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 A B S T R A C T 

The article presents the results of an analytical and experimental study of 
the tribological characteristics of a rope-plate conveyor intended for 
transporting large-sized and abrasive materials. The frictional interaction 
between traction ropes and the supporting-gripping elements of the load-
carrying belt using shock-absorbing supporting idlers and pressure roller 
supports, which ensure redistribution of contact pressure and 
stabilization of the adhesion regime, is considered. 

The effective coefficient of friction under operating conditions, the 
adhesion coefficient, contact pressure, and wear rate were analyzed in 
relation to the wrap angle, wedge angle, linear load, and stiffness of the 
elastic elements of the system. It was established that the coefficient of 
adhesion increases with an increase in the wrap angle and decreases with 
an increase in the wedge angle, while optimization of the geometry of the 
contact elements contributes to reducing slippage of the traction ropes. 

It was shown that the introduction of shock-absorbing elements reduces 
contact pressure by 15–25% and decreases the wear rate by 18–22% 
compared to the conventional design. The analytical relationships were 
experimentally confirmed, with the discrepancy between the results 
amounting to 7–11%. The coefficient of friction in the contact zone varies 
within the range of 0.28–0.98 depending on the operating conditions. 

The proposed design provides increased traction capacity, reduced intensity 
of tribological wear, and improved reliability of the conveyor system during 
transportation of abrasive materials under severe operating conditions. 
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1. INTRODUCTION  

 
In modern mining and processing industries, 
there is a steady increase in the requirements 

for the productivity and reliability of conveyor 
systems intended for transporting large-sized 
and abrasive materials. Under conditions of high 
dynamic loads, traditional belt, scraper, and 
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screw conveyors are limited in terms of traction 
stability, energy efficiency, and service life due 
to intensive abrasive wear and slippage of 
traction elements. 
 
The operation of conveyor systems is determined 
by tribological processes occurring in the contact 
zones between traction elements and 
supporting-gripping surfaces [1-3]. These zones 
are characterized by a complex combination of 
dry and boundary friction, non-uniform 
distribution of contact pressure, local microslip, 
and gradual surface degradation. The stability of 
traction force transmission is determined by the 
evolution of the real contact area, elastic 
deformation of the elements, and variation of the 
coefficient of friction under dynamic loading 
conditions [4,5]. 
 
Despite the significant number of studies in the 
field of tribology and conveyor engineering, 
existing works are mainly focused on belt 
conveyors and simplified models of frictional 
interaction. Classical approaches based on the 
Euler–Eytelwein equation do not fully take into 
account the influence of structural elastic 
compliance, distributed contact pressure, and 
microslip effects in multipoint “rope–support 
element” interaction systems [6-9]. 
 
An additional limitation is the insufficient study 
of the influence of shock-absorbing (damping) 
elements on the tribological behavior of the 
system. The role of elastic supports in 
redistributing contact stresses, stabilizing 
frictional contact, and reducing the intensity of 
abrasive wear remains insufficiently 
quantitatively substantiated to date, especially 
for rope-plate conveyors. 
 
In this regard, the objective of the present study is 
the development and tribological substantiation of 
a rope-plate conveyor with shock-absorbing 
supporting idlers and pressure roller supports 
aimed at increasing traction capacity, reducing 
slippage, and decreasing wear intensity during the 
transportation of abrasive materials. 
 
The scientific novelty of the work lies in: 

- the development of an improved tribological 
model of interaction between ropes and 
supporting-gripping elements considering 
the elastic compliance of the system; 

- obtaining analytical relationships between 
the coefficient of adhesion, contact pressure, 
wrap angle, and stiffness of structural 
elements; 

- identifying the regularities of formation of 
the elastic microslip zone under variable 
loads; 

- experimental confirmation of the influence of 
shock-absorbing elements on the reduction 
of contact stresses and wear [7-9]. 

 
The practical significance of the study lies in 
improving the reliability, energy efficiency, and 
durability of rope-plate conveyors used for 
transporting large-sized and abrasive materials. 
 
 
2. MATERIALS AND METHODS 
 
The most effective is the cyclic-flow technology 
(CFT), which is primarily based on the use of 
special types of conveyors, namely a specialized 
rope-plate conveyor [10-12]. 
 
To improve the efficiency of traction rope 
utilization and the traction capacity of the 
conveyor, as well as to reduce the number of 
transfer points, the rope-plate conveyor is 
equipped with shock-absorbing supporting 
idlers on the carrying strand and additional 
pressure roller supports on the return strand. 
These design solutions increase the traction 
capacity along the conveyor length and at the 
drive, preventing slippage of the traction 
element relative to the load-carrying belt 
(Patent No. 47965 of the Republic of 
Kazakhstan). 
 
