vibra-

tions, and accelerate the wear of couplings, gear transmissions 
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and chains. Consequently, the drive system durability declines 

while the likelihood of failure grows.  

A typical conveyor drive system (Oberg et al., 2016, 

Baumeister et al., 1996, Niemann et al., 2003, Roloff et al., 

2015) features an electric motor, a gear transmission, and a 

clutch placed between the other two components (Fig. 1). The 

clutch is integrated with the drivetrain, which is why the dy-

namic 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 

(Żmuda-Trzebiatowski, 2006). It should limit the dynamic 

torque on start-up and ensure repeatable start-ups without ex-

ceeding the permissible thermal limits. On account of the fre-

quent starts under load and the torque variability under steady-

state operation, the clutch must offer adequate torsional flexi-

bility to enable controlled torsional angles, torsional vibration 

damping, and dynamic stabilisation of the entire system. 

 

Fig. 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 (Franz, 

2009), 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, in-

sert-type, and hydrokinetic, offer limited effectiveness in 

damping these overloads (Allen, 1999, Żółtowski, 2008, Skoć 

et al., 2000, Markusik, 1979, Markusik, 1995). Insert-type 

clutches (Fig. 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 re-

quirements. 

In response to these challenges, numerous researchers, in-

cluding the authors of this paper, have been studying new de-

sign solutions which are better suited to extreme operating 

conditions and enable effective minimisation of dynamic 

loads (Kuczaj et al., 2023, Li et al., 2025a). Particular attention 

is paid to the development of torque damping systems in-

tended for scraper conveyor drives as well as mechanically 

flexible components capable of operating under harsh mining 

conditions. One of the deliverables of this research is the tor-

sionally flexible metal clutch in question (Fig. 3), whose op-

erating principle is based on the relationship between the 

torque value and the axial displacement of clutch components 

(Filipowicz, 2009, Filipowicz, 2007). 

 

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

 

Fig. 3. Design (a), model (b), and prototype (c) of a torsionally flex-

ible 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 

(Filipowicz, 2009, Filipowicz, 2007) by means of the shaft 

(Fig. 3a, item 1) to the sliding sleeve (Fig. 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 (Fig. 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 (Fig. 3a, item 5) be-

tween the sleeve and the housing. The sleeve’s displacement 

results in the compression of an assembly of disc springs (Fig. 

3a, item 3), adequately selected to achieve the desired clutch 

flexibility characteristics. Elastic deformation force is gener-

ated in the spring system which – when in a state of equilib-

rium – balances the axial force generated in the threaded 

mechanism by the running torque. Thus established, the equi-

librium 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 
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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 un-der 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 ca-

pable of transmitting power of not less than 400 kW. This so-

lution made it possible to run operational tests under condi-

tions 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 (Fig. 4, Ap-

pendix A) was subject to detailed laboratory and in-service 

tests. The goal of these tests was to assess the cooperation be-

tween the drive system and the torsionally flexible clutch, and 

to verify the latter’s impact on the conveyor’s dynamic char-

acteristics. 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. 

The results thus obtained (Wieczorek, 2024, Kotwica et al., 

2021) have confirmed that the flexible clutch is capable of co-

operating properly with the conveyor’s drive system, both be-

ing fully compatible in structural and functional terms. It has 

been concluded that the application of the torsion-ally flexible 

clutch reduces both 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 un-

derlying design assumptions effective and. suggesting that the 

solution in question has the potential for application in real-

life industrial conditions. However, full verification requires 

further testing in an operating longwall, as current studies 

were limited by the power of the available drive units and the 

lack of underground installation. Therefore, further studies 

performed to investigate the properties of the conveyor featur-

ing the innovative clutch were based on mathematical model-

ling. 