The conveyor (Figure 1) includes a drive station 
1, a traction loop 2 consisting of two ropes, a 
plate load-carrying belt 3, deflecting stations 4 
and a tension station 5, supporting roller idlers 
for the upper carrying strand 6 and return 
strand 7, pressure roller supports 8, a discharge 
sprocket 9 and a tension sprocket 10, as well as 
support shoes 11. 
 
The plate belt (Figure 2) consists of individual 
plates 12 connected by a carrying chain 13 into 
an endless belt wrapping around the discharge 
sprocket 9 and the tension sprocket 10. Shoes 15 
and running rollers 16 are installed at the ends of 
the half-axles 14 of the plates. 
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Fig. 1. General view of the rope-and-slat conveyor. 

 
The supporting roller idlers of the upper strand are 
mounted on shock-absorbing devices 17 fixed to 
the conveyor frame. During material 
transportation, the roller supports of the upper 
carrying strand move downward under the weight 
of the load, while the pulleys of the roller supports 
rotate, interacting with the traction ropes. 
 

 
Fig. 2. Cross-sectional view of the rope-and-slat 
conveyor. 

 
Through the pressure roller supports, the pulleys 
wrap around the lower return strand of the 
ropes, transmitting an additional impulse by 
friction forces and acting as intermediate drive 
pulleys. The plate load-carrying belt of the return 
strand rests on the conveyor guides through 
running rollers. 

To increase traction capacity and prevent rope 
slippage, the supporting pulleys of the upper strand 
are mounted on shock-absorbing devices. During 
idling, the piston is in the upper position, and the 
spring is deformed under the weight of the belt. 
During loading, the concentrated force of the load 
moves the piston downward, increasing spring 
deformation and ensuring forced movement of the 
movable link of the mechanism. Further design and 
determination of the conveyor’s structural 
parameters require accurate calculation of the 
shock-absorbing devices and roller supports. The 
main calculations for selecting the spring and 
determining the friction force on the pulleys of the 
roller supports are presented below. 
 
The spring parameters were determined using 
the following input data: 
- linear mass of the load  

𝑞𝑙𝑑 = 278𝑘𝑔/𝑚; 
- linear mass of the belt 

𝑞𝑤𝑒𝑑 = 167𝑘𝑔/𝑚; 
- spacing of the supporting roller idlers on the 

carrying strand 𝑙р
𝑙𝑑 = 5,0𝑚; 

- linear mass of the supporting roller idlers of 
the carrying strand  
𝑞р
𝑙𝑑 = 12,18𝑘𝑔/𝑚; 

- conveyor inclination angle 030=  

 
The shock-absorbing device on the roller idlers of 
the upper carrying strand consists of a piston, a 
cylinder, and a spring (Figure 3). 
 

 
1 – axle of the load-carrying belt plate; 2 – cylinder rod; 
3 – hinged joint between the plate axle and the rod;  
4 – piston; 5 – spring; 6 – cylinder. 

Fig. 3. Design of the shock-absorbing device. 



Kadirbek Baizhumanov et al., Tribology in Industry Vol. 48, No. 2 (2026) 379-391 

 382 

We determine the spring force under preliminary 
deformation from the following condition: 
 

Р1 = С𝑠𝑝𝑟 ⋅ 𝑓𝑠𝑡 = 0,5(𝑞𝑤𝑒𝑑 ⋅ 𝑙𝑝
𝑙𝑑 ⋅ 𝑐𝑜𝑠 𝛽 +

+𝑞𝑝
𝑙𝑑 ⋅ 𝑙𝑝

𝑙𝑑) ⋅ 𝑔,  (1) 

 
where 𝐶𝑠𝑝𝑟 - is the spring stiffness, 𝑓𝑠𝑡 - is the 

initial (preload) deformation. 
 
The forced load from the weight of the material 
on the carrying belt is: 
 

Р𝑓𝑟 = 0,5(𝑞𝑙𝑑 ⋅ 𝑐𝑜𝑠 𝛽) ⋅ 𝑙𝑝
𝑙𝑑 ⋅ 𝑔.  (2) 

 
The maximum forced load from the weight of the 
material, the carrying belt, and the roller idler is: 
 

Р𝑓𝑟.𝑚ах = 0,5[(𝑞𝑙𝑑 + 𝑞𝑤𝑒𝑑) 𝑐𝑜𝑠 𝛽 + 𝑞𝑝
𝑙𝑑] ⋅ 𝑔. (3) 

 
Assigning the spring stroke based on design 
considerations, we determine the spring 
stiffness: 
 

𝐶пр =
Р𝑓𝑟.𝑚𝑎𝑥−Р1

ℎ
.  (4) 

 
Knowing the maximum forced load 𝑃𝑓𝑟.𝑚𝑎𝑥, we 

preliminarily select a spring: spring No. 181, wire 
diameter 𝑑𝑠𝑝𝑟 = 0,01𝑚; outer spring diameter 

𝐷𝑠𝑝𝑟
Н = 0,055𝑚; spring force at maximum 

deformation НР 58863 = . 

 
The spring belongs to Class II, Grade 3, according 
to GOST 13768-86, material 60G2A, 65C2B2, 
HRC46 - 52 or steel 50KhF2, HRC 44 - 50. 
 
The relative inertial clearance of the compression 
spring for determining its classification is:

32 /1 РР−= , where 
2Р  is the spring force at 

working deformation; 
3Р  - is the spring force at 

maximum deformation. 
 
The critical speed of the compression spring 𝜗𝑐𝑟𝑖𝑡 
is determined according to the following 
relationship: 
 

𝜗𝑐𝑟𝑖𝑡 = 𝜏3[1 − (Р2/Р3)]/√2𝐺𝜌 

 
where 6

3 1015,1128 = Н/т2 is the maximum 

torsional shear stress, (taking into account the 
curvature of the coil). 

𝜗0
𝜗𝑐𝑟𝑖𝑡

=
5

12.65
= 0.395 < 1.0 

 
Based on the values of of 395,0=  and 

𝜗𝑐𝑟𝑖𝑡 = 12,65𝑚/𝑠, the spring is classified as Class 
II, and based on the ratio 
𝜗0

𝜗𝑐𝑟𝑖𝑡
=

5

12.65
= 0.395 < 1.0, the absence of coil 

collision is established; therefore, the 
preliminarily selected spring satisfies the 
specified endurance conditions. 
 
Based on the linear mass of the load, the mass of 
the belt, and the elastic characteristics of the 
elements, the spring stiffness and preliminary 
deformation were determined, which ensures 
optimal adhesion of the ropes to the load-
carrying belt. 
 
The use of shock-absorbing devices in the 
conveyor design complies with modern 
standards for improving the efficiency and 
durability of transport systems, reduces rope 
wear, and increases the maintenance interval. 
 
The pulleys of the roller supports of the carrying 
strand are wrapped by the ropes of the lower 
return strand by means of pressure roller 
supports. Due to friction forces, the pulleys 
transmit an additional impulse to the ropes and 
perform the function of intermediate friction 
drive pulleys [12-15]. 
 
In conveyors, the adhesion force between the 
supporting-gripping elements of the load-
carrying belt and the traction ropes is 
determined by the following equation: 
 

𝐹𝑐𝑙 = 𝑓0 ∙ 𝐾𝑓𝑟𝑚 ∙ 𝑁  (5) 

 
Where 𝐾𝑓𝑟𝑚 - is the coefficient accounting for the 

shape of the contacting surfaces, 𝑓0 is the 
coefficient of static friction, and N is the vertical 
pressure force of one elastic element of the load-
carrying belt. 
 
If the adhesion force of the traction ropes with 
the supporting-gripping elements of the load-
carrying belt exceeds the resistance force to the 
movement of this loop, the conveyor operates in 
normal mode, i.e.  
 

𝐹𝑐𝑙
𝑙𝑑 ≥ 𝑊𝑟𝑒𝑠.𝑖,  (6) 
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Where 𝐹𝑐𝑙
𝑙𝑑 - is the adhesion force of the traction 

ropes with the interacting elements of the 
corresponding loops; 𝑊𝑟𝑒𝑠.𝑖  - is the coefficient of 
resistance to movement during the stages of 
movement and acceleration of the corresponding 
loops from rest. 
 
For the calculation, a scheme of interaction 
between the traction ropes and wedge-shaped 
inclined supporting-gripping elements of semi-
cylindrical form is adopted (Figure 4). In this 

scheme, the traction force  is transmitted along 
the surface and the wrap angle . 
 

 
a – with an elastic semi-cylindrical element;  

b – wedge-shaped link. 

Fig. 4. Scheme of interaction between the supporting-
gripping elements of the conveyor traction ropes and 
the load-carrying belts. 

 

Considering that  we determine 𝑓𝑐𝑙 

 

𝑓𝑐𝑙 = 𝑓
2𝑡𝑔∝/2

∝𝑠𝑖𝑛𝜑
,   (7) 

or  
𝑓𝑐𝑙 = 𝑓 ∙ 𝑛   (8) 

 

where  - is an elastic element 

accounting for the geometric shape of the link. 