Dynamic analysis of the scraper conveyor’s drive system, 

where the innovative torsionally flexible clutch has been ap-

plied, makes it possible to determine not only its dynamic 

characteristics but also other operational and structural prop-

erties, such as maxi-mum load capacity, clutch dimensions, 

materials to be used, and durability. This is precisely why – if 

correctly developed and verified – a dynamic model is a valu-

able 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 dy-

namic 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 experi-

mental studies, while making it possible to analyse a broad ar-

ray of different variants of structural and operational parame-

ters at the same time (Mężyk, 2002). 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 ex-

isting 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 com-

binations of structural, technological, and operational param-

eters of the clutch. This makes it possible not only to optimise 

the system preliminarily, but also to determine with a high de-

gree 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 operat-

ing conditions (Mielniczuk et al., 2000, Sydenham et al., 2005, 

Banerjee, 2005, Dresig et al., 2006). 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 (He et al. 2021). 

In order to accurately reproduce the actual operating condi-

tions of a conveyor, joint simulation methods are often ap-

plied, employing software suites such as ADAMS, EDEM, 

ANSYS, or MATLAB/Simulink. Such an approach enables 

accurate reproduction of mate-rial motion, interactions be-

tween chain links, and the operation of the entire drive system. 

For example, Świder et al. (Świder et al., 2017) 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. (Wang et al., 2021) 

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. (Zhang et al., 2020a) created 

a three-dimensional model of a plough in the ANSYS and 

SolidWorks environment to optimise structural reinforce-

ments 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 combina-

tions of system elements, e.g. a model of chain segments 

linked with the use of the Kelvin-Voigt model, enabling dy-

namic analysis of sag-ging in the centre groove (Yuan et al., 

2021). Shprekher et al. (Shprekher et al., 2021a,  Shprekher et 

al., 2021b) developed a multi-mass model comprising a motor, 

a reduction gear, and a drive wheel, making it possible to sim-

ulate start-up under full and no-load conditions. Zhang et al. 

(Zhang et al., 2020b) created a dynamic multi-body model, 

which they verified by measuring deformations at fixed 

points, and introduced a method for estimating the stress dis-

tribution in the chain. At the same time, experimental studies 

of conveyor drive systems were conducted. Jiang et al. (Jiang 

et al., 2020, Jiang et al., 2021, Jiang et al., 2022a) developed a 

test 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 sys-

tem dynamics, such as chain tension and the frequency of sec-

ondary meshing of the reducing gear. The problem of 
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modelling and testing of the dynamics of scraper conveyors 

was also analysed in studies (Lie et al., 2025b, Ren et al., 2020, 

Jiang et al., 2022b, Dai et al., 2021, Yuan et al., 2021, Zhao et 

al., 2020, Szewerda et al., 2017, Li et al., 2019b,  Wang et al., 

2020b). 

The overall body of research conducted by Dolipski and 

Sobota (Dolipski et al., 1992, Dolipski, Dolipski, 1989, Dol-

ipski, 1997, Dolipski, 1987, Dolispki, 1993, Sobota, 1998) 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 assem-

blies, enabling identification of torsional vibrations, over-

loads, 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 re-

sistance to overloads and vibrations. When analysing the dy-

namics of scraper conveyors, vibration damping related prob-

lem 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 are 

also considered important (Klein, 2011). 

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 effec-

tiveness 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 previ-

ously verified dynamic models of scraper conveyors 

(Dolipski, 1989, Dolipski, 1997) as well as on a model of a 

drive system equipped with a flexible clutch (Filipowicz, 

2009). 

In order to develop the relevant physical model, a number 

of simplifications and assumptions had to be adopted (Dolip-

ski, 1989, Dolipski, 1997), including the following: 

• The upper branch chains were replaced with a finite num-

ber 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 num-

ber 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 pulver-

ised fine coal into account. 

• The drive systems were replaced with rigid polygons, 

modelling the operation of chain wheels, linked with sol-

ids of revolution via viscoelastic bonds. 

• The following moments of inertia were reduced for the 

polygons and solids of revolution: 

• Moment of inertia of the chain drum (IA, IB) and the 

gear transmission (IA1, IB1). 