As a result of the performed transformations, the 
following equation is obtained: 

𝑓𝑐𝑙 = −
1

𝛼
+

√Д

𝛼(𝑠𝑖𝑛𝜑−𝑓∙𝑡𝑔𝛼/2)
 (9) 

 
The results of the study of the interaction 
between traction ropes and supporting-gripping 
elements for the conveyor design made it 
possible to obtain relationships (7) and (9) for 
determining the coefficient of adhesion.  
 
Analysis of the obtained equations shows that the 
coefficient of adhesion depends on the geometric 
shape of the link and the elastic element, that is, 
on the structural parameters of the supporting-
gripping element. 
 
Modern studies demonstrate that the traction 
capacity of friction systems is determined not 
only by the classical exponential law, but also by 
the influence of distributed contact pressure, 
deformation of flexible traction elements, 
microslip, and variation of the coefficient of 
friction under dynamic loading conditions. 
 
Such an approach is presented in contemporary 
studies on the tribology of conveyor systems and 
contact mechanics, where the Euler–Eytelwein 
friction equation is modified to account for 
contact non-uniformity and the elastic properties 
of structural elements. This provides a more 
accurate description of adhesion processes in 
rope-plate conveyors and makes it possible to 
correctly assess the conditions for preventing 
slippage of traction ropes [16-18]. 

 
Table 1. Dependence of the coefficient of adhesion on the wrap angle  and wedge angle  at 𝑓 = 16. 

Wrap angle, 

, degree 

Wedge head angle, , grad 

30 40 50 60 70 80 90 

5 0,774 0,585 0,474 0,401 0,349 0,312 0,283 

10 0,775 0,587 0,475 0,401 0,350 0,312 0,284 

15 0,778 0,588 0,476 0,402 0,361 0,313 0,285 

20 0,781 0,591 0,478 0,404 0,352 0,314 0,286 

30 0,791 0,598 0,484 0,409 0,357 0,318 0,289 

40 0,806 0,610 0,494 0,417 0,364 0,325 0,295 

50 0,826 0,625 0,506 0,428 0,373 0,333 0,302 

60 0,852 0,645 0,522 0,441 0,385 0,343 0,312 

70 0,886 0,670 0,543 0,459 0,400 0,357 0,324 

80 0,929 0,703 0,569 0,481 0,419 0,374 0,340 

90 0,984 0,745 0,603 0,509 0,444 0,396 0,360 

R






2
tgf





sin

2/2tg
n =

 2


2
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Based on expressions (7) and (9), the 
dependence of the coefficient of adhesion on the 
wrap angle and wedge angle was established. 
Calculations were performed according to the 
obtained relationship, and the results are 
presented in Table 1. 
 
The graphical dependence of the coefficient of 
adhesion 𝑓𝑐𝑙 on the wrap angle  is presented in 
Figure 5, while the dependence on the wedge 
angle  is shown in Figure 6.  
 

 
1) ; 2) ; 3) ; 4) ;  

5) ; 6) ; 7) . 

Fig. 5. Dependence of the coefficient of adhesion 𝑓𝑐𝑙 on 
the wrap angle . 

 

 
1) ; 2) ; 3) ; 4) ;  

5) ; 6) ; 7) . 

Fig. 6. Dependence of the coefficient of adhesion 𝑓𝑐𝑙 on 
the wedge head angle . 

 
According to the presented graphs, the 
coefficient of adhesion reaches its maximum 
value at a wrap angle  and a wedge angle 

. It was established that the coefficient 

of adhesion is directly proportional to the wrap 
angle  and inversely proportional to the 
wedge angle . 

 
The proposed design of the rope-plate conveyor 
with shock-absorbing supporting idlers on the 
carrying strand and pressure roller supports on 
the return strand demonstrates high efficiency of 
rope adhesion to the load-carrying belt, which is 
confirmed by both analytical models and 
experimental studies. 
 
Analysis of the dependencies of the coefficient of 
adhesion on the geometric parameters of the 
elastic elements showed that the optimal wrap 
angle and wedge head shape directly affect the 
efficiency of traction force transmission, making 
it possible to design conveyors with increased 
productivity and reliability. 
 
In the present study, steel traction ropes made of 
high-strength carbon steel grade 70 (or an 
equivalent according to GOST 2688–80) with a 
tensile strength in the range of 1770–1960 MPa 
were used. The rope surfaces had factory-applied 
lubrication, which reduced the coefficient of 
friction and provided corrosion protection 
during operation. 
 
The load-carrying plates of the conveyor were 
manufactured from structural steel grade 09G2S, 
with a surface hardness of 180–220 HB after 
machining. The surfaces of the supporting-
gripping elements were mechanically processed 
to achieve an average roughness of  
Ra=1.6–3.2μm, ensuring stable frictional 
interaction conditions [16-18]. 
 
To improve the wear resistance of the contact 
surfaces, anti-corrosion and wear-resistant 
surface treatment was applied (including a 
protective coating / lubricating layer), which 
reduced the intensity of abrasive wear during 
interaction with large-sized materials. 
 
The contact pair “rope–plate” was 
characterized by a combined friction regime 
depending on surface roughness, contact 
pressure, and the presence of a lubricating 
layer. These material and surface parameters 
directly influenced the coefficient of friction, 
wear intensity, and adhesion stability during 
conveyor operation. 

 



0302 = 0402 = 0502 = 0602 =
0702 = 0802 = 0902 =



010=
020= 030=

050=
070= 080=

090=

2

090=
0302 =


2
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3. EXPERIMENTAL STUDY  
 
Experimental studies were carried out on a 
specially designed laboratory setup simulating the 
interaction of traction ropes with the supporting-
gripping elements of the load-carrying belt of a 
rope-plate conveyor (Figure 7). The main objective 
of the experiments was the quantitative evaluation 
of the tribological characteristics of the system, 
including the coefficient of adhesion, friction forces, 
contact pressure, and the length of the elastic slip 
zone [13-18]. 
 
The experimental procedure included sequential 
variation of the linear mass of the load, conveyor 
inclination angle, and parameters of the elastic 
elements, followed by registration of the 
adhesion force and slip parameters. During the 
tests, the conveyor inclination angle varied 
within the range of 0–30°, while the linear mass 
of the load changed according to the calculated 
operating modes of the conveyor. 
 

 
1 – plate load-carrying belt; 2 – traction ropes; 3 – rope 
braking device; 4 – manual winch; 5 – dynamometer; 
6 – chains for fastening the dynamometer;  
7 – deflecting pulley. 

Fig. 7. Setup for determining the adhesion force. 

 
For each operating mode, at least five independent 
repeated experiments were conducted, ensuring 
statistical reliability of the results and enabling 
evaluation of measurement reproducibility. 
Average values were determined based on a series 
of experimental data with calculation of standard 
deviation and confidence intervals. 
 
The adhesion force was measured using a 
calibrated dynamometer with an error not 
exceeding ±1.5%, while displacement and slip zone 
length were recorded using linear displacement 
sensors with an accuracy of ±0.1 mm. Prior to 
testing, all measuring instruments underwent 
preliminary calibration in accordance with the 
requirements of current metrological standards. 

Calibration of the dynamometer was performed 
using reference loads, while displacement sensors 
were verified through reference measurements. 
 

In this study, the coefficient of friction was treated 
as an effective coefficient of friction under 
operating conditions and was evaluated indirectly 
based on measurements of adhesion force, traction 
force, and normal load between the traction ropes 
and the supporting gripping elements. Direct 
tribometric measurements using specialized 
tribological equipment were not conducted. 
 

Experimental data collection was carried out 
under steady-state operating conditions of the 
setup after stabilization of the contact parameters 
between the traction ropes and the supporting-
gripping elements. To minimize random errors, 
measurements were performed under identical 
environmental conditions and at a constant speed 
of movement of the traction loop. 
 

Analysis of the uncertainty of the experimental 
data was performed taking into account the 
errors of measuring instruments, the scatter of 
repeated measurements, and the instability of 
contact conditions.  
 

The total relative uncertainty of the 
measurements did not exceed 5–7%. Statistical 
processing of the results was carried out using 
descriptive statistics methods, including 
averaging, calculation of standard deviation, and 
coefficient of variation. 
 

Comparison of the analytical and experimental 
results showed satisfactory agreement between 
the calculated and experimental data. The 
discrepancy between the theoretical and 
experimental values of the coefficient of adhesion 
and the length of the elastic slip zone amounted 
to 7–11%, which confirms the adequacy of the 
developed tribological model and the reliability 
of the proposed calculation relationships [19-20]. 
 

The length of the elastic slip zone between the 
traction ropes and the supporting elements of the 
carrying plates of the load-carrying belt in the 
upper (loaded) conveyor strands is determined 
as the sum of the elastic slip lengths over the 
corresponding contact zones. Thus, the total 
length of the elastic slip zone is determined by the 
following expression: 

𝑙𝑠𝑙 = ∑ 𝑙𝑠𝑙𝑖
𝑖=𝑛
𝑖=1    (10) 
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Based on expression (10), the length of the slip zone 
was analytically calculated. The obtained results 
were compared with experimental values at various 
conveyor inclination angles and values of 

the linear mass of the load 𝑞𝑙𝑑 = 0…100 kg/m. 
 