• moment of inertia of the output element of the tor-

sionally flexible metal clutch seated on the high-

speed transmission shaft (IA2, IB2). 

• Moment of inertia of the input element of the torsion-

ally flexible metal clutch seated on the high-speed 

transmission shaft (IA3, IB3). 

• Moment of inertia of the drive motor rotor (IA4, IB4). 

The presented mathematical model of the armoured face 

conveyor (AFC), featuring a single main drive and a single 

auxiliary drive, is designed to investigate dynamic phenomena 

occurring during both start-up and steady-state operations. 

The conveyor start-up phase lasts until the angular velocities 

of the chain drums stabilize. In the case of a heavily loaded 

conveyor, the start-up time can range from several to over a 

dozen seconds (unless overload protections are triggered, 

causing the drive motors to shut down, resulting in an unsuc-

cessful start-up). Short-term phenomena occurring at the mo-

ment of machine activation, such as electromagnetic transients 

in asynchronous motors or the closing of backlash in the clutch 

and gearbox, have been omitted. The scraper chain performs 

unidirectional motion, always moving in the upper branch to-

ward the main drive. Therefore, there is no reversing motion 

that would require modeling mechanical backlash or contact 

phenomena within the drive units. Furthermore, the chain 

slackening phenomenon, observed in both computer simula-

tions and industrial conditions, does not influence the potential 

for backlash occurrence in the gearbox or clutches.  

Thus constructed, the model enables simulation tests of the 

entire conveyor, taking into account the effect of the torsion-

ally flexible metal clutch on torsional vibration damping, the 

distribution of dynamic moments, and the response of the en-

tire 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, 
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as well as for further design work on conveyors offering in-

creased reliability and durability under harsh mining condi-

tions. 

2.2. Dynamic scraper conveyor model 

Following the formalisation of the dynamic phenomena oc-

curring 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 (Bickford, 2008). 

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 (Fig. 5, Appendix B). 

The dynamic model described above enables simulation 

studies to be conducted in the following areas: 

• The effect of the torsional stiffness of the torsionally flex-

ible 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. 

• The effect 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 char-

acteristics for a specific conveyor and clutch parameters, in-

cluding: spring assembly setup, number and type of springs, 

geometric dimensions of the clutch, and the angle of inclina-

tion 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. In this study, a single 

nominal pretension state was analysed to provide a clear base-

line for comparing the standard and innovative couplings. This 

approach allowed for the isolation of the coupling's impact on 

dynamic loads, while multi-parameter investigations involv-

ing various pretension levels are planned for future research. 

Two clutch types were analysed: 

• Flexible insert-type clutch (FC). 

• Torsionally flexible metal clutch (TFC). 

The characteristics obtained in such a manner made it pos-

sible 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 represents the mathematical notation of the equa-

tions of motion applied in the said model, used to test the con-

veyor 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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
i = 2, 3, ... , j-1 

κ = 1, 2 

where: 
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j - number of sections into which the upper and lower con-

veyor branches were divided in the physical modelling pro-

cess, 

κ - numerical chain designation; for a double-chain conveyor, 

this is either 1 or 2, 

h - equivalent damping coefficients, 

k - specific stiffness of elastic bonds, 

q - translation coordinates, 

 - rotation coordinates, 

R - radiuses of chain run-up onto the chain drum and radiuses 

of chain run-off from the drive drum, 

H[] - Heaviside function, 

S - static loads in the drive chain, 

Z - coefficient determining the point of the drive chain break-

age, 

I - moments of inertia of the masses rotating in the drive sys-

tems, 

M - driving torque of asynchronous motors in the main and 

auxiliary drive systems. 

The parameter j in the model defines the number of discrete 

sections into which the upper and lower conveyor branches 

were divided during the physical modeling process. For the 

numerical studies, j=30 was adopted, as the research focused 

on the uniform distribution of coal output (500 kg/m) along 

the entire conveyor length. This value provides an optimal bal-

ance between the resolution of dynamic phenomena and com-

putational efficiency. In scenarios involving significant con-

veyor route nonlinearities or partial/non-uniform loading, this 

number can be increased to maintain modeling accuracy. 