Figures 8–10 present graphical dependencies of 
the slip zone length on the linear mass of the load 
𝑞𝑙𝑑 conveyor inclination angle  , and stiffness 

ratio 𝐶𝑘/𝐶𝑠𝑝. The values were obtained both 

analytically and experimentally. 
 

 

1) 05= , 2) 010= , 3) 015= , 4) 020= ,  

5) 025= , 6) 030= . 

__________ _ theory; - - - - - - - – experiment 

Fig. 8. Graphical dependence of the slip zone length 𝑙𝑠𝑙  
on the linear mass of the load, obtained analytically 
and experimentally. 
 

 
1) 𝑞𝑙𝑑 = 0𝑘𝑔/𝑚; 2) 𝑞𝑙𝑑 = 25𝑘𝑔/𝑚; 3) 𝑞𝑙𝑑 = 50𝑘𝑔/𝑚; 
4) 𝑞𝑙𝑑 = 75𝑘𝑔/𝑚; 5) 𝑞𝑙𝑑 = 100𝑘𝑔/𝑚 

__________ – theory; - - - - - - - – experiment 

Fig. 9. Graphical dependence of the slip zone length 𝑙𝑠𝑙  

on the inclination angle  , determined analytically 

and experimentally.  

 
1) 𝑞𝑙𝑑 = 0𝑘𝑔/𝑚; 2) 𝑞𝑙𝑑 = 𝑘𝑔/𝑚; 3) 𝑞𝑙𝑑 = 50𝑘𝑔/𝑚;  
4) 𝑞𝑙𝑑 = 75𝑘𝑔/𝑚; 5) 𝑞𝑙𝑑 = 100𝑘𝑔/𝑚 

__________ – theory; - - - - - - - – experiment 

Fig. 10. Graphical dependence of the slip zone length 

𝑙𝑠𝑙  on the stiffness ratio 𝐶𝑘/𝐶𝑠𝑝, determined 

analytically and experimentally. 

 
Analysis of the graphical dependencies shows that 
the length of the slip zone increases with increasing 
linear mass of the load 𝑞𝑙𝑑 and conveyor inclination 
angle  . At the same time, an increase in the 

stiffness ratio 𝐶𝑘/𝐶𝑠𝑝, corresponding to a decrease 

in the stiffness of the load-carrying belt, leads to a 
reduction in the length of the slip zone. 
 
To increase the rigor of the comparative analysis of 
the analytical and experimental results, an 
extended statistical assessment of the reliability of 
the developed model was carried out. Experimental 
data were processed using methods of variational 
statistics and regression analysis. For each test 
mode, the arithmetic mean value, standard 
deviation, confidence interval at a 95% confidence 
level, and coefficient of variation were determined. 
 
The convergence of the analytical and experimental 
results was evaluated using the criteria of mean 
absolute percentage error (MAPE) and coefficient 
of determination (R²). It was established that the 
average relative error between the calculated and 
experimental values of the coefficient of adhesion 
and the length of the elastic slip zone amounted to 
7–11%, while the coefficient of determination was 
within the range of (R² = 0.91–0.95), indicating a 
high degree of correlation between the model and 
the experiment. 
 
To verify the statistical significance of the 
differences between the analytical and 
experimental data, Student’s t-test was additionally 
used. The obtained values (p > 0.05) showed the 

030...5=
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absence of statistically significant differences 
between the theoretical and experimental results 
within the confidence interval, which confirms the 
adequacy of the developed model. 
 
It was established that the observed deviation of 7–
11% is caused by the combined influence of 
nonlinear contact deformations, local 
redistribution of contact stresses, microslip in the 
interaction zone between the ropes and 
supporting-gripping elements, as well as variation 
of the coefficient of friction under dynamic loading. 
Additional influence is exerted by manufacturing 
tolerances of the geometric parameters of the 
contacting surfaces and fluctuations in contact 
pressure under real operating conditions. 
 
The wear intensity of the rope–supporting gripping 
element contact pair was assessed indirectly 
through a comparative analysis of operational 
system parameters, including the variation in the 
sliding zone length, the stability of the adhesion 
coefficient, and a visual inspection of the contact 
surfaces after testing. A wear reduction of 18–22% 
was obtained by comparing the baseline 
configuration with a configuration incorporating 
damping elements under identical loading 
conditions. Direct measurements of mass or 
volumetric wear were not conducted. 

The obtained results demonstrate that the 
developed analytical model describes the 
tribological processes of interaction between 
the traction ropes and the load-carrying belt 
with sufficient accuracy. Stable reproducibility 
of the experimental data and a high level of 
statistical agreement confirm the possibility of 
practical application of the proposed 
calculation relationships in the design of 
heavily loaded conveyor systems for 
transporting abrasive materials. 
 
Comparison with existing conveyors 
 
Comparison with belt, screw, and scraper 
conveyors showed the advantage of the 
proposed design in terms of productivity, 
reliability, and cost efficiency. Reducing the 
number of transfer points decreases 
operational complexity and energy 
consumption (Table 2). 
 
Thus, the combination of analytical calculation, 
experimental verification, and structural 
optimization makes it possible to create more 
reliable and efficient conveyors for industrial 
applications.

Table 2. Comparative analysis of technical and operational parameters of conveyors of various types. 

Parameter Rope-plate (ours) Belt Screw Scraper 

Maximum lump size, 
mm 

1000–1200 
500–700 200–400 

600–800 

Capacity, t/h 6500 2000–5000 1000–3000 3000–6000 

Speed, m/s 1,5-2,0 1,5–2,5 0,5–1,0 1,0–1,5 

Presence of dampers Yes No No Partial 

Tractive capacity High Medium Low Medium 

Design complexity Medium–High Low Medium Medium 

Application 
Rock and large lump 
materials 

Light and medium 
cargo 

Fine bulk materials 
Medium and large 
cargo 

Thus, the combination of analytical modeling, 
experimental validation, and design optimization 
enables the development of more reliable and 
efficient conveyors for industrial applications 
[19-21]. 
 

The reported values are indicative and are 
derived from an analysis of published literature 
and engineering handbooks (ISO 5048, CEMA, 
Lodewijks, etc.). In this study, no direct 
experimental comparison of different conveyor 
types was conducted [22-28]. 

4. DISCUSSION 
 
The tribological behavior of the rope-plate 
conveyor is determined by a complex interaction 
of contact mechanics processes, evolution of the 
frictional state, and abrasive-fatigue wear under 
variable loading conditions. In the investigated 
system, a mixed friction regime is realized, in 
which adhesive interaction, elastic-plastic 
deformation of surface asperities, and local 
microslip in the “steel rope–supporting-gripping 
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element” contact zone simultaneously occur. This 
regime is characteristic of heavily loaded friction 
drives with compliant elements and is consistent 
with modern models presented in Tribology 
International and Wear [22-24]. 
 
From the standpoint of contact mechanics, the 
distribution of normal stresses in the interaction 
zone is significantly non-uniform and depends 
both on the geometry of the contact elements and 
on their elastic compliance. The introduction of 
shock-absorbing supporting roller idlers leads to 
the formation of a compliant base, which causes 
redistribution of contact pressure and reduction 
of local stress peaks [17-21]. This is accompanied 
by an increase in the effective real contact area 
and stabilization of frictional interaction. The 
observed effect is qualitatively consistent with 
established contact mechanics models for multi-
point contacts on an elastic foundation. However, 
direct experimental measurements of the local 
contact stress distribution were not conducted in 
this study [16, 17]. 
 
Transmission of traction force is carried out due 
to tangential stresses arising in the rope wrap 
sections around the roller idlers and wedge 
elements. Although the classical Euler–Eytelwein 
model describes an exponential increase in 
traction capacity with increasing wrap angle, 
significant deviations from idealized behavior are 
observed in the considered system. These 
deviations are caused by: 

- the distributed nature of the contact; 

- variation of the coefficient of friction along 
the contact zone length; 

- rope deformation; 

- development of partial slip zones. 
 
As a result, the effective coefficient of adhesion 
should be considered as an integral parameter 
depending on the contact condition and the 
elastic properties of the system. 
 
The formation of a stable elastic microslip zone 
was experimentally established, representing a 
transition region between the regimes of 
complete adhesion and macroscopic sliding. An 
increase in the linear load and conveyor 
inclination angle leads to expansion of this zone 
due to the growth of normal and tangential 
stresses. The observed behavior is qualitatively 
consistent with the partial slip regime described 

by the Mindlin model and its modern extensions 
for compliant frictional contacts. This 
comparison is intended as a qualitative 
interpretation [22-24]. 
 
The results obtained indicate the predominance 
of abrasive–fatigue wear mechanisms typical of 
heavily loaded steel contact pairs operating 
under exposure to abrasive particles. Abrasive 
particles cause micro cutting and plastic 
deformation of the rope surface and the 
supporting-gripping elements, while cyclic 
loading contributes to the initiation and 
propagation of fatigue microcracks. The 
combined action of these mechanisms leads to a 
progressive increase in surface roughness, which 
in turn changes the local friction conditions and 
accelerates degradation of the contact pair. 
 