However, the conveyor model explicitly accounts for slack 

in the haulage chain resulting from its elastic elongation dur-

ing machine operation. This slack accumulates at the point 

where the chain runs off the chain drums in the main and/or 

auxiliary drives. The Heaviside function included in the math-

ematical model represents the physical capability of the 

scraper chain to transmit only tensile loads. 

2.3. Methodology for dynamic scraper conveyor sim-

ulation 

The dynamic simulation of the scraper conveyor was per-

formed 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 da-

tabase management system (DBMS), enabling effective man-

agement of model parameters and simulation results. The pre-

processor is intended to prepare input files for the solver, de-

fining all geometric and mechanical parameters as well as in-

itial conditions of the conveyor components, including tor-

sionally flexible metal clutches and drives. The post-processor 

is used to process calculation results, generating time charac-

teristics and dynamic analysis reports. 

The solver was deployed as a separate executable file in Em-

barcadero’s Delphi environment. Delphi was chosen on ac-

count of the high performance of the machine code it gener-

ates, which proves crucial when solving complex systems of 

nonlinear differential equations of the second order. The sys-

tem of equations describes the dynamics of the masses 

concentrated in the conveyor branches, drive units, and tor-

sionally 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. Specifi-

cally, the calculations were carried out with the relative and 

absolute tolerances set to RelTol=10−7 and AbsTol=10−3, re-

spectively, ensuring high precision in capturing rapid dynamic 

load peaks while maintaining the numerical stability of the 

nonlinear model. 

The results were analysed using the Matlab environment 

from Mathworks, enabling visualisation of the time character-

istics, 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 dy-

namic 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 (return) drive units, respec-

tively. Having assumed such a convention, one can accurately 

assign dynamic parameters to individual elements and effi-

ciently configure simulations for different drive system vari-

ants. 

The initial conditions for the numerical analysis assume that 

the system is at complete rest at time t=0 s, with all velocities 

and accelerations equal to zero. The boundary conditions are 

defined by the rigid kinematic coupling between the chain seg-

ments and the drive wheels in the main and auxiliary drives. 

The interaction between the link chain and the sprocket is 

modeled using variable radiuses of the chain running onto and 

off the drive drums. The mathematical description of the chain 

meshing in scraper conveyors can be found in the works of 

Dolipski (1989, 1993). Furthermore, the boundary conditions 

include external excitations in the form of the torque charac-

teristics of the conveyor's drive motors and the motion re-

sistance acting on the individual concentrated masses of the 

chain. These relationships are presented in detail in the works 

of Dolipski (1989, 1993). 

2.4. Model input data 

The scraper conveyor assumed for the numerical studies 

was characterized by the following parameters: 

• Conveyor length: 230 m. 

• Drives: main and auxiliary, each with a 315 kW asynchro-

nous motor. 

• Evenly distributed coal output: 500 kg/m. 

• Heading inclination: 6°,  the lower branch contaminated 

with coal dust at a concentration of 10 kg/m. 

• 34×126 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. 
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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 exper-

imental studies (Fig. 6). 

 

 

Fig. 6. Experimental characteristic curve of the torsionally flexible 

metal clutch adapted for use in scraper conveyor drive systems 

The following parameters were adopted for the insert-type 

clutch: the moments of inertia of the input and output members 

were IFC2 = IFC3 =0,421 kg·m2, the specific stiffness was 

kFC=155,9 103 N·m/rad, and the damping coefficient was 

FC=0,8 (FENA and KTR catalog data). For the TFC clutch, 

the moment of inertia of the input member was ITFC3= 1,48 

kg·m2, the moment of inertia of the output member was ITFC2= 

9,65 kg·m2 (data from the model created in Autodesk Inven-

tor), and the damping coefficient was TFC=0,5 (Filipowicz, 

2009). For the purpose of numerical research, the dimension-

less damping coefficient , available in literature was used to 

calculate the equivalent damping coefficients h present in the 

mathematical model. 

To incorporate the experimental TFC clutch characteristics 

into the dynamic model, a third-order polynomial regression 

was applied to the data shown in Fig. 6. The relationship be-

tween the torque and the relative displacement is expressed as: 

M()=0,083811·3 − 5.757985·2 + 194.550583· (with a 

goodness of fit R2 = 0,9996). This analytical form ensures that 

the nonlinear stiffness is accurately updated at each integration 

step of the RKF45 solver, allowing for a precise simulation of 

the drive's response to varying operational loads. 

3. Results and Discussion 

Fig. 7 (Appendix C) and Fig. 8 (Appendix D) show the char-

acteristic 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, re-

spectively. In both setups analysed, the conveyor start-up time 

was less than 5 seconds. The harsh conveyor start-up was at-

tributable 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 (Brychta, 

1984). They usually occur in conveyors of considerable 

length, loaded by a stream of coal output transported at a very 

high rate. Where this is the case, and especially during ma-

chine start-ups, excessive elastic chain elongation occurs, ac-

cumulating at the point where it runs off the drive drums in the 

main and/or auxiliary drive.  

Fig. 9 (Appendix E) 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).  

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 Fig. 10 (Appendix F). 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, rep-

resenting setups no. 1 and 2, respectively. 

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 

(MSPA,max) and (peak-to-peak) amplitude of this load 

(AMSPA) (Fig. 7b and Fig. 8b – blue). 

• Maximum load torque of the clutch in the auxiliary drive 

(MSPB,max) and (peak-to-peak) amplitude of this load 

(AMSPB) (Fig. 7b and Fig. 8b – red). 

• Maximum value of the dynamic load in the chain at the 

point where it runs up onto the chain drum in the main 

drive (F11A,max) and the amplitude of this load (AF11A) 

(Fig. 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 Configura-

tion No 1 

Configura-

tion No 2 

Change, 

% 

MSPA,max kNm 6.56 5.15 21.5 

AMSPA kNm 5.56 2.79 49.8 

MSPB,max kNm 4.75 4.45 6.3 

AMSPB kNm 2.84 0.41 85.6 

F11A,max kN 557.93 510.26 8.5 

AF11A 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 an-

gular velocities of the chain drums and of the dynamic loads 
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affecting the clutches (Fig. 7–8) clearly imply significant mo-

tion 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 pro-

files shown in Fig. 9. 

The analysis of the dynamic loads observed in the chain 

(Fig. 9) revealed explicit differences between the two drive 

system setups subject to tests. In setup no. 1, featuring a con-

ventional 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 sec-

tions of the dynamic chain load curve in the zone where the 

chain runs off the auxiliary drum, coinciding with the horizon-

tal axis of the coordinate system (Fig. 9b). Furthermore, the 

short-term force peaks observed in some configurations (Fig. 

9a) imply periodical chain slackening, which is highly detri-

mental to both drive systems and the service life of the chain 

itself. 

The application of the metal clutch of high torsional flex-

ibility (setup no. 2) significantly changed the dynamic charac-

teristics 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 spec-

tral analysis of the chain loads (Fig. 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 effective-

ness of the clutch with in-creased torsional flexibility. The 

largest relative reductions apply to clutch load amplitudes 

AMSPB (85.6%) and AMSPA (49.8%), which shows how 

greatly the oscillatory nature of the load torques is reduced. 

The smaller, yet significant, reduction in maximum torque val-

ues (21.5% for MSPA,max and 6.3% for MSPB,max) indi-

cates that the clutch is also effective in decreasing maximum 

peak loads, albeit to a lesser extent than the amplitudes of cy-

clic vibrations. 

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 F11A,max. The higher reduction of the am-

plitude than of the maximum value implies that the clutch pri-

marily suppresses the oscillatory components re-sponsible 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 charac-

teristics of the system. 