The introduction of shock-absorbing elements 
has a fundamental influence on the tribological 
state of the system. Due to damping of dynamic 
loads and redistribution of contact pressure, the 
amplitude of cyclic stresses responsible for 
fatigue destruction of the surface layer decreases. 
This leads to a reduction in wear intensity and an 
increase in the stability of frictional contact, 
which is consistent with modern experimental 
studies of wear of steel contact pairs under 
abrasive conditions. 
 

Comparison of the analytical results with the 
experimental data demonstrates a high degree of 
agreement: the discrepancy amounts to 7–11%, 
with a coefficient of determination of  
R²=0.91–0.95. This level of accuracy is 
satisfactory for nonlinear tribological systems 
with evolving contact conditions. The observed 
deviations are explained by changes in roughness 
during wear, local non-uniformity of pressure 
distribution, dynamic oscillations of the system, 
as well as model assumptions (linear stiffness of 
elastic elements and idealized contact geometry). 
 

It is important to note that the traction capacity 
of the system is determined not only by the wrap 
geometry, but also by the structural compliance 
of the contact assemblies. The introduction of 
shock-absorbing supports provides controlled 
redistribution of normal loads, which stabilizes 
frictional contact and delays the transition to the 
slipping regime. Thus, the system acquires 
adaptive properties absent in traditional rigid 
conveyor designs. 
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Comparison with contemporary studies in the 
field of friction drives and conveyor systems 
(Tribology International, Wear, Tribology 
Letters) confirms the consistency of the 
identified patterns. In particular, it was 
established that increasing the normal pressure 
and the effective contact length increases 
traction capacity, while damping of dynamic 
loads reduces the intensity of abrasive wear. At 
the same time, the proposed system extends 
existing models by taking into account the 
influence of elastic compliance on the 
development of partial slip and redistribution of 
contact stresses [22-25]. 
 
It should be noted that the reported estimate of 
wear reduction is of a comparative and indirect 
nature and is based on operational indicators 
rather than direct measurements of mass or 
volumetric material loss. 
 
In general, the tribological behavior of the rope-
plate conveyor is determined by the combined 
action of three key factors: 

- geometry of the contact elements (wrap angle 
and wedge angle); 

- elastic characteristics of the shock-absorbing 
assemblies; 

- properties of the abrasive environment. 
 
Their interaction forms a complex nonlinear 
contact dynamics determining transitions 
between the regimes of complete adhesion, 
partial microslip, and macroscopic slipping. 
Optimization of these parameters makes it 
possible to purposefully control the coefficient of 
friction, distribution of contact stresses, and wear 
intensity, thereby ensuring increased reliability 
and durability of the system under severe 
operating conditions [26-30]. 
 
 
5. CONCLUSIONS  
 
As a result of the analytical and experimental 
study of the tribological characteristics of the 
rope-plate conveyor, key regularities of the 
frictional interaction between traction ropes and 
supporting-gripping elements during 
transportation of large-sized and abrasive 
materials were established. 

1. It was established that the coefficient of 
adhesion is determined by the geometric 

parameters of the contact zone and increases 
with increasing wrap angle, whereas an 
increase in the wedge head angle leads to its 
reduction due to redistribution of contact 
pressure and a decrease in the effective 
contact area.  

2. It was shown that the use of shock-absorbing 
supporting idlers provides significant 
improvement of the tribological contact 
conditions through redistribution of normal 
stresses, resulting in a reduction of peak 
contact pressure by 15–25% and 
stabilization of frictional interaction.  

3. It was established that under abrasive 
loading conditions the dominant wear 
mechanism is abrasive-fatigue wear, 
including micro cutting and surface 
destruction. The use of elastic elements 
makes it possible to reduce the wear rate of 
contacting surfaces by 18–22% compared to 
a rigid design.  

4. The formation of an elastic microslip zone 
was experimentally and analytically 
confirmed, the length of which increases with 
increasing linear load and conveyor 
inclination angle and decreases with 
increasing system stiffness, which directly 
affects the stability of the traction regime.  

5. Comparison of analytical and experimental 
results showed satisfactory agreement with a 
relative error of 7–11% and a coefficient of 
determination of R² = 0.91–0.95, which 
confirms the adequacy of the developed 
tribological model. The deviations are 
explained by the nonlinearity of contact 
deformations, changes in roughness, and 
local dynamic effects.  

6. Practical implementation of the proposed 
design provides increased traction capacity, 
reduced probability of rope slippage, lower 
energy losses, and extended service life of the 
conveyor system under conditions of 
intensive abrasive exposure. 

7. In general, it was shown that control of the 
tribological parameters of the system 
(contact pressure, coefficient of friction, and 
microslip) is possible through optimization 
of the geometry of the contact elements and 
the stiffness of the shock-absorbing 
assemblies, which opens opportunities for 
the design of highly efficient next-generation 
conveyor systems. 
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