The torsionally flexible metal clutch applied in setup no. 2 

has significantly im-proved the dynamic properties of the con-

veyor 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. 

The analysis of the impact of load reduction on gear 

transmission durability indicates that decreasing the maxi-

mum impulsive torque by 21.5% can significantly improve the 

operating conditions of the gear teeth. According to the 

PN‑EN ISO 6336 methodology, lowering the peak torque val-

ues reduces the bending stresses at the tooth root as well as the 

surface contact pressures on the tooth flanks, which directly 

translates into higher calculated safety factors. From a quali-

tative perspective, it can be stated that reducing the impulsive 

components of the torque, even when they occur only a limited 

number of times, leads to a decrease in maximum bending 

stresses and contact pressures, which directly contributes to an 

increase in the fatigue resistance of the gear teeth. 

4. Summary and 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 com-

prises 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 pos-

sible 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 pos-

sible to assess the performance of the clutch in terms of dy-

namic load reduction and to confirm the utility value of the 

chosen design parameters of individual drive system compo-

nents. It should be emphasized that the full validation of the 

mathematical model will only be possible after conducting ex-

perimental tests of the conveyor equipped with the TFC cou-

pling under real-world industrial conditions. 

What the analyses have revealed, and explicitly evidenced, 

is that the torsionally flexible metal clutch (setup no. 2) en-

sures reduction of the dynamic effects associated with the con-

veyor operation, which makes it a solution particularly recom-

mended for drive systems exposed to high dynamic loads. 

Based on the numerical studies of a 230 m long scraper con-

veyor 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 con-

ditioned by the torsional flexibility of the clutch. 
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2. .The application of a metal clutch characterized by in-

creased flexibility has significantly reduced the intensity 

of the chain slackening phenomenon by limiting the peak 

values of its elastic elongation. 

3. Offering higher torsional flexibility, the clutch ensures 

adequate damping of torsional vibrations.  

4. In setup no. 1 (typical mining clutch), evident irregulari-

ties 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 effec-

tively decreased the amplitude of the maximum load 

torque of the clutch operating in the auxiliary drive 

(AMSPB) – by as much as 85.6%, as well as in the main 

drive (AMSPA) – by 49.8%, while the maximum load 

torque of the main drive (MSPA,max) was reduced by 

21.5%, and that of the auxiliary drive (MSPB,max) – 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 (AF11A) was reduced by 41.3%, while the maxi-

mum force acting in the main drive (F11A,max) dropped 

by 8.5%. 
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Appendix 

 
Appendix A 

 

 

Fig. 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 
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Appendix B 

 

Fig. 5. Physical model of an armoured scraper conveyor featuring a main drive unit and an auxiliary drive unit with the torsionally flexible 

metal clutches 
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Appendix C 

 

Fig. 7. Scraper conveyor setup no. 1: a) angular velocities of chain drums in main drive 𝜑̇𝐴 and auxiliary drive 𝜑̇𝐴, b) dynamic moments of 

clutches in main drive 𝑀𝑆𝑃𝐴 and auxiliary drive 𝑀𝑆𝑃𝐵 

Appendix D 

 

Fig. 8. Scraper conveyor setup no. 2: a) angular velocities of chain drums in main drive 𝜑̇𝐴 and auxiliary drive 𝜑̇𝐴, b) dynamic moments of 

clutches in main drive 𝑀𝑆𝑃𝐴 and auxiliary drive 𝑀𝑆𝑃𝐵 
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Appendix E 

 

Fig. 9. Dynamic loads in the chain at the point where it runs up onto the chain drum in main drive 𝐹11𝐴 and at the point where it runs off the 

chain drum in auxiliary drive 𝐹11𝐵: a) setup no. 1, b) setup no. 2 

 

Appendix F 

 

Fig. 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 𝐹11𝐴: a) setup no. 1, b) setup no. 2 

 

 

 


